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HIGH METAL ACCUMULATION IN BITTER GOURD
IRRIGATED WITH SEWAGE WATER CAN CAUSE HEALTH
HAZARDS
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mulation not only in soil but also in water and different plant [5]. Metals such as mercury, lead, copper,
and cadmium are severely toxic as these are directly
involved in health hazards [6].
Although various metalloids and metals like
zinc, copper, manganese and iron are important for
optimum functioning of biological system, but their
intake in high concentration may cause deleterious
effects on plants as well as animals [7]. Sewage
wastes present in surface soil contains high concentration of heavy metals including Ni, Cu, Pb, Cd, Cr,
Mn and Zn [8]. High levels of lead adversely affect
bone joints, reproduction and cardiovascular system,
kidney and hemoglobin synthesis [9]. Similarly, high
levels of nickel cause giddiness, shortness of breath,
vomiting, diarrhea, abdominal pain, nausea, headache and cough [10]. It is observed that after 3-12 h
after ingestion of zinc, mass poisoning, nausea,
stomach cramp, fever, vomiting, diarrhea and bleeding have been reported. High intake of zinc, more
than 500 mg, may cause vomiting [11]. High concentration of chromium (Cr) is also toxic for the
growth and development of number of plants. However, inter- or intra-specific responses have been observed in different plants to high accumulation of Cr
[12]. The major sources of Cd and Zn are municipal
and industrial waste waters. Higher arsenic (Ar) concentration in the soil interferes with plant growth
[13].
Bitter gourd (Momordica charantia) is an important medicinal plant which is usually referred to
the patients suffering in diabetes or microbial infections [14] hepatitis, parasitic diseases and fevers
[15]. Fresh vegetables contain heavy metals contamination in their tissues due to Pb, Cu, Cr, Cd, Se, Ni
and Co [16]. Of different metals, Pb mostly accumulates in the leaves and Ni, Cu, and Zn accumulate in
the roots of vegetables grown in sewage water [17].
Accumulation of Al and Fe is very low in leaves
while the reverse is true for Mn and Cu. Sharma et
al. [18] reported that Pb, Ni, and Cd mainly accumulate in the edible parts of vegetables which are frequently irrigated with sewage water. Enrichment coefficients (EC) of Zn metal in leaf/root indicated that
the intake capacity of this metal is more severe than
any other metals within the vegetables.
The current study was designed to determine

ABSTRACT
The present study was conducted to determine
the amount of heavy metalloids/metals in the vegetable and soil supplied with domestic wastewater.
Advanced techniques to calculate the enrichment coefficient, health risk index, transfer coefficients and
pollution load index were employed. All samples
(vegetable and soil) were exposed to a process of wet
digestion and metal analysis using an atomic absorption spectrophotometer. The concentrations of all
heavy metals determined in the soil were considerably below the maximum permissible limits (MPL) in
the study area. However, the concentrations of Mo,
As, Mn, Ni and Zn were higher than the MPL in the
bitter gourd. Highest enrichment coefficient and
transfer coefficient were revealed for Cr and Cd, respectively. Higher level of pollution load index was
found for Cd, Pb, Mo, Cu, Co, As and Se suggesting
that the quality of the soil in the study area is inappropriate for vegetable growth and agricultural use.
Only Co, Fe, Cr and Cu had health risk index below
the limit which could be considered safe.

KEYWORDS:
Heavy metals, Momordica charantia, pollution load index,
health risk index

INTRODUCTION
The sewage waste (domestic and industrial), is
a major source of toxic metals accumulation in the
soils used for agricultural purposes in different countries. Pakistani crops are under serious water stress
due to the threat of changing climatic conditions [12]. In Pakistan, sewage waste water is also used for
irrigation of crops or as supplemental irrigation, particularly when there is a shortage of water. Due to
high accumulation of heavy metals, there is a possibility of contamination in the soil to plant continuum
[3]. Use of contaminated fruits and vegetables adversely affects health of living organisms [4]. A rampant increase of heavy metal toxicity increases the
awareness about risks linked with heavy metal accu-
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the levels of different heavy metalloids and metals
not only in the soil but also in the edible part of vegetable of two study sites in District Jhang, Punjab,
Pakistan. In this study it was also determined the
health risks, pollution load index, enrichment coefficient for vegetable-soil, and correlation between
concentrations of different metals.

vegetable) were run on an atomic absorption spectrophotometer (Perkin-Elmer Corp., 1980). The metals and metalloids under study were arsenic (As),
cadmium (Cd), chromium (Cr), copper (Cu), iron
(Fe), manganese (Mn), nickel (Ni), lead (Pb), selenium (Se), and zinc (Zn). An atomic absorption spectrophotometer equipped with a graphite furnace and
D2 corrector (Perkin±Elmer Model 503) was used to
determine soil and vegetable Co and Mo contents.
Se and As in soil and vegetable samples were
determined by a fluorometric method. Precision and
accuracy of analyses was ensured through repeated
samples against National Institute of Standard Technology, Standard Reference Material (SRM 1570)
for all the metals and metalloids

MATERIALS AND METHODS
The present study was conducted in District
Jhang, Punjab, Pakistan. Two sites treated with sewage waste water were selected for the study. Distance
between the two study sites was about one kilometer.
District Jhang is comprised of diverse soil conditions
from fertile to sandy deserts. The mean temperature
during the month of June and January was 35°C and
12°C in 2013, respectively. Bitter gourd is grown
commonly in this region, as this vegetable is utilized
largely by the people of this region.

Statistical analyses. Normality of the data was
checked before analyzing the data statistically. Parametric tests were applied on normally distributed
data. Two sample t-test was employed to compare
the levels of metals in the vegetable as well as soil of
WKH WZR VWXG\ VLWHV 3HDUVRQ¶V Forrelation was employed to find out the relationship of metal concentration in the soil and vegetable. Statistical software
SPSS (version 17) was used for analyzing the data.
Difference was considered significant if P-values
were less than 0.05.

Collection and processing of soil samples.
From each study site, soil (silt-loam) samples (1kg)
were collected from five different places 10 feet
apart from each other. At the depth of 20 cm from
the site of vegetable sampling, soil samples were collected. Before analyses all soil samples were sun
dried followed by oven-drying at 75°C for three
days. After pulverizing, these samples were kept in
the plastic bags for the determination of different
metals. The soil (1000 mg) was added to a glass flask
containing H2O2 (8 mL) and H2SO4 (4 mL). All
flasks were kept in the digestion chamber for one
hour after adjusting its temperature at 250ºC. After
it, again H2O2 (2 ml) were poured to each flask by
removing from chamber for a short while. All samples were kept in the digestion chamber at same temperature till discoloration. Then, after cooling at
room temperature, volume upto 50 ml using distilled
water was made.

Transfer coefficient for edible/root system
(TC). To assess the concentrations of metals from
root to edible portion, TC was calculated following
[17].
Enrichment coefficient for vegetable/soil
system (EC). By following the Antonidias and Alloway [20] procedure, a quantitative analysis of the interaction between corresponding soils and metal levels in the vegetable were determined by calculating
EC for the vegetable/soil continuum.
Pollution load index (PLI). By following the
procedure proposed by Liu et al. [21], PLI of metal
concentrations were calculated as in Tabke 1.
PLI = Metal present in soil/Reference value of the
metal in soil

Collection and processing of vegetable samples. Vegetable samples (edible part) were also collected randomly from five different places within
each study site [19]. After washing carefully with
water, the fresh vegetable samples were air dried.
Then, all vegetable samples were kept in an oven for
6 days at 70°C. Dry vegetables were crushed and
passed through a 1mm sieve prior o analysis. 1.0 g
sample was taken in a glass flask and mixed with 2
ml of H2SO4 and 4 ml of H2O2 and placed in a digestion chamber for 30 minutes for wet acid digestion.

Health risk index (HRI). Health risk index
(HRI) was obtained using the following formula:
HRI = DIM/RDf
Daily intake of metal (DIM) = Cmetal × Dfood
LQWDNH»%DYHrage weight
Where Baverage weight= average body weight
(kg); Cmetal=Metal contents in vegetable (mg/kg)
and Dfood intake=Daily intake of vegetable
(kg/day/person).

Metal analyses. The digested samples (soil and
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TABLE 1
Comparison of metals in soil collected from two different sites.
Metals and metalloids (mg/kg)
Mn
Zn
Se
As
Co
Fe
Cd
Cr
Ni
Cu
Mo
Pb

Site I
(Means ±SE)
14.51±0.39
8.06±1.12
1.79±0.21
27.04±0.66
15.70±0.46
21.27±1.44
15.60±0.36
0.17±0.02
2.85±0.22
13.38±0.72
9.38±0.58
13.84±0.81

Sampling sites
Site II
(Means ±SE)
15.96±0.26
4.61±0.22
1.80±0.23
30.94±2.22
13.57±0.22
23.90±1.77
12.60±0.58
0.15±0.02
2.62±0.21
14.57±0.50
10.98±0.35
16.65±0.79

Permissible maximum limit(PML)
80
200
3
40
65
21000
3
400
50
50
40
300

t-value

-1.55
21.77
-3.34
-10.98
10.10
-2.51
21.79
1.96
1.87
1.51
-0.96
9.01

P-value

0.19
< 0.001
0.05
< 0.001
0.001
0.05
< 0.001
0.10
0.11
4.30
0.40
< 0.001

Note: P-values less than 0.05 showed significant difference.

FIGURE 1
Concentration of metals and metalloids (mg / kg drywt.) in Momordicacharantia obtained
from two different sites
Mn, Mo and Cu in that obtained from site-II (Figure
1). However, the levels of Se, As, Cd and Ni remained almost unchanged between both locations
(Figure 1). The levels of Mo, Mn, Ni, As and Zn
were greater than MPL.

RESULTS
During the present study, it was observed that
soil of both study sites contained the concentration
of metalloids or metals less than the maximum permissible limits (MPL; Table 1). Of both sites, lower
concentrations of Zn, Co, and Cd were observed at
site-II as compared to site-I. However, the levels of
Pb, As and Fe were greater at site-II. Statistically, the
levels of Se, Cr, Ni, Cu, Mo and Mn were almost
same at both study sites (Table 1).
The concentrations of Zn, Co, Fe, Cr and Pb
were considerably more in edible part of M. charantia available at site-I, while the concentrations of

High enrichment coefficient was obtained for
Cr (Table 2), however, highest transfer coefficient
was recorded for Cd (Table 3). There was a non-significant positive correlation between Pb, Se, Co, Mn,
Zn, Ni, As and Mo of soil and those of vegetable (Table 4). However, a non-significant negative correlation was recorded in the levels of Cr, Fe, Cd and Cu
of soil and vegetable (Table 4).

TABLE 2
Enrichment coefficient (EC) of metals from soil to vegetable root
Sampling
area
Site I
Site II

Mn

Zn

Se

Metal elements
As
Co

Fe

Cd

Cr

Ni

Cu

Mo

Pb

4.23
4.20

5.67
13.45

0.54
0.243

0.51
0.332

1.96
1.64

0.016
0.017

73.44
80.9

1.24
1.54

1.45
1.37

3.45
4.76

0.127
0.133

0.039
0.056
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TABLE 3
Transfer coefficient (TC) of each metal in Momordica charantia from roots to vegetables
Metal elements

Sampling
area

Mn
1.062
1.341

Site I
Site II

Zn
0.989
0.976

Se
0.587
1.1891

As
1.134
1.412

Co
1.155
0.755

Fe
1.055
0.976

Cd
1.2822
1.755

Cr
0.977
0.765

Ni
1.45
1.187

Cu
0.765
1.087

Mo
0.667
1.178

Pb
1.132
0.87

TABLE 4
Relationship between soil and bittergourd elements levels
Metal elements
Soil-vegetable
(r)

Mn

Zn

Se

As

Co

Fe

Cd

Cr

Ni

Cu

Mo

Pb

0.564

0.532

0.643

0.477

0.080

0.244

0.179

0.344

0.512

0.486

0.488

0.157

Mo
3.126
3.666

Pb
1.698
2.042

Note: Correlation is significant at 0.05.
TABLE 5
Pollution Load Index for elements (mg/kg) in soil with vegetable
Metal elements

Sampling
area
Site I
Site II

Mn
0.310
0.341

Zn
0.182
0.104

Se
2.557
2.571

As
0.932
1.066

Co
1.725
1.491

Fe
0.379
0.4261

Cd
10.469
8.456

Cr
0.016
0.014

Ni
0.314
0.289

Cu
1.6004
1.742

TABLE 6
Healthiness hazard ingestion of metals via intake of vegetablefrom waste water irrigated sites
Metal elements

Sampling
area
Site I
Site II

Mn
7.616
8.714

Zn
1.009
0.927

Se
55.64
0.552

As
22.11
23.21

Co
0.092
0.053

Fe
0.3382
0.2922

Cr
0.040
0.031

Ni
1.506
1.414

Cu
0.0076
0.0093

Mo
5.130
8.005

Pb
2.957
0.328

soil and/or the quantity of fertilizers. Hanaa et al.
[23] also reported higher Cd level in industrial and
sludge contaminated soil. We also observed that
waste water treated soil under M. charantia possessed greater contents of Cd as compared to those
determined in Faisalabad by Murtaza et al. [24].
The concentrations of As, Ni, Mn, Zn and Mo
in the tissues of M. charantia were above the range
of MPL. However, the concentration of Co was
lower than the optimum level. So, high concentrations of metals in the vegetable tissues could be related to the contamination in the study sites due to
presence of risky heavy metals in the frequently used
sewage waste water. The level of Zn (111.02-123.07
mg/kg) in the current study was lower than the level
observed by Uboh et al. [25] in pumpkin collected
from the agricultural site of Jhang district. The level
of Cd and Pb in the vegetable tissue was lower than
the permissible level i.e., 0.5-2.0 mg/kg referred by
Codex and Alimentarius [26]. Different environmental factors including soil reactions, redox potential, physiochemical properties, soil type and organic-matter affect the accumulation of metal elements in soil [27].
At both sites, the EC (enrichment coefficient)
was higher for Cr (Table 2). It has been found that
solubility of metals and nature of soil affects the EC.

Variations in pollution load index of metal elements
between the two study sites were observed, but these
were statistically non-significant for all metals (Table 5). Variation in HRI of metal elements between
the two study sites was observed and of all metals
highest HRI at Site-I was observed for Se (55.64)
and at Site-II for As (23.21; Table 6).

DISCUSSION
The levels of elements in the soil of both study
places were under the secure limits. One possible explanation of lower levels of heavy metals is leaching
of heavy metals deep in soil. The load of metalloids
or metals at site-II was lower than that of site-I. This
difference could be related to difference in ecological factors along with agricultural implementations
at both study sites.
In the present study, we found that only the
level of Cd was above the MPL (Table 1). We also
found during the study that the study area is heavily
loaded with Cu while it contained too low contents
of Cr. The contents of Cd in the agricultural soils depend on a variety of factors [22] including the deposition of nutrients from the atmosphere, the concentration present in the parent rocks that change into
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Maximum value of EC for Cr shows that it is more
mobile because of which its retention was less in
soil. However, lower value of EC for Cd indicates
that it is less mobile and binds to the soil. Previously,
Brown et al. [28] proposed that the value of EC more
than 1.0 in any plant indicates that the plant has the
capacity to obtain metal from soil and transfer to the
upper parts of the plants.
According to Zhao et al. [29], the transfer coefficient (TC) above 1.0 shows better ability of a plant
to transfer metals from root to upper parts. The concentrations of all metals were less in shoots as compared to those in roots of the vegetable. Table 3 indicated that the range for all metals was observed to
be 0.572-1.688 mg/kg TC in the present study. Highest TC was recorded for Cd in the present study. We
found a positive relationship between the vegetable
and soilfor Se, As, Cu, Pb, Mo, Mn and Zn (Table
4). However, there was a negative relationship between the vegetable and the soil for Cu, Cd, Cr, and
Fe in the present study. Current findings were similar
in bitter gourd collected from different sites of India.
Cu showed a negative correlation, while Ni indicated
a positive relationship in bitter gourd [30]. A positive
or negative correlation between the heavy metals in
plants and soil has been observed due to differential
uptake of different metals.
The pollution load index (PLI) is helpful to determine the level of metal in soil. Values of PLI suggest us whether or not the soil condition is favorable
for agricultural purposes including for growth of
crops and vegetables. In this study we recoded highest PLI for Cd at both study sites. The values of Pb,
Mo, Cu, Co, As and Se also have PLI values higher
than 1. High values of PLI at the study sites might be
due to anthropogenic activities since both study sites
have higher human population. Singh et al. [31] also
recoded higher metal pollution index in M. charantia
and recommended that this vegetable is a higher accumulator of heavy metals in the edible tissues, so
its frequent use can cause health risk in humans. The
results of present study also confirmed that the area
under study is facing high Cd contents. This is happening due to increased rate of irrigation of the study
area with non-treated industrial or sewage waste water.
In this study we found that health risk index
(HRI) of heavy metals due to excessive intake of bitter gourd varied from 0.0076-55.64. According to
USEPA [32], HRI greater than 1 can cause health
problems for humans. Normally heavy metal accumulation occurs in the body through food intake,
however, its effect can take several years to appear
in consumers. In the present study, we found that
only Co, Fe, Cr and Cu have health risk index less
than 1 and can be considered safe,while other elements are lethal.
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cluding Pb and Cd have toxic effects on animals
and human in case of long term exposure [3-6].
Toxicity, mobility, accumulation and bioavailability
of metals depend strongly on their chemical forms
in soil fractions as well as concentrations [7-9]. To
predict metal uptake by plants, it is essential to
know which metal species are taken up. Sequential
extraction is a method which has commonly been
used for recent three decades to determine the bioaccessible and immobile metal fractions particularly
in contaminated soils in residential, industrial, and
roadside area [10]. There is highly interested in
determination of toxic heavy metals in soil and
plant matrices to monitor the extent of environmental pollution [11-16]. National and international
authorities setted maximum allowable concentrations (MAC) of Cd and Pb in agricultural soil as
follow: 1 and 50 mg kg-1 for pH=5-6 and 3 and 300
mg kg-1 for pH>6 in Turkey, and in ranges of 2-5
and 100-500 mg kg-1 in other countries, respectively
[17-18].
Briefly, the knowledge of total metal concentrations in soil is not providing sufficient information to characterize the behavior of heavy metals
in soils because these values do not represent mobile metal ions [19]. Importance of the fate and
transport of heavy metals depends on their chemical
form and speciation. It was highlighted in literature
that heavy metals in immobile form in unpolluted
soils are mainly bound to silicates, whereas polluted
soils include metals at mobile forms bounded to
different soil fractions [20]. The metal uptake of
plants is affected by element mobility in soil and
essentiality for plants. Plants can easily uptake the
bioavailable metals at mobile forms in the soil
phases such as exchangeable, organically bounded
and bound to carbonate. It was shown that more
than 40% of the total concentrations for Cd, Pb, Ni,
Cu, and Zn can be counted as part of the mobile
fractions [20]. To determine metal concentrations in
mobile forms, the general approach has been to
separate the soil into different fractions and, by
analyzing each fraction, determining the amount of
element combined or associated with each soil
fraction or phase [7, 8, 20-21].
The use of fractionation procedures permits
the determination of how much of the total analyte

ABSTRACT
In this study, five-step sequential extraction
procedures were employed to the soils that may be
polluted by anthropogenic activities, to determine
five species of Cd and Pb in agricultural soils. Soil
samples were collected from twelve points on an
agricultural area that was located near an airport
and intercity roads in Elazig-Turkey. The species
including exchangeable, organically bounded, carbonate bounded, adsorbed species on Fe and Mn
oxides and residual species except silicates of Cd
and Pb were extracted into solution by using CaCl2,
Na4P2O7, Na2EDTA, NH2OH.HCl, HNO3-H2O2,
respectively. Mobile and total metal concentrations
in soils fractions were determined by using inductively coupled plasma-optical emission spectrometry (ICP-OES). Total Cd and Pb concentrations
were found in the range of 0.24-0.90 mg kg-1 and
9.4-40.9 mg kg-1, respectively. It was observed that
total concentrations of the metals in all of the samples were lower than the permitted values. The sum
of percentages of the mobile metals fractions in the
first three steps was found to be lower than 50%
except for Pb in one sample.

KEYWORDS:
Speciation; Toxic metals; Pollution; ICP-OES; Metal
mobility

INTRODUCTION
The increased occurrence of metal pollution in
the environment has been associated with anthropogenic activities as effluents and emissions from
mines and smelters often contain elevated concentrations of toxic metals including cadmium (Cd)
and lead (Pb). Heavy metals seem as a key marker
because they are not degradable by natural processes unlike organic pollutants. Soil pollution is a
result of many factors including atmospheric deposition and anthropogenic activities such as mining,
unconsciously use of fertilizers and chemicals,
discharge of domestic and industrial wastes and
municipal sewage sludge [1-2]. Heavy metals in4338
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is available for plants or is accessible to the environment [9, 22-26]. Thus, in all sequential extraction schemes, a series of reagents is applied to the
same sample to sub-divide the total metal content.
In Tessier procedure, soil was classified into five
fractions: exchangeable, carbonate, adsorbed on FeMn oxides, organically bounded, and residual fractions [22]. In 1987, a project by EC (European
Community) Standards, Measurement and Testing
Program, formerly Commission of the European
Communities Bureau of Reference (BCR), harmonized method for soil and sediment was developed
to consist of three-step procedure using: acetic acid
(step 1); hydroxylamine (step 2); and, hydrogen
peroxide (step 3) [23]. Due to irreproducibility in
step 2, it was revised for selective extractions of the
following phases: acid soluble (step 1), carbonates,
reducible (step 2), oxides of ferric and manganese,
and oxidizable metals as well as organic matter and
sulfides (step 3) [26-27]. However, it was reported
that BCR scheme did not fully reveal some regularities governing the state of Cd in soil [9]. In addition, there are many methods presented for sequential extraction modified or direct BCR [9, 21, 2834]. The chemical reagents used in steps of sequential extraction processes were discussed and reviewed with their advantages and/or disadvantages
[26, 35-36]. In the measurement step, different
atomic spectroscopic methods such as flame atomic
absorption spectrophotometry (FAAS), inductively
coupled plasma-mass spectrometry (ICP-MS) and
ICP-OES were used.
The primary objective of the present study is
to determine the pollution extent from Cd and Pb
concentrations in agricultural soil of Elazig-Turkey
due to their high pollution potential by anthropogenic activities [37]. The study area is significant
agricultural lowland that its area is about 325 km2.
In recent years, intensive industrial establishments
as well as aircraft mobility in the airport located in
the middle of this plain were considerably increased. Further, the results obtained from this
study will contribute to evaluate the rate of pollution in the study area, in the future. Use of sequential extraction procedures may provide useful information for both short-term and long-term biological toxicity of trace metals because biological uptake is related more closely to the concentrations of
a particular physico-chemical form. Five-step sequential extraction procedure modified from Tessier
et al. (1979) [22] and Miller and McFee (1983) [43]
was employed for fractionation of phases: exchangeable, organically bounded, bound to carbonate, adsorbed to Fe±Mn oxides, and residual soil
except in silicates. The soil samples were also digested by the aqua regia procedure for their total
metal concentrations except for silicates. The metal
concentrations were determined by ICP-OES. Up to
now, such a study for Cd and Pb haVQ¶Wbeen reported in this area.
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MATERIALS AND METHODS
Apparatus. Perkin-Elmer Optima 2100 DV
ICP-OES (Perkin-Elmer California, USA) was used
to measurement of Cd and Pb concentrations. Instrumental conditions were applied as described
elsewhere [38]. The Analytical wavelengths (nm)
were selected as 228.802 nm for Cd and 220.356
nm for Pb. The pH of the solutions was adjusted
with EDT GP 353 ATC pH meter. Some samples
were analyzed by Perkin-Elmer Elan 9000 ICP-MS
(Perkin Elmer SCIEX, Concord, Ontario, Canada)
to assess the reliability of measurements. The operation conditions for this instrument were applied
as recommended by the manufacturers.
Reagents and solutions. 1000 mg L-1 of
standard solutions (Merck, Darmstad Germany) of
Cd and Pb were diluted to prepare working standards. All chemicals used were of analytical reagent
grade. Doubly distilled water was used in experiments. All glass materials were kept permanently
full of 1.0 M nitric acid when not in use. Concentrated nitric acid (65%), hydrogen peroxide (30%)
and hydrochloric acid (37%) were used to digest the
samples (Sigma St. Loius, MO, USA). In the sequential extraction procedure, 1.0 mol Lí1 of calcium chloride (CaCl2) for exchangeable and weakly
adsorbed fraction; 1.0 mol Lí1 of sodium pyrophosphate (Na4P2O7) for organically bound fraction, 1.0
mol Lí1 of ethylenediamine tetra acetic acid disodium salt (Na2EDTA) for carbonate bound fractions,
0.1 mol Lí1 of hydroxylamine hydrochloride
(NH2OH.HCl) for fractions bound to iron (Fe) and
manganese (Mn) oxides, were used.

FIGURE 1
Map of the study area
Sampling. Soils were sampled from Altinova/Uluova (named as gold-lowland) region where a
large amount of vegetables consumed in ElazigTurkey are growth. It is located among the intercity
roads of Diyarbakir and Bingol cities given in Fig.
1. Samples were collected from twelve points that
eight of them were on Diyarbakir road and four of
them were on Bingol road. Probable stones and
4339
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TABLE 1
Variations in Cd concentrations of soil fractions (n=3)
Sample
no
1
2
3
4
5
6
7
8
9
10
11
12

Cd mg/kg
Step 1
<d.l.
<d.l.
<d.l.
<d.l.
<d.l.
<d.l.
<d.l.
<d.l.
<d.l.
<d.l.
<d.l.
<d.l.

Step 2
0.05±0.02
0.05±0.01
0.09±0.02
0.08±0.02
0.10±0.02
0.08±0.02
0.13±0.03
0.12±0.03
0.08±0.02
0.09±0.02
0.06±0.01
0.12±0.02

Step 3
0.21±0.06
0.23±0.02
0.26±0.14
0.27±0.03
0.10±0.03
0.11±0.05
0.21±0.02
0.13±0.03
0.14±0.02
0.11±0.03
0.11±0.03
0.13±0.03

Step 4
0.35±0.06
0.37±0.05
0.30±0.06
0.34±0.06
0.18±0.03
0.15±0.02
0.34±0.07
0.36±0.05
0.32±0.05
0.34±0.04
0.35±0.04
0.40±0.07

Step 5
0.20±0.05
0.22±0.03
0.23±0.04
0.19±0.03
0.08±0.02
0.10±0.02
0.22±0.03
0.18±0.03
0.15±0.02
0.14±0.03
0.10±0.03
0.21±0.03

Total by aqua regia*
0.63±0.07(0.59±0.07)
0.65±0.07
0.58±0.06
0.36±0.04(0.33±0.04)
0.33±0.03
0.24±0.03
0.76±0.07
0.44±0.05
0.55±0.05
0.58±0.05
0.57±0.06(0.60±0.07)
0.45±0.06

Sum
0.81±0.11
0.87±0.13
0.88±0.12
0.88±0.10
0.46±0.05
0.44±0.05
0.90±0.11
0.79±0.09
0.69±0.09
0.68±0.08
0.62±0.07
0.86±0.11

d.l.: limit of detection
*
The results in parenthesis were obtained by ICP-MS
TABLE 2
Variations in Pb concentrations of soil fractions (n=3)
Sample
no
1
2
3
4
5
6
7
8
9
10
11
12

Pb mg/kg
Step 1
<d.l.
<d.l.
<d.l.
<d.l.
<d.l.
<d.l.
<d.l.
<d.l.
<d.l.
<d.l.
<d.l.
<d.l.

Step 2
0.26±0.04
0.47±0.06
0.15±0.03
0.17±0.03
0.25±0.04
0.19±0.04
0.32±0.04
0.14±0.03
0.23±0.03
0.30±0.04
0.30±0.04
0.34±0.04

Step 3
2.21±0.27
2.76±0.24
2.41±0.25
2.36±0.27
4.68±0.49
3.52±0.32
5.51±0.58
2.11±0.24
2.01±0.22
1.93±0.20
10.92±1.12
2.07±0.21

Step 4
4.13±0.47
4.06±0.47
3.14±0.35
2.96±0.33
3.34±0.39
3.02±0.37
13.40±1.69
3.18±0.44
3.67±0.39
3.73±0.40
6.12±0.72
6.27±0.72

Step 5
9.5±1.1
10.8±1.3
8.1±1.2
3.9±0.5
4.3±0.5
2.6±0.3
4.5±0.6
3.3±0.3
2.4±0.3
3.6±0.4
4.5±0.4
4.5±0.6

Sum
16.1±1.8
17.4±1.9
13.8±1.4
9.4±1.5
12.6±1.6
10.3±1.4
23.7±2.6
9.7±1.3
8.3±0.9
9.6±1.0
21.4±2.6
13.2±1.6

Total by aqua regia*
13.6±1.5(13.2±1.4)
25.7±3.3
22.4±2.7
9.4±1.2(9.0±1.1)
19.8±2.3
19.8±2.6
40.9±5.1
16.7±2.0
12.6±1.9
15.8±2.2
21.2±2.4(21.4±2.3)
22.0±2.7

d.l.: limit of detection
The results in parenthesis were obtained by ICP-MS

*

added and centrifuged. Concentrations of Cd and Pb
in the clear solutions obtained from each of steps
were determined by ICP-OES. The matrix interference correction was applied. The pH of soil samples
were determined by treating 1.0 g of soil with 5.0
mL of distilled water.

plant fragments were removed from soil. For each
point, a 250 g portion of soil from 10 ± 20 cm depth
of surface was taken using a plastic scoop. After
dried at 60 ºC, all of the samples were ground in a
mortar and sieved on 2-mm pore.
Sequential extraction procedure. Sequential
extraction was employed to monitor the mobility of
metals in soil. For this purpose, each of soil samples
was examined in five extraction steps as detailed
elsewhere [38]. Briefly, a 2.0 g of soil was weighted
and 8.0 mL of 1.0 M CaCl2 (step 1) was added to
extract exchangeable metal species. After shaking
for 5 min and centrifugation, 3 mL of 1.0 M
Na4P2O7 (step 2) was added to residue from step 1,
to extract organically bound species. Then, the
mixture was shaken for 5 min and centrifuged. In
step 3, carbonate species of Cd and Pb were released by adding 3 mL of 1.0 mol Lí1 Na2EDTA to
the residue obtained from step 2. Adsorbed species
on Fe and Mn oxides were extracted by adding 3
mL of 0.1 M of NH2OH.HCl (step 4) to the residue
obtained from step 3. The remaining residue from
step 4 was digested by addition 5 ml of HNO3-H2O2
(2:1) mixture (step 5). After shaking and volatilization near to dryness, 2.0 mL of 0.5 M HNO3 was

Digestion of soil samples by aqua regia. Total concentrations (except in silicate minerals) of Cd
and Pb in soil samples using aqua regia were determined by ICP-OES after digestion in microwave
oven. For this purpose, 6.0 mL of the mixture of
HNO3:HCl (1:3) (aqua regia) was added to 0.5 g
portion of soil in Teflon vessel. The applied microwave program was as the manual book. Then, it
was heated with occasional shaking on a hot plate
near to dryness. After cooling, 2.0 mL of 0.5 M
HNO3 was added to the remainder and centrifuged.
The clear supernatant was analyzed by ICP-OES for
the determination of Cd and Pb.
Related with statistically consideration, OneWay Analyses of Variance (ANOVA) were conducted to test the equality of mean values for each
sample of interest. One of the pairwise comparison
tests, Tukey HSD, was carried out to find which of
the sample means is different from each other de4340
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step sequential extraction were given in Tables 1
and 2 with their standard deviations. From Table 1,
Cd concentrations in the first step were found below
the limit of quantitation (LOQ) due to its too low
level in exchangeable species. Cd levels in organically and carbonate bounded (the steps 2 and 3)
were found between 0.06-0.27 mg kg-1. So, the
percent Cd concentrations in potentially mobile
forms (in the first three steps) were lower than 40%
of total Cd in soils. Cd levels in adsorbed species on
Fe and Mn oxides (the step 4) were found to be in
range of 0.15-0.4 mg kg-1. Cd concentrations in
fifth step, digestion by HNO3-H2O2, were unexpectedly found below the levels in step 4. This can be
attributed to most of the Cd in the studied soil samples are the adsorbed species on Fe and Mn oxides.
Similarly the obtained total Cd concentrations in
soil using aqua regia were found lower than in the
sum of sequential extraction procedures for all
studied soils. From Table 2, Pb concentrations in
the first step were found below the LOQ due to its
too low level in exchangeable species, as similar to
the Cd. Lead levels in organically and carbonate
bounded (the steps 2 and 3) were found between
0.14-5.51 mg kg-1, except one sample (sample 11 in
step 3) of 10.92 mg kg-1. So, the percent Pb levels
in potentially mobile forms (in the first three steps)
were lower than 40% of total Pb in soils except one
sample mentioned above. Lead levels in adsorbed
species on Fe and Mn oxides (the step 4) were
found to be in the range of 2.96-13.40 mg kg-1.
Lead concentrations in fifth step, digestion by
HNO3-H2O2, were found around the levels in step 4
in most of samples. Similarly, the obtained total Pb
concentrations in soil using aqua regia were found
to be close in the sum of sequential extraction procedures for most of the studied soils. The obtained
Cd and Pb concentrations for all soils were found
lower than the maximum allowable concentrations
(3.0 mg Cd kg-1 and 300 mg Pb kg-1) by national
and international authorities [17-18].
In step 1, CaCl2 was used to extract WKH µHxFKDQJHDEOH¶PHWDOVIURPVRLOIt was more effective
than Mg2+ and NH4+ in view of ion exchange capability [26]. In Ca exchangeable fractions, metals
bound to surface are released and replaced by calcium ions. The lowest amounts of Cd and Pb are in
exchangeable fractions included metals with weak
electrostatic interaction and they could be easily
released by ion-exchange processes [17]. It was
noted in literature that high levels of metals in the
exchangeable fractions may indicate pollution from
anthropogenic origin [35].
In step 2, organically bound metal species
were determined by using Na4P2O7 extracting. Although both Na4P2O7 and EDTA can be used for this
purpose, Na4P2O7 is preferred to EDTA because
EDTA will also dissolve the carbonate species [2].
Using of Na4P2O7 is more selective for the easily
soluble organic fraction such as metals associated

pending on extraction step. SPSS (version 15) statistical program was used for all statistical computations. Statistical significance was considered when
P was equal to=or higher than 0.05.

RESULTS AND DISCUSSIONS
Limit of detection (LOD) values calculated
from the ratio of three times of the standard deviation of blank to slope of the linear calibration plot
were found to be 3 and 5 ng mL-1 for Cd and Pb,
respectively. From the practical point of view, ICPOES used in this study has better sensitivity than
FAAS, particularly for Pb. Blank digests were prepared and analyzed in the same way. All of the
experiments were performed three times and standard deviations were given in related Tables (Tables
1-2). Some samples were also analyzed by ICP-MS
to check the accuracy of results. It was found that
the differences between the results obtained by ICPOES and ICP-MS were not meaningful statistically
(Tables 1-2). In other words, the differences were
originated from unknown sources. Further, matrix
matching method was applied to minimize matrix
effects. For this purpose, the model metal solutions
containing 30 mg Fe L-1, 50 mg Ca L-1 and 20 mg
Mg L-1 were used to obtain calibration graphs. So
the major chemical compositions of the standards,
blanks and samples are made identical taking into
consider possible interferences from matrix.
Concentrations of total Cd and Pb after digesting by aqua regia of soil. The permitted Cd
and Pb concentrations in soil samples depending on
the soil pH are 1.0 and 50 for pH<6.0 and 3.0 and
300 for pH>6.0, respectively [17-18]. From Tables
1 and 2, the total Cd and Pb concentrations obtained
by using aqua regia were found to be in the ranges
of 0.24-0.65 mg kg-1 and 9.4-40.9 mg kg-1, respectively. It could be seen that Cd concentrations in all
studied samples were lower than the permitted
values (1-5 mg kg-1) in Turkey and other countries.
Lead concentrations in all samples were also lower
than the limit values (50-300 mg kg-1). It could be
said that Cd concentrations in points of 5 and 6
were clearly lower than the other points (p<0.5).
Approximately two fold increasing was observed in
point 7 compared to the other points. It was attributed to anthropogenic activities like plastic
production (Cd is used as stabilizer in this factory)
in this region. The pH values of the studied soils
were found to be higher than 7.0 (maximum 7.8)
except for soil number 5 that is 6.6.
Soil Fractionation by Sequential Extraction.
Cd and Pb concentrations in soil fractions such as
exchangeable, organically bounded, carbonate
bounded, adsorbed species on Fe and Mn oxides
and residual species except for silicates using five4341
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with humic and fulvic acids, and disperse colloidal
organic material by complexing the flocculating Ca,
Al and Fe cations [2]. From Table 2, concentrations
of Pb in this fraction are in the ranges of 0.14-0.34
mg kg-1. In this phase, the large amounts of metals
are bounded to living organisms, detritus, or coatings on mineral particles [25].
In step 3, EDTA (ethylenediaminetetraacetic
acid) was used for extraction of metals from carbonate species in soil. It was reported that EDTA
was generally preferred instead of DTPA (diethylenetriaminepentaacetic acid) because of its extraction capability of both carbonate and organically
bound fractions [2]. This was attributed to its low
pH [39]. Organically bound metals were extracted
in previous step 2. In this step 3, EDTA was used
for the extraction of metals from its carbonate species in soil. Potentially available metal species in
soils were also extracted in this fraction by using
EDTA. Trace metals bound to sulfides might be
extracted during this step [7]. From Table 2, concentrations of Pb in this fraction were followed as
1.93-10.92 mg kg-1, respectively.
In step 4, acidified solution of NH2OH±HCl
(easily reducible mixture) was used to dissolve the
manganese oxide and the amorphous iron oxide by
releasing the trace metals coprecipitated in those
phases. Sun et al. (2005) tested four different concentrations of NH2OH±HCl, and they found the
most of trace elements were released from soil by
using 0.1 M of NH2OH±HCl [40]. Reducing mechanism was effective for releasing of metals in this
step [30]. The obtained Pb levels in this step were
found to be close in the step 3 for the most of soils.
A mixture of HNO3-H2O2 (2:1) was used for the
digestion of residue from fourth step. The majority
of the metals present in the soils was generally
found in the residual bulk fraction with less mobility and was not dissolved in the previous steps.
However, Pb concentrations close to the levels in
the step 4 were detected in this fraction, for the
most of samples. The reported results in literature
have more differences and contradictory values due
to differences in soil structure, pollution sources
such as kind/kinds of industrial organization and
traffic intensity as well as applied extractions and
digestion procedures and steps [1, 2, 20, 27-34,
41]. For example, Kaasalainen and Yli-Halla (2003)
have reported that Cd, Cu and Ni appeared in mobile forms (up to 72% in exchangeable and reducible fractions) to a particularly large extent in the
surface layer and also in the second horizon of the
most polluted, sandy soil near the metal smelter in
Finland [42]. Metal percentages in residual fraction
determined in this study were agreed with the literature [28,42]. The study area is significant agricultural lowland that its area is about 325 km2. In recent years, intensive industrial establishments as
well as aircraft mobility in the airport located in the
middle of this plain were considerably increased.
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Finally, the results obtained in this study will contribute to evaluate the rate of pollution in the study
area, in the future.

CONCLUSIONS
Sequential extraction method was employed to
understand the mobility of metals through the simultaneously measurement by ICP-OES. The sequential extraction was modified from Tessier (1979)
and Miller (1983) [22, 43], and applied for the fractionation of agricultural soils sampled from ElazigTurkey as similar to determine Ni, Cr and Cu in the
same area [38, 44]. The results showed that the
percentages of Cd and Pb in the residual fractions
were founded to be close in other fractions. However, total concentrations of Cd and Pb were not exceeded the permitted limit values. Finally, it could
be concluded that all the reagents used in the various schemes have advantages and disadvantages,
and there is not an ideal reagent or an ideal procedure for general use. Therefore, the choice of procedure must be related to a definite objective, taking into account the nature of the sample including
sediment, soil, sludge or industrially-polluted soil.
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temperature situation [4].Due to high shortage of irrigation water, farmers are helpless and sometimes
greedy to use polluted water drained from sewage
and factory outlets to irrigate the outskirts of cities.
Thus, vegetables grown in peri-urban areas accumulate substantial aggregate of diverse heavy metals
and cause public health problems [5].
It is presumed that wastewater is full of diverse
type of metals like (Pb), cadmium (Cd), chromium
(Cr), nickel (Ni), zinc (Zn), copper (Cu), and arsenic
(As). Amount of heavy metals has increased to optimum level by the continuous irrigation with wastewater. Contaminated water or soil are the main cause
of induction of heavy metals in our food system [6].
Keeping in view the great concern of this health issue, present study was initiated to get insight and
out-reach the public awareness.

ABSTRACT
Coriander is an important leafy vegetable
widely used in Pakistan for flavoring purpose. Due
to scarcity of clean water, the coriander fields are irrigated with waste-water. The present study revealed
the accumulation of different metals in coriander irrigated with wastewater in big cities such as Sargodha, Pakistan. The bioavailability of heavy metal
from soil to plant was evaluated. Seven heavy metals
were determined by using Atomic absorption spectrometer. The findings showed high level of arsenic
as well as Pb, Cd, and Ni in coriander irrigated with
waste-water. Regular monitoring of the contaminated area is recommended in order to reduce the
health hazard.

KEYWORDS:
Heavy metals, coriander, health risk

MATERIALS AND METHODS
Study Area. The present research was initiated
in the diverse climatic zone of Sargodha- the 11th
populated city of Punjab Province, Pakistan. Coriander, a leafy vegetable, is largely used in almost all
cooking items by a big segment of the society. Fully
grown lush green vegetable was used in sampling.
Randomly collection of samples from four areas of
Sargodha tehsil headquarter, Sillanwalli, were taken
from the surface soil. To avoid external contamination the proper precautions were taken.

INTRODUCTION
As compared with major commercial crops,
vegetables are grown on a small scale, but vegetable
yield entirely depends on the accessibility of canal or
ground water. Under the existing conditions of water
availability and global climatic changes, it is impossible to meet the irrigational requirements of Pakistan [1-2]. The area of vegetable cultivation in Pakistan is increasing continuously due to high domestic
use. For example, during 2007-08 vegetables were
cultivated at about 253,800 ha [3]. However, most of
the commonly used vegetables are grown in peri-urban and adjacent areas. The total irrigational water
availability is shrinking due to excessive use, increased cropping intensity and increased heat and

Pretreatment. Washing, Drying, Digestion
and determination of the samples. Properly collected vegetable samples were thoroughly washed
with tap water followed by distilled water to clean
debris. The samples were air dried and then oven
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dried at 72 °C for 24 hours. Along with leafy samples, the soil samples were also collected and dried
at ambient temperature for 8 days to drain out the
moisture. Wet acid digestion was followed as a pretreatment procedure for estimation of heavy metals
in the coriander.

also essential for our health at low concentrations.
Some heavy metals like (cadmium, lead, arsenic and
nickel) not an essential part of our diet and becomes
toxic when consumed in excess. There is an urgent
need for research on this important issue to yield relevant information that could be used to initiate
measures to eliminate heavy metals from soil and
vegetables.

Methodology Employed.
Leaf samples (1 gm) were digested using analytical grade H2SO4 (10 ml) and HClO4 (4 ml). Continual heating on a hot plate at 180-220°C was done for
30 minutes. Samples were filtered using Whatman
no. 42 filter paper after cooling and distilled water
was added to make sample volume up to 50 ml. Similar method was used for digestion of soil samples;
only the quantity of acids differed (HClO4: 5 ml and
H2SO4: 8 ml).

Soil Analysis. Concentration of heavy metals
in soil. The soil samples at experimental site were
collected and subjected to calculate the concentration of heavy metals (Table 2). The levels of Pb, Cd,
Cr, Ni, Zn, Cu and As concentration were present
with an average value of 35.66±3.91, 0.408±0.6,
65.29±6.4, 31.6±6.5, 55.31±10.3, 22.67±2.14 and
0.035±0.01 respectively (Table 2). Heavy metals in
soil samples were within the USEPA and BIS-1991
limits, may be due the insolubility of metals as well
as high soil pH. It was also noted that the factors like
soil pH, the intensity of organic matter and soil redox
potential affect metals adsorption and retention in
soil [8]. Current study results were also supported by
the earlier researches by Khan et al. [9] and Butt et
al. [10] in Faisalabad, Punjab, Jawahar and Javed
[11] in District Sheikhupura, Pakistan.

Instrumental analysis. Last step was the estimation of metals in the acid digested samples. Heavy
metal contents were determined with the help of
Atomic Absorption Spectrophotometer. To complete
this task, standard solutions were prepared.
Standards. Standard solutions of the heavy
metals like lead, cadmium, copper, chromium and
zinc were made with their salts. The standards were
prepared from the individual 1000mg/L standards. A
series of working standards were prepared from
these standard stock solutions. For trace metals, the
digested samples were analyzed with the help of
Atomic Absorption spectrophotometer (AAS) after
proper calibration.

Plant Analysis. Concentration of heavy metals
in coriander was investigated as follows:
Lead. Heavy metals have been in use since
thousands of years. It is reported that lead has been
used for at least 5000 years with early applications
including building materials, pigments for glazing
ceramics, and pipes for transporting water [12]. Lead
is one of the major metals of concern in terms of contamination. Acute exposure to lead is the major reason to cause proximal renal tubular damage [13]. It
is also noted that long-term lead exposure is damaging kidney, in a study conducted to check the Egyptian policemen health, the urinary excretion was
found positively correlated with the duration of exposure to lead from automobile exhaust, blood lead
and nail lead [14]. The maximum permissible limit
of lead is 2.5ppm by Indian standard, however WHO
the standard is 5ppm. The present study revealed that
in coriander vegetable grown under waste water irrigation, the lead concentration was more than permitted level, so it is not suitable for consumption (Tab
1). It was also noted that the lead is a toxic heavy
metal, usually the plants show high ability to accumulate the lead concentration [15].

Statistical analysis. All tests were performed
in triplicates to express the obtained results by means
of ±SD.
Transfer factor. The transfer factor expresses
the bioavailability of a metal at a particular position
on a species of plant as delineated by the Cui et al.
[7].
TF= concentration of metal in edible part/concentration of metal in soil. All the concentrations in
this research are taken in ppm.

RESULTS AND DISCUSSION
The levels of Pb, Cd, Cr, Ni, Zn Cu and As were
estimated in coriander to assess the extent of contamination. These metals present minimal risk to human
health at normal concentrations; however, addition
of metals in environment from sources other than
natural like industrial and municipal waste make
these a potential health hazard. The burgeoning population pressure and increased cropping intensity is
the main cause for heavy metal intake. Some of the
heavy metals like (copper, chromium and zinc) are

Cadmium. Cadmium compounds are currently
used in re-chargeable nickel±cadmium batteries
mainly. Cadmium emissions have increased dramatically during the 20th century, one reason being that
cadmium-containing products are rarely re-cycled,
but often dumped together with house
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TABLE 1
Concentrations of heavy metals in coriander
Metals

Pb

Cd

Cr

Ni

Zn

Cu

Ar

Values
Permissible
Values

16.36±4
5

0.547±0.03
0.2

10.06±0.7
20

10.86±1.9
2

24.31±1.8
60

17.18±1.9
40

0.073±0.01
0.075

For each sample results are expressed in ppm. Permissible limit a = the maximum allowable limit set
by WHO (World health organization).
TABLE 2
Concentrations of heavy metals in soil (mean±S.D)
Soil
USEPA*
BIS**-1991

Pd
35.66±3.91
300
250

Cd
0.408±0.6
3
3-6

Cr
65.29±6.4
400
-

Ni
31.6±6.5
50
50

Zn
55.31±10.3
200
300

Cu
22.67±2.1
50
135-270

As
0.035±0.01
0.07
-

USEPA* stands for United States environmental protection agency
BIS** stands for Bureau of Indian Standards
TABLE 3
Transfer Factors (TF) of some of the Heavy metals from Soil to vegetable
TF of
Vegetable
Coriander

Heavy metals
Pb
Cd
0.46s
1.34

Cr
0.154

Ni
0.343

Cu
0.757

As
2.07

senic that can cause deleterious health effects in humans [24]. Nickel contents from soil as well as growing plant on contaminated water can easily be extracted [25]. In present study, the data revealed that
the value of nickel was exceeding the maximum permissible limits (Table 1).

hold waste [12]. Cigarette smoking is the major
source of cadmium exposure. Adverse health effects
of cadmium exposure may occur at lower exposure
levels than previously anticipated, primarily in the
form of kidney damage but possibly also bone effects and fractures [12-16]. Cadmium shows sever
toxicity due to its bio-accumulation and it has a long
shelf life of about 30 years [17]. Plants can readily
absorb cadmium from soil and by plants, through ingestion, it enters the human food chain. Current
study showed the higher concentrations of Cd similar to previous work [18-19-20].

Zinc. Zinc an essential mineral for the proper
functioning of our daily intake. It is also used as the
food supplement and bio-fortification of the some
cereals. Zinc is an important part of cellular metabolism as well as the catalytic activity of enzymes.
Among all metals, Zinc (Zn) is least toxic and an essential element in the human diet because it enhances
the immune function, protein synthesis and wound
healing. Zinc deficiency in the diet may be more detrimental to human health than its abundance. The average daily intake of Zinc is 7.00-16.3 mg Zn/day,
but the recommended dietary allowance for it is 15
mg Zn/day for men and 12 mg Zn/day for women
[26]. On the other hand its high concentration in vegetables may cause some diseases and unrest like
vomiting, renal damage, cramps in the body etc.
According to the Nair et al. [27] the best
adopted limit for human consumption may be up to
150 ppm. In this study the Zn concentration in Coriander was under the limit (Table 1).

Chromium. Chromium is one of the most important metals having serious concerns due to its exposure. It has specific transport mechanisms, by
which only limited amounts of chromium (III) not
only enter in the cells but also can lead to DNA damage of an organism [21]. It may occur through
breathing air, contaminated food items and drinking
water or even through skin contact. Chromium concentrations in blood, plasma, serum or urine may be
used as yard stick to measure the safety in exposed
workers [22].
In human beings and animals, chromium is under essential metal limits for the carbohydrate and lipid metabolism within a certain range of concentrations (up to 200μg/day). However, exceeding doses
may lead to toxicity as well as hepatitis [23]. In our
study the concentration of chromium was much
lower than the permissible limit in all coriander samples (Tab-1).

Copper. Like Zn, if copper exceeds its permissible range, it is considered as a hazardous metal.
High concentrations of Cu cause hypertension, sporadic fever, uremias, coma, [27-28]. The recommended daily intake of Cu for human consumption
LV  ȝJ Jí1.Present results revealed that the Cu
concentration range in coriander is less than the safe
limits prescribed for human health and hygiene (Table 1).

Nickel. It is often said that the excess of everything is bad, the same is true for the prolonged exposure of heavy metals like nickel, zinc, copper and ar4347
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Huang, Y. Qui and J.Z. Liang. (2004). Transfer
of metals from near a smelter in Nanning, China.
Environmental International 30; 785-791.
[8] McBride, M.B. (1994). Environmental Chemistry in Soils. Oxford Uni. Press, Oxford.
[9] Khan, A., M. Ibrahim, N. Ahmad and S.A. Anwer. (1992). Studies on accumulation and distribution of heavy metals in agricultural soils receiving sewage effluents irrigation. In: Proceedings of 4th National Congress of Soil Science,
24-26 May, 1992. Islamabad. p 607-609.
[10] Butt, M.S., K. Sharif, B.E. Bajwa and A. Aziz.
(2005). Hazardous effect of sewage water on the
environment; focus on heavy metals and chemical composition of soil and vegetables. Management of Environmental Quality16(4): 338346.
[11] Jawahar, A. and M.A. Javed. (1997). Accumulation and distribution of Cd++ and Pb++in sewage, effluent irrigated soils. Journal of Engineering and Applied Sciences 16 (1): 43-47.
[12] Järup, L. (2003). Hazards of heavy metal contamination British Medical Bulletin 68: 167±
182. DOI: 10.1093/bmb/ldg032.
[13] Mortada W.I, M.A.Sobh, M.M.El-Defrawy,
S.E.Farahat. (2001). Study of lead exposure
from automobile exhaust as a risk for nephrotoxicity among traffic policemen. Am.
J.Nephrol 21: 274-279.
[14] WHO. (1995). Lead. Environmental Health Criteria, World Health Organization vol. 165. Geneva:
[15] Wierzbicka, M. (1995). How lead loses its toxicity to plants. ActaSocietatisBotanicorumPoloniae. 64: 81-90.
[16] Hellström, L., C.G. Elinder, B. Dahlberg, M.
Lundberg, L. Järup, B. Persson and O. Axelson.
(2001). Cadmium exposure and end-stage renal
disease. Am. J. Kidney Dis. 38: 1001-1008.
[17] Lenntech. (2006). "Water Treatment and Air
Purification", In: http://www.lenntech.com/
heavy-metals.htm
[18] Bernard, A., H. Roels, J.P. Buchet, A. Cardenas,
and R. Lauwerys. 1992. Cadmium and health:
the Belgian experience. IARC Scientific Publications 118:15±33.
[19] Nordberg, G., T. Jin, A. Bernard, S. Fierens, J.P.
Buchet, T. Ye, Q. Kong, and H. Wang. (2002).
Low bone density and renal dysfunction following environmental cadmium exposure in China.
Ambio. 6: 478-481.
[20] Schuhmacher, M., M.A. Bosque, J.L. Domingo,
and J. Corbella. (1991). Dietary intake of lead
and cadmium from foods in Tarragons Province,
Spain. The Bulletin of Environmental Contamination and Toxicology 46, 320-328.
[21] Eastmond, D.A., J.T. MacGregor, and R.S.
Slesinski. (2008). Trivalent Chromium: Assessing the Genotoxic Risk of an Essential Trace
Element and Widely Used Human and Animal

Arsenic. WHO [29] evaluation concluded that
arsenic exposure via drinking water is causally related to cancer in the lungs, kidney, bladder and skin
rashes. Arsenic has a short half-life of several weeks
in the body, but its effects can be seen years after exposure has ceased and is considered to be a human
carcinogen [30]. Fortunately, plants do not absorb
arsenic as reported by researchers who have studied
vegetable samples grown in agricultural soils high in
As content [31-32]. The current levels in edible crop
samples were below the analytical detection limit of
0.075μg/g (Table 1).
Transfer factors (TF) of the Heavy Metalsfrom Soil to Vegetable. Transfer factor (TF) was
calculated to check the risk and assessment of the
outcome of hazard done by the waste water irrigation
or supplemental irrigation and heavy metal consequences in the in edible portion of test vegetables as
followed Cui et al. [7]. Health hazards due to heavy
metal contamination in vegetable were assessed
through TF (Table 3). Transfer of metals from soil to
leafy portion of coriander was considered and it
turned out to be highest for As (2.07).
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6FKRRORI/LIH6FLHQFHDQG(QJLQHHULQJ6RXWKZHVW8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\0LDQ\DQJ&KLQD

&ROOHJHRI/LIH6FLHQFH4XIX1RUPDO8QLYHUVLW\4XIX&KLQD&KLQD

*H&KHQJ*OREDO(FR7HFK,QF'RGULGJH5RDG&ROXPEXV2+86$

(YHUJODGHV:HWODQG5HVHDUFK3DUN)ORULGD*XOI&RDVW8QLYHUVLW\1DSOHV)/86$

&ROOHJHRI)RUHVWU\6RXWK&KLQD$JULFXOWXUDO8QLYHUVLW\*XDQJ]KRX&KLQD

,QVWLWXWHRI0RXQWDLQ+D]DUGVDQG(QYLURQPHQW&KLQHVH$FDGHP\RI6FLHQFHV&KHQJGX&KLQD

Southwest China, disturbing a mountainous area of
about 20 000 km2 along the fault zone in the Longmen Mountains, damaging 17.3 × 104 hm2 forests
with the volume losses up to 1030.4 × 10 4 m3 [2].
The damages to forests by the earthquake were
mainly caused by collapses (66.2%) and landslides
(33.2%). After the earthquake, bedrock and the
soil/colluvium horizon simultaneously slid down
[3], moving the forest as much as 60 m downhill
from their original elevations along the slopes. Such
great damage caused various hydrological responses, including changes in stream flow and
ground water level [4-6]. It was reported that such
damaged forests lost about 2,197 × 106 m3 of water
storage capacity, with more than half of the loss
through the surface soil [2]. Substantial water losses
from surface soil would influence tree growth in this
region. According to our previous field survey, the
two dominant trees (Cupressus funebris, Cryptomeria fortunei) have been dying after the earthquake,
which would weaken ecosystem functions such as
water regulation, soil erosion control, climate stability and may even transform this region from a net C
sink to a net C source in a short term [7].
,QRXUSUHYLRXVVWXG\ZHH[SORUHGWKHFDXVHV
RIWUHHGHDWKDIWHUWKHHDUWKTXDNHDVZHOODVWKHHI
IHFWVRIWKH ODQGVOLGH RQVRLO HQYLURQPHQWDQGURRW
SDUDPHWHUV7KHODQGVOLGHVLQFUHDVHVRLOEXONGHQVLW\
GHFUHDVHWRWDOSRURVLW\DQGFDSLOODU\SRURVLW\PDN
LQJWKHVRLOWLJKWHQLQJDQGGU\LQJ>@ZLWKWKHHI
IHFWVGLIIHUHQWEHWZHHQWKHWZRGRPLQDQWVSHFLHVGXH
WRWKHLUGLIIHUHQWJHQHWLFFRQWUROThe main causes of
tree deaths in our study sites include the great rocking of surface soil in the earthquake which changed
soil physical properties, damaged soil surface water
balance and decreased water use and absorption by
tree root.$VDIROORZXSRIWKHSUHYLRXVUHVHDUFK the
present study aimed (1) to evaluate soil water losses
in the landslides and (2) to understand the patterns of
soil water property variation in the dominant plant
species in the earthquake area.

ABSTRACT
7KLV VWXG\ DLPHG WR GHWHUPLQH WKH ZDWHU ORVV
TXDQWLW\RIVXUIDFHVRLOIURPWHPSHUDWHIRUHVWVDIWHU
VHYHUHHDUWKTXDNH:HHVWDEOLVKHGWKUHHSORWVDWHDFK
RI WKH ODQGVOLGH DQG QRQODQGVOLGH &XSUHVVXV IX
QHEULVVWDQGVDW6KL\DQVLWHWZRSORWVLQWKHODQGVOLGH
DQGWKUHHLQWKHQRQODQGVOLGH&U\SWRPHULDIRUWXQHL
IRUHVWVWDQGVDWWKH6KXDQJGLDQVLWHQHDUWKHIDXOWEHOW
RIWKH:HQFKXDQ(DUWKTXDNH(DFKRIWKHSORWVZDV
P îP ,Q-XQH DQG2FWREHUIRUDQDO\VLVRI
VRLOZDWHUSURSHUWLHVVRLOVDPSOHVZHUHFROOHFWHGE\
DOXPLQXPF\OLQGHUV FP DWHDFKRIWKUHHVRLO
OD\HUV FP UHVSHFWLYHO\DWWKH
FHQWHU DQG QHDU WKH IRXU FRUQHUV RI HDFK SORW :H
IRXQGWKDWVDWXUDWHGZDWHUFRQWHQWDQGFDSLOODU\ZD
WHU FDSDFLW\ ZHUH ORZHU LQ ODQGVOLGH SORWV WKDQ LQ
QRQODQGVOLGH RQHV ZLWK WKH ODQGVOLGHLQGXFHG VRLO
ZDWHUORVVDWWKHIRUHVWVWDQGVUDQJLQJIURPWR
WKP LQGLFDWLQJ WKDW HDUWKTXDNHLQGXFHG ODQGVOLGH
GULHGWKHVXUIDFHVRLORIIRUHVW6XFKHDUWKTXDNHLQ
GXFHGVRLOGU\LQJYDULHGZLWKGLIIHUHQWIRUHVWVWDQGV
&RPSDUHGZLWKWKDWRI&IXQHEULVWKHVXUIDFHVRLO
RI & IRUWXQHL ORVW OHVV VRLO ZDWHU VXJJHVWLQJ WKH
JUHDWHUZDWHUUHWHQWLRQDELOLW\RIWKHODWWHU7KHZDWHU
VWUHVVFUHDWHGE\HDUWKTXDNHLQGXFHGODQGVOLGHVPD\
EHWKHGRPLQDQWFRQWULEXWRUWRWKHWUHHPRUWDOLW\LQ
&IXQHEULVDQG&IRUWXQHLLQWKH IDXOW]RQHRIWKH
:HQFKXDQ(DUWKTXDNH

KEYWORDS:
Wenchuan, Landslide, Soil water properties, Temperate
forests, Tree mortality

INTRODUCTION
Natural disturbances are one of the most important factors driving ecosystem development [1].
Earthquakes, as a typical catastrophic disturbance,
not only kill people and cause serious economic
losses, but also lead to degradation of regional ecosystem function. The Wenchuan Earthquake, with a
magnitude of 8.0, occurred on May 12, 2008 in
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),*85(
6DPSOLQJVLWHVLQWKH:HQFKXDQ(DUWKTXDNHUHJLRQ&KLQD

),*85(
3KRWRVRIVDPSOLQJVLWHV$LVODQGVOLGHVLWHGRPLQDWHGE\&U\SWRPHULDIRUWXQHL%LVODQGVOLGHVLWH
GRPLQDWHGE\&XSUHVVXVIXQHEULV
DUHD$IWHUWKHHDUWKTXDNHODQGVOLGHVDQGFROODSVHV
LQGXFHGZLGHVSUHDGLQFUHDVHVRIWUHHPRUWDOLW\UDWHV
RI WKH GRPLQDQW WUHHV 7KH WUHH PRUWDOLW\ LQ & IX
QHEULVIRUHVWZDVIRUODQGVOLGHDQGIRU
QRQVOLGHVWDQGVWKHPRUWDOLW\ZDVLQ&IRU
WXQHLIRUHVWVWDQGZLWKODQGVOLGH%HVLGHVWKHGRPL
QDQW WUHHV VRPH EDPERR 3K\OORVWDFK\V EDP
EXVVRLGHV FY 7DQDNDH DQG &XQQLQJKDPLD ODQFHR
ODWD IRUHVWVDOVRJURZLQWKLVDUHD7KH XQGHUVWRU\
SODQWVDUHPDLQO\6PLOD[FKLQD/&\UWRFRFFXPSDW
HQV/DQG%UH\QLDIUXWLFRVD/
(OHYHQSORWVZHUHHVWDEOLVKHGWRVWXG\WKHVXU
IDFHVRLOZDWHUSURSHUWLHVDWWZRIRUHVWVLWHV 6KL\DQ

MATERIALS AND METHODS
6WXG\ VLWH DQG H[SHULPHQWDO GHVLJQ 7KH
VWXG\VLWH (ƍWRƍDQG1ƍWR
ƍDVOPWRP ZDVDORQJWKHIDXOW
]RQH LQ WKH /RQJPHQ 0RXQWDLQV RI 6LFKXDQ 3URY
LQFHLQVRXWKZHVW&KLQD HJ)LJ ,WVPHDQDQ
QXDOSUHFLSLWDWLRQUDQJHGIURPPPWRPP
DQGDLUWHPSHUDWXUHUDQJHGIURP°CLQ-DQXDU\WR
°CLQ-XO\7KHVRLOVRIWKHVWXG\VLWHVDUHJHQHU
DOO\OLPHVWRQH&IXQHEULVDQG&IRUWXQHL DERXW
 \HDUV ROG  DUH WZR RI WKH GRPLQDQW WUHHV LQ WKH
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GRPLQDWHGE\&IXQHEULVDQG6KXDQJGLDQE\&IRU
WXQHL QHDUWKHIDXOWEHOW )LJ LQFOXGLQJSORWV
IRUERWKVOLGHDQGQRQVOLGHVRLOVLQWKH6KL\DQVLWH
IRUWKHQRQVOLGHVRLODQGIRUWKHVOLGHVRLORIWKH
6KXDQJGLDQVLWH(DFKVDPSOLQJTXDGUDWHZDVP
îPLQVL]H

D
) u100
Ds
 
D
Pc (%) Cw u u100
V
 
Pn(%) Pt (%)  Pc (%)
Pt (%)

Wt 10000Pth
 

Wn 10000Pnh
 
 

:KHUH6:LVVRLOVDWXUDWHGZDWHUFRQWHQW
 &:LV
WKHFDSLOODU\PRLVWXUHFDSDFLW\  9LVWKHYROXPH
RIWKHVRLOFRUH FP 'VLVWKHVRLOSDUWLFOHGHQ
VLW\RIJFP>@

Wc 10000Pch

'DWDDQDO\VHVANOVA was used to examine
the effects of landslide, tree species, soil depth and
their interaction on soil water properties. 7KHHIIHFW
RI D YDULDEOH ZDV FRQVLGHUHG VLJQLILFDQW ZKHQ 3 
 SPSS 10.0 statistical software (SPSS Inc., Chicago, USA) was used for all analyses.

0HDVXUHPHQWV RI VRLO ZDWHU SURSHUWLHV :H
PHDVXUHGZDWHUFRQWHQWVDWXUDWHGZDWHUFRQWHQWFD
SLOODU\ PRLVWXUH FDSDFLW\ DQG ILHOG ZDWHU FDSDFLW\
)RUVRLOVDPSOHVLQWKHDOXPLQXPER[HVZDWHUFRQ
WHQW ZDV GHWHUPLQHG E\ WKH GLIIHUHQFH EHWZHHQ WKH
IUHVKDQGGU\VRLOZHLJKWVRIWKHER[HVPHDVXUHGXV
LQJ D GLJLWDO EDODQFH EHIRUH DQG DIWHU GU\LQJ LQ DQ
RYHQDW°CIRUK
)RUWKH PHDVXUHPHQWVRIVDWXUDWHGZDWHUFRQ
WHQWFDSLOODU\PRLVWXUHFDSDFLW\DQGILHOGZDWHUFD
SDFLW\HDFKRIWKHVRLOFRUHVZDVSXWRQILOWHUSDSHU
DWWKHERWWRPWKHQSODFHGLQDWUD\ZLWKZDWHUWREH
DEVRUEHG:KHQ DOO WKH QRQFDSLOODU\ DQG FDSLOODU\
ZHUHIXOORIZDWHU LQDERXWK PZDVREWDLQHG
E\ ZHLJKLQJ WKH FRUH LPPHGLDWHO\ 7KHQ WKH FRUH
ZLWK WKH SDSHU ZDV SODFHG LQ D GU\ WUD\ IRU  K WR
UHPRYHQRQFDSLOODU\ZDWHUIURPWKHVRLOPZDVWKH
ZHLJKWRIWKHFRUHDWWKDWWLPH7KLUGO\WKHFRUHZDV
SODFHGLQDGU\WUD\DJDLQIRUDQRWKHUKWRFRQWLQ
XRXVO\UHPRYHZDWHUDQGZDVZHLJKHGIRUWKHYDOXH
RIP)RXUWKO\WKHFRUHZDVGULHGLQDQRYHQDW
°CIRUKWRJDLQP)LQDOO\WKHQHWZHLJKWRI
WKHVRLOVDPSOHZDVPHDVXUHGDQGGHILQHGDVP7KH
SDUDPHWHUVRIPPPPDQGPZHUHXVHGWRFDO
FXODWHVRLOVDWXUDWHGZDWHUFRQWHQWE\(T  VRLOFD
SLOODU\PRLVWXUHFDSDFLW\E\(T  DQGEXONGHQVLW\
' E\(T  UHVSHFWLYHO\
7RWDOSRURVLW\ 3W FDSLOODU\SRURVLW\ 3F QRQ
FDSLOODU\SRURVLW\ 3Q VDWXUDWHGZDWHUFRQWHQW :W
WKP FDSLOODU\ZDWHUFDSDFLW\ :FWKP QRQFD
SLOODU\ZDWHUFDSDFLW\ :QWKP  RIWKHVRLOZHUH
FDOFXODWHGDFFRUGLQJ WR(TV    7KH HTXDWLRQV
DUHDVIROORZV

CW
D

(1 

 

6RLOVDPSOHVFROOHFWLRQ:HFROOHFWHGVRLOVDP
SOHVLQ-XQHDQG2FWREHURI DQGPRQWKV
UHVSHFWLYHO\DIWHUWKHHDUWKTXDNH :LWKLQHDFKSORW
ZHFKRVHILYHSODFHVWRFROOHFWVRLOVDPSOHVRQHLQ
WKH FHQWHU DQG WKH RWKHU IRXU LQ HDFK FRUQHU RI WKH
TXDGUDWH)RUHDFKVRLOVDPSOLQJZHWRRNLQWDFWVRLO
FRUHVRIDERXWFP FPLQGLDPHWHUDQGFP
LQ KHLJKW  LQ HYHU\ VRLO OD\HUV  FP  FP
DQGFPLQGHSWK %HVLGHVZHWRRN DSSUR[L
PDWHO\JVRLOVIURPDOOVDPSOLQJVLWHVWRPHDVXUH
VRLO ZDWHU FRQWHQW WKHVH VDPSOHV ZHUH SDFNHG DQG
WUDQVSRUWHGLQDOXPLQXPER[HV
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RESULTS
7UHHPRUWDOLW\DQGZDWHUORVVHV7UHHPRUWDO
LW\ZDVIRXQGWRYDU\ZLWKWKHWUHHVSHFLHVDQGRF
FXUUHQFHRIODQGVOLGH0RUWDOLW\UDWH RI &IXQHEULV
DQG&IRUWXQHLLQVWDQGVZLWKDQGZLWKRXWODQGVOLGHV
LV VKRZQ LQ 7DEOH  ,Q WKH & IXQHEULV VWDQG WUHH
PRUWDOLW\ ZDV  ZLWK ODQGVOLGH DQG 
ZLWKRXW ODQGVOLGH ,Q WKH & IRUWXQH VWDQG WKH GDWD
ZHUHDQGUHVSHFWLYHO\ 7DEOH 7KHWUHH
PRUWDOLW\UDWHZDVVLJQLILFDQWO\KLJKHULQVRLOVZLWK
ODQGVOLGHWKDQLQWKRVHZLWKRXW
7KHVXUIDFHVRLOZDVIRXQGWRORVHODUJHDPRXQW
RIZDWHUDIWHUWKHHDUWKTXDNH7KH&IXQHEULVVWDQG
ORVW  WKP FDSLOODU\ PRLVWXUH FDSDFLW\ DQG 
WKPVDWXUDWHGZDWHUFRQWHQWLQ-XQHDQGWKP
FDSLOODU\PRLVWXUHFDSDFLW\DQGWKPVDWXUDWHG
ZDWHUFRQWHQWLQ2FWREHU:DWHUORVWIURP&IRUWXQH
UDQJHGIURPWRWKP )LJ 
7$%/(
0RUWDOLW\UDWHRI&XSUHVVXVIXQHEULVDQG&U\SWR
PHULDIRUWXQHLJURZLQJLQODQGVOLGHDQGQRQ
ODQGVOLGHVWDQGV
)RUHVWW\SH

m1  m4
u100%  
m4  m
m2  m4
u100%  
m4  m
m3  m 4
V
 

&XIXQHEULV
&UIRUWXQHL



/DQGVOLGH
/DQGVOLGH
1RQODQGVOLGH
/DQGVOLGH
1RQODQGVOLGH

7UHHPRUWDOLW\
UDWH 
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),*85(
:DWHUORVV FP RIWZRIRUHVWVWDQGVDIWHUHDUWKTXDNH
7$%/(
$QDO\VLVRIYDULDQFH $129$ IRUWKHHIIHFWVRIPRQWK -XQHDQG2FWREHU ODQGVOLGH QRQDQGODQGVOLGH 
VRLOGHSWK FP DQGWKHLULQWHUDFWLRQRQVRLOZDWHUSURSHUWLHV

:DWHUFRQWHQW 
&XIXQHEULV
&UIRUWXQHL
&DSLOODU\ZDWHUFDSDFLW\ WKP
&XIXQHEULV
&UIRUWXQHL
1RQFDSLOODU\ZDWHUFDSDFLW\ WKP
&XIXQHEULV
&UIRUWXQHL
6DWXUDWHGZDWHUFRQWHQW WKP
&XIXQHEULV
&UIRUWXQHL

0RQWK 0 

/DQGVOLGH /

0 /





































%ROGQXPEHUVDUHVLJQLILFDQWGLIIHUHQFHDWS

),*85(
7KHHIIHFWRIODQGVOLGHRQVDWXUDWHGZDWHUFRQWHQWDQGFDSLOODU\ZDWHUFDSDFLW\
RI&IXQHEULVDQG&IRUWXQHLVWDQGV
'LIIHUHQWOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHVDW3
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),*85(
,QWHUDFWLYHHIIHFWVRIODQGVOLGHDQGVDPSOLQJPRQWK -XQHDQG2FWREHU 
RQZDWHUFRQWHQWRI&IRUWXQHLVWDQG
'LIIHUHQWOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHVDW3

),*85(
7KHZDWHUFRQWHQWDQGFDSLOODU\ZDWHUFDSDFLW\DW&IXQHEULVDQG&IRUWXQHLVWDQGV
LQGLIIHUHQWVDPSOLQJPRQWKV
'LIIHUHQWOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHVDW3
GLIIHUHQFHEHWZHHQVWDQGVZLWKDQGZLWKRXWODQGVOLGH
LQ 2FWREHU )LJ   &DSLOODU\ ZDWHU FDSDFLW\ LQ &
IRUWXQHZDVDOVRORZHULQ-XQHWKDQLQ2FWREHU )LJ
 

:DWHUSURSHUWLHVLQODQGVOLGHVRLODQGLWVVHD
VRQDO YDULDWLRQ 6WDWLVWLFDO DQDO\VHV LQGLFDWHG VLJ
QLILFDQWLPSDFWRIODQGVOLGHVRQWKHVDWXUDWHGZDWHU
FRQWHQWDQGFDSLOODU\ZDWHUFDSDFLW\ 7DEOH 6DWX
UDWHGZDWHUFRQWHQWZDVWKPLQ&IXQHEULVDW
ODQGVOLGHIRUHVWVRLOORZHUWKDQWKDWLQQRQODQGVOLGH
IRUHVWVRLO )LJ &DSLOODU\ZDWHUFDSDFLW\LQ&IRU
WXQH ZDV DOVR ORZHU LQ ODQGVOLGH WKDQ WKDW LQ QRQ
ODQGVOLGHIRUHVW )LJ :DWHUFRQWHQWDQGFDSLOODU\
ZDWHUFDSDFLW\DOVRVKRZHGVHDVRQDOYDULDWLRQV 7D
EOH   6DWXUDWHG ZDWHU FRQWHQW ZDV VLJQLILFDQWO\
ORZHULQ-XQHWKDQLQ2FWREHULQERWKW\SHVRIIRUHVW
ZLWKWKDWLQ&IRUWXQHLIRUHVWZLWKODQGVOLGHVLJQLIL
FDQWO\ORZHUWKDQWKDWLQWKHVDPHIRUHVWVWDQGZLWK
RXWODQGVOLGHLQ-XQHEXWQRVWDWLVWLFDOO\VLJQLILFDQW

',6&866,21
'LIIHUHQWGHJUHHVRIHDUWKTXDNHLQGXFHGVRLO
GU\LQJEHWZHHQIRUHVWVWDQGV2XUVWXG\IRXQGVLJ
QLILFDQWLPSDFWRIODQGVOLGHRQVRLOhydraulicSURSHU
WLHV%RWKVDWXUDWHGZDWHUFRQWHQWDQGFDSLOODU\ZDWHU
FDSDFLW\ZHUHORZHULQODQGVOLGHSORWVWKDQLQQRQ
ODQGVOLGH RQHV )LJ  DQG   LQGLFDWLQJ WKDW WKH
HDUWKTXDNHLQGXFHGODQGVOLGHGULHGWKHVXUIDFHVRLO
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KLJKHUVRLOZDWHUORVVLQWKH&IXQHEULVVWDQGPD\EH
WKHPDLQUHDVRQIRULWVKLJKHUWUHHPRUWDOLW\

7KHODQGVOLGHLQGXFHGVRLOZDWHUORVVUDQJHGIURP
WRWKPLQDOOIRUHVWVWDQGV )LJ 6RLOhydraulic SURSHUWLHV YDULHG ZLWK WKH IRUHVW VWDQG  :LWK
PXFKJUHDWHUTXDQWLW\RIZDWHUORVV )LJ WKH&
IXQHEULVVWDQGV ZHUH IRXQGWREH PRUH VHQVLWLYH WR
WKH ODQGVOLGH WKDQ &IRUWXQHLRQHV 7DEOH 6XFK
VHQVLWLYLW\ ZDV SUREDEO\ GXH WR WKH VLJQLILFDQWO\
VPDOOHU URRW DUHD DQG VKRUWHU URRW OHQJWK RI & IX
QHEULVVLQFHORZHUURRWSDUDPHWHUVXVXDOO\LQGLFDWHG
UHODWLYHO\ ORZHU ZDWHU UHWHQWLRQ RI WKH VRLO >@:H
DOVR IRXQG VHDVRQDO YDULDWLRQ RI ZDWHU FRQWHQW DQG
FDSLOODU\ ZDWHU FDSDFLW\ LQ & IXQHEULV DQG & IRU
WXQHL VWDQGV ,Q DGGLWLRQ WR ODQGVOLGH WKH VDPSOLQJ
WLPHDOVRVKRZHGVLJQLILFDQWHIIHFWRQVRLOK\GUDXOLF
SURSHUWLHV ZLWK ORZHU ZDWHU FRQWHQW DQG FDSLOODU\
ZDWHUFDSDFLW\LQ-XQHWKDQLQ2FWREHU )LJ 6XFK
UHVXOW VHHPHG FRQWUDGLFWRU\ WR WKH KLJKHU YDOXH RI
SUHFLSLWDWLRQLQ-XQH EDVHGRQWKHPHDQRIWHQ\HDUV
SUHFLSLWDWLRQLQWKLVUHJLRQ :HFRQVLGHUHGVXFKXQ
XVXDOUHVXOWDVSUREDEO\GXHWRWKHUDLQLQJZHDWKHURI
WKHGDWHRIVDPSOLQJLQ2FWREHU
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HEAVY METAL CONTAMINATION AND ECOLOGICAL
RISK ASSESSMENT IN THE SEDIMENTS OF
MELEN RIVER, DUZCE, TURKEY
Seref Keskin*
Department of Environmental Engineering, Duzce University, 81620, Duzce, Turkey

ing organisms and humans. They may affect the ecosystem at several levels beginning with small organisms and ending with larger animals and humans
[10]. The major problem encountered in the examination of heavy metal contaminations in sediments
is that heavy metals accumulate in sediments as well
as from both crustal and anthropogenic sources.
Therefore, direct determination of heavy metals in
sediments is an inappropriate way to assess the pollution [11].
More than 250 individual industrial units are
located in Duzce city discharging of domestic and
industrial wastewater directly into the Melen River.
Therefore, the objectives of the present work were to
(1) to distinguish natural background levels from human pollution in river sediments using geochemical
approaches, (2) distribution of heavy metal contamination in sediments, and (3) to evaluate the relationship between heavy metals and estimate the associated ecological risk by considering different indexes.

ABSTRACT
Sediment samples were collected from along
the Melen River. Those sediments have been affected municipal and industrial discharges that generated in around Duzce City, Turkey. In this study,
the Melen River sediment pollution parameters were
investigated. All locations are moderately enriched
for Cr, Zn, and Pb and significantly enriched for Cd,
Ni, and As. Ecological risk for Cd above 80 (97.21)
and As was 76.99, indicating that this heavy metals
pose moderate, moderate/high risk to the local ecosystem. All of the samples fall in the polluted areas
(PLI!) and the highest pollution load index (PLI)
(11.36) value was observed at the DM14 site. According to PCA analysis, the pollution levels of
heavy metals in DM1, DM2, and DM3 locations
were relatively lower than other sample locations.
Cu, Cr, As, and Ni contents falls between the TEL
and PEL values, moreover Ni concentration exceed
to both of the PEL and ERM values. Especially, according to high values of Eri, PCA, and SQG in between DM9 to DM15 locations, studied sediments
have under the moderate toxicity risk for Ni, Cd, As,
and Cu.

MATERIALS AND METHODS
Study area. The study area is located in the
western Black Sea region (40o¶-40o¶N; 30o¶31o¶(  )LJXUH The Melen River and its plain
are approximately 160 m high from sea level. In the
southern and eastern of the basin, the elevation
reaches 1900 m. Due to rapid growth of industrial
units in Duzce has dramatically increased urbanization and migration on last two decades. The Melen
River is located in the province of Duzce and its water basin is approximately 2250 km2 [12]. The Melen
River is one of the largest rivers in the western Black
Sea region of Turkey [13]. From northeast to south,
three tributaries drain into the river that named Ugursuyu, Kucukmelen and Aksu River. All these tributaries, with the initial force provided by steep slopes,
carry their erosion products into the Duzce plain.
The Melen watershed should been regarded as a
³sensitive area´ in accordance with the European
Union (EU) Urban Wastewater Treatment Directive
[13, 14]. The Melen River has expected to be a water
source that can supply the drinking water needs of
Istanbul until 2040 [12].

KEYWORDS:
Enrichment factor, Melen river, Contamination factor,
Ecological risk index, Sediment quality

INTRODUCTION
Trace elements are produced from a variety of
natural and anthropogenic sources. For example, in
fluvial environments, metal pollution can be caused
by direct atmospheric deposition, geologic weathering or through the discharge of agricultural, municipal, residential, and industrial waste products [1].
Sediments can be sensitive indicators for monitoring
contaminants in aquatic environments [2, 3, 4, 5].
Heavy metals are one of the serious pollutants in environment because of their toxicity and bioaccumulation problems [6, 7, 8, 9]. At higher concentrations,
they become dangerous and have toxic effects on liv-
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FIGURE 1
Locations of the sampling stations in Melen River, Duzce, Turkey

EF values between 0.5 and 1.5 propose that the
heavy metals may be entirely from crustal materials
or natural weathering processes while EF values
greater than 1.5 suggests that considerable portion of
trace metal is delivered from non-crustal materials
[17, 19, 20]. () 1R HQULFKPHQW () 0LQLPDO
enrichment; EF 2 ± 5 Moderate enrichment; EF 5 ±
20 Significant enrichment; EF > 20 Extremely high
enrichment [8, 21].

Sediment Sampling and Preparation. In the
present study, total fifteen sites, located in different
points along the Melen River and branches were selected (Figure 1). Sediment samples were acquired
from the river territory whose water flow allowed for
sample collection. A Global Positioning System
(GPS) was used to locate sampling sites (Magellan
eXplorist 500). Sediment samples collected between
March to August 2015 were air-dried. Bulk samples
were analyzed for trace element geochemistry. The
dry (60oC) bulk sediment samples were finely powered to 63μ size using an agate mortar. Preparation
organic carbon was determined using about 1 gr of
dried and powered sediment, decarbonated with 1 M
solution of HCL, washed with deionized water and
then analyzed using Shimadzu TOC-L analyzer at
Duzce University Central Research Laboratory (DUBIT). Trace elements were determined using highresolution inductively coupled plasma mass spectrometer (ICP-MS) using aqua regia at the Bureau
VERITAS Analytical Laboratories, Canada.

Contamination factor (CF). Hakanson (1980)
[22] proposed an overall indicator of pollution based
on associate data for seven specific trace metals. CF
itself is the quotient obtained by dividing the concentration of the elements [17]. The contamination factor for any element is given by the following equation;
CF = Cm/Cb
Where CF = contamination factor, Cm= mean content of metals in sediment, and Cb= background concentration of the metal. According to the equation:
CF < 1 Low contamination,   &F < 3 Moderate
contamination, &F < 6 Considerable contamination, CF > 6 Very high contamination [22, 23].
The sum of contamination factors expresses the
value of contamination degree (CD) which describes
the contamination of the environment by all examined substances. The degree of contamination defines the quality of the environment in the following
way: CD 8 low degree of contamination, 8  CD 
16 moderate degree of contamination, 16 CD  32
considerable degree of contamination, CD! 32very
high degree of contamination [23].

Assessment of sediment contamination. Enrichment factor was used to assess the level of pollution and the probable anthropogenic effect in sediments. We prefer to express the metal contamination
with respect to the Upper Continental Crust (UCC)
[15] to quantify the extent and degree of metal pollution [2,16,17,18]. The enrichment factor (EF) for
any element is given by the following:
EF= (Ms * Als)/(Mx * Alx)
Where Ms and Als are the sediment sample concentrations of the heavy metal and Al, while Mx and Alx
are their concentrations in UCC.
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TABLE 1
Mean concentrations (mg/kg dry weight) of heavy metals in sediment samples
Sample No
DM 1
DM 2
DM 3
DM 4
DM 5
DM 6
DM 7
DM 8
DM 9
DM 10
DM 11
DM 12
DM 13
DM 14
DM 15

Longitude
31o¶¶¶
31o¶¶¶
31o¶¶¶
31o¶¶¶
31o¶¶¶
31o¶¶¶
31o¶¶¶
31o¶¶¶
30o¶¶¶
30o¶¶¶
31o¶¶¶
31o¶¶¶
30o¶¶¶
30o¶¶¶
30o¶¶¶

Latitude
40o¶¶¶
40o¶¶¶
40o¶¶¶
40o¶¶¶
40o¶¶¶
40o¶¶¶
40o¶¶¶
40o¶¶¶
40o¶¶¶
40o¶¶¶
40o¶¶¶
40o¶¶¶
40o¶¶¶
40o¶¶¶
40o¶¶¶

Al
1.94
1.19
1.52
2.04
1.35
1.32
1.74
1.80
2.13
2.41
1.98
1.94
2.54
2.02
1.72

Cr
32.9
17
31.5
47.2
34.5
23.3
40.4
33.3
95.1
68.7
72
80.2
80.2
74.1
58.3

Cu
18.3
17.
22.3
37.3
19
20.2
32.3
31.9
34.7
37.4
38
37.1
54.3
36.1
26.1

Zn
51.6
33.8
41.9
73.3
49.3
45.3
61.4
55.2
65.2
68
71.4
70.2
104.7
73.9
57

Cd
0.11
0.05
0.14
0.22
0.05
0.07
0.11
0.12
0.10
0.17
0.14
0.15
0.21
0.14
0.08

Pb
12.05
5.96
10.42
15.11
6.36
6.68
11.82
9.93
10.59
11.85
11.22
11.44
15.06
10.25
7.72

Ni
50.7
19.6
44.7
55.3
36.4
25.2
41.1
39
113.6
83.1
88.1
87.1
96.7
94.7
79.2

As
2.5
3.2
4.2
8.0
2.7
3.4
5.5
6.2
4.4
4.3
5.2
6.4
7.9
5.8
4.6

P
0.05
0.04
0.04
0.05
0.04
0.05
0.08
0.06
0.06
0.06
0.07
0.07
0.09
0.06
0.06

OC
1.25
0.23
1.55
2.25
1.15
0.53
1.00
0.89
1.97
3.19
1.16
1.41
2.17
3.30
2.55

OC; Organic Carbon
TABLE 2
0.05)
Correlation matrix between heavy metal concentrations in the study area (n=15, p

Al
Cr
Cu
Zn
Cd
Pb
Ni
As
Org C

Al
1.00
0.78
0.86
0.87
0.79
0.82
0.80
0.59
0.69

Cr

Cu

Zn

Cd

Pb

Ni

As

Org C

1.00
0.77
0.77
0.48
0.48
0.98
0.59
0.64

1.00
0.95
0.80
0.76
0.72
0.81
0.52

1.00
0.77
0.76
0.74
0.77
0.57

1.00
0.92
0.48
0.84
0.54

1.00
0.48
0.76
0.43

1.00
0.56
0.71

1.00
0.36

1.00

Ecological risk index. Identification and evaluation of ecological risk have very important significances for strengthening regional ecological disaster preventing and protecting the regional ecological
security [24]. Ecological risk index displays the potential risks of single heavy metal on the human and
ecosystem and reflects the level of heavy metal toxicity and ecological sensitivity to the heavy metal
pollution [22]. This method is able to reflect the effects of various contaminants and reveal the comprehensive influence of multiple contaminants in a particular environment [25].
Eri = Tri x CF
Where Eri is the single heavy metal potential ecological risk factor, Tri is the response coefficient for the
toxicity of the single heavy metal, and CF is contamination factor.
A toxic factor has been defined in the following
way for the actXDOKHDY\PHWDO$V ¥¥%3,&G
 ¥¥%3, &R   ¥¥%3, 3E  1L  &X 
¥¥%3, =Q  O¥¥%3, &U ¥¥%3, >@
BPI = (TP/TOC).100. Where BPI is bioproduction
index, TP is phosphor, and TOC is Total Organic
Carbon. According to the equation: Eri <40 Low
ULVNEri 0RGHUDWHULVNEri <160 ConVLGHUDEOH ULVN  Eri <320 High risk, Eri 
Very high risk.

Risk index (RI) values were defined as the sum
of all potential ecological risk factors (Eri) for studied heavy metals for a given sediments [26]. RI150
Low ecological risk, 150 RI300 Moderate ecological risk, 300 RI600 Considerable ecological risk,
and RI!600 Very high ecological risk [27].
Pollution load index (PLI). That index is obtained as a product of the measured contamination
factors of the different trace elements. Pollution load
index for each location was determined following
the method proposed by Tomlinson et al. (1980)
[28].
3/, Q¥ &)[&)[&)«[&)Q
Where, CF is the contamination factor and n is the
number of parameters. According to the equation,
PLI value of > 1 is polluted whereas PLI value of <
1 indicates no pollution.
Principal component analysis (PCA). In multivariate statistical analysis, PCA has been widely
used to deliver more information on links among
sampling locations, pollutant concentrations, and
correlation patterns [29, 30]. Principal Component
(PCA) analysis has been used to find out the possible
linear combination of the individual variables of
heavy metals that could account for the largest part
of the total variance [30, 31, 32, 33]. In this study,
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these heavy metals. The correlation results show that
heavy metals of the sampling sediments significantly
and positively correlated with each other, demonstrating a collective trend of concentration variation.

the analysis was performed using the "XLSTAT"
(software package).
PCAS1, that was proposed to assess the pollution level of sediments by Zhiyuan et al., (2011) [32],
was applied to assess the contamination levels of
heavy metals in stream sediments. PCAS1 is computed by the equation:
PCAS1 = Z1S1*Ei1/(Ei1+ Ei2) + Z2S1* Ei2/(Ei1+ Ei2).
Z1 = 0.329 CCr + 0.388 CCu + 0.384 CZn + 0.350 CCd
+ 0.345 CPb + 0.323 CNi + 0.325 CAs
Z2 = 0.524 CCr - 0.026 CCu + 0.016 CZn - 0.388 CCd 0.354 CPb + 0.545 CNi - 0.377 CAs
Where, S1 is the value of first sediment sample. Z1
and Z2 are the values of first two principal components respectively. Ei1 and Ei2 are eigenvalue of first
and second. Ci (Cu, Pb, Zn, Ni, As, Cd, and Cr) is the
contents of heavy metals in sediments [30, 32].

Enrichment factor (EF). As can be seen in
Figure 2, Melen River sediments showed a wide
range of metal enrichment. In general, while the
mean EF values shows that significant enrichment
for Cu, Cd, Ni, and As, moderate enrichment for Cr,
Pb, and Zn is observed. The highest average EF has
seen for arsenic with value of 6.7-21.6 (average
14.4). The As EF increase value of 21 in the DuzceIstanbul (D-100) road (location DM4). Nickel, cadmium, and cupper have the other highest EF with average value of 6.07, 5.37, and 5.29 respectively.
Overall, the average EF values of these metals followed the sequence As!Ni!Cd!Cu!Zn!Cr!Pb.
From the pollution point of view, DM4 location is
highly polluted and showed extremely high enrichment for As. DM4 has significant enrichment for Cu,
Cd, and Ni, moderately enrichment for Cr, Zn, and
Pb. None of the locations (except DM2 for Cr) along
the river was free from anthropogenic enrichment.
Comparison with Pearson correlation analysis and
EF, all metals are moderate or strongly related.
Moderate and significant EF values of heavy metals
have indicated that an anthropogenic origin, mainly
sources from activities such as industrial, household,
and domestic wastes. On the other hand, EF for Cr
less than 1.5 at the DM 2 location indicating that is
mainly derived from different sources, such as the
underlying geological rocks.

RESULT AND DISCUSSION
Heavy metal concentrations and distribution. The concentrations of heavy metals were determined in the bulk sediments. The results of trace element analysis in Melen River sediments are presented in Table 1. The amounts of metals ranged as
follows; Cu: 54.32 -17.09 (average 30.38), Pb:
15.11- 5.96 (average 10.43), Zn: 104.7 - 33.8 (average 61.48), Ni: 131.9 - 19.6 (average 63.63), As: 8.42.5 (average 4.95), Cr: 105.5-17 (average 52.58),
Cd: 0.22-0.05 (average 0.12), and Al: 2.59-1.19 (average 1.84) (all values in parts per million, except Al
in %). The order of heavy metal concentrations in
sediment samples measured in all station was
Ni!Zn!Cr!Cu!Pb!As!Cd. In general, the highest
values of all metals were found at DM13, except at
DM4 for Cd and As, and DM9 for Cr and Ni.
Pearson correlation coefficient (r) values (significant at 0.05) results between heavy metal and
other sediment characteristics are presented in Table
2. The Pearson correlation coefficient results show
that Cr, Cu Zn, Cd, Pb, and Ni show strong positive
correlation with Al (r= 0.78, 0.86, 0.87, 0.79, 0.82,
and 0.80 respectively). Cu, Zn, and Ni also show significant correlation with Cr (r = 0.77, 0.77, and 0.98
respectively), probably indicating common influential factors on concentration of these heavy metals.
There is a highly or moderately positive relation between Al, Cu, Ni, Cr, and Zn with Organic Carbon
(Org C) (r=0.69, 0.52, 0.71, 0.64, and 0.57 respectively). As and Pb are moderately/low moderately
correlated with Org C (r=0.36 and 0.43 respectively). This high/medium correlation relationship
implies that the presence of Org C has an influence
on accumulation of trace metals (except As and Pb)
in sediments of the Melen River sediments. The significant correlation between Cr, Cu, Ni, As, Al, and
Zn, could be exhausted to anthropogenic inputs of

Contamination factor (CF). Results of heavy
metals in Melen River sediments were summarized
in Figure 3. All Pb and Cr values of the Melen River
sediment samples (except DM9 for Cr) fall in the
low/moderate contamination factor. In general, the
mean values showed moderate contamination for
Cu, Cd, and Ni, (average value 1.23, 1.27, and 1.45
respectively) and considerable contamination for As
(average 3.3). The CF value of As increase to 5.33
on the Duzce-Istanbul (D100) road and near the industrial area. (location DM4). The average CF values of all metals followed the sequence
As!Ni!Cd!Cu!Zn!Cr!Pb. From the contamination
point of view, DM13 location (downstream part of
the Melen River) is highly contaminated and showed
considerable contamination for As, moderate contamination for Zn, Cd, Cu, and Ni and low contamination for Cr and Pb. Contamination degree same as
contamination factor for study area. 73% sediment
sampling location fall in moderate contamination degree area and only 27 % samples fall low contamination degree (Figure 3).
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FIGURE 2
Enrichment factors (EF) in Melen River sediments normalized by element concentrations in average
UCC [15]

FIGURE 3
Contamination factor (CF) in Melen River sediments

FIGURE 4
Ecological risk index (Eri), Risk index (RI), and Principal component analysis (PCAs) in Melen River
sediments
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FIGURE 5
Pollution load index (PLI) in Melen River sediments
Ecological risk index (Eri). The potential ecological risk index of the heavy metals in the Melen
River sediments were calculated according to the
Hakanson (1980) [22] index method (Figure 4). Cd
is the main element give rise to ecological risks and
its average Eri value reaches 45.38. There are six locations with light ecological hazards and nine locations with moderate ecological hazards. Location
DM1, DM2, and DM3 are so far from the municipal
and industrial area (Figure 1) and the results show
the low ecological risk index of heavy metals in
those locations. In the different location samples,
there is only minimum ecological risk above 80
(considerable risk) for some metals, that is Cd in
DM4 (97.21) and DM10 (84.85), Cd in DM3
(58.22), DM9 (40.60), DM12 (45.13), DM13
(70.20), and DM14 (71.07) and As in DM4 (76.989),
DM10 (46.74), DM12 (41.93), DM13 (57.51),
DM14 (64.12), and DM15 (44.34) indicating moderate risk. Eri values of all the other sediment samples
show low risk. Judging from the total pollution level,
the order of ecological risk associated with the seven
heavy metals is Cd!As!Ni!Cu!Pb!Cr!Zn.
Ecological index (Eri) only reflects the contamination of single heavy metals [22]. However, in the
natural environment, heavy metal contamination is
always complexes. Therefore, risk index provides
the only concrete evaluation of the overall pollution.
Ecological risk assessment analyses the possible
process of negative ecological effects that may appear or are emerging when the ecosystem is exposed
to one or more stress factors [24,33]. The maximum
potential ecological risks are expressed by the Risk
Index (RI). While the highest RI value of 15 sediment samples locations are 203.58 in DM 4, and the
lowest RI value are 25.75 in the DM2 location (Figure 4). The average RI of 15 locations is 105.83.
According to risk index, DM4 (203.58), DM10
(169.12), DM13 (160.12), and DM14 (174.69) have
PRGHUDWHHFRORJLFDOULVNOHYHO 5, DQG
the other 11 locations have low potential ecological

risk levels with RI < 150. RI could characterize sensitivity of local ecosystem to the toxic metals and
represent ecological risk resulted from the overall
contamination [32]. As and Cd have a high ecological risk in the Duzce Plain because of very high CF,
Eri, and RI values. Especially, in the DM4, DM13,
and DM14 locations have a moderate or high toxicity
risk for all risk indexes. Location DM4 is near the
industrial area (Duzce Small Industrial Area), DM13
is under the highway bridge in the Sultaniye village
(east of Golyaka Town) and DM14 is located in the
industrial zone of Golyaka Town. Probably Melen
River sediments should have been affected by the
pollution from those sites.
Pollution load index (PLI). As shown in Figure 5, the mean PLI value is 6.59, indicating pollutants. The highest PLI (11.36) value observes at the
DM14 location (downstream part of the Melen
River) and lowest PLI of 15 locations is 1.5 in location DM2 (upstream part of the Melen River). The
order of locations in terms of pollution load index is
DM14 > DM10 > DM4 > DM13 > DM9 > DM15 >
DM12 > DM11 > DM3 > DM1 > DM8 > DM7 >
DM5 > DM6 >DM2.
Principal component analysis (PCA). PCA is
used to evaluate the principal components, compute
the eigenvectors, identify the significant impact factors and further determine the common pollution
sources [33]. Results of the studied sediment samples are reported Table 3. According to the results of
the initial eigenvalues, two principal components are
considered that accounted for 90.8% of the total variances. The first PCA accounts for 76.7% of the total
variance and have strong positive loadings on Cu,
Pb, Zn, Ni, As, Cd, and Cr and indicate that metals
might have derived the same sources. The two main
highways E5 and D-100 cross the study area (Figure
1).

4362

© by PSP

Volume 26 ± No. 7/2017 pages 4357-4366

Fresenius Environmental Bulletin

TABLE 3
The results of Principal component analysis (PCA)
Eigenvalue

Proportion

Cumulative

Element

6.14
1.13
0.42
0.16
0.07
0.05
0.03
0.01

76.70
14.09
5.24
1.99
0.85
0.64
0.39
0.11

90.79
96.03
98.01
98.86
99.50
99.89
100.00
100.00

Al
Cr
Cu
Zn
Cd
Pb
Ni
As

Component matrix
F1
F2
0.38
0.10
0.33
0.52
0.39
-0.03
0.38
0.02
0.35
-0.39
0.35
-0.35
0.32
0.55
0.33
-0.38

TABLE 4
Results of Sediment Quality Guidelines (SQG) for single heavy metal from two methods for the Melen
River sediments.TEL: Threshold Effects Level, PEL: Probable Effects Level, ERL: Effects Range Low
10th percentile values in effects, ERM: Effects Range Median 50 th percentile value in effects [37, 39].
Cr
52.3
160
81
370
53.3
46.7
0
93.3
6.7
0

TEL
PEL
ERL
ERM
Compared with TEL and PEL % of samples <TEL
% of sample between TEL and PEL
% of samples >PEL
Compared with ERL and ERM % of samples <ERL
% of sample between ERL and ERM
% of samples >ERM

Cu
18.7
108
34
270
13.3
86.7
0
53.3
46.7
0

Zn
124
271
150
410
100
0
0
100
0
0

Cd
0.68
4.21
1.2
9.6
100
0
0
100
0
0

Pb
30.24
112.18
46.70
218
100
0
0
100
0
0

Ni
15.9
42.8
20.9
51.6
0
33.3
66.7
6.7
40
53.3

As
7.24
41.6
8.2
70
86.7
13.3
0
100
0
0

Sediment quality guidelines (SQG). Sediment quality guidelines are important tool for assessment of contamination in sediments [37, 38, 39, 40].
Heavy metal contamination refers to the excessive
deposition of toxic heavy metals in the environment
caused by human activities. The concentrations of
some heavy metals are beneficial and essentially required for normal and healthy body growth and functions of living organisms such as metal nutritional
requirements (Co, Cu, Fe, Mn, Mo, Ni, and Zn). On
the other hand, some heavy metals can cause biological toxicity, such as Cd, As, Cr, and Pb etc. [41]. In
the present study (Table 4), sets of SQG such as,
threshold effects level (TEL), probable effects level
(PEL), effect range low (ERL), and effect range median (ERM) parameters were investigated. In this
way, it will be possible to estimate whether there is
heavy metal contamination or environmental risks in
Melen River basin sediments.
The present data for the Melen River sediments
show considerable lower concentrations of Cd and
Pb than those of TEL. In contrast, Ni concentration
is at all locations higher than TEL value. Cr concentration at DM9, DM10, DM11, DM12, DM13,
DM14, and DM15 locations is slightly higher than
TEL value (Table 4). Cu concentration at DM2 location is less than TEL value. It has been suggested that
the ERM and PEL parameters are better at predicting
toxicity than are the ERL and TEL [38]. Cu is between TEL and PEL value in 86.7% of the locations.
Cr, Ni, and As are fall between TEL and PEL param-

High metal concentrations in the region, could
have been related to heavy traffic, industrial and domestic wastewater, and large population density.
The second PCA, which contributes 14.09% of the
total variance highly, Cr and Ni and had significant
correlations indicating that they may have similar
sources. It is well known that ultramafic rocks consist of high level Cr and Ni. Unfortunately, these
rocks are almost non-outcrop in background area of
Duzce plain. Wastewater and sludge from metallurgy industries, metal refining, and smelting are the
probably sources of chromium and nickel pollutions.
The method of PCAs determine the comprehensive pollution level; while the technique of Eri
and RI are mainly show the ecological risk levels of
elements, that have higher potential toxicity response value or higher concentrations in sediments.
Although the PCAs cannot identify the ecological
risk levels of heavy metals in soil, their results can
give the comprehensive information of heavy metals
contamination in sediments [32, 33, 35, 36]. The pollution levels of heavy metals in DM1, DM2, and
DM3 locations are relatively lower than other sample locations. All these locations are located upstream part of the Melen River. Especially, in the upstream part of the region have almost no settlements
and industry area. DM9 to DM15 locations have a
relatively high-level heavy metal contents. Because
of population density, industrialization, and the
highway traffic are situated in the midstream and
downstream parts of the region.
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eters that its ratio in 46.7, 33.3, and 13.3 % (respectively) of the locations. 66.7 % of the locations have
a higher Ni concentration than PEL. Among the
studied heavy metals, nickel is the only metal that
exceeds the ERM value (53.3 % locations). The
highest Ni concentration shows more than two fold
ERM value and found in DM9 location. Cu, Ni, and
Cr are between ERL and ERM values and they have
found in 46.7, 40.0, and 6.7 % (respectively) of the
locations. Accordingly, it appears clearly that Melen
River sediments have contaminated with Cr, Ni, and
Cu, especially at the part of downstream locations
(such as DM9 to DM15 locations).
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ABSTRACT

INTRODUCTION

The water of many rivers all over the world is
used for irrigation purposes. Maritsa River, located
in the Thracian Valley, Balkan Peninsula, on the territory of Bulgaria, Turkey and Greece, is one of
them. Apart the water quantity, the performance of
irrigated agriculture depends also on its quality. In
the present study, the quality of Maritsa River water
as a source for irrigation was assessed at two moniWRULQJSRLQWV Ɇ3V LQ%XOJDULD± MP-1 (upper river)
and MP-2 (middle course of the river). The samples
were taken in June and August 2014 and 31 physicochemical and microbiological parameters were
screened. Water sampling and preparation were performed according to Bulgarian standard complied
with ISO standards. Physicochemical parameters
were determined spectrophotometricaly, by
Multi/340i SET and AAS. For the estimation of total
and specific microbial load, selective chromogenic
culture medium sheets were used. It was found that
river water quality meets the requirements of Bulgarian standard for irrigation water with respect to: temperature, pH, electrical conductivity, total hardness,
Ca, Mg, dissolved oxygen, BOD5, COD, N-NH4 (except for June), N-NO3, Cl-, SO42-, P-PO4 (except for
August), suspended solids (except for June), Mn, Fe,
Cu, Zn, Pb, Ni, Cd, Cr and As. Deviations from the
standard were observed for all microbiological parameters at both MPs. The metal concentrations decrease
in
the
order
of
Fe>Zn>Ni>Pb>Cr>Cu>As>Mn>Cd. Many significant correlations were revealed between controlled
water parameters.

Traditionally, irrigation water is grouped into
various quality classes in order to guide the user to
the potential advantages as well as problems associated with its use and to achieve optimum crop production. The suitability of water for irrigation greatly
depends on the water quality, climatic conditions,
physical and chemical properties of the soil, the salt
tolerance of the crop grown and agricultural practices [1, 2, 3, 4, 5]. The economic impact resulting
from improving irrigation performance is not sufficiently investigated in Mediterranean region since a
great number of factors influence them [6]. One of
the main factors is the level of irrigation, which directly corresponds to the yield and mineral nutrient
content of crops [7, 8, 9]. Another one is the quality
of water for irrigation purposes.
The main water quality parameters that determine the suitability of water for irrigation are salinity, specific ion toxicity, trace elements, nutrients
and pathogens [10, 11, 12]. These parameters are introduced in FAO [13], WHO [14] and USEPA [15]
guidelines for water quality for irrigation [16], which
were complied with Bulgarian standard, accepted in
2009 [17].
With a view of regional climate changes towards global warming and drought, the role of management and the quality of irrigation water will be of
key importance for the Balkan countries [5, 18, 19].
Maritsa River, the biggest river in the Balkan Peninsula (521.6 km, with a catchment area of 53 000 km2,
of which 321 km and 21 084 km2 in Bulgaria) is of
great importance for the South East Balkan economy
- agriculture, industry, energetics and other human
activities. In recent years, of the total amount of river
water - about 7786.2 million m3/y, for irrigation purposes are used about 15.4% (1201.8 million m3/y)
[20]. The river is strongly impacted by anthropogenic activities as it passes through plenty of settlements, along industrial enterprises, farms and areas
with intensive agriculture that discharge their
wastewater into the river creating preconditions for
deterioration of the water quality [21]. Some of the
most fertile fields of Bulgaria, Turkey and Greece

KEYWORDS:
Maritsa River, physicochemical parameters, heavy metals, microbiological parameters, assessment, water quality
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dissolved oxygen (DO) and electrical conductivity
(EC) - in situ, with field Multi-340i/SET meter; total
hardness (TH) by Bulgarian State Standard (BSS)
3775, calcium (Ca2+) and magnesium (Mg2+) content
by ISO 6058, chlorides (Cl-) by ISO 9297, N-NH4 by
BSS 3587, N-NO3 by BSS 3758, SO42± by BSS 3588
and P-PO4 by EN 6878-1, using UV-VIS Spectrophotometer JENWAY 6705; suspended solids (SS)
by BSS 17.1.4.04; COD by ISO 6060 with a spectrophotometer; BOD5 by EN 1899-1, 2; manganese
(Mn), iron (Fe), copper (Cu), zinc (Zn), lead (Pb),
nickel (Ni), cadmium (Cd), chromium (Cr) and arsenic (As) contents by ISO 15586 with an AAS
(AAnalyst/800 Perkin-Elmer); microbiological parameters ± aerobic mesophilic microorganisms
(AMO) [23], sanitary-indicator microorganisms
(coliforms, Escherichia coli, Enterobacteriaceae)
and pathogens (Salmonella spp.) were determined by
plating of 1 ml of the sample solutions or appropriate
dilutions on selective, chromogenic culture medium
sheets (Rida®Count Total; Rida®Count E. coli/Coliform; Rida®Count Salmonella/Enterobacteriaceae,
R-Biopharm AG, Germany). The sheets were inoculated in duplicates, incubated at 35oC for 24-48 h and
the colonies were counted. Specific microorganisms
form colonies of different colour on the specific test
cards. The results are expressed in colony forming
units (CFU/ml) and then are additionally transformed into total coli titer and E. coli titer, according
to the requirements of the standard [17].

are situated in Maritsa River valley. Their crop
productivity strongly depends on irrigation from the
water of the river, which provides increased yields
of the crops (rice, tobacco, cotton, corn, vegetables,
fruits, etc.) grown in the river basin from 20% to
100% [22].
The aim of the present study was to monitor the
water quality of upper-middle course of Maritsa
River using physicochemical and microbiological
parameters and assess it suitability and applicability
for irrigation, in accordance with Bulgarian standard
[17].

MATERIAL AND METHODS
Study area and monitoring. The water quality
of Maritsa River was monitored in June and August
2014, in two selected monitoring points (MPs): MP1 (upper course of the river) at Belovo town (N
42.12830ɨ E 24.01544ɨ), type of water body R5 semi-mountainous type, poor ecological condition of
the water body and MP-2 (middle course of the river)
at Mirovo village, Stara Zagora District (N
42.09548ɨ E 25.07365ɨ), type of water body R12 big plane rivers type, poor ecological and chemical
condition of the water body (Figure 1).

Water quality assessment. Assessment of
Maritsa River water quality was carried out by comparing the results obtained for the investigated parameters with the standard limit values [17], separated in 5 groups: Group A ± salinity (EC), Group B
- water infiltration rate (Ca, Mg), Group C - toxicity
(Mn, Fe, Cu, Zn, Pb, Ni, Cd, Cr, As), Group D ± sanitary quality indices (total coli titer, E. coli titer, Enterobacteriaceae and Salmonella spp.), Group E ±
Miscellaneous (T oC, pH, TH, DO, SS, COD, BOD5,
N-NH4, N-NO3, SO42±, P-PO4, Cl-).

FIGURE 1
Maritsa River basin with monitoring points
Sampling and sample preparation. Water
samples were collected once per month from both
MPs. In compliance with the standard [17], the frequency of water quality monitoring should be at least
once for every irrigation season (June-August). For
water sampling and sample preparation for analysis,
international references (ISO 5667-1, 2, 3, 6) were
used. The samples for physicochemical analysis
were collected in dark chemical clean glass containers (3 L) and for microbiological analysis in sterilized glass containers (0.25 L). The collected water
samples were transported in a cool bag (at 4-6 oC)
and processed for analysis within 2 h after the collection.

Statistical analysis. All data were analyzed by
STATISTICA 6.1 (Statsoft. Inc., Tulsa, OK, USA,
1984-2002).

RESULTS AND DISCUSSION
Parameters characterizing the water salinity. The basic parameter, characterizing the water salinity is EC. It is directly related to the sum of the
cations (or anions), as determined chemically and is
closely correlated, in general, with the total salt concentration. The EC values in both MPs were from
5.29 to 8.96 times lower than the permissible limit
for irrigation water (Table 1). The established values
are commonly found to river water - up to 300 μS/cm

Parameters of water and methods for analysis. The following 31 parameters, characterizing irrigation water quality [17] were determined: physicochemical parameters ± temperature (T oC), pH,
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the order: Fe>Zn>Ni>Pb>Cr>Cu> As>Mn>Cd,
which is similar with the results for Erzeni River water, Albania [25], but more different from that of the
Tundzha
River
(Zn>Mn>Fe>Ni>Cu>Cr/VI/>
Pb>Cd), a large tributary of Maritsa River [26]. The
observed diversity in the results together with the
demonstrated dynamic variations suggests an impact
of a number of various environmental factors on the
pattern of metals distribution in the water. The metal
ions concentrations strongly depend on the biological processes, redox potential, ionic strength, pH, the
activity of organic and inorganic chelators and the
purification processes in water [27].
Assessment of the quality of river water as a
source for irrigation showed that all measured concentrations of the investigated elements were lower
than the corresponding limit values [17] - from 7.1
times for Pb content to 50 times for Cd content (Table 1).
Although the content of trace elements in Maritsa River water is well below permissible thresholds, it should be mentioned that during the hot seasons the accumulation of minerals from the crops is
more rapid than in cooler seasons [24]. Those findings are important for the countries in Maritsa River
basin, because the irrigation of crops in them is carried out in the summer, i.e. during the hot part of the
year.

[1]. It is argued that low salinity water decrease water infiltration rate [24].
Parameters characterizing the water infiltration rate. The two commonest water quality factors which influence the normal infiltration rate are
salinity of the water and Na, Ca and Mg content. The
measured Ca and Mg concentrations in water of both
MPs were significantly lower than the limit values
stipulated in standard [17] - IRU ɋɚ FRQWHQW IURP
WRWLPHVDQGIRUɆJFRQWHQWIURPWR
61.7 times (Table 1).
Despite the fact that the water meets the requirements for irrigation with respect to Ca and Mg
content, it should be noted that low-salt water, as in
our case (determined indirectly by the EC values),
can dissolve and leach more of the soluble mine-rals,
including Ca, from the surface soil. So, the very low
levels of Ca and Mg in irrigation water are not acceptable, because they reduce soil fertility [13].
Parameters characterizing the water toxicity. Concentrations of the investigated chemical
compounds in Maritsa River water varied between <
0.001 mg/L for Cd, Cr and As to 0.294 mg/L for Fe
(Table 1). In contrast with Cd levels that are without
fluctuations we observed 4.32 times deviation for Fe
content. The metal concentration in water followed

TABLE 1
Maritsa River water quality in the investigated monitoring points by salinity, water infiltration rate and
toxicity
Parameters

Unit

Month

EC

μS/cm

June
August

Ca

mg/L

Mg

mg/L

Mn

mg/L

Fe

mg/L

Cu

mg/L

Zn

mg/L

Pb

mg/L

Ni

mg/L

Cd

mg/L

Cr

mg/L

As

mg/L

June
August
June
August
June
August
June
August
June
August
June
August
June
August
June
August
June
August
June
August
June
August

Ɇ3-1*
Salinity
229.0
223.0
Water Infiltration Rate
21.6
22.4
10.7
4.86
Toxicity
0.008
0.005
0.087
0.081
0.015
0.015
0.066
0.088
0.007
0.002
0.005
0.004
<0.001
<0.001
0.003
0.001
<0.001
<0.001

*MP-1 Belovo town; MP-2 Mirovo village, Stara Zagora District
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MP-2

Standard Limit [17]

296.0
378.0

2000

28.9
23.2
9.73
18.5
0.018
0.009
0.294
0.068
0.016
0.019
0.044
0.098
0.004
0.002
0.004
0.009
<0.001
<0.001
0.004
0.001
<0.003
<0.003

400
300

0.2
5.0
0.2
2.0
0.05
0.2
0.01
0.1
0.1
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TABLE 2
Maritsa River water quality in the investigated monitoring points by sanitary-indicator microorganisms
Parameters
Aerobic mesophilic microorganisms
Coliforms
E.coli
Total coli titer
E.coli titer

Unit
CFU/mL
CFU/mL
CFU/mL
mL
mL

Salmonella spp.

CFU/mL

Enterobacteriaceae

CFU/mL

Month
June
August
June
August
June
August
June
August
June
August
June
August
June
August

MP-1*
63
18
340
155
122
94
0.001
0.001
0.001
0.01
60
21
445
112

MP-2
138
74
224
157
71
19
0.001
0.001
0.01
0.01
66
35
430
132

Standard Limit [17]
< 0.1
< 1.0
Not allowed
Not allowed

*MP-1 Belovo town; MP-2 Mirovo village, Stara Zagora District

Quality assessment of river water as a source
for irrigation showed that the values of all microbiological parameters did not meet the requirements of
Bulgarian standard [17]. The established values exceeded 100 times the permissible limits for total coli
titer and 100 to 1000 times for E.coli titer. Salmonella spp. and Enterobacteriaceae, which are intestinal pathogens and are not allowed in irrigation water, were also found. The reason for this restriction is
that these organisms can infect soil and plants and
retain their viability for long periods of time (for
E.coli and Salmonella spp. up to 16-35 days in water,
up to 150-200 days in soil and up to 180 days in
plants [28]). The standard allows the use of such water for irrigation only after decontamination which is
not always possible and economically justified.

Parameters characterizing the water quality by sanitary-indicator microorganisms. Regarding the investigated microbial groups two trends
were observed. The first one is that microbial load in
water from both MPs is time-dependent. Microbial
counts in the water from both MPs were higher in
June than in August (from 1.29 for E.coli to 3.97
times for Enterobacteriaceae counts) (Table 2). The
second one is that for the same month, microbial
counts were higher in MP-2 compared to MP-1. This
trend is clearly outlined for AMO and Salmonella
spp. counts which were higher in MP-2 than in MP1 in both months from 1.10 to 4.11 times. For coliforms and Enterobacteriaceae counts, this relationship was present only in August, while the contrary
one ± in June, the higher values were established in
MP-1 than in MP-2. The exception is also the number of E.coli that in both months was higher in MP1 compared to MP-2.
The most convincing argument for the higher
counts of the investigated microbial groups in river
water from both MPs is the higher water temperature
in June than in August - by 4.4 °C in MP-1 and by
0.5 °C in MP-2 (Table 3). It is well known that the
higher water temperature favours the multiplication
of microorganisms that explains the higher counts in
June compared to August [14, 24]. At the same time
the greater AMO and Salmonella spp. counts in river
water at MP-2 than in MP-1 for both months and
higher coliforms and Enterobacteriaceae counts in
August, can be explained by the fact that the MP-2
is located in an area, which collects wastewater
(treated or partially treated), rich in organic substances, from a large number of settlements (including the largest city ± Plovdiv town with 338 000 residents), animal farms and enterprises of food industry, compared to MP-1, situated in an area with less
pollution sources. For that reason microbial contamination of river water was stronger in PM-2 than in
PM-1.

Miscellaneous parameters characterizing
the water quality. The maximum values of that
group of parameters were below the permissible limits set by irrigation water quality standard [17], as
followed: N-NH4 < 1.09, N-NO3 < 12.7, SO42± <
131.0, P-PO4 < 1.12, Cl- < 17.2, COD < 2.5, BOD5
< 1.67, T oC < 1.18, TH < 5,12 and SS < 1.16 times.
DO content (> 6.21 mg/L) and pH values (7.04-7.96)
also were within the norms. An exception was found
for N-NH4 and SS content in June, and for P-PO43content in August, as their values were 3.72, 2.8 and
1.15 times higher, respectively, than the permissible
limits (Table 3). This deviation from the standard is
very likely to be due to accidental contamination of
the river.
Correlations. The correlation matrices, expressed by Pearson correlation coefficients values,
revealed strong relationships (positive and negative)
between the following pairs of parameters: minerals
(Table 4): Fe ± Ca (r = 0.964), Cu ± EC (r = 0.975)
and Cr ± Zn (r = -0.979); physicochemical parameters (Table 5): BOD5 ± Cl- (r = 0.991), T oC ± N-NO3
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(r = 0.981), SS ± N-NH4 (r = 0.995) and DO ± P-PO4
(r = -0.967); microbial parameters (Table 6): Enterobacteriaceae ± Salmonella spp. (r = 0.962), Enterobacteriaceae - total coli titer (r = -0.986) and Salmonella spp. - total coli titer (r = -0.969); all parameters: As ± SO42- (r = 0.977), Cu ± Cl- (r = 0.991), Cu
± E.coli counts (r = 0.987), EC ± P-PO4, BOD5 and
TH (r = 0.951-0.987), N-NH4 ± Ca, Mn and Fe (r =
0.960-0.988), BOD5 ± Cu and E.coli titer (r = 0.9870.996), Ca ± Cu, N-NH4 and SS (r = 0.964-0.988),
Mn ± N-NH4, SS and AMO (r = 0.979-0.992), Fe ±
N-NH4 and SS (r = 0.972-0.996), Cr ± Salmonella
spp. and Enterobacteriaceae (r = 0.951-0.952), Cu ±

E.coli titer (r = -0.950), Salmonella spp. ± pH (r = 0.952), EC ± E.coli counts (r = -0.955), BOD5 ±
E.coli counts (r = -0.950), Cr ± total coli titer (r = 0.989).
Some of these associations are logical and
causally related, for example T oC ± N-NO3 (higher
water temperatures, faster ammonification of nitrogen organic compounds), DO ± P-PO4 (higher content of phosphates, lower content of DO), etc. Other
relationships, as SS ± N-NH4, BOD5 ± Cl-, SO42- ±
As and etc., are difficult to be interpreted, so further
research on the subject will confirm or deny them.

TABLE 3
Maritsa River water quality in the investigated monitoring points by physicochemical parameters
(Miscellaneous)
Parameters

Unit

N-NH4

mg/L

N-NO3

mg/L

SO42-

mg/L

P-PO4

mg/L

Cl-

mg/L

ɪɇ

ɪɇXQLWV

COD

mg/L

BOD5

mg/L

Month
June
August
June
August
June
August
June
August
June
August
June
August
June
August
June
August
June
August
June
August
June
August
June
August

oɋ

T
DO

mg/L

TH

mgeqv/L

SS

mg/L

MP-1*
1.25
0.25
1.12
0.43
1.25
1.13
1.44
1.40
9.91
10.5
7.28
7.96
14.0
36.0
7.00
7.00
21.7
17.3
7.62
7.29
1.96
1.55
34.0
18.0

MP-2
18.6
4.57
1.42
1.58
2.29
2.26
2.68
3.45
11.2
17.4
7.04
7.47
20.0
40.0
9.00
15.0
24.1
23.6
6.51
6.21
2.24
2.73
140.0
43.0

Standard Limit [17]
5.0
20
300
3.0
300
6±9
100
25
28

14
50

*MP-1 Belovo town; MP-2 Mirovo village, Stara Zagora District
TABLE 4
3HDUVRQ¶VFRUUHODWLRQPDWUL[IRU the mineral concentrations
EC
Ca
Mg
Mn
Fe
Cu
Zn
Pb
Ni
Cd
Cr
As

EC
1.000
0.297
0.882
0.343
0.065
0.975*
0.284
-0.455
0.832
0.539
-0.189
0.839

Ca

Mg

Mn

Fe

Cu

Zn

Pb

Ni

Cd

Cr

As

1.000
-0.030
0.948
0.964*
0.084
-0.708
-0.101
-0.277
0.327
0.655
0.760

1.000
0.144
-0.196
0.904
0.330
-0.092
0.930
0.719
-0.163
0.611

1.000
0.940
0.126
-0.787
0.151
-0.175
0.595
0.794
0.793

1.000
-0.157
-0.866
0.125
-0.477
0.318
0.810
0.597

1.000
0.483
-0.503
0.925
0.440
-0.382
0.697

1.000
-0.586
0.652
-0.388
-0.979*
-0.252

1.000
-0.326
0.494
0.682
-0.278

1.000
0.420
-0.513
0.412

1.000
0.556
0.625

1.000
0.302

1.000

*Marked correlations are significant at p < .05000, n=4 (Casewise deletion of missing data)
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TABLE 5
3HDUVRQ¶VFRUUHODWLRQPDWUL[IRUWKHSK\VLFRFKHPLFDOSDUDPHWHUV
N-NH4
N-NO3
SO42P-PO4
Clɪɇ
COD
BOD5
T oC
DO
TH
SS

N-NH4
1.000
0.546
0.751
0.488
0.007
-0.735
-0.306
0.125
0.670
-0.572
0.370
0.995*

N-NO3

SO42-

P-PO4

Cl-

ɪɇ

COD

BOD5

T oC

DO

TH

SS

1.000
0.861
0.830
0.615
-0.780
-0.124
0.710
0.981*
-0.701
0.938
0.538

1.000
0.941
0.659
-0.602
0.162
0.747
0.856
-0.938
0.866
0.707

1.000
0.874
-0.383
0.413
0.927
0.759
-0.967*
0.939
0.427

1.000
0.010
0.685
0.991*
0.464
-0.804
0.850
-0.065

1.000
0.682
-0.121
-0.881
0.289
-0.518
-0.778

1.000
0.600
-0.273
-0.492
0.218
-0.397

1.000
0.576
-0.853
0.909
0.058

1.000
-0.649
0.860
0.673

1.000
-0.823
-0.501

1.000
0.333

1.000

*Marked correlations are significant at p < .05000, n=4 (Casewise deletion of missing data)
TABLE 6
3HDUVRQ¶VFRUUHODWLRQPDWUL[IRUWKHPLFURELRORJLFDOSDUDPHWHUV
Aerobic mesophilic
microorganisms
Aerobic mesophilic
microorganisms
Coliforms
E.coli
Total coli titer
E.coli titer
Salmonella spp.
Enterobacteriaceae

Coliforms

E.coli

1.000
0.697
-0.760
-0.538
0.740
0.855

1.000
-0.444
-0.929
0.261
0.513

Total
coli titer

E.coli titer

Salmonella
spp.

Enterobacte-riaceae

1.000
0.962*

1.000

1.000
0.200
-0.283
-0.722
0.083
0.804
0.635

1.000
0.532
-0.969*
-0.986*

1.000
-0.315
-0.540

*Marked correlations are significant at p < .05000, n=4 (Casewise deletion of missing data)

FIGURE 2
Scatter plot of minerals in Maritsa River water
determined by PCA

FIGURE 3
Scatter plot of sanitary-indicator microorganisms
in Maritsa River water determined by PCA

FIGURE 4
Scatter plot of physicochemical parameters in
Maritsa River water determined by PCA

FIGURE 5
Dendrogram for Variables
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TABLE 7
Factor analysis by groups

MP
Month
Group compounds
MP*Month
MP*Group compounds
Month*Group compounds
MP*Month*Group compounds
Error

SS
30
22728.9
179129.2
96.7
908.7
34262.4
607
395697.9

Degree of Freedom
1
1
2
1
2
2
2
108

The scatter plots based on the case-wise F1 and
F2 factor scores regarding investigated parameters
of Maritsa River water are presented on Figures 2, 3,
4.
PCA demonstrated that Zn, Ni, Cu and Mg
were positive parameters by the two factors, Pb and
Cr were negative by both factors, while Fe, Ca, Mn,
Cd and As were positive by F2, describing 41.52 %
of variations and negative by F1 (Figure 2). With regard to the microbiological parameters PCA showed
that the total coli titer was the only parameter influenced positively by the two factors (Figure 3). AMO,
Salmonella spp. and Enterobacteriaceae were negatively affected by F1 and F2. Coliforms and E. coli
were positive by F2 but negative by F1. E. coll titer
was positive by F1, describing 66.23 % of the variations. PCA for physicochemical parameters revealed
that only pH was a positive parameter for both factors (Figure 4). SO42-, TH, PO4, BOD5, Cl- and COD
were positive by F2, describing 27.14 % of the variations. SS, N-NH4, T oC, N-NO3 were negative parameters by the two factors.
The dendrogram of hierarchical cluster analysis separated the invesigated 31 parameters in 5
groups (Figure 5). First group: EC, coliforms and
Enterobacteriaceae with the highest amount.
Second group: Escherihia coli, AMO, SS and
Salmonella spp. Third group: COD, Ca and ToC.
Fourth group: Cl-, Mg, BOD5, pH, DO and N-NH4.
Fifth group: P-PO4, TH, SO4, N-NO3, total coli titer,
E.coli titer and all trace elements.
The analysis for the influence of the factors
MP, Month and Compounds on the characteristics of
the parameters and the water quality assessment
demonstrated that in general, group compounds had
the main effect ± 28.28% in all variations (Table 7).
This influence was statistically significant at
P<0.001. Second came the interaction between the
Months and Group compounds with 5.41 %,
significant at P<0.01. Months as a factor were on the
third place with 3.59 %, also significant at P<0.01.
The MP as a factor had a negligible influence on the
parameters ± 0.0047 %, which was not statistically
significant.

MS
30
22728.9
89564.6
96.7
454.4
17131.2
303.5
3663.9

F
0.00818
6.20352
24.44535
0.02639
0.12401
4.67571
0.08283

p
0.928115
0.014272
0.00000
0.871243
0.883496
0.011285
0.920566

%
0.0047
3.59
28.28
0.02
0.14
5.41
0.10
62.47

CONCLUSION
In June and August 2014, Maritsa River water
quality in upper (MP-1) and middle (MP-2) course
of the river, assessed by 31 parameters, meets the requirements of Bulgarian standard with respect to 24
physicochemical parameters: T oC, pH, EC, TH, Ca,
Mg, DO, N-NH4 (except for June), N-NO3, SO42-, PPO4 (except for August), Cl-, COD, BOD5, SS (except for June), Mn, Fe, Cu, Zn, Pb, Ni, Cd, Cr and
As. Deviations from the norms were established for
all sanitary-indicator microorganisms (total coli titer, E.coli titer, Salmonella spp. and Enterobacteriaceae). The metal concentrations decrease in the order of Fe>Zn>Ni>Pb>Cr>Cu> As>Mn>Cd. Many
positive (r = 0.951 ± 1.000) and negative (r = -0.950
± -0.986) Pearson correlations existed between controlled water parameters. Generally, the Maritsa water quality did not meet the requirements for irrigation of crops, which was confirmed by the PCA.
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ABSTRACT

INTRODUCTION

Background and Aim. Hepatic ischemia
reperfusion (I/R) injury is located between complications widely seen in clinical. Aim of this study was
to investigate the protective roles of naringin and
ozone effects and synergistic effects induced I/R injury on the liver in rats.
Methods. Thirty five Adult male Sprague±
Dawley rats were divided into five groups (n=7 in
each group): sham-operated, I/R, I/R with 80 mg/kg
naringin, I/R with 0.5 mg/kg ozone, and I/R with 80
mg/kg naringin+0.5 mg/kg ozone. Before hepatic
I/R was induced, ozone and naringin was injected intraperitoneally at doses of 80 mg/kg and 0.5 mg/kg.
After 70-min ischemia and a 120-min reperfusion
period, later at the end of experiment, liver tissues
were excised. The levels of malondialdehyde
(MDA) and activities of superoxide dismutase
(SOD), glutathione reductase (GR), catalase (CAT)
were measured in hepatic tissue.
Results. SOD, GR, and CAT activities decreased and MDA level, as a biomarker of the lipid
peroxidation, increased in I/R group compared to
Sham-operated group. In addition, SOD, GR, and
CAT activities increased by the naringin, ozone, and
naringin+ozone treatment.
Conclusions. The results of this study suggest
that naringin, ozone, and naringin+ozone. may be
strongly protective against hepatic I/R injury. This
effect can be achieved by antioxidant and antiapoptotic activities.

Hepatic ischemia reperfusion (I/R) injury is
one of the pathological process widely encountered
in clinic, involving trauma, hypovolemic shock, liver
transplantation, and hepatectomy [1] or hepatic pedicle clamping during liver surgery [2, 3]. The understanding as complete the damaging mechanisms of
hepatic I/R is quite complex process but it has focused to explain this situation may lead to high postoperative morbidity and mortality rates, on production of oxygen radicals, intracellular calcium overload, an accumulation of inflammatory cells and mediators, activation of Kupffer cells and neutrophils or
induce further cell death [4-6]. Reactive oxygen radicals are released by I/R injury and can directly damage cellular molecules such as protein, lipid and
DNA. They initiates an inflammatory responses and
tissue damage by activating chemical mediators [7].
A specific biomarker the malondialdehyde (MDA)
levels demonstrating oxidative stress, the lipid peroxidation of the cellular and membrane lipids have
increased by ROS [8]. Antioxidant enzymes such as
superoxide dismutase (SOD), catalase (CAT), glutathione reductase (GR) protects from harmful effect
of the ROS. But these enzymes are inadequate in
pathologic conditions like ischemic reperfusion process [9]. For this reason it has been investigated various agents and drugs have anti-oxidative, anti-apoptotic, and anti-inflammatory effects for suppression
or prevention against hepatic I/R injury in previous
studies [10-12]. Also many studies have demonstrated that pretreatment of agents antioxidant effect
is beneficial to attenuate tissue damage via I/R [13,
14]. Duration I/R treatment, pharmacologic agents
such as drugs with antioxidant effect that lead to
treatment of the liver damage were used by suppressing the formation of free oxygen radicals [12, 15].
Naringin ¶-trihydroxyflavanone 7-rhamnoglucoside) is a bioflavonoid, polyphenolic compound in various fruits such as grapefruit and citrus

KEYWORDS:
Hepatic ischemia±reperfusion injury; liver; naringin;
ozone.
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i.p) and the dose of anesthesia was repeated as required. The abdominal region was cleaned and sterilized with povidone iodine solution. A midline incision was made and liver were isolated. All of the
hepatic artery, portal vein and bile duct (all structures in the portal triad) to the left and median liver
lobes were clemped by using a clip for create hepatic
ischemia. The clip was opened after 70 min. Reperfusion was started, and later the region incision
closed.
In our study, groups were prepared as follows;
sham-operated group (Sham group): Only abdominal incision, without hepatic ischemia was performed, body temperature protected 36-37 °C
throughout the asset of the operation with a heating
pad and closed after 70 minutes. But any treatment
was not implemented. Ischemia reperfusion group
(I/R group): 0.9% NaCl, 1 ml was given intraperitoneally 30 minutes before the surgical procedures.
Additional treatment was not given to this group. Ischemia reperfusion+naringin group (I/R+NAR):
Naringin (80 mg/kg dose) was dissolved in serum
physiologic and performed intraperitoneally before
30 minutes from the occlusion via clamping of the
hepatic triad. Clamps were removed at the end of ischemia process and liver was reperfused for 120
minutes. Ischemia reperfusion+ozone group
(I/R+Ozone): Ozone (0.5 mg/kg dose i.p) was prepared into serum physiologic and given before 30
minutes from the ischemia reperfusion period, later
was performed in the hepatic artery occlusion as described in the I/R group. Ischemia reperfusion+combined
with naringin and ozone group
(I/R+NAR+Ozone): Naringin and ozone were given
before 30 minutes from the ischemia reperfusion period as described in the I/R+NAR and I/R+Ozone
groups, subsequently the hepatic ischemia reperfusion model has been created. At the end of the this
processes, liver was removed for examined the hepatic tissue damage. Afterwards, rats were sacrifized
by exsanguination through the abdominal aorta.

fruits. When naringin is administered orally and hydrolyzed E\LQWHVWLQDOPLFURIORUDQDULQJHQLQ ƍtrihydroxyflavone) is efficiency and absorbable
great metabolite of the naringin [16] and possess several pharmacologic features anti-oxidant, anti-inflammatory, anti-ulcer, anti-diabetic and neuroprotective properties [17-19]. Lately, there are numerous the experiment studies point out the naringin has
antioxidant features and has preventive effects on
oxidative stress induced by ischemia reperfusion or
H2O2 applied in various tissue [20, 21]. Beneficial
effect of Ozone was first used in clinical situations
like infection treatment in World War I period. It has
been demonstrated that ozone because of its strongly
oxidant properties showed a quite powerful effective
on infection, inflammation, and ischemia, when it is
used at low doses. Although ozone has strong oxidant character, it has been suggested that its property
alike to effect in the ischemic preconditioning has
preserved the tissue against I/R injury by several
studies [22-25]. Ozone therapy against oxidative
stress is used like therapeutic agent in several diseases by inducing antioxidant systems [25-27].
However, it remains unknown that the effects
in case of usage separately and together of naringin
and ozone on oxidative stress associated hepatic I/R
injury of rat. Therefore, in this study, we have used
hepatic I/R model experimentally in rats to expose
the preventive effects of naringin and ozone. For this
reason, we are assessed MDA level, SOD, CAT, and
GR activities to exhibit effects of naringin and ozone
therapy on hepatic I/R injury.

MATERIALS AND METHODS
Drugs and Chemicals. Naringin and ozone
which have been used in our study were purchased
from Sigma (St. Louis, MO, USA). Ketamine was
bought from Eczacibasi (Ketalar, Eczacibasi,
Luleburgaz-Turkey) and xylazine obtained from
Bayer 5RPSXQ%D\HUøVWDQEXO- Turkey).

Biochemical Analysis. Liver tissues have been
homogenized with homogenizer (IKA Ultra-Turrax
T25 basic homogenizer, Germany) with pH 7.4 0.2
mM Tris±HCl buffer to make the antioxidant enzyme measurements. The tissue MDA level was
measured in this homogenates. The homogenate
have been centrifuged at 4000 rpm for 55 min. The
clean portion of the upper remnant of the supernatant
has been separated and stored as aliquots to measure
CAT, SOD and GR activities. To measure the SOD
levels, the supernatant has been extracted with an
equal volume of ethanol-chloroform (5/3, v/v) mixture. A UV-Shimadzu 1600 (Shimadzu, Kyoto, Japan) has been used for the spectrophotometric measurements. We have measured the amount of thiobarbituric acid-reactive substances (TBARS) in the
sample spectrophotometrically at 532 nm by assessing the reactivity of thiobarbituric acid in the

Animals and Experimental Design. In this
study has been used thirty five Sparague-Dawley
type rats weighing between 200 and 250 g, also
equally and randomly separated into five groups.
The experimental protocols of the study were approved by the Local Ethics Committee of Experimental Animals of Ataturk University (2013-72).
The rats used in the experiments were obtained
Ataturk University Experimental Animals Research
Center and kept held to a 12 h day/night cycle, %55
±5 humidity, at a room temperature of 21±1 °C. Rats
were kept in standardized cages (3/cage) under laboratory conditions and given ad libitium and free
water. But it was fasted before experiment for 12
hours. Rats were anesthetized the mixture ketamine
(50 mg/kg, intraperitoneal) and xylazine (10 mg/kg
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comparisons of the binary group. Results were exSUHVVHGDVPHDQௗௗVWDQGDUGHUURUPHDQ 6(0 

acidic medium at 90±95°C based on the method described by Esterbauer and Cheeseman [28]. The results have been calculated according to the standard
and expressed as nmol/g wet tissue. We have analyzed the protein for supernatant and extracted samples using the method of Lowry et al [29]. We have
examined catalase (CAT, EC 1.11.1.6) enzyme activity using as of Aebi method (1974) [30] in which
the consumption of hydrogen peroxide (H2O2) by the
catalase was measured spectrophotometrically at
240 nm. The buffer was adjusted to an optical density (OD) of 0.500 by adding H2O2 to a 50 mM phosphate buffer. The decrease in the absorbance with the
addition of the sample have been recorded for every
15 s. The rate of consumed H2O2 in 1 min was expressed as k/g protein (k = (2.3 × log
(OD1/OD2))/30 s). We have measured SOD (EC
1.15.1.1) enzyme activity spectrophotometrically at
560 nm based on the principle of reduction of O2with nitroblue tetrazolium (NBT). Enzyme activity
has been assessed based on the activity of the enzyme inhibiting 50.0% NBT reduction and expressed as U/mg of protein (% enzyme inhibition =
$EVFRQWUROí $EVVDPSOH $EVFRQWUROî   [31].
Glutathione reductase (EC 1.8.1.7) catalyzes the reduction of glutathione disulfide to the sulfhydryl
form glutathione. We have measured the enzyme activity of glutathione reductase using the reduction of
NADPH at 340 nm. One enzyme unit is defined as
the oxidation of 1 mmol NADPH per min under assay conditions (25 °C, pH 8.0) [32]. GR has been expressed as U/mg protein.

RESULTS
Hepatic tissue MDA levels were increased in
sham-operated group rats compared to IR group (Table 1), The naringin-treated, ozone-treated, and naringin+ozone group exhibited lower MDA levels
compared to the I/R group. The MDA level of ozone
treated was closer to sham-operated according to
other treatment groups. SOD enzyme activity declined significantly in the I/R group in comparison
with the sham-operated group (p<0.001; Table 1).
Naringin induced a statistically significant increase
in SOD activity compared to the I/R group (p<0.05).
In the other treatment groups, SOD activity is higher
than I/R and sham-operated groups. But, this result
was not statistically significant. Also, CAT activity
decreased in the I/R group compared to sham-operated group. There is statistically significant difference between the I/R and sham-operated groups
(P<0.001; Table 1). When we take a glance to the
naringin, ozone, and naringin+ozone treated groups,
CAT activities increased according to the I/R induced by hepatic damage and sham-operated groups.
However, these increases were not statistically significant. A decrease has been viewed in the I/R group
related to GR activity. But statistically significant increase viewed in GR activity with naringin treated
group (p<0.05; Table 1). Also the observed increase
in ozone and combined naringin+ozone groups
could not create a significant difference.

Statistical Analysis. Statistical comparisons
among the groups of our data were performed using
one-way analysis of variance (ANOVA) test based
on their variance distribution type. To show the statistical significance with ANOVA test, post-hoc tests
were used to identify the group difference, Tukey's
post-hoc were used to identify differences between
groups honestly. Later, Tukey test were applied for
variables show normally distributed of variances and
Tamhane's T2 test applied for variables not show homogeneous distributed of variances. P < 0.05 were
considered as statistically significant difference for

DISCUSSION
Ischemia reperfusion may originate by various
events such as liver transplantation, sepsis trauma
and cause metabolic and structural hepatic injury or
hepatic pedicle clamping throughout liver surgery
[3,5]. In many studies, an ideal solution has been examined for the prevention of hepatic I/R injury [33,
34].

TABLE 1
Effects of naringin (80 mg/kg, i.p.) and ozone (0.5 mg/kg, i.p.) treatment on MDA level, SOD, CAT, GR
activities changes as assessed by biological examination of liver of the rats exposed to hepatic I/R. Values
expressed as mean±S.E.M.
Sham-operated (n=7)
I/R (n=7)
I/R+NAR (n=7)
I/R+Ozone (n=7)
I/R+NAR+Ozone (n=7)

MDA (nmol/g protein)
3,832±0,234
4,973±0,602
4,033±0,241
3,890±0,183
3,936±0,261

CAT (k/g protein)
4,992±0,332#
3,187±0,295
4,009±0,303
4,349±0,207
3,966±0,267

*P < 0.05 compared between Sham-operated and I/R groups
** P < 0.05 compared between I/R and I/R+NAR groups
# P < 0.05 compared between Sham-operated and I/R groups
## P < 0.05 compared between I/R and I/R+NAR groups
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GR (U/mg)
0,667±0,002
0,743±0,004##
0,628±0,003
0,649±0,003
0,580±0,002

SOD (U/mg)
0,524±0,002*
0,355±0,003**
0,469±0,002
0,442±0,001
0,426±0,002
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level of the MDA against ovarian ischemia reperfusion injury [26]. Koca et al. assessed effects of the
treatment hyperbaric oxygen and ozone in the induced tourniquet ischemia reperfusion and showed
that the levels of MDA increased by I/R but the levels of MDA reduced effectively by ozone [24]. Singh
and Chopra have reported that naringin shows antioxidant effect by reducing the MDA level in renal
ischemia reperfusion injury [19]. Also, in a study
cerebral ischemia reperfusion injury it has been
shown that naringin (50 and 100 mg/kg dose i.p.)
drops the MDA level [51]. In our study, effectiveness of naringin and ozone is similar to results of previous studies. MDA level markedly reduced in the
naringin and ozone groups. At the same time, combined ozone and naringin treatment had synergetic
effects and had contribution by reducing the lipid peroxidation level.
Glutathione is one of the endogenous antioxidant defense system which protects cell from free
radicalic damage. GSH metabolism is strongly arranges, including protection against environmental
oxidants mediated injury and redox signaling. The
normal glutathione cycle contains oxidation of the
GSH to oxidized glutathione (GSSG). GSH is regulated back from GSSG within the cells in a reaction
catalyzed by the glutathione reductase as a flavoenzyme [55]. The glutathione and its related enzymes
attend in the continue of oxidant metabolism in aerobic cells [56]. In the experimental study, it has been
demonstrated that GR activities elevate in the ozone,
naringin and ozone+naringin groups on intestinal ischemia reperfusion injury [52]. Similar to the results
of Isik et al.¶VVWXG\our study has been showed that
level of GR increased depending on antioxidant
treatment.
Alive tissues are preserved against hazardous
effects of the free radical damage by SOD which catalyses from superoxide into hydrogen peroxide.
But, throughout re-oxygenate of ischemic tissue the
biological molecules protected against radicalic
damage [57, 58]. Aslan et al have been reported that
SOD activity increases via the ozone supplementation against ischemia reperfusion injury in ovarian
[26]. In a previous study, the effect of hypothermia
and ozone has been investigated against ischemia
reperfusion injury in the skeletal muscle and increase
of SOD activity via ozone has been demonstrated
[54]. It has been shown antioxidant effect of naringin
(400 mg kgí1 dose, p.o), a bioflavonoid, increases
SOD activity against renal ischemia reperfusion injury (45 min;24 h) [19]. Our results have been revealed separately or together of the naringin and
ozone treatment have potent effects against hepatic
injury induced by I/R. These treatments have a considerable achievement in naringin, ozone, and naringin+ozone groups compared to I/R group by increasing of the SOD activity. CAT is a strong scavenger of hydrogen peroxide and supplies a potent antioxidant defense. It intercepts the generation of the

ROS normally is relased as a product of the aerobic metabolism and scavenges via antioxidant
defanse mechanisms [35]. But, this condition
changes and moves up to cytotoxicity from oxidative
stress, when balance has been disrupted between the
antioxidant defense system and ROS [36, 37]. Oxidative stress leads to peroxidation of the cellular lipids and generates MDA as a product. For this reason, MDA is a significant parameter to determine the
oxidatif stress level [38]. Endogenous antioxidant
enzymes such as SOD, CAT, and GR -momentous
defensive system against ROS- reduces the ROS
which have harmful effects. Previous hepatic I/R
studies demonstrated that antioxidant enzyme levels
drop during the reperfusion followed ischemia and
this situation due to an increment amount of ROS
[15, 39]. Therefore many antioxidant drugs and
agents were used to minimize hepatic I/R injury [15,
39].
Naringin exposes different pharmacological
characteristics including anti-inflammatory, lipid-reducing, and anticarcinogenic [40, 41]. Also, antioxidant characteristic, metal chelating and free radical
scavenging of naringin has been showed [42].
Newly, a significant act as an antioxidant have been
indicated by up-regulating the gene expression of
SOD and some antioxidant enzymes [43]. Until now,
studies in clinical field have suggested that ozone
therapy seems beneficial in various conditions such
as infected wounds, burns, peritonitis, skin ulcers,
initial gangrene, and advanced ischemic diseases
[44]. As a result of extensive literature searches, we
have seen that ozone therapy has an curable effect in
reducing oxidative stress in necrotizing enterocolitis,
methotrexate induced intestinal injury, acetaminophen-induced liver injury, and caustic esophageal
burn in experimental studies [45-48]. It was also indicated that ozone increased antioxidant enzyme activities, such as GPx, SOD and CAT, under pathophysiological conditions mediated by ROS [49, 50].
For this purpose, the effects of naringin and ozone
have been investigated against I/R injury in various
organs [26, 51-54]. Also, the doses of naringin 80
mg/kg and ozone 0.5 mg/kg that applied in our study
has been supplemented in the different previous
studies [26, 52].
Reactive oxygen species, including superoxide
radicals, hydroxyl, hydrogen peroxide are created
further cellular injury and improved during reperfusion of the tissue exposed to ischemia [23, 24]. An
important enhance in tissue MDA levels, as a marker
of the lipid peroxidation, was defined in I/R group
depend on I/R injury in numerous studies [15, 26,
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on I/R. But tissue damage can be reduced by various
antioxidant therapies. Protective effect of intraperitoneal ozone therapy has been shown by reducing

4378

© by PSP

Volume 26 ± No. 7/2017 pages 4375-4382

Fresenius Environmental Bulletin

N. (2014) Global consequences of liver
ischemia/reperfusion
injury.
Oxidative
medicine and cellular longevity.
[5] Shin, T., Kuboki, S., Huber, N., Eismann, T.,
Galloway, E., Schuster, R., Blanchard, J., Pritts,
T.A., Lentsch, A.B. (2008) Activation of
peroxisome proliferator-activated receptorgamma during hepatic ischemia is agedependent. The Journal of surgical research.
147(2), 200-5.
[6] Yoshimura, Y., Kubo, S., Shirata, K., Hirohashi,
K., Tanaka, H., Shuto, T. Takemura, S.,
Kinoshita, H. (2004) Risk factors for
postoperative delirium after liver resection for
hepatocellular carcinoma. World journal of
surgery. 28(10), 982-6.
[7] Montalvo-Jave, E.E., Escalante-Tattersfield, T.,
Ortega-Salgado, J.A., Pina, E. and Geller, D.A.
(2008) Factors in the pathophysiology of the
liver ischemia-reperfusion injury. The Journal
of surgical research. 147(1), 153-9.
[8] Scarfiotti, C., Fabris, F., Cestaro, B. and
Giuliani, A. (1997) Free radicals, atherosclerosis, ageing, and related dysmetabolic
pathologies: pathological and clinical aspects.
European journal of cancer prevention : the
official journal of the European Cancer
Prevention Organisation. 6 Suppl 1, 31-6.
[9] Tunc, T., Oter, S., Guven, A., Topal, T., Kul,
M., Korkmaz, A., gQJUg6DUÕFÕh (2009)
Protective effect of sulfhydryl-containing
antioxidants against ischemia/reperfusion injury
of prepubertal rat intestine. Journal of
gastroenterology and hepatology. 24(4), 681-7.
[10] Oguz, A., Kapan, M., Kaplan, I., Alabalik, U.,
Ulger, B.V., Uslukaya, O., 7UNR÷OX$3RODW
Y. (2015) The effects of sulforaphane on the
liver and remote organ damage in hepatic
ischemia-reperfusion model formed with
pringle maneuver in rats. International journal
of surgery. 18, 163-8.
[11] Ozsoy, M., Gonul, Y., Bal, A., Ozkececi, Z.T.,
Celep, R.B., Adali, F., Hazman, O., Koçak, A.,
Tosun, M. (2015) Effect of IL-18 binding
protein on hepatic ischemia-reperfusion injury
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protects against hepatic ischemia/reperfusion
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Taysi, S. and Oren, D. (2004) Dehydroepiandrosterone prevents oxidative injury in

more toxic hydroxyl radical. Thus, CAT provides the
antioxidative prevention during I/R [59]. In the study
that investigate the protective effects of naringin
against post-stroke depression, increasing of the
CAT activity has been showed [60]. Also, ozon and
naringin increased CAT activity in the intestinal ischemia reperfusion study [52]. Our results are in the
same direction with previous studies. CAT activity
increased depending on naringin, ozone, and naringin+ozone.
The results of our research study have been revealed that liver damage depend on I/R originates by
lipid peroxidation generating free radicals. Separately and/or together of the naringin and ozone application has protected the liver against I/R. In this
situation, probably, naringin and ozone have
achieved owing to their free radical scavenging and
antioxidant properties. Ozone and naringin may be
used for hepatic ischemia reperfusion safely, because of their protective effects.
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FREE RADICAL SCAVENGING ACTIVITY, PHENOLIC
CONTENTS AND FLAVONOIDS OF FOUR CRUCIFEROUS
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high compared to others [5]. Phenolic substances can
be categorized into simple phenols, phenolic acids,
flavonoids, lignins and tannens [6]. Currently there
is an increased interest for health promoting possibility of phytochemicals such as phenolics and flavonoids in vegetables [7]. Flavonoids are large compounds ubiquitously in plant derived foods. Many
flavonoids are reported to be strong free radical scavengers and antioxidants and food-derived flavonoids
have been reported to reduce risk of cancer [8]. Antioxidant contents of cruciferous vegetables are affected by various factors such as maturity at the harvest time, growing conditions, soil and storage conditions [9]. Several methods have been developed to
measure the radical scavenging capacity (RSC) of
food products [10, 11, 12]. On the other hand, extraction part of the methods was generally a mystery because of modifications on experiments and plant organ sample that used in the assays. Although methods were argumentative in some cases, many of them
were widely used and accepted such as DPPH Radical Scavenging Capacity Assay described and reported by Brand-Williams et al. [13].
Antioxidative capacity and substances of the
plant derived foods can be determined by different
extraction protocols. Researchers investigate different extracting solvents such as water, acetone, methanol or ethanol. Bidchol et al. [14], investigated
aqueous and ethanolic extracts of broccoli and reported that ethanolic extract was more effective than
aqueous extract while determining the DPPH radical
scavenging activity. Controversially they stated that
phenolic content in the aqueous extract of broccoli
was higher than ethanolic extract. Guo et al. [15],
stated that methanolic extract work better than aqueous and acetonic extracts respectively to determine
the ferrous ion chelating power and DPPH radical
scavenging activity for broccoli. On the other hand,
Kaur & Kapoor [16], declared that antioxidant activities of cabbage and cauliflower were higher in ethanolic extract than aqueous extract. Llorach et al. [17]
investigated the phenolics and antioxidative properties of aqueous and ethanolic extracts and reported
that aqueous extract protocol gave higher phenolic
content than ethanolic extract. They also reported
that the highest antiradical activity against both

ABSTRACT
Researchers developed many methods and extraction protocols to determine the antioxidant properties of plant-derived food. As well as targeting
plants high in antioxidant activity it is also important
to optimize appropriate extraction parameters. Three
extracting solvents, aqueous, ethanolic and acetonic,
four Cruciferous species, cabbage, red cabbage,
broccoli and cauliflower were evaluated to determine radical scavenging activity, total phenolics and
flavonoids. Significant differences were found in the
extracting abilities of the solvents to determine radical scavenging inhibition percentages of Cruciferous
genus except cauliflower. Ethanolic extract worked
well for cabbage, acetonic extract and ethanolic extract work well respectively for red cabbages and acetonic extract worked well for both cauliflower and
broccoli in the determination of DPPH radical scavenging activity. Ethanolic extract of cabbage gave
the highest total phenolic content (TPC). No significant differences were found in the extracting abilities
of the solvents for red cabbage to determine TPC.
Acetonic extracts of broccoli and cauliflower found
more effective than the other solvents to determine
TPC. Ethanolic extracts of white and red cabbages
and acetonic extracts of broccoli and cauliflower
found more effective to determine total flavonoids.

KEYWORDS:
Radical scavenging, Phenolics, Flavonoids, Extraction,
Cruciferous

INTRODUCTION
Fruits and vegetables are rich sources of vitamins, mostly vitamins A and C. They are also excellent sources of fibre, contain some calories and are
naturally low in fat [1]. Cruciferous vegetables include different types of cabbages, cauliflower, broccoli, kale, and Brussel sprouts and possess antioxidant and anticarcinogenic properties because of vitamins, carotenoids and polyphenols contents [2,3,4].
Antioxidant potential of Cruciferous vegetables is
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DPPH and ABTS have been found in ethanolic extract. Anwar et al. [18] also investigated volumetric
ratios of ethanolic and methanolic extracts of cauliflower to determine antioxidant activity and phenolics. They reported that DPPH radical scavenging activity varied considerably in relation to both the extracting solvents and drying processes. They also
stated that 80 % ethanolic extract worked well to determine total phenolic of cauliflowers.
This paper discusses the DPPH radical scavenging activity, flavonoid and phenolic contents of
the aqueous, ethanolic and acetonic extracts of four
different Cruciferous species.
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Determination of DPPH free radical-scavenging activity. Extracts on 1.1-diphenyl-2-picrylhydrazyl (DPPH) was estimated as described by
Brand-Williams et al. [13]. Samples were diluted
with the solvent used in the extractions prior to the
analysis (1 mg ml -1). The DPPH solution was added
to the diluted samples, mixed then left for 30 minutes.
Absorbance of the samples was measured at 515 nm
using a UV±Vis spectrophotometer (Thermo Aquamate). The percentage of DPPH radical scavenging
activity was calculated by using the following equation;
  ሺΨሻ
ሺ ݈ݎݐ݊ܿܣെ ݈݁݉ܽݏܣሻ
ൌ
ͲͲͳݔ
 
where Asample is the absorbance of the sample
after the time necessary to reach the plateau (30 min)
and Acontrol is the absorbance of DPPH.
Extract concentrations providing IC50 inhibition values (defined as the concentration of the compounds that was able to inhibit 50% of the total
DPPH radicals) were calculated from graph plotting
using nonlinear regression and expressed in microgram material equivalents per millilitre for sample extracts. Butylated hydroxytoluene (BHT) was
used as a positive control. A lower value of IC50 indicates a higher antioxidant activity and vice versa.

MATERIALS AND METHODS
Plant material and preparation of samples.
A replicated pot trial was conducted in research
fields of Faculty of Agriculture at Çanakkale Onsekiz Mart University, Dardanos, Çanakkale, Turkey.
Çanakkale where the study was conducted is located
in the south-western part of Anatolia and in the
north-western part of the Thrace, at the southern end
of the Sea of Marmara. The study area has a transition climate between Mediterranean and Black Sea.
Plants were grown in 10 L pots filled with media
which has clay loam soil structure, 7.02 pH, 0.65
mS/cm, 11.18% lime and 2.67% organic matter. The
media used in the pots shows the most common characteristics RI UHJLRQ¶V VRLO Study was planned according to randomized block design with 4 repetitions and 4 plants in each repetition. Standard cultural practices were utilized and plants were grown
until their standard edible maturity harvest time.
Cabbage (Brassica oleracea L. var. capitata) cv.
Yazgülü heads , red cabbage (Brassica oleracea L.
var. rubra) cv. Integra heads, broccoli (Brassica
oleracea L. var. italica) cv. Maraton florets and cauliflower (Brassica oleracea L. var. botrytis) cv.
Twingo florets were harvested and immediately
transferred to laboratory. Fresh heads and florets
were washed and cut into small pieces then left to dry
on a bench under ambient temperature for over an
hour and then grounded in a blender for homogenization.

Analysis of total phenolic content. The
amount of total phenolics was determined spectrophotometrically using Folin-Ciocalteu reagent
method described by Singleton et al. [19] with modifications [20]. Half ml distilled water and 0.5 ml Folin±Ciocalteu reagent was added to the test tube containing extract and ethanol/acetone solution (0.2 ml,
500 mg ml-1). The contents were shaken thoroughly
and allowed to stand for a minute. Eight tenths ml of
sodium carbonate solution (7.5%) was added and the
mixture with stirring then allowed standing for 30
minutes with intermittent shaking. Absorbance was
measured at 760 nm using a UV±Vis spectrophotometer (Thermo Aquamate). Total phenolic content of
the extracts were expressed as gallic acid equivalents
(GAE) in milligram per gram fresh weight. Each extract of samples were analysed in triplicate.
Analysis of total flavonoids content. The total
flavonoid content was determined spectrophotometrically described by Oomah & Mazza [21] using rutin as a standard. The total flavonoid content was expressed as rutin equivalents in milligram per gram
fresh fruit. Three replicates were used for the determination of the mean total flavonoid values of the
fruit samples. General linear model (GLM) analyses
of variance were evaluated using Minitab v.13 software with significant level for LSD means of p=0.05.

Chemicals and extraction methods. All
chemicals were purchased from Sigma-Aldrich
(USA), SPA (Milan, Italy), Merck (Germany), and
Fluka Chemica (Switzerland) companies. Three different extraction solvent and four different Cruciferous species were used in the study. Five grams edible
parts of plants homogenised before were sampled
and then extracted for 4 hours on magnetic stirrer
with 20 ml distilled water, 20 ml ethanol, 20 ml acetone separately. After 4 hours of extraction, samples
were centrifuged for 10 minutes at 4000 rpm. Supernatant of each sample were collected and filtered
through 0.45 μm pore sized filter.
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DPPH radical scavenging activity of red head cabbages depended on cabbage cultivar. Also researchers stated that they had determined higher inhibition
rates between 82.24% and 85.50% in red head cabbages with ethanolic extracts. We also determined
the inhibition rates of 88.31%, 90.26% and 90.45%
with the acetonic, ethanolic and aqueous extracts respectively (Figure 2). As stated before the use of
aqueous extracts gave low values for the extent of
reduction [15,22].

RESULTS AND DISCUSSION
Effects of extracts on DPPH radical scavenging activity. Bidchol et al. [14] stated that DPPH has
been widely used to test the free radical scavenging
ability of various samples. DPPH radical scavenging
activity, inhibition (%) and IC50 values according to
the Cruciferous species were shown in Figure 1 and
2. Ethanolic extract was determined more active than
the acetonic and aqueous extract with IC50 values of
140, 210, 760 μg g-1, in white cabbage, respectively.
This result denoted that ethanolic extract has more
free radical scavenging activity than acetonic and
aqueous extracts. Bidchol et al. [14] also stated that
free radical inhibition rate of ethanolic extract was
higher than the aqueous extract of broccoli. Regarding to the solvent to be used DPPH method works
well equally with methanol and ethanol compared to
acetone and water [15,23]. Additionally Kaur & Kapoor [16] reported that antioxidant activity of ethanolic extracts gave better results than aqueous ones
in white cabbages. Our data also well agree with
other studies. On the other hand, some researchers
stated that aqueous extracts of cabbages were more
active compared to the ethanolic extracts [23]. However, DPPH assay method and the positive control
organic compounds such as ascorbic acid or BHT
should be considered when comparing the results of
researches. Besides, radical scavenging activity and
inhibition percentage might change according to the
species, edible parts of vegetables such as broccoli
florets, stems or leaves [15].

FIGURE 2
Inhibition (%) rates of aqueous, ethanolic and
acetonic extracts of four different Cruciferous
species (EAq: Aqueous extract; EAc: Acetonic extract; EEt: Ethanolic extract)
According to the results obtained from broccoli
florets extracted with different solvents, highest
DPPH radical scavenging inhibition rates were determined from acetonic extract (92.42%) and this
value was followed by ethanolic (92.10%) and aqueous (91.23%) extracts respectively. While there is no
significant difference between acetonic and ethanolic extractions of broccoli florets, aqueous extraction involved in a different group statistically. According to the results obtained we found acetonic and
ethanolic extract worked better than aqueous extract.
This data confirms the observations of Bidchol et al.
[14], who compared the FRSA of aqueous and ethanolic extracts of broccoli. Authors reported that ethanolic extract was more active than the aqueous extract. Controversially, Guo et al. [15] suggested that
methanolic extract of broccoli had given the highest
DPPH FRSA followed by aqueous and acetone extracts. Also they reported that acetonic extract
showed the least FRSA lower than 20%. Our results
with ethanolic and aqueous extract are consistent
with the UHVHDUFKHU¶V ILQGLQJ but are not with acetonic extract. Acetonic extract FRSA (92.42%)
seems very high compared to the given literature but
sampling and preparation of samples must be taken
into consideration. The wide difference between the
results of two researches may occur because of the
freeze dried samples used by the researchers in the
given literature.
Using different solvents showed no significant
effect on inhibition percentage in the data obtained
from the extraction of cauliflowers statistically. As
shown in figure 2, highest inhibition percentage was

FIGURE 1
IC50 values of aqueous, ethanolic and acetonic
extracts of four different Cruciferous species
(EAq: Aqueous extract; EAc: Acetonic extract;
EEt: Ethanolic extract)
Concerning with the results of extractions of
red cabbages, while no significant differences were
found from extraction with acetone and ethanol, extraction with water separated from the rest statistically with the lowest inhibition percentage (Figure 2).
It seems that acetonic extract and ethanolic extract
work well while determining DPPH radical scavenging activity of red cabbages compared to aqueous extract. Inhibition percentage was also affected by the
extraction solvents. Pliszka et al. [24] reported that
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[29] determined 1107.57 mg ferulic acid 100 g-1 by
ethanolic extract and Kaur & Kapoor [16] determined 92.5 mg catechol 100 g-1 with ethanolic extract.
Many researchers reported that red cabbage has
higher TPC than cabbage [27, 29, 16]. The highest
amount of total phenolic contents in red cabbage was
determined 313.73 mg GAE g-1 with ethanolic extraction, 313.71 mg GAE 100 g-1 with aqueous extraction and 144.60 mg GAE 100 g-1 with acetonic
extraction, respectively (Figure 3). No statistical significance was found among extraction solvent was
determined. According to the results obtained ethanolic extracts work well to determine total phenolic
content (TPC) of red cabbage in the present study.
Karadeniz et al. [30] reported 216.6 mg GAE 100 g1
for red cabbages grown in Turkey with 70% aqueous methanol. Marinova et al. [31] determined 139.3
mg GAE g-1 in Bulgarian red cabbages with aqueous
extract. Leja et. al. [29] investigated different red
cabbage varieties and reported that TPC of red cabbages ranged between 43.3-248.8 mg 100 g-1 with
methanolic extraction method. Jacob et al. [27] reported that extraction method effects on TPC and flavonoid contents of cruciferous vegetables. Our results showed that ethanolic extracts work well to determine the TPC of red cabbages compared to aqueous and acetonic extracts.

determined from acetonic extract (82.92%) and this
value was followed by ethanolic (82.79%) and aqueous (82.47%) extracts respectively. In this study we
found that acetonic extract works as well as ethanolic
extract. Koksal & Gulcin [25] reported DPPH
FRSAs of 51 and 64% for aqueous and ethanol cauliflower extracts respectively. These researchers also
stated that DPPH FRSA varied considerably in relation to both the extracting solvents and drying processes. Llorach et al. [17] stated that ethanolic extracts of cauliflower florets had given higher results
compared to the aqueous extract. Anwar et al. [18]
investigated the effects of aqueous-ethanol and aqueous-methanol mixtures for extraction and found that
cauliflower extracted by 80% methanolic extract
have the highest FRCA. These literatures given
above prove that ethanolic extracts work better to determine DPPH FRSC of cauliflower. Results in the
present study consistent with the results of given literature.
As seen on figure 1 and 2 extraction solvents
effects on DPPH radical scavenging inhibition percentage of Cruciferous vegetables. White cabbage
has the highest DPPH radical scavenging activity
followed by broccoli, red cabbage and cauliflower
according to the data obtained. Additionally we noticed that ethanolic extract works well for white cabbage and red cabbage. However, when the florets are
concerned like broccoli or cauliflower we can state
that acetonic extraction works better both than ethanolic and aqueous extracts as a result.
Effects of extracts on total phenolic contents.
The highest amount of total phenolic contents in
white cabbage was determined 314.43 mg GAE g-1
with ethanolic extraction, 278.34 mg GAE 100 g-1
with acetonic extraction and 144.60 mg GAE 100 g1
with aqueous extraction, respectively (Figure 3).
According to the results obtained ethanolic extracts
work well to determine total phenolic content (TPC)
of white cabbage in the present study. Researchers
reported various results about TPC of white cabbages. For instance, Heimler et al. [26] reported that
TPC of white cabbages were 5.31 mg GAE g-1 with
70% ethanolic extraction protocol. Jacob et al. [27]
investigated the effects of methanolic and aqueous
extracts on green and red cabbages with various temperatures of water and reported that they had the
highest results from methanolic extracts both for
green and red cabbages. Besides, researchers suggested that total antioxidant content decreased because of deterioration of antioxidants at higher temperatures. Additionally, Chu et al. [3] determined
36.66 mg GAE 100 g-1 TPC in cabbages by acetonic
extraction. This result seems so low comparing to
our study. We concluded that this variation is influenced by the extraction solvent and long-time extraction (4 hours) of the samples in our study. Researchers determined various TPC of cabbages with different extraction methods. For instance, Ismail et al.

FIGURE 3
Total phenolic contents (TPC) of Cruciferous
species by aqueous, ethanolic and acetonic extracts (EAq: Aqueous extract; EAc: Acetonic extract; EEt: Ethanolic extract)
The highest amount of total phenolic contents
in broccoli was determined to be 320.52 mg GAE g1
with acetonic extraction, 281.42 mg GAE 100 g-1
with aqueous extraction and 258.84 mg GAE 100 g1
with ethanolic extraction, respectively (Figure 3).
Bidchol et al. [14] reported that phenolic contents in
the aqueous extract of Broccoli were higher than that
of the ethanolic extract. Our results also proved the
literature given with the higher amounts of phenolics
determined in the aqueous extract than ethanolic extract of broccoli florets. Researchers also declare that
there were reports that antioxidant activity could also
be from non-phenolic compounds [32]. Additionally,
aqueous and ethanolic extracts of broccoli might
contain non-phenolic compounds such as selenium,
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extracted with 50% methanol/water. Additionally researchers reported that white cabbages have 3.22 catechin (CE) mg g-1 flavonoid contents extracted with
1.2 M 50% methanol/water. These results proved
that flavonoid contents were affected by the extraction method and extraction solvent.
Total flavonoids of red cabbages extracted with
different solvents were ranged from 1.439 mg g-1 to
0.713 mg g-1. While the highest flavonoid content
value is obtained from extraction with ethanol, the
lowest flavonoid content was obtained from the extraction with pure water (Figure 4). Each extraction
solvent was classified in different groups statistically.
Results showed that ethanolic extract work well
while determining total flavonoids of red cabbages.
Karadeniz et al. [30] reported that red cabbages
grown in Turkey have 0.842 mg g-1 total flavonoid
content with 70% aqueous methanol extract. They
also used fresh vegetables for assay our results are
consistent with results given by the author above. On
the other hand, Marinova et al. [31] investigated total
flavonoid contents various fruits and vegetables in
their researches with 80 % aqueous methanol extraction and reported that red cabbage has 23.7 m CE 100
g-1. The results obtained from these authors may be
quite different from our study because of freeze dried
samples.

glucosinolates etc. These compounds also behave
like antioxidants and scavenge free radicals in vitro
conditions. Controversially, we found that acetonic
extract more effective than ethanolic and aqueous
extracts. Guo et al. [15] stated methanolic extract
showed the highest ferrous ion chelating ability than
aqueous and acetonic extracts. However, acetonic
extract gave better results when the dry sample
weight was increased. We thought that acetonic extract gave better results than ethanolic extract because of the extracting period (4 hours) and the
amount of sample weight (5 grams).
Cauliflower also has enabled us to achieve the
highest total phenolic content with extraction of acetone as broccoli. The highest amount of total phenolic contents in cauliflower was determined to be
298.48 mg GAE 100 g-1 with acetonic extraction,
248.75 mg GAE 100 g-1 with aqueous extraction and
211.28 mg GAE 100 g-1 with ethanolic extraction,
respectively (Figure 3). Significant differences were
found from the results obtained by the different extraction protocols. Singh et al. [33] noticed that total
phenolic contents of cabbages of 18 different cultivars ranged 34.41 mg g-1 to 12.58 mg g-1. Köksal &
Gülçin [25] reported that aqueous extract is more effective for cauliflower than extraction with ethanol.
Llorach et al. [17] reported that aqueous extract of
cauliflower gave higher TPC than ethanolic extraction. This result is consistent with our findings. This
might be due to the extraction of salts and other water soluble compounds that were not extracted with
ethanol. In the present study it seems acetonic extract
works well to determine TPC of cauliflower than
both ethanolic and aqueous extracts. This result may
be due to extracting duration and amount of samples
used in the extraction.
As seen on figure 3, extraction solvents effects
on total phenolics of Cruciferous vegetables except
red cabbage. It seems extract works better for white
cabbage. On the other hand, it can be stated that acetonic extraction works better both than ethanolic
and aqueous extracts for broccoli and cauliflower.

FIGURE 4
Flavonoid content of Cruciferous species by
aqueous, ethanolic and acetonic extracts
(EAq: Aqueous extract; EAc: Acetonic extract;
EEt: Ethanolic extract)

Effects of extracts on flavonoid contents.
Highest total flavonoid content was determined from
the extraction with ethanol as 1.11 mg g-1 compared
to the other extraction solvents. Significant differences were determined from the results obtained by
the different extraction protocols of flavonoid contents of white cabbage (Figure 4). The lowest flavonoid content was obtained from aqueous extract and
it seems that ethonolic extract work well while determining flavonoid content of white cabbages. Heimler et al. [26] reported that white cabbage has 1.98
mg CE g-1 total flavonoid content in white cabbage
with 70% ethanolic extract. Gorinstein et al. [34] investigated phenolic and antioxidant activities of different raw vegetables and stated that white cabbages
have 1.67 catechin (CE) mg g-1 flavonoid contents

The highest amount of total flavonoids in broccoli was determined to be 1.504 mg g-1 with acetonic
extraction, 0.707 mg 100 g-1 with aqueous extraction
and 0.701 mg 100 g-1 with ethanolic extraction, respectively (Figure 4). Results show that different extraction solvents effected flavonoid contents of broccoli florets statistically. It seems acetonic extraction
works better than both aqueous and ethanolic extracts for broccoli. Sun et al. [35] compared the effects of acetonic, methanolic and aqueous extracts of
broccoli and asparagus juice and reported that acetonic extract found more effective for broccoli than
methanolic and aqueous extracts respectively. This
result is consistent with our data.
The highest amount of total flavonoids in cau-
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liflower was determined to be 1.427 mg g-1 with acetonic extraction, 0.682 mg 100 g-1 with aqueous extraction and 0.674 mg 100 g-1 with ethanolic extraction, respectively (Figure 4). Based on our findings,
acetonic extract works better than ethanolic and
aqueous extracts to determine the total flavonoids for
cauliflower. Heimler et al. [26] determined 1.69 mg
g-1 catechin based flavonoids in cauliflower with
70% ethanolic extraction. We thought that acetonic
extraction of works similar to broccoli or cauliflower.
Figure 4 shows the effects of aqueous, ethanolic
and acetonic extractions on total flavonoids of cruciferous vegetables. As seen on figure 4, extraction
solvents effects on total flavonoids of Cruciferous
vegetables. It can be stated that ethanolic extract
works well both for white and cabbage. Aditionallly,
acetonic extraction works better both than ethanolic
and aqueous extracts for broccoli and cauliflower.
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CONCLUSIONS
In this study it was aimed to determine the
amount of change of DPPH radical scavenging activity, antioxidant capacity and total flavonoid contents of 4 different cruciferous species extracted by
3 different solvents in the study. According to the results the highest DPPH radical scavenging activity
was determined by ethanol extraction for cabbage
and red cabbage and by acetone extraction for broccoli and cauliflower. Concerning with the total flavonoid contents the highest value was determined by
ethanol extraction for cabbage and red cabbage and
by acetone extraction for broccoli and cauliflower as
in DPPH radical scavenging activity. The most interesting results are obtained from DPPH radical scavenging activity for red cabbage that no significant
difference was determined between the solvents. On
the other hand acetonic extraction gave the highest
flavonoid contents for cauliflower and broccoli.
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DQGDURPDWLFLW\ELRFKDUPD\LQWHUDFWZLWKFRQWDPL
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EHKDYLRURI&$3E\56%DQG66%IURPDTXDWLFHQ
YLURQPHQWZHUHLQYHVWLJDWHGDQGFRPSDUHG

ABSTRACT
7KLV ZRUN VWXGLHG WKH DGVRUSWLRQ RI FKORUDP
SKHQLFRO &$3  RQ WZR W\SHV RI ELRFKDUV GHULYHG
IURPUHHGVWUDZ 56% DQGPXQLFLSDOVHZDJHVOXGJH
66% ZKLFKZHUHSUHSDUHGE\S\URO\]LQJDWΥ
7KH ELRFKDUV ZHUH FKDUDFWHUL]HG E\ VFDQQLQJ HOHF
WURQ PLFURVFRSH )RXULHU WUDQVIRUP LQIUDUHG VSHF
WURVFRS\ HQHUJ\ GLVSHUVLYH VSHFWURVFRS\ DQG
%UXQDXHU(PPHW7HOOHU,WUHYHDOHGWKDW56%KDGD
KLJKHU VXUIDFH DUHD  PJ  WKDQ 66% 
PJ DQGWKHDGVRUSWLRQRIFKORUDPSKHQLFRORQ66%
TP PJJ. ZDVPXFKOHVVWKDQWKDW
RQ56% TP PJJ. $GVRUSWLRQNL
QHWLFVRI&$3RQELRFKDUVIROORZHGSVHXGRVHFRQG
RUGHUNLQHWLFPRGHODQGDGVRUSWLRQLVRWKHUPILWWHG
ZHOO ZLWK 6LSV PRGHO 7KH DGVRUSWLRQ NLQHWLFV DQG
WKHUPRG\QDPLFVdemonstrated that the adsorption of
&$3 on two biochars squinted towards chemical adsorption. 7KHʌʌHOHFWURGRQRUDFFHSWRULQWHUDFWLRQ
EHWZHHQ QLWUR JURXS EHQ]HQH ULQJ LQ &$3 DQG ʌ
HOHFWURQ RQ WKH VXUIDFH RI ELRFKDUV played an important role in the DGVRUSWLRQ RI &$3 RQ ELRFKDUV
while the hydrogen bonding interaction DOVRFRQWULE
XWHGWR the adsorption of CAP on biochars synchronously.

MATERIALS AND METHODS

.(<:25'6
&KORUDPSKHQLFRO %LRFKDU$GVRUSWLRQ NLQHWLFV$GVRUS
WLRQWKHUPRG\QDPLFVʌʌHOHFWURGRQRUDFFHSWRU

&KHPLFDOV&$3ZLWKDSXULW\RIZDVSXU
FKDVHG IURP- .6FLHQWLILF &RDQGLWVSURSHUWLHV
DUHOLVWHGLQ7DEOH7KH&$3ZDVGLVVROYHGLQWRGLV
WLOOHGZDWHUZLWK&D&ODQG1D1WRSUHSDUHWKH&$3
VWRFNVROXWLRQ$OORWKHUFKHPLFDOVXVHGLQWKHH[SHU
LPHQWZHUHDQDO\WLFDOJUDGH

INTRODUCTION
&KORUDPSKHQLFRO &$3  LV D EURDGVSHFWUXP
DQWLELRWLF DJDLQVW YDULRXV PLFURRUJDQLVPV DQG LW
PD\OHDGWRVHYHUHVLGHHIIHFWRQKXPDQKHDOWK7KH
:RUOG+HDOWK2UJDQL]DWLRQ :+2 KDGSURFODLPHG
WKDW&$3VKRXOGQRWEHSHUPLWWHGLQDQLPDOVXVHGIRU
KXPDQIRRGLQ>@+RZHYHU&$3LVVWLOOXVHG
MXVWIRULWVORZFRVWDQGKLJKHIILFLHQF\LQWKHWUHDW
PHQWRIGLVHDVH>@)URPWRLWZDVOLVWHG
WKDWH[SRUWHUVIURP&KLQD9LHWQDP0DOD\VLDDQG
,QGLDWR86$KDGGHWHFWHG&$3LQVKULPSVDQGIURJ
OHJVSURGXFWV>@%HVLGHVLWKDVEHHQUHSRUWHGWKDW

3UHSDUDWLRQ RI ELRFKDUV 5HHG VWUDZV ZHUH
FROOHFWHGIURPWKHEDQNRI<HOORZ5LYHULQ/DQ]KRX
&KLQDPXQLFLSDOVHZDJHVOXGJH GHZDWHUHGVOXGJH 
REWDLQHGIURP$QQLQJ0XQLFLSDO6HZDJH7UHDWPHQW
3ODQW LQ /DQ]KRX &KLQD 7KH UHHG VWUDZV ZHUH
ULQVHGZLWKGLVWLOOHGZDWHU%RWKUHHGVWUDZVDQGPX
QLFLSDOVHZDJHVOXGJHZHUHDLUGULHGDWURRPWHPSHU
DWXUHIRUWRGD\V:KHQELRPDVVPDWHULDOVGULHG
HQRXJK WR JULQG WR SRZGHU ZLWKRXW VWLFNLQHVV WZR
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USPIRUPLQ7KHDTXHRXVSKDVHZDVILOWHUHG
ZLWKȝPILOWHUPHPEUDQH
$GVRUSWLRQLVRWKHUPVRI&$3WR56%DQG66%
WZRELRFKDUVRIPJZHUHZHLJKHGLQWRP/FHQ
WULIXJHWXEHVP/RI&$3VROXWLRQZLWKGLIIHUHQW
FRQFHQWUDWLRQV UDQJLQJ IURP  WR  PJ/ ZDV
DGGHGLQWRHDFKWXEH$OOVDPSOHVZHUHVKDNHQZLWK
RXWOLJKWLQDFRQVWDQWWHPSHUDWXUHVKDNHUDW
..DQG.7KHQWKHVDPSOHVZHUH
FHQWULIXJHGILOWHUHGWRVHSDUDWHWKHVROLGDQGDTXH
RXVSKDVH
(IIHFWRIS+RQDGVRUSWLRQRI&$3P/RI
&$3VROXWLRQ PJ/ ZDVDGGHGWRP/FHQWUL
IXJH WXEHV DQG WKHQ  PJ RI 56% RU 66% ZDV
DGGHGLQWRHDFKWXEH UHVSHFWLYHO\7KH S+ ZDVDG
MXVWHGZLWK+&ORU1D2+VROXWLRQLQWKHUDQJH
7KHQWKHVDPSOHVZHUHVKDNHQZLWKRXWOLJKWIRU
KDW&$IWHUVKDNLQJWKHVDPSOHVZHUH
FHQWULIXJHGILOWHUHGWRGHWHUPLQHVSHFWURSKRWRPHWUL
FDOO\DWQP
$PRXQWRI&$3DGVRUEHGDWWLPHTW PJJ DQG
HTXLOLEULXP DGVRUSWLRQ DPRXQWV RI &$3 TH PJJ 
ZHUHFDOFXODWHGDFFRUGLQJWRWKHIROORZLQJHTXDWLRQV
(T  DQG  
௩ሺ ି ሻ
ݍ௧ ൌ బ   

PDWHULDOV ZHUH JURXQG E\ DQ HOHFWULF JULQGHU RU D
PRUWDU 7KH SRZGHU RI ELRPDVV PDWHULDOV SDVVHG
PPVLHYHDQGHQFDVHGLQFUXFLEOHVUHVSHFWLYHO\
3\URO\VLQJXQGHU2[\JHQOLPLWHGFRQGLWLRQZDVDE
VROXWHO\ QHFHVVDU\ IRU SURGXFLQJ ELRFKDUV >@ VR
HYHU\FUXFLEOH ZDVFRYHUHG ZLWKD ILWWLQJOLG7KHQ
WKHFUXFLEOHVZHUHSXWLQDPXIIOHIXUQDFHIRUS\UR
O\VLQJ3\URO\VLVWHPSHUDWXUHZDVUDLVHGWR&DW
DUDWHDERXW&PLQDQGZLWKDUHVLGHQFHWLPHIRU
KVXEVHTXHQWO\FRROHGWRURRPWHPSHUDWXUH7KH
REWDLQHG ELRFKDUV ZHUH JURXQG DJDLQ DQG SDVVHG
WKURXJKDPPVLHYH
&KDUDFWHUL]DWLRQV RI WKH ELRFKDUV 6XUIDFH
DUHDRIELRFKDUVZDVPHDVXUHGDW.XVLQJDVXU
IDFHDUHDDQDO\]HU 7ULVWDU,,86$ DQGGHWHU
PLQHG E\ %UXQDXHU(PPHW7HOOHU %(7  HTXDWLRQ
3RUHVL]HGLVWULEXWLRQZDVFDOFXODWHGE\XVLQJ%DU
UHW-R\QHU+DOHGD PRGHO 6XUIDFH PRUSKRORJ\ ZDV
LQYHVWLJDWHGE\XVLQJVFDQQLQJHOHFWURQPLFURVFRSH
6(0  -60/9 -(2/ -DSDQ  6XUIDFH HOH
PHQWDOFRPSRVLWLRQRIELRFKDUVZDVGHWHUPLQHGE\
HQHUJ\ GLVSHUVLYH VSHFWURVFRS\ ('6  ,( 2[
IRUG,QVWUXPHQW(QJODQG )RXULHUWUDQVIRUPLQIUD
UHGVSHFWURVFRS\ )7,5  1H[XV1LFROHW86$ 
ZDV XVHG WR FKDUDFWHUL]H IXQFWLRQDO JURXSV RI WZR
GLIIHUHQWELRFKDUV

௪
௩ሺ ି ሻ

ݍୣ ൌ బ   
௪
ZKHUH&RDQG&HDUHWKHLQLWLDODQGHTXLOLEULXPFRQ
FHQWUDWLRQVRIWKH&$3LQDTXHRXVVROXWLRQ PJ/ 
&WLVWKH&$3FRQFHQWUDWLRQDWWLPH PJ/ YLVWKH
YROXPHRIVROXWLRQ / ZLVWKHPDVVRIELRFKDUV J 

$QDO\VLV RI FKORUDPSKHQLFRO &RQFHQWUDWLRQ
RI &$3 LQ WKH VROXWLRQ ZDV GHWHUPLQHG ZLWK 89
VSHFWURSKRWRPHWHU 81,&$0 89 7KHUPR
6SHFWURQLF86$ DWZDYHOHQJWKRIQP$WHFK
QLFDO FDOLEUDWLRQ FXUYH ZDV REWDLQHG IURP NQRZQ
FRQFHQWUDWLRQV RI &$3 UDQJLQJ IURP  WR 
PJ/EHIRUHDQDO\]LQJVDPSOHV

RESULTS AND DISCUSSION

0DWHULDOV FKDUDFWHULVWLFV 7KH VXUIDFH HOH
%DWFKDGVRUSWLRQH[SHULPHQW7KUHHW\SHVRI
PHQWDOFRPSRVLWLRQVVXUIDFHDUHDDQGSRUHYROXPH
DGVRUSWLRQ H[SHULPHQWV ZHUH FRQGXFWHG LQ WKLV
RIWKHWZRELRFKDUVDUHFRPSDUHGLQ7DEOH7KHVXU
VWXG\D DGVRUSWLRQHTXLOLEULXPRI&$3RQ56%DQG
IDFH HOHPHQWDOFRPSRVLWLRQV GDWHVLQGLFDWHWKDWWKH
66% E  DGVRUSWLRQ LVRWKHUPV RI &$3 WR WZR ELR
VXUIDFHRIDOOELRFKDUVPDLQO\FRQVLVWHGE\&2DQG
FKDUVDQGF HIIHFWRIS+RQDGVRUSWLRQ
6LEXWWKHLUHOHPHQWDOUDWLRVDUHGLIIHUHQW6XUIDFH&
$GVRUSWLRQ HTXLOLEULXP RI &$3 WR 56% DQG
FRQWHQWRI56%LVZKHUHDV66%RQO\FRQ
66%56%DQG66%RIPJZHUHZHLJKHGLQWR
WDLQVDQGVXUIDFH2DQG6LFRQWHQWRI56%
P/ FHQWULIXJH WXEHV  P/ RI &$3  DQG 
DUHOHVVWKDQ66%6LQFHPXQLFLSDOVHZDJHVOXGJHLV
PJ/ VROXWLRQZHUHDGGHGLQWRHDFKWXEH$OOVDP
PRUHFRPSOLFDWHWKDQUHHGVWUDZVWKHFRPSRQHQWRI
SOHVZHUHVKDNHQZLWKRXWOLJKWLQDFRQVWDQWWHPSHU
WKHPPD\GHFLGHWKHGLIIHUHQWHOHPHQWDOUDWLRVRIEL
DWXUHVKDNHUDW&WKHQWKHVDPSOHVZHUHWDNHQ
RFKDUV,Q7DEOHLQRUJDQLFPLQHUDOVFRQWHQWRQWKH
RXW DW   PLQ DQG         K
VXUIDFHFDQEHQHJOLJLEOH
UHVSHFWLYHO\$IWHUWDNLQJRXWWKHVDPSOHVZHUHFHQ
WULIXJHGWRVHSDUDWH WKH VROLG DQGDTXHRXVSKDVHDW
7$%/(
6WUXFWXUHDQGSURSHUWLHVRI&$3
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7$%/(
%DVLFSK\VLFRFKHPLFDOFKDUDFWHULVWLFVRIELRFKDUV
6XUIDFHHOHPHQWDOFRPSRVLWLRQD
%LRFKDU
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66%
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'HWHUPLQHGE\HQHUJ\GLVSHUVLYHVSHFWURVFRS\ ('6 
%(7VXUIDFHDUHDDQGPLFURSRUHDUHDFDOFXODWHGLQWKHUHODWLYHSUHVVXUHUHJLRQ33  
F
0LFURSRUHYROXPHGHWHUPLQHGDW33  
G
$YHUDJHSRUHGLDPHWHUREWDLQHGIURP%-+HTXDWLRQXVLQJ1 LVRWHUPV
E

),*85(
6(0LPDJHVRI56%DQG66%

),*85(
(TXLOLEULXPSURILOHVRI&$3RQ56%DQG66%
WKHVXUIDFHDUHDRIPDWHULDOWKHGDWDVRIVXUIDFHDUHD
DQG SRUH YROXPH RI WKH WZR ELRFKDUV7KH7DEOH 
VKRZVWKH%(7VXUIDFHDUHDPLFURSRUHDUHDDQGDY
HUDJHSRUHRI56%DUHPXFKKLJKHUWKDQ66%7KH
DYHUDJHSRUHGLDPHWHURI56%DQG66%DUHDQG
QPUHVSHFWLYHO\7KHKROORZFKDQQHOVPD\LQ
FUHDVHWKHVXUIDFHDUHDRI56%ZKHUHDVOHVVRISRUH
VWUXFWXUHDQGORZ%(7VXUIDFHDUHDRI66%PD\GXH
WRWKHSRRUVXUIDFHPRUSKRORJ\

)LJXUHVKRZVWKHVXUIDFHPRUSKRORJ\RI56%
DQG66%DWîPDJQLILFDWLRQV7KH56% )LJXUH
 D  H[KLELWV DUUD\V RI KROORZ FKDQQHOV VWUXFWXUH
7KHKROORZFKDQQHOVPD\EHFDXVHGE\WKHWKHUPDO
GHJUDGDWLRQRIRUJDQLFFRPSRXQGVDQGFHOOXORVHVLQ
WKHFKDQQHOV>@0XQLFLSDOVHZDJHVOXGJHFRQWDLQV
DJUHDWTXDQWLW\RIPLFUREHVRUJDQLFFRPSRXQGVDQG
YRODWLOHPDWWHUVZKLFKFDQEHUHPRYHGE\WKHUPR
FKHPLFDO GHFRPSRVLWLRQ DW WHPSHUDWXUH RI  &
+RZHYHULUUHJXODUVWUXFWXUHRIVOXGJHDQGLQRUJDQLF
FRPSRXQGVPD\KLQGHUWKH IRUPLQJRISRUHVWKXV
WKH66%H[KLELWVLUUHJXODUIODNHVRUVSKHUHZLWKIHZ
SRUHV7KHGLIIHUHQFHRIVXUIDFHVWUXFWXUHPD\DIIHFW

$GVRUSWLRQ VWXG\ $GVRUSWLRQ NLQHWLFV GH
VFULEHVWKHUHPRYDOUDWHRIDGVRUEDWHZLWKWKHFRQWDFW
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WLPH>@7KHLQIOXHQFHRIFRQWDFWWLPHRQWKHDG
VRUSWLRQRI&$3 PJ/ DQGPJ/ RQ56%
DQG66%LVVKRZQLQ)LJXUH7KH&$3DGVRUSWLRQ
RQ56%FDQEHGLYLGHGLQWRWZRVWHSV$WWKHEHJLQ
QLQJ  K WKH DGVRUSWLRQ UDWH ZDV UDSLG DQG RYHU
 RI WKH WRWDO &$3 ZDV DGVRUEHG7KHQ WKH DG
VRUSWLRQ UDWH JUHZ VORZO\ DQG WKH FXUYH VKDSH EH
FDPHDIODWKRUL]RQWDOOLQH7KHDGVRUSWLRQHTXLOLE
ULXPZDVDFKLHYHGDIWHUK7KHDGVRUSWLRQRI&$3
RQ66%ZDVIHZRQO\DQGRIWKHWRWDO
&$3 PJ/DQGPJ/ ZHUHDGVRUEHGDQG
WKHYDULDWLRQWUHQGRIDGVRUSWLRQUDWHZDVQRWREYL
RXVIURPDGVRUSWLRQSURFHVVHVEHJDQWRHQG$GGL
WLRQDOO\ WKH )LJXUH  VKRZV WKDW WKH DGVRUSWLRQ RI
&$3RQ56%ZDVPRUHHIIHFWLYHWKDQWKDWRQ66%
7KH SRVVLEOHUHDVRQLVWKDWWKH KLJKHU%(7VXUIDFH
DUHDPLFURSRUHDUHDDQGDYHUDJHSRUHRI56%PD\
KDYHDOORZHGWKH&$3PROHFXOHVLQWRWKHDGVRUEHQW
HDVLHU
)RXU ZHOONQRZQ NLQHWLF HTXDWLRQV SVHXGR
ILUVWRUGHUPRGHO(T  >@SVHXGRVHFRQGRUGHU
PRGHO(T  >@LQWUDSDUWLFOHGLIIXVLRQPRGHO(T
 >@DQG(ORYLFKPRGHO(T  >@ZHUHXVHGWR
GLVFXVVWKHDGVRUSWLRQNLQHWLFV7KHIRXUPRGHOVDUH
SUHVHQWHGDVIROORZV

Fresenius Environmental Bulletin

ZKHUHTW PJJ DQGTH PJJ DUHWKHDGVRUSWLRQFD
SDFLWLHVRI&$3DGVRUEHGDWWLPHW PLQ DQGDWHTXL
OLEULXPUHVSHFWLYHO\N PLQ LVWKHUDWHFRQVWDQW
RIWKHSVHXGRILUVWRUGHUPRGHO7KHILWWLQJFXUYHVRI
WKHSVHXGRILUVWRUGHUPRGHOVIRUDGVRUSWLRQRI&$3
RQWR56%DQG66%DUHJLYHQLQ)LJXUH D 
ݐൗ ൌ ͳൗ
ݐ
ݍ௧
݇  ݍଶ  ൗݍୣ  
ଶ ୣ

ZKHUH N J PJāPLQ  LV WKH SVHXGRVHFRQGRUGHU
UDWH FRQVWDQW DQG LW PDLQO\ GHSHQGV RQ WKH DSSOLHG
RSHUDWLQJFRQGLWLRQVLQLWLDODQWLELRWLFFRQFHQWUDWLRQ
WHPSHUDWXUHDQGS+RIVROXWLRQ>@7KHOLQHDUSORW
RIWKHSVHXGRVHFRQGRUGHUPRGHOLVJLYHQLQ)LJXUH
 E 
ݍ௧ ൌ ݇୧ୢ  ݐǤହ  
ZKHUHNLG PJ JāPLQ LVWKHUDWHFRQVWDQWRILQWUD
SDUWLFOHGLIIXVLRQHTXDWLRQDQGWKHILWWLQJFXUYHVRI
WKHLQWUDSDUWLFOHGLIIXVLRQLVJLYHQLQ)LJXUH F 

ZKHUHĮDQGȕDUHWKH(ORYLFKFRQVWDQWVZKLFKUHS
UHVHQW WKH LQLWLDO DGVRUSWLRQ UDWH J PJāPLQ  DQG
WKH GHVRUSWLRQ FRQVWDQW PJδJāPLQε  UHVSHF
WLYHO\)LJXUH G LVWKHOLQHDUSORWIRUWKH(ORYLFK
PRGHORI&$3RQWR56%DQG66%

),*85(
'LIIHUHQWNLQHWLFSORWVIRUWKHDGVRUSWLRQRI&$3RQWR56%DQG66%



© by PSP

Volume 26 ± No. 7/2017 pages 4390-4399

Fresenius Environmental Bulletin

7$%/(
.LQHWLFPRGHOSDUDPHWHUVIRUDGVRUSWLRQRI&$3RQWR56%DQG66%
Kinetic models

Pseudo-first-order

Pseudo-second-order
Intra-particle diffusion
Elovich

Parameters
qe(exp) (mg/g)
k1 (min-1)
qe(calc) (mg/g)
R2
k2 (g/(mgāmin))
qe(calc) (mg/g)
R2
kid (mg/(gāmin))
R2
Į(mg/(gāmin))
ȕ (g/mg)
R2

RSB
5.0mg/L
2.940
0.000265
2.218
0.762
0.0061
2.952
0.999
0.029
0.878
38.993
0.288
0.988

SSB
10.0mg/L
4.261
0.000116
5.201
0.485
0.0083
4.301
0.999
0.038
0.688
66.304
0.4
0.923

5.0mg/L
0.419
0.000019
3.932
0.918
0.0201
0.424
0.990
0.004
0.977
233.105
0.038
0.849

10.0mg/L
0.653
0.000005
7.770
0.376
0.0867
0.649
0.999
0.002
0.483
8.996×1010
0.022
0.468

),*85(
$GVRUSWLRQLVRWKHUPVRI&$3RQ56%DQG66%
FKHPLVRUSWLRQVWKURXJKH[FKDQJLQJRUVKDULQJHOHF
WURQVEHWZHHQDGVRUEHQWDQGDGVRUEDWH>@
$GVRUSWLRQLVRWKHUPVUHIOHFWWKHLQWHUDFWLRQEH
WZHHQDGVRUEDWHVDQGDGVRUEHQWVDQGWKHFDSDFLW\RI
WKH DGVRUEHQWV7KH PRVW ZLGHO\XVHG PRGHOLVWKH
/DQJPXLUDGVRUSWLRQPRGHO>@)UHXQGOLFKPRGHO
>@DQG6LSVPRGHO>@7KHDGVRUSWLRQLVRWKHUPV
H[SUHVVLRQVDUHUHSUHVHQWHGE\(T  (T  DQG
(T  
ݍୣ ൌ ܭ୪ ݍ୫ ܥୣ Ȁሺͳ  ܭ୪ ܥୣ ሻ 

7KHSDUDPHWHUVRIDGVRUSWLRQNLQHWLFVDUHVXP
PDUL]HGLQ7DEOH7KHYDOXHVRIWKHUDWHFRUUHODWLRQ
FRHIILFLHQWV 5 IRUWKHSVHXGRILUVWRUGHULQWUDSDU
WLFOHGLIIXVLRQDQG(ORYLFKZHUHORZVKRZHGWKDWWKH
DGVRUSWLRQRI&$3GHYLDWHGFRQVLGHUDEO\IURPWKHVH
WKUHH PRGHOV 7KH 5 IRU WKH SVHXGRVHFRQGRUGHU
PRGHO ZDV ! ZKLFK GHPRQVWUDWHG WKH ILWWHVW
FXUYHVDQGDOOSUHGLFWHGSRLQWVZHUHPDUJLQDOO\VFDW
WHUHGIURPWKHDFWXDOH[SHULPHQWDOYDOXHV$GGLWLRQ
DOO\ WKH WKHRUHWLFDO HTXLOLEULXP DGVRUSWLRQ FDSDFL
WLHV TH FDOF ZHUHLQJRRGDJUHHPHQWZLWKWKHH[
SHULPHQWDO HTXLOLEULXP DGVRUSWLRQ FDSDFLWLHV
TH H[S  ZKLFK FDOFXODWHG E\ WKH SVHXGRVHFRQG
RUGHU NLQHWLF PRGHO 7KHUHIRUH WKH DGVRUSWLRQ RI
&$3E\56%DQG66%IROORZHGWKHSVHXGRVHFRQG
RUGHUNLQHWLFPRGHODSSURSULDWHO\
6RPH RWKHU VWXGLHV DOVR KDYH SURYHG WKDW WKH
SVHXGRVHFRQGRUGHUNLQHWLFPRGHOFRXOGGHVFULEHG
WKH DQWLELRWLF DGVRUSWLRQ DFFXUDWHO\ VXFK DV 'LQ HW
DO >@ VKRZHG WKDW WKH DGVRUSWLRQ RI &$3 RQ RU
GHUHGPHVRSRURXVFDUERQIROORZHGWKHSVHXGRVHF
RQGRUGHU NLQHWLF PRGHO 7KLV PRGHO DVVXPHV WKDW
WKH UDWHOLPLWLQJ VWHS LV FKHPLFDO DGVRUSWLRQ RU

 

 
ZKHUH TP PJJ  LV WKH PD[LPXP DGVRUSWLRQ
DPRXQWTH PJJ LVWKHDGVRUSWLRQDPRXQWRI&$3
RQWR56%DQG66%DWHTXLOLEULXP&H PJ/ LVWKH
HTXLOLEULXPDTXHRXV&$3FRQFHQWUDWLRQ.O /PJ 
LVWKH/DQJPXLUERQGLQJWHUPUDWHGWRLQWHUDFWLRQHQ
HUJLHV.I PJQ/QJ UHSUHVHQWVWKH)UHXQGOLFK
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ZKHUH5 - PROā. LVWKHXQLYHUVDOJDVFRQ
DIILQLW\ FRHIILFLHQW .V /PJ  LV WKH 6LSV LVRWKHUP
VWDQW7 . LVWKHDEVROXWHWHPSHUDWXUH. /PJ LV
FRQVWDQW Q LV PRGHO FRQVWDQWV IRU FRUUHVSRQGLQJ
WKHDGVRUSWLRQFRHIILFLHQWZKLFKLVGHILQHGE\WKHUD
PRGHOV
WLR EHWZHHQ HTXLOLEULXP VROLGSKDVH FRQFHQWUDWLRQV
7KHVLPXODWHGUHVXOWVIRUWKHDGVRUSWLRQRI&$3
DQG DTXHRXVSKDVH FRQFHQWUDWLRQV TH&H  7KH ǻ+
RQWR56%DQG66%DUHVKRZQLQ)LJXUHDQGFDO
DQGǻ6FDQEHGHWHUPLQHGIURPWKHVORSHDQGLQWHU
FXODWHPRGHOVSDUDPHWHUVDUHOLVWHGLQ7DEOH7KH
FHSWRIWKHOLQHDUSORWRIǻ*YHUVXV7
6LSVPRGHOSURGXFHGEHWWHUILWIRUWKHQRQOLQHDUDG
7DEOHVKRZVWKHSDUDPHWHUVRIWKHUPRG\QDP
VRUSWLRQRI&$3RQWR56%DQG66%DWGLIIHUHQWWHP
LFVWKHDGVRUSWLRQRI&$3RQWR56%DQG66%$GH
SHUDWXUH,WFDQEHIRXQGWKDWWKH6LSVLVRWKHUPKDG
FUHDVHLQWKHQHJDWLYHǻ*YDOXHVVXJJHVWHGWKDW&$3
KLJKHU FRUUHODWLRQ FRHIILFLHQW 56% 5! DQG
DGVRUSWLRQRQWR56%LVRWKHUPG\QDPLFDOO\VSRQWD
66%5! WKDQWKH/DQJPXLUDQG)UHXQGOLFK
QHRXVDQGPRUHIDYRUDEOHDWKLJKHUWHPSHUDWXUH'XH
LVRWKHUPV 7KH TP IRU 56% DW  
WRWKHPRELOLW\RIDGVRUEDWHLQWKHVROXWLRQLQFUHDVH
.ZHUHDQGPJJUHVSHF
ZLWKWKHLQFUHDVHRIWHPSHUDWXUHVRWKDWWKHDIILQLW\
WLYHO\ZKLFKZHUHKLJKHUWKDQWKDWIRU66% 
RIDGVRUEDWHRQWKHDGVRUEHQWLVKLJKHUDWKLJKWHP
DQGPJJ 7KHUHIRUHWKHDGVRUSWLRQRI
SHUDWXUH2QWKHFRQWUDU\WKHǻ*YDOXHVIRU66%DUH
&$3RQWRWZRW\SHELRFKDUVFDQEH ZHOOGHVFULEHG
SRVLWLYHLQGLFDWHWKDWWKHDGVRUSWLRQLVQRQVSRQWDQH
E\ WKH 6LSV LVRWKHUP PRGHO 7KH 6LSV PRGHO LV D
RXVZKLFKPD\OHDGWRORZDGVRUSWLRQFDSDFLW\7KH
FRPELQDWLRQRIWKH/DQJPXLUDQG)UHXQGOLFKPRGHOV
YDOXHV RI ǻ+ GHWHUPLQH WKH QDWXUH RI DGVRUSWLRQ
DQGLQFRUSRUDWHVWKHDGYDQWDJHVRIERWKWZRPRGHOV
SK\VLFDO DGVRUSWLRQ  .-PRO  RU FKHPLFDO
,WFDQEHDSSOLHGHLWKHUWRKRPRJHQHRXVRUKHWHURJH
DGVRUSWLRQ .-PRO >@7KHYDOXHVRI
QHRXVVXUIDFH7KHH[SRQHQWQYDOXHVIRU&$3RQWR
ǻ+IRU56%DQG66%ZHUHIRund to be 31.341 and
56%DQG66%ZHUHDOOELJJHUWKDQXQLW\ZKLFKPHDQ
27.034 KJ/mol respectively, which illustrate that the
WKDWWKHDGVRUSWLRQRI&$3RQWR56%DQG66%PD\
adsorption on two biochars is chemical adsorption.
PRUHRFFXURQKHWHURJHQHRXVDGVRUEHQWVXUIDFH
7KHSRVLWLYHYDOXHVRIǻ+VXJJHVWWKDWDGVRUSWLRQRI
7KH DGVRUSWLRQ WKHUPRG\QDPLF SDUDPHWHUV
CAP on the biochars is an endothermic process >@.
VXFKDVFKDQJHLQ*LEEVIUHHHQHUJ\ ǻ* HQWKDOS\
Positive values of ǻ6IRU56%DQG66% DQG
ǻ+ DQGHQWURS\ ǻ6 ZHUHFDOFXODWHGE\WKHIROORZ
- PROā. LQGLFDWHDQLQFUHDVHRIUDQGRPQHVV
LQJ(T  DQG(T  >@
ο ൌ െܴܶ ܭWKDWSRVVLEO\RULJLQDWHGIURPWKHJURZWKRIHQWURS\
RIWKHVROYHQW

ο ൌ ο െ ܶο

7$%/(
0RGHOSDUDPHWHUVIRUDGVRUSWLRQLVRWKHUPVRI&$3RQWR56%DQG66%
isotherms models
Langmuir

Freundlich

Sips

Parameters
Kl (L/mg)
qm (mg/g)
R2
Kf (mg1-1/n L1/n /g)
1/n
R2
Ks (L/mg)
qm (mg/g)
1/n
R2

288.15K
0.323
8.476
0.907
2.083
0.607
0.841
0.630
4.792
2.582
0.996

RSB
298.15K
0.403
8.298
0.933
2.359
0.579
0.878
0.836
5.209
2.063
0.983

308.15K
0.511
8.533
0.989
2.792
0.563
0.953
0.809
6.586
1.347
0.996

288.15K
²
²
²
0.054
1.116
0.932
0.012
0.697
2.809
0.999

SSB
298.15K
²
²
²
0.06
1.128
0.978
0.024
1.055
1.987
0.999

308.15K
²
²
²
0.074
1.058
0.98
0.032
1.171
1.810
0.998

7$%/(
7KHUPRG\QDPLFSDUDPHWHUVIRUWKHDGVRUSWLRQRI&$3RQWR56%DQG66%DWGLIIHUHQWWHPSHUDWXUHV
Adsorbent
RSB

SSB

T
(K)
288.15
298.15
308.15
288.15
298.15
308.15

ln K
(L/mg)
0.630
0.968
1.477
-3.485
-2.988
-2.750

ǻ*
(KJ/mol)
-1.509
-2.399
-3.784
8.349
7.407
7.045



ǻ+
(KJ/mol)

ǻ6
(J/(molāK))

31.341

0.113

27.034

0.065
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FIGURE 5
Effect of pH for the adsorption of CAP on RSB and SSB

),*85(
)7,5VSHFWUDRI56%DQG66%EHIRUHDQGDIWHU&$3DGVRUSWLRQ
(IIHFWRIS+RQDGVRUSWLRQ7KHS+RIVROX
WLRQLVRQHRIWKHLPSRUWDQWIDFWRUVIRUWKHDGVRUSWLRQ
RI&$3RQELRFKDUV)LJXUHGHVFULEHVWKHGHSHQG
HQF\RI&$3DGVRUSWLRQDPRXQWE\56%DQG66%DW
GLIIHUHQWS+YDOXH  ,WFDQEHREVHUYHGWKH
DGVRUSWLRQ RI &$3 RQ 56% DQG 66% ZDV URXJKO\
VLPLODUDQGVWURQJO\S+GHSHQGHQW7KHKLJKHUTHDS
SHDUHGDWDFLGFRQGLWLRQ$WDFLGFRQGLWLRQWKHK\
GUR[\OV FRXOG GLVVRFLDWH IURP &$3 WKH SRVLWLYH
FKDUJHRI&$3ZDVDWWUDFWHGE\WKHQHJDWLYHFKDUJH
RI ELRFKDU 7KHLU HOHFWURVWDWLF DWWUDFWLRQ FRQVH
TXHQWO\FDXVHGDKLJKHUDGVRUSWLRQ+RZHYHUXQGHU
QHXWUDOS+FRQGLWLRQWKHDGVRUSWLRQDPRXQWIRU&$3
RQ 56% GHFUHDVHG REYLRXVO\ 7KH LQFUHDVHG S+
PLJKW LQFUHDVH LRQL]DWLRQ VROXELOLW\ DQG K\GUR
SKLOLFLW\ZKLFKOHGWRWKHUHGXFHGRI+ERQGLQJIRU
PDWLRQ ZKHQ ELRFKDU FDUER[\OLF JURXSV ZHUH LRQ
L]HG DW KLJKHU S+ FRQGLWLRQV 2Q WKH RWKHU KDQG D
WUHQG RI VPDOO LQFUHPHQW RI DGVRUSWLRQ DW EDVLFLW\
FRQGLWLRQ ZDV DWWULEXWHG WR HQKDQFHG ʌʌ HOHFWURQ
GRQRUDFFHSWRU ('$ LQWHUDFWLRQ>@7KHVDPHUH
VXOWZDVREVHUYHGE\'LQHWDOWKH\IRXQGWKDWWKH
&$3 DGVRUSWLRQ ZDV KLJKHU XQGHU ORZ DFLGLW\ DQG
KLJKEDVLFLW\FRQGLWLRQV>@

$GVRUSWLRQPHFKDQLVPV7KHPHFKDQLVPVRI
&$3 DGVRUSWLRQ RQWR 56% DQG 66% SUREDEOH LQ
FOXGHG L +ERQGLQJLQWHUDFWLRQEHWZHHQWKHLRQLF
RU SRODU IXQFWLRQDO JURXSV RI &$3 DQG WKH 2FRQ
WDLQLQJIXQFWLRQDOJURXSVRIELRFKDUV>@DQG LL ʌ
ʌ ('$ LQWHUDFWLRQ EHWZHHQ WKH SRVLWLYHO\ FKDUJHG
FDUERQVXUIDFHDQGWKHQLWURJURXSLQ&$3>@
7KHVXUIDFHFKHPLVWU\RI56%DQG66%DUHSUH
VHQWHGLQ)LJXUH7KHEDQGVDWFPIRU56%
DQG  FP IRU 66% DUH DVVLJQHG WR DURPDWLF
JURXSVDQGFDUERQ\OFDUER[\O& 2VWUHWFKLQJYLEUD
WLRQ >@ 7KH EDQG DW  FP IRU 66% LV DV
VLJQHG WR WKH ±&22+ DQG ±&+2 >@ 7KH ±2+
VWUHWFKLQJ YLEUDWLRQ RI 56% DQG 66% FDQ EH RE
VHUYHG DW  DQG  FP >@ 7KH IXQF
WLRQDO JURXSV VXFK DV 1+ 2+12 LQ WKH &$3
FRXOGDFWDV+DFFHSWRULQWHUDFWLQJZLWKWKH2FRQ
WDLQLQJJURXSVRQWKHVXUIDFHRIELRFKDUVVXFKDV±
2+ & 2 DQG ±&22+ YLD +ERQGLQJ +RZHYHU
ZDWHUPROHFXOHVFRXOGDOVRLQWHUDFWZLWKIXQFWLRQDO
JURXSVRQWZRELRFKDUVE\IRUPLQJ+ERQGVZKLFK
ZLOOFRPSHWHZLWK&$3IRUDGVRUSWLRQVLWHVDQGHI
IHFWLYHO\GHFUHDVHWKHDGVRUSWLRQRI&$3>@7KXV
WKH+ERQGLQJFRXOGDIIHFWWKHDGVRUSWLRQRI&$3RQ
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%5DQG66%EXWLWZDVQRWWKHSULPDU\LQWHUDFWLRQ
PHFKDQLVP
%HVLGHV +ERQGLQJ ʌʌ ('$ interaction ZDV
DQRWKHU IDFWRU ZKLFK LQIOXHQFHG FKHPLFDO DGVRUS
WLRQBiochars surface were rich in ʌHOHFWURQZKLFK
FRXOGDFWDVWKHHOHFWURQGRQRUWKHQLWURJURXSDQG
EHQ]HQHULQJRI&$3ZHUHVWURQJʌ-acceptor (Table
1). Therefore, the molecule structure of CAP might
interact with biochars via the ʌʌ('$LQWHUDFWLRQ
=KXHWDO>@UHYHDOHGWKDWWKHDGVRUSWLRQLQWHQVLW\
RIWKHSRODUFRPSRXQGV VXFKDVQLWURDURPDWLFFRP
SRXQGV  ZHUH JUHDWHU WKDQ WKDW RI WKH DSRODU FRP
SRXQGSRVVLEO\EHFDXVHRIWKHʌʌ('$LQWHUDFWLRQ
,QWKLVVWXG\ERWK+ERQGLQJLQWHUDFWLRQDQGʌ
ʌ ('$ LQWHUDFWLRQ ZHUH H[LVWHG LQ DGVRUSWLRQ SUR
FHVVHV:KHUHDV WKH H[SHULPHQWV RI DGVRUSWLRQ NL
QHWLFV DQG WKHUPRG\QDPLFV illustrated that the adsorption of CAP on two biochars tended to chemical
adsorption, this demonstrated that there was a chemical bond between CAP with two biochars, so ʌʌ
('$ LQWHUDFWLRQ ZDV WKH PDLQ PHFKDQLVPV IRU WKH
DGVRUSWLRQ$VLPLODUREVHUYDWLRQZDVIRXQGE\/LDR
ZKRUHYHDOHGWKDWFKHPLFDOERQGVXFKDV ʌʌ('$
LQWHUDFWLRQZDVWKHPDLQPHFKDQLVPVIRUWKHDGVRUS
WLRQ RI WHWUDF\FOLQH DQG &$3 RQ EDPERR FKDUFRDO
>@)DQHWDO>@DOVRUHSRUWHGWKDWLQFUHDVHRIDG
VRUSWLRQIRU&$3RQ1D2+PRGLILHGEDPERRFKDU
FRDOZDVPDLQO\DVFULEHGWRWKHʌʌ('$LQWHUDFWLRQ
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during all processes of crude oil recovery, transportation, refining and storage, and it has turned out to
be a global environmental issue, such as in China [2],
Brazil [3], Russia [4]and the United States [5]. Oil
contaminants usually have the capability of migrating among soil, water and gas, thus pose a serious
threat to the ecosystem and to human beings. Soil
contamination by crude oil is negatively influence on
structure and physic chemical properties of soil [6].
Previous studies have shown that oil contamination
not only restricts oxygen and water movements in the
pores of soil, but also disturbs nutrient cycling of nitrogen, phosphorus and potassium [7, 8]. Meanwhile,
oil contamination also shows an obvious toxicity to
organisms in soil. Studies have revealed that the
clear decreasing trends of abundance of bacteria, archaea and fungi in soil and their functional genes
such as pgl, rbcL and nifH, along the increasing contaminated gradient based on the GeoChip analysis
[7].
Microbial communities are given more attention in the soil remediation of crude oil contaminated
environmental matrices due to their potential to inhabit adverse habitats and degrading hydrocarbon
contaminants [9]. When soil ecosystem is contaminated by crude oil, the microbial communities are
quickly responded. Due to the natural selecting pressure of oil contaminants, it is interesting that parts of
hydrocarbon-degrading microorganisms could dominate in the overall microbial community. Especially
to various specific bacterial communities, there are
tremendous systematical studies of their characterizations and hydrocarbon-degrading mechanisms.
For example, genus Acinetobacter[10], genus Pseudomonas[11], and genus Dietzia[12]are capable of
utilizing petroleum hydrocarbons as the sole carbon
sources. And certain alkane hydroxylase genes are
also cloned and detected from those bacteria such as
alk B, CYP153 and alk M [12, 13]. Further , responses of bacterial communities in oil-impacted environments have been investigated widely using
DGGE fingerprinting, terminal restriction fragment
length polymorphism analysis (T-RFLP), construction of 16S rRNA clone library and microarray analysis [14, 15, 16].
However, due to the complicated composition

ABSTRACT
This research was conducted to investigate effects of crude oil contamination stress on soil chemical properties and actinomycete diversity based on
molecular approaches. In this study, there was a
higher contamination level of petroleum hydrocarbon of 26.6 mg g-1 in the soil. And its total abundance
of actinomycete had a lower order of magnitude than
in the pristine soil on the basis of both the conventional cultivation and real-time quantitative PCR
analysis. Furthermore, the actinomycete structure
showed a significant difference in the two soils. Constructing 16S rRNA gene clone library analysis, it
found that diversity indices of OTUs and Shannon
index were significantly less than in the pristine soil,
and there were eight genera of actinomycete identified in oil-contaminated soil, which were Streptomyces (31.9%), Mycobacterium (20.9%), Nocardioides
(19.8%), Microbacterium(9.9%), Leifsonia(2.2%),
Blastococcus (2.2%), Georgenia (2.2%), Marmoricola (2.2%) and some other unidentified genera
(8.8%), respectively. Moreover, it is interesting that
genera of Mycobacterium, Nocardioides and Microbacterium with a potential for hydrocarbon degradation have higher abundance in the oil-contaminated
soil. Those findings suggested oil contamination seriously influences soil ecosystem, while give an insight into actinomycete structure and provide effective information for bioremediation of hydrocarbon
contaminations.

KEYWORDS:
oil contamination, actinomycete, community diversity,
clone library analysis

INTRODUCTION
Crude oil as a non renewable energy source
plays an important role in the modern industrial development. It mainly consists of saturated and aromatic hydrocarbons, resins and asphaltenes, which
are considered as serious contaminants for natural
ecosystem [1]. Oil contamination occurs frequently
4400
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20 s at 95 oC followed by 60 cycles (30 s at 95 oC,
annealing for 30 s at 60 oC, and extension for 1 min
at 72 oC). Each reaction for real-time PCR was performed in triplicate. Standard curves for calculating
the abundance of actinomycete were established as
the previous method [21].
Amplification was carried out with initial denaturation for 5 min at 95 oC, 35 cycles of 30 s at 94 oC,
1 min at 53 oC, and 2 min at 72 oC, and final extension for 10 min at 72 oC. The reaction was conducted
in a total volume of 25 ȝl. The amplified fragments
were purified using the AxyPrep PCR purification
kit (Axygen, USA), and cloned to the pMD®18-T
vector using the PCR cloning kit (TaKaRa, Japan).
Clones harboring recombinant plasmids grew overnight on the solid LB medium (LB contains 10 g of
NaCl, 10 g of tryptone, 5 g of yeast extract, 1.8 g of
agar, and pH 7.0) with ampicillin (100 ȝg/ml) at 37
o
C. One hundred clones were chosen and verified using PCR amplification. Thus culturablepositive
clones in liquid LB medium with ampicillin were
sequenced andconstructed the 16S rRNA clone libraries of actinomycete in soils.
Sequences of actinomycete were edited using
the software Oligo Version 7.37 and alignment was
generated with the method of ClustalW multiple
alignment by the software MEGA 5.05. Then 16S
rRNA sequences were searched against the NCBI
database (http://blast.ncbi.nlm.nih.gov/Blast.cgi) for
establishing 16S rRNA clone libraries. Softwares
Mothur v.1.33.0 and Estimates 8.2.0 were applied to
calculate operational taxonomic units (OTUs), the
Shannon-Wiener index and Evenness index for each
clone library of actinomycete.

of crude oil and severe limitations of single populations, synergistic effect among different kinds of microorganism should be an effective strategy for hydrocarbon degradation in oil contaminated habitats.
As one of the important member of the soil microflora, actinomycete is a special subdivision of grampositive bacteria based on the high guanine and cytosine in their DNA structures [17]. Furthermore,
these taxa belong to chemoorgano-trophic microorganisms and are capable of degrading a wide range
of substances such as paraffin, chitin and cellulose,
thus play a significant role in the energy flow and
nutrient cycling [18, 19]. At present, there are very
few systematic researches focused on the whole actinomycete community in crude oil contaminated
soil. Therefore the present work was carried out with
the methods of actinomycete abundance analysis by
real-time quantitative PCR, and actinomycete diversity analysis by constructing the 16S rRNA gene
clone library with the aim to better understand the
specific actinomycete community properties and
their responses to crude oil contamination in soil.

MATERIALS AND METHODS
Soil samples were collected from the surface
(10 cm depth) at Dagang oilfield, China, and they
were transported to our laboratory immediately for
storing at 4 0C. The contaminated soil was sampled
beside the oil production well, while the negative
control was chosen far from those production wells.
Soil samples were divided into duplicate for chemical and biological analysis. The total petroleum hydrocarbon (TPH) was measured with the gravimetric
method. And soil pH, water content, total nitrogen
(TN), phosphorus, and organic matter (OM) were
measured with the related soil testing procedures, respectively [20]. The abundance of culturable actinomycetes in soils was estimated using the spread plate
PHWKRGRI*DXVH¶VV\QWKHWLF DJDUPHGLXPFRQWDLQ
ing 20.0 g of soluble starch, 1.0 g of KNO3, 0.5g of
K2HPO4, 0.5g of MgSO4·7H2O, 0.5g of NaCl, 0.01g
of FeSO4·7H2O and 20.0 g of agar per liter, with the
pH adjusted to 7.4-7.6 and sterilized under 121 oC
for 30 min.
Total DNA of soil samples were extracted with
WKH3RZHU6RLO'1$,VRODWLRQ.LW 0R%LR86$ 
and checked by running a 1% agarose gel electrophoresis for actinomycete diversity analysis. The abundance of soil actinomycete community was quantified using real-time quantitative PCR analysis (Fast
7500 instrument, USA  ZLWK ) SULPHU ¶GGATGAGCCCGCGGCCTA-¶ DQG5SULPHU
¶-CGGCCGCGGCTGCTGGCACGTA-¶  [18].
3&5PL[WXUHRIȝOFRQWDLQHGȝO of SYBR mixture, 1.0 ȝl of template DNA, 0.1 ȝl of each primer
and 8.8 ȝl of sterile deionized water. The amplification protocol was as follows: initial denaturation for

RESULTS AND DISCUSSION
The biogeochemical parameters were measured
to show the real inhabiting condition of the actinomycete community in the oil contaminated soils as
summarized in table 1. It found that the total petroleum hydrocarbon was up to 26.6 mg g-1 nearby the
selected oil production well. Furthermore, the organic matter of oil contaminated soil reached to 57.2
mg g-1due to the crude oil contamination, and it apparently indicated a higher increase compared with
the negative control. Other geochemical values such
as total nitrogen, phosphorus, potassium, pH and water content also varied considerably between the investigated two samples. These objective changes of
all those geochemical values suggested that oil contamination enable to influence the soil ecosystem,
not only change the physico-chemical properties, but
also might bring serious toxicity to their organisms.
Previous reports revealed a decrease in earthworm
survival and seed germination, and also in the microbial activity at
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TABLE 1
Biogeochemical parameters of soil samples from Dagang oilfield

Control
Contaminated

TPH
mg g-1
0.0±0.0
26.6±1.3

OM
mg g-1
3.5±0.2
57.2±2.5

pH
7.7±0.2
7.3±0.3

Water
%
18.2±0.6
10.3±0.4

TN
mg kg-1
440.6±16.7
590.3±19.6

P
mg kg-1
25.6±2.8
14.3±1.6

K
mg kg-1
54.4±3.1
65.6±2.5

Actinomycetea
cfu/g
(2.1±0.4)×104
(1.6±0.3)×103

Actinomyceteb
copies/g
(2.0±0.1)×107
(1.1±0.1)×106

OM±organic matter; TN±total nitrogen; P±phosphorus; K±potassium;
±abundance of culturableactinomycete measured by the conventionalcultivation method;
b
±abundance of unculturableactinomycete measured by real-time quantitative PCR analysis.
a

more than 10 mg g-1 of the petroleum hydrocarbon.
In this study, the abundance of actinomycete communities was numbered with the conventional cultivation method and the real-time quantitative PCR
analysis for investigating the possible eco-toxicity of
petroleum hydrocarbons. They were about 1.6 × 103
cfu g-1 and 1.1 × 106 copies g-1 measured in oil-contaminated soil, respectively, which emerged a lower
order of magnitude than the fresh soil sample. Those
results suggested that actinomycete could survive,
although there was a serious high hydrocarbon contamination level. However, petroleum contamination
was able to decrease the abundance of actinomycete
in soil compared with the two samples. On the basis
of the two methods, it is better to show the accurate
condition by the real-time quantitative PCR on the
molecular level, which could exhibit those uncultivable parts of actinomycete communities in soil. As
a sensitive and active molecular technique, real-time
quantitative PCR could offers qualitative information of actinomycete in the complicated ecological environment.
Actinomycete communities play an important
role in the material cycling and energy transforPDWLRQ(YDOXDWLRQRIDFWLQRP\FHWH¶VUHVSRQVHWRH[
trinsic contaminants will better understand the environmental behaviors of those contaminants and possess an effective control tactics. Using the terminal
restriction fragment length polymorphism (T-RRLP),
Liu et al. revealed there was an obvious increase in
the actinomycete community diversity by planting
Paulownia fortunei in heavy metal-contaminated
soils[19].Meanwhile, they were capable of enhancing the retention of heavy metals such as Pb, Zn, Cu
and in soils. Polti et al. also investigated chromium
(VI) resistance using isolated actinomycetes from
the waste water of a copper filter plant and found that
most of them were genera Streptomyces with the
highest Cr(VI) specific removal value up to 75.5 mg
g-1 cell [22]. Other similar results could also show a
great potential of actinomycete communities to remediate the heavy metal contaminated environments
[23, 24]. However, it is clear that the previous studies
have mainly focused on the abundance variation, especially based on the conventional cultivation
method, or on some special functional microorganisms. Therefore there is a scarcity of relevant information in the existing literature on systematic investigation of microbial community structures in the
complicated soil ecosystems. Thus to better under-

stand the populations community structure of the actinomycete community in different types of environments, some molecular approaches such as real-time
quantitative PCR, T-RRLP and denaturing gradient
gel electrophoresis (DGGE) were extensively applied. Those molecular approaches were more fast
and effective than the conventional cultivation ones,
and able to investigate unculturable parts of actinomycete communities. On the basis of DGGE analysis,
presence of five genera of actinomycetes containing
Geodermatophilus, Actinokineospora, Actinoplanes,
Streptomyces and Kocuria have been recordedin soil
and roots of four rice cultivars [25]. Therefore it
gives a clear picture of the actinomycete community
structure. Further, those molecular approaches could
provide insight into information of actinomycete
communities in a variety of subjects investigated.

(a)

(b)
FIGURE 1
Constructing 16S rRNA gene clone libraries of
actinomycete in the pristine and crude oil-contaminated soils: (a) 16S rRNA gene amplification of actinomycete using the total extracted
DNA from soils (M: D2000 Ladder; A: pristine
soil as control; B: crude oil-contaminated soil);
(b) Relative abundance of actinomycete on the
genus level based on constructing 16S rRNA
gene clone libraries, and the positive clone numbers were 97 and 91 in clone libraries of the pristine and crude oil-contaminated soils, respectively.
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seem to indicate that most actinomycetes have a potential of hydrocarbon resistance to a certain degree.
However, it was interesting that the ratio of operational taxonomic units still emerged an apparent diversity in both clone libraries suggesting they suffer
from hydrocarbon toxicity, as shown in table 2. In
addition, all the indentified microorganisms of the
two clone libraries belonged to the phylum of actinobacteria using the conserved primers. The co-existing orders were Streptomycetales, Corynebacteriales,
Propionibacteriales, Geodermatophilales and Micrococcales, while the co-existing families were Streptomycetaceae, Mycobacteriaceae, Nocardioidaceae,
Geodermatophilaceae and Microbacteriaceae, respectively. Although there were the same co-existing
orders and families in the two subjects investigated
of the pristine and oil-contaminated soils, actinomycete communities in both appeared divergent partially based on the common OTUs analysis. The nonhomogeneity of co-existing OTUs in the clone libraries indicated that hydrocarbon contamination could
influence the actinomycete diversity. Especially,
there was no trace of genus Arthrobacter in oil-contaminated soil.
As drawn in Fig. 1(b), the findings revealed that
the identified genera had a basic similarity including
of Streptomyces, Mycobacterium, Nocardioides, Microbacterium, Leifsonia, Blastococcus, Georgenia
andMarmoricolain the two studied soil samples. In
both clone libraries, it was found that genus Streptomyces has the highest proportion in soils, and they
were 44.3% and 31.9% in pristine and oil contaminated soils, respectively. This result has a sealed accordance with a fact that actinomycetales contains
more than eighty genera identified, and dominant genus Streptomyces has a widespread distribution. Genus Streptomyces is part of the family Streptomycetaceae, and it has been thoroughly explored in detail for its bioactive metabolites. Meanwhile, it is interesting that numbers of genus Streptomyceshave
the potential of degrading hydrocarbons such as alkane, nitroalkane,polyester and naphthalene [29].
But at the same time, genus Streptomyces emerged
an apparent inhibition from oil contamination comparing oil-contaminated and pristine soils, indicating
that crude oil contamination will cause the physiological toxicity to this specific microorganism to a
certain extent. Furthermore, it found that the relative
abundance of genus Mycobacteriumincreased significantly in the oil-contaminated soil, and which has
reported with a great potential of hydrocarbon degradation such as pyrene and benzo[a] pyrene [7, 30].
Genus Mycobacterium is from the family Mycobacteriaceae, and they are usually aerobic and non-motile bacteria. The relative abundance of this population was 8.2% in pristine and 20.9% in oil-contaminated soils, indicating the potential of this genus to
survive in the extreme condition with a higher crude
oil concentration.Previous studies reported that

Many studies have shown that all sorts of contaminants might disturb metabolic activities of actinomycetes, especially such as heavy metals. Nevertheless, the impact on them from crude oil contaminants still remains a leakage. Actinomycetes are very
important organisms in hydrocarbon contaminated
environments as they are capable of producing all
kinds of metabolite compounds, and enhancing the
biogeochemical cycle. For instance, they are able to
solubilize phosphate and fix nitrogen [26]. And at the
same time, actinomycetes as genus Mycobacteria[27]
and genus Gordonia[28] have a potential for degradation of alkane and aromatic hydrocarbon. Hence,
they are vitally important in the remediation of hydrocarbon-contaminated environments. However,
high contamination levels of hydrocarbon have
demonstrated the negative influence on ecosystems.
As Liang et al. reported an apparent decrease in actinomycete abundance with a high oil contamination
level from the angle of microbial functional genes
using the microarray-based analysis [14]. Thus systematic study on the behaviors of actinomycetes in
hydrocarbons contaminated soil ecosystems will be
highly propose an effective remedying tactics for petroleum contamination.
TABLE 2
Co-existing order, family, OTUs and its relative
abundance of the clone libraries of actinomycete
in the pristine and crude oil contaminated soils
Co-existing Order
StreptomyCorynePropionibacte-

Co-existing Family
Streptomycetaceae
streptomyces
MycobacteriMycobacterium
Nocardioidaceae

Relative abundance
Pristine
Contaminated
(OTUs)
(OTUs)

Co-existing OTUs

22.6%(7)

18.2% (4)

3

12.9% 4)

13.6% (3)

3

Nocardioides

25.8% 8)

27.3% (6)

5

Geodermat

Geodermatophilaceae
Blastococcus

3.2% (1)

4.5% (1)

1

Micrococcales

Microbacteriaceae
Georgenia
Microbacterium

6.5% (2)
3.2% (1)

4.5% (1)
4.5% (1)

1
1

3.2% (1)
3.2% (1)
19.4%(6)

4.5% (1)
0
22.7% (5)

1
0

Leifsonia
Arthrobacter
Unidentified

unidentified

In this study, the 16S rRNA gene PCR product
of actinomycetes in pristine and oil-contaminated
soils was amplified with conserved primers of 243F
and 513R. This primer successfully generated a
product size of about 270 bp as shown in Fig. 1(a).
The targeted products were cut from the agarose gel
and purified, and then carried out to construct 16S
rRNA gene clone libraries of actinomycete as exhibited in Fig. 1(b).The results revealed that most actinomycete communities of the pristine and oil contaminated soils were co-existing in both clone libraries at the hydrocarbon level of 26.6 mg g-1, which
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99 OTU-17 (2.2%)
Nocardioidaceae
Uncultured Marmoricola sp. clone Jb59 (JQ071651)
OTU-5 (8.8%)
66
71
Uncultured Nocardioides sp. CM24C3 (AM936824)

48

Nocardioides kribbensis strain DS4-2B (KM891548)
65 OTU-12 (2.2%)
97 Uncultured Nocardioides sp. clone CG2 (FJ495218)

51

Nocardioides terrae strain VA15 (NR116648)

82

Nocardioidaceae

OTU-8 (4.4%)

24

93 Nocardioides sp. SY-28 (KR149259)
Nocardioides albertanoniae CD40127 (NR132396)
68 OTU-18 (2.2%)
OTU-13 (2.2%)
98 Mycobacterium sp. I11A-02597 (KC550128)
OTU-15 (2.2%)
Mycobacterium abscessus WH339 (KR995266)

24

Mycobacterium sp. L1917 (JQ419558)

82

59
24

66

97

88 Microbacterium lacus 1111MAR10J4 (LN774633)
OTU-4(9.9%)
Leifsonia sp. AH86 (HM151967)

41

OTU-10 (2.2%)

93

OTU-9 (4.4%)
%)
Streptomyces sp. Act38 (KT619145)
60
79 Streptomyces pseudogriseolus strain RD2 (KT588652)
Streptomyces omiyaensis (KT321687)
81 St
74 Streptomyces cavourensis RD8 (KT588658)
OTU-1 (15.4%)
Streptomyces guanduensis FoSt16 (KM370098)
48

48

42

Microbacteriaceae

Streptomycetaceae

OTU-3 (9.9%)
Streptomyces sp. AMS578 (HQ873940)

26
30
32

OTU-16 (2.2%)
Georgenia sp. HT-Z57 (KJ526921)
85

Georgenia muralis I (KP337605)

OTU-14 (2.2%)
74
Blastococcus
ccu sp. 13-106 (KP663607)

Bogoriellaceae

Geodermatophilaceae

OTU-11 (2.2%)
62
OTU-21 (1.1%)
Uncultured actinomycete clone Z2-4 (KJ834282)
92

99

77

79

OTU-7 (4.4%)
Uncultured actinobacterium clone PSB011.C21 H13 (GU300175)

OTU-19 (1.1%)
100 Uncultured actinobacterium clone EK Ca811 (JN038311)
Uncultured
ultu
Actinomycetales bacterium clone MLS182 (JX240866)

75

68

OTU-22(1.1%)
99 Uncultured actinomycete clone B-46 (JX242660)

Unidentified bacteria

71

Mycobacteriaceae

OTU-2 (12.1%)
Mycobacterium sp. FXJ8.174 (KM507692)
96
OTU-6 (6.6%)

OTU-20 (1.1%)

0.01
FIGURE 2
Phylogenetic analysis using the Neighbor-Joining method with software Mega 5.05 based on partial 16S
rRNA gene of actinomycete in the crude oil-contaminated soil. And there are 1000 replicate runs for the
bootstrap values. The relative percentage of each OTUs was calculated here.
gene pdo A2 encoded a subunit of a PAH ring-hydroxylating dioxygenase [31] and genes nidA and
nidB for subunits of a pyrene dioxygenase [32] were

discovered from genus Mycobacterium, which constructed a basic foundation for their survival in oilcontaminated environments. As an important population in soil ecosystems, genus Nocardioidesalso
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demonstrating that both two constructed 16S rRNA
clone libraries could represent the major information
of actinomycete community structure in soil samples
summarized in Fig. 3a. However, on account of those
unidentified bacteria above in both pristine and oilcontaminated soils, clone library analysis of actinomycetes using homologous conserved primers
of243F and 513R based on 16S rRNA gene still
prove a slight limitation. This approach can represent
the major constituents of actinomycetes, but relatively less abundant or non-homologous ones may
not be visible. Thus in order to investigate or exploit
actinomycetes resources in complex soils, a combined approach of biological methods should be considered carefully. For instance, Heuer et al. detected
actinomycetes in environments using PCR-DGGE
analysis combined with a nested PCR served as template for the PCR amplification on the basis of 16S
rRNA gene [18]. And Mahyarudin et al. evaluated
actinomycetes diversity in soil and roots of rice with
PCR-DGGE analysis based on 16S rRNA and nifH
genes [25].

showed a higher relative abundance of 19.8% in the
contaminated soil, which belongs to the family Nocardioidaceae as depicted in Fig. 2. Some bacteria
such as Nocardioides sp. KP7 and Nocardioides sp.
DF412 have the ability to phenanthrene and dibenzofuran due to their own dioxygenases [33, 34].
Meanwhile, strain Nocardioides sp. JS1661 plays an
important role in the mineralization of 2,4-dinitroanisole via the 2,4-dinitrophenol pathway [35]. Furthermore, genus Microbacterium had a widespread
distribution with a higher ratio of 9.9% in the oilcontaminated soil, which is from the family Microbacteriaceae of the orderMicrococcales. Chen et al.
reported that strain Microbacterium sp. ZD-M2 has
the capability of dibenzothiophene desulfurization
[36]. And strain Microbacterium E19 enables to degrade oxyethylated fatty alcohols, which was isolated from crude oil contaminated soil [37]. Moreover, the ratio of genus Leifsonia from the family Microbacteriaceae, genus Blastococcus from the family Geodermatophilaceae, genus Georgenia from the
family Bogoriellaceae and genus Marmoricola from
the family Nocardioidaceae was all 2.2% in the oilcontaminated soil based on the 16S rRNA clone library analysis, and genusArthrobacterfrom the family Micrococcaceae even was not detected. Those
actinomycetes in contaminated soil all emerged a
lower distribution ratio compared with the pristine
soil suggesting that crude oil contamination show
toxicity to actinomycetes in soil ecosystems in fact.
Better investigating actinomycete community structure will help us for achieving available species resources and carrying out bioremediation of contaminated environments. However, there were some bacteria identified invalidly based on the actinomycete
16S rRNA clone library analysis in this study. In this
study, the relative abundance of those unidentified
bacteria was up to 7.2% and 8.8% in pristine and oilcontaminated soils, respectively.
Constructed clone libraries were evaluated using indices of operational taxonomic units (OTUs)
and shannon index calculated from rarefaction
curves and shannon index curves in this study. One
hundred clones for each sample were selected for sequencing analysis. The number of positive clones
was N=97 in pristine sample and N=91 in the oilcontaminated sample, respectively. Softwares
Mothur v.1.33.0 and estimates 8.2.0 were carried out
to calculate OTUs and shannon index. In the pristine
sample, OTUs number and shannon index were 31
and 3.12, while they were 22 and 2.76 in the oil-contaminated sample as depicted in Fig. 3. Evenness of
both actinomycetes clone libraries was also calculated based on above data, and they were 0.91 and
0.89, respectively. Diversity indices revealed that
there is higher actinomycete diversity in the pristine
soil suggesting crude oil contamination will disturb
actinomycetes community structure in soil environments. Furthermore, the trend of both rarefaction
curves nearly reached to the saturation condition

(a)

(b)
FIGURE 3
Rarefaction curves (a) and shannon index curves
(b) of 16S rRNA gene positive clones for actinomycete clone libraries in pristine (N=97) and oilcontaminated soils (N=91). Number of OTUs and
shannon index were calculated using Softwares
Mothur v.1.33.0 and Estimates 8.2.0.
In conclusion, results of this study revealed that
crude oil contamination not only changed the physico-chemical properties in soil, but also influenced
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on the actinomycetes community. Molecular approaches of the real-time PCR and clone library analysis showed that crude oil contamination cause apparent physiological toxicity to the actinomycetes
community in soil. And it also found that valuable
species resources such as genus Streptomyces, genus
Mycobacterium, genus Nocardioides and genus Mycobacterium reportedwith a potential of hydrocarbon
degradation survive in oil-contaminated condition.
This study will give us an insight into the actinomycetes structure in oil-contaminated soil and provide
valuable information for the bioremediation of hydrocarbon contaminated sites.
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PHTHALATE ESTERS MIGRATION FROM TWO KINDS OF
PLASTIC FILMS AND THE ENRICHMENT IN PEANUT
PLANT
Kairong Wang*, Ningning Song, Mingming Cui, Yanxi Shi
Qingdao Engineering Research Center for Rural Environment, Qingdao Agricultural University, Qingdao 266109, China

Hence, with time, PAEs can migrate into the soil and
subsequently into other parts of the ecosystem [4][5].
PAEs are hazardous substances that can interfere
with endocrine systems and procreation ability [6][7].
Previous studies showed that application of agriculture films might be a significant pollution source
of phthalates in arable soils of China [8]. There is an
increase in the pollution level of PAEs along with increased use of agriculture films, which can affect the
quality of agricultural production [3][9][10]. Peanut
(Arachis hypogaea L.) is one of the most important
oil crops in China and has a large production area.
As an important effective measure for improving
production, plastic film mulching is widely used in
the main peanut-producing areas in China. PAEs
such as dibutyl phthalate (DBP) and di-(2-ethylhexyl)
phthalate (DEHP), can migrate from agricultural
plastic and be released into agricultural soils, transfer
to peanut crops and thus directly or indirectly into the
human food chain. However, there is little published
information on the toxicity and accumulation of
PAEs in peanut.
The present work evaluated the migration of
PAEs from two kinds of agricultural plastic films
(white polyethylene film and black recycled plastic
film) as well as the absorption and accumulation
characteristics of DBP and DEHP by two peanut varieties in pot-culture experiments. This study provides reliable data for risk assessment of PAE pollution in peanut crops via the application of agricultural plastic films, which are of great significance in
agricultural production.

ABSTRACT
Agricultural plastic films are widely used as an
important measure to promote peanut yield; however, pollution by phthalate esters (PAEs) subsequently migrating from agricultural plastic films is
not well understood. The present study investigated
the migration of PAEs from two kinds of agricultural
plastic films (white polyethylene film and black recycled plastic film) as well as the absorption and accumulation characteristics of dibutyl phthalate
(DBP) and di-(2-ethylhexyl) phthalate (DEHP) by
two peanut varieties in pot experiments. The results
showed:
a. DBP and DEHP concentrations in soils increased with the increase in amount of agricultural
plastic films applied.
b. residual concentrations of DBP and DEHP in
soils with black recycled plastic film applied were
greater than with white polyethylene film treatment,
and
c. regardless of the type of film applied, DBP
and DEHP residual concentrations were reduced significantly with time in all treatments except for the
control.
The proportion of DBP accumulated by two
peanut varieties relative to the total amount DBP applied in soils was 0.01%±0.03%, and that of DEHP
was 0.02%±0.04%. DBP and DEHP concentrations
in peanut kernels were significantly higher than
those of root, but not pods, showing that PAE absorption by roots, but not pods, was an important
mechanism in determining PAE accumulation.

MATERIALS AND METHODS
KEYWORDS:
phthalate esters (PAEs); plastic films; migration; accumulation; peanut

Soil characterization. Soil used in this study
was collected from Qingdao, Shandong Province,
China. The soil was classified as sandy loam with the
following properties: soil pH 7.3 (soil:water ratio,
1:2.5), 7.4 g·kg±1 of organic matter, 36.6 cmol·kgí1
of cation exchange capacity, 8.0 mg·kg±1 of total nitrogen (N), 9.0 mg·kg±1 of Olsen-phosphorus (P) and
61.4 mg·kg±1 of NH4OAc-potassium (K).

INTRODUCTION
Phthalate esters (PAEs) are widely used in the
manufacture and the processing of plastics as plasticizers to improve the softness and flexibility of plastic materials [1][2]. Chemically, they linked together
by hydrogen bonds and Van Der Waal forces and do
not form covalent bonds with plastic substrates [3].

Agricultural films. Two kinds of agricultural
plastic films, white polyethylene film (white film)
and black recycled plastic film (black film), were
4409
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sieved and stored at 4°C.

chosen to evaluate the migration of PAEs. Both films
are widely used for increasing agricultural production and for the covering crops and greenhouse vegetables in winter. The thickness of white and black
film was 0.01 and 0.008 mm, respectively. The white
film was obtained from Shandong Laizhou Yuqiang
Film Factory, and the black film from a local market
in Qingdao, China. The concentrations of six kinds
of PAEs in the films are shown in Table 1.

Sample extraction and fractionation. DBP
and DEHP in soil and peanut plants were extracted
by shaking and fractionated using a Florisil silica
column [11]. Each aliquot of 5 g of peanut kernels
was pulverized with a glass mortar. After adding a
small amount of anhydrous sodium sulfate (Na2SO4),
the sample was transferred into a 250-ml iodine flask
with 90 ml of acetonitrile and shaken for 45 min,
then filtered through a glass funnel. The four supernatants were all filtered into a round bottom flask after another three extractions with 60 ml of acetonitrile. The approximately 150 ml of liquid in the flask
was reduced by rotary evaporation to 3±5 ml.
Column chromatography was carried out in a
glass column (1.2 u 30 cm) with 10 mm of Na2SO4,
70 mm of magnesium tri-silicate and 10 mm of
Na2SO4 (from bottom to top). Pre-washing was with
15 ml of hexane before sample loading and elution
with 90 ml of hexane. All washing solutions were
collected and reduced to less than1 ml by rotary
evaporation as described above.


TABLE 1
Concentration of six PAEs in two agricultural
films (mg·kg±1)
Film
DBP
DEHP
BBP
DOP
DMP
DEP
type
White 80.04
3.08
1.85
0.71
0.68
ND
film
Black 653.41
17.39
ND
1.82
8.82
ND
film
DBP-di-n-butyl-phthalate; DEHP-di-(2-ethylhexyl) phthalate;
BBP-benzyl butyl phthalate; DOP- di-n-octyl-phthalate; DMPdimethyl phthalate; DEP- diethyl phthalate.ND-not detectable.

Plants. Two peanut genotypes were considered,
Fenghua-3 and Baisha-1016. Previous study showed
that Baisha-1016 had a strong root system that accumulated heavy metals such as cadmium, and its root
length, biomass, total surface area and total absorption area exceeded those of Fenghua-3.

High performance liquid chromatography
(HPLC) analysis. Analysis of individual PAEs was
performed using an Inertsil HPLC system (LC-20AT
with UV detector, Shimadzu Corporation, Chiyodaku, Tokyo, Japan) with an Inertsil ODS-SP column
îPPȝP6KLPDG]X&RUSRUDWLRQ 7KH
temperature of the column oven was maintained at
32°C. The derived samples (10 μl) were run with a
linear gradient elution. Solvent A was water and solvent B was methanol. The flow rate was 0.8 ml·min±
1
. The gradient profile was 0±25 min, 70±100% B;
25±33 min, 100% B; 33±40 min, 70% B, and total
analysis time was 40 min. The wavelength of detector was 228 nm.

Experiment design. The pot experiment consisted of a control and three concentrations of white
and black plastic film, respectively: I, no plastic film
(control); II, 36 mg·kg±1 (equivalent to one year period of average plastic film residue in the field); III,
178 mg·kg±1 (equivalent to 5 years of residue); and
IV, 356 mg·kg±1 (equivalent to 10 years of residue).
Each treatment had three replicates. Each 500-g dry
soil sample was placed in a 500-ml glass beaker. The
white and black plastic films were cut into 1±2 mm2
square pieces and then mixed into soils. Soils were
maintained at 60±70% maximum water holding capacity (MWHC) during the 180-d incubation period.
The DBP and DEHP concentrations in soils were
both determined at 90 and 180 d.
The pot experiment of peanut PAE absorption
consisted of eight treatments with four respective
levels of DBP and DEHP: 0, 12.5, 25 and 50 mg·kg±
1
. Each treatment had three replicates. DBP and
DEHP were dissolved in acetone, applied into 15 kg
of dry soils in each pot at 10 d before peanuts were
sown. The soils were then fertilized with 93.2 mg N
kg±1, 65.5 mg P kg±1 and 166 mg K kg±1, and watered
to 70% of MWHC. Six kernels of peanuts were sown
in each pot, and thinned to three seedlings per pot
after germination. After 127 d of growth, the vines,
roots, pods and kernels of plants were harvested separately. After harvest, soil samples were dried,

Control and guarantee of quality. The detection limits of DBP and DEHP were 4.868 and 4.100
ȝJāO±1, respectively. The specific measures of quality
control during the experiment process were previously published [11]. The blank levels for the liquid
chromatogram instrument, solvent and the whole test
method were all lower than detection limits. The
adding standard recovery rates for DBP and DEHP
were 84.2%±131.8 and 70.8±105.1%, respectively.
In the process of real sample detection, the range of
the recovery rate of benzyl benzoate that acted as an
indicator was 70.0%±136.2%.
Statistical analysis. Data were treated with analysis
of variance using SPSS version 17.0 (SPSS Inc.).
Significant differences between means were determined using least significant difference (p < 0.05).
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TABLE 2
Concentrations of DBP and DEHP in different parts of peanut plants (mg·kg ±1)
Variety
Fenghua-3

Baisha1016

Adding Level
0
12.5
25
50
0
12.5
25
50

Root
DBP
1.76c
4.42b
4.59b
6.58a
4.84c
5.32c
8.14b
15.1a

DEHP
0.94c
3.39b
3.36b
13.4a
3.36d
4.71c
8.41b
20.4a

Vine
DBP
1.67b
1.63b
1.76b
2.40a
1.84b
2.35a
2.19ab
2.38a

DEHP
1.67c
2.14a
1.85b
2.52a
1.13c
1.88b
2.13b
3.32a

Pod
DBP
1.25b
2.67a
2.70a
2.91a
0.61d
1.14c
1.44b
1.94a

DEHP
1.08c
1.97b
2.14ab
2.28a
0.59c
1.00b
1.39a
1.43a

Kernel
DBP
0.23c
0.50b
0.57b
1.22a
0.39c
1.09b
1.25b
2.09a

DEHP
0.24c
0.55b
0.60b
4.34a
0.66d
1.74c
2.72b
4.49a

FIGURE 1
Migration of DBP and DEHP from two kinds of agricultural plastic films.
white and black film under level IV treatment, respectively; and maximum residual concentration for
DEHP was 0.374 and 0.478 mg·kg±1 in soils with
white and black film under level III treatment, respectively.

RESULTS
Migration of PAEs from agricultural plastic
films. The migration of PAEs from the two kinds of
agricultural plastic films is shown in Fig. 1. The concentrations of DBP and DEHP in soils increased after 90 d with the increase in amount of agricultural
plastic films applied to soils. The residual concentrations of DBP and DEHP in soils with black film applied were significantly (p < 0.05) more than for
white film. There were significant correlations between soil DBP and DEHP concentrations and the
amounts of white film (R2 = 0.991 and 0.999, respectively) and of black film (R2 = 0.973 and 0.993, respectively) (all p< 0.01).
Regardless of whether white or black film was
applied, the residual concentration of DBP and
DEHP in soils was reduced significantly in all treatments except for level I after 180 d, with orders of
OHYHO,9!,,,!,,§,DQG,9§,,,!,,§,IRUUHVLGXDO
DBP and DEHP concentrations in the soils with
white film, respectively; for black film the correVSRQGLQJRUGHUVZHUHOHYHO,9!,,,!,,§,DQG,9§
,,,§,,!,7KHPD[LPXPUHVLGXDOFRQFHQWUDWLRQRI
DBP was 0.879 and 0.799 mg·kg±1 in soils with

DBP and DEHP in peanut. The DBP and
DEHP concentrations in different parts of peanut
plants are shown in Table 2. Compared with controls,
the concentrations of DBP and DEHP in the root,
vine, pod and kernel of Fenghua-3 and Baisha-1016
were significantly increased in soils with DBP and
DEHP. The maximum DBP and DEHP concentrations were 20.4 and 15.1 mg·kg±1 in the root of Baisha-1016 at the DBP or DEHP level of 50 mg·kg±1,
respectively. The DBP and DEHP concentrations in
pod of Fenghua-3 were significantly higher than in
Baisha-1016 (p < 0.05). The concentrations of
DEHP in the kernels of both peanut varieties were
higher than that of DBP for all treatments. There was
a significant correlation between DBP and DEHP
concentrations in the root, vine, pod and kernel of the
peanut varieties and the concentration of DBP or
DEHP applied to soils (Figs. 2 and 3).
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FIGURE 2
Relationships between DBP concentrations in the root, vine, pod and kernel of two peanut
varieties and the concentration of DBP applied to soil
(--ż-- Baisha-1016; ²Ÿ² Fenghua-3; * p < 0.05; ** p < 0.01; ns p > 0.05).
TABLE 3
㸦mg·pot-1㸧
Accumulative Amounts of DBP/DEHP in Different Parts of Peanut Plants㸦
Variety

Adding Level

Root
Vine
Pod
Kernel
DBP
DEHP DBP
DEHP DBP
DEHP DBP
0.008c 0.067b 0.067c
0.021c
0.018b 0.008b
0
0.015c
12.5
0.027b 0.021b 0.073b 0.096ab 0.053a
0.039a 0.020a
Fenghua-3
25
0.028ab 0.021b 0.075ab 0.079bc 0.047ab 0.038a 0.025a
0.071a 0.096a
0.101a
0.037b 0.030a 0.027a
50
0.035a
c
d
ab
c
0
0.023
0.016
0.078
0.048
0.011c
0.010c 0.013c
12.5
0.030bc 0.028c 0.104a
0.083b 0.009c
0.008c 0.015c
Baisha-1016
b
b
b
bc
b
25
0.048
0.052
0.067
0.065
0.023
0.021b 0.038b
50
0.099a
0.073a 0.108a
0.151a
0.042a
0.031a 0.078a
Different small letters in same variety of the same column meant significant difference at 0.05 level.

DEHP
0.009c
0.022b
0.026b
0.098a
0.022c
0.025c
0.082b
0.169a

FIGURE 3
Relationships between DBP concentrations in the root, vine, pod and kernel of two peanut varieties and
the concentration of DBP applied to soils (--ż-- Baisha-1016; ²Ÿ² Fenghua-3; * p < 0.05; ** p < 0.01; ns
p > 0.05).
Total uptake of DBP and DEHP in different
parts of the peanut varieties is shown in Table 3. Increasing the concentrations of DBP and DEHP in
soils increased the corresponding concentrations in
plants. There was a significant correlation between
DBP or DEHP accumulated in the root and kernel of

peanut varieties and the corresponding concentrations in soil (p < 0.05). The maximum accumulation
of DBP was 0.099 mg·pot±1 in the root, and that of
DEHP was 0.169 mg·pot±1 in the root and kernel of
Baisha-1016.
The proportion of DBP accumulated by both
varieties relative to the total amount of DBP applied
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in 2007: 4.35 and 50 mg·kg±1, respectively. However, the detected concentrations were significantly
higher than those in agricultural soils in China,
reaching the level of light pollution [8][10].
In the present study, the residue concentrations
of DBP in soils after 180 d decreased by 64.3%,
66.3% and 57.7% compared with after 90 d for the
plastic film treatments of levels II, III and IV, respectively; and by 33.8%, 69.1% and 81.2% for DEHP in
levels II, III and IV, respectively. The average daily
rates of DBP and DEHP decrease were 0.54% and
0.65%, and 0.85% and 0.72% for the white and black
plastic film treatments, respectively (Fig. 1). Interestingly, the average daily decrease rates of DBP and
DEHP were 0.71% and 0.67% during the plant
growth process, respectively (Fig. 4). Further analysis revealed that the absorption and accumulation
amounts of DEHP and DBP in the mature stage of
peanut were only 0.01±%0.03% and 0.02%to 0.04%
of soil applied amounts, respectively. These data indicated that there was no obvious effect on PAE degradation by peanut plants. Previous studies demonstrated that microbial and chemical processes were
the principal mechanisms for degradation of DBP
and DEHP in the environment [12][13]. It can be inferred that the main mechanism of rapid reduction of
PAE levels in soil was not absorption by peanut, but
photochemical and microbial degradation [14][15].
The absorption and accumulation of organic
pollutants in soils are influenced by the synergistic
effect of the confluence of factors such as environmental conditions and the nature of pollutants [16].
In this study, concentrations of DEHP and DBP in
two peanut cultivars were closely related to the level
of PAE contamination in soils (Fig. 2 and 3), although the bioavailability of PAEs in soils released
from standard dilution in acetone may differ from
that resulting from application of plastic sheets. In
addition, PAE concentrations in peanut kernel were
significantly higher than those of root and vine, but
PAE concentrations in pods was not significantly
correlated. It is apparent that PAEs absorbed by roots
but not pods was an important mechanism in determining PAE accumulation in peanuts. The root system, root biomass, total length, total surface area and
total absorption area of Baisha-1016 were higher
than those of Fenghua-3, thus resulting in a stronger
absorption capacity and cumulative efficiency for
soil PAEs (Table 2). The DEHP distribution proportion in kernels of the two peanut varieties was higher
than that of DBP (Table 3). DBP and DEHP are high
molecular weight organic compounds that are relatively easy for the crop to take up and accumulate;
however, the higher octanol±water partition coefficient, stability and lipophilicity of DEHP causes a
higher accumulation level of DEHP compared with
DBP.

in soil was 0.01%±0.03%, and that of DEHP was
0.02%±0.04%. The DBP distribution proportions of
root, vine, pod and kernel were 15.6%±17.9%,
42.2%±49.2%, 19.0%±30.6% and 11.6%±14.3% for
Fenghua-3, respectively, and correspondingly
19.0%±30.3%, 33.0%±65.8%, 5.7%±13.1% and
9.5%±23.9% for Baisha-1016. The corresponding
proportions for DEHP were 11.8%±23.7%, 33.7%±
53.9%, 10.0%±23.2% and 12.4%±32.7% for
Fenghua-3 and 17.2%±23.6, 29.5%±57.6%, 5.6%±
9.5% and 17.4%±39.9% for Baisha-1016. The
DEHP distribution proportion was higher than of
DBP in kernels of both varieties.
Residual DBP and DEHP in soil. The residual
concentrations of DBP and DEHP in soils after harvest decreased significantly in soils with DBP and
DEHP applied, compared with the initial concentrations (i.e. levels II, III and IV; Fig. 4). The residual
proportions of DBP and DEHP were 3.2%±4.4% and
6.5%±16.1% in soils with Fenghua-3, respectively,
and correspondingly 1.6±4.2 and 3.1%±5.8% in soils
with Baisha-1016.

FIGURE 4
Residual concentrations of DBP or DEHP in soil
after harvest of peanuts.

DISCUSSION
Agricultural film is one of the main sources of
PAEs in soils in rural areas, and the content of PAEs
released is determined by the type of film. In the present study, both DBP and DEHP were detected after
90 d in soils with 356 mg·kg±1 of agricultural film
applied, which was equivalent to the average amount
of residue of mulching plastic film after 10 years of
use in northern China. The concentrations of DBP
and DEHP in soils with black film applied were 223
and 46.1% higher compared with white film, respectively. Black recycled plastic films are produced
from old plastics and plastic film materials, with
large amounts of plasticizers added in the process,
thus causing higher DBP and DEHP pollution. The
concentrations of DBP and DEHP in soils after 90 d
with 356 mg·kg±1 of agricultural film applied were
lower than the concentration thresholds proposed by
the United States Environmental Protection Agency
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[4] <LQ 5 /LQ ;* :DQJ 6* =KDQJ +<
  (IIHFW RI '1%3'(+3 LQ YHJHWDEOH
SODQWHG VRLO RQ WKH TXDOLW\ RI FDSVLFXP IUXLW
&KHPRVSKHUH
[5] .RQJ 6 -L < /LX / &KHQ / =KDR ;
:DQJ -- %DL =3 6XQ =5   6SDWLDO
DQG WHPSRUDO YDULDWLRQ RI SKWKDOLF DFLG HVWHUV
3$(V LQDWPRVSKHULF30DQG30DQG
WKHLQIOXHQFHRIDPELHQWWHPSHUDWXUHLQ7LDQMLQ
&KLQD$WPRV(QYLURQ
[6] *XR<.DQQDQ.  &RPSDUDWLYHDVVHVV
PHQW RI KXPDQ H[SRVXUH WR SKWKDODWH HWKHUV
IURPKRXVHGXVWLQ&KLQDDQGWKH8QLWHG6WDWHV
(QYLURQ6FL7HFKQRO
[7] +LJXFKL773DOPHU-6*UD\/(-U9HHUD
PDFKDQHQL '15   (IIHFWV RI GLEXW\O
SKWKDODWHLQPDOHUDEELWVIROORZLQJLQXWHURDG
ROHVFHQWRUSRVWSXEHUWDOH[SRVXUH7R[LFRO6FL

[8] +X;<:HQ%6KDQ;4  6XUYH\RI
SKWKDODWH SROOXWLRQ LQ DUDEOH VRLOV LQ &KLQD -
(QYLURQ0RQLWRU ,Q&KLQHVH
[9] )X ;: 'X 4=   8SWDNH RI GL 
HWK\OKH[\O SKWKDODWHRIYHJHWDEOHVIURPSODVWLF
ILOP JUHHQKRXVHV - $JU )RRG &KHP 

[10] <DQJ+-;LH:-/LX4/LX-7<X+:
/X=+  'LVWULEXWLRQRISKWKDODWHHVWHUV
LQ WRSVRLO $ FDVH VWXG\ LQ WKH <HOORZ 5LYHU
'HOWD &KLQD (QYLURQ 0RQLW $VVHVV 

[11] &XL 00:DQJ.5:DQJ//6KL<;
  'LVWULEXWLRQ FKDUDFWHULVWLFV RI SKWKDOLF
DFLGHVWHUVLQ VRLOVDQGSHDQXWNHUQHOV LQ PDLQ
SHDQXWSURGXFLQJDUHDVRI6KDQGRQJ3URYLQFH
&KLQD -$SSO (FRO   ,Q &KL
QHVH
[12] -XQHVRQ&:DUG236LQJK$  %LR
GHJUDGDWLRQRIGLPHWK\OSKWKDODWHZLWKKLJKUH
PRYDO UDWHV LQ D SDFNHGEHG UHDFWRU :RUOG -
0LFURE%LRW
[13] 'L*HQQDUR3&ROOLQD()UDQ]HWWL$/DVD
JQL 0 /XULGLDQD $ 3LWHD ' %HVWHWWL *
 %LRUHPHGLDWLRQRIGLHWK\OKH[\OSKWKDODWH
FRQWDPLQDWHGVRLODIHDVLELOLW\VWXG\LQVOXUU\
DQGVROLGSKDVHUHDFWRUV(QYLURQ6FL7HFKQRO

[14] &DUWZULJKW &'7KRPSVRQ ,3 %XUQV 5*
  'HJUDGDWLRQ DQG LPSDFW RI SKWKDODWH
SODVWLFL]HUVRQVRLOPLFURELDOFRPPXQLWLHV(Q
YLURQ7R[LFRO&KHP
[15] ;X*/L)6:DQJ4+  2FFXUUHQFH
DQG GHJUDGDWLRQ FKDUDFWHULVWLFV RI GLEXW\O
SKWKDODWH '%3 DQGGL HWK\OKH[\O SKWKDODWH
'(+3  LQ W\SLFDO DJULFXOWXUDO VRLOV RI &KLQD
6FL7RWDO(QYLURQ

CONCLUSION
Agricultural plastic film is an important source
of soil PAE pollution in China. Concentrations of
DBP and DEHP in soils with black recycled film applied were 223 and 46.1% higher compared with
white polyethylene film applied, respectively. Black
recycled plastic films are produced from old plastics
and plastic film materials, with large amounts of
plasticizers added in the process, resulting in higher
DBP and DEHP pollution. Whether white or black
film was applied, the residual concentrations of DBP
and DEHP in soils were reduced significantly in all
treatments except for the control. Further analysis revealed no obvious effect on PAE degradation by peanut plants, indicating that the main mechanism of
rapid reduction of PAE levels in soil was not absorption by peanut, but photochemical and microbial
degradation. The DBP and DEHP concentrations in
peanut plants increased with increases in concentrations of DBP and DEHP in soils. DBP and DEHP
concentrations of peanut kernels were significantly
correlated with that of root, but not pods, showing
that PAE absorption by roots, but not pods, was an
important mechanism in determining PAE accumulation in peanuts. Compared with Fenghua-3, Baisha-1016 had a stronger root system and higher root
biomass, thus exhibiting a higher risk for PAE pollution.
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GLVWULEXWLRQLQEODFNVRLOVRIQRUWKHDVW&KLQD6FL
7RWDO(QYLURQ
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[16] &KHQ<:DQJ&;:DQJ=-   5HVL
GXHVDQGVRXUFHLGHQWLILFDWLRQRISHUVLVWHQWRU
JDQLF SROOXWDQWV LQ IDUPODQG VRLOV LUULJDWHG E\
HIIOXHQWVIURPELRORJLFDOWUHDWPHQWSODQWV(QYL
URQ,QW
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ANALYSIS OF ADSORPTION AND KINETIC OF LIPASE
ENZYME ON KAOLINITE
Salih Alkan*, Umit Turgut
Ordu Universty, Faculty Faculty of Arts and Science, Department of Chemistry, 52200, Ordu, Turkey

biocatalysts in organic synthesis [7]. Lipases preferably hydrolyze insoluble triglycerides, while esterases usually hydrolyze water-soluble esters. Since lipases and esterases act in a wide range of substrates,
they have many applications [8], such as degradation
of fats and oils through detergents [9], paper bleaching, bio-diesel and bio lubricants [10], the food industry and the resolution of racemic mixtures in drug
production [11]. It was the aim of this to adapt an
adsorption assay p-nitrophenyl butyrate (pNPB) as
the substrate for the rapid quantification of lipase activity in kaolinite.

ABSTRACT
The properties of the clay kaolinite as a support
for enzyme immobilization were studied using the
enzyme lipase. Lipases are biocatalysts of great importance due to their ability to catalyze diverse reactions. They are extensively used for the catalysis in
organic solvents, which leads to multiple industrial
applications. Studies have been done at different (pH
4,0- 10,0) and in the temperature range of 20-80 C.
Taking into the account the Lagergren first-order
equation for adsorption kinetics, q1 and k1 values, are
a measure of absorbance strength were obtained. The
YDOXHV DGVRUSWLRQ HQWKDOS\ ǻ+0), Gibbs free enWKDOS\ ǻ*0 DQGDGVRUSWLRQHQWURS\ ǻ60) were thermodynamics parameters. These studies indicate that
kaolinite is a valuable support for the simple adsorption of enzymes.

MATERIALS AND METHODS
Solid support. Kaolinite used in this study as
SDUHQWFOD\ZDVSURYLGHGIURP(F]DFÕEDúÕ&RLQ7XU
key. In order to prepare the support, the kaolinite was
dispersed, by vigorous stirring for 60 min, in an equilibration buffer and further prepared at 25 mg.ml-1.
These suspensions exhibited considerable stability,
with no sedimentation after 24 h. In this study for
standard purpose, solutions of lipase (0,1 mg.ml-1)
in 0,1M sodium phosphate buffer, pH 7,25 were
added to 25 mg.ml-1 suspensions kaolinite, in a 1:4
volume ratio. The lipase-kaolinite complex was removed by centrifugation at 3500 g for 15 min and
then washed 4 times with 5 ml of phosphate buffer.

KEYWORDS:
Kaolinite, lipase enzyme, immobilization, adsorption, kinetic.

INTRODUCTION
Kaolinite is a clay which has the highest absorbent capacity of and minerals clay as weel as a high
adsorptive capacity [1]. Its advantages over other
minerals, especially with regards to its low density
and high specific surface, have been accepted for a
long time, and the account for most of the current
uses kaolinite [2]. Recently, clay and its modified
forms have been efficiently used as adsorbents.
Since clay has great specific surface area, excellent
physical and chemical stability and several other
structural and surface properties [3]. Lipases
(E.C.3.1.1.3) can be broadly defined as enzymes that
catalyze the hydrolysis of ester bonds in substrates
such as vitamin esters, phospholipids, triglycerides
and cholesterol esters [4]. For various applications,
lipase enzymes are preferably used in an immobilized state in order to ease separation of the catalyst
from the product stream [5]. Lipases have been immobilized on various supports either by physical adsorption, covalent binding, ionic interactions or by
entrapment [6]. Lipases remain active in slightly hydrated organic solvents, enabling them to be used as

Enzyme. Lipase (E.C.3.1.1.3) from wheat gem
TypI. Lyophilized powder 5-15 units/ mg.protein.
the product of USA.

FIGURE 1
(IIHFWRIS+RQWKHHQ]\PHDFWLYLW\RI ¸ NDR
linite-supported lipase and ( ா ) free Lipase.
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strates [15]. The enzyme activity was determined using substrate solutions in different concentrations to
obtain the 1/S and 1/V values. The Km and Vmax values were determined by means of the LineweaverBurk plot. The Michaelis-Menten equation is written
and correlated to determine the Km and Vmax

Lipase assay. Kaolinite 0,1g was weighed into
polypropylene centrifuge tubes mixed with 5 ml 100
mM NaH2PO4/NaOH buffer, pH 7,25 and prewarmed at 300C in a water bath for 10 min. Then 50
μl of substrate solution (100 mM pNPB diluted in 2propanol and stored -200C) were added. The contents
were mixed and the tubes were incubated in the water bath 300C for exactly another 10 min. In order to
measure the p-nitrophenol (pNP) released from the
substrate a control was prepared without soil [12].

1/V=Km/Vmax.1/S+1/Vmax
a)

RESULT AND DISCUSSION
Optimum pH stability was continued with p-nitrophenyl butyrate as a substrate. Free and supported
lipase preparations were incubated at 300 C, for 24 h
at different pH in appropriate 0,1 M phosphate buffer
pH 4,0-10,0 and the relative activity was measured
under standard conditions [13]. Enzyme gave better
results at alkaline pH values such as pH 9,0.
Generally, of lipase show their enzyme activity
at alkaline pH. Enzyme takes place in the wide range
of pH values.

b)

FIGURE 3
Lineweaver-Burk plots,(a) free lipase and (b)
immobilize lipase.
The value of Km was found to be 2.23 mM
whereas the Vmax was calculated as 2.50 μmol.min-1
for free lipase. The Km value was found to be 2.24
mM and the Vmax value was found to be 7.69
μmol.min-1 for the immobilized lipase [16].

FIGURE 2
(IIHFWRIWHPSHUDWXUHRQWKHDFWLYLW\RI ¸ NDR
linite-supported lipase and ( ா) free lipase.
Thermal stability studies of free and immobilized lipase were performed by measuring the residual activity of the enzyme after exposure to three different temperatures (20-800C) in 0,1 M phosphate
buffer (pH 7,25) for 2 and 5h. Over 400C, the absorbance values of lipase assay fluctuated and enzyme
lost its activity. Optimum temperature value promotes binding potential of enzyme and substrates.

TABLE 1
For immobilized enzymes ln(qe-qt)-t
t (min)
ln (qeqt)
Enzyme
unit

Substrate concentration. Varying the substrate concentration showed that the concentration
adopted (0,02 mM-0,001 mM pNPB was used in the
reaction mixture) was satisfactory for booty enzymes
[14].
The Lineweaver-Burk plots were linear indicated that hydrolysis of various kaolinite the lipase
followed kinetics parameters, Km and Vmax which
show the substrate affinity of enzyme. The smaller
Km value indicate the higher enzyme affinity to sub-

20
-1.8388

30
-1.9105

40
-2.7333

50
-3.5065

0.267

0.288

0.299

0.382

0.417

FIGURE 4
Enzyme adsorption related Lagergren pseudofirst-order equation
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cated the endothermic nature of the adsorption process. The ǻS0 take the positive values of entropy
change may be due to some structural changes between adsorbent and adsorbed substance [19].

The first order equation is described by Lagergren as follows
log(qe-qt)=log qe ± k1.t/2,303
Where qt refers to the amount of lipase enzyme
adsorbed per unit weight of adsorbent (mg.g-1) at
time t (min). The value of qe and first order rate constant (k1) can be calculated from the plot of log(qeqt) versus t. Table 1. displayed the first order parameters of lipase enzyme onto kaolinite as well as the
linear equation of the plot of log(qe-qt) versus t [17].
TABLE 2
Lagergren pseudo first-order velocity equation
qe
37.2

k1(1/min)
0.088

R2
0.9012

linear equation
y=-0.0383
X-1.5708

FIGURE 5
Kaolinite-lipase enzyme different concentration
( lnkd/T - 1/T)

Thermodynamic Studies. The type of adsorption can be determined through the quantities of thermodynamic parameters such as Gibss free energy
ǻ*0VWDQGDUGHQWKDOS\ǻ+0 DQGHQWURS\FKDQJHǻ60
for the adsorption of lipase enzyme onto the of kaoOLQLWH7KHVHSDUDPHWHUVDUHJLYHQ7DEOHǻ*0 was
calculated using the following equation
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Concentration(M)
Equation

0.05

0.1

0.25

0.5

1

y=.8276x+
10.293

y=6.8829x
+13.91

y=4.6078x
+7.4936

y=3.1911x
+3.7131

R2
ǻ+0

0.9537
48.45

0.9855
38.30

0.9934
26.53

ǻ60
ǻ*0 313
ǻ*0 323
ǻ*0 333
ǻ*0 343
ǻ*0 353

85.57
-26763
-27590
-28446
-29302
-30157

0.9723
57.22ö
mm
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-36140
-37281
-38450
-39388
-40763

y=2.8077
x+2.77
44
0.9470
23.27
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-7406
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-8096
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voring additives, and to treat common cold and diabetes mellitus. However, an overdose essential oil
can cause an irritation in the respiratory system as
well as abortus due to the induction of uterine contraction [5].
The plant contains fibres, sugars and and many
biologically active compounds, such as flavonoids
[6] and anthocyanins, as the major phytochemicals
of the berries [7]. Seeds yield 12- 15% fatty oil (fixed
oil) consisting of glycerides of oleic, linoleic,
myristic, palmitic, linolenic and lauric acid. Studies
that analyze fatty acid in myrtle berries revealed 14
fatty acids; oleic acid being the dominant one
(67.07%), followed by palmitic (10.24%) [8] and
stearic acids (8.19%) [9]. Leafs, berries and flowers
were reported to have terpenoid compounds [10].
Some compositions of essential oil were: 1,8-cineROHĮ-SLQHQHȕ-pinene, myrcene, sabinene, eugenol,
Į-WHUSLQHROH ȕ-caryophyllene, p-cymene, 3-carene,
phellandrene, limonene, linalool and myrtenol. Berries were reported to contain resin, tannin, sugars,
flavonoids, anthocyanin, quercetin, myricetin-3-Oglucoside, caffeic acid, hesperetin-7-O-rhamnoglucoside, [10-14]. Leaves contain tannins, flavonoids,
coumarins, myrtucommulone, galloyl-glucosides,
caffeic, gallic and ellagic acids. Finally, the roots
contain tannins, alkaloids, glycosides, reducing sugars, gallic acids, phenolic acids, quercetin and patuletin [15].
Several studies have been conducted on the biological activity of M. communis, including its antifungal and antibacterial effects on Escherichia coli,
Pseudomonas aeruginosa and Candida lipolytica
[16-20], as well as its antimolluscicidal [21], insecticidal [22,23], narcotic analgesic [24], anti-inflammatory [25], antioxidant [13], antidiabetic [26-28], antimutagenic [7,29], antiulcerogenic [30] and cholesterol [31]. In the light of the ethnobotanical data, this
study was designed to reveal the wound healing activity potential of Myrtus communis through in vivo
bioassays.

ABSTRACT
This study evaluates wound healing activities
of n-hexane and acetone extracts, as well as the essential oils obtained from the berries and leaves of
Myrtus communis L., (Myrtaceae), using excision
and incision wound models. Ulcerations of the skin
tissues, re-epithelization, fibroblast proliferation,
mono/polymorphonuclear cells, vascularization and
collagen increase were qualitatively evaluated by the
histopathological analysis. An acute anti-inflammatory activity method based on the inhibition of the
increase in vascular permeability was used to determine the anti-inflammatory effect of the extracts and
HVVHQWLDORLOV2LOV¶\LHOGVDQGFKHPLFDOSURILOHVZHUH
also determined. Volatile oil, obtained from M. communis berries, provided a contraction rate of 60.08%
in the circular excision wound model and a tensile
strength ratio of 39.1% in the linear incision wound
model. The n-hexane extract of M. communis berries
was found to possess significant activity in the circular excision wound model with a ratio of 49.2%.
However, it did not provide a significant increase in
ZRXQG WHQVLOH VWUHQJWK %HUULHV¶ HVVHQWLDO RLOV SUR
vided significant inhibition (28.5%). Particularly the
essential oil of M. communis berries and its extracts
can be used wound healing and anti-inflammatory
purposes.
KEYWORDS:
Myrtus communis, Myrtaceae, Essential oil, Wound Healing, Anti-inflammatory

INTRODUCTION
Myrtle (Myrtus communis L.) is an evergreen
shrub belonging to the Myrtaceae family. It grows
throughout the Mediterranean area [1] and called as
mersin, murt, hambeles. It is used in folk medicine
in Turkey and other Mediterranean countries [2-4].
Its essential oil is used as an antiseptic and hemostatic, in the synthesis of perfum components and fla-
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SPME fiber was retracted, the manual holder was
removed from the cartridge, and the fiber was
inserted into the GC injector for 5-min of desorption.
The SPME-extracted VOCs were analyzed by GC
and GC-MS. The capillary GC-FID analyses were
performed using a Varian 3400 model gas
chromatograph. Hydrogen was used as the carrier
gas (1 mL/min). An HP-5 capillary column (30 m x
0.32 mm i.d.; 0.25 μm film thickness) was used to
separate the compounds. The column oven
temperature for the dynamic-headspace (SPME)
analyses was programmed as follows: starting
temperature 50 °C (1 min), 4°C/ min heating rate to
250 °C for 10 min and, finally, increased to 270 °C
at 10°C/min and held isothermally for 10
min.Injector and detector temperatures were 250°C
and 270°C, respectively [32-36].

MATERIALS AND METHODS
Plant Material. The leaves and berries of M.
communis L. were collected from Silifke town in
Mersin, Turkey, using the conventional method for
the plant at its maturity period and stored at -24°C
until the laboratory analyses were performed.
Voucher specimens were deposited in the Herbarium
of the Faculty of Forestry, Bartin University (BOF
516). The specimens were authenticated by Dr. Barbaros Yaman (Bartin University, Faculty of Forestry,
Department of Forest Botany, Bartin/Turkey).
Hydrodistillation. The essential oils (EOs) of
the leaves and berries of M. communis L. were
obtained by hydrodistillation using a Clevenger
apparatus (ILDAM CAM Ltd. Ankara-Turkey). A
portion of 500 g fresh samples were used and the
EOs were collected for 3 h. The samples were dried
over anhydrous sodium sulphate in a sealed vial until
they were used [32-34].

Biological activity tests. Animals. Male, Sprague±Dawley rats (160-180 g) and Swiss albino mice
(20±25 g) were purchased from the animal breeding
laboratory of Kobay (Ankara, Turkey).
The animals left under room conditions for 3
days to ensure acclimatization. They followed on
standard pellet diet and water ad libitum throughout
the experiment. A minimum of six animals were
used in each group. The study was approved by the
Institutional Animal Ethics Committee and was performed pursuant to the international rules on animal
experiments and biodiversity right.

GC and GC-MS analysis. The EO samples
were analyzed using an HP 6890-5973 GC-MSD instrument (Agilent Technologies Canada Inc., Mississauga, ON, Canada) equipped with an HP-5 capillary
column (25 m/0.25 mm i.d., 0.11 μm film thickness).
Helium was used as the carrier gas at 1.0 mL/min
flow rate. The column oven temperature was programmed starting from 50 ºC (0.5 min) to 250 ºC, at
a heating rate of 4ºC/min. After 10 min of hold time
at 250ºC the temperature program was continued at
10 ºC/min to 290 ºC for 15 min. The split-injector
and MS-transfer line were at 260 ºC and 280 ºC, respectively. The MSD was operated in electron impact ionization mode at 70 eV electron energy. Samples were injected by splitting at a ratio of 1:10 [32].
Compounds were identified based on mass spectra,
referring to NIST98 and WILEY275 mass spectral
libraries, and by comparing measured retention index (RI) values of components with literature data
[35]. The quantitative area-percent measurements
were based on peak-areas from the GC-MS data [33].

Preparation of test samples for bioassay.
Test samples were prepared in an ointment base consisting of glycol stearate, 1,2 propylene glycol, liquid
paraffin (3:6:1) in 1% concentration. Test ointments
were topically applied (0.5 g) to the wounded site.
The vehicle group animals were treated only with the
ointment base, and the reference group animals were
treated with 0.5 g of Madecassol® (Bayer,
00001199).
Test samples were orally given to test animals
after being suspended in a mixture of distilled H2O
and 1% Tween 80 in the ant-inflammatory activity
assay. In the control group, the drug treatment was
replaced with appropriate volumes of dosing vehicle.
Indomethacin (10 mg/kg) in 1% Tween 80 was used
as a reference drug.

Dynamic Headspace (SPME). A 65 μm
Stableflex DVB/CAR/PDMS fiber assembly was
pre-conditioned for SPME by desorbing in the GC
injector for a few hours. The conditioning process
was repeated if residual contaminant peaks were
seen in blank analyses. Headspace SPME was
performed on a commercially available sampling
stand (Supelco, Inc., USA) equipped with a revolvertype vial receptacle and a holder cartridge for the
manual SPME device, which was placed on a hot
plate. The 4 ml vials with fresh 0.8 g samples were
placed in the receptacle. After the samples were
equilibrated for 60 min at the desired temperature
(about 55 °C), they were extracted by headspace with
an SPME fiber for 30 min. After extraction, the

Wound healing activity. Circular excision
wound model. The animals were anaesthetized with
0.02 cc Xylazine (%2 Alfazyne®) and 0.08 cc Ketamin (%10 Ketasol®) 7KH PLFH¶V EDFN KDLUV ZHUH
depilated and a circular wound was created on the
dorsal interscapular region of each animal by excising the skin with a 5-mm biopsy punch (Nopa instruments, Germany). The wounds were left open [37].
Test samples, the reference drug (Madecassol®,
Bayer) and the vehicle ointments were topically applied daily until the wound completely healed. The
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was measured at 590 nm (Beckmann Dual Spectrometer; Beckman, Fullerton, CA, USA). A mixture of
distilled water and 0.5% CMC was orally given to
the control groups, and they were treated as described above.

progressive changes in the wound area were monitored by a camera (Fuji, S20 Pro, Japan) every two
days, and the wound evaluated using AutoCAD program. Wound contraction was calculated in proportion to the reduction in the wound area. A sample of
the wounded tissue was isolated from the healed skin
in each group for histopathological examination
[38,39].

Statistical data analysis. The data were analyzed using the one-way analysis of variance
(ANOVA). The significance threshold was determined to be p 1R VWDWLVWLFDO WHVWV ZHUH SHU
formed for the histopathologic data since they were
nonparametric.

Linear incision wound model. The nimals
were anaesthetized with 0.05 cc Xylazine (%2
Alfazyne®) and 0.15 cc Ketamin (%10 Ketasol®)
[40]. The hairs on the dorsal part were shaved and
cleaned with 70% alcohol. Two 5cm-length linearparavertebral incisions were made using a sterile
blade on the shaved skin at a distance of 1.5 cm from
the dorsal midline on each side. Three surgical sutures were placed at 1 cm intervals. The ointments
were topically applied on the wounds daily throughout 9 days. All the sutures were removed on the final
day and tensile strength of treated skin was measured
using a tensiometer (Zwick/Roell Z0.5, Germany)
[39-42].

RESULTS
Table 1 volumetrically and gravimetrically
shows the essential oil yields of M. communis obtained by hydro-distillation. The highest rate of oil
yield (0.55%) was obtained from the berries.
TABLE 1
Essential oil yields of berries and leaves of M.
communis (%)
Oil Yields ( % )
Sample
Volumetric Gravimetric
( mL/100
( w/w )
g)
M. com- Berries
0.55
0.29
munis L.
M. com- Leaves
0.36
0.34
munis L.

Histopathology. Skin specimens were collected at the end of the experiment. Samples were
fixed in 10% buffered formalin, and processed and
blocked using paraffin. Then they were divided into
5 μm sections and stained with hematoxylin & eosin
(HE) and Van Gieson (VG) stains. The tissues were
examined by light microscope (Olympus CX41 attached Kameram® Digital Image Analyze System)
and graded as mild (+), moderate (++) and severe
(+++) for epidermal or dermal re-modeling. Re-epithelization or ulcus in epidermis, fibroblast proliferation, mononuclear and/or polymorphonuclear cells,
and neo-vascularization and collagen depositions in
dermis were analyzed for epidermal or dermal remodeling. Van Gieson-stained sections were analyzed for collagen deposition. At the end of the examination, all the wound healing processes were
combined and staged for wound healing phases as
inflammation, proliferation, and re-modeling in all
groups.

Table 2 shows the composition of the essential
oil obtained from myrtle berries and leaves using hydro-distillation. The main compounds were D-pinene, ȕ-myrcene, limonene, eucalyptol, linalool, Dterpineol and geranyl acetate. A major compound, DPinene, is contained most abundantly in leaves with
a rate of 34.85%. On the other hand, the highest
amounts of limonene (9.76%), eucalyptol (5.94%),
linalool (18.47%) and geranyl acetate (5.87%) in
leaves. Berries were found to contained D-pinene
(5.64%), eucalyptol (35.73%), linalool (20.20%) and
D-terpineol (20.93%). Table 2 lists the characteristics of 34 compounds, constituting between 92.50%
and 95.87% of the chromatogram area. Chromatograms areas of the unidentified compounds were between 4.13% and 7.50%.
Table 3 shows the total composition of the essential oils found in the berries and the leaves of M.
communis E\630(7KHPDMRUFRPSRXQGVZHUHĮSLQHQH ȕ-myrcene, '3-carene, cymene, limonene,
HXFDO\SWROĮ-RFLPHQHȕ-ocimene and linalool. The
rate of eucalyptol was higher in the berries (30.79%)
than in the leaves (6.16%). In addition, the rate of Dpinene was higher in the berries (24.24%) than in the
leaves (13.31%). A total of 43 compounds were

Anti-inflammatory activity. Acetic acid-induced increase in capillary permeability. The effect of the test samples on the increased vascular permeability induced by acetic acid in mice was determined using Whittle method [43], with some modifications [44]. Test samples were orally applied to
the mice in 0.2 ml/20 g body weight. Thirty minutes
after the administration, Evans blue in saline solution
was injected (i.v.) to the tails of each animal, held for
10 min, and then 0.5% (v/v) acetic acid was injected
(i.p.). After 20 min, the mice were killed by dislocation of the neck, and their viscera were exposed to
and irrigated with distilled water. 0.1 N NaOH solution was added and absorption of the final solution
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identfied during SPME. The total amount of the uncharacterized compounds varied between 2.82% and
6.86%.
TABLE 2
Composition1) rates of essential oils of M. communis obtained by the hydrodistillation method
Nr.

RI

Compounds2)

Berries

Leaves

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

918
926
936
948
949
978
989
999
1010
1019
1021
1029
1031
1039
1045
1046
1056
1087
1088
1099
1177
1190
1193
1263
1290
1332
1334

0.26
5.64
0.48
0.22
0.35
0.23
1.16
35.73
2.51
1.06
0.47
0.79
0.51
20.20
1.27
20.93
0.64
-

0.71
0.17
34.85
0.03
0.05
0.19
1.42
0.16
0.27
0.14
0.28
9.76
5.94
0.51
1.28
0.40
0.88
18.47
0.10
3.33
0.47
3.55
0.06
0.12
0.19

28

1349

-

0.05

29
30
31
32
33
34

1356
1371
1391
1413
1420
1448

isobutyl isobutanoate
D-thujene
D-pinene
D-fenchene
camphene
ȕ-pinene
ȕ-myrcene
D-phellandrene
3-carene
D-terpinene
cymene
limonene
eucalyptol
D-ocimene
Phenylacetaldehyde2)
ȕ-ocimene
F-terpinene
D-terpinolene
cymenene
linalool
4-terpineol
D-terpineol
estragole
linalyl acetate
anethole
myrtenyl acetate
methyl geranate
2-hydroxycineole acetate
D-terpinyl acetate
neryl acetate
geranyl acetate
methyl eugenol
caryophyllene
D-caryophyllene3)

0.55
1.26
0.28
0.53
0.22

0.83
1.44
5.87
0.36
0.30
0.32

Total identified compounds

95.87

92.50

Total unidentified
compounds

4.13

7.50
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munis in the circular excision wound model. The closure of wound was significant for the animals treated
using this n-hexane extract with a rate of 49.19% on
day 10, and using the essential oil from the fruit with
a rate of 32.48% on day 8, and with a rate of 60.08%
on day 10, respectively.
TABLE 3
Percent composition1) of EOs of M. communis
obtained by the SPME method
Nr.
1
2
3
4
5
6
7
8
9
10
11
12

1) peak area percents from total eluted components
on GC-MS
2) identified by MS and retention index (RI) data
from the literature [35]
3) identification was based on MS-data only
This study investigated the wound healing activity of the n-hexane and acetone extracts and essential oils obtained from the berries and leaves of M.
communis using linear incision and circular excision
wound models to verify the claimed traditional use
of the plant on a scientific base. It also assessed the
histopathologic examination of the tissues treted
with the extracts and essential oils. As shown in Table 4, a significant wound healing activity was observed in the group of animals treated with the n-hexane extract and essential oil of the fruit of M. com-

1)
2)
3)

13

985

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

988
989
999
1010
1019
1021
1029
1031
1039
1045
1046
1056
1087
1088
1099
1109
1141
1177
1190
1193
1263
1290
1332
1334
1356
1371
1391
1413
1420
1448

Compounds2)
Toluene
hexanal
2-hexenal
3-hexen-1-ol
2-hexen-1-ol
1-hexanol
isobutyl isobutanoate
D-thujene
D-pinene
camphene
benzaldehyde
ȕ-pinene
2,2,4,6,6-pentamethylheptane
D-myrcene
ȕ-myrcene
D-phellandrene
3-carene
D-terpinene
cymene
d-limonene
eucalyptol
D-ocimene
benzeneacetaldehyde
ȕ-ocimene
F-terpinene
D-terpinolene
isoprlopenyl toluene
linalool
1,3,8-p-menthatriene
allo-ocimene
4-terpineol
D-terpineol
estragol
linalyl acetate
anethole
myrtenyl acetate
methyl geranate
D-terpinenyl acetate
neryl acetate
geranyl acetate
methyleugenol
caryophyllene
D-caryophyllene 3)
Total identified compounds
Total unidentified
compounds

Berries
0.14
0.42
0.65
1.08
0.93
0.31
24.24
0.44
0.32

Leaves
0.07
0.28
2.71
0.75
0.93
0.68
0.97
0.15
13.31
0.05
0.05
0.11

0.29

0.53

4.71
0.45
1.29
0.54
3.85
7.97
30.79
1.45
0.18
2.55
0.74
1.28
0.46
4.33
0.34
0.89
0.34
0.68
0.26
0.15
0.67
0.12
0.33
0.18

0.10
8.00
0.42
0.25
0.49
1.30
13.74
6.16
2.92
4.90
0.49
1.33
13.12
0.06
0.7
0.61
1.92
15.69
0.11
0.09
0.17
0.30
0.69
2.26
0.31
0.25
0.21

93.14

97.18

6.86

2.82

peak area percents from total eluted components on GC-MS
identified by MS and retention index (RI) data
from the literature [35]
identification was based on MS-data only
The increase in wound tensile strengh reveals
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800
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926
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strength of the animals treated with the fruit-n-hexane extract and leaf-essential of M. communis (Table
5). The animals treated with the essential oil from the
fruit of M. communis demonstrated an increase by
39.1% in tensile strength. On the other hand, the reference drug Madecassol® demonstrated an increase
by 50.3%.

an enhanced healing by indicating the collagen content deposition [45]. The tensile strength of the incised wound was remarkably increased in the animals treated with the ointment prepared with the essential oil of M. communis berries. A moderate but
insignificant enhancement was observed in tensile

TABLE 4
The effect of the extracts and essential oils from M. communis on circular excision wound model
Material
Vehicle
Negative Control
n-Hexane
Fruit

Acetone
Essential oil
n-Hexane

Leaf

Acetone
Essential oil

Madecassol®

Wound area r S.E.M. (Contraction %)
0
2
4
19.62 ±2.43
15.82 ± 1.89
21.03 ± 2.43
(0.6)
20.86 ± 2.29
19.35 ± 2.08
15.91 ± 1.93
18.49 ± 2.27
13.96 ± 2.05
20.45± 2.35
(5.8)
(11.8)
18.45 ± 1.80
14.25 ± 1.95
20.36 ± 2.49
(5.9)
(9.9)
17.48 ± 1.46
13.38 ± 1.74
20.53 ± 2.27
(10.9)
(15.4)
19.75 ± 2.52
14.17 ± 2.14
20.26 ± 2.50
(10.4)
19.71 ± 2.43
15.09 ± 2.21
20.37 ± 2.39
(4.6)
18.64 ± 2.16
14.07 ± 1.92
20.19 ± 2.41
(4.9)
(11.1)
16.43 ± 1.28
10.21 ± 0.96
20.49 ± 2.23
(16.3)
(35.5)*

6
11.27 ± 1.74
(8.5)
12.31 ± 1.44
9.06 ± 1.65
(19.6)
9.23 ± 1.88
(18.0)
8.97 ± 1.27
(20.4)
9.89 ± 1.81
(12.2)
10.16 ± 1.68
(9.9)
9.71 ± 1.81
(13.8)
4.02 ± 0.63
(64.3)**

8
7.39± 1.35
(7.9)
8.02 ± 1.55
5.23 ± 1.48
(29.2)
5.82 ± 1.74
(21.2)
4.99 ± 1.18
(32.5)*
6.38 ± 1.46
(13.7)
6.73 ± 1.40
(8.9)
5.74 ± 1.44
(22.3)
1.50 ± 0.51
(79.7)***

10
4.96 ± 0.49
(4.8)
5.21 ± 1.06
2.52 ± 0.63
(49.2)*
3.97 ± 0.72
(19.9)
1.98 ± 0.41
(60.1)**
4.06 ± 0.56
(18.2)
4.64 ± 0.33
(6.5)
3.72 ± 0.38
(25.0)
0.00±0.00
(100.0)***

* p < 0.05; ** : p < 0.01; *** : p < 0.001; S.E.M.: Standard error of the mean
Percentage of contraction values: Vehicle group was compared with Negative control group; Test groups
and the reference material were compared with vehicle group

FIGURE 1
Histopathological view of wound healing and epidermal/dermal re-modeling in
the test material administered animals

4424



Volume 26 ± No. 7/2017 pages 4420-4428

© by PSP

Fresenius Environmental Bulletin

120 μm for figures in A, and the original magnification was x 400 and the scale bars represent 40 μm for
B. The data represent 6 animals per group: 1) Vehicle group, 2) Negative Control group, 3) M. communis fruit n-hexane extract, 4) M. communis fruit
acetone extract, 5) M. communis fruit essential oil, 6)
M. communis leaf n-hexane extract, 7) M. communis
leaf acetone extract, 8) M. communis leaf essential
oil 9) Madecassol®
Arrows are pointing the events during wound
healing: s= scab, u= ulcus, re= re-epithelization, f=
fibroblast, c= collagen, mnc= mononuclear cells,
nv= neovascularization.

Figure 1 shows the results of the histopathological analysis. The histological examination showed
that the rate of original tissue regeneration was much
higher in the skin wound treated with essential oil
ointment and Madecassol® without any edema, congestion or inflammation. In the vehicle and negative
control groups, the speed of dermal modeling was
very slow.
This study also examined the effect of the extracts and essential oils from the fruit and leaves
from M. communis on the inflammatory phase of
wound healing. As shown in Table 6, an inhibitory
activity was observed for the essential oil at the dose
of 100 mg/kg obtained from the fruit of M. communis, with the highest inhibitory value of 28.5%.

DISCUSSION AND CONCLUSIONS
TABLE 5
Effect of the extracts and essential oils from M.
communis on linear incision wound model
Material
Vehicle
Negative Control
n-Hexane
Fruit
Acetone
Essential oil
n-Hexane
Leaf
Acetone
Essential oil
Madecassol®

Statistical
Mean ± S.E.M.
10.13 ± 1.91
11.04 ± 2.17
12.97 ± 2.09
12.53 ± 2.18
14.09 ± 1.77
12.18 ± 2.25
12.11 ± 2.16
12.30 ± 2.15
15.23 ± 1.45

Maxia et al. [46], reported the topical antiinflammatory effect of M. communis essential oil.
They indicated that essential oil acted as an antiinflammatory by reducing leukocyte migration to the
damaged tissue. This activity was demonstrated
using croton oil induced ear edema and
myeloperoxidase (MPO) activity in mice, as well as
cotton pellet induced granuloma, and serum tumor
necrosis factor-alpha (TNF-alpha) and interleukin-6
(IL-6) in rats [46]. The M. communis extracts were
also indicated to have an antioxidant effect [47].
Both activities were proven to contribute to the
wound healing process.
Essential oils are known for their antimicrobial
potential. A recent research reported that M. communis essential oil was an effective antimicrobial
agent against persistent endodontic microorganisms
[48]. Anitimicrobial activity is very important to prevent microbial infections in the wound healing
phases. The essential oil of M. communis can have
an antimicrobial effect on the wound area and contribute to a proper healing. Eucalyptol, the major
compound of the essetial oil in the berries of M. communis in the present study, was previously reported
to be the major compound of the essential oil of a
plant with a wound healing activity, Croton adamantinus Müll. Arg., which is traditionally used as
wound healing agent in Brazil [49]. A more recent
study on eucalyptol demonstrated its anti-inflammatory and antioxidant activities, indicating its preventive effects on chronic inflammatory diseases [50].
The previously published articles emphasized
the roles of monoterpenoid compounds such as Į-piQHQH OLPRQHQH DQG Į-terpineol, regarding their
wound healing potential [36,51,52]. In this study, the
Į-Terpineol showed wound healing [53] and anti-inflammatory activities by inhibiting the COX enzyme
and IL production [54] and NF-ȀE SURPRWLQJ WKH
down-regulation of IL-ȕH[SUHVVLRQ>@DQG,/-6
formation [56] and decreasing the TNF-Į DQG 12
production [57]. This study revealed that the terpenoid compounds in the essential oil of M. communis
can accelerate the wound healing process.

(Tensile
strength %)
8.2
28.0
23.7
39.1***
20.2
19.5
21.4
50.3***

* : p < 0.05; ** : p < 0.01; *** : p < 0.001; S.E.M.: Standard error of the mean
Percentage of tensile strength values: Vehicle group was
compared to Negative control group; Test groups and the
reference material were compared to vehicle group

TABLE 6
Inhibitory effect of the test materials on acetic
acid-induced capillary pemeability model
Material

Evans blue concentration (Pg/ml)
r S.E.M.

Inhibition
(%)

12.28 r 1.36

-

100

10.61 r 1.51

13.6

100

10.17 r 1.24

17.2

100

8.78 r 1.08

28.5*

100

11.13r 1.29

9.4

100

10.40r 1.48

15.3

100

9.96 r 1.19

18.9

10

7.17 r 0.81

41.6***

Dose
(mg/
kg)

Control

Fruit

Leaf

Indometasin

n-Hexane
Acetone
Essential oil
n-Hexane
Acetone
Essential oil

* : p < 0.05; ** : p < 0.01; *** : p < 0.001;
S.E.M.: Standard error of the mean

Skin sections show the hematoxylin & eosin
(HE) stained epidermis and dermis in A, and the dermis stained with Van Gieson (VG) in B. The original
magnification was x 100 and the scale bars represent

4425



© by PSP

Volume 26 ± No. 7/2017 pages 4420-4428

[11] Rastogi, R.P. and Mehrotra, B.N. (1993) Compendium of Indian Medicinal Plants (19801984), Central Drug Research Institute Lucknow, Vol. 3, Publications and Information Directorate, CSIR, New Delhi, p. 444.
[12] Martin, T., Rubio, B., Villaescusa, L., Fernandez, L. and Diaz, A.M. (1999) Polyphenolic
compounds from pericarps of Myrtus communis,
Pharmaceut Biol, 37(1), 28-31.
[13] Montoro, P., Tuberoso, C.L., Piacente, S., Perrone, A., Feo, V.D., Cabras, P. and Pizza, C.
(2006) Stability and Antioxidant activity of Polyphenols in extracts of Myrtus communis L., J
Pharm Biomed Anal, 41, 1614-1619.
[14] Akin, M., Aktumsek, A. and Nostro, A. (2010)
Antibacterial activity and composition of the essential oils of Eucalyptus camaldulensis Dehn.
and Myrtus communis L. growing in Northern
Cyprus, Afr. J. Biotechnol., 9(4), 531-535.
[15] Diaz, A.M. and Abeger, A. (1987) Phenolic
compounds of the seeds of Myrtus communis L.,
Plant Med Phytother, 21(4), 317-322.
[16] Alem, G., Mekonnen Y., Tiruneh, M. and Mulu,
A. (2008) In vitro antibacterial activity of crude
preparation of myrtle (Myrtus communis) on
common human pathogens, Ethiop Med J,
46(1), 63-69.
[17] Al-Saimary, I.E., Bakr, S.S., Jaffar, T., Al-Saimary, A.E., Salim, H. and Al-Muosawi, R.
(2002) Effects of some plant extracts and antibiotics on Pseudomonas aeruginosa isolated from
various burn cases, Saudi Med J, 23(7), 802805.
[18] Antonella, D., Giovanna, B., Paola, M., Antonio
Mario, P.G., Mario, C., Bruno, T., Bianca, P.,
Antonio, M., Leonardo Antonio, S., Guido, F.
and Anna Lucia, Z.S. (2007) In vitro activity of
essential oil of Myrtus communis L. against Helicobacter pylori, Int J Antimicrob Agents,
30(6), 562-563.
[19] Curini, M., Bianchi, A., Epifamo, F., Bruni, R.,
Torta, L. and Zambonelli, A. (2003) In vitro antifungal activity of essential oils of Erigeron
Canadensis and Myrtus communis from France,
Chem Nat Comp, 30(2), 191-194.
[20] Vatan Oztopcu, P., Savaroglu, F., Iscen Filik,
C., Kabadere, S., Ilhan, S. and Uyar, R. (2011)
Antimicrobial and Antiproliferative Activities
of Homalothecium sericeum (Hedw.) Schimp.
Extracts, Fresen. Environ. Bull., 20 (2a), 461466.
[21] Deuruaz, D. and Raynaud, J. (1993) Evaluation
of the molluscicidal properties of Myrtus communis Linn., Phytother Res, 7(6), 428-430.
[22] Traboulsi, A.F., Taoubi, K., El-Haj, S., Bessiere, J.M. and Rammal, S. (2002) Insecticidal
properties of essential plant oils against the mosquito Culex pipiens molestus (Diptera: Culicidae), Pest Manag Sci., 58(5), 491-495.
[23] Ayvaz, A., Sagdic, O., Karaborklu, S. and

ACKNOWLEDGEMENT
A part of the study was presented as a poster at
European Non-Wood Forest Products (NWFPs)
Network COST Action FP1203 4th Workshop
Meeting, February, 17-19 April 2016, Antalya,
TURKEY.

REFERENCES
[1] Hsouna, B.A., Hamdi, N, Miladi, R. and Abdelkafi, S. (2014) Myrtus communis essential oil:
chemical composition and antimicrobial activities against food spoilage pathogens, Chem Biodivers.,11(4), 571-80.
[2] Davis, P.H. (1982) Flora of Turkey and the East
Aegean Islands, Vol, 7., Edinburgh University
Press, Edinburgh, 947s.
[3] Boelens, M.H. and Jimenez, R. (1992) The
chemical composition of Spanish myrtle oils, J
Essential Oil Res, 4, 349-353.
[4] Özek, T., Demirci, F. and Baúer, K.H.C. (2009)
Chemical composition of Turkish myrtle oil, J
Essential Oil Res, 12, 541-544.
[5] Baytop, T. (1999) Türkiye¶de Bitkiler ile Tedavi
(Therapy with Medicinal Plants in Turkey, past
and present), second ed. Nobel Tip Kitapevi,
østanbul.
[6] Miguel, M., Bouchmaa, N., Aazza, S.,
*DDPRXVVL)DQG/\RXVVL%  $QWÕR[L
dant, Anti-Inflammatory and Anti-Acetylcholinesterase Activities of Eleven Extracts of Moroccan Plants, Fresen. Environ. Bull., 23(6),
1379-1392.
[7] Hayder, N., Bouhlel, I., Skandrani, I., Kadri, M.,
Steiman, R., Guiraud, P., Mariotte, A.M., Ghedira, K., Dijoux-Franca, M.G. and Chekir-Ghedira, L. (2008) In vitro antioxidant and antigenotoxic potentials of myricetin-3-O-galactoside
and myricetin-3-O-rhamnoside from Myrtus
communis: Modulation of expression of genes
involved in cell defence system using cDNA microarray, Toxicol In Vitro, 22(3), 567-581.
[8] Karatas, M., Dogan, M., Emsen, B. and Aasim,
M. (2015) Determination of In Vitro Free Radical Scavenging Activities of Various Extracts
from In Vitro Propagated Ceratophyllum demersum L., Fresen. Environ. Bull., 24(9a),
2946-2952.
[9] Serce, S., Ercisli, S., Sengul, M., Gunduz, K.
and Orhan, E. (2010) Antioxidant activities and
fatty acid composition of wild grown myrtle
(Myrtus communis L.) fruits, Phcog Mag., 6, 912.
[10] Jerkovic, I., Radionic, A. and Borcic, I. (2002)
Comparative study of leaf, fruit and flower essential oils of Croatian Myrtus communis Linn.
during a one year vegetative cycle, J. Essent Oil
Res, 14(4), 266-270.
4426



Fresenius Environmental Bulletin

© by PSP

Volume 26 ± No. 7/2017 pages 4420-4428

[36] Tumen, I., Suntar, I., Keles, H. and Küpeli
Akkol, E. (2012) A therapeutic approach for
wound healing by using essential oils of
Cupressus and Juniperus species growing in
Turkey, Evid. Based Complement. Alternat.
Med., Vol. 2012, Article ID 728281, 7 pages.
[37] Tramontina, V.A., Machado, M.A., Nogueira
Filho Gda R., Kim, S.H., Vizzioli, M.R. and Toledo, S. (2002) Effect of bismuth subgallate (local hemostatic agent) on wound healing in rats.
Histological and histometric findings, Brazilian
Dental Journal, 13, 11-16.
[38] Sadaf, F., Saleem, R., Ahmed, M., Ahmad, S.I.
and Navaid-ul, Z. (2006) Healing potential of
cream containing extract of Sphaeranthus indicius on dermal wounds in guinea pigs, J Ethnopharmacol, 107, 161-163.
[39] Süntar, I., Küpeli Akkol, E., Keles, H., Yesilada,
E. and Sarker, S.D. (2013) Exploration of the
wound healing potential of Helichrysum graveolens (Bieb.) Sweet: Isolation of apigenin as an
active component, J Ethnopharmacol, 149, 103110.
[40] Shetty, B.S., Udupa, S.L., Udupa, A.L. and
Somayaji, S.N. (2006) Effect of Centella asiatica L (Umbelliferae) on normal and dexamethasone-suppressed wound healing in wistar albino rats, The International Journal of Lower
Extremity Wounds, 5, 137-143.
[41] Suguna, L., Singh, S., Sivakumar, P., Sampath,
P. and Chandrakasan, G. (2002) Influence of
Terminalia chebula on dermal wound healing in
rats, Phytother Res, 16, 227-31.
[42] Lodhi, S., Pawar, R.S., Jain, A.P. and Singhai,
A.K. (2006) Wound healing potential of
Tephrosia purpurea (Linn.) Pers. in rats, J. Ethnopharmacol, 108, 204- 210.
[43] Whittle, B.A. (1964) The use of changes in capillary permeability in mice to distinguish between narcotic and non-narcotic analgesics, Brit
J Pharmacol, 22, 246-253.
[44] Yesilada, E. and Küpeli, E. (2007). Clematis vitalba L. aerial part exhibits potent anti-inflammatory, antinociceptive and antipyretic effects,
J Ethnopharmacol, 110, 504±515.
[45] Madden, J.W. and Peacock, E.E. (1971) Studies
on the biology of collagen during wound healing. 3. Dynamic metabolism of scar collagen
and remodeling of dermal wounds, Ann Surg.,
174(3), 511±520.
[46] Maxia, A., Frau, M.A., Falconieri, D., Karchuli,
M.S. and Kasture, S. (2011). Essential oil of
Myrtus communis inhibits inflammation in rats
by reducing serum IL-6 and TNF-alpha. Nat
Prod Commun., 6(10), 1545-8.
[47] Romani, A., Coinu, R., Carta, S., Pinelli,
P., Galardi, C., Vincieri, F.F. and Franconi, F.
(2004) Evaluation of antioxidant effect of different extracts of Myrtus communis L., Free Radic
Res., 38(1), 97-103.

Ozturk, I. (2008) Insecticidal activity of the essential oils from different plants against three
stored-product insects, J Insect Sci., 10(21), 113.
[24] Twaij, H. and El-Jalil, H.A. (2009) Evaluation
of Narcotic (Opioid like) analgesic activities of
medicinal plants, Europ J Sci Res., 33(1), 179182.
[25] Al-Hindawi, M.K., Al-Deen, I.H., Nabi, M.H.
and Ismail, M.A. (1989) Anti-inflammatory activity of some Iraqi plants using intact rats, J
Ethnopharmacol, 26(2), 163-168.
[26] Sepici, A., Gurbuz, I., Cevik, C. and Yesilada,
E. (2004) Hypoglycaemic effects of myrtle oil
in normal and alloxan-diabetic rabbits, J Ethnopharmacol, 93(2-3), 311-318.
[27] Dineel, A.S., Acikgoz, S., Cevik, C., Sengelen,
M. and Yesilada, E. (2007) Effects of in vivo antioxidant enzyme activities of myrtle oil in
normoglycemic and alloxan diabetic rabbits, J
Ethnopharmacol, 110 (3), 498-503.
[28] Fahim, A.B., El-Ghaithi, M., Amesh, S. and
Dhayabaran, D. (2009) Biochemical studies on
the effect of phenolic compounds extracted from
Myrtus communis in diabetic rats, Tamilnadu J
Vet Anim Sci., 5(3), 87-93.
[29] 'XNLü10%XJDULQ'*UERYLü6ûXODILü
'0*DþLü%92UþLü'-RYLQ(DQG&RX
ladis, M. (2010) Essential Oil of Myrtus communis L. as a Potential Antioxidant and Antimutagenic Agents, Molecules, 15, 2759-2770.
[30] Sumbul, S., Ahmad, M.A., Asif, M., Saud, I. and
Akhtar, M. (2010) Evaluation of Myrtus communis Linn. berries (common myrtle) in experimental ulcer models in rats, Hum Exp Toxicol,
29(11), 935-944.
[31] Elfellah, M.S., Akhter, M.H. and Khan, M.T.
(1984) Antihyperglycaemic effect of an extract
of Myrtus communis in streptozotocin-induced
diabetes in mice, J Ethnopharmacol, 11(3), 275281.
[32] Tumen, I., Hafizoglu, H., Kilic, A., Donmez,
I.E., Sivrikaya, H. and Reunanen, M. (2010)
Yields and Constituents of Essential Oil from
Cones of Pinaceae spp. Natively Grown in Turkey, Molecules, 15 (8), 5797-5806.
[33] Tumen, I. and Reunanen, M. (2010) A
comparative study on turpentine oils of
oleoresins of Pinus sylvestris L. from three
districts of Denizli, Rec. Nat. Prod., 4, 224-229.
[34] Ceker, S., Agar, G., Alpsoy, L., Nardemir, G.
and Kizil, H.E. (2013) Protective Role of
Essential Oils of Calamintha nepeta L. on
Oxidative and Genotoxic Damage Caused by
Aflatoxin B1 In Vitro, Fresen. Environ. Bull., 22
(11), 3265-3270.
[35] Adams, R.P. (2007) Identification of Essential
Oil Components by Gas Chromatography/Mass
Spectrometry, Allured Publishing: Carol
Stream, IL, USA
4427



Fresenius Environmental Bulletin

© by PSP

Volume 26 ± No. 7/2017 pages 4420-4428

M.R.V., Barreto, A.S., DeSantana, J.M., Siqueira-Lima, P.S., Quintans, J.S.S. and Quintans-Júnior, L.J. (2014) A Systematic Review of
the Wound-Healing Effects of Monoterpenes
and Iridoid Derivatives, Molecules, 19, 846862.

[48] Nabavizadeh, M., Abbaszadegan, A., Gholami,
A., Sheikhiani, R., Shokouhi, M., Shams, M.S.
and Ghasemi, Y. (2014) Chemical constituent
and antimicrobial effect of essential oil
from Myrtus communis leaves on microorganisms involved in persistent endodontic infection
compared to two common endodontic irrigants:
An in vitro study, J Conservative Dentistry,
17(5), 449-453.
[49] Ximenes, R.M., de Morais Nogueira, L., Cassundé,
N.M., Jorge,
R.J., dos
Santos,
S.M., Magalhães, L.P., Silva, M.R., de Barros
Viana, G.S., Araújo, R.M., de Sena, K.X., de
Albuquerque, J.F. and Martins, R.D. (2013) Antinociceptive and wound healing activities of
Croton adamantinus Müll. Arg. essential oil, J
Nat Med., 67(4), 758-64.
[50] Juergens, U.R. (2014) Anti-inflammatory properties of the monoterpene 1.8-cineole: current
evidence for co-medication in inflammatory airway diseases, Drug Res, 64 (12), 638-646.
[51] Adams, S. and Thrash, T.P. (2010) Methods for
wound treatment and healing using limonenebased compositions. International Application
WO2010/062933 A1, Patent Cooperation
Treaty.
[52] Amirghofran, Z., Hashemzadeh, R., Javidnia,
K., Golmoghaddam, H. and Esmaeilbeig, A.
(2011) In vitro immunomodulatory effects of
extracts from three plants of the Labiatae family
and isolation of the active compound, J. Immunotoxicol., 8, 265±273.
[53] Villegas, L.F., Marçalo, A., Martin, J., Fernández, I.D., Maldonado, H., Vaisberg, A.J. and
Hammond, G.B. (2001) (+)-epi-Į-Bisbolol is
the wound-healing principle of Peperomia galioides: Investigation of the in vivo wound-healing activity of related terpenoids, J. Nat. Prod.,
64, 1357±1359.
[54] Kawata, J., Kameda, M., and Miyazawa, M.
(2008) Cyclooxygenase-2 inhibitory effects of
monoterpenoids with a p-methane skeleton, Int.
J. Essent. Oil Ther., 2, 145-148.
[55] Hassan, S.B., Gali-Muhtasib, H., Göransson, H.
and Larsson, R. (2010) Alpha terpineol: A potential anticancer agent which acts through suppressing NF-kappaB signaling, Anticancer Res.,
30, 1911-1919.
[56] Held, S., Schieberle, P. and Somoza, V. (2007)
,GHQWLILFDWLRQ RI Į-terpineol as an anti-inflammatory component of orange juice by in vitro
and ex vivo studies. In Recent Highlights in Flavor Chemistry & Biology, 8th ed.; In Proceedings of the Wartburg Symposium on Flavor
Chemistry and Biology, Eisenach, Germany, 27
February±2 March 2007; Deutsche Forschungsanstalt für Lebensmittelchemie: Garching, Germany, pp. 239-244.
[57] Barreto, R.S.S., Albuquerque-Júnior, R.L.C.,
Araújo, A.A.S., Almeida, J.R.G.S., Santos,

Received:
Accepted:

25.11.2016
12.06.2017

CORRESPONDING AUTHOR
Esra Akkol
Gazi University, Faculty of Pharmacy, Department
of Pharmacognosy, 06330, Ankara, Turkey
e-mail: esrak@gazi.edu.tr



4428



Fresenius Environmental Bulletin

© by PSP

Volume 26 ± No. 7/2017 pages 4429-4445

Fresenius Environmental Bulletin



FIXED-BED COLUMN SORPTION OF ANTIMONY(III) BY
POROUS COMPOSITE OF IRON OXIDES AND CARBON
WITH EUCALYPTUS WOOD MICROSTRUCTURE
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2

pneumoconiosis [1-3] 'XH WR DQWLPRQ\¶V WR[LFLW\
antimony and its compounds have been listed as priRULW\SROOXWDQWVHDUO\LQWKH¶VE\WKH(XURSHDQ
Union [10] and the United States Environmental
Protection Agency [11], which should be eliminated
and controlled [1, 2, 8]. For antimony in drinking
water, the maximum permissible concentrations are
6 and 10μg/L according to the USEPA and EU
standards, respectively. The China drinking water
standard for antimony is 5μg/L, which is the same as
the value recommend by the World Health Organizations (WHO) [8, 12].
For centuries, the largest emission source into
the environment is the antimony mining and smelting. China is one of the biggest country in the antimony reserves and production in the world [5, 6],
and large amount of antimony has been discharged
into the environment as a consequence of inappropriate treatment and disposal of antimony-containing
solid wastes and wastewaters in mining and smelting,
which has caused serious environmental pollution [6,
12]. Environment and human health problems
caused by Sb have been also reported in Australia,
Bangladesh and Japan [5, 6]. Antimony is one of the
least investigated toxic metals and researches on antimony pollution control are also very lack [7].
Different technologies, such as sorption, sorption in a ¿xed-bed column, ion exchange, reduction
and precipitation, membrane ¿ltration, reverse osmosis, etc., have been developed to treat antimonycontaining wastewaters [4, 7, 13-20]. Due to its simplicity and a lesser amount of harmful byproducts,
the sorption technology is usually considered as one
of the most efficient methods to separate and remove
antimony from wastewaters [21-24]. One of the difficulties faced by the sorption technique is to develop
effective and low cost sorbents that could remove antimony from aqueous solutions [25]. Knowledge
about the application of the sorption technology in
the removal of Sb from wastewater is also very little
in literatures [7, 26-40]. Generally, grinding of
sorbents can increase their sorption capacity and
speed. However, due to potential clogging, extremely fine particles of sorbents are not applicable
to be used in column sorption. Therefore, an objective of many researches is to find the optimal sorbent
that can be packed in column to remove toxic metals

$%675$&7
The fixed-bed column sorption-desorption of
antimony(III) by porous composite of iron oxides
and carbon with eucalyptus wood microstructure
was experimentally studied. The breakthrough
curves indicated that a larger sorbent mass and a
smaller sorbent grain size prolonged the column life
span. The increased influent concentration and flow
rate caused the column exhaustion to occur earlier.
The solution pH and operating temperature had negligible influence. All breakthrough curves could be
well predicted with the Thomas, Yoon±Nelson and
Clark models. The equilibrium sorption capacity
reached 18.47 mg/g, which was near the predicted
value of 18.64 mg/g according to the Thomas model.
The sorption capacity of the unpulverized material as
a novel filtration sorbent is comparable to fine particles of the pulverized material, synthetic and natural
iron oxides.

KEYWORDS:
Fixed-bed column sorption; Antimony (III); Biomorph-genetic magnetic composite; Iron oxide; Carbon; Eucalyptus
wood microstructure

,1752'8&7,21
Antimony (Sb) is an important industrial material and is widely used as additives in the manufacture of chemicals ceramic enamels, retardant paint,
battery grids, glassware, etc. [1-4]. Nevertheless,
significant antimony pollution in surface water has
been caused by its excessive exploitation and overuse [5, 6]. It exists widely in environment due to diverse industries and natural processes [3, 7], and is a
potentially harmless and carcinogenic heavy metal
[8]. The toxic effect of Sb is generally dependend on
its oxidation state [7, 9]. In environments, Sb occurs
in different valence states (3-, 0, 3+, and 5+), and
mainly as inorganic Sb5+ and Sb3+ in water. The toxicity of Sb3+ is ten times bigger than that of Sb5+ [4,
9]. Some compounds of antimony are harmful to human body and long-term exposure to such antimony
compounds can stimulate respiratory tract then cause
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[41-44].
The porous composite of Fe3O4/Fe2O3/C (PCFe/C) has been developed using eucalyptus wood as
microstructural biotemplate and confirmed to be effective for sorption of antimony through batch experiments [45]. Nevertheless, the sorption parameters gained from batch experiments are usually not
applicable to column operations. And so, it is still
needed to carry out equilibrium studies by using
fixed-bed columns [46]. The main purpose of the
present work is to investige the effectiveness of
using PC-Fe/C for the column sorption of Sb(III)
from aqueous solution. The effects of influent initial
concentration, flow rate, influent pH, sorbent mass,
sorbent grain size and operating temperature on antimony(III) sorption by the PC-Fe/C-packed column
were studied. The Thomas, Yoon±Nelson, Adams±
Bohart, Wolborska and Clark models were used to
fit the performance.

microscopy (Jeol JSM-6380LV, Japan Electron Optics Ltd.).
&ROXPQH[SHULPHQWV6RUSWLRQ)RUWKHUDSLG
VPDOOVFDOHFROXPQWHVW 566&7 IRXUFROXPQVZLWK
D OHQJWK RI  PP DQG DQ LQQHU GLDPHWHU RI 
PPZHUHHPSOR\HG$SODVWLFPHVKDQGILEUHJODVV
ZHUHSXWDWWKHFROXPQERWWRPDQGWRSWRVXSSRUWWKH
VRUEHQW DYRLG WKH VRUEHQW ORVV DQG PDLQWDLQ GHQVH
GHJUHHRIWKHVRUEHQWGXULQJWKHVRUSWLRQSURFHVV$
SUHGHVLJQHG ZHLJKW RI WKH 3&)H& VRUEHQW ZDV
SDFNHG LQWR HDFK FROXPQ %HIRUH WKH H[SHULPHQW
VWDUWHGWKHVRUEHQWSDFNHGLQWKHFROXPQZDVZHWWHG
ZLWKXOWUDSXUHZDWHULQGRZQZDUGIORZGLUHFWLRQWR
ZLWKGUDZWKHWUDSSHGDLUDPRQJWKHSDUWLFOHV6WRFN
VROXWLRQ RI  PJ/ 6E ,,,  ZDV SUHSDUHG E\ GLV
VROYLQJ  J SRWDVVLXP DQWLPRQ\ WDUWUDWH
.6E2ā&+2  LQ  P/ RI ZDWHU 7KH 6E ,,, 
ZRUNLQJ VROXWLRQ ZDV FRQWLQXRXVO\ IHG GRZQZDUG
LQWRWKHFROXPQE\DSHULVWDOWLFSXPS %/'*
&KDQJ]KRX3UH)OXLG7HFKQRORJ\&R/WG&KLQD 
$WUHJXODUWLPHLQWHUYDOV (20 min) in all the sorption
WKH HIIOXHQW ZDV FROOHFWHG DQG ILOWHUHG WKURXJK D
ȝPPHPEUDQHILOWHU7KHVDPSOHGHIIOXHQWZDV
WKHQSUHVHUYHG ZLWKDFLGLILFDWLRQDQGVWRUHGDW&
XQWLO PHWDO DQDO\VLV7KH UHVLGXDO 6E FRQFHQWUDWLRQ
ZDV GHWHUPLQHG E\ XVLQJ DQ DWRPLF IOXRUHVFHQFH
VSHFWURPHWU\ 6$%HLMLQJ7LWDQ,QVWUXPHQWV&R
/WG&KLQD 
The sorption experiments were carried out with
predesigned PC-Fe/C columns and different influent
Sb(III) concentrations to investigate the influence of
the operating condition on sorption removal capacity. The effects of influent flow rate, initial Sb(III)
concentration, influent pH, sorbent mass, sorbent
grain size and operating temperature were studied.
The stock solution of Sb(III) was diluted to 10, 20,
30 and 50 mg/L and the influent pH was adjusted to
2, 5 and 8 to investigate the ability of PC-Fe/C in
removing Sb(III) from different solutions. The flow
rate of Sb(III) solution was adjusted to 3.434, 5.136,
10.27 and 15.41 mL/min to examine the influence of
influent flow rate. For evaluation of the effect of
sorbent mass, the PC-Fe/C amounts were varied according to different weights (1, 2, 3, and 4 g or 0.85
cm, 1.69 cm, 2.54 cm and 3.38 cm in bed depth) and
were packed in separate columns. The PC-Fe/C
sorbent was ground and sieved to the various sizes
of 20~40mesh (0.841~0.4mm), 40~60mesh
(0.4~0.25mm),
60~80mesh
(0.25~0.177mm),
80~100mesh (0.177~0.149mm) or <100mesh
(<0.149mm) to investigate the effect of sorbent grain
size. 25°C, 35°C or 45°C were chosen to study the
effect of temperature.


0$7(5,$/6$1'0(7+2'6
6RUEHQW SUHSDUDWLRQ DQG FKDUDFWHUL]DWLRQ
7R LQFUHDVH WKH FRQQHFWLYLW\ DPRQJ FHOOXODU DQG
SRUHV RI WKH ELRWHPSODWHV HIIHFWLYHO\ (XFDO\SWXV
ZRRG FKLSV (30×10×3 mm3) as ELRWHPSODWHV ZHUH
ILUVWO\ERLOHGLQDPPRQLDVROXWLRQIRUVL[KRXUV
WRH[WUDFWIDWVIDWW\DFLGWURSRORQHVJXPVHWF7KH
ZRRGFKLSVZHUHZDVKHGZLWKSXUHZDWHUDQGGULHG
DW&IRURQHGD\$IWHUWKDWWKHZRRGFKLSVDIWHU
H[WUDFWLRQWUHDWPHQWZHUHVRDNHGLQDprecursor solution of 1.2 mol/L )H 12 LQDELQDU\  ZD
WHUHWKDQROVROYHQWPL[WXUHDW&IRUGD\V7KH
VRDNHGZRRGFKLSVZHUHWKHQWDNHQRXWIURPWKHprecursor DQGGULHGDW&IRURQHGD\This VRDNLQJdrying process was repeated three times. 7KH
VRDNHGGULHG ZRRG FKLSV were ILQDOO\ heated in a
muffle furnace gradually to & at &PLQ DQG
WKHQ kept at & for 3 hours. After cooling WRURRP
WHPSHUDWXUHWKHSRURXVFRPSRVLWHRI)H2)H2&
3&)H& ZLWKHXFDO\SWXVZRRGKLHUDUFKLFDOPLFUR
VWUXFWXUHwas obtained.
An Element Analyzer (EA2400II, PerkinElmer) was used to determine the chemical composition of the prepared Fe3O4/Fe2O3/C sorbent (PCFe/C). The specific surface area of PC-Fe/C was
measured by the Brunauer-Emmett-Teller (BET)
method using a Quantachrome NOVAe1000. The
prepared PC-Fe/C sorbent was also analyzed with an
X-ray diffractometer (X'Pert PRO, PANalytical
B.V.) and identified by comparing the obtained pattern to the standards of the International Center for
Diffraction Data (ICDD). The FT-IR spectra from
4000 to 400 cm-1 were recorded in a form of KBr
pellets using a FT-IR spectrophotometer (Nicolet
Nexus 470, Thermo Fisher Scientific Inc.). Additionally, the morphology of the prepared PC-Fe/C
sorbent was observed by using a scanning electron

Desorption. 0.50 g of the PC-Fe/C material
(<100mesh) was first agitated (150 rpm) with 50 mL
of 20mg/L Sb(III) solution of pH 8 by a thermostatic
water bath oscillator for 1h at 35°C. And then, the
Sb(III)-saturated sorbent was taken out and agitated
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UHSUHVHQWWKHLQIOXHQWDQGHIIOXHQW6E ,,, FRQFHQWUD
WLRQV UHVSHFWLYHO\ > @7KH DSSOLFDWLRQ RI WKH
FROXPQ VRUSWLRQNLQHWLF PRGHOVLVHVVHQWLDOWRSUR
YLGHIXUWKHUGHVFULSWLRQRIWKHFROXPQSHUIRUPDQFH
RUWRHYDOXDWHWKHVWUHQJWKVDQGZHDNQHVVHVIRUWKH
FXUUHQWVRUEHQWDQGFROXPQGHVLJQ7KHFROXPQSD
UDPHWHUVVKRZWKHPRVWLPSRUWDQWHIIHFWVRQWKHFRO
XPQ SHUIRUPDQFH DQG RSWLPXP RSHUDWLRQ IDFWRUV
WKDW FRQWULEXWHG WR WKH HIIHFWLYH UHPRYDO RI 6E ,,, 
LRQV +HQFH VXLWDEOH SDUDPHWHUV DUH LPSRUWDQW IRU
WKH FROXPQ RSHUDWLRQ WR DFKLHYH RSWLPXP SHUIRU
PDQFH$GGLWLRQDOO\ WKH WKHRUHWLFDO PRGHOV FDQ EH
DSSOLHGWRWKHH[SHULPHQWDOGDWDWRIXUWKHUGHVFULEH
WKHVRUSWLRQ PHFKDQLVP %HFDXVHWKH VRUSWLRQ SUR
FHVV LV QRW DW D VWHDG\ VWDWH DV WKH LQIOXHQW IORZV
WKURXJKWKHIL[HGEHGFROXPQXQGHUSUHGHVLJQHGRS
HUDWLQJFRQGLWLRQVLWLVQRWHDV\WRH[SUHVVWKHG\
QDPLFEHKDYLRURIVRUEDWHLQWKHFROXPQ+RZHYHU
WKHPRGHOLQJRIGDWDKDVEHHQPDGHLQWKLVZRUNXV
LQJ WKH PDWKHPDWLFDO PRGHOV VXFK DV WKH 7KRPDV
<RRQ±1HOVRQ$GDPV±%RKDUW:ROERUVNDDQG&ODUN
PRGHOVZKLFKZHUHFRQVWUXFWHGWRGHVFULEHDQGSUH
GLFW WKH G\QDPLF EHKDYLRU RI WKH EUHDN WKURXJK
FXUYHVDQGKDYHEHHQXVHGE\YDULRXVDXWKRUV>@
7KHWKHRUHWLFDOSUHGLFWHGSRLQWV OLQHV ZLWKWKHILYH
PRGHOVZHUHVXSHUSRVHGRQWKHEUHDNWKURXJKFXUYHV
RIWKHH[SHULPHQWDOUHVXOWV SRLQWV 
The Thomas model is among the models commonly selected to conduct prediction of the breakthrough results [49]. The Thomas model has the following linearized form:
ªC
º k q m
(5)
ln « o 1» = Th e  k Th C o t
Q
¬ Ct
¼

(150 rpm) for 1h at room temperature with 50 mL of
0.1mol/L desorption solvent (NaOH, NaHCO3, NaCl
or H2O). Based on the result, the optimized desorption solvent was chosen for further column investigation. In each stage, the liquid was decanted from
the settled solid material and analyzed for Sb(III).
Three sorption±desorption cycles were accomplished in a continuous fixed-bed column. The
Sb(III) working solution was first continuously fed
downward into the column by a peristaltic pump.
The influent initial concentration, the influent flow
rate, the influent, the sorbent mass, the sorbent grain
size and temperature were controlled at 20 mg/L,
Q=5.136 mL/min, pH=8, m=2 g, <100 mesh and
T=35°C, respectively. At the time interval of 20min,
the effluent was collected, filtered and analyzed.
When the effluent reached the exhaustion point (the
exhaustion concentration = 18mg/L), the feeding of
the Sb(III) working solution was stopped. Then,
0.1mol/L NaOH solution as desorption solvent was
continuously fed upward into the column by a peristaltic pump. At the time interval of 20min, the effluent was also collected, filtered and analyzed. The
effect of desorption solvent concentration, influent
rate and temperature was studied.
0DWKHPDWLFDO GHVFULSWLRQ RI IL[HGEHG FRO
XPQVWXGLHV7KHWRWDOVRUEHG6E ,,,  TWRWDO E\WKH
FROXPQFDQEHFDOFXODWHGE\LQWHJUDWLQJWKHSORWRI
WKHVRUEHG6E ,,, FRQFHQWUDWLRQ &DG &R&W DJDLQVW
WKHIORZWLPH W 7KHDUHD $ XQGHUWKLVLQWHJUDWHG
SORWLVVXEVWLWXWHGLQ(T  WRGHWHUPLQHTWRWDO
QA
Q t t total
qtotal (mg) =
(1)
Cad dt
³
1000 1000 t 0
The total amount of Sb(III) flowing through the
column (mtotal) can be calculated with Eq.(2).
C Qt
mtotal (mg) = o total
(2)
1000
where, the ttotal and Q represent the total flow
time (min) and the volumetric flow rate (mL/min),
respectively.
The total removal percentage of Sb(III) can be
used to evaluate the column performance, as expressed in Eq.(3).
Total removal percentage (Y) = q total u 100

where kTh is the Thomas rate constant
(mL/min·mg) and qe is the column maximum sorption capacity (mg/g), which can be determined from
a plot of ln[(Co/Ct@í@DJDLQVWWDWDJLYHQIORZUDWH
The Yoon±Nelson model is known to be a simple theoretical model because less column data is
needed to construct the model, and it is suitable for
the single component system [49]. The linearized
equation can be described as:

ª Ct º
ln «
» = kYN t  ĲkYN
¬ Co - C t ¼

(3)

in which, kYN is the rate constant (1/min) and Ĳ
is the time required for 50% sorbate breakthrough
(min), which can be obtained from the plot of
ln[Ct/(Co-Ct)] versus t. The linearized Yoon±Nelson
equation is similar to the linearized form of the
Thomas model.
The Clark model combines the mass transfer
concept with the Freundlich equation:

m total

The column maximum sorption capacity, also
known as the equilibrium metal ion uptake (qe), is
calculated using Eq.(4).
q
qe (mg/g) = total
(4)
x
in which, x is the unit mass of sorbent packed
in the column.

ª C
º
ln «( t )1 n  1» = lnA -rt
¬ Co
¼

6RUSWLRQ PRGHOLQJ IRU IL[HG EHG FROXPQ
VWXGLHV *HQHUDOO\ WKH EUHDNWKURXJK FXUYH RI WKH
FRQWLQXRXV IL[HG EHG V\VWHP FDQ EH H[SUHVVHG DV
&W&R YHUVXV WKH IORZ WLPH W  LQ ZKLFK &R DQG &W
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TABLE 1
Parameters of the Thomas model and the Yoon±Nelson model using linear regression analysis and the
equilibrium Sb(III) uptake (qe) and the total removal percentage (Y) for Sb(III) sorption to PC-Fe/C under different conditions.
Operating condition

Thomas model

Influent
concentr.
Co

Flow
rate Q

Sorbent
mass x

Sorbent
grain
size

Operating
temp.
T

mg/L

mL/min

g

mesh

°C

10

5.136

2

<100

35

8

20

5.136

2

<100

35

30

5.136

2

<100

35

Influent
pH

Yoon±Nelson model

kTh

qe,calc

qe,exp

Y

kYN

Ĳcalc

Ĳexp

ǻĲ/Ĳexp

t1,calc

t1,exp

t2,calc

P/PLQƒPJ

mg/g

mg/g

%

min-1

min

min

%

min

min

min

min

0.00203

11.38

11.33

80.96

0.0203

442

449

1.49

298

312

551

531

8

0.00112

18.64

18.47

74.16

0.0224

363

366

0.95

199

166

461

469

0.9479

8

0.00094

19.92

19.13

68.03

0.0283

259

238

8.67

115

106

336

346

0.9584

t2,exp

0.9785

50

5.136

2

<100

35

8

0.00076

12.58

12.33

58.19

0.0379

98

105

6.63

-23

<5

156

141

0.9182

20

3.434

2

<100

35

8

0.00112

14.56

14.35

76.67

0.0224

424

419

1.22

260

255

522

531

0.9876

20

5.136

2

<100

35

8

0.00112

18.64

18.47

74.16

0.0224

363

366

0.95

199

166

461

469

0.9479

20

10.27

2

<100

35

8

0.00112

26.58

25.71

68.03

0.0225

259

249

3.95

96

112

357

357

0.9719

20

15.41

2

<100

35

8

0.00142

27.48

25.79

58.19

0.0283

178

155

15.05

49

53

256

266

0.9399

20

5.136

1

<100

35

8

0.00147

21.73

21.06

67.23

0.0293

212

198

6.84

87
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FIGURE 1
XRD patterns of the PC-Fe/C sorbent prepared with eucalyptus wood biotemplate.
ªC º
Z
(8)
ln « t » = k ABC o t  k AB N o
Uo
¬ Co ¼
where the kAB represents the Adams±Bohart kinetic constant (L/mg min). The Z and No are the bed
depth of column (cm) and the saturation concentration (mg/L), respectively. The Uo is the linear velocity (cm/min) determined from the calculation of volumetric flow rate over the bed section area.

where n is the Freundlich constant, A is the
constant of the Clark model (min) and r is the sorption rate (mg/L·min).
The Adams±Bohart model is usually selected
for the prediction of the breakthrough for the initial
part of the sorption process. The model can be described as Eq.(8):
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(widths 0.1~1.3 ȝP , respectively (Figure 2). The
extracting pre-treatment could obviously increase
the interpore connectivity.

The Wolborska model can also be used to describe the breakthrough for the initial part of the
sorption dynamics with Eq.(9):
ªC º ȕ C
ȕ Z
(9)
ln « t » = a o t  a
N
Uo
C
o
¬ o¼

&ROXPQVRUSWLRQ(IIHFWRILQIOXHQWFRQFHQ
WUDWLRQ 7KH LQLWLDO FRQFHQWUDWLRQV RI 6E ,,,  ZHUH
YDULHGWRDQGPJ/WRILQGWKHRSWLPXP
SHUIRUPDQFHRIWKHFRQWLQXRXVIL[HGEHGFROXPQDW
P/PLQIORZUDWH:LWKWKHLQFUHDVHLQLQLWLDO
6E ,,,  FRQFHQWUDWLRQV WKH HTXLOLEULXP XSWDNH RI
6E ,,, LRQVZDVREVHUYHGWRLQFUHDVH )LJXUH7D
EOH   7KH XQVRUEHG PHWDO FRQFHQWUDWLRQV DW WKH
HTXLOLEULXPDOVRVKRZHGLQFUHDVHGYDOXHVDORQJZLWK
WKHKLJKHULQLWLDOFRQFHQWUDWLRQV7KLVLQGLFDWHGWKDW
WKH EHG VDWXUDWHG IDVWHU ZKHQ D ODUJH DPRXQW RI
6E ,,, LRQVZHUHLQWURGXFHGWRWKHVRUEHQWFROXPQ
,QWKHSORWRIWKH6E ,,, EUHDNWKURXJKFXUYHDOOIRXU
LQLWLDOFRQFHQWUDWLRQVH[SHULHQFHGH[KDXVWLRQ)URP
WKHREVHUYDWLRQWKH3&)H&LVOLNHO\WREHIDYRUDEOH
IRU6E ,,, VRUSWLRQ)RUWKHKLJKHUORDGRIPHWDOLRQV
WKHFROXPQSHUIRUPDQFHVZHUHUDSLGLQLWLDOO\DQGUH
PDLQHGFRQVWDQWDWWKHHTXLOLEULXPDIWHUWKHUHPRYDO
HIILFLHQF\VWDUWHGWRGHFUHDVH
The breakthrough happened gradually and the
breakthrough curves were dispersed at smaller influent Sb(III) concentrations. The sharper breakthrough
curves appeared as the influent Sb(III) concentrations increased (Figure 3). The breakthrough (Ct=0.5
mg/L) at an influent Sb(III) concentration of 50
mg/L occurred after <5min (<25.68mL of effluent
solution) while the breakpoint time (Ct=0.5 mg/L) at
an influent Sb(III) concentration of 10mg/L appeared after 312min (1602.43mL of effluent solution) (Table 1). The breakthrough time increased
with decreasing influent Sb(III) concentration since
the sorption sites in the fixed-bed became more
slowly saturated. A increased influent Sb(III) concentration caused an early breakpoint time and the
treated volume was the smallest at the highest influent Sb(III) concentration because the higher concentration gradient resulted in a faster transport as a consequence of an increased mass transfer coefficient or
increased diffusion coefficient, i.e., the difference
between the Sb(III) concentration in the solution and
the Sb(III) concentration on the sorbent is the driving
force for sorption [51]. A larger concentration difference gives a larger driving force for sorption and results in a larger sorption capacity of the column fed.
Additionally, the availability of the Sb(III) ions for
the sorption sites was more at larger influent
Sb(III)concentration.
The equilibrium Sb(III) uptake (qe) and the total Sb(III) removal percentage (Y) are also showed
in Table 1. The initial Sb(III) concentration in the influent can affect the sorption to some extent. The
equilibrium sorption capacities (qe,exp) were 11.33
mg/g, 18.47 mg/g, 19.13 mg/g and 12.33 mg/g for
the influent Sb(III) concentrations of 10 mg/L, 20
mg/L, 30 mg/L and 50 mg/L, respectively. The total
Sb(III) removal percentages decreased from 80.96%

ZKHUHȕa is the kinetic coefficient of the external mass transfer (1/min). The Wolborska expression
is the same as the Adams±Bohart equation when
kAB=ȕa/No.
5(68/76$1'',6&866,21
&KDUDFWHUL]DWLRQ RI WKH VRUEHQW The elemental compositions of Fe, O, C and H for the prepared )H2)H2& (PC-Fe/C) material were determined to be about 62.51~65.37%, 20.46~20.52%,
10.73~10.96% and 3.04~5.52%, respectively. The
BET surface area ofWKHXQSXOYHUL]HG3&)H&was
determined to be 59.2 m2/g, which ZDVFRPSDUDEOH
WRWKRVHIRUV\QWKHWLFRUQDWXUDOO\RFFXUULQJLURQR[
LGHV >@. 7KH ;5' FKDUDFWHUL]DWLRQ LQGLFDWHG WKDW
WKH 3&)H& VRUEHQW ZDV FRPSRVHG RI PDJQHWLWH
)H2 KHPDWLWH Į)H2 DQGFDUERQ )LJXUH 

FIGURE 2
SEM result of the PC-Fe/C sorbent prepared
with eucalyptus wood biotemplate.
The PC-Fe/C sorbent preserved the microstructure of eucalyptus wood perfectly (Figure 2). Pores
of three different sizes were retained from the wood
biotemplate, i.e., macropores, mesopores and micropores, which originated from vessels (widths
70~120 ȝP , fibre pores (widths 4.1~6.4 ȝP and
pits on the walls of the vessels and fibre pores
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This indicated that the bed has been saturated faster
when higher amounts of Sb(III) ions were introduced
into the column reactor [46, 47, 54].

to 58.19% with the increasing influent Sb(III) concentration from 10 to 50 mg/L. This indicated that
the equilibrium Sb(III) uptake (qe,exp) increased from
11.33 mg/g to 19.13 mg/g with the increasing influent Sb(III) concentration from 10 to 30 mg/L. While
a further increase of the influent Sb(III) concentration to 50mg/L negatively affected the sorption capacity. At a lower Sb(III) concentration in the feed,
the inflow sorbate molecules were commensurate to
the active sites on the surface of the sorbent. While
on the contrary, outrageous inflow of Sb(III) ions
(>30 mg/L) outstripped the limited available active
sites on the sorbent surface. Increase in the influent
Sb(III) concentration increased the concentration
gradient which has also been found by other researchers to overcome mass transfer resistance as
well as increasing the sorption capacity [52, 53].

Effect of influent flow rate. The flow rate of
metal solution into the column is among the parameters that influence the removal capacity of the bed
column [49, 54]. An increase in the influent flow rate
into the sorption column was synonymous with an
increase in mass flow [53]. The flow rates (Q) were
varied to 3.434, 5.136, 10.27 and 15.41 mL/min for
the column. The sorption data versus flow rate were
plotted in Figure 4, and the equilibrium Sb(III) uptake (qe) and the total Sb(III) removal percentage (Y)
are showed in Table 1.

FIGURE 3
Effect of influent concentration on breakthrough curve for Sb(III) sorption removal by the PC-Fe/C
sorbent prepared with eucalyptus wood template (flow rate: 5.136 mL/min; pH: 8; sorbent mass: 2g;
sorbent grain size: <100mesh; operating temperature: 35°C).

FIGURE 4
Effect of influent flow rate on breakthrough curve for Sb(III) sorption removal by the PC-Fe/C sorbent
prepared with eucalyptus wood template (influent Sb(III) concentration: 20 mg/L; pH: 8; sorbent mass:
2g; sorbent grain size: <100mesh; operating temperature: 35°C).
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with the decreased flow rate. Hence, at the beginning
of operation, the sorption was incomplete and led to
steep breakthrough result [49, 54].
As indicated in Figure 4 and Table 1, at the lowest flow rate of 3.434mL/min, comparatively the
larger equilibrium Sb(III) uptake value (q e) was observed for Sb(III) sorption to the PC-Fe/C at the beginning of operation. However, as the operation processed, the effluent Sb(III) concentration would
quickly rise to the influent Sb(III) concentration and
the bed in the PC-Fe/C column became saturated
with Sb(III). The breakpoint time decreased with increasing flow rate. Much sharper breakthrough

For the lowest flow rate applied in the columns
system, 3.434 and 5.136 mL/min, the breakthrough
curves in the column (Ct/C0) were observed to have
a gradual curve than the 10.27 and 15.41 mL/min.
While for the highest flow rate, 15.41 mL/min, the
breakthrough curve (Ct/C0) of Sb(III) was seen to increase drastically at the initial part of the operation
(Figure 4).The maximum sorption capacity of the
columns decreased with the decreased influent flow
rates. At the equilibrium, the un-sorbed Sb(III) concentrations were seen to be high and increased according to the flow rates. The influent flow rate significantly influenced the contact time between the
sorbate and sorbent, which was comparatively long

FIGURE 5
Effect of influent pH on breakthrough curve for Sb(III) sorption removal by the PC-Fe/C sorbent prepared with eucalyptus wood template (influent Sb(III) concentration: 20 mg/L; flow rate: 5.136 mL/min;
sorbent mass: 2g; sorbent grain size: <100mesh; operating temperature: 35°C).

FIGURE 6
Variation of the Sb(III) species distribution with solution pHs (Sb=20mg/L, 35°C).
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at various pH values of 2.0, 5.0 and 8.0 to investigate
the effects of the pH variation on Sb(III) sorption in
the PC-Fe/C column using a plot of dimensionless
concentration (Ct/C0) versus time (t) (Figure 5). The
variations of the equilibrium Sb(III) uptake (qe) and
the total Sb(III) removal percentage (Y) with the influent pH obtained from the column system researches were also given in Table 1. The sorption removal of Sb(III) was more efficient at the influent
pHs of 5 and 8 than pH 2. The equilibrium Sb(III)
uptakes were 17.79 mg/g at influent pH 2, 18.59
mg/g at the influent pH 5 and 18.47 mg/g at pH 8,
respectively. As shown in Figure 5 and Table 1, the
times needed for the 50% sorbate breakthrough (Ĳexp)
were 365 min, 365 min and 366 min at the influent
pHs of 2, 5 and 8, respectively. This means that the
breakthrough curves were not affected by the influent pH, i.e., the breakthrough curves shifted not obviously with an increasing influent pH in the present
work.
The sorption of Sb(III) ions was greatly dependent on the solution pH because it can affect not
only the solubility of the metal ions, but also the ionization state of all functional groups existing on the
sorbent surface at the same time. It was observed
from the graph of the variation of the concentrations
of the antimony(III) species with pH obtained using
the PHREEQC program that Sb(III) exists as neutral
molecules, i.e., HSbO20 and Sb(OH)30 species, at the
comprehensive region of pH 3~10, accounting for
more than 99 per cent of the total Sb(III) in solution
(Figure 6). In more acidic solution of pH<3 Sb(III)
exists as monovalent ions [SbO+, Sb(OH)2+] while in
more alkaline solution of pH>10, it exists as antimonite ions [H2SbO3- or Sb(OH)4-] [31, 38]. Additionally, when Fe2+and Fe3+are present in water, they will
hydrolyze as follows: Fe2+ + H2O = Fe(OH)2 + H+ or
Fe3+ + H2O = Fe(OH)3 + H+. Consequently, with the
increase in the concentration of H+, the pH decreased
from 8.00 to 4.84 (Figure 6), which will in turn make
the balance of the reactions from the right to the left.
Since ion hydroxides are colloids, and it is benefit to
purify the wastewater, so the removal efficiency decreased as the concentration of ion hydroxides decreased, which is also one reason for the low sorption
capacity at pH 2 [38]. The competition for the sorption sites between H+ and the cationic Sb species
[SbO+ and Sb(OH)2+] might also result in a lower
sorption capacity at pH<2~3 [31]. On the other hand,
the competition for the binding to the sorbent surface
between OH- and the dominant anionic Sb species
[SbO2- and Sb(OH)4-] might cause a slightly decrease
in sorption capacity at higher pH (pH 8) [31]. Similar
results have also been reported for Sb sorption on
some other sorbents [31, 57-59]. The sorption of
Sb(III) shows no noteworthy variation in the pH
range between 3 and 8. A similar pH-dependence of
Sb(III) sorption on Fe-oxide-rich red earth soils in
the pH range of 3~10 was also reported [40, 60].

curve was obtained by the PC-Fe/C at a higher flow
rate At the slow flow rate of 3.434mL/min, the
breakthrough time was elongated as compared to the
higher flow rate of 15.41mL/min. Although longer
residence time experienced at lower flow rates allow
for diffusion of the Sb(III) ions, the qe value rose
from 14.35mg/g to 25.79mg/g with the flow rate increasing from 3.434mL/min to 15.41mL/min, because the total Sb(III) influent volume at the exhausting point Ct/C0=0.9 increased from 1823 mL to 4099
mL, i.e., the total amounts of inlet Sb(III) were
36.47, 48.18, 73.33 and 81.98 g at the flow rates of
3.434, 5.136, 10.27 and 15.41 mL/min, respectively.
Early saturation of sorption column sorbent bed was
associated with higher mass transfer coefficient emanating from higher flow rate. So lower flow rate
would enhance the sorption of Sb(III) on the PCFe/C bed and slower the breakthrough, i.e., a decrease in the flow rate would significantly increase
the breakthrough time reaching saturation (Figure 4,
Table 1).
Figure 4 and Table 1 indicated also that the removal efficiency was higher at lower flow rate.
Sb(III) had a longer time in contact with sorbent at a
low influent flow rate, which caused a greater removal of Sb(III) ions in the PC-Fe/C column. The
total sorbed Sb(III) quantity also decreased from
76.67% to 58.19% with increasing flow rate from
3.434mL/min to 15.41mL/min. Meanwhile, the
breakthrough curves become steeper and the column
operation reached the breakthrough rapidly. The reason is that the contact time between the sorbate and
the sorbent was decreased and the rate of mass transfer increased at a higher flow rate, i.e. the amount of
Sb(III) sorbed onto unit bed depth (mass transfer
zone) increased with increase in flow rate resulting
in faster saturation and early breakthrough [46, 51].
The speed of the influent remarkably affected
the contact between the sorbate and sorbent. This can
be described by the fact that the residence of the
sorbate was more at lower flow rate and so, the
sorbent had longer time to bind metal ions effectively [49, 54]. In other words, the Sb(III) influent
might leave the column before the equilibrium
reached, if the residence time of Sb(III) ions in the
PC-Fe/C column was not long enough to reach the
sorption equilibrium at a particular flow rate. The
sorbent attained saturated easily at a high flow rate.
Hence, the sorption was incomplete and resulted in
steep breakthrough curves at the beginning of operation [54, 55].
Effect of influent pH. The influent pH is one
of the most important parameters affecting the sorption capacity and efficiency. The sorption mechanism from aqueous solution onto the sorbent surface
is related to the solution pH, which reflects the character of the physic-chemical interaction between the
adsorptive sites of sorbent and the species in solution
[34, 56]. The Sb(III) sorption experiment was made
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influence on the removal of Sb(III). Previous researches also indicated that the uptake of Sb(III) by
hydroxyapatite (at pH from 5 to 10) [28] or by goethite (at pH from 2 to 12) or by the hematite modified
magnetic nanoparticles (at pH from 3 to 11) was not
obviously affected by solution pH. Thus, considering
the surface sites as Lewis acids, the interaction of
Sb(III) with magnetite and hematite in the PC-Fe/C
sorbent would be strong and thus the complexation
could remain stable over a broader pH range [35].

Speciation of antimony in solution showed that it existed as oxyanions like Sb(OH)30 in the pH range of
2~12. Surface charge of Fe3O4 powder became positive under such pH. Sorption of oxyanions on oxide/hydroxide surfaces in acidic aqueous environment is primarily driven by columbic attraction between positively charged surface of oxides/hydroxides and negatively charged oxyanions.
Clearly, the solution pH of 3~10 had negligible

FIGURE 7
Effect of sorbent mass on breakthrough curve for Sb(III) sorption removal by the PC-Fe/C sorbent prepared with eucalyptus wood template (influent Sb(III) concentration: 20 mg/L; flow rate: 5.136 mL/min;
pH: 8; sorbent grain size: <100mesh; operating temperature: 35°C).

FIGURE 8
Effect of sorbent grain size on breakthrough curve for Sb(III) sorption removal by the PC-Fe/C sorbent
prepared with eucalyptus wood template (influent Sb(III) concentration: 20 mg/L; flow rate: 5.136
mL/min; pH: 8; sorbent mass: 2g; operating temperature: 35°C).

4437



© by PSP

Volume 26 ± No. 7/2017 pages 4429-4445

Fresenius Environmental Bulletin


treatment volume of the Sb(III) influent as well as
gave a prolonged breakthrough point attainment.

Effect of sorbent mass (bed depth). Less
amount of sorbent corresponds to small bed depth.
The contact time of treated water sample withdrawn
at sorbent mass (bed depth) along the bed of the column reactor varies, though the flow rates of the influents keep same [54]. To investigate the influence
of sorbent mass (bed depth) on the breakthrough
time, 20mg/L Sb(III) solution of pH 8.0 was passed
through the PC-Fe/C column at a flow rate of 5.136
mL/min by varying the sorbent mass (bed depth).
The breakthrough for both metals occurred faster
and the bed column exhausted rapider with the decreasing bed depth, i.e., the column breakthrough
time and the sorbent bed performance were strongly
affected by the bed depth [49]. The increase of
Sb(III) uptake capacity with the increase in the
sorbent mass might be due to the increased surface
area of the sorbent that would provide more binding
sites for sorption [46, 54]. The larger sorbent mass
could delay its exhaustion time, which indicated that
the PC-Fe/C bed could work for a longer time without replacing the sorbent [54, 55].
The breakthrough curves for variation in the
amount of the PC-Fe/C (sorbent mass: 1, 2, 3, 4 g or
bed depth: 0.85, 1.69, 2.54, 3.38 cm) loaded into the
sorption column on Sb(III) sorption are plotted in
Figure 7. As the sorbent mass or the bed depth was
increased, Sb(III) ions had a long time to be sorbed
onto PC-Fe/C with a higher removal efficiency.
Therefore the larger sorbent mass could result in a
decrease in the effluent Sb(III) concentration in the
same operating time. The slope of the breakthrough
curve increased with the decreasing sorbent mass resulting in a broadened mass transfer zone [46].
The sorption data were evaluated and the equilibrium Sb(III) uptake (qe) and the total Sb(III) removal percentage (Y) with respect to sorbent mass
are presented in Table 1. Both of the qe and Y values
increased with the increasing sorbent mass. As the
sorbent mass (bed depth) decreased, the bed column
exhausted quicker and the breakthrough for Sb(III)
occurred faster. The increase in sorbent mass simultaneously improved the column operation and continued to reduce the effluent concentration at the end
of the system (Table 1). The results indicated that the
throughput amount of the Sb(III) solution decreased
with decrease in sorbent mass or bed depth because
of the accessibility of more sorption sites [51]. The
equilibrium Sb(III) uptake (qe) increased with decrease in sorbent mass. This means that at larger
sorbent mass the effluent Sb(III) concentration ratios
decreased more quickly than for a smaller sorbent
mass. Furthermore, the bed was saturated in more
time for a larger sorbent mass [51]. An increase in
the amount of sorbent was accompanied with subsequent increase in the service area of the sorbent [53].
The operation area increase enhanced more contact
between Sb(III) ions and the active sites on PC-Fe/C,
thus increasing the sorption capacity. It is also interesting to note that enlarged service area increased the

Effect of sorbent grain size. Effect of sorbent
grain size was investigated with various sorbent
grain sizes, while the other conditions were kept constant (Figure 8, Table 1). The sorption of antimony
was highly dependent on the sorbent grain size. The
equilibrium sorption capacities [qe,exp] were
8.30mg/g, 10.13mg/g, 11.73mg/g, 15.10mg/g and
18.47mg/g for the sorbent grain sizes of 20~40mesh
(0.841~0.4mm),
40~60mesh
(0.4~0.25mm),
60~80mesh
(0.25~0.177mm),
80~100mesh
(0.177~0.149mm) and <100mesh (<0.149mm), respectively. The total Sb(III) removal percentages increased from 60.98% to 74.16% with the decreasing
sorbent grain sizes. As the sorbent grain sizes decreased, flatter breakthrough curves were obtained.
A decreased sorbent grain size resulted a later breakthrough time and the influent volume treated was the
largest for the smallest grain size (<100mesh or
<0.149mm). The breakpoint time increased with decreasing grain size because the sorbent surface area
increased and the sorption sites were more slowly to
be occupied in the PC-Fe/C column. The times required for 50% Sb(III) breakthrough (Ĳexp) were
found to be 146 min, 192 min, 212 min, 289 min and
366 min for the sorbent grain sizes of 20~40mesh,
40~60mesh,
60~80mesh,
80~100mesh
and
<100mesh, respectively (Table 1).
Effect of operating temperature. The breakthrough curves for the Sb(III) sorption by PC-Fe/C
at different temperatures and their sorption capacities are depicted in Table 1. The equilibrium sorption
capacities (qe,exp) were 18.83mg/g, 18.47mg/g and
18.67mg/g at the temperatures of 25, 35 and 45°C,
respectively. The times required for 50% sorbate
breakthrough (Ĳexp) were 341 min, 366 min and 355
min at the temperatures of 25, 35 and 45°C, respectively. This means that the breakthrough curves were
not significantly affected by the operating temperature, i.e., the breakthrough curve shifted not obviously with the variation of the operating temperature.
The temperature had no significant influence on
Sb(III) sorption, which has also been observed for
the sorption removal of Sb(III) from water by using
grey and red Erzurum clay at different temperatures
between 10 and 40°C [34]. Therefore, the PC-Fe/C
sorbent could be used for Sb(III) removal over a
wide range of temperature.
6RUSWLRQPRGHOLQJIRUEUHDNWKURXJKFXUYH
7KH7KRPDVPRGHODQGWKH<RRQ±1HOVRQPRGHO
7KH7KRPDVUDWHFRQVWDQW N7K DQGWKHHTXLOLEULXP
6E ,,, XSWDNH THFDOF ZHUHGHWHUPLQHGE\ILWWLQJWKH
FROXPQH[SHULPHQWDOGDWDWRWKH7KRPDVPRGHO 7D
EOH Along with the experimental data points, the
curves predicted by the Thomas equation under different experimental conditions are also illustrated in
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The calculated Ĳ values (Ĳcalc) were close to the experimental results (Ĳexp). 7KHGHYLDWLRQRIĲcalc from
Ĳexp (ǻĲ/Ĳexp) was 15.05% at the influent flow rate of
15.41mL/min, while the deviation was less than 4%
under other conditions (Table 1). In comparison to
the experimental points under various experimental
conditions, the predicted curves with the Yoon±Nelson model are simultaneously illustrated in Figure 3
~ Figure 8.
The increase of the rate constant (kYN) and the
sorption capacity (qe) with the increase in the influent Sb(III) concentration is considered to be due to
the increasing competition of Sb(III) ions for the
sorption sites on the PC-Fe/C surface, which finally
results in the increase of the Sb(III) uptake rate [51].
High correlation coefficients (R2=0.9182~0.9889)
indicate that the experimental data could be well fitted by using the Yoon and Nelson model. According
to the correlation coefficients (R2) for the Thomas
and Yoon-Nelson equations, it can be inferred that
the selected two classical models can reasonably describe the process of morph-genetic composite materials of Fe/C to sorb Sb(III). Table 1 show that the
correlation coefficient (R2) of Yoon-Nelson equation
is same as that of Thomas equation.
The Yoon-Nelson rate constants (kYN) decreased with the increase of the sorbent mass. Because of the high values of linear regression coefficients for the plotted curves of the influent flow rate
or sorbent mass (x) versus the Yoon-Nelson model
parameters [ĲTheo, t1 and t2], the breakthrough time
and failure time of the sorption breakthrough curves
can be calculated by the equations in the studied
sorbent mass range. It also can be calculated that
while the sorbent masses were 1g, 2g, 3gand 4g, the
dynamic sorption capacity were respectively
9.54mg/g, 14.91mg/g, 18.62mg/g and 21.60mg/g. It
is obvious that dynamic sorption capacity were arising with the increase in the sorbent mass, indicating
that active site on the sorbent, which was conductive
to the sorption of Sb(III), increased with the sorbent
mass increase from 1g to 4g, making an extended
time as well as a sufficient reaction for the sorption.

)LJXUHaFigure, respectively. 7KH7KRPDVUDWH
FRQVWDQWVDQGFRHIILFLHQWV 5 ZHUHGHWHUPLQHGE\
XVLQJ OLQHDU UHJUHVVLRQ 7DEOH   7KH 5 YDOXHV
UDQJHGIURPWRZKLFKLQGLFDWHGWKDW
WKHFRUUHODWLRQEHWZHHQ&W&DQGWZDVVLJQLILFDQW
7he increase in the influent 6E ,,, concentration and
VRUEHQW PDVV EHG GHSWK tended to decrease WKH
7KRPDVUDWHFRQVWDQW N7K . $VWKHLQIOXHQWflow rates
were lower than 10.27 mL/minWKHflow rates had no
effect on WKH N7K YDOXHV, while WKH N7K YDOXHV LQ
FUHDVHG ZLWK WKH LQFUHDVLQJ flow rates when they
were >10.27 mL/min. 7KHUHDVRQZDVWKDWWKHFRQ
FHQWUDWLRQGLIIHUHQFHEHWZHHQ6E ,,, LQWKHVROXWLRQ
DQG6E ,,, RQWKHVRUEHQWZDVWKHGULYLQJIRUFHIRU
VRUSWLRQ7KHUHIRUHWKHKLJKHUGULYLQJIRUFHFDXVHG
E\ WKH KLJKHU LQIOXHQW 6E ,,,  FRQFHQWUDWLRQ FRXOG
FDXVH D EHWWHU FROXPQ SHUIRUPDQFH 6R ORZHU IORZ
UDWHDQGKLJKHULQIOXHQW6E ,,, FRQFHQWUDWLRQZRXOG
LQFUHDVHWKH6E ,,, VRUSWLRQLQWKH3&)H&FROXPQ
$OWKRXJKORQJHUUHVLGHQFHWLPHH[SHULHQFHGDWORZHU
IORZUDWHVDOORZIRUGLIIXVLRQRIWKH6E ,,, LRQVWKH
YDOXHRITHLQFUHDVHGIURPPJJWRPJJ
DQG WKH YDOXH RI N7K LQFUHDVHG IURP 
P/PLQāPJ WR  P/PLQāPJ ZLWK WKH IORZ
UDWHLQFUHDVLQJIURPP/PLQWRP/PLQ
EHFDXVHWKHWRWDO6E ,,, LQIOXHQWYROXPHDWWKHH[
KDXVWLQJSRLQW&W& LQFUHDVHGIURPP/WR
P/The increase in the sorbent mass in the column identically increased the bed depth. $V WKH
VRUEHQW PDVV LQFUHDVHG IURP J WR J RU WKH EHG
GHSWKLQFUHDVHGIURPFPWRFPWKHHTXLOLE
ULXP6E ,,, XSWDNH TH LQFUHDVHGQRWDEO\ZKLOHWKH
7KRPDVUDWHFRQVWDQW N7K GHFUHDVHGIURP
WR  VLJQLILFDQWO\ )RU JLYHQ H[SHULPHQWDO
FRQGLWLRQVWKHHTXLOLEULXP6E ,,, XSWDNHYDOXHGH
WHUPLQHGIURPFDOFXODWLRQ THFDOF ZDVYHU\FORVHWR
WKDW REWDLQHG IURP H[SHULPHQW THH[S 7DEOH   It
was obvious that the predicted and the experimental
data were plotted with great consistency )LJXUHa
Figure The Thomas model is appropriate to describe the sorption process where the limiting step
will not be the external and internal diffusions.
The Yoon±Nelson model, which is considered
to be a simple theoretical model since less column
data is required to construct the model, was used to
explore the breakthrough character of the Sb(III)
sorption onto PC-Fe/C. The Yoon±Nelson rate constants (kYN) and the times required for 50% Sb(III)
breakthroXJK Ĳ were calculated (Table 1). As seen
in the table, the constants (kYN) increased with the
increasing Sb(III) influent concentration, influent pH
and flow rate. With the increase in the sorbent mass,
the Ĳ values increased while the rate constants (kYN)
decreased. Additionally, the rate constants (kYN) increased with the increase in the sorbent grain size.
The results show that the 50% breakthrough time (Ĳ)
was shortened with the increase in the influent
Sb(III) concentration and the influent flow rate, and
was extended with the increase in the sorbent mass.

The Clark model. It was confirmed that the
Freundlich model could be used to describe the
Sb(III) sorption on the PC-Fe/C powder in a previous
batch research [45]. Therefore, the parameters of the
Clark model was estimated with the Freundlich constant 1/n (0.5359, 35°C) determined in the batch experiments. The values of A and r of the Clark model
were calculated by Eq.(7) using linear regression
analysis. As the influent Sb(III) concentration and
the influent flow rate increased, the constant of the
Clark model (A) decreased and the values of the
sorption rate (r) increased. However, the constant
(A) increased and the sorption rate (r) decreased with
the increase in the sorbent mass and the decrease in
the sorbent grain size. The increase in the influent
pH could result in the increase in r and the decrease
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Wolborska model decreased from 0.0268 to 0.0093
1/min. The kinetic constants (kAB) increased with the
increasing influent pH. The kinetic coefficients ȕa)
increased with the increase in the influent flow rate
and pH, but with the decrease in the sorbent grain
size. This indicated that the external mass transfer
was the dominant kinetics in the initial part of sorption in the column system. The corresponding experimental data under various experimental conditions
were compared with the predicted curves using the
Adams±Bohart model in Figure 3 ~ Figure 8. There
was a good correlation between the predicted values
and the experimental data in the initial part of the
column sorption. The Adams±Bohart and Wolborska models were valid only for the relative concentration up to 60% breakthrough.

in A. The breakthrough curves predicted by the
Clark model according to Eq.(7) were also plotted in
Figure 3 ~ Figure 8. A comparison of the data regression with the experimental results showed that the
Clark model gave good correlation on the effects of
the flow rate (R2=0.9498~0.9912), the influent
Sb(III) concentration (R2=0.9267~0.9730), the
sorbent mass (R2=0.9571~0.9887) and the sorbent
grain size (R2=0.9544~0.9817), i.e., the fact shows
that the forecast values are almost equal to the measured ones.



The Adams±Bohart model and the Wolborska model. The Adams±Bohart and Wolborska
sorption models could be used to describe the initial
part of the breakthrough curves (Figure 3~ Figure 8).
As the influent Sb(III) concentrations increased from
Comparison of the five models. Among the five
10 mg/L to 50 mg/L, the kinetic constants kAB of the
models, the correlation coefficients (R2) for the
Adams±Bohart model decreased from 0.001470
Thomas model were the same as those for the Yoon±
L/mg·min to 0.000452 L/mg·min and the kinetic coNelson model and the correlation coefficients (R2)
efficients RI WKH H[WHUQDO PDVV WUDQVIHU ȕa) of the
for the Adams±Bohart model were the same as those
Wolborska model decreased from 0.0178 to 0.0077
for the Wolborska model. In a comparison of the ex1/min. As the sorbent mass (bed depth) increased
perimental data and the predicted curves, the
from 1 to 4g (0.85 to 3.38cm), the kinetic constants
kAB of the Adams±Bohart model decreased from
0.001095 to 0.000605 L/mg·min and the kinetic coefficients RI WKH H[WHUQDO PDVV WUDQVIHU ȕa) of the
TABLE 2
Comparison of the sorption capacity of the PC-Fe/C and various sorbents for Sb(III) removal from water.
Sorbent

pH

Initial Sb (III)
concentr.
(mg/L)

Surface
area
(m2/g)

Grain size

T (°C)

Capacity
(mg/g)

Ref.

PC-Fe/C

8

20

59.2

<0.149

35

14.35~ 25.79

This study

Granular PVA±Fe0

7.0±0.2

0~20

11.3

2.04 mm

15~35

6.99~9.40

MnOOH

<7

0.12~1.58

-

-

25

19.48

Zhao et al., 2014
Thanabalasingam and Pickering, 1990

[26]

Al(OH)3

6~7

0.12~1.58

-

-

25

5.48

Thanabalasingam and Pickering, 1990

FeOOH

6~7

0.12~1.58

-

-

25

4.02

Thanabalasingam and Pickering, 1990

[26]

Bentonite (Sigma-Aldrich, USA)

6
6.0±0.1
3.0±0.1
3.0±0.1
3.0±0.1
3~4
7.0±0.3
3.94±0.6
9
9
9
7±0.1
7±0.1
7
7
7

0.05~ 4
0.5~3
24.35~243.52
24.35~243.52
24.35~243.52
1~10
0.05~15
4.79~47.93
1.22~36.53
1.22~36.53
1.22~36.53
1~20
1~20
4
1.5
1.5

99
15.8
231
261
117
154.43
106
40.1
27.39
32.79
19.89

<50 nm
<50 nm
<50 nm

15~35
5~45
20 ± 1
20 ± 1
20 ± 1
30
25
25
20.5
20.5
20.5
25
25
25
25
25

0.37~0.56
0.13~0.22
237.43
96.19
93.76
10.919
7.05~20.68
53.0~70.1
53.45
34.09
31.41
36.7
19.9
0.33
6.23
3.01

Xi et al., 2011

[61]

Xi et al., 2016

[40]

Xu et al., 2011
Xu et al., 2011
Xu et al., 2011
Leng et al., 2012
Xi et al., 2013
Watkins et al., 2006
Guo et al., 2014
Guo et al., 2014

[63]
[63]
[63]
[32]
[62]
[29]
[36]
[36]

Guo et al., 2014
Shan et al., 2014
Shan et al., 2014

[36]
[35]
[35]

Salam and Mohamed, 2013
Yu et al., 2013
Yu et al., 2013

[7]
[37]
[37]

6.2

192.8

~20

21.60

Deorkar and Tavlarides, 1997

[27]

6
4
natural
ZDWHU¶V
7.03
7.03
7.03
5~8
6.0~8.0

10~500
10~500

powder

20
25

35.2
4.88

6DUÕHWDO
Wu et al., 2012

[31]
[33]

10~50

500 mesh

25~40

8.58~9.15

Targan et al., 2013

[34]

0.91~3.74
0.91~3.74
0.91~3.74
í
0.065

940.00
940.38
940.03

0.5~0.8
0.5~0.8
0.5~0.8

[38]
[38]
[38]
[28]

0.5-2

0.54
2.44
2.64
17.05
0.0278

Yu et al., 2014
Yu et al., 2014
Yu et al., 2014
Leyva et al., 2001

120-200

25
25
25
room
room

Ilavský, 2008

[30]

5.5~9.0

0.065

250-300

0.32-2

room

0.0850

Ilavský, 2008

[30]

Kaolinite (Sigma-Aldrich, USA)
Fe±Mn Binary Oxide (FMBO)
FeOOH
MnO2
Graphene
GRHWKLWH Į-FeOOH)
GRHWKLWH Į-FeOOH)
GRHWKLWH Į-FeOOH)
ANDJDQpLWH ȕ-FeOOH)
HHPDWLWHĮ-Fe2O3
MNP@hematite
Fe3O4
MWCNTs
Fe2O3-modified carbon nanotubes
Carbon nanotubes (CNTs)
Pyrogallol bonded sorbent (ICAAPPG)
Diatomite (SiO2·nH2O)
Freshwater cyanobacteria
Grey and red Erzurum clay
GAC
FAC-0.02
FAC-0.05
Hydroxyapatite
Iron oxide composite [>70% Fe2O3
DQGĮ-FeOOH]
Granulated ferric hydroxide [5257% Fe(OH)3 DQGȕ-FeOOH]

10~30 nm
< 50 nm
20~40 nm
10~20 nm
10~20 nm

89.2
90.4
101.7
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mg/g) [26], bentonite (0.37~0.56 mg/g) [61], kaolinite (0.13~0.22 mg/g) [40], graphene (10.92 mg/g)
[32], multi-walled carbon nanotubes (MWCNTs,
0.33 mg/g) [7], carbon nanotubes (3.01 mg/g) [37],
Fe2O3-modified carbon nanotubes (6.23 mg/g) [37],
cyanobacteria Microcystis biomass (4.88 mg/g) [33],
grey and red Erzurum clay (8.58~9.15 mg/g) [34],
granular activated carbon (GAC, 0.54 mg/g) [38],
and FeCl3-modified granular activated carbon (FAC,
2.44~2.64 mg/g) [38]. Based on the results of the
column tests at the Sb concentration of ȝJ/ and
the filtration rate of 5.3 m/h, the sorption capacities
of the iron oxide composite [>70% Fe2O3 and 90.1%
Į-FeOOH] and granulated ferric hydroxide [52-57%
Fe(OH)3 DQG ȕ-FeOOH] were observed to be
ȝJJDQGȝJJUHVSHFWLYHO\>30].
The PC-Fe/C had a same sorption capacity as
hydrous oxide of Mn (MnOOH, 19.48 mg/g) [26],
JRHWKLWH Į-FeOOH) (7.05~20.68 mg/g) [62], Fe3O4
nanopowder (19.9 mg/g) [35], pyrogallol bonded
sorbent (ICAA-PPG, 21.60 mg/g) [27], and hydroxyapatite (17.05 mg/g) [28]. Its sorption capacity was
only smaller than that of Fe-Mn Binary Oxide
(FMBO, 237.43mg/g) [63], MnO2 (93.76 mg/g)
[63], JRHWKLWH Į-FeOOH, 96.19 mg/g) [63], goethite
Į-FeOOH, 53.0~70.1 mg/g) [29], goethite ĮFeOOH, 53.45 mg/g) [36], DNDJDQpLWH ȕ-FeOOH,
34.09 mg/g) [36], hematite (Į-Fe2O3, 31.43 mg/g)
[36], hematite modified magnetic nanoparticles
(MNP@hematite, 36.7 mg/g) [35], and diatomite
(SiO2·nH2O, 35.2 mg/g) [31], most of which were
nanoparticles and are not suitable for the use as an
appropriate sorption material in a ¿xed-bed sorption
column. Normally, the finer the grain size the greater
the sorption capacity. Nevertheless, very small particle can clump together. Hence, the hierarchical porous microstructure of the PC-Fe/C prepared with

Thomas, Yoon±Nelson and Clark models could be
used to describe the behavior of the sorption process,
but the Adams±Bohart and Wolborska models did
not give the best results. Comparing the correlation
coefficients (R2) for the Thomas, Yoon±Nelson and
Clark models, the correlation coefficients (R2) for
the Thomas and Yoon±Nelson models were lower
under all conditions except at the low influent Sb(III)
concentration of 10mg/L, which were 0.9785 and
0.9730, respectively. Therefore, the Clark model was
better in describing the Sb(III) sorption process in a
PC-Fe/C column. Regarding the Adams±Bohart and
Wolborska models, they could be used to predict
only the initial part of breakthrough curves (Ct/C0
less than 0.15). But in the present work, the predicted
range was up to 0.6, and the correlation coefficients
(R2) were a little lesser than those for the Thomas,
Yoon±Nelson and Clark models under the same experimental conditions.
&RPSDULVRQRIVRUSWLRQFDSDFLW\$FRPSDUL
VRQRIVRUSWLRQFDSDFLW\RIWKH3&)H&VRUEHQWZLWK
WKRVH RI YDULRXV VRUEHQWV UHSRUWHG LQ OLWHUDWXUHV LV
SUHVHQWHGLQTable 2$VVKRZQLQWKHWDEOHWKH3&
)H&VRUEHQWKDVDVLJQLILFDQWSRWHQWLDOIRUWKHVRUS
WLRQUHPRYDORI6E ,,, IURPDTXHRXVVROXWLRQ
Sb(III) removal from water has been reported
in only a few researches, and for the antimony sorption on pure iron (hydro-)oxides, the sparsity of data
is noticeably evident. The sorption capacity of the
PC-Fe/C sorbent for Sb(III) (14.35~25.79 mg/g) was
larger than that of a polyvinyl alcohol-stabilized
granular sorbent with nanoscale Fe0 (Granular PVA±
Fe0, 8.84~9.40 mg/g) [39], hydrous oxide of Al (5.48

FIGURE 9
Effect of eluent concentration on the Sb(III) desorption efficiencies (flow rate: 5.136 mL/min; sorbent
mass: 2g; sorbent grain size: <100mesh; operating temperature: 35°C).
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Sb(III) from the PC-Fe/C sorbent was done at three
influent flow rates, i.e., 3.43mL/min, 5.14mL/min
and 10.27mL/min, under the identical conditions of
the eluent concentration of 0.1 mol/L NaOH, the
sorbent mass of 2g, the sorbent grain size of
<100mesh and the operating temperature of 35°C.
The maximum concentrations of Sb(III) in the effluent solution appeared to be 72.29 mg/L at the influent flow rates of 3.43mL/min, 54.55 mg/L at
5.14mL/min and 37.75 mg/L at 10.27mL/min after
operating for 125, 85 and 40 min, respectively. From
comparison of the elution curves, it was noted that
the total regeneration efficiencies amounted to be
80.63% at the eluent flow rates of 3.43mL/min after
the desorption operating for 240min, 66.25% at
5.14mL/min after 200min and 51.60% at
10.27mL/min after 120min, respectively, i.e., the regeneration efficiencies decrease with the increasing
eluent flow rates, while a longer desorption time was
also needed at lower flow rate.

eucalyptus wood template can have a beneficial effect on the overall sorption when the sorbent is used
without additional grinding to nanoparticles.
&ROXPQGHVRUSWLRQDQGUHJHQHUDWLRQ(IIHFW
RIGHVRUSWLRQHOXHQWElution of the Sb(III) (sorbate)
from the 3&)H& sorbent was done using four different eluents, i.e., 0.1mol/L 1D2+ 0.1mol/L 1D
+&2 0.1mol/L 1D&O DQG 0.1mol/L +2 The results obtained with four different eluents indicated
that the use of 0.1mol/L 1D2+ appeared to be more
effective than others. 7KH GHVRUSWLRQ HIILFLHQFLHV
ZHUH    DQG  IRU
0.1mol/L 1D2+0.1mol/L1D+&20.1mol/L1D&O
DQG 0.1mol/L +2 UHVSHFWLYHO\ Of the reagents
tested in the batch study to desorb Sb(III) that was
already sorbed on the 3&)H& sorbent, 0.1 M NaOH
was found to be the most suitable one. The high effectiveness of 0.1 M NaOH in desorbing Sb(III) is
due to the lowest Sb(III) sorption at very high pHs
(pH>10) produced by this alkaline reagent>@. $V
LQGLFDWHGSUHYLRXVO\(Figure 6)6E ,,, H[LVWVDVDQ
WLPRQLWHLRQV>+6E2RU6E 2+ @LQPRUHDONDOLQH
VROXWLRQVDWS+!>@ZKLOHDQHJDWLYHVXUIDFH
RI the 3&)H& sorbent formed at the same time,
which resulted in a desorption of 6E ,,,  IURP the
3&)H& sorbent. 7KHUHIRUH 1D2+ LV XVHG DV GH
VRUSWLRQVROXWLRQLQWKHIROORZLQJFROXPQUHJHQHUD
WLRQVWXG\

Effect of operating temperature. The column
elution of Sb(III) from the PC-Fe/C sorbent was
done at three temperatures, 25°C, 35°C and 45°C,
under the identical conditions of the eluent concentration of 0.1 mol/L NaOH, the influent flow rate of
5.136 mL/min, the sorbent mass of 2g and the
sorbent grain size of <100mesh. The maximum
Sb(III) concentrations in the effluent appeared to be
58.46 mg/L at the temperature of 25°C, 54.55 mg/L
at 35°C and 55.70 mg/L at 45°C after operating for
80, 85 and 80 min, respectively. From comparison of
the elution curves, it was noted that the total regeneration efficiencies amounted to be 67.85% at the
temperature of 25°C after the desorption operating
for 200min, 66.25% at 35°C after 200min and
64.99% at 45°C after 200min, respectively, i.e., the
regeneration efficiencies increased only slightly with
the decreasing operating temperature. Obviously, the
operating temperature had negligible effect on the
desorption of Sb(III).

Effect of desorption eluent concentration.
The column desorption of Sb(III) from the PC-Fe/C
sorbent was tested at various inlet concentrations of
NaOH, i.e., 0.01, 0.1 and 1.0 mol/L under the identical conditions of the influent flow rate of 5.136
mL/min, the sorbent mass of 2g, the sorbent grain
size of <100mesh and the operating temperature of
35°C. The result obtained for three different NaOH
concentrations is plotted in Figure 9. The maximum
Sb(III)concentrations in the effluent appeared to be
72.71 mg/L for 1.0M NaOH, 54.55 mg/L for 0.1M
NaOH and 41.63 mg/L for 0.01M NaOH after operating for 90, 85 and 65 min, respectively. From comparison of the elution curves, it was noted that the
total regeneration efficiencies after the desorption
operating for 200min amounted to be 99.79% for
1.0M NaOH, 66.25% for 0.1M NaOH and 44.17%
for 0.01M NaOH, respectively, i.e., the regeneration
efficiencies increase with the increasing eluent concentration. This increase may be due to the fact that
during the time of desorption with 1M NaOH the
surfaces of the sorbents became more negative, and
the percentage of H2SbO3- or Sb(OH)4- species of
Sb(III) in more alkaline solutions also increased.
Nevertheless, 0.1M NaOH may be more suitable as
eluent in terms of the amount of eluent used in the
real elution process and severe problems caused by
disposal of a higher basic waste.



&21&/86,216
The PC-Fe/C sorbent can be employed to remove Sb(III) from wastewater efficiently. The increase in sorbent mass (bed depth) and the decrease
in sorbent grain size considerably affected the column performance by decelerating the exhaustion
time and improved the column quality. The total removal percentage of Sb(III) could be increased with
the increase in sorbent mass. However, the increase
in the influent flow rate and the influent Sb(III) concentration tended to accelerate the column exhaustion. The solution pH and operating temperature had
negligible effects on the column removal of Sb(III).
The Thomas, Yoon±Nelson and Clark models
showed a very good correlation for the Sb(III) experimental data (R2>0.9), which shows that the models

Effect of flow rate. The column elution of
4442



© by PSP

Volume 26 ± No. 7/2017 pages 4429-4445

Fresenius Environmental Bulletin


Chemical Engineering Journal 270, 205-214.
[5] He, M. (2007) Distribution and phytoavailability of antimony at an antimonymining
and smelting area, Hunan, China. Environmental Geochemistry and Health 29, 209-219.
[6] He, M., Wang, X., Wu, F., Fu, Z. (2012)
Antimony pollution in China. Science of the
Total Environment 421-422, 41-50.
[7] Salam, M.A. and Mohamed, R.M. (2013)
Removal of antimony (III) by multi-walled
carbon nanotubes from model solution and
environmental samples. Chemical Engineering
Research & Design 91, 1352-1360.
[8] Du, X., Qu, F., Liang, H., Li, K., Yu, H., Bai, L.,
Li, G. (2014) Removal of antimony (III) from
polluted surface water using a hybrid
coagulation±flocculation±ultrafiltration (CF±
UF) process. Chemical Engineering Journal
254, 293-301.
[9] Smichowski, P. (2008) Antimony in the
environment as a global pollutant: a review on
analytical methodologies for its determination
in atmospheric aerosols. Talanta 75, 2-14.
[10] Council of the European Communities (1976)
Council Directive 76/464/EEC of 4 May 1976
on pollution caused by certain dangerous
substances discharged into the aquatic
environment of the Community. Official
Journal L 129, 23-29.
[11] USEPA, Water related fate of the 129 priority
pollutants 1., Washington, 1979.
[12] Guo, X., Wu, Z., He, M. (2009) Removal of
antimony(V) and antimony(III) from drinking
water by coagulation±flocculation±sedimentation (CFS). Water Research 43, 4327-4335.
[13] Gannon, K. and Wilson, D.J. (1986) Removal of
antimony from aqueous solutions. Separation
Science & Technology 21, 475-493.
[14] Mok, W.M. and Wai, C.M. (1990) Distribution
and mobilization of arsenic and antimony
VSHFLHV LQ WKH &RHXU '¶$OHQH 5LYHU ,GDKR
Environmental Science & Technology 24, 102108.
[15] Perez-Corona, T., Madrid, Y., Camara, C. (1997)
Evaluation of antimony selective uptake of
selenium (Se(IV) and Se(VI)) and (Sb(III) and
6E 9  VSHFLHVE\ EDNHU¶V \HDVW FHOOV 6DFFKDromyces cerevisiae). Analytica Chimica Acta
345, 249-255.
[16] Guin, R., Das, S.K., Saha, S.K. (1998) The
anion exchange behavior of Te and Sb. Journal
of Radioanalytical & Nuclear Chemistry 230,
269-271.
[17] Kang, M., Kawasak, M., Tamada, S., Kamei, T.,
Magara, Y. (2000) Effect of pH on the removal
of arsenic and antimony using reverse osmosis
membranes. Desalination 131, 293-298.
[18] Saito, T., Tsuneda, S., Hirata, A., Nishiyama, S.,
Saito, K., Saito, K., Sugita, K., Uezu, K.,
Tamada, M., Sugo, T. (2004) Removal of

can accurately forecast the operation status of the
sorbing poles under the conditions of different initial
concentration, flow rate, sorbent mass and temperature. The trends of both the experimental and theoretical data were strongly and significantly correlated involving the column parameters qe, ĲW1 and t2.
The time required for 50% breakthrough (Ĳ) decreased with increase in flow rate, sorbent mass (bed
depth) and initial Sb(III) ion concentration. The Adams±Bohart and Wolborska models were found only
suitable to describe the initial part of the breakthrough curves. Under the condition of the influent
flow rate of 5.136 mL/min, the influent Sb(III) concentration of 20 mg/L, the influent pH of 8, the
sorbent mass of 2g, the sorbent grain size of
<100mesh, and the operating temperature of 35°C,
the equilibrium sorption capacity reached 18.47
mg/g, which was near the predicted value of
18.64mg/g according to the Thomas model.
The column desorption of the sorbed Sb(III)
from PC-Fe/C were strongly depended on the eluent
concentration and flow rate, while the operating temperature had negligible effect on the desorption. The
sorbed Sb(III) ion could be effectively eluted by using 1M NaOH at inflow rate of 5.136 mL/min with
the regeneration efficiency >99% after the desorption operating for 200min.
$&.12:/('*(0(176
The authors thank the Guangxi Key Laboratory
of Environmental Pollution Control Theory and
Technology for the research assistance. This research was financially assisted by the National Natural Science Foundation of China (NSFC
51638006), the Guangxi Science and Technology
Development Project (GuiKeGong 14124004-3-3)
and the Provincial Natural Science Foundation of
Guangxi (2014GXNSFBA118054).
5()(5(1&(6
[1] Filella, M., Belzile, N., Chen, Y.W. (2002)
Antimony in the environment: a review focused
on natural waters: I. Occurrence. Earth-Science
Reviews 57, 125-176.
[2] Filella, M., Belzile, N., Lett, M.C. (2007)
Antimony in the environment: a review focused
on natural waters. III. Microbiota relevant
interactions. Earth-Science Reviews 80, 195217.
[3] Filella, M., Williams, P.A., Belzile, N. (2009)
Antimony in the environment: knowns and
unknowns. Environmental Chemistry 6, 95-105.
[4] Dong, S., Dou, X., Mohan, D., Pittman Jr., C.U.,
Luo, J. (2015) Synthesis of graphene oxide/schwertmannite nanocomposites and their
application in Sb(V) adsorption from water.
4443



© by PSP

Volume 26 ± No. 7/2017 pages 4429-4445

Fresenius Environmental Bulletin


Engineering Journal 162, 521-527.
[32] Leng, Y., Guo, W., Su, S., Yi, C., Xing, L.
(2012) Removal of antimony(III) from aqueous
solution by graphene as an adsorbent. Chemical
Engineering Journal 211-212, 406-411.
[33] Wu, F., Sun, F., Wu, S., Yan, Y., Xing, B.
(2012) Removal of antimony(III) from aqueous
solution by freshwater cyanobacteria microcystis biomass. Chemical Engineering Journal
183, 172-179.
[34] Targan, ù 7LUWRP, 91 $NNXú, B. (2013)
Removal of antimony(III) from aqueous
solution by using grey and red Erzurum clay and
application to the Gediz river sample. ISRN
Analytical Chemistry 2013, Article ID 962781.
[35] Shan, C., Ma, Z., Tong, M. (2014) Efficient
removal of trace antimony(III) through
adsorption by hematite modified magnetic
nanoparticles. Journal of Hazardous Materials
268, 229-236.
[36] Guo, X., Wu, Z., He, M., Meng, X., Jin, X., Qiu,
N., Zhang, J. (2014) Adsorption of antimony
onto iron oxyhydroxides: Adsorption behavior
and surface structure. Journal of Hazardous
Materials 276, 339-345.
[37] Yu, T., Zeng, C., Ye, M., Shao, Y. (2013)The
adsorption of Sb(III) in aqueous solution by
Fe2O3-modified carbon nanotubes, Water
Science and Technology 68, 658-664.
[38] Yu, T., Wang, X., Li, C. (2014) Removal of
antimony by FeCl3-modified granular-activated
carbon in aqueous solution. Journal of
Environmental Engineering 140, A4014001.
[39] Zhao, X., Dou, X., Mohan, D., Pittman Jr., C.U.,
Ok, Y.S., Jin, X. (2004) Antimonate and
antimonite adsorption by a polyvinyl alcoholstabilized granular adsorbent containing
nanoscale
zero-valent
iron.
Chemical
Engineering Journal 247, 250-257.
[40] Xi, J., He, M., Kong, L. (2016) Adsorption of
antimony on kaolinite as a function of time, pH,
HA and competitive anions. Environmental
Earth Sciences 75, 136.
[41] Hua, M., Zhang, S., Pan, B., Zhang, W., Lv, L.
(2012)
Heavy
metal
removal
from
water/wastewater by nanosized metal oxides: A
review. Journal of Hazardous Materials 211212, 317-331.
[42] Mahapatra, A., Mishra, B.G., Hota, G. (2013)
Electrospun Fe2O3±Al2O3 nanocomposite fibers
as efficient adsorbent for removal of heavy
metal ions from aqueous solution. Journal of
Hazardous Materials 258-259, 116-123.
[43] Han, R., Wang, Y., Zou, W., Wang, Y., Shi, J.
(2007) Comparison of linear and nonlinear
analysis in estimating the Thomas model
parameters for methylene blue adsorption onto
natural zeolite in fixed-bed column. Journal of
Hazardous Materials 145, 331-335.
[44] Mahmoud, M.E., Abdelwahab, M.S., Fathallah,

antimony (III) using polyol-ligand-containing
porous hollow-fiber membranes. Separation
Science & Technology 39, 3011-3022.
[19] Tomko, - %DþNRU, 0 âWRINR, M. (2006)
Biosorption of heavy metals by dry fungi
biomass. Acta Metallurgica Slovaca 12, 447451.
[20] Bakir, A., McLoughlin, P., Tofail, S.A.M.,
Fitzgerald, E. (2009) Competitive sorption of
antimony with zinc, nickel, and aluminum in a
VHDZHHG EDVHG ¿[HG-bed sorption column.
CLEAN ± Soil, Air, Water 37, 712-719.
[21] Chang, P., Yu, S., Chen, T., Ren, A., Chen, C.,
Wang, X. (2007) Effect of pH, ionic strength,
fulvic acid and humic acid on sorption of Th(IV)
on Na-rectorite. Journal of Radioanalytical &
Nuclear Chemistry 274, 153-160.
[22] Srivastava, V.C., Mall, I.D., Mishra, I.M. (2007)
Adsorption thermodynamics and isosteric heat
of adsorption of toxic metal ions onto bagasse
fly ash (BFA) and rice husk ash (RHA).
Chemical Engineering Journal 132, 267-278.
[23] Demirbas, E., Dizge, N., Sulak, M.T., Kobya, M.
(2009) Adsorption kinetics and equilibrium of
copper from aqueous solutions using hazelnut
shell activated carbon. Chemical Engineering
Journal 148, 480-487.
[24] Sheng, G., Shao, D., Fan, Q., Xu, D., Chen, Y.,
Wang, X. (2009) Effect of pH and ionic strength
on sorption of Eu(III) to MX-80 bentonite: batch
and XAFS study. Radiochimica Acta 97, 621630.
[25] Zhao, Z., Wang, X., Zhao, C., Zhu, X., Du, S.
(2010) Adsorption and desorption of antimony
acetate on sodium montmorillonite. Journal of
Colloid and Interface Science 345, 154-159.
[26] Thanabalasingam, P. and Pickering, W.F.
(1990) Specific sorption of antimony (III) by the
hydrous oxides of Mn, Fe, and Al. Water, Air,
& Soil Pollution 49, 175-185.
[27] Deorkar, N.V. and Tavlarides, L.L. (1997) A
chemically bonded adsorbent for separation of
antimony, copper and lead. Hydrometallurgy
46, 121-135.
[28] Leyva, A.G., Marrero, J., Smichowski, P.,
Cicerone, D. (2001) Sorption of antimony onto
hydroxyapatite. Environmental Science &
Technology 35, 3669-3675.
[29] Watkins, R., Weiss, D., Dubbin, W., Peel, K.,
Coles, B., Arnold, T. (2006) Investigations into
the kinetics and thermodynamics of Sb(III)
DGVRUSWLRQ RQ JRHWKLWH Į-FeOOH). Journal of
Colloid and Interface Science 303, 639-646.
[30] Ilavský, J. (2008) Removal of antimony from
water by sorption materials. Slovak Journal of
Civil Engineering 2, 1-6.
[31] 6DUÕ, $ dÕWDN, D., Tuzen, M. (2010)
Equilibrium, thermodynamic and kinetic studies
on adsorption of Sb(III) from aqueous solution
using low-cost natural diatomite. Chemical
4444



© by PSP

Volume 26 ± No. 7/2017 pages 4429-4445

Fresenius Environmental Bulletin


[55] Xu, X., Gao, B., Tan, X., Zhang, X., Yue, Q.,
Wang, Y., Li, Q. (2013) Nitrate adsorption by
stratified wheat straw resin in lab-scale columns.
Chemical Engineering Journal 226, 1-6.
[56] Aksu, Z. and Gönen, F. (2004) Biosorption of
phenol by immobilized activated sludge in a
continuous packed bed: prediction of breakthrough curves. Process Biochemistry 39, 599613.
[57] Xu, Y., Ohki, A., Maeda, S. (2001) Adsorption
and removal of antimony from aqueous solution
by an activated alumina 1. Adsorption capacity
of adsorbent and effect of process variable.
Toxicological & Environmental Chemistry 80,
133-144.
[58] Biswas, B.K., Inoue, J., Kawakita, H., Ohto, K.,
Inoue, K. (2009) Effective removal and
recovery of antimony using metal-loaded
saponified orange waste. Journal of Hazardous
Materials 172, 721-728.
[59] Khalid, N., Ahmad, S., Toheed, A., Ahmed, J.
(2000) Potential of rice husks for antimony
removal. Applied Radiation and Isotopes 52,
31-38.
[60] Vithanage, M., Rajapaksha, A.U., Dou, X.,
Bolan, N.S. (2013) Surface complexation
modeling and spectroscopic evidence of
antimony adsorption on iron-oxide-rich red
earth soils. Journal of Colloid and Interface
Science 406, 217-224.
[61] Xi, J., He, M., Lin, C. (2011) Adsorption of
antimony(III) and antimony(V) on bentonite:
kinetics,
thermodynamics
and
anion
competition. Microchemical Journal 97, 85-91.
[62] Xi, J., He, M., Wang, K., Zhang, G. (2013)
Adsorption of antimony(III) on goethite in the
presence of competitive anions. Journal of
Geochemical Exploration 132, 201-208.
[63] Xu, W., Wang, H., Liu, R., Zhao, X., Qu, J.
(2011) The mechanism of antimony(III)
removal and its reactions on the surfaces of FeMn binary oxide. Journal of Colloid and
Interface Science 363, 320-326.

E.M. (2013) Design of novel nano-sorbents
based on nano-magnetic iron oxide±boundnano-silicon
oxide±immobilized-triethylenetetramine for implementation in water
treatment of heavy metals. Chemical
Engineering Journal 223, 318-327.
[45] Wei, W., Zhu, Z., Zhu, Y., Qin, H., Liang, M.
(2013) Adsorption of Sb(III) from aqueous
solution by the porous biomorph-genetic
composite of Fe2O3-Fe3O4/C prepared with
eucalyptus wood template. Technology of Water
Treatment 39, 69-72. (in Chinese)
[46] Han, R., Wang, Y., Yu, W., Zou, W., Shi, J., Liu,
H. (2007) Biosorption of methylene blue from
aqueous solution by rice husk in a fixed-bed
column. Journal of Hazardous Materials 141,
713-718.
[47] Goel, J., Kadirvelu, K., Rajagopal, C., Garg,
V.K. (2005) Removal of lead(II) by adsorption
using treated granular activated carbon: batch
and column studies. Journal of Hazardous
Materials B125, 211-220.
[48] Ghosh, A., Chakrabarti, S., Ghosh, U.C. (2014)
Fixed-bed column performance of Mnincorporated iron(III) oxide nanoparticle
agglomerates on As(III) removal from the
spiked groundwater in lab bench scale.
Chemical Engineering Journal 248, 18-26.
[49] Lim, A.P. and Aris, A.Z. (2014) Continuous
fixed-bed column study and adsorption
modeling: Removal of cadmium (II) and lead (II)
ions in aqueous solution by dead calcareous
skeletons. Biochemical Engineering Journal 87,
50-61.
[50] Zhu, Z., Zhu, Y., Qin, H., Y, Li., Liang, Y.,
Deng, H., Liu, H. (2015) Preparation and
properties of porous composite of hematite/
magnetite/carbon with eucalyptus wood
biotemplate. Materials and Manufacturing
Processes 30, 285-291.
[51] Nwabanne, J. T. and Igbokwe, P. K. (2012)
Adsorption performance of packed bed column
for the removal of lead (II) using oil palm fibre.
International Journal of Applied Science &
Technology 2, 106-115.
[52] Chen, N., Zhang, Z., Feng, C., Li, M., Chen, R.,
Sugiura, N. (2011) Investigations on the batch
and fixed-bed column performance of fluoride
adsorption by Kanuma mud. Desalination 268,
76-82.
[53] Auta, M., Amat Darbis, N.D., Mohd Din, A.T.,
Hameed, B.H. (2013) Fixed-bed column
adsorption of carbon dioxide by sodium
hydroxide modified activated alumina.
Chemical Engineering Journal, 233, 80-87.
[54] Podder, M.S. and Majumder, C.B. (2016)
Fixed-bed column study for As(III) and As(V)
removal and recovery by bacterial cells
immobilized on sawdust/MnFe2O4 composite.
Biochemical Engineering Journal 105, 114-135.

Received:
Accepted:

CORRESPONDING AUTHOR
Yinian Zhu
College of Environmental Science and Engineering,
Guilin University of Technology, Guilin, Guangxi
541004, P.R. China
e-mail: zhuyinian@glut.edu.cn


4445



09.09.2016
27.05.2017

Volume 26 ± No. 7/2017 pages 4446-4455

© by PSP

Fresenius Environmental Bulletin

Į-AMYLASE FROM BACILLUS SIMPLEX- PRODUCTION,
CHARACTERIZATION AND PARTIAL PURIFICATION
Veysi Ortakaya1, Sema Aguloglu Fincan1,*, Baris Enez2
2

1
Department of Biology, Faculty of Science, Dicle University, Diyarbakir, Turkey
Veterinary Health Department, Vocational School of Technical Sciences, Bingöl University, Bingöl, Turkey

modern biotechnology [5,6]. The first enzyme produced industrially was Į-amylase that was used for
medicinal purposes. D-Amylase (EC 3.2.1.1,1,4-ĮD-glucan-glucanohydrolase) is an extracellular enzyme that hydrolyzes starch and glycogen molecules
[7]. It breaks the Į-1,4 bonds in starch molecule into
glucose, maltose, maltotriose and Į-limit dextrine. It
is primarily used in food industry for preparation of
maltose syrup, purification and clarification of various drinks and production of bread and beer. Besides, it has a wide area of usage like paper, detergent
and textile industries and pharmaceutics [8,9,10,11].
D-Amylase, which has economical, industrial
importance was produced from Bacillus simplex
which is isolated from soil. Characterization of the
partially purified enzyme has been performed.

ABSTRACT
In this study, some bacteria were isolated from
the soil obtained from Ergani Makam Mountain. The
isolated bacteria were defined as Bacillus simplex
with the biochemical tests and 16S rRNA analysis.
The optimum conditions for bacterial growth were
determined as the 32th hour, 37°C and pH 7.0. While
the maximum amylase activity was observed of the
72nd hour, the optimum temperature and pH of the
enzyme were determined to be 37°C and 7.0 reciprocally. It was observed that the enzyme production
increased with ammonium sulfate and ammonium
nitrate from nitrogen sources and decreased with the
addition of carbon sources. Amylase was partially
purified with 70% ammonium sulfate precipitations
and dialysis. When the effect of detergents was examined on the partially purified enzyme it was determined that SDS considerably inhibited and the other
detergents increased the enzyme activity. It was also
determined that while CaCl2 increased the activity
whereas FeCl2, CuCl2, ZnCl2 and HgCl2 considerably inhibited the enzyme activity.

MATERIAL AND METHODS
Microorganism and Culture Conditions. Bacillus simplex, isolated from the soil was produced in
120 rpm, pH 7.0 37ºC and NB environment for 72
hours.

KEYWORDS:
Bacillus simplex; Į-amylase; isolation; production; partial
purification; characterization

Morphological and Biochemical Tests. A test
for the morphological and physiological identification of the obtained isolation was conducted. Gram,
and spore staining methods and motility tests were
used in order to determine the characteristics of the
bacterium. Through biochemical tests (starch, gelatin and casein hydrolysis, catalase, urease and lipase
activities, etc.) some characteristics of the isolates
were determined and comparison was made.

INTRODUCTION
Microorganisms in particular have been regarded as treasure of useful enzymes [1]. The reason
is that microorganism-based enzymes can easily be
obtained, do not constitute unwanted waste product,
are more stable and economic, can be obtained in
high purity and high quantity [2,3]. Among microorganisms, mostly, some Bacillus species and subspecies that can be found widely in the nature are used.
Į-Amylase, ȕ-amylase, xylanase, alkaline phosphatase, ȕ-glucanase (cellulase), glucose isomerase, ȕlactamase, neutral protease and pullulanase can be
counted among the primary enzymes synthesized by
Bacillus [4].
The enzyme industry as we know it today is
theresult of a rapid development seen primarily over
the past four decades thanks to the evolution of

Į-Amylase Activity Assay. The enzyme
activity was measured by DNS according to the
method described by Bernfeld using 0.5% starch
dissolved in a 0.1 M Tris±HCI buffer pH 7.0, for 30
min at 37°C. One unit of amylase activity was
defined as the amount of enzyme that released 1
μmol of reducing end groups per minute at 37°C
[12].
Determination of Protein Content. The
protein content was determined by the method of
Lowry [13].
Effect of Temperature, pH and Incubation
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Stability. For the determination of pH stability of Įamylase enzyme, 0.1 M citric, 0.1 M. Tris- HCI, 0.1
M carbonate / bicarbonate (10.0 and 11.0) were prepared. The enzyme was pre-incubated in different
buffers for 180 minutes. After the pre-incubation,
substrate was added and the enzyme activity was
measured under the experimental conditions.
To determine the temperature stability (thermal
stability) of partially purified Į-amylase enzyme, enzyme alone was pre-incubated in 30oC, 40oC and
50oC temperature values for 15-120 minutes. After
pre-incubation, enzyme activity specification was
made.

Time on Microorganism and Amylase Production. Temperature values increasing from 15ºC to
55ºC with 5ºC intervals were tried to investigate the
effect of temperature on the production of bacteria
and enzyme. Samples obtained were measured in
spectrophotometer. Bacteria and enzyme production
was made in various pH ranges from pH 2.0 to pH
11.0 for pH effect. For the effect of incubation time
on microorganism development and enzyme production; bacteria were cultivated in NB (Nutrient broth)
and measured in spectrophotometer between 4th and
96th hours at 4 hours intervals.
Effect of pH and Temperature on Enzyme
Activity. Incubated culture of Bacillus simplex in
NB was centrifuged for the pH effect.To define the
optimum pH of Į-amylase in the obtained supernatant; enzyme activity was measured with the usage
of substrate prepared in 0.1 M citric acid (pH 4.06.0), 0.1 M Tris-HCI buffer (pH 7.0-9.0) and 0.1 M
carbonate/bicarbonate (pH 10.0-11.0) buffers. Besides, the effect of temperature on amylase activity
was investigated with enzyme activity measurement
in various temperatures from 25ºC to 55ºC at 5ºC intervals.

Effect of Some Metals on Enzyme Activity.
In order to determine the effect of some metals on
enzyme activity, 1.5 mM concentration in overall
volume from the 50 mM-stock solutions of CaCl2,
CuCl2, ZnCl2, MgCl2, HgCl2, MnCl2ve FeCl2 were
prepared in 0.1 M pH 7.0 Tris-HCl buffer. After 30
minutes of pre-incubation, substrate was added and
Į-amylase activity was tested.
Effect of Some Detergents on Enzyme Activity. To investigate the effect of some detergents on
partially purified enzyme activity, in the ratio of
%0.5 SDS, Tween-40, Tween-80 and TritonX-100
were used. These detergents were prepared in 0.1 M
pH 7.0 Tris-HCl buffer and pre-incubated for 30
minutes. Then, substrate was added and left to Į-amylase activity.

Effect of Carbon and Nitrogen Sources on
Enzyme and Bacteria Production. Glucose, galactose, fructose, lactose, soluble starch, maltose and
sucrose from the carbon sources at a concentration
of 1% were added to 25 ml NB in 100 ml erlenmeyers. The effect of carbon sources on enzyme and bacteria production was determined by incubation in optimal conditions with spectrophotometric measurements.
After adding peptone, tryptone, urea, ammonium sulfate, ammonium chloride, ammonium nitrate, sodium nitrate, beef extract, yeast extract, it
was incubated in optimal conditions and measured in
spectrophotometer.

TABLE 1
Morphological, Physological and Biochemical
Tests
Characteristics
Gram painting
Cell form
Temperature
range (oC)
Optimum
temperature (oC)
pH range
Optimum pH
Hemolysis
Motility
Hydrolysis of:
Starch
Activity of:
Urease
Catalase

Partial Purification of Į-Amylase. Bacteria
cultivation was made in NB and incubated in 37ºC
temperature for 72 hours. After the incubation, it was
centrifuged in 10 000 rpm for 15 minutes. Two following processes were applied in the partial purification of the enzyme. The processes were precipitated with ammonium sulfate and dialysis.

Bacillus simplex
+
rod shape
20-45
35
5.0-10.0
7.0
+
++
+
+

+, positive result or growth; ±, negative result
or no growth.

Ammonium Sulfate Precipitation. Ammonium sulfate [(NH4)2SO4] of 40% and 70% respectively added to the supernatant in a sterile beaker.
Afterwards, the mixture was centrifuged in a frigorific centrifuge in 10 000 rpm for 15 minutes.

RESULTS AND DISCUSSION
In this study, Bacillus simplex was isolated
from the soil obtained from Ergani Makam Mountain and Į-amylase production, partial purification
and characterization were performed.

Dialysis. Pellet was dissolved in 0.1 M pH 7.0
Tris-HCl buffer, transferred to the dialysis tube and
dialyzed against the same buffer in +4oC for overnight.
Determination of Thermal Stability and pH
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FIGURE 1
Effect of temperature on bacterial growth and enzyme activity
AGGGTTTCCGCCCTTTAGTGCTGCAGCTAAC
GCATTAAGCACTCCGCCTGGGGAGTACGGC
CGCAAGGCTGAAACTCAAAGGAATTGACGG
GGGCCCGCACAAGCGGTTGGAGCATGGTGG
ATTTAATTCGAAGCAACGCGAAGAACCTTA
CAGGTCTTGACATCCTCTGACAACCCTAGA
GATAGGCTTTCCCTTCGGGGACAGAGTGAC
AGGTGGTGCATGTTGTCGTCAGCTCTGTTCT
GGAATGTTGGGTTAAGTCCCCACGAGCCAC
CTTGATCTTAGTTGCAACATTCAGTTGGCAC
TCTAAGGTGACTGGCTGTGACAACGGAGAA
AGGTGGATAGACGTCAATCTTCATGCCTTT
GACTGGCTAACACGGTCTAATGATGTTAAA
GGTTGCAACCTGCAGTAGGATCCTTAAGCA
C

Morphological and Biochemical Tests. It was
determined that the obtained isolate is gram-positive
and has rod-shaped cells with the ability to form
spores (Table 1).
The microorganism was identified by
biochemical tests and 16S rRNA sequence. The 16S
rRNA analyses of the obtained isolates were
conducted by Ref-Gen (METU Technocity/Ankara).
The 16S rRNA sequence of this strain is:
CCCACTGGCGGCGTGCTATACTGCAGT
CGAGCGAATCGATGGGAGCTTGCTCCCTGA
GATTATTCGGCGGACGGGTGAGTAACACGT
GGGCAACCTGCCTATAAGACTGGGATAACT
TCGGGAAACCGGAGCTAATACCGGATACGT
TCTTTTCTCGCATGAGAGAAGATGGAAAGA
CGGTTTACGCTGTCACTTATAGATGGGCCC
GCGGCGCATTAGCTAGTTGGTGAGGTAATG
GCTCACCAAGGCGACGATGCGTAGCCGACC
TGAGAGGGTGATCGGCCACACTGGGACTGA
GACACGGCCCAGACTCCTACGGGAGGCAGC
AGTAGGGAATCTTCCGCAATGGACGAAAGT
CTGACGGAGCAACGCCGCGTGAACGAAGA
AGGCCTTCGGGTCGTAAAGTTCTTTGTTAGG
GAAGAACAAGTACCAGAGTAACTGCTGGTA
CCTTGACGGTACCTAACCAGAAAGCCACGG
CTAACTACGTGCCAGCAGCCGCGGTAATAC
GTAGGTGGCAAGCGTTGTCCGGAATTATTG
GGCGTAAAGCGCGCGCAGGTGGTTCCTTAA
GTCTGATGTGAAAGCCCACGGCTCAACCGT
GGAGGGTCATTGGAAACTGGGGAACTTGAG
TGCAGAAGAGGAAAGTGGAATTCCAAGTGT
AGCGGTGAAATGCGTAGAGATTTGGAGGAA
CACCAGTGGCGAAGGCGACTTTCTGGTCTG
TAACTGACACTGAGGCGCGAAAGCGTGGGG
AGCAAACAGGATTAGATACCCTGGTAGTCC
ACGCCGTAAACGATGAGTGCTAAGTGTTAG

Effect of Temperature, pH and Incubation
Time on Microorganism and Amylase
Production. To investigate the effect of temperature
on bacteria reproduction and enzyme production, it
was incubated between 15oC and 55oC. It was determined that maximum bacteria reproduction and enzyme production were observed at 37oC (Fig.1).
Temperature is related with microorganism
growth and therefore, Į-amylase production. Wide
temperature range (35-80oC) was given for the optimum bacterial growth and Į-amylase production by
many researchers.
In the bacteria culture produced in various pH
at 37oC, the best bacteria reproduction and amylase
production was determined at pH 7.0 (Fig. 2).
pH of the growth environment among the physical parameters has an important role for the morphological changes of microorganism, therefore the
increase of enzyme syntheses.
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FIGURE 2
Effect of pH on bacterial growth and enzyme activity

FIGURE 3
Effect of time on bacterial growth and enzyme production
For the effect of incubation time on microorganism development and enzyme production, a sample was taken at 4 hour intervals from the bacteria
culture that was produced in 37oC NB, between 4th
and 96th hours. As seen in the Fig. 3, the optimum
incubation time for Bacillus simplex was determined
to be 72 hours.
Hamilton et al. [14] determined the optimum
incubation time at 41 hours, and temperature to be
40oC for Bacillus sp. IMD 43 production. Asgher et
al.[15] determined incubation time to be 48 hours,
temperature to be 50oC and pH to be 7.0 of thermophilic Bacillus subtilis JS-2004.

was the optimum incubation temperature for 72
hours that was the optimum incubation time. Į-Amylase activity was measured with temperature increase in the obtained supernatant from 25 ºC to
55ºC, according to Bernfeld method [12]. The highest Į-amylase activity of Bacillus simplex was determined between 35ºC and 40ºC, the optimum temperature of the enzyme was determined at 37ºC (Fig. 4).
It was determined that the enzyme obtained
from the bacteria produced in optimum conditions
were active between pH 5.0 and pH 11.0. Increase of
the enzyme activity was observed starting from pH
5.0 whereas decrease of the enzyme activity was determined up to 7.0. As seen in the Figure 5, the optimum pH of Į-amylase enzyme was determined to be
7.0.

Effect of Temperature and pH on Enzyme
Activity. To investigate the effect of temperature on
Į-amylase enzyme secreted by Bacillus simplex;
bacteria were incubated in NB (pH 7.0) at 37oC that
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FIGURE 4
Effect of temperature on amylase activity

FIGURE 5
Effect of pH on amylase activity
Similar results were also implied by some other
researchers. Noman et al. [16] studied on the purification of Į-amylase enzyme from Pachyrhizus
erosus L. They determined the optimum pH of the
enzyme at 7.3 and temperature to be 37oC.
Sudharhsan et al. [17] investigated the psychical and
nutritional factors that affect the amylase production
in the Bacillus species isolated from rotten food garbage, analyzed the effects of temperature and pH factors psychically and stated that the maximum enzyme activity was observed at pH 7.0 and 37°C.
The optimum pH of extracellular D-amylases
varies between 3.0 and 10. In many studies, the optimum pH of D-amylases obtained from bacteria and
fungi are stated as acidic and neutral [2]. Due to its
usage in the areas such as liquefaction of starch, food
industry and dry cleaning, the neutral pH is essential
in such processes. The fact that Į-amylase of Bacillus simplex exhibit maximum activity in neutral conditions that means it is usable in industrial processes.

Effect of Carbon and Nitrogen Sources on
Enzyme and Bacteria Production. In the conducted research, when control was compared with
other carbon sources, it was determined that glucose
and galactose showed close activity to control while
the amylase activity importantly reduced in other
carbon sources. For bacteria reproduction, when
control was compared to other carbon sources, it was
determined that reproduction in all carbon sources
was higher than control (Fig. 6).
As seen in the Fig. 7, when control was compared with other nitrogen sources, lower amylase activity was obtained in all nitrogen sources than control. The highest specific activity among nitrogen
sources was obtained in the culture environment
with ammonium nitrate and ammonium sulfate. In
bacterial reproduction, an increase was observed in
all nitrogen sources with regards to control.
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FIGURE 6
Effect of carbon sources on bacterial growth and amylase production

FIGURE 7
Effect of nitrogen sources on bacterial growth and amylase production
Behal et al. [18] produced Į-amylase from Bacillus sp. AB 04 in nutrient media that has 1% fructose of carbon sources and %1 beef extract of nitrogen sources. Saxena et al. [19] acquired maximum
specific activity in nutrient media that has (%) 0.6
starch, and 0.5 peptone 0.3 yeast extract for high
thermostable amylase produced from Bacillus sp.
PN5. Carvalho et al. [20] implemented the maximum
production from thermophilic Bacillus sp. SMIA2 in nutrient media with peptone as the nitrogen
source and soluble starch as the carbon source. Prakash et al. [21] determined the best Į-amylase production from halophilic Chromohalobacter sp.
TVSP 101 bacteria in the media with tripton as the
nitrogen source.

Partial Purification of Amylase. After the determination of optimum conditions of Bacillus simplex Į-amylase, enzyme was partially purified. Bacteria culture produced in optimum conditions was
centrifuged in a frigorific centrifuge in 10 000 rpm
for 10 minutes. Ammonium sulfate [(NH4)2SO4] in
70% saturation level was added with stirring to the
supernatant in a sterile beaker. Subsequently the
mixture was centrifuged in 10 000 rpm for 15
minutes. Obtained pellet was dissolved in 0.1 M pH
7.0 Tris-HCl buffer, transferred to the dialysis tube
and was dialyzed over night.
Effect of Metals. When the effect of some metals on partially purified enzyme activity was analyzed, it was determined that CaCl2 (113%)
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FIGURE 8
Effect of detergents on amylase activity
increased the activity; no change was observed after
adding MnCl2 (100%) and MgCl2 (92%); FeCl2
(61%) partially inhibited and CuCl2 (22%), ZnCl2
(24%), HgCl2 (16%) strongly inhibited the enzyme
activity (Table 2).

the control, the amount of rest of the enzymes were
determined to be; SDS 12%, Tween±40 134%,
Tween±80 138% and TritonX±100 140% (Fig. 8).
While the inhibition was observed only with the SDS
effect, the inhibition having not been observed with
other detergents shows the the resistance to detergents.
Asoodeh et al. [24] determined that Į-amylase
activity they purified from thermophilic Bacillus sp.
ferdowsicous increased with Triton X-100. Shafiei et
al. [22] determined that amylase was considerably
stable to SDS, Triton X-100, Tween 80 and Tween
20 detergents.
In the literature, because disulfide bonds are
found in the enzyme and becoming unstable to oxidation due to the amino acids undergoing a change
by oxidation; it is stated that the thermostability of
the enzyme increases and thus the enzyme is not affected by the oxidizing agents.
This result obtained suggests that the enzyme is
not affected by oxidant agents, the amino acids
change with heat and cause resistance.

TABLE 2
Effect of cations on Į-amylase activity
Effectors (1,5
mM)
Control
Mn+2
Fe+2
Zn+2
Mg+2
Hg+2
Cu+2
Ca+2

Relative enzyme activity
(%)
100
100
61
24
92
16
22
113

Shafiei et al. [22] biochemically characterized
the amylase enzyme excreted from Nesterenkonia
sp. F strain. They determined that Zn2+, Fe3+, Cu2+
and Al3+ ions inhibited the amylase activity while
Ca2+ increased the it. Noman et al. [16] determined
that Zn2+, Fe2+ and Cu2+ ions make inhibition effect
in high rate while Li2+, Hg+ and Cd2+, Ag+, Mg2+ and
K+ ions have low effects on activity. Srivastava [23]
determined that Cu2+, Fe3+, Ni2+, Hg2+, Pb2+ and Ag1+
ions completely inhibited the activity of purified amylase, but Ca2+, Ba2+, Sr2+ and K+ ions increased it.
The results obtained from conducted studies support
the findings we obtained from our study.

pH and Temperature Stability. 25 ȝO enzyme
and various buffers prepared in 50 ȝO were left and
pre-incubation was done for 60 minutes. Į-Amylase
activity specification was made with substrate adding after pre-incubation. It was observed that pH stability of enzyme activity increased after pH 5.0 and
started to decrease after pH 7.0. As seen in the Fig.
9, pH stability was found to be 7.0. To determine the
temperature stability of partially purified enzyme,
enzyme was pre-incubated in 30oC, 40oC and 50oC
temperature values for 15, 30, 45, 60 and 120
minutes. After pre-incubation, enzyme activity specification was made. Partially purified enzyme was
determined to be stable in 30oC, 40oC and 50oC after
2 hours (Fig.10).

Effect of Detergents. To investigate the effect
of some detergents on partially purified Į-amylase
enzyme activity, SDS in the ratio of 0.5%, Tween40, Tween-80 and TritonX-100 were used. Rest of
the enzymes were compared with the control and
their relative activities were calculated. According to
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FIGURE 9
Effects of pH on amylase stability

FIGURE 10
Effects of temperature on amylase stability
Bernhardsdotter et al. [25] detected that when
the isolated amylase was pre-incubated in 37oC, between pH 7.0 and 11.0 for 1 hour, it lost the 20%
percent of its original activity.
Wang et al. [26] detected that the purified amylase's pH stability was between 6.0 and 11.0 and its
temperature stability was under 60oC
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proteins and lipids membrane are indicators of oxidative stress in plant [2, 3, 4, 5]. Pollens are male reproductive cells and travel through air for pollination. Industrial development and consumption of petroleum products leads to increase air pollution levels especially in urban and industrial areas. Pollens
are considered to be more sensitive to pollutants than
vegetative parts of the plants. Pollen germination and
tube growth are sensitive plant indicators used to detect pollution such as air pollution, pesticides, heavy
metals and acid rain [6, 7]. During pollinations pollens are exposed to air pollutants and the viability of
pollens are also affected by air metal toxicity and
some species leading to deterioration of their fertility. Apples have hermaphrodite flower structure and
great majority of the cultivars are self-incompatible
[8]. After flowers pollination, pistil fertilization is
necessary for fruit set [9]. For successful pollination
the high quantity and quality pollen must be transferred to the stigma when it is receptive [10].The viability, tube growth and morphological homogeneity
related to pollen quality are the most important properties in fruit trees. These properties are useful for
plant breeders, geneticists, and growers [11]. Therefore, many researchers studied on inhibition of viability, tube growth and pollen morphology such as,
effect of methyl jasmonat in apricot by 0XUDGR÷OX
et. al., [12], bioregulators (brassinolide, gibberellic
acids and kinetin) in almond by Maita and Sotomoyar [13], jasmonic acid, ACC and ethephon in strawEHUU\E\<ÕOGÕ]DQG<ÕOPD] [14] and Hg (mercury)
in apple by Munzur and Gür [15], Pb (lead) Picea
wilsonii by Sheng et. al., [16] and Cd (cadmium)
Picea wilsonii by Wang et. al., [17]. So far, many
studies with relevant heavy metal influence was conducted on physiological and biochemical processes
in plants. But the effects of heavy metal toxicity on
sexual reproduction and their physiological and biochemical mechanisms under multiple heavy metal
stress in plants is very limited, despite this complex
process is extremely important. In the present study,
response of pollen germination and tube length from
three apple cultivars were evaluated under five heavy
metals.

ABSTRACT
Heavy metal toxicity is one of the major abiotic
stresses leading to hazardous effects in plants and
pollen are among the most sensitive to atmospheric
pollution. Both pollen germination and tube length
are inhibited by adverse environmental conditions.
Pollen grains from three apple (Gala, Fuji and Braeburn) cultivars were tested for determination of pollen quality (pollen viability, germination ability and
tube length) and five types of Heavy metals (Cd, Co,
Pb, Hg and Zn). Viability of the pollens were determined by TTC test. The pollen germination experiments were conducted in petri dishes in 10% sucrose,
0.01% boric acid and 22oC temperature for 3 hours.
Among the cultivars highest pollen viability were
recorded in Braeburn with 81.85%. Heavy metals
lead to a significant decrease in pollen germination
and tube length of apple cultivars. It was found that
there were different cultivars with variable sensitivity to heavy metals on pollen germination and tube
length. In general, increasing heavy metal treatments
inhibited pollen germination and tube length in all
cultivars. Among heavy metals mercury (Hg) had the
highest toxic effect on pollen growth and tube length
of all cultivars. Heavy metals have negative effect on
reproduction of plant due to inhibition of pollen viability and germination.

KEYWORDS:
Apple, heavy metal, pollen viability, tetrazolium

INTRODUCTION
Metal toxicity of air and agricultural are serious
environmental problems on world at increasing level
due to natural and human activities [1]. In last years
many researchers all over world studied on heavy
metals toxicity contraption, its accumulation and
their harmful effect in plants. The studies have been
focusing on biochemical-physiological process such
as seed germination, photosynthesis, transpiration,
leaf senescence. The over production of reactive oxygen species (ROS), which may result in damage the
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vironmental conditions such as acid rain, temperature, heavy metals, medium culture, precipitation
and heavy wind negatively affect pollination. The viability, germination and tube length of apple cultivars is investigated in this study. The results of TTC
test for pollen viability are shown Figure 1. Comparison between pollen viability indicate that the highest
viability percentage was obtained from Breaburn
cultivars with 81.32% and followed Gala cultivars
with 74.32% and Fuji cultivars with 70.67% (Figure
1). Similar results were obtained by Petrisor et al.,
[21], who reported that pollen viability of apple cultivars was recorded between 52.55 and 89.92%. Similar to this study, TTC test analysis is commonly used
in many fruits for pollen viability. Derin and Eti [22]
reported that the rate of pollen viability in pomegranate cultivars changed between 68.61 and 75.24% using T7& WHVW 6LPLODUO\ %RODW DQG 3Õrlak [11] reported that the pollen viability ranged from 75.67 to
85.75% (apricot) and varied between 67.35 and
80.95 (sweet cherry) using TTC test analysis.

MATERIALS AND METHODS
This study was undertaken in the Lake Van region of Eastern Turkey on cultivars of Gala, Fuji and
Braeburn grafted onto M9 rootstocks. The study conducted at an altitude of 1675 m, with 377 mm precipitation, a continental climate and under standard
growing conditions such as irrigations, fertilization
and pest control. The flowers were collected from 8
years old trees of the apple cultivars. Before petals
opened, they were kept at the room temperate for 24
hours. In this study, firstly, pollen viability was
tested according to Eti [18] in 1% TTC (2, 3, 5-triphenyl tetrazolium chloride). After pollen viability,
pollens were germinated in liquid media containing
10% sucrose and 0.01% boric acid [19, 15]. Sterile 3
microscopic slides were used for each treatment.
Heavy metals solutions and culture medium at the
VDPHYROXPHVZHUHXVHG$WILUVWȝ/OLTXLGPH
GLDZHUHGURSSHGRQPLFURVFRSLFVOLGHV7KHQȝ/
heavy metals solutions and were dripped on to slides.
Heavy metals solutions prepared with distilled water
ZHUH      DQG  ȝ0 IRU Cd
(CdSo4*8 H20), Co (CoCl2-6H20) and Pb [Pb
(No3)2]. Also for Hg (HgCl2) and Zn (ZnCl2), 25, 50,
DQGȝ0DQGIRUFRQWUROJURXS
ȝ/ GLVWLOOHG ZDWHU ZDV GURSSHG LQVWHDG RI KHDY\
metal solutions. Pollens were shed in this liquid culture media under Olympus light microscope with aid
of sterile pin. The microscopic slides with pollens
were placed in petri dishes with a moist filter paper
lining the lower plate, serving as an improvised humidity chamber. Then, the petri dishes were settled
in incubator at 22±2°C for 3 hours under dark conditions. After incubation, a few drop of 10% ethanol
was added to the microscopic slides for fixations and
then placed cover slip. Germination percentages of
pollens were determined by examining grain and
tube lengths of pollens were measured by using an
ocular micrometer under Olympus light microscope
[20]. In the study, a completely randomized design
with three replications was used.

FIGURE 1
Pollen viability level of tested (TTC) apple
cultivars.
Pollen germination and pollen tube growth are
key events in the sexual reproduction of plants and
successful fertilization need high germination rates
and fast tube growth because low rates may lead to
low fruit set [23, 24]. In this study, pollen of three
apple cultivars were exposed different concentration
of heavy metals showed different response to pollen
germination rate and tube growth length. Results indicated pollen germination and tube growth was significantly inhibited by increasing heavy metal concentration (Table 1). In control, both pollen germination rate and pollen tube length was found higher in
Braeburn cultivar 73.23% and 524.93μ than Gala
66.13% and 487.20μ and Fuji 64.20% and 327.39μ
cultivars. These results were in agreement in with
previously study by Petrisor, et al.,[21] and Mun]XUR÷OXDQG*U[15] they have shown pollen germination and tube length of Golden cultivars between
92.3 and 96.5% arranged from 593.4 to 642.3μ and
on ten apple cultivars ranged from 52.55 to 89.92%
and between 99.65 and153.62μm respectively.

STATISTICAL ANALYSIS
The experiment was designed as a complete
random block design and all measurements were replicated four times. The statistical analysis of the data
was performed using SPSS (22.0) program. The results were statistically evaluated by ANOVA using
and error bars in table shows ±standard error.

RESULTS AND DISCUSSION
Pollen viability and germination is very significant in fruit trees for regular and quality yield. En-
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TABLE 1
The effect of Cadmium (Cd) treatment on pollen germination rates (%)
and tube length (μ) in apple cultivars
Treathments
(μM)
Control
Cd50
Cd100
Cd250
Cd300
Cd400
Cd500

Apple cultivars
Fuji

Gala

Braeburn

PG

PTL

PG

PTL

PG

PTL

66.13±4.67
73.28±4.05
67.98±3.11
46.66±3.56
41.29±2.84
37.63±3.43
27.08±2.85

487.20±34.19
256.16±19.54
157.89±6.85
102.72±9.29
79.17±5.11
65.07±5.56
36.46±6.71

64.20±3,53
63.98±3.45
56.11±2.82
41.43±2.68
38.52±2.80
23.58±2.36
17.76±1.89

327.39±14.74
274.39±10.16
225.49±10.26
157.74±9.73
114.67±7.09
84.13±8.55
56.88±4.51

73.23±3.11
76.66±3.13
67.98±3.10
39.70±2.63
32.73±2.56
11.16±1.92
6.72±1.81

524.93±22.37
318.09±19.13
283.21±19.52
69.46±9.74
37.50±8.78
15.47±6.72
6.52±3.31

TABLE 2
The effect of Lead (Pb) treatment on pollen germination (%) and tube length (μ) in apple cultivars
Treathments
(μM)
Control
Pb50
Pb100
Pb250
Pb300
Pb400
Pb500

Gala
PG
66.13±4.67
59.63±3.73
48.81±5.76
25.24±3.22
18.76±3.07
9.33±2.96
1.32±0.53

PTL
487.20±34.19
386.36±22.28
316.36±20.34
78.98±12.44
48.71±12.14
31.75±7.98
15.39±4.21

Apple cultivars
Fuji
PG
PTL
64.20±3,53
327.39±14.74
58.19±3.69
288.89±13.83
53,31±3.26
227.62±12.69
33.97±2.66
148.20±11.68
28.35±2.61
129.75±10.94
14.39±2.80
112.65±6.57
10.411.89
89.98±6.23

Braeburn
PG
PTL
73.23±3.11
524.93±22.37
63.80±3.47
354.21±22.32
55.87±2.78
232.30±18.32
45.60±2.69
103.22±10.77
38.72±2.31
83.62±8.42
33.87±2.08
70.11±5.35
23.62±1.88
26.15±4.60

TABLE 3
The effect of Cobalt (Co) treatment on pollen germination (%) and tube length (μ) in apple cultivars
Treathments
(μM)
Control
Co50
Co100
Co250
Co300
Co400
Co500

Gala
PG
66.13±4.67
79.14±4.40
70.34±3.21
68.77±4.44
56.94±4.45
53.85±4.62
46.16±4.53

PTL
487.20±34.19
430.29±31.92
406.04±28.28
389.14±26.50
303.62±24.80
258.80±23.35
237.90±22.83

Apple cultivars
Fuji
PG
PTL
64.20±3,53
327.39±14.74
63.15±4.72
355.16±16.59
59.92±3.21
336.38±16.63
56.52±3.91
312.49±12.83
54.13±2.96
232.52±11.34
50.94±2.42
215.61±9.93
46.56±1.90
211.72±8.39

Gala cultivars but tube length was found less in Fuji
cultivar than Braeburn and Gala cultivars.
The results of different Cobalt (Co) treatments
on pollen germination and tube length are shown in
Table 3. In Gala and Braeburn cultivars pollen germination were monitored increased by 19.67% and
5.42% (50 μM), 6.37% and 3.20 (100 μM) and
3.99% and 2.12 (250 μM) respectively. On the other
hand, an inhibition in PG was monitored after 250
μM (in Gala and Braeburn cultivars) and the pollen
germination inhibition was decline nearly 30.20%
(in Gala), 27.48% (in Fuji) and 6.84% (in Braeburn)
as compare to control over 500 μM cobalt treatment.
The pollen tube length increased considerably within
Gala (50 μM) and Fuji (50 μM and 100 μM) but decreased about 51.17% in Gala, 35.33% in Fuji and
57.14% in Braeburn under 500 μM treatment of cobalt.
As shown in Table 4. In Fuji cultivars, increasing zinc (Zn) treatments were increased pollen germination 3.18% up to 50 μM and tube length

In exposed to cadmium (Cd), the lowest treatment seem to have no significant effect on pollen
germination rate but both pollen germination and
tube length was inhibited with increase of Cd treatment. In cultivars, the high inhibition of pollen germination with 90.82% and tube length with 98.76%
was determined in Braeburn cultivar compared to
control. This cultivar followed by Fuji (72.34% with
pollen germination and 82.63% with tube length)
and Gala (59.05% with pollen germination and
92.52% tube length).
Relative pollen germination rates and tube
length of three cultivars exposed to different lead
(Pb) treatments are listened to Table 2. Pollen germination and tube length of three cultivars were decreased due to Pb toxicity and rate of decrease
ranged from 67.75 (in Braeburn) to 98.00% (in Gala)
and from 72.53 (in Fuji) to 96.84% (in Fuji) over
controls at 500 μM Pb respectively. However, the
percent decrease in pollen germination was found
relatively less in Braeborn cultivar than Fuji and
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Braeburn
PG
PTL
73.23±3.11
524.93±22.37
77.20±4.00
540.66±24.84
75.57±3.32
468.40±21.33
74.78±2.98
454.71±17.63
70.71±2.15
409.97±14.94
69.60±2.08
306.15±13.22
68.22±1.90
225.01±12.00
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TABLE 4
The effect of Zinc (Zn) treatment on pollen germination (%) and tube length (μ) in apple cultivars
Treathments
(μM)
Control
ZN25
ZN50
ZN75
ZN100
ZN125
ZN150

Gala
PG
66.13±4.67
62.21±3.32
54.06±3.48
41.80±2.99
39.18±1.02
35.70±1.29
31.84±1.70

PTL
487.20±34.19
407.19±25.09
296.71±11.82
238.04±11.02
199.37±10.90
187.61±9.74
143.53±6.96

Apple cultivars
Fuji
PG
PTL
64.20±3,53
327.39±14.74
66.24±3.53
500.94±30.31
63.90±3.89
442.75±24.17
53.63±3.72
405.67±23.34
49.12±3.14
312.95±15.81
38.97±2.89
263.42±14.16
30.63±1.96
223.13±12.88

Braeburn
PG
PTL
73.21±3.11
524.93±22.37
74.10±3.16
440.53±19.80
73.15±2.43
405.76±17.47
72.25±2.60
399.81±16.41
70.21±2.61
285.41±16.41
65.40±2.54
265.17±12.48
61.22±2.11
250.13±10.45

TABLE 5
The effect of Mercury (Hg) treatment on pollen germination (%) and tube length (μ) in apple cultivars
Treathments
(μM)
Control
Hg25
Hg50
HG75
HG100
HG125
HG150

Gala
PG
66.13±4.67
49.81±5.70
40,46±4,49
19,76±4.89
9.50±2.49
5.67±0.76
2.42±0.22

PTL
487.20±34.19
412.36±29.24
379.83±23.96
185.72±21.36
123.89±11.44
49.83±7.66
23.73±4.06

Apple cultivars
Fuji
PG
PTL
64.20±3,53
327.39±14.74
62.26±2.67
287.43±17.16
57.82±2.53
216.42±15.47
52.11±3.06
208.03±14.46
23.62±2.15
111.68±10.78
9.49±2.46
64.59±10.90
4.13±1.68
26.37±7.82

germination inhibited by Cd 78% and Cu 72%. Previous report indicated that in M. sylvester and C. Vulgaris plant, pollen germination and tube length
strongly inhibited by Cd and Cu [25]. According to
Cox [6] Pollen germination and tube length are considered to be among sensitive botanical indicators of
air pollution. Pollen is considered to be more sensitive to pollutants than the vegetative parts of plant.
In plant, pollen germination and pollen tube growth
depend on various factors such as pollen species, nutrition conditions, and air pollutants as well as on the
pollutants and their concentration, the exposure time,
relative humidity, light, temperature, pH, storage, biochemical processes and among some environmental
factors the one of the most environmental factors is
heavy metal affecting plant growth and productivity.
Understanding apple pollination and fertilization,
primarily pollen tube growth rates and tube length,
can help crop load management and fruit quality. In
this study we tested the pollen viability, germination
and tube length of different apple cultivars and also
determined effect of different heavy metals treatments which can be used for further studies. In conclusion, it is found that heavy metals have toxicity
effect on plant, when the concentration is increased
to high level, pollen germination and tube length was
seriously inhibited and reducing their reproductive
ability. We suggested that future research on pollen
should be done on different morphological, biochemical and cytological aspects of heavy metal
stress in new apple cultivars.

was show regularly increased from 53.01, 35.24 to
23.91% Zn treatments respectively. In tube length
was show an inhibition after 100 μM Zn treatments
and this inhibition was continued to 500 μM Zn treatments that this decline was higher than the control by
31.85% in Fuji cultivars. Conversely of Fuji cultivars, Zn treatments were inhibited pollen germination and tube length approximately 51.85% and
70.54% (in Gala) and 16.38% and 52.35% (in Braeburn) as compared with control respectively.
This study shows that an increase in mercury
(Hg) treatments inhibited of pollen germination and
tube length all apple cultivars. In Gala, Fuji and
Braeburn apple cultivars, pollen germination rate
and tube length was decreased sharply varied from
96.34% to 95.13% (in Gala), from 93.36% to 91.95%
(in Fuji) and from 97.00% to 97.99% (in Braeburn)
with increasing Hg treatments from control to 150
μM respectively (Table 5).
In this study heavy metals was the most effective in inhibiting pollen growth and tube length in
different rates. Gala cultivar was found very sensitive than Braeburn and Fuji cultivars. In general the
most toxicity effect prevent to pollen germination
and tube length was found copper from among heavy
metals. Many studies have shown that heavy metals
adversely affected vegetative and generative growth
in different plant species and cultivars. Similar to results of this study MunzurR÷OX and Gür [15], reported that heavy metals effected pollen germination
and tube length rates and mercury (Hg) show the
highest toxic effect among heavy metals. Similar
negative effect of heavy metals on pollen germination and tube length have been reported by Sabrina
et al., [3] in pea (Pisum sativum L.) found that pollen
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Braeburn
PG
PTL
73.23±3.11
524.93±22.37
70.56±3.65
259.32±21.72
56.68±3.15
231.79±17.08
31.54±2.82
168.75±15.50
20.77±2.42
41.76±13.43
5.81±1.22
22.51±10.09
2.20±1.00
10.57±5.91
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jasmonic acid, ACC and ethephon on pollen germination in strawberry. Plant Growth Regulation 38:145±148.
[15] 0XQ]XUR÷OX2. and Gur, N. (2000) The effects
of heavy metals on the pollen germination and
pollen tube growth of apples (Malus sylvestris
Miller cv. Golden). Turk J Biol 24:677-84.
[16] Sheng, X., Zhang, S., Jiang, L., Li, K., Gao, Y.
and Li, X. (2012) Lead stress disrupts the cytoskeleton organization and cell wall construction
during Picea wilsonii pollen germination and
tube growth. Biol Trace Elem Res 146: 86-93.
[17] Wang, X., Gao, Y., Feng, Y., Li, X., Wei, Q. and
Sheng, X. (2014) Cadmium stress disrupts the
endomembrane organelles and endocytosis during Picea wilsonii pollen germination and tube
growth. PLos One. 9(4).
[18] Eti, S. (1991) Determination of pollen viability
and germination capability of some fruit species
and cultivars by different in vitro test J. Agric.
Faculty Çukurova Univ. 6:69-80
[19] Brewbaker, J.L. and Kwack, B.H. (1963) The
Essential role of calcium ion in pollen germination and pollen tube growth. Amer. J. Botany 50
(9): 859-865.
[20] Shivanna, K.R. and Rangaswamy, N.S. (1992)
Pollen Biology Laboratory Manual. Druckerei
Kutschbach, Berlin.
[21] Petrisor, C., Mitre, V., Mitre, I., Jantschi, L. and
Balan, M. (2012) The Rate of Pollen Germination and the Pollen Viability at Ten Apple Cultivars in the Climatic Conditions of Transylvania .Bulletin UASVM Horticulture, 69(1):
1843-5254.
[22] Derin, K. and Eti, S., (2001) Determination of
pollen quality, quantity and effect of cross pollination on the fruit set and quality in pomegranate. Turk J. Agric. For. 25;169-173
[23] Wu, J., Qin, Y. and Zhao, J. (2008) Pollen tube
growth is affected by exogenous hormones and
correlated with hormone changes in styles in
Torenia fournieri L. J. Plant Growth Regulation. 55:137-148.
[24] Shafari, Y. (2011) Investigation on pollen viability and longevity in Malus pumila L. Pyrus
comminus L. and Cydonia oblonga L. in vitro.
J. Med. Plant. Res. 5(11):2232-2236
[25] Topdemir, A., Gür, N. and Koçak, K. (2015)
Several heavy metals (Cu++, Pb++, Cd++) Malus
Sylvestris Miller (Apple) and Cerasus Vulgaris
Miller (Cherry) plant germination and pollen
tube growth effects. Journal of Anatolian Natural Sciences 2:108-112.
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,QVWLWXWHRI$JULFXOWXUDODQG(QYLURQPHQWDO%LRWHFKQRORJ\-LDPXVL8QLYHUVLW\-LDPXVL+HLORQJMLDQJ3URYLQFH&KLQD

6FKRRORI3XEOLF+HDOWK-LDPXVL8QLYHUVLW\-LDPXVL+HLORQJMLDQJ3URYLQFH&KLQD

ABSTRACT

INTRODUCTION

7KH LPSDFW RI WKH ELRSUHWUHDWPHQW IRU /DUL[
NDHPSIHUL ZDV DVVHVVHG DIWHU LWV H[SRVXUH WR WKUHH
ZKLWHURW IXQJL QDPHO\ &RUWLFRLG FDHUXOHXP +HW
HUREDVLGLRQ LQVXODUH DQG 3VHXGRWUDPHWHV JLEERVD
7KHLUFKDQJHVLQFKHPLFDO FRPSRVLWLRQDQG PLFUR
VWUXFWXUHDVZHOODVWKHLUSUHGLVSRVLWLRQWRHQ]\PDWLF
VDFFKDULILFDWLRQ DQG ZRRG GHFRPSRVLWLRQ ZHUH LQ
YHVWLJDWHG7KUHHZKLWHURWIXQJLZHUHWHVWHG+LQ
VXODUHVHOHFWLYHO\UHGXFHGWKLVZRRGOLJQLQDQGFHO
OXORVH LQVWHDG RI WKH ZKROH DVVHPEO\$IWHU DQ 
ZHHNSUHWUHDWPHQWZLWK+LQVXODUHWKHZHLJKWORVV
ZDVDQGWKHWHVWVDPSOHRIOLJQLQORVW
,QFRPSDULVRQDOOFHOOXORVHZDVORVWGXHWR&FDHU
XOHXPDQG3JLEERVDE\RUOHVV'DWDVKRZ
WKDW WKH HQ]\PH VHFUHWHG RXWVLGH H[KLELWV FHOOXODVH
IURP + LQVXODUH FRQFHQWUDWLRQV KLJKHU WKDQ RWKHU
VWUDLQVRIZKLWHURWIXQJL7KXVOLJQLQDQGFHOOXORVH
DFWLYLWLHVGHSHQGRQWKHWRWDOZHLJKWORVVRI /%HVLGHVNDHPSIHULDQGRWKHUFKHPLFDOFRPSRVLWLRQRI
WKHVDPSOHZLWKWKUHHZKLWHURWIXQJLVKRZLQJJRRG
FRUUHODWLRQ$FFRUGLQJWRWKHH[SHULPHQWDODQDO\VLV
;UD\GLIIUDFWLRQ ;5' DQGSRUHVL]HGLVWULEXWLRQRI
WKHVDPSOHWLPEHUREWDLQHGIURPWKHGHJUDGDWLRQRI
WKH SK\VLFDO GDWD UHSRUWHGDQRSWLPLVWLF IRUHFDVWRI
+LQVXODUHWKHVHFRXOGEHSURFHVVHGXVLQJSRWHQWLDO
IXQJDO VWUDLQ WDUJHWV WKURXJK ZRRG\ ELRPDVV SUH
WUHDWPHQW &RPSDUHG ZLWK WKH QRQGLVDFFKDULGH
\LHOGSUHWUHDWPHQWZLWKDFRQWUROVDPSOHJUHDWO\LQ
FUHDVHGWR ([SHULPHQWDOUHVXOWVDOVRVKRZ
WKDWZKLWHURWIXQJDOVWUDLQ+LQVXODUHLQWKHOLJQLQ
GHJUDGDWLRQSURFHVVGRHVQRWSURYLGHWKHQHFHVVDU\
ELRPDVV1HYHUWKHOHVVGLVDFFKDULGHSURYLGHVDQHI
IHFWLYHPHWKRG

:LWKLQFUHDVHVLQERWKWKH SRSXODWLRQDQGHQHUJ\FRQVXPSWLRQZRUOGZLGHWKHGHPDQGIRUVXEVWL
WXWHVRIIRVVLOIXHOUHVRXUFHVZLOODOVRLQFUHDVH,QRU
GHU WR VROYH WKLV SUREOHP PDQ\ UHVHDUFKHUV KDYH
WULHGWRFRQYHUWELRPDVVLQWRHWKDQROIXHO>@6RPH
FRXQWULHV ZLWK DGYDQFHG WHFKQRORJ\ VXFK DV WKH
8QLWHG6WDWHVDQG-DSDQKDYHSURPRWHGDQGGLVVHP
LQDWHG SROLFLHV WR VXSSRUW DOWHUQDWLYH HQHUJ\ %LR
PDVVRIQHZPDWHULDOVHVSHFLDOO\ZRRGLQHVVPDWHUL
DOVLVUHJDUGHGDQDOWHUQDWLYHHQHUJ\VRXUFHZKLFK
KDV UHFHLYHG VSHFLDO DWWHQWLRQ )RU H[DPSOH OLJQR
FHOOXORVLFELRPDVVLVDSURPLVLQJUHQHZDEOHHQHUJ\
DVLWLVULFKLQFDUERK\GUDWHV>@+RZHYHULWKDVD
FRPSOH[VWUXFWXUHZLWKKHPLFHOOXORVHDQGOLJQLQ,W
LV GLIILFXOW IRU WKH VDFFKDULILFDWLRQ RI FHOOXORVH DQG
KHPLFHOOXORVHWRRFFXUZLWKRXWDQ\ORVVRIFDUERK\
GUDWHV7KHUHIRUHHIILFLHQWSUHSURFHVVLQJRUDFLGFHO
OXORVH HQ]\PH VDFFKDULILFDWLRQ LV D QHFHVVDU\ SUR
FHVV(IIHFWLYHSUHWUHDWPHQWQRWRQO\UHGXFHVWKHOLJ
QLQFRQWHQWDQGFU\VWDOOLQLW\RIFHOOXORVHILEHUVEXW
DOVRLQFUHDVHVLWVVXUIDFHDUHDDQGWKHPDWHULDORIWKH
DSHUWXUH'XHWRWKHOLJQLQGHJUDGDWLRQRIFHOOXORVH
HQ]\PHV >@ UHPRYLQJ WKH OLJQLQ LV D QHFHVVDU\
SURFHVV 9DULRXV SUHWUHDWPHQW PHWKRGV VXFK DV
VWHDPH[SORVLRQRIGLOXWHDFLG>@RUJDQRVROYHQWH[
WUDFWLRQ DQG WKH ELRORJLFDO WUHDWPHQW RI ZKLWHURW
IXQJXVKDYHEHHQH[WHQVLYHO\UHVHDUFKHG>@,QUH
FHQW\HDUVVXSHUFULWLFDODQGVXEFULWLFDOZDWHUWUHDW
PHQWVKDYHDWWUDFWHGJUHDWDWWHQWLRQ7KLVLVEHFDXVH
WKH LQGXFHG SRWHQWLDO ELRPDVV UHVRXUFHV GLUHFWO\
FRQYHUWHGLQWRVXJDUZRXOGQRWUHTXLUHWKHVDFFKDUL
ILFDWLRQVWHS>@0RVWELRORJLFDOSUHWUHDWPHQWVQHHG
H[SHQVLYH LQVWUXPHQWV RU VRSKLVWLFDWHG WHFKQRORJ\
,QSDUWLFXODUWKHSK\VLFDODQGWKHUPDOFKHPLFDOSUR
FHVVHVUHTXLUHDORWRIELRPDVVHQHUJ\FRQYHUVLRQ,Q
WKH FDVH RI VWHDP H[SORVLRQ WKH UHOHDVH RI JUDSHV¶
FHOOXORVHGHJUDGDWLRQIRU+0)OHYXOLQLFDFLGDQG
IRUPLF DFLG HQ]\PH VDFFKDULILFDWLRQ DQG DOFRKROLF
IHUPHQWDWLRQLQKLELWRUVLVQHFHVVDU\>@7KHDSSOLFD
WLRQ RI ZKLWHURW IXQJL DQG ELRORJLFDO WUHDWPHQW

.(<:25'6
%LRGHJUDGDEOH SUHWUHDWPHQW OLJQLQ ZKLWHURW IXQJL HQ
]\PDWLFVDFFKDULILFDWLRQOLJQLQDVH
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&KHPLFDOSURSHUWLHVDQDO\VLVRIZRRG\ELRPDVV:LWKWKH7$33,WHVWPHWKRGSXOSWHVWLQJZDV
XWLOL]HG WR GHWHUPLQH WKH FKHPLFDO FRPSRVLWLRQ RI
WKHWHVWVDPSOHV7KHKRORFHOOXORVHDQGNODVRQOLJQLQ
ZHUH PHDVXUHG WKURXJK DQ DFLGLF SURFHVV /LJQLQ
ZDVGLVVROYHGLQDQDFLGLFVROXWLRQZKLFKZDVWKHQ
PHDVXUHG XVLQJ 89VSHFWURVFRS\ DW  QP +X
PLGLW\WRWDOFHOOXORVHFRQWHQWDQGLQVROXEOHDVKFRQ
WHQWVZHUHDVVHVVHGLQDONDOLH[WUDFWV.ODVRQOLJQLQ
FRQWHQWZDVDQDO\]HGDIWHUELRORJLFDOSUHWUHDWPHQW
ZLWKWKH7$33,PHWKRG'DWDZHUHVWDWLVWLFDOO\DQD
O\]HGDQGFRPSDUDWLYHYDULDQFHZDVDQDO\]HGZLWK
6366

FRXOG HQVXUH VDIHW\ DQG SURWHFW WKH HQYLURQPHQW
IURPSROOXWLRQ,WLVQRWQHFHVVDU\LQORQJWHUPOLJQLQ
GHJUDGDWLRQGHVSLWHWKHKLJKOLJQRFHOOXORVHELRPDVV
UHPRYDORIOLJQLQ>@:KLWHURWIXQJLGHJUDGHOLJ
QLQWKURXJKOLJQLQGHJUDGLQJHQ]\PHVVXFKDVSHUR[
LGDVHDQGODFFDVH7KHVHHQ]\PHVDUHFRPSRVHGRI
FDUERQ DQG QLWURJHQ VRXUFHV ,Q WKLV VWXG\ WKH UHG
SLQH 3LQXV GHQVLIORUD HQ]\PH VDFFKDULILFDWLRQ DQG
ELRORJLFDO SUHWUHDWPHQW UHTXLUHV WKUHH ZKLWHURW
IXQJL QDPHO\ + ,QVXODUH ZKLWHURW IXQJXV DQG
SHDQXW EOXH IXQJXV 7KHVH IXQJL ZHUH FKRVHQ EH
FDXVHRIWKHLUHIIHFWLYHGHJUDGDWLRQRIOLJQLQDQGOLJ
QLQ FRPSRXQGV ZLWK FKORULQDWHG DURPDWLF FRP
SRXQGVVXFKDVHQGRFULQHGLVUXSWRUV>@$GGLWLRQ
DOO\WKHTXDQWLW\DQGVWUXFWXUDOFKDQJHVRIWKHFRP
SRQHQWVIROORZLQJ/NDHPSIHULSUHWUHDWPHQWDVZHOO
DV WKH FKDUDFWHULVWLFV RI WKH HQ]\PH VROXWLRQ ZHUH
VWXGLHG

3K\VLFDO SURSHUWLHV DQDO\VLV RI ZRRG\ ELRPDVV0HDVXUHPHQWRIWKHFU\VWDOOLQLW\RIZRRG\EL
RPDVV ZDV FDUULHG RXW XVLQJ SRZGHU +LJK 5HVROX
WLRQ ;UD\ GLIIUDFWRPHWU\ +5;5' %UXNHU '
',6&29(5*HUPDQ\ >@&U\VWDOOLQLW\  ZDV
GHILQHGDV> ,,DP ,@îZKHUH,LVWKH
FU\VWDOOLQHSHDNRIWKHPD[LPXPLQWHQVLW\DWEH
WZHHQ&DQG&IRUFHOOXORVH,DQG,DPLVWKH
PLQLPXPLQWHQVLW\DWEHWZHHQ&DQG&IRU
FHOOXORVH,7KHPHDVXUHPHQWZDVFRQGXFWHGXQGHU
WKH FRQGLWLRQ RI  .9  P$ DQG /PLQ
VFDQQLQJVSHHG 
7KHOLJQLQIURPWKHYDFXXPGULHGVDPSOHZDV
PLOOHG ZLWK SRZGHU SUHSDUHG ZLWK D FRQYHQWLRQDO
PHWKRG RI PHDVXULQJ QLWURJHQ DGVRUSWLRQ VXUIDFH
DUHDDQGLQWHUQDOSRUH7KURXJKQLWURJHQDGVRUSWLRQ
0LFURWUDF %(/ ,QVWUXPHQWV %(/&$7 ,, -DSDQ 
GDWDZHUHPHDVXUHGLQORZWHPSHUDWXUHVHWWLQJV$V
VD\ FRQGLWLRQV ZHUH DV IROORZV7KH VDPSOH YHVVHO
WHPSHUDWXUHZDVVHWDW.7KHQJRIVDPSOH
ZDVWDNHQWRDVVHVVTXDOLW\WHPSHUDWXUHDQGSUHVVXUH
VWDELOLW\DWLQWHUYDOVRIVHFRQGV7KHYROXPHVRI
WKHPHDVXULQJVSDFHDQGWKHFRROLQJVSDFHIRUWHP
SHUDWXUHPHDVXUHPHQWZHUHDQGFP
UHVSHFWLYHO\7KHWRWDOYROXPHZDVHVWLPDWHGRQWKH
EDVLVRIQLWURJHQDGVRUSWLRQXQGHUDYROXPHRI
DQGUHODWLYHSUHVVXUH

MATERIALS AND METHODS
:RRG\ELRPDVVDQGZKLWHURWIXQJL:HVHOHFWHG/DUL[NDHPSIHULZRRGDJHG\HDUVROGDV
WKH UDZPDWHULDO WHVW VDPSOHV 7KHVH WHVW VDPSOHV
ZLWKDVOLFHUFXWVSHFLILFDWLRQIRUDQLQQHUGLDPHWHU
RI îîFP ZHUH VWRUHG DW & LQ D UHIULJHUDWRU
XQWLO IXUWKHU SURFHVVLQJ & FDHUXOHXP &&- 
ZDV SURYLGHGE\ WKH ,QVWLWXWH RI 0LFURELRORJ\$S
SOLFDWLRQ RI -LDPXVL 8QLYHUVLW\ LQ +HLORQJMLDQJ
3URYLQFH &KLQD + ,QVXODUH +,-  DQG
3VHXGRWUDPHWHVJLEERVD 3*- ZHUHREWDLQHG
IURP WKH .H\ /DERUDWRU\ RI )RUHVW 3URWHFWLRQ
1RUWKHDVW )RUHVWU\ 8QLYHUVLW\ +HLORQJMLDQJ 3URY
LQFH&KLQD:KLWHURWIXQJDOVWUDLQVZHUHJURZQLQ
PRGLILHG3'$ SRWDWRGH[WURVH DW&IRUGD\V
7KHVDPHDPRXQWVRIFHOOEORFNVLQRFXODWHGLQPRG
LILHG 3'% SRWDWRGH[WURVH  ZHUH WDNHQ IRU OLTXLG
LQRFXODWLRQ
%LRORJLFDO SUHWUHDWPHQW XVLQJ ZKLWHURW
IXQJL +HUH  ȝJ RI SUHIDEULFDWHG FKLSV DQG
PORIGLVWLOOHGZDWHULQDIODVNZHUHDXWRFODYHG
DW&IRUPLQXWHV7KHQJ GU\ZHLJKW RI
HDFKRIVWUDLQVRIURWIXQJLZDVVHSDUDWHGDQGLQRF
XODWHGZLWKP\FHOLXP7KHQWKH\ZHUHSODFHGLQDQ
LQFXEDWRUDW&IRUZHHNVFRQWLQXRXVO\)RUWKH
P\FHOLDPDVVSXUH3'%PHGLXPZDVXWLOL]HGIRUD
ZHHN LQFXEDWLRQ SHULRG DQG WKHQ  KRXUV LQ DQ
RYHQWRDFKLHYHGU\ZHLJKWDW&$IWHULQFXED
WLRQWKHFKLSVZLWKDGKHULQJP\FHOLXPZHUHZDVKHG
ZLWKGLVWLOOHGZDWHURYHQGULHGDQGZHLJKHGWRFDO
FXODWH ZHLJKW ORVV7KH GULHG VDPSOHV ZHUH HYDFX
DWHG WR FKLSV DQG JURXQG WR DQDO\]H WKH FKHPLFDO
FRPSRVLWLRQ DQG SK\VLFDO SURSHUWLHV RI  PHVK
SRZGHUV

(Q]\PDWLF DVVD\ RI ZKLWHURW IXQJL 7KH
ZRRG VDPSOHV DV D FDUERQ VRXUFH ZHUH SODFHG LQ
VKDOORZ VWDWLF FXOWXUH 66&  PHGLXP 7KUHH IXQJL
>@ ZHUH GHWHUPLQHG E\ VSHFWURSKRWRPHWU\ OLJQLQ
HQ]\PHDFWLYLW\0DQJDQHVHR[LGHSHUR[LGDVHDFWLY
LW\ DQG S\URJDOOROGLPHWK\O HWKHU6\ULQJRO
İ 0FP '03  ZHUH PHDVXUHG 7KH
UHDFWLRQPL[WXUHFRQWDLQHGP0RI0'$VRGLXP
EXIIHUVROXWLRQ S+ PPRORI'03
PPRIPDJQHVLXPVXOIDWHDQG+2P0RIFDWD
ODVH DV WKH H[WUDFHOOXODU IOXLG 7KH UHDFWLRQ ZDV
VWDUWHGE\DGGLQJ+2$EVRUEDQFHZDVPRQLWRUHG
DWQPIRUPLQXWHV>@7KLVVHUYHGDVDVXE
VWUDWH/DFFDVHDFWLYLW\ZDVDVVHVVHG D]LQRELV
HWK\OEHQ]RWKLD]ROHVXOIRQLF
DFLG 
İ 0FP$%76 DVVD\ZDVREWDLQHG7KH
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7KHPO(UOHQPH\HUIODVNZDVSODFHGLQDVKDNLQJ
LQFXEDWRUDW&DQGLQFXEDWHGIRUDQG
KRXUVDWUSP$IWHUK\GURO\]LQJWKH VDPSOH
 PO RI FXOWXUH VXSHUQDWDQW ZDV ILOWHUHG ZLWK D
ȝPFHQWULIXJDOILOWHUDQGVWRUHGLQDUHIULJHUDWRU
DW&6XEVHTXHQWO\WKHVHVDPSOHVZHUHDQDO\]HG
XVLQJ D KLJKSHUIRUPDQFH OLTXLG FKURPDWRJUDSK
+3$(&  (66(17,$/&&6KLPDG]X-DSDQ 
&HOOXORVH VXJDU VROXWLRQ ZDV GHFRPSRVHG ZLWK 
PP1D2+IRUPLQXWHVIRUWKHDQDO\VLV7KHPR
ELOHSKDVHZDVVHWDWPOPLQ

UHDFWLRQ PL[WXUH FRQWDLQHG  PO RI 0 ODFWLF
DFLG EXIIHU VROXWLRQ S+  ȝO RI$%76 DQG
ȝO RI HQ]\PH VROXWLRQ RXWVLGH WKH FHOO DQG WKH
LQFUHDVHLQDEVRUSWLRQDWQPZDVPRQLWRUHGIRU
PLQXWHV (QGRȕJOXFDQDVH DFWLYLW\ ZDV PHDV
XUHG XVLQJ RVWD]LQUHG K\GUR[\FHOOXORVH 6LJPD
&KHPLFDO &RPSDQ\ 86$  7KH UHDFWLRQ PL[WXUH
/ FRQWDLQHG/RIPJ2%5PODQG/
RIP0FLWUDWHSKRVSKDWHEXIIHU S+ HQ]\PH
VROXWLRQ,WZDVLQFXEDWHGDW&IRUPLQ7KH
UHDFWLRQ ZDV LQLWLDWHG E\ DGGLQJ WKUHH YROXPHV RI
HWKDQRODFHWRQHWHUPLQDWLRQ YY 7KHSURGXFW
UHOHDVHGIURPWKHSRO\PHULFVXEVWUDWHZDVDVVHVVHG
DWQPWRPRQLWRUWKHLQFUHDVHLQDEVRUEDQFH>@
&HOORELRK\GURODVH HQ]\PH FRQWHQW FDQ EH GH
WHUPLQHGDVIROORZV7KHUHDFWLRQPL[WXUHFRQVLVWVRI
 POP0 QLWURSKHQ\Oȕ'DPLQR JDODFWRVLGDVH
0HUFN &R,QF&DQDGD PORIHQ]\PHVR
OXWLRQ DQG  PO RI P0 VRGLXP DFHWDWH EXIIHU
S+ LQVROXWLRQ7KH PL[WXUH ZDVLQFXEDWHGDW
&IRUPLQXWHV7KHQPORIVRGLXPFDU
ERQDWHVROXWLRQZDVDGGHGWRWKHUHDFWLRQPL[WXUHUH
OHDVHG IURP WKH VXEVWUDWH SQLWURSKHQRO DW QP
EDVHGRQFKURPDHVWLPDWHV>@ȕJOXFRVLGDVHDFWLY
LW\ ZDV LQGXFHG E\ JOXFRVLGH 0HUFN  &R ,QF
&DQDGD WRPRQLWRUWKHUHOHDVHRISQLWURSKHQROIURP
SQLWURSKHQ\Oȕ'S\UDQ(Q]\PHVROXWLRQ ȝO 
ZDVLQFXEDWHGLQP0VRGLXPDFHWDWHEXIIHU S+
 DW&IRUPLQXWHVZLWKP0SQLWURSKHQ\O
ȕ' *OXFRS\UDQRVLGH7KHHQ]\PHUHDFWLRQFDXVHG
E\ WKH DGGLWLRQ RI ȝO RI 0 VRGLXP FDUERQDWH
ZDVWHUPLQDWHG7KHUHOHDVHGDPRXQWRIQLWURSKHQRO
ȕJOXFRVLGDVHHQ]\PHZDVFDOFXODWHGXVLQJWKHVDPH
PHWKRGDQGFHOORELRK\GURODVHZDVGHWHUPLQHG>@
%\XVLQJ5%%[\ODQ 0HUFN &R,QF&DQDGD DV
DVXEVWUDWH[\ODQDVHDFWLYLW\ZDVPHDVXUHG,QRUGHU
WRPHDVXUHWKHDFWLYLW\RIWKHPL[WXUHȝORI5%%
[\ODQVROXWLRQ PJPO ZDVDGGHGWRȝORIHQ
]\PHVROXWLRQ7KHQȝORIP0VRGLXPDFHWDWH
EXIIHU S+ ZDVFRPSRVHG$IWHUPLQXWHVRI
LQFXEDWLRQDW&WKHUHDFWLRQZDVVWRSSHGE\WKH
DGGLWLRQRIWZRYROXPHVRIHWKDQRO7KHVDP
SOHVZHUHFHQWULIXJHGDWQPIRUGHWHUPLQDWLRQRI
WKH VXSHUQDWDQW FRQWDLQLQJ VROXEOH [\ODQ GLJHVWLRQ
UHVXOWLQJLQGLVWLQFWIUDFWLRQV>@

RESULTS AND DISCUSSION
Chemical components analysis of pretreated
woody biomass. $IWHUHLJKWZHHNVRIELRORJLFDOSUH
WUHDWPHQWSURFHVVDQDO\VLVWLPEHULQJUHGLHQWVZHUH
SUHVHQWHGLQ7DEOHVDQG7KHZHLJKWORVVHVRIWKH
VDPSOHZRRGVZHUHDQGDIWHUGHFRPSR
VLWLRQZLWK+LQVXODUHDQG3JLEERVDUHVSHFWLYHO\
,Q DGGLWLRQ PHFKDQL]HG ZHLJKW ORVVHV ZHUH 
DQGUHVSHFWLYHO\)XOO\LQGXFHGORVVRIFHOOX
ORVHE\+LQVXODUHZDVDWDVLPLODUOHYHO7KLVLP
SOLHGWKDWWKHXVHRILWVRZQVHFUHWHGK\GURO\WLFHQ
]\PHV ZRXOG GHJUDGH FHOOXORVHZLGH IRU & FDHU
XOHXP DQG 3 JLEERVD WKHUH ZHUH GLIILFXOWLHV ZLWK
ORZZHLJKWORVVRIKRORFHOOXORVH$FFRUGLQJWRVWD
WLVWLFDODQDO\VLVWKHUHLVDGLIIHUHQFHEHWZHHQWKHOLJ
QLQGHJUDGDWLRQUDWHVSHUIXQJL+RZHYHUWKHUHLVQR
VLJQLILFDQWGLIIHUHQFHLQZHLJKWORVVDIWHUWUHDWPHQW
IRU WKH HQWLUH FHOOXORVH FRQWHQW ZLWK & FDHUXOHXP
DQG+LQVXODUH 3 
7KHUHVXOWVVKRZWKDW+LQVXODUHOLJQLQGHJUD
GDWLRQ ZDV VLJQLILFDQWO\ KLJKHU WKDQ WKDW RI RWKHU
IXQJL7KHUHDVRQIRUWKHGHFUHDVHLQWKHOLJQLQFRQ
WHQW RI LQVROXEOH DFLGV PD\ EH WKDW ZKLWHURW IXQJL
GHJUDGHVOLJQLQHQ]\PHVZLWKORZPROHFXODUSKHQRO
FRPSRXQGV DW D ORZ FDSDFLW\ $FLGVROXEOH OLJQLQ
ZDVVOLJKWO\KLJKHUWKDQDOOIXQJL 6HH7DEOH $F
FRUGLQJ WR WKH UHVXOWV UHJDUGLQJ WKH ZHLJKW ORVV RI
OLJQLQDQGKHPLFHOOXORVHRQO\+LQVXODUHFRXOGVH
OHFWLYHO\GHJUDGHOLJQLQDQGFHOOXORVH7KLVUHVXOWFDQ
DOVREHFRQILUPHGE\WKHDONDOLQHFRQWHQWRIWKHH[
WUDFW&RPSDUHGZLWKWKHFRQWUROVDPSOHWKHFRQWHQW
RIDONDOLQHH[WUDFWLQFUHDVHGIURPWR
DQGIURPDQGFRUUHVSRQGLQJWR+
LQVXODUH3JLEERVDDQG&FDHUXOHXPUHVSHFWLYHO\
7KLV LPSOLHV WKDW FDUERK\GUDWH DQG OLJQLQ GHJUDGD
WLRQ SURGXFWV KDYH ORZ PROHFXODU ZHLJKWV ZKLFK
PHDQVWKDWGHJUDGDWLRQVWDUWVIURPWKHRXWVLGHGXULQJ
WKHFXOWXUHRIWKHVHFHOOVLQWKHSURGXFWLRQRIIXQJDO
HQ]\PHV %DVHG RQ WKH FRPSDULVRQ DQG VWDWLVWLFDO
DQDO\VLVRIUHVXOWVWKHFKHPLFDOFRPSRVLWLRQLVVWD
WLVWLFDOO\ VLJQLILFDQWO\ GLIIHUHQW FRPSDUHG ZLWK WKH
FRQWURO

(Q]\PDWLF VDFFKDULILFDWLRQ 7R FRPSDUH WKH
ZKLWHURWIXQJLXVHGGXULQJWKHSUHWUHDWPHQWSHULRG
ZLWKFHOORELRVHSURGXFWLRQ&HOOXFODVWDGRSWHGDFXO
WXUH WDQN ZLWK D YROXPH RI  OLWHUV 6ROXWLD ,QF
'HQPDUN  IRUWKHSUHSDUDWLRQRI ȕJOXFRVLGDVHDQG
FHOOXORVH+HUHJRIWKHELRSUHWUHDWPHQWVDP
SOHVRIZRRG\ELRPDVVZDVWUDQVIHUUHGWRDPO
FRQLFDO IODVN7KHQPORIP0 DFHWDWHEXIIHU
S+ ZDVDGGHGWRWKHFRPSRQHQWV7KHQDVXLW
DEOHDPRXQWRIFHOOXODVH (*8J DQGDQDSSUR
SULDWHDPRXQWRIȕJOXFRVLGDVH ,8J ZDVDGGHG

4464

Volume 26 ± No. 7/2017 pages 4462-4469

© by PSP

Fresenius Environmental Bulletin

7$%/(
:HLJKWORVVDQGFKDQJHVLQFKHPLFDOFRPSRQHQWVRI/DUL[NDHPSIHULLQELRORJLFDOSUHWUHDWPHQWZLWKZKLWH
URWIXQJL
:KLWHURW
&ODFHUDWD
3JLEERVD
+,QVXODUH

:HLJKWORVV 




/LJQLQORVV 




)XQJLKRORFHOOXORVHORVV 




7$%/(
&KDQJHVLQWKHFKHPLFDOFRPSRQHQWVDIWHUELRORJLFDOSUHWUHDWPHQWZLWKZKLWHURWIXQJL
%LRORJLFDOSUHWUHDWPHQW
&RQWURO
&ODFHUDWD
3JLEERVD
+,QVXODUH

$FLGVROXEOHOLJQLQD

$ONDOLH[WUDFWLYH 

O









D

$VK 





1RWH9DOXHVDUHH[SUHVVHGDVSHUFHQWGHFUHDVHEDVHGRQWKHRYHQGULHGZHLJKWRIRULJLQDOZRRGDVLJQLILHVWKH
DYHUDJHRIWULSOLFDWHH[SHULPHQWDOUHVXOWVXQGHUHDFKFRQGLWLRQ
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),*85(
&KDQJHVLQWKHOLJQLQDVHDFWLYLWLHVRIZKLWHURWIXQJLGXULQJWKHFXOWLYDWLRQRQ/DUL[NDHPSIHULZRRG
SRZGHUDVDFDUERQVRXUFH $ ODFFDVH % PDQJDQHVHSHUR[LGDVH Ÿ 3JLEERVD  ی+LQVXODUH ź 
&ODFHUDWD
WKLVGLVFRYHU\DQGSUHYLRXVUHVXOWV>@$FFRUGLQJO\
+ LQVXODUH 6HH )LJ   DFWLYLW\ PD\ FRQWULEXWH WR
WKHKLJKHVWOLJQLQDQGWKHPD[LPXPVLJQLILFDQWORVV
6HH 7DEOH   7KH YDULHW\ RI FHOOXORO\WLF HQ]\PHV
SURGXFHGLQWKHFXOWXULQJSURFHVVXVLQJWKUHHZKLWH
URWIXQJLDUHVKRZQLQ)LJȕJOXFRVLGDVHDQGHQ
GRJOXFDQDVHDFWLYLWLHVDVZHOODVLQFXEDWLRQWLPHDUH
VKRZQLQ)LJ$DQG&&KHPLFDO FKDQJHVLQWKH
UHVXOWVDUHOLVWHGLQ7DEOHZKLFKDUHFRQVLVWHQWZLWK
WKHJUDGXDOLQFUHDVH
,Q HQGRJOXFDQDVH DQG [\ODQDVH DFWLYLWLHV WKH
UDQGRPGHJUDGDWLRQRIFHOOXORVH DQGKHPLFHOOXORVH
EDFNERQHV ZHUH KLJKHU WKDQ WKDW RI ȕJOXFRVLGDVH
DQG WKDW RI FHOORELRK\GURODVH ZDV VLJQLILFDQWO\
KLJKHU 6HH)LJXUH )RUDQRWKHUDVSHFWORZRUXQ
GHWHFWHG FHOORELRK\GURODVHV LQ DOO WKUHH IXQJL ZHUH
LQFXEDWHGIRUGD\V)ROORZLQJFXOWLYDWLRQGD\V
VOLJKWFHOORELRK\GURODVHDFWLYLWLHVLQ3JLEERVDDQG
+ LQVXODUH ZHUH GHWHFWHG 1RQHWKHOHVV WKH\ ZHUH
VWLOOIDUEHORZWKHLQWHQVLW\UHSRUWHGLQ&FDHUXOHXP
$VDFRQVHTXHQFHWKH\ZHUHFRQVLGHUHGQHJOLJLEOH
6HH)LJ% +RZHYHUWKH[\ODQDVHDFWLYLW\ZDV

3  ,QVWHDGWKHUH LVQRVLJQLILFDQWGLIIHUHQFH
EHWZHHQWKHFRQWURODQGDFLGVROXEOHOLJQLQDQGDVK
FRQWHQWVZLWKWKUHHIXQJL
%DVHG RQ HDUOLHU VWXGLHV VRIWZRRG FHOOXORVH
DQGOLJQLQWUHDWHGZLWKRWKHUZKLWHURWIXQJLZRXOG
VXIIHU KLJKHU ORVVHV FRPSDUHG ZLWK WKRVH WUHDWHG
ZLWK+LQVXODUH$IWHUGD\VRIVROLGVWDWHIHUPHQ
WDWLRQH[SHULPHQWDOVDPSOHVRIOLJQLQDQGKHPLFHO
OXORVHFRQWHQWVZHUHUHGXFHGE\DQGUH
VSHFWLYHO\>@)RUVDFFKDULILFDWLRQHQ]\PHVIXQJL
VKRXOGEHEDVHGXSRQWKHLULPSDFWLQJOLJQLQDQGWKH
VPDOOHVWFHOOXORVHGHJUDGDWLRQDELOLW\VKRXOGEHFKR
VHQ,WLVLQGLFDWHGWKDW+LQVXODUHLVFRQVLGHUHGWR
EHPRUHVXLWDEOHIRUELRORJLFDOSUHSURFHVVLQJFRP
SDUHGZLWKWKHIXQJL3JLEERVDDQG&FDHUXOHXP
Assay of the active enzyme in white-rot fungus. 7KURXJKRXWWKHLQFXEDWLRQSHULRG+,QVXODUH
ODFFDVHDQGPDQJDQHVHSHUR[LGDVHVKRZHGWKHKLJK
HVWOLYLQJUDWH 6HH)LJ$DQG% 1HYHUWKHOHVV&
ODFHUDWDODFFDVHDFWLYLW\ZDVGHWHFWHGLQ&ODFHUDWD
ODFFDVHDQGOLJQLQSHUR[LGDVHOLTXLGFXOWXUHEDVHGRQ
4465
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ZRRGSRZGHUZHUHREWDLQHG7KHFU\VWDOOLQLW\RIWKH
QRQSUHWUHDWHGWLPEHUZDVZKLOHWKRVHRIWKH
SUHWUHDWHGIORXUNLQGVZHUHEHWZHHQDQG
6HH)LJ 7KHUHIRUHWKHELRORJLFDOSUHWUHDWPHQW
ZLWKWKUHHZKLWHURWIXQJLGLGQRWVKRZDVLJQLILFDQW
HIIHFW RQ WKH GHJUHH RI FU\VWDOOLQLW\ 6HH )LJ 
&U\VWDOOL]DWLRQKDVSUHYLRXVO\EHHQSURYHQWRLQIOXHQFH GLIIHUHQW FHOOXORVHV HVSHFLDOO\ FHOORELRK\GURODVHV>@7KHHOHPHQWZKLFKFDXVHVPLQLPDOFU\V
WDOOLQLW\ZDVXVHGLQWKLVVWXG\ 6HH)LJ% 7KHORZ
FHOORELRK\GURODVH DFWLYLW\ LQ WKUHH ZKLWHURW IXQJL
PD\EHGHWHUPLQHGIRUXVH 6HH)LJ 

WLPHVKLJKHULQ&FDHUXOHXPWKDQLQ+LQVXODUH 6HH
)LJ' $OWKRXJK[\ODQDVHDQGHQGRJOXFDQDVHWRRN
RQWKHKLJKHVWDFWLYLW\LQ&FDHUXOHXPWKHIXQJXV
FRXOGQRWHIIHFWLYHO\OHDGWRWKHGHJUDGDWLRQRIKHP
LFHOOXORVH 6HH7DEOHDQG)LJ 2QWKHFRQWUDU\
3 JLEERVD H[KLELWHG ȕJOXFRVLGDVH DQG FHOORELRK\
GURODVHDFWLYLWLHVZLWKWKHKLJKHVWHQGRJOXFDQDVHDQG
[\ODQDVHDFWLYLW\OHYHOUHVXOWLQJLQWKHPRVWVLJQLIL
FDQWORVVRIZKROHFHOOXODVH 6HH7DEOHDQG)LJ 
Physical properties of woody biomass pretreatment. 7KURXJK ;UD\ GLIIUDFWLRQ ;5'  WKH
VWUXFWXUHV RI WKH RULJLQDO VDPSOHV DQG SUHWUHDWHG

),*85(
&KDQJHVLQWKHFHOOXORO\WLFHQ]\PHDFWLYLWLHVRIZKLWHURWIXQJLGXULQJFXOWLYDWLRQRQ-DSDQHVHUHGSLQH
ZRRGSRZGHUDVDFDUERQVRXUFH Ÿ 3JLEERVD  ی+LQVXODUH ź &ODFHUDWD $ ȕJOXFRVLGDVH % 
FHOORELRK\GURODVH & HQGRJOXFDQDVH ' [\ODQDH9DOXHVVKRZQDUHWKHDYHUDJHVIURPWULSOLFDWHH[SHU
LPHQWVZLWKHDFKFRQGLWLRQ

),*85(
&KDQJHVLQWKHFU\VWDOOLQLW\RIOLJQRFHOOXORVLFELRPDVVDIWHUELRORJLFDOSUHWUHDWPHQW
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),*85(
3RUHVL]HGLVWULEXWLRQIRUQRQWUHDWHGDQGSUHWUHDWHGZRRGSRZGHUV $ XQWUHDWHGZRRGSRZGHU % 
ZRRGSRZGHUSUHWUHDWHGZLWK+LQVXODUH & ZRRGSRZGHUSUHWUHDWHGZLWK3JLEERVD
7$%/(
0RQRVDFFKDULGHVDQGWRWDOVXJDU\LHOGVRIZRRG\ELRPDVVHVQRQWUHDWHGDQGSUHWUHDWHG
E\FRPPHUFLDOHQ]\PHV
&DUERQ
VRXUFH
&21
67+
32%
&(/

7LPH K
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1RWH&21QRQWUHDWHG/DUL[NDHPSIHUL -53 67+-53SUHWUHDWHGZLWK3JLEERVD32%-53SUHWUHDWHGZLWK+LQVXODUH&(/-53SUH
WUHDWHGZLWK&ODFHUDWD@7KHYDOXHVVKRZQLQWKHWDEOHDUHWKHDYHUDJHVRIWULSOLFDWHH[SHULPHQWUHVXOWVXQGHUHDFKFRQGLWLRQ

EDVHGRQWKHUHFRPPHQGDWLRQV>@3UHYLRXVVWXG
LHV KDYH QRWHG WKDW K\GURO\VLV DQG XVDEOH DUHD DUH
FORVHO\OLQNHG>@7KHLQFUHDVHLQWKHDYDLODEOHDS
HUWXUHRI3JLEERVDDQG6KLUVXWXPZDVGHJUDGHGE\
ZRRG DQG OLJQLQ GHJUDGDWLRQ HQ]\PHV VHFUHWHG E\
WKHVHIXQJLIURPKHPLFHOOXORVHFDXVHGDVPDOOSDUW

,Q QRUPDO FLUFXPVWDQFHV SRUH GLDPHWHU DQG
VSHFLILFVXUIDFHDUHDDUHYHU\LPSRUWDQWIRUWKHDG
VRUSWLRQRIHQ]\PHVDQGDFFHVVLELOLW\5HVHDUFKKDV
VXJJHVWHG WKDW WKH DYDLODEOH VXUIDFH DUHD RI D VXEVWUDWHDQGSURWHLQELQGLQJDUHSRVLWLYHO\FRUUHODWHG
7KHSRUHVL]HGLVWULEXWLRQVRIZRRGIORXUWKDWLVXQ
WUHDWHGDQGSUHWUHDWHGZLWKZKLWHURWIXQJLDUHVKRZQ
LQ )LJ  7KH QLWURJHQ DGVRUSWLRQ DQG GHVRUSWLRQ
YDOXHVZHUHPJDQGPJUHVSHFWLYHO\
6LPLODUO\ WKH YDOXHV RI DEVRUSWLRQ DQG GHVRUSWLRQ
GHWHUPLQHWKHUHOLDELOLW\RILQGLFDWRUVREWDLQHGLQWKLV
VWXG\¶V WHVW GDWD &RPSDUHG ZLWK DQ DFLG SUHWUHDWPHQWIRUZRRGSRZGHULWVKRZVDGLIIHUHQWGLVWULEXWLRQ FXUYH >@ &HOOXORVH ZDV UHSRUWHG WR KDYH D
VSKHULFDOGLDPHWHURIQP>@7KHDYDLODEOH
DSHUWXUH ZDV OHVV WKDQ  QP DQG WKH SRVVLELOLW\
WKDWWKHHQ]\PH+LQVXODUHZRXOGDFFHVVSUHWUHDWHG
IORXUUDWKHUWKDQXQWUHDWHGZRRGIORXULQFUHDVHGGUD
PDWLFDOO\7KHUHVXOWVVXJJHVWWKDWHIILFLHQF\FDQEH
LQFUHDVHG E\ WKH VDFFKDULILFDWLRQ RI WKH DYDLODEOH
VSHFLILFVXUIDFHDUHDDQGSRUHVL]HDVWKHSUHGLFWLRQ

Sugar yield. )RUWKH\LHOGVRIJOXFRVHDQGRWKHU
PRQRVDFFKDULGHV DIWHU FRQYHQWLRQDO FDOLEUDWLRQ D
VWDQGDUGLQWHUQDWLRQDOVDFFKDULILFDWLRQHQ]\PHDVVD\
ZDVSUDFWLFHG 6HH7DEOH :RRGVDFFKDULILFDWLRQ
ZDV GLIIHUHQW ZKHQ ZRRG\ ELRPDVV ZDV SUHWUHDWHG
ZLWK + LQVXODUH IRU  KRXUV DQG VDFFKDULILHG DW
&8QGHUWKLVFRQGLWLRQZHREWDLQHGWKHKLJKHVW
VXJDU SURGXFWLRQ LH  0HDQZKLOH ZRRG\
ELRPDVVVDFFKDULILFDWLRQHQ]\PHVSUHWUHDWHGZLWK3
JLEERVDDQG&ODFHUDWDZHUHXWLOL]HGLQVXJDUSUR
GXFWLRQ XQGHU WKH VDPH FRQGLWLRQV  DQG
 UHVSHFWLYHO\  7KH PRVW DEXQGDQW JOXFRVH
FDQ EH SURGXFHG LQ DOO FLUFXPVWDQFHV ;\ORVH DQG
PDQQRVH DV WKH PDLQ LQJUHGLHQWV RI JOXFRPDQQDQ
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SURGXFWLRQZHUHIURPDUDELQRVHDQGJOXFXURQLFDFLG
GHULYDWLYHV RI VRIWZRRG KHPLFHOOXORVH LQ ELRPDVV
7KURXJK WKH HQ]\PDWLF K\GURO\VLV RI SUHWUHDWHG
ZRRG ELRPDVV ZH REWDLQHG KLJK [\ORVH DQG PDQ
QRVH \LHOGV$V D UHVXOW LW LV ZLGHO\ UHJDUGHG WKDW
KHPLFHOOXORVHLVDZKLWHURWIXQJXVZLWKDQHDVLO\GH
JUDGDEOH VWUXFWXUH ,Q SDUWLFXODU + LQVXODUH EHFRPHVWKHSUHIHUUHGIXQJDOVWUDLQIRUELRORJLFDOSUH
WUHDWPHQWLQDVXLWDEOHWLPEHUSUHSURFHVVRU

.HDVOLQJ - '   6\QWKHVLV RI WKUHH DG
YDQFHG ELRIXHOV IURP LRQLF OLTXLGSUHWUHDWHG
VZLWFKJUDVV XVLQJ HQJLQHHUHG (VFKHULFKLD FROL 
3URFHHGLQJV RI WKH 1DWLRQDO$FDGHP\ RI 6FL
HQFHV  
[9] $OPHLGD-50RGLJ73HWHUVVRQ$+lKQ
+lJHUGDO % /LGpQ *  *RUZD*UDXVOXQG
0 )   ,QFUHDVHG WROHUDQFH DQG FRQYHU
VLRQRILQKLELWRUVLQOLJQRFHOOXORVLFK\GURO\VDWHV
E\6DFFKDURP\FHVFHUHYLVLDH-RXUQDORI&KHP
LFDO7HFKQRORJ\DQG%LRWHFKQRORJ\   

[10] &ODUN-+/XTXH5 0DWKDUX$6  
*UHHQFKHPLVWU\ELRIXHOVDQGELRUHILQHU\ $Q
QXDO5HYLHZRI&KHPLFDODQG%LRPROHFXODU(Q
JLQHHULQJ 
[11] (O5DKLP:00RDZDG+ .KDODIDOODK
0  (QKDQFLQJWKHJURZWKRISURPLVLQJ
IXQJDOVWUDLQVIRUUDSLGG\HUHPRYDO)UHVHQ(Q
YLURQ%XOO  
[12] 5DKPDQL$%DUMDVWHK$VNDUL) $VJDUL*K
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considered to be major environmental pollutants
and their toxicity on plants is well established [1].
Among heavy metals, Pb is one of the hazardous
heavy metal pollutants of the environment that
originates from various sources like mining and
smelting of lead-ores, burning of coal, effluents
from storage battery industries, automobile
exhausts, metal plating and finishing operations,
fertilizers, pesticides and from additives in
pigments and gasoline [2]. Lead is one of the most
widely distributed heavy metals and is toxic to
plants [3]. Responses of plants to Pb exposure
include decrease in root elongation and biomass
[4,5], inhibition of chlorophyll biosynthesis and
chlorophyll content [6,7], and induction or
inhibition of several enzymes [8,9].
Mirabilis jalapa (Nyctaginaceae) is an
RUQDPHQWDO SODQW FRPPRQO\ NQRZQ DV WKH µIRXU
R¶FORFN IORZHU¶ EHFDXVH LWV IORZHUV RSHQ IURP ODWH
afternoon and onwards. Plants produce fragrant
flowers in a range of colours from white to red over
the course of a few months. It is a multi-branched
perennial plant in southern and warm western
regions, and an annual in cooler northern regions, of
its native tropical South America [10]. M. jalapa
has been cultivated in many parts of the world,
including Turkey. It has long been used for medicinal purposes [11]. In addition to that, it can be
applied to remediation of Cd and Pb contaminated
soils [12,13].
The present study is an attempt to determine
the effects of Pb application on the accumulation of
nutrients (K, Ca, Mg, Fe, Zn, Cu and Mn) and its
effects on the growth in M. jalapa.

ABSTRACT
In the present study, effects of Pb application
on the accumulation of nutrients (K, Ca, Mg, Fe,
Zn, Cu and Mn) and its effects on the growth in M.
jalapa were investigated. M. jalapa seedlings were
treated with 0, 10, 100 and 1000 mg/L Pb
concentrations. Absorbed Pb were not uniformly
distributed throughout the plant. Among plant parts,
higher Pb accumulation capability determined in
roots compared to stems and leaves, exception of 10
mg/L Pb concentration. Growth and development of
M. jalapa were adversely affected by Pb toxicity.
Root and stem lengths and their Pb contents showed
negative correlations. Similarly, dry weights of
root, stem and leaves were decreased as well. In
general, contents of Fe, Zn, Mn and Mg were
decreased by Pb. In roots, Cu contents changed
insignificatly at 10 and 100 mg/L concentrations,
but decreased significantly at 1000 mg/L
concentration. Despite the fact that Cu contents
were rised with Pb applications in stems, the
content decreased with increasing Pb concentrations
in leveas. In root and leaves, Ca contents were
decreased. Moreover Ca content in stems was
increased up to 19.7% at 100 mg/L Pb
concentration, then decreased up to 10.0% at 1000
mg/L Pb concentration. K accumulations were
increased up to 34.7% at 100 mg/L in roots, 26.9%
at 1000 mg/L in stems and 10.3% at 10 mg/L in
leaves. However, K accumulation in leaves was
significantly decreased at 1000 mg/L as 34.1%. As
a results, Pb toxicity disturbed the uptake and
translocation of nutrients and induced its nutrient
imbalance.

MATERIALS AND METHODS
KEYWORDS:
Lead, growth, mineral nutrients, Mirabilis jalapa

Plant exposure. M. jalapa seeds were
obtained at the campus of Gaziantep University.
The seeds were soaked in water for 10 h. Then, two
seeds were sown in each pot (8.5 cm × 13.5 cm)
filled with perlite. After germination, seedlings
were watered to 10% nutrient solution. The nutrient
solution consisted of 0.88 mM K2SO4, 2 mM
Ca(NO3)2, 0.25 mM KH2PO4, 1 mM MgSO4, 0.11
P0.&Oȝ0)H-('7$ȝ0+3BO3ȝ0
MnSO4  ȝ0 =Q624  ȝ0 &X624 DQG  ȝ0

INTRODUCTION
A wide variety of contaminants enter into
environment due to extensive industrial production,
energy and fuel production and intensive
agriculture. Heavy metals are one of the most
dangerous of these contaminants. They have been
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(NH4)6Mo7O24. The seedlings were grown in a
climate chamber (Snijders Scientific, Netherlands)
under light/dark regimes of 16/8 h, light level of
ȝ(P-2. s-2, and at 28±1 °C. There weeks after,
seedlings were treated with 0, 10, 100 and 1000
mg/L Pb as Pb(NO3)2. Each treatment had four pots.
All solutions were prepared with distilled water.
The seedlings were harvested after 25 days; then,
seedling roots were carefully washed with
deionized water three times.
FIGURE 1
Growth of M. jalapa after 25-days Pb
applications.

Measurement and calculation. Roots and
stems of the plant were measured using a ruler.
After determination of fresh weight of root, stem
and leaves using precision scales, all plant parts
were dried in an electric furnace at 80 °C.
Tolerance index of plant parts were calculated as
follows [14]:

TABLE 1
Lead accumulation of different parts of M.
jalapa after 25-days Pb applications
Pb
concentration
(mg/L)
0
10
100
1000

Dry weight of Pb applied plant part
Tolerance (g)
x 100 - 100
index =
Dry weight of Pb unapplied plant part
(g)

BCF =

plant

Leaf

82.5±10.4a, x
1075.4±150.8a,x
22078.6±1543.8b,x
12842.6±675.4c,x

48.2±8.0a,x
1711.0±46.6b,y
3551.8±185.1c,y
898.7±124.9d,y

30.3±3.2a,x
204.6±14.0b,z
973.3±32.1c,z
549.1±40.9d,y

TABLE 2
Bioconcentarion factor and transportation
factors of M. jalapa after 25 days Pb applications
Pb concentration
(mg/L)
10
100
1000

BCF
299.1
266.0
14.3

Transportation factor
Stem
Leaf
159.1
19.0
16.1
4.4
7.0
4.3

RESULTS AND DISCUSSION

Bioconcentration factor (BCF) was calculated
as follows [15]:
in

Stem

Values expressed as mean ± standard deviation. Letters a,
b, c and d show the differences among exposure
concentrations; letters x, y and z show the differences
among plant parts (p<0.05).

Determination of lead accumulation. To
determine Pb and nutrient accumulations, the dried
samples were pulverized using mortar and pestle.
The samples were dissolved in 14 M HNO3 and
residues were dissolved in 1 M HCl. After
mineralization, metals were determined using an
atomic absorption spectrometer (Perkin Elmer
AAnalyst 400, USA). Measurments of Pb, Fe, Zn,
Mn, Cu, Ca, K and Mg were carried out at 283.31,
248.33, 213.86, 279.48, 324.75, 422.67, 766.19 and
285.21 nm, respectively. Metal contents of plant
parts were calculated on dry weight basis.

Average Pb accumulation
(root+stem+leaf)

Pb contents (mg/kg d wt.)
Root

Influence of different Pb applications (0, 10,
100 and 1000 mg/L) were investigated on M.
jalapa. Shoot growths of plant was visually
observed after 25 days Pb treatments (Figure 1). At
10 mg/L and 100 mg/L concentrations, the Pb
accumulations were incresed in all plant parts while
it was interestingly decreased at 1000 mg/L
compared to other Pb applications. The rate of
respective Pb increases in different tissues for 10,
100 and 1000 mg/L Pb applications can be
calculated from the data presented in Table 1 as 13,
268 and 156-fold in root tissue, 35, 74 and 19-fold
in stem tissue, and 7, 32 and 18-fold in leaf tissue
compared to that found in control tissues. Absorbed
Pb were not uniformly distributed throughout the
plant, so that different parts may vary in their ability
to concentrate Pb. Among plant parts, higher Pb
accumulation capability determined in roots
compared to stems and leaves, exception of 10
mg/L Pb concentration. The BCF, defined as the
concentration ratio of Pb in the plant to that in the

tissues

Pb concentration added in solution

Transportation index of stem and leaf (BCF)
was calculated as follows [16]:
Pb accumulation stem or
Transportation leaves
x 100
index =
Pb accumulation in root

Statistical analysis. All analyses were carried
out with four replicates. Data were analyzed with
the analysis of variance (ANOVA) using SPSS 11.0
for Windows. The significance of differences was
determined with the least significant difference
(LSD) test. Pearson's correlation was analyzed
between
Pb
accumulation
and
mineral
accumulations.
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and their Pb contents showed a negative correlation
(r=-0.425; p=0.084). Similarly, decreases of stem
lengths were not significant for 10 and 100 mg/L
concentration of Pb as 3.5% and 10.6%,
respectively (p>0.05). However, the decrease was
significant at 1000 mg/L as 24.2% (p<0.05).
Relationship between Pb accumulation of stems and
their lengths was negative (r=-0.017; p=0.479). Due
to the application of Pb, dry weights of root, stem
and leaves were decreased as well. (Figure 3) Root
dry biomass was found to be negatively correlated
with root Pb accumulation (r =-0.501; p=0.048).
Similarly, There were negative correlations between
Pb accumulation in stem and leaves tissues and
their dry biomass (r=-0.402; p=0.098 for stem, and
r=-0.476; p=0.059 for leaf). As can be seen in Table
3, tolerance indexes of M. jalapa parts are negative
as well. In roots, the index was maximum (24.9%)
at the highest Pb level (1000 mg/L) followed by
15.8% at 100 mg/L and 1% at 10 mg/L. The
mimimum tolerance for stem and leaf was
calculated as 24.4 and 30.1, respectively, at 1000
mg/L Pb application. There are many researches on
adverse effects of Pb on plant growth and
development [4,5,19]. On the contrary high Pb
accumulation in roots, growth inhibition was
stronger in aerial parts of M. jalapa. Tolerance
index is an integrated calculation of particular
parameter and makes for a summary assessment of
effect of Pb on the plant growth. The indexes were
negatives all plant parts. Growth retardation of M.
jalapa from Pb treatments may be attributed to
nutrient metabolic disturbances as determined our
findings.

tested solution, is used to measure the effectiveness
of the plant in concentrating Pb in its biomass.
While the highest BCF was calculated on 10 mg/L
Pb-treated seedlings, the lowest BCF was measured
on 1000 mg/L Pb-treated ones. (Table 2) This
indicates that roots of M. jalapa have high Pb
accumulation capability at low Pb concentrations.
Similarly, transportation indexes of stem and leaves
were decreased with increasing external Pb
concentrations (Table 2). The translocation index,
defined as the ratio of the metal concentration in the
stem and leaves to that in the roots. It is used to
evaluate the effectiveness of a plant in translocating
metal from roots to stem and leaves. Our findings
show that roots of M. jalapa play a crucial role in
Pb storage by blocking Pb translocation from root
to upper tissues as protection mechanism from
deleterious effects of high Pb accumulation. These
findings are in agreement with those of Sayyed et
al. [17] in safflower and wheat plants subjected to
Pb, Cd, Cu, and Zn contamination and showed that
heavy
metal
treatment
decreased
metal
translocation from the roots to the shoots. A similar
mechanism was found in roots of peanut seedling
for Pb in response to high external Pb
concentrations [7]. The mechanism of this blockage
may be similar to that reported by Marschner [18]
as Pb can adhere to root cell wall, in pyrophosphate
form.
Root
a

a

25

Stem

a

A

A

a
A

20

B

15
10

Root

0,20
Dry weight (g per plant)

Length (cm per plant)
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FIGURE 2
Root and stem lengths of M. jalapa after 25-days
Pb applications. Error bars represent the
standard deviation of means. Means with
different letters are significantly different from
one another according to LSD test (p<0.05).

10
100
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Leaf

ab

ab

0,15
0,10

b
A
a
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10

100

a

B

0,05
0,00
0

1000
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FIGURE 3
Dry weights of different part of M. jalapa after
25-days Pb applications. Error bars represent
the standard deviation of means. Means with
different letters are significantly different from
one another according to LSD test (p<0.05).

TABLE 3
Tolerance index of different parts of M. jalapa
after 25 days Pb applications
Pb concentration(mg/L)

Stem

a

Tolerance index
Root
Stem
Leaf
-1.0
-16.8
-14.6
-15.8
-21.4
-17.3
-24.9
-24.4
-30.1

Iron contents in roots of Amaranthus species
showed gradual increase over control with all rates
of Pb and the lowest values were obtained with the
highest rate of Pb in both the species [20].
However, the contents in the shoots and roots of
canola cultivars were reduced with increase in
exogenous Pb from 0 to 90 mg kg-1 soil [21]. In our
study, Fe accumulations were decreased up to
28.1% (p<0.05) at 10 mg/L for roots, 34.6%

In all tested Pb concentrations development
was adversely affected with respect to control
(Figure 2). The decreases at 10, 100 and 1000 mg/L
concentrations for root lengths were calculated as
4.0%, 14.4% and 24.3%, respectively. Root lengths
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TABLE 4
Nutrient accumulations of M. jalapa after 25 days Pb applications
Nutrient

Plant part

Fe
(mg/kg d.wt.)
Zn
(mg/kg d.wt.)
Cu
(mg/kg d.wt.)
Mn
(mg/kg d.wt.)
Ca
(%)
K
(%)
Mg
(%)

Root
Stem
Leaf
Root
Stem
Leaf
Root
Stem
Leaf
Root
Stem
Leaf
Root
Stem
Leaf
Root
Stem
Leaf
Root
Stem
Leaf

Pb concentrations (mg/L)
Control
10
619.3±22.2ac
445.1±13.9bd
111.9±12.9a
102.0±5.6ab
320.6±26.3a
311.1±16.9 a
673.6±12.2ad
477.5±24.7b
455.9±17.2a
424.5±10.6a
324.7±11.7a
316.6±9.3a
140.8±4.5a
138.8±4.5 a
126.1±8.3acd
175.2±10. b
70.5±4.9a
58.7±4.7bc
43.8±2.6a
38.4±3.6ab
30.0±2.8a
26.2±4.1a
92.7±5.3 a
73.9±5.8bc
7.32±0.13 a
6.68±0.14bc
7.63±0.07ab
7.45±0.32ab
5.54±0.20 a
4.62±0.23b
2.02±0.04ac
1.96±0.19ac
2.27±0.08a
2.49±0.09b
1.26±0.04a
1.39±0.03a
1.21±0.04a
1.16±0.23a
1.22±0.14a
1.17±0.02a
0.87±0.08a
0.89±0.01a

100
570.4±35.9c
82.6±6.5bc
287.9±14.0ab
802.9±49.3cd
437.4±23.2a
248.2±23.8bc
152.3±10.3a
146.3±6.7cd
53.2±2.6c
43.5±2.1a
26.1±2.9a
70.0±2.9c
6.42±0.07c
9.13±1.44a
3.87±0.21c
2.72±0.26b
2.79±0.05cd
1.28±0.06a
1.32±0.18a
1.16±0.04a
0.59±0.25ab

1000
502.9±6.9d
73.2±7.4c
241.0±8.5b
723.6±17.8d
408.9±14.0a
234.2±15.3c
107.2±5.6b
129.7±12.3d
42.7±1.9d
33.3±1.1b
29.0±4.2a
26.6±7.6d
4.21±0.14d
6.87±0.27b
3.03±0.13d
2.21±0.02c
2.88±0.07d
0.83±0.07b
1.01±0.14a
1.13±0.01a
0.38±0.06b

Values expressed as means ± standard deviation. Means with different letters in the same line are
significantly different from one another according to LSD test (p<0.05).

TABLE 5
Relationships between Pb and nutrient accumulations in different parts of M. jalapa
Relations in root
Pb
Pb
1
Fe
0.13
Zn
0.79 *
Cu
0.07
Mn
-0.02
Ca
-0.44
K
0.90**
Mg
0.15
Relations in stem
Pb
1
Fe
-0.40
Zn
-0.09
Cu
0.42
Mn
-0.54
Ca
0.70*
K
0.53
Mg
-0.23
Relations in leaf
Pb
1
Fe
-0.51
Zn
-0.80**
Cu
-0.63*
Mn
-0.42
Ca
-0.70*
K
-0.21
Mg
-0.64*

Fe

Zn

Cu

Mn

Ca

K

Mg

1
0.65*
0.40
0.60
0.38
0.35
0.28

1
0.04
0.18
-0.29
0.79**
0.14

1
0.80**
0.83**
0.38
0.64*

1
0.83**
0.27
0.84**

1
-0.14
0.57

1
0.34

1

1
0.72*
0.23
0.18
0.08
-0.86**
0.65

1
-0.17
0.28
0.54
-0.59
0.54

1
-0.34
0.09
-0.05
0.08

1
-0.43
-0.28
0.45

1
0.13
-0.01

1
-0.39

1

1
0.72*
0.80**
0.92**
0.85**
0.80**
0.83**

1
0.86**
0.77**
0.91**
0.67*
0.80**

1
0.91**
0.99**
0.68**
0.78**

1
0.92**
0.85**
0.81**

1
0.70*
0.82**

1
0.82**

1

* and ** significant at 0.05 and 0.01 levels, respectively.

other nutrient accumulations in all plant parts are
positives, exception of K accumulation in stems.
Zinc accumulation of M. jalapa roots
decreased significantly at 10 mg/L Pb concentration
as 29.1% (p<0.05), but increased at 100 and 1000
mg/L Pb concentrations as 19.2% (p<0.05) and
7.4% (p<0.05), respectively. (Table 4). On the
contrary, Zn accumulations in stem and leaves

(p<0.05) at 1000 mg/L for stems and 24.8%
(p<0.05) at 1000 mg/L for leaves. (Table 4)
Although there is positive and insignificant
correlation between Pb accumulation in root tissues
and their Fe accumulation, there are negative
correlation between Pb accumulation in stem and
leaves tissues and their Fe accumulations (Table 5).
Moreover, interaction between Fe accumulation and
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10.3% (p>0.05) at 10 mg/L in leaves. However, K
accumulation in leaves was significantly decreased
at 1000 mg/L as 34.1% (p<0.05). No significant
correlations estimated between Pb and K
accumulations in stems and leaves, but there was
positive and significant interaction in roots. (Table
5)
Mg
accumulations
were
significantly
decreased in shoots of corn and ragweed after two
week Pb application [23]. According to a study,
however, there was no definite effect on Mg content
of rice plant which is treated with Pb [24].
Similarly, Pb treatment insignificantly changed Mg
concentration in roots and stems of M. jalapa
(Table 4). However, Mg content of leaves was
decreased up to 56.3% (p<0.05) at 1000 mg/L.
There are negative relationships between Pb and
Mg contents in stems and leaves. (Table 5) Apart
from this, Mg contents all plant parts are positively
correlated wiht other nutrient accumulations.
As a results, Pb toxicity can disturb the uptake
and translocation of macro and micronutrients in M.
jalapa and induce its nutrient imbalance. It is
known that changes in nutrient contents as well as
in internal ratios of nutrients occur in plants under
Pb toxicity. Although data are insufficient to allow
a definitive conclusion to be drawn, it is known that
Pb affects nutrient uptake [23,25,26]. But, it is not
possible to conclude if this decrease results from
blockage of root absorption, a decrease in
translocation from roots to aerial plant parts, or a
change in distribution of these elements in the plant
[22,26,27]. According to Pourrut et al. [28] two
mechanisms for decreased uptake of micro and
macronutrients under Pb toxicity have been
suggested. The first mechanism, termed physical,
relies on the size of metal ion radii, whereas the
second mechanism, which is a chemical one, relies
on the metal-induced disorder in the the cell
metabolism leading to changes in membrane
enzyme activities and membrane structure. Nutrient
imbalences of M. jalapa due to Pb application may
also result from competition, as obtained our study.

decreased by Pb treatement, wiht respect to their
controls. The data clearly revealed that
translocation of Zn inhibited by Pb. Correlation
analysis confirmed the findings as well. (Table 5)
According to the Lopez et al. [22], Zn contents
were decreased by Pb application in alfalfa plants.
Zinc content of shoots and roots Amaranthus
species decreased significantly with increasing rate
of Pb application showing a negative relation
between Pb and Zn [20].
Copper accumulations in all plant parts were
differently affected by Pb (Table 4). In roots, Cu
levels changed insignificantly at 10 and 100 mg/L
concentrations (p>0.05), but decreased significantly
at 1000 mg/L concentration (p<0.05). Despite the
fact that Cu contents were rised with Pb
applications in stems, the content decreased with
increasing Pb concentrations in leveas. Positive and
insignificant relation between Cu and Pb
accumulations were estimated in roots and stems.
(Table 5) In addition these, correlations between Cu
accumulation and other nutrient accumulations in
all plant parts are positives, exception of Mn, K and
Zn accumulation in stems.
In geraral, all parts of M. jalapa showed to
decrease in Mn accumulations with the increase of
Pb application. (Table 4) With respect to their
controls, the highest reduction rates of Mn in roots,
stems and leaves were astimated as 24.0% (p<0.05)
at 1000 mg/L, 13.0% (p>0.05) at 100 mg/L and
71.3% (p<0.05) at 1000 mg/L, respectively. There
are negative and insignificant correlations between
Pb and Mn accumulations in all plant parts. (Table
5) Moreover positive interactions were observed
between Mn and other element accumulations in all
plant parts, exception of Cu, Ca and K
accumulation in stems.
In root and leaves, Ca accumulations
decreased up to 42.5% (p<0.05) and 45.3%
(p<0.05) at 1000 mg/L, respectively. (Table 4)
Moreover Ca content in stems was increased up to
19.7% (p>0.05) at 100 mg/L Pb concentration, then
decreased up to 10% (p>0.05) at 1000 mg/L Pb
concentration. Although there are negative
correlation between Pb accumulations in root and
leaves tissues and their Ca accumulations, there is
positive and significant correlation between Pb
accumulation and Ca accumulation in stem (Table
5).
According to study of Azhar et. al. [21], K
contents in canola shoots and roots showed a
similar decreasing trend with increasing Pb
concentration in the growth medium. On the other
hand, Pb application significantly increased K
concentrations in both shoots and roots of
Amaranthus oleracea [20]. In our study, K
concentrations were diffrently affected by Pb
treatment (Table 4). The accumulations were
increased up to 34.7% (p<0.05) at 100 mg/L in
roots, 26.9% (p<0.05) at 1000 mg/L in stems and
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genotypes of Turkey, the results indicated that there
were 8-26% genetic differences among genotypes,
the highest differences (26%) were among
6XUHJURZYDULHW\DQG6D\DUDQG0DUDú
[4]. Genetic differences among genotypes belong to
Gossypium hirsutum L. species changed from 634%, while it was 12-42% for Gossypium barbadense species. The highest genetic differences
(42%) obtained between GB-4 and Bahar 2482
genotypes, while the lowest genetic differences
(12%) was between %DKDUDQG$úNDEDWJHQotypes. A study carried out for evaluating the genetic
diversity and relationships among commercial
Gossypium hirsutum species registered in Turkey
from 1964 to 2014, 96 cotton cultivars were examined using morphological and molecular markers.
The morphological analysis was scrutinized based
on 4 fiber quality characteristics including fiber
length, strength, fineness, and uniformity. It was
reported that Turkish cotton cultivars had a good
genetic diversity with high fiber quality, when taking into account XSODQG FRWWRQ¶V QDUURZ JHQHWLF
structure [5]. Additionally, it was reported that
within the upland cotton cultivars, the Egyptian
cotton cultivar Giza 70 (G. barbadense L.) was
distinctly separated from commercial cotton cultivars of Turkey (G. hirsutum L.) [6]. The main hindrance for providing simultaneously genetic progress between seed cotton yield and fiber quality is
the existing negative correlation between lint yield
and lint quality parameters and narrowing of cotton
varieties in terms of genetic diversities [7, 8, 9, 10].
This study was carried out with aim to develop
novel cotton varieties which have high yielding
capacity, meeting WH[WLOHVHFWRU¶VGHPDQGVLQWHUPV
of fiber quality parameters and have superior characteristics than present varieties by using cotton
varieties which are genetically far from each other.

ABSTRACT
The purpose of this study was to determine
yield and fiber technological characteristics of advanced cotton lines developed by crossing parents
which were selected in terms of their genetic diversity and genetic distances and comparing them with
controls. The research has been carried out in GAP
International Agricultural Research and Training
Center¶V experimental area during 2013 and 2014
cotton growing season. Developed 10 advanced
lines and 2 cotton cultivars (GW Teks and Stoneville 468) were used as material. The study was
conducted in randomized complete block design
with four replications. The statistical results showed
that there were significant differences between
lines/varieties in terms of all observed characteristics. The effect of year was significant for seed
cotton yield, fiber yield, first picking percentage,
ginning percentage, fiber fineness and fiber elongation. Year x variety interaction was significant for
seed cotton yield, fiber yield, fiber uniformity index
and short fiber index. According to the results of
this study it was determined that Fiber Max 832 x
Stv 453; Fiber Max 832 x Stv 453/2 for seed cotton
yield and fiber yield; Stoneville 453, Tam 94 L 25 x
Stv 453 and Fiber Max 832 x Stv 453 for ginning
percentage; Tam 94 L 25 x Stv 453/2 for fiber fineness and fiber length; GW Teks, Giza 45 x Sayar
314 and GW Teks x Stv 453 for fiber strength were
promising varieties.

KEYWORDS:
Cotton, genetic diversity, origin, yield, fiber technological properties

INTRODUCTION
Genetic diversity and genetic distance between
parents is crucial for developing novel varieties in
cotton and it is known that superior varieties have
been developed by crossing varieties which are
genetically far from each other [1, 2, 3]. An investigation has been carried out in order to determine
genetic differences among some registered cotton

MATERIALS AND METHODS
The plant material used in this study was obtained by Line x Tester crossing. Ten upland cotton
genotypes (FiberMax 832, Tam 94 L 25, GW Teks,
$úNDEDW  *L]D  %DKDU  *HGHUD 
StoneYLOOH0DUDúDQG6D\DU were used
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TABLE 1
Summary of chemical properties of soils of experimental area at GAP International
Agricultural and Research Center.
Texture
Clay- Loamy

Salinity (%)
0.013

PH
7.03

CaCO3 (%)
9.57

P2O5 (kg/da)
2.48

Organic Mat. (%)
1.57

Water Saturation (%)
74

*$3,QWHUQDWLRQDO$JULFXOWXUDO5HVHDUFKDQG7UDLQLQJ&HQWHU¶VODERUDWRU\DQDO\VLV'L\DUEDNÕU
TABLE 2
Climatic data of experimental area during two years (2013 and 2014) and long term period (1950-2013) .
Months

April
May
June
July
August
September
October

Minimum
Temperature (oC)
2013 2014
Long
Term
6.9
6.9
7.1
11.4
11.1
11.3
17.1
17.6
16.4
22.8
21.9
21.6
21.4
21.2
20.9
15.9
16.5
15.9
9.0
11.0
9.8

Avarage Temp.
(oC)
2013 2014 Long
Term
14.4 14.7
13.9
19.1 19.8
19.3
26.8 26.6
25.9
31.3 31.6
31.0
30.5 31.1
30.3
24.4 24.7
24.9
16.9 17.5
17.1

Maximum Temp.
(oC)
2013
2014
Long
Term
21.9
22.0
20.3
27.3
28.1
26.5
34.9
34.1
33.2
38.4
39.3
38.2
38.1
39.6
38.0
32.1
32.2
33.3
25.0
24.2
25.2

Rainfall
(mm)
2013 2014 Long
Term
39.4 39.9
73.5
98.0 48.8
40.8
2.8 21.4
8.2
0.0
0.6
0.7
0.0
0.0
0.6
0.0 27.4
2.6
0.0 34.2
30.8

Turkish State Meteorological Service.
TABLE 3
Average values and statistical groups of seed cotton and fiber yields
Variety/Line
1.FiberMax832 x Stv 453
2.FiberMax832 x Stv 453/2
*:7HNV[0DUDú
*:7HNV[0DUDú
5.GW Teks x Stv 453
6.GW Teks x Stv 453/2
7.Tam 94 L 25 x Stv 453
8.Tam 94 L 25 x Stv 453/2
$úNDEDW[6WY
10.Giza 45 x Sayar 314
11.STV 468 (Kontrol)
12.GW Teks (Kontrol)
Mean
CV (%)
LSD (0.05)
Variety/Line
Year
Variety x Year

Seed Cotton Yield
(kg ha-1)
2013
2014
3589.2 b-g 4071.4 a
3736.9 a-f
3989.9 ab
3500.7 c-g 3661.4 a-g
3626.4 a-g 3840.4 a-d
3296.1 fg
3569.9 b-g
3401.0 d-g 3936.7 a-c
3408.8 d-g 3462.4 d-g
2460.9 h
3800.9 a-e
3272.3 g
3281.2 fg
2272.3 h
3542.7 b-g
3362.3 e-g 3566.9 b-g
3375.0 e-g 3667.4 a-g
3275.3 B
3699.3 A
9.38

Mean
3830.3 ab
3863.4 a
3581.1 a-d
3733.4 a-c
3433.0 c-e
3668.8 a-c
3435.6 c-e
3130.9 ef
3276.7 de
2907.5 f
3464.6 cd
3521.2 b-d

32.55**
39.67*
46.04 **

Fiber Yield
(kg ha-1)
2013
1510.6 a-g
1522.0 a-g
1434.1 d-g
1476.8 b-g
1344.3 g
1399.6 e-g
1452.3 d-g
1003.3 h
1359.0 g
920.0 h
1438.7 d-g
1421.9 d-g
1356.9 B
9.65

2014
1708.8 a
1653.8 a-c
1521.6 a-g
1604.4 a-d
1500.4 b-g
1673.5 ab
1471.7 c-g
1595.2 a-e
1384.2 fg
1509.8 a-g
1574.6 a-f
1559.7 a-f
1563.2 A

Mean
1609.7 a
1587.9 ab
1477.9 a-d
1540.6 a-c
1422.4 c-e
1536.6 a-c
1462.0 b-d
1299.2 ef
1371.6 de
1214.9 f
1506.6 a-d
1490.8 a-d

14.02 **
15.68 *
19.84 **

ns: non significant; * and **, significantly different from zero at P DQG3UHVSHFWLYHO\
 [ 6WRQHYLOOH  $úNDEDW  [ 6WRQeville 453
and Giza 45 x Sayar 314) had high specific combining ability (SCA) effect, therefore, the breeding
program for developing new varieties were continued with these hybrid combinations.
Ten advanced cotton lines obtained by selection from within the scope of this breeding program
and two control varieties, totally 12 genotypes used
as plant material in this study. The study was carried out in GAP International Agricultural Research
DQG 7UDLQLQJ &HQWHU¶V H[SHULPHQWDO DUHD LQ 
and 2014 cotton growing seasons. The soil characteristics of the experimental area are shown in Table
1.

as parents. According to this method, seven lines
()LEHU0D[  7DP  /  *: 7HNV $úNDEDW
71, Giza 45, Bahar 14, Gedera 236) and three testers (6WRQHYLOOH0DUDúDQG6D\DU) were
crossed as 21 combinations under field conditions,
in GAP International Agricultural Research and
7UDLQLQJ &HQWHU¶V H[SHULPHQWDO ILHOG, Turkey in
2006. The seven cultivars used as lines were selected due to different origin and genetically far from
each other, and three testers were selected from
prevalently planted Gossypium hirsutum L. cultivars of region. Within 21 combinations 8 combinations (FiberMax 832 x Sayar 314, FiberMax 832 x
StonHYLOOH*:7HNV [ 0DUDú*:7HNV[
StonHYLOOH7DP/[0DUDú7DP/
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in experiment can be changed year by years. The
results of this study was compromised with previous researches. It was reported that the yield is
affected from many factors such as, climate conditions, plant vegetation period, high temperature, the
VRLO¶V S+ moisture, organic matter and textures
[11]. Previous researcher reported that 70% of the
yield variation is stemming from environmental
differences which are occurring year by years and
the other 30% is stemming from management process differences [12]. It was expressed that yield
gain is found to be attributed by variety, i.e. genetics 48% management 28% and cultivar × management 24% [13].
It can be seen that there were significant differences in terms of variety, year and variety x year
interactions for fiber yield (Table 3). According to
the combined two years statistical analysis fiber
yield changed from 1214.9 kg ha-1 (Giza 45 x Sayar
314) to 1609.7 kg ha-1 (FiberMax 832 x Stv 453).
When comparing years the average fiber yield was
1356.9 kg ha-1 in 2013, while it was 1563.2 kg ha-1
in 2014. Variety x year interaction is significant at
1% level, the highest yield was obtained from
FiberMax 832 x Stv 453 (1708.8 kg ha-1) in 2014,
while the lowest yield obtained from Giza 45 x
Sayar 314 (920.0 kg ha-1) in 2013. The significance
of the variety x year interaction has indicated that
the yield of lines and varieties used in experiment
can be changed year by years. It was reported that
environment is the dominant factor governing fiber
yield (96.1% environment, 1.2% genotype) [14].
The significance of genotype x year interactions for
fiber yield was reported by number of researchers
[15]. The mean values of first picking percentage
was given in Table 4. As seen from the table, variety and year differences were significant for this
trait, but the variety x year interaction was not. The
first picking percentage values of genotypes
changed from 84.75% to 91.75. The highest first
picking percentage obtained from Tam 94 L 25 x
Stv 453 (91.75%) and Tam 94 L 25 x Stv 453/2
(91.60%).
From the Table 4, it can be seen that there
were significant differences for varieties and years,
but variety x year interaction was non-significant
for ginning percentage. According to the combined
two years statistical analysis for ginning percentage
changed from 41.14% to 43.51. The highest values
obtained from Stoneville 468 (43.51%), Tam 94 L
25 x Stv 453 (42.56%) , GW Teks (42.35%) and
FiberMax832 x Stv 453 (42.02%). As seen in table
the year differences is significant, when comparing
years the average ginning percentage was 41.39%
for 2013, while it was 42.30% for 2014. Variety x
year is non-significant it means that the ginning
percentage is not changing from years. It was reported that lint percentage was impacted more by

Some climatic data belong to experiment
2013, 2014 and long term years are shown in Table
2. From the Table 2, max temperature in July and
August of 2014 is higher than both 2013 and long
term period. In 2013 at May, which is cotton sowing-time, 98 mm rainfall was recorded, this amount
was higher than both 2014 and long term period.
Seeds of cotton were planted with combined
cotton drilling machine on 8th May, 2013 and on 5th
May, 2014. The experiments have been conducted
in randomized complete block design with 4 replications. The plots consisted of four rows of 12 m
length. Between and within the rows were 0.7 and
0.2 m, respectively. All plots received 140 kg ha-1 N
and 80 kg ha-1 P2O5. 80 kg ha-1 N and all of the
P2O5 were applied at planting time remaining N (60
kg ha-1) was applied at pre-flowering time. All of
the cultivation process and irrigation have been
performed at necessary periods. Insects and weeds
were monitored throughout experiment. In 2013
insecticide was used at early growing phase against
to thrips (Thrips tabaci) and at the boll forming
periods against to the red spider mite (Tetranychus
urticae). In 2014, two times insecticides were applied against to the Empoasca, Heliothis armigera
and Earias insulana. The experiment was harvested
by hand on 21th October 2013 and second on 14th
November 2013. In the 2014 harvesting was done
on 24th October and second on 13th November. The
fiber quality characteristics were analyzed by High
Volume Instrument (HVI ) and the observations and
differences were tested for significance by using
LSD (0.05).

RESULTS AND DISCUSSION
The average values and significance groups of
observed characteristics were given as tables. The
seed cotton yield and fiber yields of lines and varieties were given in Table 3. From the Table 3, it can
be seen that there were significant differences in
terms of variety, year and variety x year interactions
for seed cotton yield. Seed cotton yield changed
from 2907.5 kg ha- (Giza 45 x Sayar 314) to 3863.4
kg ha-1 (FiberMax 832 x Stv 453/2). As seen in
Table the year differences is significant, the mean
seed cotton yield of 2013 is 3275.3 kg ha-1, while it
is 3699.3 kg ha-1 for 2014. The yield of 2014 is
KLJKHU WKDQ  7KH -XQH¶V rainfall amount of
2014 is more than 2013 one reason of the difference
can be that, the other reason can be due to the cultivation maintenance processes. Variety x year interaction is significant at 1% level, the highest yield
was obtained from FiberMax 832 x Stv 453(4071.4
kg ha-1) in 2014, while the lowest yield obtained
from Giza 45 x Sayar 314 (2272.3 kg ha-1) in 2013.
The significance of the variety x year interaction
has been indicating that the yield of genotypes used
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TABLE 4
Average values and statistical groups of first picking percentage and ginning percentage
First Picking
Percentage (%)

Variety/Line
1.FiberMax832 x Stv 453
2.FiberMax832 x Stv 453/2
*:7HNV[0DUDú
*:7HNV[0DUDú
5.GW Teks x Stv 453
6.GW Teks x Stv 453/2
7.Tam 94 L 25 x Stv 453
8.Tam 94 L 25 x Stv 453/2
$úNDEDW[6WY
10.Giza 45 x Sayar 314
11.STV 468 (Kontrol)
12.GW Teks (Kontrol)
Mean
CV (%)
LSD (0.05)
Variety/Line
Year
Variety x Year

Ginning
Percentage ( %)

2013

2014

Mean

2013

2014

Mean

88.23
86.03
86.50
89.00
87.81
86.63
89.87
91.42
87.93
83.62
86.46
86.85
87.53 B
3.40

91.10
91.63
83.01
91.38
90.51
92.60
93.64
91.79
88.34
87.83
87.20
85.61
89.55 A

89.66 a-c
88.82 a-d
84.75 f
90.19 ab
89.15 a-d
89.61 a-c
91.75 a
91.60 a
88.13 b-e
85.72 ef
86.83 c-f
86.23 d-f

42.06
40.78
40.94
40.78
40.77
41.16
42.64
40.75
41.51
40.49
42.71
42.14
41.39 B
2.91

41.99
41.52
41.59
41.78
42.02
42.49
42.48
41.95
42.22
42.70
44.31
42.58
42.30 A

42.02 bc
41.14 c
41.26 c
41.28 c
41.39 bc
41.82 bc
42.56 ab
41.35 bc
41.86 bc
41.59 bc
43.51 a
42.35 a-c

3.04 **
1.61 *
ns

1.21 **
0.85 *
ns

ns: non significant; * and **, significantly different from zero at P DQG3UHVSHFWLYHO\
TABLE 5
Average values and statistical groups of fiber fineness and fiber length
Variety/Line
1.FiberMax832 x Stv453
2.FiberMax832 x Stv 453/2
*:7HNV[0DUDú
*:7HNV[0DUDú
5.GW Teks x Stv 453
6.GW Teks x Stv 453/2
7.Tam 94 L 25 x Stv 453
8.Tam 94 L 25 x Stv 453/2
$úNDEDW[6WY
10.Giza 45 x Sayar 314
11.STV 468 (Kontrol)
12.GW Teks (Kontrol)
Mean
CV (%)
LSD (0.05)
Variety/Line
Year
Variety x Year

Fiber Fineness
(micronaire)
2013
2014
4.35
4.76
4.94
5.13
4.28
4.45
4.46
4.66
4.26
4.85
4.21
4.83
4.50
4.73
3.99
4.64
4.29
4.78
4.08
4.60
4.43
4.94
4.21
4.57
4.33 B
4.74 A
5.73

Mean
4.55 b-d
5.03 a
4.36 cd
4.55 b-d
4.55 b-d
4.51 b-d
4.61 bc
4.31 d
4.53 b-d
4.33 d
4.68 b
4.39 cd

0.25 **
0.34 *
ns

Fiber Length
(mm)
2013
27.52
26.35
28.86
28.58
27.73
27.68
27.44
28.72
26.41
28.68
25.07
28.45
27.62
4.21

2014
28.89
26.55
28.19
28.05
28.17
27.90
27.38
29.02
27.62
27.79
26.89
28.94
27.94

Mean
28.20 ab
26.45 de
28.52 ab
28.32 ab
27.95 a-c
27.79 a-c
27.41 b-d
28.87 a
27.01c-e
28.23 ab
25.98 e
28.70 a

1.15 **
ns
ns

ns: non significant; * and **, significantly different from zero at P DQG3UHVSHFWLYHO\

453/2 (4.31 mic.) and Giza 45 x Sayar 314 (4.33
mic.). As seen in table the year differences is significant, when comparing years the average fiber fineness was 4.33 micronaire for 2013, while it was
4.74 micronaire for 2014. The obtained results of
this study compromises with the previous researches, i.e; It was reported that environment was the
dominant factor governing micronaire (63.8% environment, 9.9% genotype) [14] . Previous researchers reported that the genetic control of cotton fiber
quality was significantly affected from general

genotype (51.5%) than by environment (38.8%)
[14]. Iinvestigations indicated that environmental
conditions lesser affects the trait which has high
heritability [16].
From the Table 5, it can be seen that there
were significant differences for varieties and years,
but variety x year interaction was non-significant
for fiber fineness. According to the combined two
years statistical analysis for fiber fineness values
changed from 4.31 to 5.03 micronaire. The lowest
micronaire values obtained from Tam 94 L 25 x Stv
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TABLE 6
Average values and statistical groups of fiber strength and fiber elongation
Variety/Line
1.FiberMax832 x Stv453
2.FiberMax832 x Stv 453/2
*:7HNV[0DUDú
*:7HNV[0DUDú
5.GW Teks x Stv 453
6.GW Teks x Stv 453/2
7.Tam 94 L 25 x Stv 453
8.Tam 94 L 25 x Stv 453/2
$úNDEDW[6WY
10.Giza 45 x Sayar 314
11.STV 468 (Kontrol)
12.GW Teks (Kontrol)
Mean
CV (%)
LSD (0.05)
Variety/Line
Year
Variety x Year

Fiber Strength
(g tex-1)
2013
2014
32.73
31.70
31.03
31.00
33.48
31.93
32.83
32.00
34.00
32.95
33.58
32.25
33.10
31.70
29.63
28.83
30.33
29.65
33.50
33.90
30.25
29.95
35.83
34.45
32.52
31.69
5.57

Mean
32.21 bc
31.01 cd
32.70 bc
32.41 bc
33.47 ab
32.91 b
32.40 bc
29.22 d
29.99 d
33.70 ab
30.10 d
35.13 a

1.77 **
ns
ns

Fiber Elongation
(%)
2013
2014
6.00
6.38
6.23
6.90
6.70
7.08
6.30
7.00
6.75
7.85
7.05
6.95
6.70
6.83
6.70
7.15
7.47
7.80
6.68
7.13
7.03
7.28
6.38
7.08
6.66 B
7.11 A
7.98

Mean
6.18 e
6.56 de
6.88 b-d
6.65 c-e
7.30 ab
7.00 b-d
6.76 b-d
6.92 b-d
7.63 a
6.90 b-d
7.15 a-c
6.72 c-e

0.54 **
0.26 **
ns

ns: non significant; * and **, significantly different from zero at P DQG3UHVSHFWLYHO\
TABLE 7
Average values and statistical groups of fiber uniformity and short fiber index
Variety/Line
1.FiberMax832 x Stv453
2.FiberMax832 x Stv 453/2
*:7HNV[0DUDú
*:7HNV[0DUDú
5.GW Teks x Stv 453
6.GW Teks x Stv 453/2
7.Tam 94 L 25 x Stv 453
8.Tam 94 L 25 x Stv 453/2
$úNDEDW[6WY
10.Giza 45 x Sayar 314
11.STV 468 (Kontrol)
12.GW Teks (Kontrol)
Mean
CV (%)
LSD (0.05)
Variety/Line
Year
Variety x Year

Fiber Uniformity
(%)
2013
2014
81.70 c-f
82.82 c-e
80.63 ef
81.82 c-f
82.72 c-f
82.82 c-e
86.60 a
82.55 c-f
81.77 c-f
83.05 b-e
83.42 b-d
82.52 c-f
83.37 b-d
82.80 c-e
82.40 c-f
82.40 c-f
80.13 f
83.17 b-e
83.30 b-d
83.02 b-e
81.10 d-f
83.62 b-d
85.62 ab
84.17 a-c
82.73
82.90
2.24
1.85 **
ns
2.60 *

Mean
82.26 cd
81.22 d
82.77 b-d
84.57 ab
82.41 cd
82.97 b-d
83.08 a-c
82.40 cd
81.65 cd
83.16 a-c
82.38 cd
84.90 a

Short Fiber Index
(%)
2013
2014
11.1 a-c
8.57 ef
11.4 a
7.67 f
9.45 a-f
8.25 f
8.76 d-f
10.7 a-e
10.7 a-e
9.40 a-f
9.82 a-f
8.92 c-f
9.07 b-f
10.7 a-e
10.6 a-e
11.0 a-d
11.5 a
11.2 ab
9.45 a-f
10.9 a-d
10.8 a-e
9.32 a-f
9.32 a-f
7.62 f
10.17
9.54
16.24

Mean
9.83 a-d
9.55 b-d
8.85 cd
9.77 b-d
10.0 a-d
9.37 b-d
9.90 a-d
10.8 ab
11.4 a
10.1 a-c
10.0 a-d
8.47 d

1.59 *
ns
2.24 **

ns: non significant; * and **, significantly different from zero at P DQG3UHVSHFWLYHO\

differences between years [17]. In contrast, the
effect of environment was not significant on fiber
fineness [18].
As shown in Table 5, it can be seen that there
were significant differences at 1% level between
genotypes for fiber length, but not for years and
genotype x year interaction. The length values of
genotypes changed from 25.98 mm to 28.87 mm.
The highest fiber length obtained from Tam 94 L 25
x Stv 453/2 (28.87 mm) and GW Teks (28.70 mm).
Although fiber length is a genetic trait it is affected
by management, soil moisture, the frequency of

irrigation and amount of water and temperature
variations [19 , 20 , 21].
From the Table 6, it can be seen that there
were significant differences among varieties for
fiber strength. In contrast, there were nonsignificant relations in terms of years and variety x
year interaction. The fiber strength values of genotypes changed from 29.22 to 35.13 g tex-1. The
highest values obtained from GW Teks (35.13 g
tex-1), Giza 45 x Sayar 314 (33.70 g tex-1) and GW
Teks x Stv 453 (33.47 g tex-1). The insignificancy
of years and genotype x year interaction means that
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The year differences were significant for seed
cotton yield, first picking percentage, fiber fineness
and elongation, while variety x year interaction was
significant for seed cotton yield, fiber uniformity
ratio and short fiber index. The results showed that
Fiber Max 832 x Stv 453; Fiber Max 832 x Stv
453/2 had highest values for seed cotton yield and
fiber yield; Tam 94 L 25 x Stv 453 and Fiber Max
832 x Stv 453 for ginning percentage; it was determined that Tam 94 L 25 x Stv 453/2 lines were
promised lines for fiber fineness and fiber length;
GW Teks, Giza 45 x Sayar 314 and GW Teks x Stv
453 were promised lines for fiber strength. All of
the genotypes had more than 80% uniformity index
values.

the varieties have the same values in different years
and also indicate that the effect of genotype was
more than environment in terms of this trait. The
results of this study is compromise with the results
of previous researchers who reported the effect of
genotypes more than environment [18 , 20 , 21].
It can be seen that there was significant differences at 0.01 probability level between genotypes
and years for fiber elongation, but the differences in
terms of genotype x year interaction was nonsignificant (Table 6). The elongation values
changed from 6.18% to 7.63. The highest values
obtained from $úNDEDW  [ 6WY  (7.63%) and
GW Teks x Stv 453 (7.30%). The elongation values
changed year by year. In 2013 the average of the
genotypes were 6.66%, while it was 7.11% in 2014.
Elongation is affected from genotype, environment
and genotype x environment interaction [22]. Elongation was affected from night temperature, by
decreasing the night temperature elongation decreased [23].
7KH KLJK YROXPH LQVWUXPHQW¶V +9,  UHVXOWV
showed that there were significant differences
among varieties at 1% level and at %5 level in
terms of variety x year interaction for fiber uniformity. On the other hand, year differences were
non-significant for this trait (Table 7). The uniformity values changed from 81.22% to 84.90. The
highest values obtained from GW Teks (84.90%)
and *:7HNV[0DUDú %). For varieties
x years the highest uniformity was obtained in 2013
DVIURP*:7HNV[0DUDúZKLOHWKH
lowest value was obtained in 2013 as 80.13% from
$úNDEDW[6WY.
From the Table 7, there were significant differences for short fiber index (SFI) in terms of all
investigated traits except years. The SFI values
changed from 8.47 to 11.4%, the highest result
obtained from $úNDEDW  [ 6WY    DQG
the lowest obtained from GW Teks (8.47%). When
comparing varieties x years interaction the lowest
result obtained in 2014 from GW Teks (7.62%),
while the highest value obtained in 2013 from
Aúkabat 71 x Stv 453 (11.5%). SFI was affected
from genotype, management, harvesting, ginning
and crop process [20].
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KINETICS AND EQUILIBRIUM ADSORPTION STUDY OF
LEAD(II) ONTO ACTIVATED CARBON PREPARED FROM
PUMPKIN SEED SHELL
Ilknur Demiral*, Canan Aydin Samdan, Hakan Demiral
Department of Chemical (QJLQHHULQJ(QJLQHHULQJDQG$UFKLWHFWXUH)DFXOW\(VNLúHKLU Osmangazi University, 0HúHOLN&DPSXV 26480
(VNLúHKLU7XUNH\

wastewaters and bring them to allowable values. The
allowable level for lead in drinking water is 0.05 mg
Lí1 according to the US Environmental Protection
Agency (EPA) [5].
Manufacture of storage batteries, painting pigments, ammunition, solder, plumbing fixtures, automobiles, cable coverings, radioactivity shields, bearings and caulking are some of the lead pollution
sources [6]. Lead ions are taken into body via inhalation, ingestion or skin adsorption. Lead can act as
a cumulative poison when the body is exposed to it.
Lead accumulates mainly in bones, brain, kidney and
muscles and may cause many serious disorders like
anemia, kidney diseases, nervous disorder and sickness and even death [7].
Oxidation, chemical coagulation, precipitation,
flotation, solvent extraction, membrane filtration, reverse osmosis, ion exchange, adsorption, etc. are
used to remove the heavy metals from wastewaters.
One of the effective methods used for removing lead
ions from aqueous solutions is adsorption. In recent
years, carbon materials have been used widely in water treatment technology [8,9]. Activated carbon is
one of the most commonly used adsorbents for the
adsorption process. High surface area, micro-porous
nature, high adsorption capacity, high purity and
easy availability are the most important advantages
of the activated carbons [10]. Another advantage is
their low cost when the activated carbon is prepared
from waste materials [11]. Any carbonaceous material high in carbon content with low ash can be used
as a raw material for the preparation of activated carbon. Several factors are considered when selecting
an appropriate raw material. Industrially, an inexpensive material with high density and sufficient volatiles, available in high amounts, is usually preferred
[12]. Several studies have been reported on lead adsorption with activated carbon produced from alternative materials such as hazelnut husk [1], cotton
stalk [10], scrap tires [13], sewage sludge [14],
woody biomass [15] and apple pulp [16].
Physical and chemical activation are used for
preparing an activated carbon. In the physical activation, a raw material is first carbonized and the carbonized material is secondarily activated by an activation agent such as steam or carbon dioxide. In the
chemical activation, a raw material is impregnated

ABSTRACT
In this study, activated carbon was prepared
from pumpkin seed shells by ZnCl2 (chemical) activation at an impregnation ratio of 3/1 and a carbonization temperature of 500 oC. The prepared activated
carbon was used to remove lead(II) ions from aqueous solutions. The BET surface area and micropore
volume of the obtained activated carbon was 1564
m2/g and 0.526 cm3/g, respectively. Optimum adsorption conditions were determined as a function of
initial pH, contact time, temperature, adsorbent dosage and initial lead(II) concentration. Langmuir isotherm provided the best fit to the equilibrium data
with maximum adsorption capacity of 36.33 mg/g.
The kinetic data were found to follow closely the
pseudo-second-order model. The thermodynamic
parameters such as ǻGo, ǻHo and ǻSo were calculated for predicting the nature of adsorption.

KEYWORDS:
Pumpkin seed shell, chemical activation, activated carbon,
adsorption, lead(II) removal

INTRODUCTION
Unregulated and rapid industrialization, which
is widely encountered in many developing countries,
results in increasing environmental pollution via discharge of industrial waste water, without any treatment, into receiving water body such as rivers,
streams or lakes. Heavy metal pollution is a serious
environmental problem due to the toxic effects of the
heavy metal ions on human health and living organisms [1].
Heavy metal contamination exists in aqueous
wastes of many industries and these metal ions do
not degrade into harmless end products. Heavy metals like As, Cd, Cu, Hg, Zn, Pb, Cd, Ni, Cr, etc. make
a waste hazardous in case of any contamination [2].
Lead is one of the potentially toxic heavy metals [3].
The presence of high levels of lead in the environment may cause long-term health risks to humans
and ecosystems [4]. Hence, it becomes essential to
control and reduce the levels of these lead ions in
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starting from room temperature until the desired temperature was reached. The samples were held at the
desired temperature for 1 h. Then, the temperature of
the reactor was cooled down to the room temperature
under nitrogen atmosphere. The activated carbon
was washed with a 0.5 N HCl solution. Subsequently, the samples were repeatedly washed with
hot distilled water until the pH of the solution
reached a value between 6 and 7. Finally, the wet
samples were dried at 105 °C for 24 h.

with an activating reagent and the impregnated material is heat-treated under an inert atmosphere. The
carbonization and activation steps simultaneously
progress in the chemical activation [17]. The most
widely used chemicals are zinc chloride (ZnCl2),
phosphoric acid (H3PO4), potassium hydroxide
(KOH) and sodium hydroxide (NaOH) [10, 18-21].
The higher yield, simplicity, lower activation temperature and shorter activation time and good development of the porous structure are the advantages of
the chemical activation [22-23].
In this study, activated carbon was produced
from pumpkin seed shells by zinc chloride activation
and the produced activated carbon was used to remove lead(II) ions from aqueous solutions by adsorption. The effects of initial pH, contact time, temperature, adsorbent dosage and initial concentration
of the solution on the adsorption of lead ions were
investigated. The equilibrium, kinetic and thermodynamic data of the adsorption were studied to describe
the adsorption process.

Characterization of activated carbons. The
activated carbon characterization was carried out by
nitrogen adsorption-desorption isotherms measured
at 77 K using Quantachrome, Autosorb 1C device.
Prior to the gas adsorption measurement, the samples
were degassed at 300 °C under vacuum for 3 h. The
adsorption data were obtained in a relative pressure,
P/Po, range of 10-5 to 1. The BET surface area was
calculated from N2 adsorption isotherm by using the
Brunauer±Emmett±Teller (BET) equation within the
0.01-0.15 relative pressure range. The t-plot method
was applied to calculate the micropore volume. The
total pore volume was calculated at a relative pressure of 0.995. The pore size distribution of the activated carbon was determined by DFT (Density Functional Theory) method.

MATERIALS AND METHODS
Materials. The pumpkin seed shell used in this
study was obtained from pumpkin seed process
ZDVWH RI 3H\PDQ &RPSDQ\ LQ (VNLúHKLU 7XUNH\
The dried sample was crushed and sieved to obtain
0.850 mm to 1 mm grain size by a high-speed rotary
cutting mill. The proximate analysis of the pumpkin
seed shell gave 7.6% moisture, 3.90% ash, 70.97%
volatile matter and 17.53% fixed carbon. The C, H,
N, and O contents of the pumpkin seed shell were
found as 48.79 %, 7.52 %, 3.97 %, 39.72 %, respectively.

Adsorption studies. The adsorption of lead(II)
ions onto the produced activated carbon was carried
out by batch experiments. The lead(II) ions dissolved
from Pb(NO3)2 (1000mg/L) were used in the adsorption experiments. The concentration of lead(II) ions
was determined by using a UV spectrophotometer
(Thermo Electron Corporation, Aquamate) at 340
nm. The effects of initial pH, temperature, contact
time and adsorbent dosage were investigated.

Activated carbon preparation. The impregnation ratio of 3/1 and carbonization temperature of
500 oC were determined as the optimum conditions
in a previous study [24]. Therefore, these parameters
were used in the activated carbon preparation. The
activated carbon production method is as follows.
The chemical activation of pumpkin seed shell
was carried out using zinc chloride (ZnCl2). The impregnation ratio was calculated as the ratio of the
weight of ZnCl2 in solution to the weight of the used
pumpkin seed shell. In the first step of activation, 60
g of ZnCl2 were dissolved in 200 ml of distilled water, and then 20 g of dried pumpkin seed shell was
mixed with the zinc chloride solution and stirred at
approximately 75 oC for 6 h. The mixtures were then
filtered and the remaining solids were dried at 105
°C for about 24 h. In the second step, 10 g of the impregnated sample was placed in a stainless steel boat
and carbonized in a vertical furnace at desired temperatures (500 oC) under the nitrogen flow of 100
ml/min. The carbonization process was initiated by
heating the sample with a heating rate of 10 °C/min

Effect of the initial pH. The study of the influence of the initial pH on the adsorption was carried
out in a pH range of 2±6. The solution pH was adjusted by the addition of HCl or NaOH solutions after the mixing of lead(II) solutions with activated
carbon. The amount of adsorbent (0.1 g), volume of
solution (50 mL), initial concentration of solution
(100 mg/L) and temperature (25 oC) were kept constant. After adsorption, the solutions were centrifuged and the concentrations of the solutions were
determined.
Kinetic studies. The rate of adsorption of lead
was studied at different time intervals. In kinetic
studies 50 ml lead(II) solution (100 mg/L) and 0.1 g
activated carbon were placed into glass vials. The
bottles were agitated using isothermal bath shaker at
25 oC until reaching the adsorption equilibrium.
Batch experiments were repeated for different periods. The concentration of lead(II) remaining in the
solution was measured.
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Adsorption isotherms. In order to determine
the adsorption isotherms and thermodynamic parameters, the adsorption of lead from aqueous solutions
by activated carbon was carried out at different temperatures (25, 35 and 45 oC). In the experiments, 0.1
g activated carbon samples were mixed with 50 mL
solutions of various lead(II) concentrations ranging
from 30 mg/L to 200 mg/L. After adsorption, the
lead(II) ions concentrations in the solution were determined.

RESULTS AND DISCUSSION
FIGURE 1
The adsorption-desorption isotherm of the produced activated carbon.

Characterization of the activated carbon.
The results of ultimate analysis and surface properties of the pumpkin seed shell and activated carbon
are given in Table 1. Activated carbon has higher
carbon content than raw pumpkin seed shell and this
makes it a more carbonaceous material. The carbon
content increased after the activation process, and
the hydrogen, nitrogen and oxygen contents indicated the opposite change trend. This is due to the
release of volatiles during carbonization that results
in the elimination of the non-carbonaceous species
and enrichment of carbon [25].

Specific surface area, pore volume and pore
size distribution identify the adsorptive capacity of
the activated carbon. Generally, as the surface area
of the activated carbon increases, its adsorptive capacity also increases. These surface areas are generated gradually during the activation processes [27].
The BET surface area of activated carbon is important because differences in the surface area and
porosity within the material can greatly influence its
performance characteristics in the purification process.
The high surface area is probably due to the
opening of the restricted pores with the help of activating reagents. The BET surface area of the pumpkin seed shell was found to be about 7.96 m2/g. The
surface area of the activated carbon was obtained as
1564 m2/g with ZnCl2 having 3:1 impregnation ratio.
This is a relatively high surface area for an activated
carbon [24].
Table 1 shows the physical properties including
BET surface area (SBET), micropore volume, total
pore volume and average pore diameter. The data
given in Table 1 show that using ZnCl2 as an activating agent is very efficient to produce activated carbon with high porosity and high surface area. It is
well known that activation with zinc chloride prevents the accumulation of tar on the carbon surface
and provides further decompositions, and thus, develops the microporosity when using cellulosic and
lignocellulosic precursor in the manufacture of activated carbon [28].
The structural heterogeneity of a porous material is generally characterized in terms of pore size
distribution. The pore size distribution represents a
model of a solid internal structure. The pore size distribution of the prepared activated carbon is shown
in Figure 2. The activated carbon prepared in this
study exhibits two peaks around 7±20 Å and 20±60
Å. As seen from Fig. 2, the activated carbon includes
both micropores and mesopores.

TABLE 1
Characteristics of the pumpkin seed shell and
activated carbon
Characteristics
Ultimate analysis
Carbon
Hydrogen
Nitrogen
Oxygen (by differSurface properties
BET surface area (m2/g)
Micropore area (m2/g)
Total pore volume
(cm3/g)
Micropore volume
(cm3/g)
Average pore diameter
(nm)

Pumpkin seed
shell

Activated carbon

48.79
7.52
3.97
39.72

75.71
3.07
2.70
18.52

7.96
-

1564
878
0.965

-

0.526

-

2.47

The adsorption of N2 is essential for identifying
the pore structure of adsorbents before liquid sorption experiments. Figure 1 shows the N2 adsorption
isotherm of the activated carbon prepared from
pumpkin seed shell by chemical activation. As can
be seen from Figure 1, a rapid increase is observed
in the adsorption±desorption isotherm at low relative
pressures, which is followed by a nearly horizontal
plateau at higher relative pressures, indicating type I
of the isotherm based on the classification of the
Brunauer, Deming, Deming and Teller (BDDT) [26].
The type I isotherm represents a material with
microporous structure. The major uptake occurs at
low relative pressures indicating the formation of
highly porous materials with narrow pore size distribution.
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FIGURE 3
Effect of initial pH on adsorption of lead (II).

FIGURE 2
Pore size distribution of the produced activated
carbon.
Adsorption studies. Effect of the initial pH
on the adsorption of lead(II). The pH of the solution is one of the most important factors to determine
the adsorption property of an adsorbent due to its effect not only on surface charge of the adsorbent, but
also on the degree of ionization and speciation of adsorbate [29].The effect of the initial pH on the adsorption of lead(II) on the produced activated carbon
was studied by changing the initial pH of the solution
from 2.0 to 6.0 and the results are shown in Figure 3.
It is apparent that the uptake is quite low at a lower
pH (2.0); however, with increased pH, a significant
enhancement in adsorption is recorded. At low pH,
there is a high concentration of H+ that has high mobility compared to metal ions and the competition between H+ and metal ions decreases the adsorption of
the metal ions. With an increase in the pH, the negative charge density on the activated carbon surface
increases due to the deprotonation of the metal binding sites and thus increases the adsorption [5]. When
the initial pH of the adsorption medium was adjusted
to a higher value of pH=6, lead precipitation as
(Pb(OH)2) was observed due to the existence of OHí
ions in the adsorption medium. Therefore, the effect
of higher pH values than 6 were not studied.
All the other adsorption experiments in this
study were carried out at the original solution pH of
5.0.

FIGURE 4
Pseudo-first order kinetics plot for the removal
of lead(II).
A pseudo-first order equation of Lagergren is
generally expressed as [30]:
k t (1)
log(q e  q t ) logq e  1
2.303
in which qe and qt (mg/g) are the amounts of
lead(II) adsorbed at equilibrium and at time t, respectively, t (min) is the contact time, and k1 (L/min) is
the rate constant for this equation. The values of
k1and qe can be calculated from a plot of log(qeí qt)
against t (Figure 4).
The linear pseudo-second order rate equation is
expressed as follows [31-32]:
t
1
t
(2)

q t k 2q e 2 q e
where k2 is the pseudo-second order rate constant (g/mg min), qe and qt are the amounts of lead(II)
adsorbed (mg/g) at equilibrium and at time t (min),
respectively. The values of k2 and qe can be calculated from the plot of t/qt against t (Figure5).

Adsorption kinetics. Every adsorption process
may follow one of the different patterns such as
chemical reaction, diffusion control and mass transfer or some combination of them. Analysis of the experimental data at various time intervals make possible to calculate the kinetic parameters and to get
some information for designing and modelling the
adsorption processes. In this study, pseudo- first order, pseudo-second order and intraparticle diffusion
kinetic models were analyzed with the adsorption
data. The accordance between the experimental data
and the model-predicted values were expressed by
the correlation coefficients and the average relative
error (ARE).
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where n is the number of data points, qi,exp
(mg.g-1) is the equilibrium value obtained from the
experiment and qi,cal (mg.g-1) is the calculated value
using the isotherm model.
The fit of these models was checked by comparing the regression coefficients and the average
relative error (ARE) for each expression. The rate
constants, calculated equilibrium uptakes, the corresponding correlation coefficients and average relative errors were given in Table 2.
TABLE 2
Kinetic parameters for the adsorption of lead(II)
onto activated carbon

FIGURE 5
Pseudo-second order kinetics plot for the removal of lead(II).

Kinetic modKinetic parameters
els
qe (mg/g )
Pseudok1 (L min1
first order
= 11.29
) = 0.049

An intraparticle diffusion model is of major
concern because it is the rate-determining step in the
liquid±solid adsorption systems. During the batch
adsorption process, there is a possibility of transport
of sorbate species into the pores of sorbent, which is
often a rate-controlling step. An intraparticle diffusion model, based on the theory proposed by Weber
and Morris, was used to identify the diffusion mechanisms [33].The intraparticle diffusion can be stated
by the following equation [4, 33]:
(3)
qt=kp t1/2+C

Pseudosecond order
Intraparticle diffusion

where kp is the intraparticle rate constant (g mgmin-0.5) and C is the constant that gives an idea
about the boundary layer thickness (mg gí1). They
are obtained from the slope of the straight line of qt
versus t1/2 (Figure 6).

FIGURE 6
Intraparticle diffusion kinetics for lead(II) adsorption .
To evaluate the fitness of kinetic and isotherm
equations to the experimental data, the average relative error (ARE) calculated using Equation (4) was
used to determine the kinetic and isotherm constants.
ARE can be expressed as [34]


ଵ


 ฬ


ǡೌ ିǡೣ
ǡೣ

ฬ

(4)
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qe (mg/g )
= 15.24

ARE (%) =
26.14

R2=
0.99

ARE (%) =
4.36

R2=
0.99

ARE (%) =
11.73

According to Table 2, the pseudo- second order
kinetic model was suitably fitted with the kinetic data
by presented little ARE values and also high R2. The
calculated qe value (15.24 mg/g) close to the experimental data (13.75 mg/g) indicated that Pb(II) adsorption onto the produced activated carbon can be
approximated more favourably by the pseudo-second order model than the pseudo-first order one. The
pseudo-second order kinetic model assumes that the
rate limiting step may be chemisorption involving
valency forces through the sharing or exchange of
electrons between the adsorbent and adsorbate as covalent forces, and ion exchange. According to the experimental results, chemisorption is the predominant
process in our system. Similar results were also reported by other workers [30, 35].
Film diffusion, pore diffusion and intra-particle
diffusion are the three steps of the adsorption mechanism. The slowest of the three steps controls the
overall rate of the process. Generally, pore diffusion
and intra-particle diffusion are often rate-limiting in
a batch adsorption system. The adsorption rate parameter which controls the batch process for most of
the contact time is the intra-particle diffusion.
According to the intraparticle diffusion model,
a plot of qt versus t1/2 should be linear if intraparticle
diffusion is involved in the adsorption process, and
if this line passes through the origin then intraparticle
diffusion is the rate controlling step. When the plot
does not pass through the origin, this is indicative of
some degree of boundary layer control and this further show that the intraparticle diffusion is not the
only rate limiting step, but other kinetic models may
also control the rate of adsorption, all of which may
be operating simultaneously [36]. As can be seen
from Fig. 6, a linear relationship was observed but

1

ሺΨሻ ൌ

k2 (g mg-1
min-1)
= 0.005
kp (g mg-1
min-0.5)
= 1.644

R2=
0.97
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where qe is the amount of lead(II) ion adsorbed
(mg/g), Ce is the equilibrium concentration of lead in
solution (mg/L), and the constants kf and n are the
factors affecting the adsorption capacity and intensity of adsorption, respectively. The Freundlich constants were determined from the slope and intercept
of a plot of log qe versus log Ce (Figure 8).

the trend did not pass through the origin which revealed that the intraparticle diffusion is part of the
adsorption but is not the only rate-controlling step.
Some other mechanisms such as ion exchange may
also be controlling the rate of adsorption. Fitting of
the pseudo-second order kinetic model to the adsorption data supported this assumption.
Adsorption isotherms. The adsorption isotherm indicates how the molecules subjected to adsorption distribute between the liquid phase and the
solid phase when the adsorption process reaches an
equilibrium state. The analysis of the isotherm data
by fitting them to different isotherm models is an important step to find the suitable model that can be
used for design purposes [37, 38]. Adsorption isotherm studies were carried out on three isotherm
models such as Langmuir, Freundlich and Temkin.
The Langmuir treatment is based on the assumption that a maximum adsorption corresponds to
a saturated monolayer of solute molecules on the adsorbent surface, that the energy of adsorption is constant, and that there is no transmigration of adsorbate
in the plane of the surface [30]. The Langmuir isotherm model can be represented by the following
equation [35, 39]:
Ce
C
1
 e
(5)
q e bQ m Q m

FIGURE 7
Langmuir isotherm model for lead(II) adsorption.

where qe is the amount of lead(II) adsorbed on
activated carbon (mg/g), Ce is the equilibrium concentration (mg/l), b is the adsorption equilibrium
constant (l/mg) and Qm is the maximum adsorption
capacity. A plot of Ce/qe versus Ce (Figure 7) gives
the adsorption coefficients.
The basis of a dimensionless equilibrium parameter, RL, also known as the separation factor, is
given by [40]

5/ ൌ
(6)

FIGURE 8
Freundlich isotherm model for lead(II) adsorption.

ାE&R

The Temkin isotherm can be used to study the
effect of indirect adsorbent±adsorbate interactions
on the adsorption, and it suggests that the heat of adsorption of all the molecules in the layer would decrease linearly with the coverage due to these interactions. This model also assumes that adsorption is
characterized by a uniform distribution of binding
energies upto some maximum binding energy [32,
41]. The linear form of Temkin isotherm is expressed
as follows:

where b is the Langmuir constant and Co is the
initial lead(II) concentration (mg/L). If the average
of the RL values for each of the different initial concentrations used is between 0 and 1, it indicates the
favourable adsorption. The adsorption coefficients
and the correlation coefficients are given in Table 3.
The Freundlich isotherm describes multilayer
adsorption of lead(II) ions on mesoporous carbons,
relating the concentration of a solute on the surface
of the adsorbent to the concentration of the solute in
solution, as shown in the following equation [35]:

loq q e

log k f 

1
logC e
n

(8)
qe=B ln Kt + B ln Ce
where B=RT/b, Kt is the equilibrium binding
constant (L/mg), and B is related to the heat of adsorption. A plot of qe versus lnCe (Figure 9) enables
the determination of the isotherm constants.

(7)
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TABLE 3
Adsorption constants for the sorption of lead(II) at various temperatures
Isotherms

Temperature (K)

Langmuir

298
308
318

Freundlich

298
308
318

Temkin

298
308
318

Qm(mg/g)
33.01
34.96
36.33

b(L/mg)
0.037
0.039
0.049
kf (mg/g)
4.13
4.54
5.16
B(mg/g)
7.12
7.46
7.85

Constants
RL
0.26
0.25
0.21
n (L/mg)
2.50
2.52
2.55
Kt (L/mg)
0.38
0.42
0.49

R2
0.99
0.99
0.98
R2
0.95
0.93
0.89
R2
0.95
0.93
0.90

ARE (%)
5.34
5.04
7.84
ARE (%)
6.17
6.80
11.35
ARE (%)
6.34
7.85
9.98

TABLE 4
Comparison of lead(II) adsorption results of Pumpkin seed shell based activated carbon
with other adsorbents
Adsorbents

pH

Areca waste
Aspergillus versicolor
Bentonite
Pine cone activated carbon
Cow bone activated carbon
Papaya peel activated carbon
Dinde stones activated carbon
Citrus limettioides peel carbon
Broadleaf hardwood
Cotton stalk activated carbon
Pumpkin seed shell activated carbon

6.6
5
5.5
5
4
6
6
6
5
6.5
5

Qm
(mg/g)
3.37
44.80
142.9
27.53
47.61
38.31
30.37z
166.6
47.66
119.95
36.33

Fitted
isotherm model
Freundlich-Langmuir
Redlich±Peterson
Langmuir
Langmuir
Langmuir
Langmuir
Langmuir, Freundlich,
Langmuir
Langmuir
Langmuir
Langmuir

Reference
[31]
[42]
[6]
[40]
[43]
[44]
[13]
[30]
[45]
[10]
This study

Langmuir isotherm, metal ions are chemically adsorbed at a fixed number of well-defined sites; each
site can hold only one ion; all sites are energetically
equivalent, and there is no interaction between the
ions. When the initial metal concentration rises, adsorption increases while the binding sites are not saturated. A good fit of the experimental results to this
equation reflects monolayer adsorption.
The kF constant is concerned with the tendency
of the adsorbent to adsorb and the n constant is concerned with the ability of the adsorbate to be adsorbed. As noticed in Table 3, the values of n were
larger than 1 which means favourable adsorption of
lead(II) on the activated carbon.
The Temkin isotherm constant in Table 3
shows that the heat of adsorption (B) increases with
increase in temperature, indicating endothermic adsorption.
According to the ARE and R2 values, the adsorption of lead(II) ions on the activated carbon follow Langmuir type adsorption isotherms. The Langmuir isotherm model describes quantitatively about
the formation of a monolayer adsorbate on the outer
surface of the adsorbent and after that no further adsorption takes place. The Langmuir model represents
the equilibrium distribution of adsorbate between the

FIGURE 9
Temkin isotherm model for lead(II) adsorption.
The isotherm constants, correlation coefficients
and average relative error (ARE) values are given in
Table 3. Comparison of the R2 values shows that the
Langmuir isotherm fitted quite well with the experimental data with a high correlation coefficient. The
Langmuir monolayer adsorption capacity (Q m) increased from 33.01 to 36.33 mg/g as the temperature
increased from 25 to 45 oC, indicating that the adsorption is an endothermic process. According to the
4490



Fitted
kinetic model
Pseudo-second order
Pseudo-second order
Pseudo-second order
Pseudo-second order
Pseudo-second order
Pseudo-second order
Bangham model
Pseudo-second order
Pseudo-second order
Pseudo-second order
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aqueous solutions by activated carbon [4, 10].

solid and liquid phases. Adsorption takes place at
specific homogeneous sites on the adsorbent. Once a
pollutant occupies a site, no further adsorption can
take place in that site. All sites are identical and energetically equivalent. Several studies have been carried out using different types of adsorbents for
lead(II) adsorption. A comparison of the adsorption
results of Pumpkin seed shell based activated carbon
with some other adsorbents reported in literature is
given in Table 4. It can be seen from the table that
the pumpkin seed shell activated carbon shows the
comparable adsorption capacity with respect to other
adsorbents. This indicates that it could be considered
as a promising material for the removal of lead(II)
ions from aqueous solutions.

The effect of adsorbent dosage. The effect of
adsorbent dosage on the removal of lead(II) by the
obtained activated carbon is shown in Fig. 10.

Thermodynamic parameters. The changes in
standard free energy (ǻ*), standard enthalpy change
(ǻ+) and standard entropy change (ǻ6) were used to
speculate on the adsorption mechanism. These thermodynamic parameters are determined by using the
following equations [46-47]:

CA
Ce

Kc

ǻ*

o

FIGURE 10
The effect of adsorbent dosage on adsorption of
lead(II).

(9)

The removal efficiency of lead(II) was calculated by the difference between the initial and final
lead(II) concentrations. It is clear that the lead(II) ion
removal percentage increases sharply from 13.54%
to 44.14% with increasing activated carbon dose
from 0.5 to 6 g/L. This may be due to the greater adsorbent surface area and pore volume available at
higher adsorbent dosage providing more functional
groups and active adsorption sites that result in a
higher lead(II) ion removal percentage [29]. The removal of lead(II) ions did not increase considerably
with further increase in adsorbent dosage from 6 to
10g/L. It is due to the fact that all active sites on the
adsorbent surface are entirely occupied and the increase in the adsorbent dosage do not provide a
higher uptake of lead(II) ions.

RTlnKc

(10)
o
o
ǻ+
ǻ6
(11)
lnK c

RT
R
where Kc is the equilibrium constant, CA is the
solid phase concentration at equilibrium (mg/L) and
Ce is the equilibrium concentration in solution
PJ/ 7KHUHVSHFWLYH¨+o DQG¨6o values were obWDLQHG IURP WKH VORSH DQG LQWHUFHSW RI OLQHDU 9DQ¶W
Hoff plots of lnKc versus 1/T (figure not shown). Table 5 shows the calculated values of the thermodynamic parameters for the adsorption of lead on activated carbon.
TABLE 5
Thermodynamic parameters for the adsorption
of lead(II).
T (K) ǻ*
ǻ+ N-PRO ǻ6
298
-9.76
308
-10.09
26.26
0.052
318
-10.42

CONCLUSION
In this study activated carbon was produced
from pumpkin seed shells by zinc chloride activation. The specific surface area and total pore volume
of the activated carbon were obtained as 1564 m2/g
and 0.526 cm3/g, respectively. Batch adsorption
studies for the removal of lead(II) from aqueous solutions were carried out using the produced activated
carbon. It was shown that the pseudo-second order
kinetic model better described the sorption data; this
suggests that the rate-limiting step may be chemical
sorption rather than diffusion. The adsorption isotherm studies showed that the Langmuir adsorption
isotherm model adequately described the adsorption
of lead(II) onto activated carbon and the maximum
adsorption capacity was found to be 36.23 mg/g. The
WKHUPRG\QDPLFSDUDPHWHUVǻ*ǻ+DQGǻ6VKRZHG
a spontaneous and endothermic adsorption.

7KHYDOXHVRIǻ*VXJJHVWWKHVSRQWDQHRXVQD
ture of the adsorption process and give the information about the type of adsorption. The increase in
ǻ*ZLWKLQFUHDVLQJWHPSHUDWXUH showed that adsorption was favourable at high temperatures. The positive value of ǻ+ suggests that the interaction of
lead(II) ions adsorbed by activated carbon is an endothermic process, which supported by the increasing adsorption of lead(II) ions with the increase in
temperature. 7KHSRVLWLYHYDOXHRIǻ6LQGLFDWHVWKDW
there is an increase in the randomness in the system
solid/solution interface during the adsorption process. Similar results have been reported by other researchers working on the removal of lead ions from
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OPTIMIZATION OF SLUDGE DEWATERING
PERFORMANCE THROUGH RESPONSE SURFACE
METHODOLOGY COMBINED WITH ULTRASONIC AND
CALCIUM OXIDE
:HQ-XQ/LDQJ ;LX-XDQ6KL<L/L/L<DQ/LQJ/L5XL6KL
Key Laboratory of Beijing on Regional Air Pollution Control, Beijing University of Technology, Beijing 100124, China

VOXGJHDSSURSULDWHVOXGJHSUHWUHDWPHQWWHFKQRORJLHV
VKRXOG EH FKRVHQ SULRU WR GHZDWHULQJ >@$W WKH
SUHVHQWVWDJHPDQ\PHWKRGVRIWKHVOXGJHWUHDWPHQW
KDYHEHHQLQYHVWLJDWHGVXFKDVXOWUDVRQLFWUHDWPHQW
>@ )HQWRQ WUHDWPHQW >@ IORFFXODQWV WUHDWPHQW >@
DQGPLFURELDOIORFFXODQWV>@%XWVOXGJHGHZDWHULQJ
SHUIRUPDQFHPD\QRWSHUIRUPDVH[SHFWHGZKHQVLQ
JOHWHFKQRORJ\LVEHLQJXVHG6RLQRUGHUWRLPSURYH
VOXGJH GHZDWHULQJ SHUIRUPDQFH PDQ\ UHVHDUFKHUV
HPSOR\WKHFRPELQDWLRQWHFKQRORJ\IRUVOXGJHFRQ
GLWLRQLQJVXFKDVDYDULHW\RIFRQGLWLRQLQJDJHQWVD
YDULHW\RIWHFKQLTXHVDQGFRPELQDWLRQFRQGLWLRQLQJ
DJHQWV DQG RWKHU WHFKQLFDO PHDQV 7KHUH DUH VRPH
FRPELQHG PHWKRGV IRU H[DPSOH XOWUDVRQLFPLFUR
ZDYH>@DONDOLQHWKHUPDOK\GURO\VLV>@FRP
ELQH)HQWRQSURFHVVZLWKFKHPLFDOFRDJXODWLRQDQG
SUHFLSLWDWLRQ>@
,QUHFHQW\HDUVVFKRODUVKDYHJHQHUDWHGFRQVLG
HUDEOHUHVHDUFKLQWHUHVWRIXOWUDVRQLFWHFKQRORJ\GXH
WR LWV QRQSROOXWLRQ VLPSOH RSHUDWLRQ DQG VWURQJ
DELOLW\ RI SHQHWUDWLQJ$V D SUHWUHDWPHQW PHDQV IRU
LPSURYLQJ VOXGJH GHZDWHULQJ SHUIRUPDQFH LW KDV
EHHQDSSOLHGWRWKHVOXGJHWUHDWPHQW>@$IWHUXO
WUDVRQLFWUHDWPHQWWKHWRWDOVROLGFRQWHQWRIVOXGJH
FRXOGEHLQFUHDVHGE\DYHUDJHVL]HRIVOXGJH
IORF DERXW  XP IORF VL]H GHFUHDVH UDWH DERYH
 DQG WKH VOXGJH YLVFRVLW\ ZDV UHGXFHG VR
VOXGJH GHZDWHULQJ SHUIRUPDQFH LPSURYHG >@
*RQ]H>@FRQFOXGHGWKDWWKHORZLQSXWSRZHUDQG
VKRUWHU XOWUDVRQLF WLPH FRXOG LPSURYH VOXGJH GH
ZDWHULQJ SHUIRUPDQFH 7KLV YLHZSRLQW ZDV FRQ
ILUPHGE\1D>@ZKRVHUHVHDUFKVKRZHGWKDWZLWK
WKH LQFUHDVH RI XOWUDVRQLF SRZHU DQG HQHUJ\ WKH
VOXGJHIORFVL]HVKRZHGDWUHQGRIGHFUHDVHDIWHUWKH
ILUVWLQFUHDVH7KHV\QHUJHWLFHIIHFWVRIWKHXOWUDVRQLF
WHFKQRORJ\DQG)HQWRQUHDJHQWRQVOXGJHGHZDWHULQJ
SHUIRUPDQFHKDYHEHHQLQYHVWLJDWHG>@*XR>@
XVHGDJULFXOWXUDOZDVWHVXFKDVZKHDWVWUDZSRZGHU
DQGFRUQVWDONSRZGHUWRFRQGLWLRQVOXGJHDIWHUXO
WUDVRQLFWUHDWPHQW7KHUHVXOWVLQGLFDWHGWKDWVOXGJH
GHZDWHULQJSHUIRUPDQFHFRXOGEHLPSURYHG;LH>@
UHSRUWHGWKDWVOXGJH GHZDWHULQJSHUIRUPDQFHFRXOG
EHREYLRXVLPSURYHGE\FRPELQLQJXOWUDVRQLFWHFK
QRORJ\ZLWK)H&O$WWKHVDPHWLPHWKHFRPELQD
WLRQ XOWUDVRQLF DQG LQRUJDQLF FRDJXODQW 3$)V DOVR
FRXOGLPSURYHVOXGJHGHZDWHULQJSHUIRUPDQFH>@

ABSTRACT
7KHKLJKPRLVWXUHFRQWHQWRIVOXGJHLVKDUPIXO
WR WKH HQYLURQPHQW GXULQJ WKH SURFHVV RI GLVSRVDO
VXFKDVZDWHUSROOXWLRQRUWKHODUJHDUHD7KHUHIRUH
VOXGJHSUHWUHDWPHQWLVYHU\LPSRUWDQWEHIRUHWKHPH
FKDQLFDOGHZDWHULQJ,QWKLVSDSHUVOXGJHVSHFLILFUH
VLVWDQFH 65) DQGPRLVWXUHFRQWHQWRIWKHFDNHZHUH
UHJDUGHGDVWKHHYDOXDWLRQSDUDPHWHUVRIVOXGJHGH
ZDWHULQJ 2SWLPXP UDQJH RI WKH HIIHFW IDFWRUV ZDV
REWDLQHG WKURXJK VLQJOH IDFWRU H[SHULPHQW 7KH HI
IHFWRIXOWUDVRQLFDQG&DOFLXPR[LGHRQVOXGJHGH
ZDWHULQJ SHUIRUPDQFH ZDV LQYHVWLJDWHG 0XOWLSOH
TXDGUDWLF UHJUHVVLRQ HTXDWLRQ PRGHOV RI 65) DQG
PRLVWXUHFRQWHQWRIVOXGJHFDNHZHUHHVWDEOLVKHGE\
%R[%HKQNHQ H[SHULPHQWDO GHVLJQ 7KH RSWLPXP
SDUDPHWHUVRIFRFRQGLWLRQLQJGHPRQVWUDWHGWKDWXO
WUDVRQLFFRPELQHGZLWK&DOFLXPR[LGHFRXOGVLJQLI
LFDQWO\LPSURYHVOXGJHGHZDWHULQJSHUIRUPDQFH7KH
RSWLPXP FRQGLWLRQV IRU XOWUDVRQLF WLPH XOWUDVRQLF
GHQVLW\ DQG &DOFLXP R[LGH GRVDJH ZHUH  PLQ
:P/DQGJP/UHVSHFWLYHO\&DOLEUD
WLRQ H[SHULPHQW ZDV FRQGXFWHG XQGHU WKH RSWLPDO
FRQGLWLRQV65)EHLQJRI  î PNJDQG
PRLVWXUHFRQWHQWRIWKHFDNHEHLQJRI  
FRXOGEHDFKLHYHGZKLFKFRLQFLGHGZLWKPRGHOSUH
GLFWLRQV
.(<:25'6
&DOFLXP R[LGH 3DUDPHWHUV RSWLPL]DWLRQ 5HVSRQVH VXU
IDFHPHWKRGRORJ\6OXGJHGHZDWHULQJ8OWUDVRQLF

INTRODUCTION
6OXGJHLVWKHPDLQVROLGZDVWHGXULQJWKHWUHDW
PHQW RI PXQLFLSDO VHZDJH ,W LV HVWLPDWHG WKDW GU\
VOXGJH HPLVVLRQV RI PXQLFLSDO VHZDJH WUHDWPHQW
SODQW DERXW  PLOOLRQ WRQV SHU \HDU LQ &KLQD >@
+RZHYHUWKHVOXGJHFRQWDLQVDORWRIPRLVWXUHDQG
RUJDQLFPDWWHULQZKLFKWKHVOXGJHSDUWLFOHVSUHVHQW
FROORLGDO VWUXFWXUH VXSHUK\GURSKLOLFLW\ DQG HDV\
FRPELQDWLRQZLWKGLIIHUHQWIRUPVRIZDWHUPROHFXOHV
VRWKHVOXGJHGHZDWHULQJLVYHU\GLIILFXOW7KHUHIRUH
LQ RUGHU WR DFKLHYH WKH UHGXFWLRQ DQG UHFRYHU\ RI
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3UHSDUDWLRQRIWKHVOXGJH$JLYHQDPRXQWRIVOXGJH
ZDVDGGHGLQWRGHLRQL]HGZDWHUWRDFKLHYHDPRLVWXUH
FRQWHQWRI  8OWUDVRQLFFRQGLWLRQLQJP/
VOXGJHVDPSOHVZHUHWUHDWHGZLWKXOWUDVRQLFDWLRQIRU
DQGPLQUHVSHFWLYHO\7KHHIIHFWRI
WKH XOWUDVRQLF GHQVLW\    
:P/UHVSHFWLYHO\ RQVOXGJHGHZDWHULQJSHU
IRUPDQFHZDVLQYHVWLJDWHGXQGHUWKHRSWLPDOXOWUD
VRQLFWLPH>@  &RFRQGLWLRQLQJXVLQJXOWUDVRQLF
DQG&DOFLXPR[LGH)LUVWO\WKHVOXGJHZDVWUHDWHGE\
WKHRSWLPXPFRQGLWLRQRIWKHXOWUDVRQLF XOWUDVRQLF
WLPHRIPLQDQGXOWUDVRQLFGHQVLW\RI:P/ 
6HFRQGO\DJLYHQDPRXQWRIVOXGJHZDVPL[HGZLWK
&DOFLXPR[LGHZKLFKGRVDJHZDV
  DQG  J SHU  P/ VOXGJH UHVSHF
WLYHO\ >@ 7KH HIIHFWV RI WKH FRFRQGLWLRQLQJ RQ
VOXGJHGHZDWHULQJSHUIRUPDQFHZHUHGLVFXVVHG
$IWHU WKH DERYH WUHDWPHQWV DOO FRQGLWLRQHG
VOXGJHVDPSOHVZHUHDQDO\]HGIRU65)DQGPRLVWXUH
FRQWHQWRIWKHFDNH$FFRUGLQJWRWKHUHVXOWVRIVLQ
JOHIDFWRUH[SHULPHQW65)DQGPRLVWXUHFRQWHQWRI
WKHFDNHZHUHVHOHFWHGDVWKHUHVSRQVHYDULDEOH<
<PDUNHGDVYDULDEOHVUHVSHFWLYHO\8OWUDVRQLFWLPH
$ XOWUDVRQLFGHQVLW\ % DQG&DOFLXPR[LGHGRV
DJH & ZHUHFKRVHQDVWKUHHLQGHSHQGHQWYDULDEOHV
,Q RUGHU WR UHDOL]H WKH UHVSRQVH VXUIDFH GHVLJQ 
H[SHULPHQWVZHUHGHVLJQHG7KHUDQJHDQGOHYHOVRI
UHVSRQVHYDULDEOHVDQGWKHH[SHULPHQWDOUHVXOWVZHUH
VKRZQLQ7DEOHDQG7DEOH7KHYHULILFDWLRQWHVW
ZDVFDUULHGRXWXQGHUWKHFRQGLWLRQRIWKHRSWLPDO

&DOFLXPR[LGHDFRDJXODQWDLGDFWHGDVILOOLQJ
PDWHULDOGXULQJWKHSURFHVVRIVOXGJHGHZDWHULQJ,W
FDQIRUPDSRURXVVWURQJSHUPHDELOLW\DQGULJLGODW
WLFH VWUXFWXUH LQ WKH VOXGJH FDNHV DQG VOXGJH IORF
VWUXFWXUH EHFRPH PRUH JUDQXODWLRQ >@ 6X >@
VWXGLHG WKH V\QHUJHWLF HIIHFW RI FRPELQDWLRQ XOWUD
VRQLFZLWK&DOFLXPR[LGHRQVOXGJHGHZDWHULQJSHU
IRUPDQFH7KHUHVXOWVLQGLFDWHGWKDWXOWUDVRQLFFRX
SOHG ZLWK &DOFLXP R[LGH FRXOG REYLRXVO\ LPSURYH
VOXGJH GHZDWHULQJ SHUIRUPDQFH %XW WKH UHSRUW RI
WKLVDVSHFWZDVOHVV
5HVSRQVH VXUIDFH PHWKRG 560  UHIHUV WR DQ
H[SHULPHQWDO GHVLJQ PHWKRG IRU RSWLPDO H[SHUL
PHQWDOFRQGLWLRQVE\XVLQJVWDWLVWLFDOPHWKRGV560
FRXOG UHGXFH WKH HIIHFW RI VLQJOH IDFWRU H[SHULPHQW
DQG FRQVLGHU LQWHUDFWLRQ EHWZHHQ GLIIHUHQW IDFWRUV
6RLQRXUH[SHULPHQW560ZDVXVHGWRRSWLPL]HWKH
SDUDPHWHUV RI VOXGJH GHZDWHULQJ SHUIRUPDQFH ,Q
SUHYLRXVSDSHULWZDVKLJKOLJKWHGWKHLPSRUWDQFHRI
WKH FRFRQGLWLRQLQJ E\ XOWUDVRQLF DQG FKHPLFDO
PHWKRG LQ WKH SURFHVVHV RI VOXGJH GHZDWHULQJ
>@+RZHYHUWKHUHZHUHIHZUHSRUWVDERXWWKH
SDUDPHWHUV RSWLPL]DWLRQ RI VOXGJH FRFRQGLWLRQLQJ
E\XOWUDVRQLFDQG&DOFLXPR[LGH EDVHGRQ 560LQ
WKHSURFHVVRIVOXGJHGHZDWHULQJ7KHDLPRIWKLVSD
SHUZDVWRRSWLPL]HWKHSDUDPHWHUVRIVOXGJHFRFRQ
GLWLRQLQJE\XOWUDVRQLFDQG&DOFLXPR[LGHEDVHGRQ
560DQGREWDLQHGWKHRSWLPXPSDUDPHWHUV

MATERIALS AND METHODS
$QDO\WLFDO PHWKRGV SRF and moisture content of the cake were selected as the evaluation parameters of sludge dewatering performance in this
paper. SRF was calculated according to the following equation:

6OXGJH PDWHULDOV DQG H[SHULPHQWDO HTXLS
PHQW 7KH VOXGJH VDPSOHV RI WKH H[SHULPHQW ZHUH
FROOHFWHG IURP VHFRQGDU\ VHGLPHQWDWLRQ WDQN IURP
%HLMLQJ*DREHLGLDQZDVWHZDWHUWUHDWPHQWSODQW7KH
VOXGJH VDPSOHV ZHUH GHZDWHUHG E\ PHFKDQLFDO
PHWKRGDQGZHUHVWRUHGDW&%DVLFSURSHUWLHVRI
VOXGJHVDPSOHVZHUHSUHVHQWHGDVIROORZVPRLVWXUH
FRQWHQWEHLQJRI  RUJDQLFFRQWHQWEHLQJRI
 DQGS+YDOXHEHLQJRI  
7KHXOWUDVRQLFWUHDWPHQWRIVOXGJHZDVUHDOL]HG
E\ DQ XOWUDVRQLF FOHDQHU .4 .XQVKDQ ,QF
&KLQD ZKLFKFRXOGSURGXFHXOWUDVRXQGZLWKDIUH
TXHQF\  N+] 7KH XOWUDVRQLF GHQVLW\ FRXOG EH
FKDQJHGE\DGMXVWLQJWKHYROXPHRIVOXGJH



2 2 
(1)
Ȧȝ

where SRF is the sludge specific resistance of sludge,
m/kg; P is the filtration pressure, N/m2; A is filtration
area, m2; b is the slope of t/V versus V under the condition of constant pressure, m/s6; ȝ is the viscosity of
the filtrate, Pa·s and Ȧ is the weight of dry solids per
unit volume of filtrate in the process of filtering,
kg/m3. Moisture content of the cake is measured in
accordance with the standard methods. &KDQJHVRI
VOXGJHVXUIDFHPRUSKRORJLHVRIGLIIHUHQWVDPSOHVDUH
FRQILUPHGE\VFDQQLQJHOHFWURQPLFURVFRSH 6(0 

([SHULPHQWDO SURFHGXUHV 7KH H[SHULPHQWV
ZHUHSHUIRUPHGXVLQJWKHIROORZLQJSURFHGXUHV  

7$%/(
5HVSRQVHYDULDEOHVDQGFRGLQJVWDQGDUGV
Variables
A: Ultrasonic time (min)
B: Ultrasonic density (W/mL)
C: Calciumoxide dosage (g/100mL)

Code

-1
1
0.15
0.60

X1
X2
X3



Level of the code
0
3
0.30
0.90

1
5
0.45
1.20
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TABLE 2
Response surface design and experimental results

Number

Ultrasonic
time (min)

Ultrasonic
density
(W/mL)

Calciumoxide
dosage
(g/100mL)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

1
5
1
5
1
5
1
5
3
3
3
3
3
3
3
3
3

0.15
0.15
0.45
0.45
0.3
0.3
0.3
0.3
0.15
0.45
0.15
0.45
0.3
0.3
0.3
0.3
0.3

0.9
0.9
0.9
0.9
0.6
0.6
1.2
1.2
0.6
0.6
1.2
1.2
0.9
0.9
0.9
0.9
0.9

SRF (1012m/kg)
Experimental
value
6.79
10.63
6.15
10.05
6.35
9.73
6.97
8.85
4.16
4.23
2.04
1.79
6.70
9.55
7.32
9.69
6.14

Predicted
value
6.97
10.19
6.59
9.87
6.58
10.58
6.12
8.62
3.75
3.56
2.71
2.20
7.88
7.88
7.88
7.88
7.88

Moisture content of the cake
(%)
Experimental
Predicted
value
value
75.07
74.10
72.77
71.70
66.37
67.44
73.24
74.21
72.82
73.03
70.29
70.60
67.03
66.73
73.74
73.53
77.67
78.44
73.49
72.21
71.32
72.60
75.45
74.68
77.85
75.26
75.06
75.26
75.07
75.26
74.49
75.26
73.85
75.26

FIGURE 1
Effect of ultrasonic treatment on sludge dewatering performance
(a) ultrasonic time; (b) ultrasonic density
and the dehydration performance reduced [24].
Fig.1(a) showed when the ultrasonic time was
increased to 3 min, SRF gradually reduced from
331.86î PNJ to 278.41î PNJ moisture
content of the cake GHFUHDVHG IURP   WR
  Fig.1(b) illustrated when the ultrasonic
density was 0.30 W/mL, SRF and moisture content
of the cake could get the minimum values. These results showed that ultrasonic treatment could improve
sludge dewatering performance effectively.

RESULTS AND DISCUSSION
(IIHFWRIXOWUDVRQLFWUHDWPHQWRQVOXGJHGH
ZDWHULQJSHUIRUPDQFHFig.1 illustrated the effects
of ultrasonic treatment on sludge dewatering performance. With the increasing of ultrasonic intensity,
SRF decreased firstly and then increased. Moisture
content of the cake decreased firstly, then increased
gradually and achieved a smooth in the end. A possible explanation for this result is that the surface of
sludge can generate many channels on account of the
sponge effect by the ultrasonic treatment, which can
prompt the internal moisture of sludge transfer to the
floc particles outside. On the other hand, extracellular polymers (EPS) and the network structure of the
sludge flocs can be easily destroyed and result in the
decrease of resistance between particles. However,
the ultrasonic energy input is too large to lead to the
breakage of sludge floc. Furthermore, the water molecules tightly adsorbed on the surface of particles

(IIHFWRI&DOFLXPR[LGHGRVDJHRQVOXGJHGH
ZDWHULQJSHUIRUPDQFHFig.2 showed the effect of
Calcium oxide dosage (from 0.30 to 1.80 g/100 mL)
on sludge dewatering performance. With the increasing of Calcium oxide dosage, SRF decreased firstly
and then increased. Moisture content of the cake decreased firstly, then increased gradually and
achieved a smooth in the end. And there was a minimum at 0.90 g/100 mL sludge. When the Calcium
oxide dosage increased to 0.90 g/100 mL, SRF and
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moisture content of the cake decreased to 4.42î
PNJUHVSHFWLYHO\This result attributed to
the presence of the ultrasonic and Calcium oxide.
Firstly, ultrasonic treatment can adjust the sludge
structure and improve sludge dewatering performance at a certain extent. Secondly, Calcium oxide,
a coagulant aid in the process of sludge dewatering,
acts as filling material to improve the sludge structure. It can form a porous, strongly permeability and
rigid lattice structure in the sludge cakes and sludge
floc structure become more granulation [21], which
improve sludge dewatering performance. At the
same time, combination Calcium ionic with organic

Fresenius Environmental Bulletin

matter of sludge can improve particle density [22],
and result in SRF decrease with increasing Calcium
oxide dosage. However, when the Calcium oxide
dosage was higher than 0.90 g/100 mL, WKH sludge
dewatering performance was decreased.
0LFURVFRSLF VWUXFWXUH RI VOXGJH 7KH PRU
SKRORJLFDOFKDQJHVRIWKHUDZVOXGJHFRXOGEHVHHQ
LQ)LJ D )URP)LJ D WKHSRUHVL]HGLVWULEXWLRQ
RQWKHVOXGJHVXUIDFHZDVQRWREYLRXVDQGIORFSDU
WLFOHVZHUHDJJUHJDWHGWRJHWKHU)LJ E LOOXVWUDWHG
WKH ILQGLQJV RI WKH PRUSKRORJLFDO FKDQJHV RI WKH
VOXGJHDIWHUWKHXOWUDVRQLFWUHDWPHQW7KH6(0

FIGURE 2
Effect of Calcium oxide dosage on sludge dewatering performance

FIGURE 3
SEM images of sludge
(a) raw sludge; (b) ultrasonic treatment; (c) combine ultrasonic with Calcium oxide treatment
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7$%/(
9DULDQFHDQDO\VLVIRUUHJUHVVLRQHTXDWLRQRI65)
Source
Model
A
B
C
AB
AC
BC
A2
B2
C2
Residual
Lack of Fit
Pure Error
Cor Total

Sum of squares
102.48
21.13
0.24
2.90
9.000E-004
0.56
0.026
31.21
20.33
29.07
14.01
3.22
10.80
116.50

df
9
1
1
1
1
1
1
1
1
1
7
3
4
16

Mean square
11.39
21.13
0.24
2.90
9.000E-004
0.56
0.026
31.21
20.33
29.07
2.00
1.07
2.70

F
5.69
10.55
0.12
1.45
4.496E-004
0.28
0.013
15.59
10.16
14.52

P (Prob>F)
0.0160
0.0141
0.7368
0.2676
0.9837
0.6125
0.9131
0.0055
0.0153
0.0066

0.40

0.7631

Significant

Not significant

$8OWUDVRQLFWLPH%8OWUDVRQLFGHQVLW\&&DOFLXPR[LGHGRVDJH5 5DGM 
SKRWRVVKRZHGWKDWVOXGJHIORFVZHUHEURNHQZKLFK
OHGWRWKHURXJKQHVVRQWKHVOXGJHVXUIDFHDQGDEXQ
GDQWLUUHJXODUSRURXVVWUXFWXUH7KHUHIRUHVOXGJHGH
ZDWHULQJ SHUIRUPDQFH FRXOG EH LPSURYHG E\ XOWUD
VRQLFWUHDWPHQW)LJ F VKRZHGWKDWWKHHIIHFWZDV
REYLRXV IRU WKH VOXGJH VDPSOHV E\ FRFRQGLWLRQLQJ
XOWUDVRQLF DQG &DOFLXP R[LGH &RPSDUHG WR WKH
VOXGJH WUHDWHG E\ XOWUDVRQLF WKH PRUSKRORJLFDO
FKDQJHV RI WKH VOXGJH DIWHU FRFRQGLWLRQLQJ XOWUD
VRQLF DQG &DOFLXP R[LGH ZDV UHPDUNDEOH ZKLFK
FRXOGSUHVHQWDORWRIEXPSVDQGGLIIHUHQWDSHUWXUHV
RQWKHVXUIDFHRIWKHVOXGJH

2WKHUZLVHWKHLQWHUDFWLRQRI$%%&DQG$&ZHUH
QRWREYLRXV7KHUHJUHVVLRQHTXDWLRQZDVH[SUHVVHG
E\WKHFRHIILFLHQWRIGHWHUPLQDWLRQ 5 7KLVSDUDP
HWHU LQGLFDWHG  RI WKH UHVSRQVH YDULDELOLW\ IRU
65)FRXOGEHH[SODLQHGZLWKWKHPRGHO7KHFRHIIL
FLHQW 5DGM EHLQJRIDQG55DGMEHLQJRI
ZKLFKLQGLFDWHGWKDWWKHFUHGLELOLW\DQG
SUHFLVLRQRIPRGHOZDVKLJKHUDQGWKHFRUUHODWLRQRI
SUHGLFWHG YDOXHV DQG PHDVXUHG YDOXHV ZHUH EHWWHU
>@7KHYDULDQFHDQDO\VLVUHVXOWVIRUTXDGUDWLFUH
VSRQVH VXUIDFH RI 65) VKRZHG WKDW WKH UHJUHVVLRQ
PRGHOKDGEHHQUHDFKHGVLJQLILFDQFHOHYHOZLWKLQWKH
VFRSHRIWKHUHVHDUFK7KHUHIRUHVOXGJHGHZDWHULQJ
SHUIRUPDQFHSDUDPHWHUVFRXOGEHSUHGLFWHGZLWKWKH
PRGHODQDO\VLVRI XOWUDVRQLFFRXSOHG ZLWK &DOFLXP
R[LGH
7DEOH  VKRZHG WKDW WKH YDULDQFH DQDO\VLV UH
VXOWVIRUPRLVWXUHFRQWHQWRIWKHFDNH7KHYDULDQFH
DQDO\VLV UHVXOWV IRU TXDGUDWLF UHVSRQVH VXUIDFH RI
PRLVWXUH RI WKH FDNH VKRZHG WKDW WKH UHJUHVVLRQ
PRGHOKDGEHHQUHDFKHGVLJQLILFDQWOHYHOZLWKLQWKH
VFRSHRIWKHUHVHDUFK7KHUHIRUHVOXGJHGHZDWHULQJ
SHUIRUPDQFHSDUDPHWHUVFRXOGEHSUHGLFWHGZLWKWKH
PRGHODQDO\VLVRIXOWUDVRQLFDQG&DOFLXPR[LGH

$QDO\VLV RI YDULDQFH RI 65) DQG PRLVWXUH
FRQWHQWRIWKHFDNHPRGHO7KHH[SHULPHQWDOUHVXOWV
ZHUH DQDO\]HG ZLWK VWDWLVWLFDO DQDO\VLV PHWKRG ILW
WLQJ ZLWK D TXDGUDWLF UHVSRQVH VXUIDFH HTXDWLRQ
ZKLFK FRXOG GHVFULEH WKH UHODWLRQVKLS EHWZHHQ UH
VSRQVHYDULDEOHDQGYDOXHV7KHTXDGUDWLFUHVSRQVH
VXUIDFHHTXDWLRQRI65)DQGPRLVWXUHFRQWHQWRIWKH
FDNH 0&&  FRXOG EH VHHQ LQ (TXDWLRQ  DQG 
ZKHUH$%DQG&UHSUHVHQWHGXOWUDVRQLFWLPHXOWUD
VRQLF GHQVLW\ DQG &DOFLXP R[LGH GRVDJH UHVSHF
WLYHO\9DULDQFH DQDO\VLV IRU UHJUHVVLRQ HTXDWLRQ RI
65)ZDVVKRZQLQ7DEOH

SRF (Y1) 7.88  1.63A  0.17B - 0.60C  0.015AB - 0.38AC - 0.080BC  2.72A 2 - 2.20B2 - 2.63C2
MCC 65.26  1.09A - 1.03B - 0.84C  2.29AB  2.31AC  2.08BC  1.54A2  5.06B2  4.16C2 
,QWKHSURFHVVRIYDULDQFHDQDO\VLV)DQGSYDO
XHVZHUHFKRVHQWRUHSUHVHQWWKHVLJQLILFDQWGHJUHH
RI FRUUHODWLRQ FRHIILFLHQW ,I ) ! ) RU S  
ZKLFKLWLQGLFDWHGWKHLPSDFWRIIDFWRUVZDVYHU\RE
YLRXVRQWKHFKDUDFWHUL]DWLRQRILQGLFHV:KHQ)
))RU3LWVKRZHGVLJQLILFDQWHIIHFW
RQWKHFKDUDFWHUL]DWLRQRILQGLFHVRWKHUZLVHWKHLP
SDFWRIIDFWRUVRQWKHH[SHULPHQWLQGH[ZDVQRWVLJ
QLILFDQW7KH)DQGSYDOXHVRIWKHPRGHOZHUH
 UHVSHFWLYHO\ ZKLFK LQGLFDWHG WKDW UHVSRQVH
VXUIDFHHTXDWLRQZDVVLJQLILFDQWDQGWKHYDOXHRIWKH
/DFNRI)LWZDVZKLFKLQGLFDWHGWKDWUHOLD
ELOLW\RIWKH UHVSRQVHVXUIDFHHTXDWLRQ ZDV VLJQLIL
FDQW$DQG$%& ZHUHDERYHFRQILGHQFH
OHYHOZKLFKSURYHGWKDWWKH\ZHUHPRUHRXWVWDQGLQJ

$QDO\VLVRIWKHUHVSRQVHVXUIDFHIRUWKH65)
:KHQWKH 65) ZDVFKRVHQWRWKH UHVSRQVHWKHUH
VSRQVH VXUIDFHV RI SRO\QRPLDO UHJUHVVLRQ PRGHO
ZLWKRQHYDULDEOHDWWKHRSWLPDOOHYHODQGWKHRWKHU
WZR FKDQJLQJ ZLWKLQ WKH H[SHULPHQWDO UDQJHV ZHUH
UHSRUWHG LQ )LJ 7KH PLQLPXP YDOXH RI WKH UH
VSRQVHVXUIDFHVLQGLFDWHGWKDWWKHLQWHUDFWLYHHIIHFWV
RQ65)EHWZHHQXOWUDVRQLFWLPHDQGXOWUDVRQLFGHQ
VLW\XOWUDVRQLFWLPHDQG&DOFLXPR[LGHGRVDJHZHUH
VLJQLILFDQW DVVKRZQLQ)LJ D DQG E UHVSHF
WLYHO\ :KHQ WKH RSWLPDO XOWUDVRQLF GHQVLW\ ZDV
:P/WKHXOWUDVRQLFWLPHZDVPLQDQGWKH
&DOFLXPR[LGHGRVDJHZHUHZLWKLQWKHUDQJHRI
J P/ WKH 65) ZDV ORZHU MXVW VKRZQ LQ
)LJ E  ,Q FRQFOXVLRQ WKH DSSURSULDWH XOWUDVRQLF
GHQVLW\ GXULQJ WKH XOWUDVRQLF VOXGJH WUHDWPHQW SUR
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FHVVZDVLQDUDQJHRI:P/7KHORZXO
WUDVRQLFGHQVLW\DQGVKRUWXOWUDVRQLFWLPHFRXOGHQ
KDQFHWKHVOXGJHGHZDWHULQJSHUIRUPDQFH>@/LNH
ZLVHXQGHUWKHFRQGLWLRQRIWKHRSWLPDO&DOFLXPR[
LGHGRVDJHWKHXOWUDVRQLFWLPHZDVZLWKLQWKHUDQJH
RI  PLQ DQG XOWUDVRQLF GHQVLW\ ZDV 
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:P/ )LJD $W WKH RSWLPDO XOWUDVRQLF WLPH WKH
SHDNYDOXHRIWKHUHVSRQVHVXUIDFHVZDVUHSRUWHGLQ
)LJF7KHUHIRUHWKH RSWLPL]H IRUXOWUDVRQLFWLPH
XOWUDVRQLF GHQVLW\ DQG &DOFLXP R[LGH GRVDJH DUH
QHFHVVDU\LQRUGHUWRREWDLQDPLQLPXPRI65)DQG
DFKLHYHWKHEHVWGHZDWHULQJSHUIRUPDQFH

7$%/(
9DULDQFHDQDO\VLVIRUUHJUHVVLRQHTXDWLRQRIPRLVWXUHFRQWHQWRIWKHFDNH
Source
Model
A
B
C
AB
AC
BC
A2
B2
C2
Residual
Lack of Fit
Pure Error
Cor Total

Sum of squares
291.76
9.57
8.57
5.66
21.02
21.34
17.26
10.02
107.61
72.97
18.27
8.91
9.37
310.03

df
9
1
1
1
1
1
1
1
1
1
7
3
4
16

Mean square
32.42
9.57
8.57
5.66
21.02
21.34
17.26
10.02
107.61
72.97
2.61
2.97
2.34

F
12.42
3.67
3.28
2.17
8.05
8.18
6.61
3.84
41.22
27.95

P (Prob>F)
0.0016
0.0971
0.1129
0.1843
0.0251
0.0244
0.0369
0.0909
0.0004
0.0011

1.27

0.3980

$8OWUDVRQLFWLPH%8OWUDVRQLFGHQVLW\&&DOFLXPR[LGHGRVDJH5 ˗5DGM 

),*85(
5HVSRQVHVXUIDFHJUDSKVDQGFRQWRXUSORWRI65)
D ;; E ;; F ;;



Significant

Not significant
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),*85(
5HVSRQVHVXUIDFHJUDSKVDQGFRQWRXUSORWRIPRLVWXUHFRQWHQWRIWKHFDNH
D ;; E ;; F ;;
IRUPVRIZDWHULQWKHVOXGJH7KHUHIRUHWKHVOXGJH
WUHDWHGE\XOWUDVRQLFDQG&DOFLXPR[LGHFRXOGFRQ
WULEXWHWRWKHIRUPDWLRQRIDSHUWXUHRQWKHVXUIDFHRI
VOXGJHIORFVZKLFKOHGWRWKHZDWHUVHSDUDWLRQIURP
WKH VOXGJH 7KHUHIRUH VPDOOHU 65) DQG PRLVWXUH
FRQWHQWRIWKHFDNHFRXOGEHREWDLQHG

$QDO\VLVRIWKHUHVSRQVHVXUIDFHIRUPRLVWXUH
FRQWHQW RI WKH FDNH :LWK WKH PRLVWXUH FRQWHQW RI
WKHFDNHEHLQJWKHUHVSRQVHWKHUHVSRQVHVXUIDFHVRI
WKHTXDGUDWLFUHJUHVVLRQPRGHOZLWKRQHYDULDEOHDW
WKHRSWLPDOOHYHODQGWKHRWKHUWZRFKDQJLQJZLWKLQ
WKHH[SHULPHQWDOUDQJHVFRXOGEHVHHQLQ)LJ7KH
HOOLSWLFDOFRQWRXUSORWVLQ)LJ D  E DQG F LQ
GLFDWHG WKDW WKHUH ZHUH REYLRXV LQWHUDFWLYH HIIHFWV
EHWZHHQXOWUDVRQLFWLPHDQG&DOFLXPR[LGHGRVDJH
XOWUDVRQLFGHQVLW\DQG&DOFLXPR[LGHGRVDJHXOWUD
VRQLF WLPH DQG XOWUDVRQLF GHQVLW\ )URP )LJ ZH
FRXOG VHH WKDW WKH PRLVWXUH FRQWHQW RI WKH FDNH UH
GXFHGDWWKHFHQWHURIWKHWKUHHUHJLRQV,WZDVSURYHG
E\WKHVLJQLILFDQWPLQLPXPLQWKHUHVSRQVHVXUIDFHV
LQZKLFKWKHRSWLPDOFRQGLWLRQVZHUHH[DFWO\ORFDWHG
LQVLGHWKHGHVLJQERXQGDU\
,Q WKH VOXGJH WUHDWPHQW SURFHVV E\ XOWUDVRQLF
DQG &DOFLXP R[LGH XOWUDVRQLF SOD\HG D UROH RI DG
MXVWLQJWKHVWUXFWXUHRIWKHVOXGJHDQG&DOFLXPR[LGH
DFWHGDVFRDJXODQWZKLFKZDVXVHGWREXLOGDVNHOH
WRQVWUXFWXUHDQGLPSURYHWKHHIIHFWRIFRDJXODWLRQ
7KHFRDJXODQWLQRXUH[SHULPHQWZDV&DOFLXPR[LGH
LQRUGHUWRSURPSWVOXGJHJUDQXODWLRQUHGXFHVOXGJH
YLVFRVLW\ DQG PDNH IUHH ZDWHU SDVV WKURXJK HDVLO\
>@$JLYHQDPRXQWRIVOXGJHWUHDWHGE\XOWUDVRQLF
ZDVPL[HGZLWK&DOFLXPR[LGHZKLFKLQFUHDVHGWKH
FKDQFHVRIWKHFRDJXODQWDSSURDFKLQJWRWKHGLIIHUHQW

'HWHUPLQDWLRQRIWKHRSWLPDOFRQGLWLRQVDQG
PRGHOYDOLGDWLRQ$FFRUGLQJWRWKHUHVXOWVRIWKHUH
VSRQVHVXUIDFHDQDO\VLVDQGWKHRSWLPL]DWLRQRIWKH
H[SHULPHQW FRQGLWLRQV WKHUH ZDV D EHVW UHVSRQVH
TXDQWLW\XQGHUWKHRSWLPXPFRQGLWLRQV7KURXJKWKH
UHVHDUFKHVRIWKHRSWLPL]DWLRQRI65)WKH65)FRXOG
EHî PNJXQGHUWKHFRQGLWLRQRIXOWUDVRQLF
WLPH EHLQJ PLQ XOWUDVRQLF GHQVLW\ EHLQJ
:P/ DQG &DOFLXP R[LGH GRVDJH EHLQJ
JP/ 7KH PRLVWXUH FRQWHQW RI WKH FDNH
FRXOG EH  XQGHU WKH FRQGLWLRQ RI XOWUDVRQLF
WLPH EHLQJ  PLQ XOWUDVRQLF GHQVLW\ EHLQJ 
:P/ DQG &DOFLXP R[LGH GRVDJH EHLQJ 
JP/7KHEHVWFRQGLWLRQVRIVOXGJHGHZDWHULQJ
SHUIRUPDQFHZHUHDVIROORZVXOWUDVRQLFWLPHXOWUD
VRQLFGHQVLW\DQG&DOFLXPR[LGHGRVDJH ZHUH
PLQ:P/DQGJP/UHVSHFWLYHO\,Q
RUGHUWRYHULI\WKHDFFXUDF\DQGSUDFWLFDELOLW\IRUWKH
RSWLPDO FRQGLWLRQV RI WKH SRO\QRPLDO UHJUHVVLRQ
HTXDWLRQ PRGHO VHYHUDO H[SHULPHQWV ZHUH FDUULHG
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RXW ZLWK 65) EHLQJ  î PNJ DQG
PRLVWXUH FRQWHQWRIWKH FDNH EHLQJ  
7KDW ZDV FRQVLVWHQW ZLWK WKH UHVXOWV REWDLQHG E\
PRGHO SUHGLFWLRQ 7KHUHIRUH WKH RSHUDWLQJ FRQGL
WLRQVFRXOGEHRSWLPL]HGDQGWKHRSWLPDOSURFHVVSD
UDPHWHUV FRXOG EH REWDLQHG XVLQJ UHVSRQVH VXUIDFH
PHWKRG
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/DQG6XQ6<  $UDSLG)HQWRQWUHDWPHQW
WHFKQLTXHIRUVHZDJHVOXGJHGHZDWHULQJ&KHP
(QJ-±
[7] :DQJ -3<XDQ 6- :DQJ< DQG<X +4
 6\QWKHVLVFKDUDFWHUL]DWLRQDQGDSSOLFD
WLRQRIDQRYHOVWDUFKEDVHGIORFFXOHQWZLWKKLJK
IORFFXODWLRQ DQG GHZDWHULQJ SURSHUWLHV :DWHU
5HV
[8] <H+/<H-6=KHQJ=-<LQ+3HQJ+
DQG=KDQJ1  6WXG\RQVOXGJHGHZDWHU
LQJXVLQJPLFURELDOIHFXOHQW(QYLURQ&KHP

[9] $QWHQHK 0< &KRQJ 6+ 6HQ 7. $QJ
+0DQG$KPHW.  (IIHFWRIXOWUDVRQLF
PLFURZDYH DQG FRPELQHG PLFURZDYHXOWUD
VRQLF SUHWUHDWPHQW RI PXQLFLSDO VOXGJH RQ DQ
DHURELF
GLJHVWHU
SHUIRUPDQFH
:DWHU
$LU6RLO3ROO
[10] =KDQJ67*XR+*'X/=/LDQJ-)/X
;%/L1DQG=KDQJ.4  ,QIOXHQFH
RI 1D2+ DQG WKHUPDO SUHWUHDWPHQW RQ GH
ZDWHUHGDFWLYDWHGVOXGJHVROXELOLVDWLRQDQGVXE
VHTXHQW DQDHURELF GLJHVWLRQ )RFXVHG RQ KLJK
VROLGVWDWH%LRUHVRXUFH7HFKQRO±
[11] )DWPD%DQG6HQHU$  7KHHIIHFWRIVD
OLQLW\ RQ JURZWK DQG QXWULHQW FRPSRVLWLRQ LQ
EURDGEHDQ 9LFLDIDED/ VHHGOLQJV)UHVHQ(Q
YLURQ%XOO
[12] $SRVWRORV*9+DUDODPSRV1/3DQDJLRWLV
..(OOL0DULD3%DQG6RILD70  2O
LYH PLOO ZDVWHZDWHUGHWR[LILFDWLRQE\DSSO\LQJ
SKUHODWHGIHQWRQR[LGDWLRQSURFHVV)UHVHQ(Q
YLURQ%XOO
[13] /LX-/LX<'=KDR-+:DQJ00DQG
:DQJ;  6WXG\RQIDFWRUVRIVOXGJHUH
GXFWLRQLQFRQWLQXRXVIORZV\VWHPE\XOWUDVRQLF
ZDYHV&KLQDZDWHUZDVWHZDWHU
[14] +HUQDQGR05(ORU]D*0/DEDQGD-DQG
/ORUHQV -   'HZDWHU DELOLW\ RI VHZDJH
VOXGJH E\ XOWUDVRQLF WKHUPDO DQG FKHPLFDO
WUHDWPHQWV&KHP(QJ-
[15] *RQ]H(3LOORW69DOHWWH(*RWKLHU<DQG
%HUQLV$  8OWUDVRQLFWUHDWPHQWRIDQDHU
RELFDFWLYDWHGVOXGJHLQDEDWFKUHDFWRU&KHP
(QJ3URFHVV3URFHVV,QWHQVLILFDWLRQ±

[16] 1D6.LP<8DQG.KLP-  3K\VLR
FKHPLFDO SURSHUWLHV RI GLJHVWHG VHZDJH VOXGJH
ZLWK XOWUDVRQLF WUHDWPHQW 8OWUDVRQ6RQR
FKHP±
[17] -LDQJ-**RQJ&;7LDQ6&<DQJ6+
DQG =KDQJ <-   ,PSDFW RI XOWUDVRQLF
WUHDWPHQW RQ GHZDWHU DELOLW\ RI VOXGJH GXULQJ
)HQWRQ R[LGDWLRQ (QYLURQ 0RQLW$VVHVV
±
[18] *XR6'4X)6'LQJ$+H-*<X+5
DQG %DL /0   (IIHFWV RI DJULFXOWXUDO
ZDVWHEDVHGFRQGLWLRQHURQXOWUDVRQLFDLGHGDF
WLYDWHGVOXGJHGHZDWHULQJ56&$GY


CONCLUSIONS
 7KHVOXGJH GHZDWHULQJSHUIRUPDQFHFRXOG
EHREYLRXVLPSURYHGE\XOWUDVRQLF&DOFLXPR[LGH
DQGWKH RSWLPXPFRQGLWLRQV RIWKH XOWUDVRQLFWLPH
XOWUDVRQLFGHQVLW\DQG&DOFLXPR[LGHGRVDJHZHUH
PLQ:P/DQGJP/UHVSHFWLYHO\
 7KH UHVSRQVH VXUIDFH PHWKRG ZDV XVHG WR
DQDO\]HDQGRSWLPL]HMRLQWZRUNLQJSDUDPHWHUV7KH
UHVXOWVVKRZHGWKDWUHJUHVVLRQHTXDWLRQPRGHOFRXOG
EHUHDFKHGDWWKHVLJQLILFDQWOHYHO7KHRSWLPXPFRQ
GLWLRQVRIWKHXOWUDVRQLFWLPHXOWUDVRQLFGHQVLW\DQG
&DOFLXP R[LGH GRVDJH ZHUH  PLQ  :P/
DQGJP/UHVSHFWLYHO\
 65)DQGPRLVWXUHFRQWHQWRIWKHFDNHZHUH
 î PNJ   XQGHU WKH
RSWLPXPFRQGLWLRQV7KDWZDVFRQVLVWHQWZLWKWKHUH
VXOWVREWDLQHGE\PRGHOSUHGLFWLRQ
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tion phase activities usually include dredging, filling, soil excavation or replacement; whereas the operations phase involves anchoring, shading, as well
as extensive human activity in a small scale area.
These activities may impact the marine environment
through physical and chemical disturbances including an increase in the rate of sedimentation, discharge of chemicals, nutrient enrichment, increased
wastewater, oil spills, increase in organic matter and
heavy metals loads as well as solid waste generation,
etc. Any country undertaking a fishing port development project should ensure that the project is compatible with national economic, social and environmental development goals, and an Environmental
Impact Assessment (EIA) should be conducted in the
early stages of the project.
This paper focuses on EIA guidelines for fishing port projects in the Kingdom of Saudi Arabia
(KSA) which is bordered by both the Arabian Gulf
and the Red Sea. The Presidency of Meteorology and
Environment (PME) is responsible for environmental protection and management activities in KSA.
Regulatory requirements for an EIA are addressed in
the General Environmental Regulations and Rules
for Implementation (15 October 2001). Additional
EIA requirements apply to the industrial cities of
Jubail and Yanbu which are listed in the Royal Commission Environmental Regulations [4]. As environmental regulation in Middle East, especially KSA, is
still evolving, often guidelines are needed to assist
environmental practitioners in addressing specialized topics. For example, the Saudi Geological Survey has issued EIA guidelines for mining activities
in KSA. Similarly, Saudi Aramco has its own requirements, in addition to the national regulations,
for projects in the oil and gas industry. The authors
of this paper have previously provided EIA guidelines for hatcheries in semi-enclosed water bodies
such as the Arabian Gulf and Red Sea [5]. Such
guidelines are needed to assist EIA practitioners in
KSA and other countries bordering the two water
bodies in identifying and evaluating potential impacts associated with new development projects. The
purpose of this paper is to outline issues that may be
relevant to the design and construction of a port development and to identify important factors for consideration in an EIA study.

ABSTRACT
The development or expansion of marine fishing ports is considered as a significant urban stress
on the surrounding environment. Construction activities usually include dredging, filling, soil excavation or replacement; whereas the operations phase
involves anchoring, shading, as well as extensive human activity in a small scale area. These activities
may impact the marine environment through physical and chemical disturbances including an increase
in the rate of sedimentation, discharge of chemicals,
nutrient enrichment, increased wastewater, oil spills,
increase in organic matter and heavy metals loads as
well as solid waste generation, etc. This paper provides guidelines for conducting an EIA of a fishing
port in a semi-enclosed water body, such as the Arabian Gulf or the Red Sea. The purpose of the guidelines is to outline issues that may be relevant to the
design and construction of the port and to identify
important factors for consideration in an EIA study.
Elements to be studied in depth include impacts on
water quality, sediment and habitat loss. The paper
also provides suggested mitigation measures for
minimizing potential impacts along with key aspects
to be considered in the development of an adequate
Environmental Management and Monitoring Plan.

KEYWORDS:
EIA, Fishing Port, Marine Water.

INTRODUCTION
Ports are the gateway for industry, services and
support the security and safety needs of humans in
any countries. Although ports generally contribute
significantly in economic growth of any country,
port activities may however, have adverse activities
on air water and sediment of the ecosystem being in
contact with the ports [e.g. 1, 2], particularly those
often located in sensitive environmental areas.
The development or expansion of marine fishing ports is considered as a significant urban stress
on the surrounding environment [e.g. 3]. Construc-
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measures to be implemented during the execution of
project activities.

MATERIALS AND METHODS
The EIA would need to follow requirements set
forth in the applicable national regulatory framework. Steps recommended in the overall study are as
follows:

RESULTS AND DISCUSSION
Potential Impact Evaluation. This section
identifies the potential environmental impacts associated with typical fishing port development in a
semi-enclosed water body.

Document review Data collection. An extensive literature review should be conducted to compile information on the legislative requirements and
environmental conditions at the project site. In addition, a typical description of the project activities,
within the project area relevant to the environmental
assessment, should be compiled with the help of the
Project Proponent and Conceptual Design Team.
Site specific field investigations are recommended to augment and validate any available baseline data at the proposed marine site including physiochemical and biological properties [5]. Field investigations may also include a terrestrial survey of the
area where construction of support facilities will take
place.

(1) Construction Phase. (a) Water and Sediment. Construction activities for the expansion of
the ports, including possible landfilling, may lead to
a temporary deterioration in seawater quality, which
can directly or indirectly impact marine flora and
fauna in the area. Factors that may affect water quality include discharge of heavy metals, organic and
inorganic matter, inorganic nutrients, solid waste,
and accidental spillage of oil, chemicals etc. Each
factor is discussed below in detail.
Heavy metals and organic matter may be released into the seawater and seabed during construction activities near the coast. The sources of these
compounds are mainly construction materials and
filling activities at the bottom of the sea. Bottom sediments are known to contain much higher concentrations of heavy metals, organic matter, oil residue and
some other toxic materials compared to the water
body such as those of Red Sea and Arabian Gulf [e.g.
6, 7]. Contamination by heavy metals affects seawater quality significantly as once released into the
environment, they do not readily convert into harmless components and often tend to accumulate in the
tissues of living organisms [8, 9]. Heavy metals in
general, and lead, chromium, arsenic, zinc, cadmium, copper and mercury in particular can cause
significant damage to the environment and human
health as a result of their mobility and solubility [10,
11].
Filling activities and construction materials
may also release organic matter into the sea. Bacterial breakdown of these organic materials may deplete dissolved oxygen from water leading to adverse impacts on marine life. In oxygen depleted environments, non-aerobic process start taking place
for the breakdown of organic matter that in turn results in the production of toxic compounds such as
methane, hydrogen sulfide and ammonia [12,13].
Some inorganic nutrients, such as silicates,
may also be discharged into the water through construction activities. This would impact the nutrient
cycle and nutrient enhancement (eutrophication)
may simulate growth of certain harmful algae e.g. dinoflagellates, which can be toxic to marine organisms and humans [14, 15].
Accidental spillage of oil and oil compounds
may be another cause of adverse impacts on water
quality. Although oil is not soluble in water, photo-

Analysis of alternatives. An analysis of alternatives is an essential component of a comprehensive EIA project. Alternatives considered can include: no project/action, site location, different design elements, etc. Elements to be considered in site
location include elevation, existing land use, potentially impacted habitats and existing infrastructure.
Impact assessment. The environmental information collected in the previous phases should be
used to assess the potential impacts of the project activities. Various predictive techniques can be used to
determine the nature and extent of the impacts identified. The significance of each impact needs to be
determined and rated taking into account the nature
of the impact and the existing environmental conditions.
Legislative requirements need to be consulted
to ensure that evaluated parameters comply with regulations.
Development of environmental management
and monitoring plan. Project specific environmental management plans should be developed to reduce
and mitigate all significant adverse environmental
impacts to acceptable levels. The management plan
will typically cover construction and operational
phases of the project and include necessary pollution
control and treatment systems identified based on a
review of potentially feasible alternatives. A monitoring program can help ensure proper implementation of the environmental management plan.
Documentation. At the end of the assessment,
a report should be prepared based on regulatory requirements. This report will include the findings of
the assessment, project impacts, and mitigation
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indirect impact of filling is a possible rise in suspended solids and floating particles in water, which
can lead to an increase in turbidity and prevent sunlight from reaching underwater plant life and thus affecting the growth and productivity of seagrasses
and other flora [22].
Accidental spillage of oil during construction
works may lead to oil and petroleum compound deposits on the seagrass patches. This factor combined
with an increase in sediments released in to the water
can affect the proper growth of the seagrass and the
associated benthic organisms such as polychaetes,
mollusks and other sea bottom dwelling organisms.
In addition, the risk of toxicity to these organisms
from direct oil spillage is also possible [23].
Other potential impacts include the discharge
of heavy metals and toxic pollutants from construction activities leading to inhibition of photosynthesis
and subsequent adverse impacts on the overall food
web. Marine flora may also suffer from the shadow
effect of the sediment plumes, and fauna species in
the near zone may disappear due to filling activity or
will be buried due to high sedimentation.

chemical oxidation is capable of transforming a variety of oil components into oxygenated derivatives
that are fairly water soluble and show significant toxicity to algae, bacteria, marine invertebrates and fish
[16]. The effects of oil pollution are exacerbated by
the use of dispersants and wave action, which cause
the oil to enter the water column rather than floating
on the surface [17]. Oil spills can harm marine ecosystems and poison marine animals that ingest or inhale its many toxins [18]. Spillage of other chemicals
and hazardous materials during construction can
cause toxicity to flora and fauna in the impacted area
leading to community shifts in the ecosystem.
Landfilling may cut across the existing sedimentation patterns and disturb the existing current
regime. In addition, filling activities may cause an
increase in suspended solids and floating particles.
This may lead to the formation of sediment plumes
that in turn increase water turbidity. In addition, dust
arising from construction works will end up in the
sea, thereby increasing the turbidity of seawater as
well as increasing the rate of sedimentation, which
may impact the sea habitat including corals directly
or indirectly (Table 1). The effect of sedimentation
rate and suspended particles will not be localized; it
may affect other water bodies located at a distance
due to movement of suspended particles by water
currents.

(c) Terrestrial Habitats. Terrestrial habitats
may be disturbed due to land based construction including direct disturbance or nuisance from increased noise levels associated with various equipment and machinery.

(b) Marine Habitat. Excavation, transportation and disposal of soft-bottom material may lead to
numerous impacts on the marine environment [20].
Filling activities may impact the seagrass patches, if
present, directly and displace benthic habitat in the
areas where it takes place [21]. This can affect the
general benthic community structure of the seagrass
beds such as an initial reduction in the abundance,
species biodiversity, nursery grounds and larval settlement of different marine organism including polychaetes, mollusks, shrimps, sea cucumbers, sea urchins and even some species of fish. In addition, filling can cause temporal damage to sandy bottoms in
the area, which can ultimately lead to the partial destruction of fauna and flora in the affected area. An

(d) Solid Waste. An increase in solid waste
generated by human activities and construction debris such as plastics, metal, wood, rubber, and glass
will occur. These substances may have adverse impacts on the fauna and flora. The solid wastes are
usually non-degradable and cause physical damage
[24].
(e) Sewage. Sewage from temporary sanitary
facilities for workers, if allowed to drain directly into
the sea, may impact the water quality and cause eutrophication.

TABLE 1
Sedimentation rate and the degree of impact [19]
1-10 (mg cm-2 d-1)
Slight to moderate
Decreased abundance
Altered growth forms
Decreased growth rates
Possible reduction in number of species
Possible reduction in recruitment

10-50 (mg cm-2 d-1)
Moderate to severe
Greatly decrease abundance
Greatly decrease growth rate
Reduce growth rate
Predominance of altered growth forms
Reduce recruitment
Decrease number of species
Possible invasions of opportunistic
species
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> 50 (mg cm-2 d-1)
Severe to catastrophic
Severely decreased abundance
Severe deterioration of communities
Most species excluded
Most colonies die
Recruitment severely reduced
Regeneration slowed or stopped
Invasions of opportunistic species
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public infrastructure. Adequate provisions will be required for the workers at the project site to minimize
conflicts over resource sharing with the local community.

(f) Ambient Air Quality. Sources of air emission during the construction phase include engine
driven construction machinery and vehicular emissions, barges offshore, etc. Dust generation from
construction activities such as site preparation,
movement of heavy equipment and earthwork machines is also expected. These factors may lead to a
temporary and insignificant deterioration in the local
ambient air quality.

(l) Infrastructure Facilities. Development of
the ports in previously undeveloped areas can result
in improvement of local infrastructure such as roads,
transport facilities, communication linkages, and
market facilities.

(g) Noise and Vibration. The noise and vibration during excavation and filling will affect marine
life, and many organisms including fish may get disoriented in a noisy environment and move away
from their preferred habitat to an area where they are
exposed to various threats.

(2) Operations Phase. (a) Water Quality. In
the operations phase, hypoxic water conditions can
occur in the semi enclosed ports due to insufficient
water exchange. The level of hypoxia, however, can
be greatly reduced by design measures such as an enhanced circulation design. Hypoxia is defined as <
2-3 mg l-1 of dissolved oxygen [25]. In confined areas much of the water body is stagnant as water mixing is minimized and oxygen content is generally
low. In addition, water is warmer during summer
holding less oxygen and marine organisms are
stressed by the low oxygen levels. The de-oxygenated zone is usually found in bottom waters near sediment, and if severe, is devoid of most life. Although
fish probably leave dead zones, less mobile, bottomdwelling organisms may be killed. This can lead to
loss of valued biological resources in the affected
area. A hypoxic-stressed benthos is typified by
short-lived, smaller surface deposit feeding polychaetes and the absence of marine invertebrates such
as crustaceans, bivalves and gastropods [26].
Solid and liquid wastes from boats and other
human activities, either dumped directly or leached
into water, can cause significant damage to water
quality, and subsequently to marine life and ecosystems [24]. These effects may include bacterial and
viral contamination of commercial fish and shellfish,
depletion of oxygen in water, and bioaccumulation
of certain toxins in fish. Other pollutants from boats
are the antifouling additives used in paints to prevent
the growth of barnacles and other marine organisms
on vessel surfaces. Some of these additives contain
tributyltin (TBT), a toxic chemical that can leach
into water. TBT is absorbed by organisms and bioaccumulates in marine life [27].
Any discharge of heavy metals from construction activities such as filling may elevate levels of
lead, mercury or copper in bivalves and fish, and increase levels of cadmium, vanadium, and zinc in sediments. Phytoplankton growth may be inhibited resulting in a lack of zooplankton, a major food source
for fish and corals [28].
Other potential sources of impacts on the water
quality include oil spills from boats and engine oil
change, and an increase in solid waste from industrial and human activity.

(h) Traffic. An increase in the number of construction vehicles and workers will have some influence on local traffic-related congestion, noise, and
dust. However, heavy equipment use, such as that of
cement and dump trucks, should be limited to daylight hours. In the interest of safety, the ports will
need to be closed to visitors during construction.
(i) Health and Safety. Health and safety concerns are mainly related to the accidental spillage of
hazardous substances during construction or machinery related accidents. In addition, an increase in
road traffic for transport of materials and labor force
is likely to give rise to safety concerns; therefore,
proper signs will be required within the site and
nearby to enable drivers, construction workers and
road users to avoid any traffic related accidents. Digging and construction activities on the shore may
pose a hazard for people attempting to use the old
jetty especially at night. To prevent any danger to the
public, the construction site will need to be cordoned
off and protective measures undertaken to prevent
any accidents.
(j) Fisheries/Tourism/Recreation. Impact on
commercial fishing may occur as access to fishing
boats, docking and mooring facilities can be hampered during the construction phase of the project.
Alternative ports can be used during the construction
phase.
The construction activities may also have a
temporary impact on tourism, recreational fishing,
entertainment and other beach related activities.
Such impacts will be limited to the duration of the
construction activity only and alternative sites for
recreational fishing and beach related activities need
to be identified.
(k) Employment. The construction of the ports
will benefit the local economy and provide employment opportunities for unskilled labor. This phase is
likely to see the arrival of large number of construction workers, which can lead to stress on the existing

(b) Marine Habitat. A potential impact on marine habitats will be the shading of benthic habitats,
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in the water and an increase in primary production
and biomass at both phytoplankton level and benthic
algal populations; oxygen depletion that negatively
affects the living organisms; and introduction of oil
compounds, heavy metals and other organic and inorganic chemicals that can influence the benthic
community in the sandy habitats.

which will prevent sunlight from reaching the bottom organisms and lead to reduced photosynthesis
and growth rates for benthic flora in the impacted areas. This effect is mainly caused by the presence of
jetties, floating jetties and boats moored for long periods of time during the day [e.g. 29].
Operation of the ports may also increase the potential for disruption of the life cycle pattern, spawning, and migration of various marine species including marine birds. Artificial lights at ports, sometimes
in operation for nearly twelve hours during the night,
can also have negative effects on the wildlife including disorientation, confusion of biological rhythms
that are adapted to a day/night alternation, and an
overall deterioration of habitat quality. In general,
bright nighttime lights and the flashing lights of
straddle carriers are likely to disrupt biological
rhythms and cause stress to all forms of marine life
in and around the area [30]. Boat noise is another
factor that may adversely impact marine life.
Marine habitats are likely to be impacted by oil
spills from boats and port operations. A large share
of oil contamination is the result of "chronic" pollution from such sources as port runoff, unloading and
loading of oil tankers, and removal of bilge water.
Oil spills can harm marine ecosystems and poison
marine animals that ingest or inhale toxins. The spillage of other hydrocarbon compounds, chemicals and
hazardous materials through ports operation can also
cause direct toxicity to different fauna and flora in
the area and serious threats to the marine life located
in the vicinity [23].
Other potential impacts include an increase in
solid wastes through industrial and human activities;
accumulation of nutrients leading to eutrophication

(c) Traffic. Post-construction traffic to the
ports is expected to be higher than pre development
conditions. Anticipated increases in total fish production may also result in an increase in vehicular
traffic to and from the ports. Visitation to the ports
by the public may also rise.
(d) Fisheries. The development of fishing ports
may help enhance the safety of the fishing fleet; provide more modern facilities to allow an increased
number of boats to operate safely; improve the hygiene and thus health of fish catch by providing more
modern offloading facilities.
(e) Employment. The operations phase will
also help provide employment opportunities for local fishing vessel owners and in maintenance and
waste management areas.
(3) Impact Evaluation. The significance of the
predicted positive and negative impacts has been
evaluated using well defined criteria as described by
Rasheed et al. [5]:
Table 2 provides an assessment of the significance of the impacts during the construction phase,
and Table 3 deals with the assessment for the operations phase.

TABLE 2
Significance of impacts generated during the construction phase of the project
Impact Area

Water and Sediment

Marine Habitat

Terrestrial Habitat

Socio-economic

Description of Impact

Reversibility

Release of pollutants e.g. heavy metals due to filling and construction
materials
Increase in organic matter load due to filling and construction materials
Increase in turbidity and particle suspension in water because of filling
Increase in nutrient concentration levels leading to eutrophication
Accidental spillage of oil and oil compounds
Increase in solid wastes from construction activities and a risk of buildup
of these wastes on seafloor
Physical removal of benthic habitat such as seagrasses and direct impact
on polychaetes due to construction activities
Deterioration of fauna and flora in the area due to an increase in solid
waste and water turbidity
Risk of toxicity and growth rate reduction from oil and other toxic spills
Burial and shadow effect of sediment plumes
Disturbance to habitat due to land based construction including nuisance
from increased noise levels
Generation of employment opportunities
Expansion of infrastructure facilities
Access to recreational ground/ fishing
Traffic generation

(-) = Potential adverse impact; (+) = Potential positive impact
1= Low significance; 2= Moderate significance; 3= High significance
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TABLE 3
Significance of potential impacts generated during the project operations

Impact Area

Water and Sediment

Marine Habitat

Socio-economic

Description of Impact

Reversibility

Duration

Significance
before
mitigation

Hypoxia in the semi enclosed ports
Release of pollutants such as heavy metals
Increase in water turbidity and particle suspension due to boat
traffic
Increase in nutrient concentration levels resulting in eutrophication
Accidental spillage of oil and oil compounds
Reduced water quality as a result of contaminants washing
into the sea
Increase in solid wastes and a risk of buildup of these wastes
on seafloor
Potential positive impact on certain fish species due to increased shelter and protection under newly constructed areas
Physical removal of benthic habitat such as seagrasses and
polychaetes due to anchoring
Adverse effects on the fauna and flora in the area as a result
of increase in solid waste and turbidity
Risk of toxicity and growth rate reduction from oil and other
toxins spillage especially antifouling additives
Disruption of marine species and birds life cycle pattern,
spawning, and migration due to increased port activities
Burial and shadow effect of the boats and sediment plumes
Disorientation, disruption of biological rhythms by artificial
light
Spread of disease in some habitats due to oxygen deficient
environment
Improved access to port facilities
Fisheries
Generation of employment opportunities
Traffic generation

(-) = Potential adverse impacts; (+) = Potential positive impact
1= Low significance; 2= Moderate significance; 3= High significance

(c) Sediment Suspension and Dispersal.
Dumping, filling and other construction activities
will increase the rate of sedimentation and concentration of suspended particles in water. This may
lead to a temporary deterioration in water quality and
have negative impacts on benthic communities by
smothering and blanketing as well as decreasing
sunlight penetration and causing damage to light dependent photosynthetic organisms. The impacts can
be reduced through the following measures:
x Appropriate construction equipment of a
high quality should be used along with techniques
that minimize sediment suspension and dispersal.
x Suction and confined equipments and bulldozers with turbidity reduction measures should be
used for filling. Grab bulldozers should be avoided;
instead screens with grab and backhoe bulldozers
should be used.
x The marine consultant should be asked to
provide recommendations regarding a suitable limit
to turbidity. Work should be temporarily prohibited
if the recommended value is exceeded.
x Tidal currents should be taken into consideration during landfilling. Landfilling should not occur in open water if the currents are high enough to
induce significant sediment transport away from the

Mitigation Measures. (1) Construction
Phase. In order to avoid or minimize impacts during
construction, the following mitigation measures are
proposed:
(a) Health and Safety. The construction contractor should ensure that health and safety procedures are in place for all workers on site prior to the
start of construction activities. Safe working practices should be adopted for all works and use of correct protective gear enforced. All personnel should
be fully briefed on work site access procedures including safety briefings prior to entering any site.
Key areas need to be fenced off by warning tape or
other suitable hazard warning signs. If necessary, security guards should be employed to ensure no unauthorized persons gain entry.
(b) Benthic Habitat. Construction activities
can be carefully programmed and managed to prevent significant deterioration of marine flora and
fauna. Filling near sensitive habitats should be
avoided and activities restricted to the immediate vicinity of the construction sites.
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special furnaces or discharged to oil collecting facilities;
x All equipments and machinery need to be
properly serviced and maintained in accordance with
PDQXIDFWXUHU¶V VSHFLILFDWLRQV WR SUHYHQW DQ\ OHDNV
equipment breakdown or accidents that may cause
hazardous material spills;
x Equipment operators should follow proper
safety procedures to avoid accidents and spills;
x TBT based anti-fouling paints should not
be used and boat maintenance needs be restricted to
approved areas to prevent the accumulation of antifouling agents that harm marine life.

immediate construction vicinity. Therefore, currents
should be monitored on site and landfilling as well
as other construction activities should be carried out
during low tide.
x Installation of protective silt curtains or
screens near and along the dredging and filling sites
should be considered.
x Environmental monitoring needs to be conducted during the construction phase to make sure
that mitigation measures are effective.
x Exposed surfaces during site preparation
and land excavation should be visibly moist in order
to reduce the spread of dust and suspended solids.
x Prior to landfilling, the relevant construction workers should be briefed on mitigation
measures for reducing environmental impacts.
x No landfilling at sea should be permitted
without a license from the competent authority.

(g) Solid Waste and Garbage Disposal. Solid
waste and various left over materials are expected to
be thrown in the water body during construction activities. The waste may accumulate over time or be
driven to the deep sea by local currents and consequently have adverse impacts on the environment. In
order to reduce these impacts, the following actions
are recommended:
x Solid waste should be collected in dustbins
and disposed in approved landfill sites. Under no circumstances should solid wastes be disposed in the
water body;
x Organic wastes except plastic should be
burnt in incinerators, whereas the rest of the solid
wastes should be stored for proper disposal out of the
area;
x Good site practices should be adopted to
collect the rubbish and litter from the construction
sites and to prevent rubbish from spreading away
from the site area. It is necessary to clean the construction site regularly. Scavenging service for collecting any waste loss from the site into the sea
should be provided as needed;
x Notices should be posted at the construction sites to remind workers not to discharge any
sewage and wastewater into the nearby environment;
x Public awareness campaigns on proper disposal of solid waste should be organized;
x Cleanup diving campaigns should be conducted periodically for cleaning inland and underwater.

(d) Air Quality & Dust Control. Dust is produced mainly during land excavation, filling, and
transport of construction materials. The best achievable control measures may include all of the following as applicable to the project site:
x Active construction areas should be watered daily;
x All trucks hauling soil, sand, and other
loose materials should be covered or required to
maintain at least two feet of freeboard;
x Non-toxic soil stabilizers should be applied
on all unpaved access roads, parking areas and staging areas at construction sites;
x The construction site entrance must be
posted with visible speed limit signs;
x All construction vehicles should enter the
construction site through the graveled roadways, unless an alternative route is submitted to and approved
for use by the local authorities.
(e) Nutrients, Organic Matter and Heavy
Metals Enrichment. Nutrients, organic matter and
heavy metal enrichment would result mainly during
landfilling as sediments are considered reservoirs for
nutrients, organic and other toxic materials. Impacts
can be reduced by sucking mud and sediment plumes
through special machines and disposing off at proper
facilities inland to prevent the release of pollutants
present in mud or sediment into the water body.

(h) Noise and Vibration. The various sources
of noise and vibration at ports include traffic, heavy
machinery and equipment used for construction activities. Noise impacts can be mitigated by using silencers or mufflers on equipment, reducing duration
of activities, switching off equipment when not in
use, and using well serviced equipment.

(f) Oil Spills. Oil, paints and fuelling residues
may be discharged into the water body during construction activities. This can be avoided or minimized by adopting the following measures:
x Preventing any discharge of oil, oil sludge,
domestic refuse, engine room waste, and wastewater
into the sea. All liquids containing oil should pass
into the sea only via an oil separation system, and the
sludge and the separated oil residues need to be either incinerated on board the concerned vessel or in

(i) Traffic. Construction access should be
along the existing right-of-way via paved road connecting the project site to the main road. Construction should be generally conducted during daylight
hours and water should be sprayed on access roads
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These regulations should be communicated to the
fishermen through written documents. In addition,
use of diesel engine fuel should be minimized to the
extent possible.

to control dust. Adjacent landowners need to be informed of the construction schedule to minimize
traffic-related disturbances. Appropriate cautionary
signs should be installed along the main road during
the construction period.

(d) Legislation Traffic. Increase in post construction traffic can be managed by clearly marking alternative access routes and Regulation. In
order to minimize adverse environmental impacts,
there is a need to regulate effluent disposal, chemical
use, and waste generation, storage and disposal. The
following regulatory measures will improve the effectiveness of the mitigation measures proposed earlier:
x Enforcement by government through criminal prosecution; and
x Economic incentives or disincentives by
government through charges and forfeits.

(2) Operations Phase. (a) Water Quality. Impacts on water quality include possible hypoxia in
the semi-enclosed ports in addition to accidental
spill of oil and other hazardous materials. Mitigation
measures suggested to reduce impacts include:
x
Use of external power such as
pumps for improving circulation;
x
Provision of measures to clean the
marine basin. These will include measures to skim
the surface of the floating deposits, as well as equipment to remove debris from the sea bed;
x
In the event of a spill, all fluids in the
containment area should be removed and treated/disposed in an appropriate manner according to applicable regulations;
x
All workers and Coast Guards must
be adequately trained to recognize the hazards associated with accidental spills;
x
Facilities designs must include some
controls and monitoring systems to minimize the potentials for conditions in which accidental spills
could occur.

Environmental Management and Monitoring. A comprehensive Environmental Management
and Monitoring Plan (EMMP) for the mitigation and
management of potential adverse impacts during the
construction and operations phases of the project is
highly recommended. The EMMP should include
specific mitigation measures and monitoring for
each adverse impact identified and feed directly into
a Health Safety and Environment (HSE) management system to be implemented by the project contractor. The ultimate responsibility for environmental management during all phases of the project rests
with the Project Proponent. However, the contractor
for the project also bears responsibility for the implementation of the EMMP. A sample EMMP is
shown in Table 4 and Table 5.
The Project Proponent should have a representative on site to ensure that the project activities
are carried out in accordance with the work program.
7KHUHSUHVHQWDWLYH¶VGXWLHVXVXDOO\FRYHUPRQLWRULQJ
the sufficiency of equipment to carry out the work
(pre-mobilization check), ensuring safety requirements are covered and auditing the operations. The
representative can also perform the duties of an Environmental Auditor (EA) during the construction
activities. The EA would be familiar with construction activities, associated environmental impacts,
mitigation measures and monitoring techniques and
will ensure compliance with the EMMP, national
and international laws. The EA will work closely
with the contractor during construction and subsequent operations (for example repairs) to monitor the
methods used by the contractor in construction as per
the expectations of the EIA and proposed mitigation
measures.
During construction, close liaison should be
maintained between the EA and the contractor to ensure that all aspects of the construction are monitored. The contractor should be prepared to provide
method statements to the EA as required and make
the construction program available to the auditor as

(b) Waste Management. A detailed waste
management plan should be prepared in advance to
ensure proper storage, labeling, packaging, record
keeping, and disposal of all wastes. The waste management plan should include:
x A description of each waste stream;
x Handling, transport, treatment, and disposal procedures for each waste;
x Preparedness, prevention, contingency, and
emergency procedures;
x Personnel training especially for the Coast
Guards;
x Implementation of best practices for fueling and cleaning boats;
x Public awareness of proper waste disposal
measures;
x Sorting and recycling of scrap materials
such as paper, packing materials, glass, metal, and
plastics. Non-recyclable inert wastes should be
stored in covered trash bins in accordance with local
ordinances and picked up by an authorized local
trash hauler on a regular basis for transport and disposal in suitable landfill.
(c) Marine Boats. Local authorities should
create financial incentives for the cleanup of boats as
well as the replacement of old marine vessels and
conduct training courses for the Coast Guards to
manage the behavior/actions of fishermen. Restricted regulations should be applied for boat cleaning, oil replacing, and maintenance of the boats.
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groups. Reporting progress and environmental performance and maintaining contact with the Project

early as possible. The contractor should give adequate warning to the auditor of any changes in the
program. The EA must maintain good communication with local authorities and relevant interest

TABLE 4
Environmental management for construction phase
Area of
Impact

Activity

Impact

Proposed Control and Mitigation Measures
x

Handling and disposal of wastewater

Seepage of
wastewater discharged on land
into the sea

x
x
x
x

Handling, storage
and transportation
of hazardous material/waste

Spills and leakages (oil, hazardous chemicals)

Water

x
x
x
x
x

Landfilling

Sediment disturbance causing turbidity

x
x
x
x
x

Generation of solid
waste

Increase in solid
waste

x
x
x

Waste

Civil works

Discharges form
works, equipment

x
x
x
x

Marine
Habitat

Landfilling and pollutant discharges

Habitat damage

x
x

Noise
and Vibration

Onshore construction and offshore
landfilling

Disturbance of
marine life

x
x
x

x
x
Air Quality &
Dust
Control

Onshore construction and landfilling

Socioeconomic

Construction works
Transport of construction materials,
labor

Dust generation

x
x

Restricted access
Increased traffic

x
x
x

Collect sewage from onsite camps in adequate size holding
tanks and transport to municipal facilities.
Cover stockpiles to reduce run off materials entering the marine
waters.
Adequately label storage areas indicating the nature, quantity of
hazardous material and safety measures required.
Regularly inspect storage areas to identify leaks or spills.
Prevent any discharge of oil, oil sludge, domestic refuse, engine
room waste into the sea. All liquids containing oil should pass
into the sea only via an oil separation system, and the sludge and
separated oil residues need to be either incinerated on board the
concerned vessel or in special furnaces or discharged to oil collecting facilities.
Service all equipment and machinery in accordance with manuIDFWXUHU¶VVSHFLILFDWLRQVWRSUHYHQWDQ\OHDNVHTXLSPHQWEUHDN
down or accidents that may cause hazardous material spill.
Ensure equipment operators follow proper safety procedures to
avoid accidents and spills.
Avoid use of TBT based anti-fouling paints. Boat maintenance
needs be restricted to approved areas to prevent the accumulation of anti-fouling agents that harm marine life.
Use appropriate equipment of a high quality along with techniques that minimize sediment suspension and dispersal.
Use suction and confined bulldozers with turbidity reduction
measures. Avoid use of grab bulldozers; instead backhoe should
be used.
Use closed or sealed bucket clamshell bulldozers to minimize
the effect of increased turbidity.
Install protective silt curtains or screens near and along the construction site.
Carryout landfilling and other construction activities during low
tide.
Provide suitable storage areas adequately designed and sized.
Define disposal procedures for waste generated on site during
onshore construction.
Segregate any hazardous waste from nonhazardous.
Define procedures for dealing with any potential hazardous
waste.
Recycle to extent possible; dispose of non-recyclable waste to
municipal landfill sites.
Comply with all national and international regulations.
Train and monitor all personnel/workers to avoid intentional
discharges.
Review and monitor procedures to prevent accidental discharge
of pollution stream.
Avoid impacts to marine ecological resources as much as possible during construction activities.
Avoid filling near sensitive habitats and restrict activities to the
immediate vicinity of construction site.
No landfilling at sea should be permitted without a license from
the competent authority.
Use barriers to protect sensitive receivers from works.
Use silencers/mufflers on equipment.
Provide personal protective devices to workers in high noise areas.

Water all active construction areas daily.
Cover all trucks hauling soil, sand, and other loose materials or
require all trucks to maintain at least two feet freeboard.
Apply non-toxic soil stabilizers on all unpaved access roads,
parking areas and staging areas at construction sites.
Provide entry for all construction vehicles through the graveled
roadways, unless an alternative route is submitted to and approved for use by the local authorities.

Provide alternative mooring facilities to the fishermen.
Provide access along the existing right-of-way via paved road.
Install appropriate cautionary signs along the road in the project
vicinity during construction.
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Proposed Monitoring Plan

x Water monitoring of pH, DO,
TSS, turbidity, inorganic
nutrients (ammonium, nitrate,
nitrite, phosphate, and silicate),
chlorophyll a, BOD, COD, oil
and grease, some heavy metals,
and bacterial enterococcus.
x Monitoring should be performed in compliance with national
standards.

x Visual inspection and monitoring
of the storage materials to
Check for any possible spillage
or leakage.
x Visual observations of waste
management on site during construction.
x Solid waste monitoring for all
waste materials in land and
seawater.
x Monitoring should be performed
in compliance with national
standards.

Monitor sensitive habitats during
the construction activities.

Monitor noise levels during construction to ensure that they
Comply with the international
standards.
x Visual inspection of the construction materials to determine if
there are any conditions which
would require further testing of the
materials before disposal.
x Visual monitoring of the sediment curtain at all times during
construction; stop work if visible
breaches of the curtain occur.
x Water monitoring of pH, DO,
TSS, turbidity, inorganic silicate,
chlorophyll a, and heavy metals.

Visual monitoring of traffic jams.
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TABLE 5
Environmental management for operations phase
Area

Activity

Increased release of
nutrients

Description of
Impact

Eutrophication

Water

Accidental spillage
of oil or chemicals

Waste

Solid waste generation

Deterioration in
water quality

Impact on water
and habitat

Proposed Control and Mitigation
Measures
x Design some holes in the breaking
water according to the dominant current in order to increase the flow of
water from inside to outside.
x Provide means to clean the marine basin. These will include measures to
skim the surface of the floating deposits, as well as means to remove debris
from the sea bed.
x Adequately train all workers and
Coast Guards to recognize the hazards
associated with accidental spills.
x Provide controls and monitoring systems in facilities designs to minimize
the potential for conditions in which
accidental spills could occur.
x Remove and treat all fluids in the containment area in an appropriate manner in the event of a spill.
x
Prepare a detailed waste management plan to ensure minimization,
proper storage, labeling, packaging,
record keeping, and disposal of all
wastes. The waste management
plan should include:

A description of each waste
stream.

Handling, transport, treatment,
and disposal procedures for
each waste.

Preparedness, prevention, contingency, and emergency procedures.

Personnel training.
x Comply with all national and international regulations.
x Train all personnel/workers to avoid
intentional discharges.
x Review procedures to prevent accidental discharge of pollution stream
from vessel.

Ecology

Oil and chemical
spills, solid waste
discharge

Habitat disturbance

x Implement appropriate solid and liquid waste management plan.
x Conduct public awareness programs.

Socioeconomic

Increase in traffic

Congestion

Develop and implement a traffic management plan.

Proposed Monitoring Plan

x Conduct water monitoring including
pH, DO, TSS, turbidity, inorganic
nutrients
(ammonium, nitrate, nitrite, phosphate,
and silicate), chlorophyll a, BOD,
COD, oil and grease, some heavy
metals, and bacterial enterococcus
measurements.
x Carry out sediment monitoring once
a
year for the following parameters:
TOC, TN, TP, H2S, oil and grease
and some heavy metals
x Monitoring should be performed in
compliance national standards.

x Visual inspection and monitoring of
the storage materials to check for
any possible spills or leakage.
x Visual observations of waste management on site during operations.
x Solid waste monitoring for all waste
materials in land and seawater.
x Monitoring should be performed in
compliance with national standards.

xMonitor marine habitat once a year
for seagrass, fish, other fauna (sea urchin, sponges, etc.), and substrata
(rocky, rubles and sandy).
xConduct a comprehensive study every
year to compare between the results
of the monitoring and to detect any
change in marine habitat status.
Monitor traffic changes and modify
management plans to accommodate
any changes.

by the Project Proponent. Moreover, reporting of any
health and safety violations should be mandatory.

Proponent will also be an important part of the
($¶VUHVSRQVLELOLWLHV0RQLWRULQJUHTXLUHPHQWVGXU
ing different phases of the project are explained in
below. Areas to be considered for monitoring include health and safety, waste, dust, noise, water
quality, sediment and marine habitat.

(b) Waste Management. A detailed waste
management plan should be prepared for construction and operations to ensure minimization, proper
storage, and disposal of all wastes.
x The contractor should remove all solid
waste materials from the sea bed during the construction period. This should be inspected by divers or by
visual checks by the Proponent;

(a) Health and Safety. Occupational safety of
the workers at the construction site should be the responsibility of the contractor. A detailed Health,
Safety and Environment (HSE) plan should be developed by the contractor, which should be approved
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x Visual inspection and monitoring of the
storage materials should be carried out to check for
any possible spillage or leakage;
x Visual observations of waste management
on site need to be made during construction;
x Training programs should be conducted for
the workers during construction and operations of
the project;
x Solid waste monitoring should be performed during construction and operations on land
and in seawater;
x The monitoring should cover all the possible waste materials, such as bags, construction materials, floating materials, food residual, chemical
spillage, etc.; and
x The monitoring should be performed in
compliance with national standards and guidelines.

Fresenius Environmental Bulletin

the threatened species leaves the site or the environmental consultants can carry out an assessment and
recommend a course of action.
In the operations phase, the following measures
are recommended:
x Marine habitat should be monitored once a
year for corals, seagrass cover, fish, other fauna (sea
urchin, sponges, etc.), and substrata (rocky, rubles
and sandy).
x A comprehensive study should be done
every year to compare between the results of the
monitoring and to detect any change in marine habitat status.
(f) Inspections. Visual and operational inspections should be executed by the competent authority
once a year on all port processes. This is to ensure
that the ports are operating in accordance with all environmental regulatory requirements; and to check
adequate implementation of the monitoring plan.
In addition, annual auditing of all activities and
monitoring programs should be carried out.

(c) Dust and Noise. Dust generation from construction activities should be in compliance with national standards for the total suspended solids and
turbidity or transparency.
x Visual inspection of the construction materials should be carried out to determine if there are
any conditions which would require further testing
of the materials before disposal;
x Visual monitoring of dust levels should be
maintained at all times during construction and work
stopped if visible breaches occur; and
x Noise levels should be monitored during
construction to ensure that they comply with international standards and work stopped in case of violations of good practices.

CONCLUSIONS
Overall, fishing port projects can help improve
the socio-economic condition of fishermen by enhancing the safety of the fishing fleet; providing
more modern facilities to allow an increased number
of boats to operate safely and improving the hygiene
and thus health of fish catches by providing more
modern offloading facilities.
Potential adverse impacts during project construction and operations of fishing port projects in a
semi-enclosed water body include possible deterioration in water quality, damage to some local benthic
habitats, waste generation, dust, noise, health and
safety concerns, and traffic congestion.
An Environmental Management and Monitoring Plan is proposed to minimize the adverse impacts
associated through suggested mitigation measures
and a monitoring program to oversee the implementation of the mitigation measures during the different
phases of the development.

(d) Water Quality.
x Seawater should be monitored during construction and operations (once a month) for the following parameters; pH, DO, TSS, turbidity, inorganic nutrients (ammonium, nitrate, nitrite, phosphate, and silicate), chlorophyll a, BOD, COD, oil
and grease, some heavy metals, and bacterial enterococcus.
x The monitoring should be performed in
compliance with national standards.
Sediment.
x Sediment should be monitored during construction and operations (once a year) for the following parameters: TOC, TN, TP, H2S, oil and grease
and some heavy metals.
x The monitoring should be performed in
compliance with national standards.
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(e) Marine Habitat. If any rare or threatened
fauna species are encountered within 50 m of works
during the construction phase, all nearby construction activities should cease and the site supervisor
should be notified. Work will only continue if either
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ADVANCED TREATMENT OF COAL CHEMICAL
INDUSTRY WASTEWATER BY EXPANSIVE FLOW
BIOLOGICAL AERATED FILTER
Baolin Hou*, Zhi Li, Renjian Deng, Bozhi Ren
+XQDQ3URYLQFLDO.H\/DERUDWRU\RI6KDOH*DV5HVRXUFH8WLOL]DWLRQ6FKRRORIFLYLOHQJLQHHULQJ+XQDQ8QLYHUVLW\RI6FLHQFHDQG
7HFKQRORJ\;LDQJWDQ&KLQD

transfer and optimization of backwashing[6, 7]. The
further study provides the basis for the wide application of BAF. BAF could be served as secondary
treatment or advanced treatment of wastewater[8].
Expansive flow BAF was the modified process of
traditional BAF based on optimizing the hydraulic
condition, showing better removal efficiency and hydraulic condition both in treatment operation and
backwashing. Expansive flow BAF was a new pool
type with potential of widely application.
Coal chemical industry wastewater was considered to be one kind of refractory industrial
wastewater with poor biodegradability. The composition of coal chemical industry wastewater was very
complex, containing high concentration of phenols,
tar, polycyclic aromatic hydrocarbons, ammonia as
well as refractory and toxic compounds such as cyanide and thiocyanate[9]. Traditional activated sludge
process was widely used in coal chemical plants for
wastewater treatment[10, 11]. However, the effectiveness of traditional activated sludge process was
unsatisfactory with the disadvantages of high energy
consumption, poor removal efficiency[12, 13]. Biofilm processes had been proved to be an available
method to treat coal chemical industry effluent by
overcoming some of the problems in traditional activated sludge process, especially in the treatment of
wastewater with low concentrations of pollutants[14]. The contents of contaminants in the effluent after traditional treatment were still high, a great
distance between the requirement of zero emission
of coal chemical industry wastewater. Therefore, advanced treatment was essential for coal chemical industry wastewater[15]. In this study, expansive flow
BAF was adopted for the advanced treatment of coal
chemical industry wastewater and the treatment performance was investigated. Parameters of backwashing were also optimized based on the amount of suspended solid in backwashing effluent and recovery
time.

ABSTRACT
Treatment efficiency was investigated for advanced treatment of coal chemical industry
wastewater by expansive flow biological aerated filter. Removal efficiencies of COD and total phenols
rose with the prolonging of hydraulic retention time
(HRT). The removal efficiencies of COD and total
phenols increased from 56.3% to 66.7% and from
63.8% to 74.2% respectively when HRT expanded
from 6 h to 12 h. NH4+-N removal efficiency decreased with the augment of HRT. Shorter HRT induced higher hydraulic loading rate, which could
promote mass transfer between biofilm and
wastewater, accelerating the reaction rate. Turbidity
and chroma in effluent were 3.66 NTU and 26.22 at
the HRT of 9 h, with the removal efficiency of
98.03% and 91.67% respectively. The optimal backwashing time was 6 minutes in pulse manner with air
and water intensity of 8.0 L/(s·m2) and 2.5 L/(s·m2),
according to the amount of suspended solid and recovery time.

KEYWORDS:
Expansive flow biological aerated filter; Coal chemical industry wastewater; Advanced treatment; Backwashing

INTRODUCTION
Biological aerated filter (BAF) is an efficient
biofilm technology for wastewater treatment[1]. It
has been the hot issue to be studied due to such advantages as high quality in effluent, rapid start up,
high efficiency, small occupation and low cost[2]. It
shows great advantages in terms of new sewage
treatment plant and transformation of old sewage
treatment plant, especially in the treatment of industrial wastewater, the amount of which is less comparing to domestic sewage[1]. BAF integrates the functions of physical filtration and biodegradation, including the effects of absorption and retention in filter, biological oxidation and hierarchical predation
of the food chain along with the height of the filter
bed[3-5]. Recently studies on BAF focused on the
mechanism of retention, biodegradation, oxygen

MATERIALS AND METHODS
Experimental apparatus. The expansive flow
BAF was a circular truncated cone shaped plexiglas
reactor, with the bottom diameter of 80 mm and the
4517



Volume 26 ± No. 7/2017 pages 4517-4521

© by PSP

Fresenius Environmental Bulletin


top diameter of 240 mm (Fig. 1). The effective volume was 16 L, with the height of 800 mm. The filter
media was made of ceramisite, the average diameter
of which was 3.0 mm. The density of the filter element was about 1.46 g/cm3, and the bulk density was
0.84 g/cm3, with the porosity of 42.5%.
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FIGURE 2
Performance of COD removal
Influent (mg/L)
Effluent
HRT (h)
Removal efficiency

80
12

70
40

10

FIGURE 1
Schematic diagram of bench-scale apparatus
Inoculum and wastewater characteristics.
Inoculum sludge was obtained from a full-scale coal
chemical wastewater facility, which has been running for two years. The inoculum sludge was grayblack with good settling characteristic, the SVI of
which was 80. There was 30 days batch cultivation
before experimental operation. The real coal chemical industry wastewater used in the experiment was
collected from the effluent of secondary settling tank
of the coal chemical wastewater treatment plant. The
main characteristics of the wastewater were shown
in Table 1.
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FIGURE 3

RESULTS AND DISCUSSION
COD and total phenols removal. The evolutions of COD and total phenols in influent and effluent were illustrated in Fig. 2 and Fig. 3. Influent
COD concentration was in the range of 87.90 131.80 mg/L, with the average concentration of
112.60 mg/L. The average effluent concentration
was 49.73 mg/L when the HRT was 6 h, with the average removal efficiency of 56.3% (Fig. 2). COD average removal efficiencies were 64.72% and 66.74%
respectively when HRT increased to 9 h and 12 h.
The performance of total phenols removal was similar to that of COD removal. The average total phenols concentration in the influent was 26.9 mg/L, and
the average concentrations in effluent were 9.50,
7.53 and 6.98 mg/L respectively, with the average
removal efficiency of 63.84%, 72.49% and 74.20%,
when HRT were 6 h, 9 h and 12 h (Fig. 3). The removal efficiency only ascended 2.02% and 1.71% in
forms of COD and total phenols when HRT extended
from 9 h to 12 h, indicating that contact and reaction
time were not the restricting factors for further degradation of pollutants in the expansive flow BAF.

Analysis methods. During the experiment,
samples were taken from the influent and effluent of
the expansive flow BAF everyday and analyzed immediately after filtered through filter paper of 0.45
ȝP&2'WRWDO phenols, NH4+-N, NO3--N, NO2--N,
turbidity and chroma were measure in accordance
with standard methods. DO and pH were measured
using IntelliCAL multifunction meter (HACH,
USA). For organic analysis, the samples were firstly
filtered through a 0.45 ȝPPHPEUDQHILOWHUDQGWKHQ
extracted with methyl tert-butyl ether at neutral,
basic and acid phase (repeated three times for each
phase), following concentrated by evaporating in a
water bath at 40Ԩ. The concentrated samples were
used for GC-MS analysis.

Performance of total phenols removal. Pollutants in the biologically pretreated coal chemical industry wastewater were refractory compounds, the
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Main characteristics of wastewater
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N removals, turbidity and chroma removals were inspected at the HRT of 9 h.
Table 2 shows the average turbidity and chroma
concentrations in the influent and effluent of expansive flow BAF. The average concentrations of turbidity and chroma in effluent were 3.66 NTU and
26.22, indicating expansive flow BAF was an available process to remove turbidity and chroma from
coal chemical industry wastewater.

biodegradation rates of which were very low. In addition, the first step of degradation was the contact
between microorganism and pollutants, more time
would be required when the COD concentration was
not high[16, 17]. Therefore, COD removal efficiency
ascended with the prolonging of HRT. It was detected that BOD5/COD in the effluent was less than
0.1 when the HRT was 12 h, suggesting that pollutants in the effluent could hardly be degraded in biological way.

TABLE 3
Main organic composition in the influent and effluent by GC-MS analysis

NH4+-N removal. NH4+-N removal in expansive flow BAF was illustrated in Fig. 4. The average
NH4+-N concentrations in the influent and effluent
were 36.40 mg/L and 6.51 mg/L respectively when
HRT was 6 h, with the removal efficiency of 81.27%.
NH4+-N removal efficiency dropped to 79.14% and
72.63% respectively when HRT increased to 9 h and
12 h. NH4+-N removal efficiency decreased with the
augment of HRT. The higher the HRT was, the lower
the hydraulic loading rate. The mass transfer resistances of oxygen and substrate were poor when
hydraulic loading was low, and an uneven distribution of gas and wastewater would emerge in the reactor[18, 19]. The mass transfer resistance was larger
when the NH4+-N concentration was lower. High hydraulic loading rate promoted mass transfer and hydraulic condition[20]. Therefore, NH4+-N removal
efficiency declined with the augment of HRT in expansive flow BAF.
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FIGURE 4
Performance of NH4+-N removal
TABLE 2
Turbidity and chroma removals in expansive
flow BAF
Turbidity
(NTU)
Chroma
(Degree)

Influent

Effluent

185.58±12.16a

3.66±0.83

Removal
efficiency
98.03%

314.95±24.38

26.22±1.63

91.67%

a Values represent the average values ±standard deviation
IURPWZRZHHNV¶GDWDDWWKHVWHDG\RSHUDWLRQVWDJH

Turbidity and chroma removal. According to
the effect of HRT on COD, total phenols and NH4+4519
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-

30.26

-
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-
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-
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-

0.41

+

0.36

+

0.57

+

Pyridine
Pyridine, 3methylQuinoline
Isoquinoline
Quinoline, 2methylIndole
Diethyl
phthalate
Others

Influent

Effluent

2.24

-

1.94

+

6.54

-

0.84

+

0.48

-

5.98

-

4.34

-

2.63

Organics removal. The organic compositions
of influent and effluent were analyzed by GC-MS.
The main organic compositions in the influent and
effluent by GC-MS analysis were shown in Table 3.
The main organic composition in the influent included phenolic compounds such as phenol,
methylphenol, dihydroxyhenzene, and nitrogen-containing heterocyclic compounds such as pyridine,
quinoline, indole and aromatic hydrocarbons. Phenolic compounds were the main pollutants in the
wastewater, accounting for about 73% of the total organic contaminant in the influent. Nitrogen-containing heterocyclic compounds (pyridine, quinoline and
indole) constituted about 18%. A significant reduction was observed in terms of organic compound
amount and kind in effluent by the treatment of expansive flow BAF. Phenols were almost completely
degraded, while some nitrogen-containing heterocyclic compounds, aromatic hydrocarbons and longchain hydrocarbons were refractory to be degraded
or removal in expansive flow BAF. Nitrogen-containing heterocyclic compounds comprised the majority in the effluent. The results suggested that those
compounds were recalcitrant to be removal by biological method, and the effect of absorption and interception in expansive flow BAF had little effect on
the removal of those compounds.
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a Values represent the relative percentage of total peak
area.
b +, detected. -, not detected.
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Backwashing. Backwashing was conducted after 96 hours operation of expansive flow BAF. Backwashing was an important measure to maintain the
purification of BAF and activity of biofilm. Pulse
backwashing was used in this study, which was the
combination of pulse air and continuous water backwashing. The air intensity was 8.0 L/(s·m2) and water intensity was 2.5 L/(s·m2).
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COD removal efficiency (%)
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backwashing 8min
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FIGURE 6
Relation between COD removal and filter bed
recovery time
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Advanced treatment of coal chemical industry
wastewater by expansive flow BAF was performed
to remove COD, total phenols, NH4+-N, turbidity and
chroma. The high organics removal efficiency
demonstrated that expansive flow BAF was an available process for the advanced treatment of coal
chemical industry wastewater. The operated cycle
was 96 hours. The appropriate backwashing time
was 6-8 minutes, with the air intensity of 8 L/(s·m2)
and water intensity of 2.5 L/(s·m2) in pulse manner.

11

Backwashing time (min)

FIGURE 5
Relation between backwashing time and accumulative SS in backwashing liquor
The accumulative suspended solids (SS) content ascended with the prolonging of backwashing
time (Fig. 5). The accumulative SS content achieved
steady after 10 min backwashing. SS in backwashing
liquor rose faster in the first 8 minutes than that in
the later 2 minutes. When backwashing began, aging
biofilm was washed out of the system along with the
backwashing water firstly. Then, the outer biofilm
began to be eroded by the effect of shear and friction.
When the above two kinds of biofilm had been
washed out, the inner active biofilm became the object to be rinsed. The adhesion between inner active
biofilm and filter media was firm, therefore inner active biofilm was not easy to fall off. An appropriate
backwashing was not only to purify filter layer, but
also to update the biofilm, guaranteeing the activity
of biofilm and effectiveness of expansive flow BAF
for wastewater treatment.
Recovery time of the filter bed after backwashing was another item to evaluate the effect of backwashing. The recovery time was about 5 h when
backwashing durations were 6, 7 and 8 minutes (Fig.
6). The recovery time rose to 10 h and 15 h respectively when backwashing time prolonged to 9
minutes and 10 minutes. The appropriate backwashing time was 6-8 minutes, according to the accumulative SS content in backwashing liquor (Fig. 5), and
the backwashing time was set to be 6 minutes in this
study.
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contact time, particle size and ion strength were
examined. The study results showed that the
maximum adsorption capacities were 14.90 mg/g for
Am, 13.99 mg/g for SY and 15.60 mg/g for FG,
respectively. The adsorption processes conformed to
the pseudo-first-order rate kinetics. Peanut shells
were used as a precursor to prepare activated carbon
via physical activation with CO2 for remove
methylene blue and phenazone were estimated [3].
The maximum adsorption capacities of methylene
blue and phenazone were 225. 8 mg/g and
421.5 mg/g, respectively at 5 h (activation time) and
900 °C (activation temperature). The kinetic
adsorption model of methylene blue was a pseudosecond-order. Carboxyls and hydroxyls groups on
the surface of activated carbon from peanut shells
were able to interact with protons and metal or
positive dye ions; therefore, the adsorption capacity
of the activated carbon from peanut shells was
mainly due to the interactions between the positive
ions of carboxyls and hydroxyls groups and positive
dye ions. Adsorption study of neutral red (NR) onto
peanut husk in aqueous solutions was investigated at
22 °C [4]. The adsorption capacity of NR onto
peanut husk was determined. The maximum
adsorption capacity of NR was 37.5 mg/g. The
potential feasibility of peanut hull particle for
removal of methylene blue, brilliant cresyl blue and
NR from aqueous solution was investigated [5]. The
adsorption processes followed the pseudo-first-order
rate kinetics. The maximum adsorption capacity of
NR was 87.72 mg/g with the Langmuir
adsorption model. Adsorption of Cr(III) and Cu(II)
ions from aqueous solutions by raw peanut shell was
investigated [6]. The experimental data were
analyzed using Redlich±Peterson and Sips models.
The equilibrium biosorption isotherms showed that
peanut shells possess high affinity and adsorption
capacity was 25.39 mg/g for Cu(II) and 27.86 mg/g
for Cr(III) ions, respectively. In this research, to the
best of our knowledge, the removal of a NR (a
cationic dye, used as an adsorbate) on NaOH±
modified peanut shell as an adsorbent have not been
reported.

Adsorption of neutral red (NR) on the raw
peanut shell (PS) and NaOH±modified peanut shell
(NaOH±PS) ZDVH[DPLQHGDQGLWV¶HIIHFWVRI pH was
investigated. The removal ratios of NR on PS and
NaOH±PS after 2 h were 95.0 and 98.1%,
respectively. The removal ratio of NR is increased
by increasing the pH value. (TXLOLEULXPGDWD ¿WWHG
very well in a Langmuir isotherm equation, the
adsorption capacity of NR onto PS and NaOH±PS
were 126.58 mg/g and 192.31 mg/g, respectively.
The adsorption mechanisms can be contributed by
hydrophobicity interaction at the interface occurs
between NR and PS and NaOH±PS. The present
study shows that the NaOH±modified peanut shell
can be used as an inexpensive, effective and easily
used adsorbent for the removal of neutral red from
its aqueous solutions.

KEYWORDS:
Neutral red, Langmuir and Freundlich isotherm, Kinetics,
Distribution.

INTRODUCTION
Peanuts are a widely planted legume
commodity crop worldwide. Peanut shell is an
abundant and low cost agricultural waste residue and
is easily available in large quantity and its weight
reach 10.3 million tons in 2008 all over the world [1].
Most of peanut shells are discarded as solid waste or
burned off, resulting in environ-mental pollution and
lost resources. Thus peanut shells are a need to
convert these by-products to useful, value-added
products. The peanut shell were reported as an
adsorbent in the removal of organic and inorganic
pollutants. Powder prepared from peanut hull was
used for biosorption of three anionic dyes such as
amaranth (Am), sunset yellow (SY) and fast green
FCF (FG) [2]. The effects of various experimental
parameters including initial concentration, pH,
4522



© by PSP

Volume 26 ± No. 7/2017 pages 4522-4527

Fresenius Environmental Bulletin



lactonic, and NaOH reacts with the carboxylic,
lactonic and phenolic groups. Accor-dingly, the
difference between the groups neutra-lized by
NaHCO3 and Na2CO3 are lactones, where-as the
difference between those neutralized by Na2 CO3 and
NaOH are the phenolic groups. The same procedure
was carried out for the mixtures of 0.5 g of the PS or
NaOH±PS and 15 mL of HCl (0.1 M) solution to
determine the basic sites of the sample surface. The
remaining HCl solution was titrated with NaOH (0.1
M) after neutralization. The point of zero charge
(pHPZC) for the PS and NaOH±PS were determined
using the pH drift method [9]. A 0.01 M NaCl
solution was aliquoted (50 mL) into a series of flasks.
The initial pH (pHi) was adjusted from 2 to 12 by the
addition of 0.1 M NaOH or HCl. A 0.1 g sample of
PS or NaOH±PS was added to each flask, followed
by agitation for 48 h. Then, the final pH (pHf) of the
mixtures was measured. The pHpzc was defined as the
point at which the curve determined by pHf 㸫pHi
crossed the axis pHi=pHf.

The objective of this study was to investigate
the removal of NR onto NaOH±modified peanut
shell 7KH LQÀXHQFHs of contact time and pH were
analyzed. In addition, the kinetics, adsorption isotherms and thermodynamics of NR onto NaOH±
modified peanut shell were investigated.

MATERIALS AND METHODS
Materials. The peanut shell (PS) used in this
work was obtained from a local market. The PS was
washed in running tap water for 1±2 h to remove soil
and dirt, and then washed with distilled water several
times before drying. In order to investigate the effect
of functional groups on the surface of PS, NaOH±
modified PS was prepared according to the reported
method [7]. PS (10 g) was maintained for 24 h in 250
mL 20% NaOH solution with a stirring speed of 165
rpm and at ambient temperature. The modified PS by
NaOH was labeled NaOH±PS. The dried samples
were crushed and milled into powder. The particle
sizes were less than 25 ȝP NR was supplied by
Guangfu Institute of Fine Chemical Industry, Tianjin,
China. The chemical structures of NR is shown in
Fig. 1. Chemical formula of NR and molar mass are
C15H16N4HCl and 288.78 g/mol, respectively. A
stock solution (500 mg/L) was pre-pared by
dissolving NR in deionized water; desired
concentrations were obtained when needed by
diluting the stock solution with deionized water. All
chemicals used in this study were of analytical grade,
which solutions were being prepared using deionized
and distilled water. To adjust the pH, HCl (0.1M) and
NaOH (0.1M) solutions were used.

Adsorption experiments. The adsorption
features of the adsorbents (PS and NaOH±PS) were
investigated as a function of contact time, and initial
pH. The adsorption equilibrium and kinetics were
obtained from batch experiments, using 100 mL
Àasks containing 25 mL of NR solutions. After
VKDNLQJWKHÀDVNVIRUSUHGHWHUPLQHGWLPHLQWHUYDOV
the mixture was filtered, and the concentration of NR
in the filtrate was determined from the absor-bance
at 530 nm measured with an ultraviolet visible
spectrophotometer V±560 (Jasco Co., Tokyo,
Japan). Three replicate runs were carried out for each
experimental treatment. The NR amounts on the
adsorbents were calculated by difference between
the initial and the equilibrium NR concentrations in
the solution. The removal ratio was calculated by
dividing the amount of NR adsorbed on PS and
NaOH±PS by the initial amount of NR in the
solution.

FIGURE 1
The chemical structures of neutral red

Adsorption Kinetics. The controlling mechanism of the adsorption process was investigated
using two kinetic models; which were pseudo±¿UVW±
order and pseudo±second±order models, respectively. The kinetic rate equations can be written as
follow,
(1)
dqt
(qe  qt ) n
dt

Physical and Chemical Characteristics. The
surfaces of PS and NaOH±PS were observed by
using a Scanning Electron Microscope (SEM), S±
3400N (Hitachi Ltd. Tokyo, Japan). The numbers of
acidic functional groups and basic sites on the
surface of PS and NaOH±PS were determined by
using the method developed by Boehm [8]. Acidity
was determined by mixing 0.6 g of PS or NaOH±PS
with 15 mL of NaHCO3 (0.1 M), Na2CO3 (0.05 M)
or NaOH (0.1 M) solution in a well±sealed flask. The
mixture was then shaken for 48 h at 25 °C and 165
rpm. An aliquot of the solution for each sample was
back titrated with HCl (0.1 M). The NaHCO3
neutralizes only the carboxylic groups on the carbon
surface, whilst the Na2CO3 does the carboxylic and

Where, qe and qt correspond to the amount of
NR adsorbed per unit mass of adsorbent (mg/g) at
equilibrium and at time t, respectively. kn is the rate
constant for nth order adsorption (kn units are 1/min
for n=1 and g/mg min for n=2). The linearized
integrated forms of the equations are shown as
follow,
First±order kinetics (n=1) and second±order
kinetics (n=2):
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ln( qe  qt )
t
qt

ln qe  k1t

t
1

2
qe
k 2 qe

acidic functional groups on NaOH±PS was found to
be less than that of untreated PS. Therefore, the
surface polarity of NaOH±PS is low, making this
material more hydrophobic than that of PS. The
pHPZC value of PS and NaOH±PS were 6.99 and
11.75, respectively. The surface charge of samples is
depending on the pH of the solution.

(2)

(3)

The straight±line plots of Ln(qeíqt) against t
and of t/qt against t were used to determine the rate
FRQVWDQWV DQG FRUUHODWLRQ FRHI¿FLHQWV R2) for the
¿rst and second±order kinetic models, respectively.
7KH ¿Wting equation was selected based on both
linear regression R2 and the calculated qe values.

Adsorption Kinetics. Fifty milliliter mixtures
of NR (50 mg/L) and PS (50 mg) or NaOH±PS (15
mg) were shaken at 165 rpm. Fig. 3 shows the
removal ratios of NR on PS and NaOH±PS after 2 h
were 95.0 and 98.1%, respectively. The removal
ratio of NR on PS and NaOH±PS was reached a
plateau after 1h.

5(68/76 AND DISCUSSIONS
Physical and Chemical Characteristics of PS
and NaOH±PS. The SEM image of PS and NaOH±
PS are shown in Fig. 2. There are a few larger surface
voids on the surface of PS, however, LW¶VVXUIDFHKDYH
irregular porous and convex struc-ture, while the
distribution of a large number of grooves and pores
after modified by NaOH solution. Modified sample
is more conducive to the internal absorption of NR
in water, the adsorption capacity is stronger.

FIGURE 3
Effect of adsorption time on NR adsorption on
PS and NaOH±PS
TAB LE 1
Physical and chemical properties of PS and NaOH± PS

Acidic functional groups (mmol/g)
carboxylic groups(± COOH)

NaOH± PS

2.18

0.44

1.25

0.07

lactonic groups(± COOˉ)

0.43

0.18

phenolic groups (± OH)

0.50

0.19

Basic functional groups (mmol/g)

1.88

3.26

pHPZC value

6.99

11.75

The controlling mechanism of NR adsorption
by PS and NaOH±PS ZDV LQYHVWLJDWHG E\ ¿WWLQJ
¿rst±order models and second±order models. The
results of pseudo±second±order kinetic plots are
displayed in Fig. 4. The parameter in equation (2)
and (3), which was determined from kinetic constants of NR on PS and NaOH±PS are summarized in
Table 2. The pseudo±¿UVW±order model data do not
fall on straight lines. Besides, the calculated qe
values determined from the models differs substantially from those determined experimentally,
suggest that the studied adsorption NR on PS and
NaOH±PS is not a pseudo±¿UVW±order reaction. On
the other hand, the R2 for the pseudo±second±order
kinetic model are nearly equal to 1 (see Table 2), and

FIGURE 2
SEM photos of PS (up) and NaOH±PS (down).
The functional groups of acidic and basic were
measured, and the pHPZC value of PS and NaOH±PS
are shown in Table 1. The amount of basic functional
groups on NaOH±PS (3.26 mmol/g) was
significantly increased than that of untreated PS
(1.88 mmol/g). However, the amount of acidic
functional groups on NaOH±PS (0.44 mmol/g) was
decreased by the treatment of NaOH. The number of
4524
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the calculated qe values (129.85 mg/g for PS and
196.26 mg/g for NaOH±PS) are acceptable
compared to the experimental data (126.58 mg/g for
PS and 192.31 mg/g for NaOH±PS). So, this
suggests that the adsorption NR on PS and NaOH±
PS seems to be more of a pseudo±second±order.

pectively, while at high pH values area (about pH
11) the removal ratio of PS and NaOH±PS for NR
were 96.5 % and 98.8%, respectively. There are a
few reasons may be attributed to the NR adsorption
behavior relative to the solution pH. The surface of
samples (PS and NaOH±PS) may contain a large
number of active sites and the NR ions uptake can be
UHODWHGWRWKHDFWLYHVLWHV$WS+ the sur-face
charges of PS and NaOH±PS were positively, thus
making H+ ions compete eơ ectively with posi-tive
cations, which results in a decrease in the amount of
15 DGVRUEHG $W S+ WKH VXUIDFH RI 36 DQG
NaOH±PS were negatively charged, which enhances
the positively charged NR cations with electrostatic
attraction.

TAB LE 2
Kinetic constants of NR on PS and NaOH± PS at 25 C

k1

Calculated

(1/min)

q e (mg/g)

PS

0.2674

48.56

0.9376

126.58

NaOH± PS

1.1866

63.84

0.9583

192.31

R2

Experience

q e (mg/g)

Pseudo-first-order model

Pseudo-second-order model k 2 (g/mg min)
PS

0.0100

129.85

0.9999

126.58

NaOH± PS

0.0480

196.26

1.0000

192.31

Adsorption isotherm. Langmuir and Freundlich isotherm models were commonly used to
analyze the isotherm data. The relationship between
the reciprocal of the amount of NR adsorbed on PS
and NaOH±PS and the reciprocal of the equilibrium
concentration of NR in the solution was linear.
The parameter in equation (4) and (5), which
was determined from the adsorption isotherms of PS
and NaOH±PS are summarized in Table 3.
Q0 K LCe (4)
qe
1  K L Ce
Here, qe (mg/g) is the amount adsorbed at
equilibrium; Q0 (mg/g), the saturated adsorption
amount; KL (L/mg), the adsorption equilibrium
constant of Langmuir isotherm; and Ce (mg/L), the
adsorption equilibrium concentration.
1
(5)
qe K F C e n

FIGURE 4
Pseudo±second±order kinetic plots of NR on PS
and NaOH±PS

where KF (L/mg) is the empirical constant of
Freundlich isotherm; and the constant n is the
empirical parameter related to the intensity of
adsorption. When 1/n values are in the range of 0.1±
1, the adsorption process is favorable.
Compared with Freundlich isotherm model, the
Langmuir isotherm model yielded a higher
FRUUHODWLRQFRHI¿FLHQWZKLFKZDVKLJKHUWKDQ8.
&RQVHTXHQWO\ WKH /DQJPXLU LVRWKHUP ¿WWHG WKH
experimental data well, which illuminated that the
adsorption mechanism was involved in this NR
adsorption process, the surface adsorption sites and
adsorption energies of adsorbent was homogenous in
its distribution.
The adsorption isothermal curve for NR on PS
and NaOH±PS is shown in Fig. 6. Table 3 showed
the values of parameters obtained for NR from the
Langmuir isotherm Q0 and KL were 192.31 mg/g,
and 0.8125 L/mg for NaOH±PS and 126.58 mg/g,
and 0.1276 L/mg for PS, respectively.

FIGURE 5
Effect of pH for NR adsorption on PS and
NaOH±PS
Effect of initial pH. As elucidated in Fig. 5, the
NR removal ratios were increased with the
increasing of pH in the solution. At low pH values
area (about pH 3), the removal ratio of PS and
NaOH±PS for NR were 40.7 % and 74.7%, res4525
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TAB LE 4
Maximum uptake capacity for the adsorption of NR onto various adsorbents
Uptake capacity
Adsorbents
Mn± impregnated activated carbons
prepared from Typha orientalis

FIGURE 6
Adsorption isothermal curve of NR on the PS
and NaOH±PS (Co =25 to 150 mg/L, shaking
time 2 h, at pH 7.0 and 25 °C).

Langmuir isotherm
2

K L(L/mg)

R

126.58

0.1276

0.9981

NaOH± PSǂ

192.31

0.8125

0.9861

K F (L/mg)

1/n

R

PS

21.38

0.4615

0.9674

NaOH± PSǂ

89.68

0.3021

0.9195

Freundlich isotherm
2

The hydrophobic interaction of the adsorbent
surface is one of the important determinants of
adsorption capacity because water molecules can
compete with the adsorbate at the adsorption sites
[10, 11]. In order to clarify the effect of functional
groups on the surface of samples, the numbers of
acidic functional groups and basic sites on the
surface of PS and NaOH±PS were determined. The
number of acidic functional groups on NaOH±PS
was found to be about 20% that of PS (Table 1). The
results of the adsorption equilibrium isotherm of
NaOH±PS showed that Q0 and KL were larger than
that of PS (Table 3). NaOH±PS (0.44 mmol/g) has
fewer acidic functional groups than PS (2.18
mmol/g). Therefore, the surface polarity of NaOH±
PS is low, making this material more hydrophobic.
The strong hydrophobicity of the NaOH±PS surface
might explain the high adsorption capacity for NR.
The adsorption capacity of adsorbents in this
work are compared with various adsorbents in the
literature [4, 5, 12±15] as shown in Table 4. The
results obtained from this study were found to be
higher than that of some adsorbents such as Fe3O4
hollow nanospheres (105 mg/g), peanut hull (87.72
mg/g), halloysite nanotubes (54.85 mg/g), peanut
husk (37.46 mg/g). Therefore, compared with these
materials in Table 4, NaOH±PS used in this study has
higher adsorption ability for NR.

[12]

NaOH± PS

192.31

This study

Spent cottonseed hull substrate

166.70

[13]

PS

126.58

This study

Fe 3O4 hollow nanospheres

105.00

[14]

Peanut hull

87.72

[5]

Halloysite nanotubes

54.85

[15]

Peanut husk

37.46

[4]
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NLQHWLFDQGSKDUPDFRG\QDPLFSDUDPHWHUVWKHDQWL
ELRWLFVFRXOGEHGLVFKDUJHGLQWRZDWHUVLQWKH IRUP
RISDUHQWFRPSRXQGVRUPHWDEROLWHVWKURXJKGLIIHU
HQW SDWKZD\V > @ $QG WKH\ KDYH EHHQ FRQ
ILUPHGWREHXELTXLWRXVLQVXUIDFHZDWHUERGLHV>
@,QUHFHQW\HDUVUHVHDUFKHVKDYH EHHQUHSRUWHG
DERXWWKHGHWHFWLRQRIDQWLELRWLFVLQZDWHUERGLHVLQ
&KLQD ZLWK ORZ FRQFHQWUDWLRQV >@ 7KHUHIRUH
WKHGHWULPHQWDOHIIHFWVRIWKHDQWLELRWLFVERWKRQHQ
YLURQPHQWDQGKHDOWKKDYHUDLVHGFRQFHUQVDQGWKH
GHJUDGDWLRQSURFHVVRIGUXJVKDVEHHQWKHUHVHDUFK
IRFXVGXULQJWKHODVW\HDUV&RQYHQWLRQDOZDVWHZDWHU
WUHDWPHQWPHWKRGVDORQHDUHQRWDEOHWRUHPRYHSKDU
PDFHXWLFDOV7KHUHIRUHDGYDQFHGWUHDWPHQWPHWKRGV
DORQJZLWKFRQYHQWLRQDOPHWKRGVDUHHVVHQWLDOIRUUH
PRYLQJWKHVHFRQWDPLQDQWV)RUWKLVWRKDSSHQVHY
HUDO DGYDQFHG WUHDWPHQW PHWKRGV DUH XVHG QDPHO\
SKRWRO\VLVDQGFKHPLFDOR[LGDWLRQ>@
:LWKWKHFKDUDFWHURIEURDGDFWLYLW\VSHFWUXP
IOXRURTXLQRORQHV )4V DUHSUHVHQWDWLYHNLQGRIDQ
WLELRWLF PHGLFLQH KDYH EHHQ ZLGHO\ DSSOLHG LQ KX
PDQPHGLFLQHVYHWHULQDU\PHGLFLQHVDQGDTXDFXO
WXUH>@:KLOHEHFDXVHRIWKHLQHIILFLHQWHOLPL
QDWLRQE\WUHDWPHQWSODQWV)4VDUHFRQVLGHUHGDVLP
SRUWDQWDTXHRXVPLFURSROOXWDQWV>@6RPHLQYHVWL
JDWLRQV DERXW ELRGHJUDGDWLRQ RI )4V DOVR UHYHDOHG
WKDWWKH\DUHQRWUHDGLO\ELRGHJUDGDEOHLQZDWHU>
@ 7KXV )4V DUH GHILQHG DV µSVHXGR SHUVLVWHQW¶
FRQWDPLQDQWV >@ %XW SUHYLRXV VWXGLHV KDYH
GHPRQVWUDWHGWKDWSKRWRGHJUDGDWLRQLVFRQVLGHUHGDV
DQLPSRUWDQWUHPRYDOSDWKZD\RI)4VLQZDWHUV>
@
$V D UHSUHVHQWDWLYH )4V (15 LV PRVW IUH
TXHQWO\ XVHG LQ DTXDFXOWXUH ,WV RULJLQDO GUXJ DQG
GHJUDGDWLRQSURGXFWVFDQIORZLQWRWKHVXUIDFHZDWHU
DQGVRLOWKURXJKUDLQDQGLUULJDWLRQWRSRVHSRWHQWLDO
WKUHDWV WR KXPDQ KHDOWK HQYLURQPHQW DQG HFRORJ\
5HVHDUFKHVVKRZHGWKDW(15FRXOGEHDFFXPXODWHG
LQFURSSODQWVDQGWKHQWUDQVIRUPHGLQWRFLSURIOR[D
FLQERWKLQFURSSODQWVDQGOLYHVWRFNZKLFKZDVRI
EHWWHU DQWLEDFWHULDO DFWLYLW\ WKDQ WKH RULJLQDO PHGL
FLQH (15 >@:KDW¶VPRUHLQFKLFNHQIHFHV
LW KDG D ORQJ KDOIOLIH DW WKH ORZ FRQFHQWUDWLRQ RI
RULJLQDOGUXJ>@7KHSKRWRFKHPLFDOIDWHRI (15
NQRZQWREHSUHVHQWLQVXUIDFHZDWHUVZDVLQYHVWL
JDWHGLQDTXHRXVVROXWLRQE\H[SRVXUHWRVRODUOLJKW

ABSTRACT
7KH NLQHWLFV DQG SURGXFWV RI HQURIOR[DFLQ
(15 GLUHFWSKRWRFDWDO\WLFGHJUDGDWLRQLQDTXHRXV
VROXWLRQXQGHUKLJKSUHVVXUHPHUFXU\ODPS +30/ 
ZHUH V\VWHPDWLFDOO\ LQYHVWLJDWHG LQ WKLV SDSHU7KH
HIIHFWV RI GLIIHUHQW (15 LQLWLDO FRQFHQWUDWLRQV S+
DQGOLJKWVRXUFHVDQGSURGXFWVZHUHH[SORUHGLQWKLV
VWXG\WRDVVHVVLWVHFRORJLFDOIDWH7KHKLJKSHUIRU
PDQFH OLTXLG FKURPDWRJUDSK\ +3/&   IOXRUHV
FHQFH GHWHFWRU )/'  ZDV XVHG WR GHWHFW WKH (15
FRQFHQWUDWLRQVLQWKHVWXG\$QGWKHPDVVVSHFWURP
HWHU 06  ZDV GHYHORSHG WR FKDUDFWHUL]H WKH PDLQ
FRQVWLWXHQWVRISKRWRGHJUDGDWLRQSURGXFWVRI(15
7KHUHVXOWVVKRZHGWKDW(15GHJUDGHGIDVWXQGHUWKH
FRQGLWLRQ WKDW WKH (15 LQLWLDO FRQFHQWUDWLRQ RI
PJā/S+ DQGDUWLILFLDOOLJKWZLWKWKHGHJUDGD
WLRQUDWHFRQVWDQW N RIîPLQî

PLQDQGîPLQUHVSHFWLYHO\)XUWKHU
PRUHDFFRUGLQJWRWKHDQDO\VLVRI(15SKRWRFDWD
O\WLF GHJUDGDWLRQ SURGXFWV WKH UHDFWLRQ SURFHVV
PLJKW LQFOXGH WKH GHIOXRULQDWLRQ GHSLSHUD]LQHULQJ
GHHWK\ODWLRQ DQG PHWK\ODWLRQ 4XDQWXP \LHOG RI
(15ZDVPHDVXUHGWREHîLQSXUHZDWHU
XQGHUWKHLUUDGLDWLRQE\OLJKWHPLWWLQJGLRGH /(' 
ODPSV7KHVHUHVXOWVZRXOGUHYHDOWKHGLUHFWSKRWR
GHJUDGDWLRQ NLQHWLFV V\VWHPDWLFDOO\ XQGHU VRPH UH
DFWLRQFRQGLWLRQVLQWKHODEDQGXQGHUVWDQGWKHK\
GURO\VLVFKDUDFWHULVWLFWRSURYLGHSULPDU\HYLGHQFHV
WRIXUWKHUUHVHDUFKHV
.(<:25'6
(QURIOR[DFLQSKRWRGHJUDGDWLRQNLQHWLFVSDWKZD\V

INTRODUCTION
7KH ZLGHVSUHDG DQG FRQWLQXDO DSSOLFDWLRQ RI
PHGLFLQHLQWKHDTXDWLFHQYLURQPHQWKDVOHGWRDQLQ
FUHDVLQJFRQFHUQRQWKHLUIDWHDQGULVNWRWKH HQYL
URQPHQWLQWKHODVWGHFDGHV>@$QWLELRWLFVDUHDOVR
XVHGLQDTXDFXOWXUHWRLQKLELWIXQJDOJURZWKDQGHQ
KDQFHWKHJURZWKRIDQLPDOVLQVXEWKHUDSHXWLFGRVHV
>@$FFRUGLQJWRWKHUHVHDUFKHVDERXWSKDUPDFR
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IRU D FRQWLQXRXV VWUHDP RI ZDWHU$ KLJK SUHVVXUH
PHUFXU\ODPS : SODFHGLQWKHFHQWHURIWKHUH
DFWRUZDVXVHGWREHWKHOLJKWVRXUFH'XULQJWKHSKR
WRUHDFWLRQWKHFRROLQJZDWHUSXPSZDVVHWXSDWΥ
6DPSOHVZHUHJDWKHUHGDWUHJXODULQWHUYDOVRIWLPH
$VUHIHUUHGLQWKHSUHYLRXVVWXG\>@TXDQWXP
\LHOGH[SHULPHQWZDVFRQGXFWHGLQDP/EHDNHU
ZKHUHWKHP/VROXWLRQZDVSODFHG$URXQGWKH
EHDNHU IRXU  FP î  FP OLJKWHPLWWLQJ GLRGH
/(' ODPSVZHUHXVHGWRLUUDGLDWHLQWKHQHDU89
189  UHJLRQ ZKLFK DYHUDJH LQWHQVLW\ RI HPLWWHG
OLJKWZDVDERXWP:FP6LQFHWKHODPSVZHUH
QRWFDORULJHQLFWKHUHDFWLRQVGLGQRWUHTXLUHWKHXVH
RIFRROLQJZDWHU([SHULPHQWZDVFRQGXFWHGDWURRP
WHPSHUDWXUHDERXWΥ

VXPPHU DQGIROORZHGILUVWRUGHUNLQHWLFV6WXGLHV
UHSRUWHGWKDW(15FDQHIIHFWLYHO\EHSKRWRGHJUDGHG
E\VRODUOLJKWLQHQYLURQPHQWDOZDWHUVDQGWKHVRODU
TXDQWXP\LHOGIRU(15ZDVVWXGLHGDWíQP
LQ SXUH ZDWHU >@ 7KH SKRWRO\VLV RI (15 LQ
YROYHG WKUHH PDLQ SDWKZD\V GHFDUER[\ODWLRQ
GHIOXRULQDWLRQDQGSLSHUD]LQ\O1ϺGHDON\ODWLRQ>@
,Q WKLV SDSHU WKH GLUHFW SKRWRGHJUDGDWLRQ EH
KDYLRURI(15LQSXUHZDWHUZDVV\VWHPDWLFDOO\LQ
YHVWLJDWHG,QGLUHFWSKRWRFKHPLFDOEHKDYLRURI(15
KDV EHHQ LQYHVWLJDWHG LQ SUHYLRXV VWXGLHV > @
ZKLOHGLUHFWSKRWRFDWDO\WLFGHJUDGDWLRQEHKDYLRULQ
DTXHRXVV\VWHPKDVQRWEHHQDGHTXDWHO\FKDUDFWHU
L]HG7KHUHIRUHWKHSKRWRGHJUDGDWLRQNLQHWLFVSURG
XFWVDQGTXDQWXP\LHOGZHUHPHDVXUHGLQWKLVVWXG\
DLPHGWRUHYHDOWKHGLUHFWSKRWRGHJUDGDWLRQNLQHWLFV
V\VWHPDWLFDOO\XQGHUVRPHUHDFWLRQFRQGLWLRQVLQWKH
ODE DQG XQGHUVWDQG WKH K\GURO\VLV FKDUDFWHULVWLF WR
SURYLGHSULPDU\HYLGHQFHVWRIXUWKHUUHVHDUFKHV

6DPSOH SUHSDUDWLRQ 7KH ZRUNLQJ VROXWLRQV
RI(15ZHUHSUHSDUHGE\GLOXWLRQRIWKHPJ/
VWRFNVROXWLRQZLWKGLVWLOOHGZDWHU/LJKWVRXUFHVS+
DQG(15LQLWLDOFRQFHQWUDWLRQVZHUHLQYHVWLJDWHGIRU
WKHLU HIIHFWV RQ WKH SKRWRGHJUDGDWLRQ RI (157KH
LQWHQVLW\RILOOXPLQDWLRQRIVXQOLJKWZDVGHWHUPLQHG
DVî/X[LQWKLVVWXG\$QGWKHOLJKWLQWHQ
VLW\RIDUWLILFLDOODPSZDV:
,QVWUXPHQWDO DQDO\VLV (15 FRQFHQWUDWLRQV
ZHUHGHWHUPLQHGE\DQ$JLOLHQW+3/&ZLWKD
IOXRUHVFHQFH GHWHFWRU )/'  7KH FROXPQ ZDV
=25%$; 6%&  î  PP  P  DQG WKH
RYHQ WHPSHUDWXUH ZDV NHSW DW Υ 7KH PRELOH
SKDVHZDVD 999 PL[WXUHRIDFHWRQL
WULOH PHWKDPRO DQG DFLGLILHG ZDWHU  SKRV
SKRULFDFLGS+DGMXVWHGE\WULHWK\ODPLQH ZLWK
D IORZ UDWH RI  POPLQ 7KH LQMHFWLRQ YROXPH
ZDV/
$WULSOHTXDGUXSROH 74' PDVVVSHFWURPHWHU
ZLWKDQHOHFWURVSUD\LRQL]DWLRQ (6, VRXUFHFRXSOHG
WRD83/&V\VWHPZDVXVHGLQSRVLWLYH(6, PRGH
&KURPDWRJUDSKLFVHSDUDWLRQZDVFDUULHGRXWXVLQJD
&6+FROXPQ îPPP ZLWKWKHWHP
SHUDWXUH RI Υ7KH LQMHFWLRQ YROXPH DQG PRGH
ZHUH  / DQG IXOO ORRS UHVSHFWLYHO\ $Q RSWL
PL]HGJUDGLHQWZDVXVHGDWDIORZUDWHRIPOāPLQ

XVLQJIRUPLFDFLGLQZDWHU $ DQGDFHWRQLWULOH
% 7KHFDSLOODU\ZDVVHWDWN97KHVRXUFHDQG
GHVROYDWLRQ WHPSHUDWXUH ZHUH VHW DW Υ DQG
Υ UHVSHFWLYHO\ 7KH FRQH DQG GHVROYDWLRQ JDV
IORZZHUHDW/āKDQG/āKUHVSHFWLYHO\

),*85(
6FKHPDWLFGLDJUDPRIWKHSKRWRUHDFWRUV\V
WHP  FRROLQJZDWHULQOHW  LQMHFWLRQSRUW
 UHDFWLRQVROXWLRQ  FRROLQJZDWHURXWOHW
 FROGWUDS  VDPSOHRXWOHWSRUW  ODPS
 VWLUULQJVKHOI  PDJQHWLFVWLUUHU

MATERIALS AND METHODS
5HDJHQWV DQG PDWHULDOV (QURIOR[DFLQ
&+)12   ZDVSXUFKDVHGIURP6LJPD
&KHPLFDO&RUSRUDWLRQ+3/&JUDGHDFHWRQLWULOHDQG
PHWKDPRO ZHUH VXSSOLHG E\ $ODGGLQ 3KRVSKRULF
DFLG DQG RWKHU UHDJHQWV XVHG IRU SKRWRO\VLV VWXGLHV
ZHUHRIDQDO\WLFDOJUDGH'RXEOHGLVWLOOHGZDWHUZDV
XVHGLQWKLVH[SHULPHQW

RESULTS AND DISCUSSION
(IIHFWRILQLWLDOFRQFHQWUDWLRQV7KHHIIHFWRI
LQLWLDOFRQFHQWUDWLRQVRQWKHGHJUDGDWLRQUDWHZDVLQ
YHVWLJDWHGDWGLIIHUHQW(15FRQFHQWUDWLRQVZLWKVR
OXWLRQS+  )LJ $VVKRZQLQ)LJXUHDWWKH
LQLWLDOFRQFHQWUDWLRQRIPJ/LQGDUNFRQGLWLRQV
(15ZDVREVHUYHGWRGHFUHDVHIURPPJ/WR
PJ/ %XW ZKHQ H[SRVHG WR WKH PHUFXU\ ODPS

3KRWRGHJUDGDWLRQ$VVKRZQLQ)LJXUHUH
DFWLRQZDVFDUULHGRXWLQWKHSKRWRFKHPLFDOUHDFWLRQ
V\VWHP ZKLFK FRQVLVWHG RI D  : KLJK SUHVVXUH
PHUFXU\ ODPS D VWLUULQJ VKHOI DQG D FRROLQJ ZDWHU
MDFNHW7KH VWLUULQJVKHOI ZDVFRQWUROOHGE\D PDJ
QHWLFVWLUUHUZLWKDFRXQWHUFORFNZLVHURWDWLRQ7KHUH
ZDVDFRROLQJZDWHULQOHWLQWKHXSSHUSRUWRIYHVVHO
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(15 GHJUDGHG UDSLGO\ ZLWK WKH FRQFHQWUDWLRQ
FKDQJLQJIURPPJ/WRPJ/%DVHGRQWKH
FXUYHLQ)LJXUH(15GHJUDGHGPRVWUDSLGO\DWWKH
FRQFHQWUDWLRQRIPJ/$QGWKHGHJUDGDWLRQUDWH
GHFUHDVHG ZLWK WKH LQFUHDVLQJ RI LQLWLDO FRQFHQWUD
WLRQV
&RUUHODWLRQ FRHIILFLHQWV U  IRU WKH OLQHDU UH
JUHVVLRQRI&WDQGWLPHZHUHPRUHWKDQDERXW
ZKLFK LQGLFDWHG WKDW SKRWRGHJUDGDWLRQ SURFHVV IRO
ORZHGSVHXGRILUVWRUGHUNLQHWLFV,QRUGHUWRDVVHVV
WKHGHJUDGDWLRQKDOIOLYHV W LQZDWHUWKHSKRWR
GHJUDGDWLRQ UDWH FRQVWDQWV N  ZHUH IXUWKHU FDOFX
ODWHG LQ WKLV H[SHULPHQW V\VWHP 7DEOH   ZKLFK
UDQJHGIURPîPLQWRîPLQ8Q
GHUWKHLUUDGLDWLRQRIDUWLILFLDOLOOXPLQDWLRQZLWKWKH
LQFUHDVLQJRILQLWLDOFRQFHQWUDWLRQIURPPJ/WR
PJ/GHJUDGDWLRQUDWHVLQFUHDVHGILUVWO\DQGWKHQ
GHFUHDVHGZLWKWKHSHDNYDOXHDWPJ/
$VIRUWKHQHJDWLYHHIIHFWRILQLWLDOFRQFHQWUD
WLRQ RQ WKH NLQHWLFV WKH UHDVRQ ZDV SURSRVHG WKDW
OLJKWWUDQVPLVVLRQZDVDWWHQXDWHGZKHQWKHFRQFHQ
WUDWLRQ ZDV KLJK HQRXJK >@ $QRWKHU VWXG\ DW
WULEXWHG WKLV SKHQRPHQRQ WR VHOI VHQVLWL]DWLRQ YLD
526 UHDFWLYH R[\JHQ VSHFLHV  VXFK DV K\GUR[\O
UDGLFDO ā2+  >@ +2 DQG GLVVROYHG 2 SOD\ WKH

UROHRITXHQFKHUVRIWULSOHWH[FLWHG)4VDQGDUHWUDQV
IRUPHGLQWRā2+WRLQKLELWGLUHFWSKRWRGHJUDGDWLRQ
>@7KHUHIRUHWKHFRPSHWLWLYHUHDFWLRQVPD\OHDG
WRWKHQHJDWLYHHIIHFWRILQLWLDOFRQFHQWUDWLRQ
,QIOXHQFHRIS+:LWKUHVSHFWWRWKHNLQHWLFV
WKHS+JUHDWO\DIIHFWVWKHSKRWRO\VLVRI)4V>@7KH
HIIHFWRIS+RQWKHIDWHRI(15LQWKHHQYLURQPHQW
ZDVLQYHVWLJDWHGLQWKLVVWXG\DWWKHFRQFHQWUDWLRQRI
 PJ/ 5HVXOWV LQ7DEOH GHPRQVWUDWHG WKDW S+
FRXOGVLJQLILFDQWO\LQIOXHQFHWKHSKRWRO\WLFUDWHFRQ
VWDQW N $ORQJZLWKWKHFKDQJHRIS+RIWKHLQLWLDO
VROXWLRQIURPWRWKHNYDOXHRI(15GHFUHDVHG
IURPîWRîPLQ
,Q WKLV H[SHULPHQW DV VKRZQ LQ )LJXUH  WKH
SKRWR GHJUDGDWLRQ EHKDYLRU RI (15 ZLWK GLIIHUHQW
S+ LQGLFDWHG WKDW WKH (15 GHJUDGDWLRQ UDWH GH
FUHDVHG ZLWK WKH LQFUHDVLQJ RI S+ ,Q YLHZ RI WKH
FKHPLFDOFKDUDFWHULVWLF(15LVDQDPSKRWHULF FRP
SRXQG7KHS.DYDOXHVRILWVDFLGLFDQGEDVLFIXQF
WLRQDOJURXSVZHUHDQGUHVSHFWLYHO\>@6RWKLV
UHVXOWKLJKOLJKWHGWKDWWKHVWDWHRILRQL]DWLRQRI(15
FRXOGEHDQLPSRUWDQWIDFWRUWRDIIHFWWKHSKRWRGHJ
UDGDWLRQSURFHVV

),*85(
(15SKRWRFDWDO\WLFGHJUDGDWLRQDWGLIIHUHQWLQLWLDOFRQFHQWUDWLRQV
7$%/(
(15SKRWRFDWDO\WLFGHJUDGDWLRQDWGLIIHUHQWLQLWLDOFRQFHQWUDWLRQV
,QLWLDOFRQFHQWUDWLRQV PJ/




 LQGDUN
 LQGDUN

)LUVWRUGHUUHDFWLRQNLQHWLFHTXDWLRQ
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&W HW
&W HW



N PLQ







W PLQ







© by PSPVolume 26 ± No. 7/2017 pages 4528-4535

Fresenius Environmental Bulletin

),*85(
(15SKRWRFDWDO\WLFGHJUDGDWLRQZLWKGLIIHUHQWS+
7$%/(
(15SKRWRFDWDO\WLFGHJUDGDWLRQZLWKGLIIHUHQWS+
S+





 LQGDUN
 LQGDUN

N PLQ








UHDFWLRQNLQHWLFHTXDWLRQ
&W HW
&W HW
&W HW
&W HW
&W HW
&W HW
&W HW
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),*85(
(15SKRWRFDWDO\WLFGHJUDGDWLRQXQGHUGLIIHUHQWLUUDGLDWLRQFRQGLWLRQV
7$%/(
(15SKRWRFDWDO\WLFGHJUDGDWLRQXQGHUGLIIHUHQWLUUDGLDWLRQFRQGLWLRQV
/LJKWVRXUFH
6XQOLJKW
0HUFXU\ODPS
GDUN

UHDFWLRQNLQHWLFHTXDWLRQ
&W HW
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&W HW
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WRDSRVLWLRQLQDQDURPDWLFFRPSRXQGDOUHDG\FDU
U\LQJDVXEVWLWXHQWJURXS E\2+DQGQH[WK\GUR[
\ODWLRQ>@
06GDWDRIXOWLPDWHSURGXFWVDIWHUKRXUVZHUH
GHWHFWHGEXWWKHVWUXFWXUHVQHHGWREHIXUWKHUVWXGLHG
LQQH[WZRUNV

/LJKWVRXUFHV7KHUHVXOWVVKRZHGLQ)LJXUH
LQGLFDWHGWKDWWKHSUHVHQFHRIOLJKWVLJQLILFDQWO\DF
FHOHUDWHGWKHGHJUDGDWLRQSURFHVVRI(15$VVKRZQ
LQ7DEOHWKHNYDOXHZDVîPLQLQGDUN
ZKLOHZKLFKZHUHîPLQDQGîPLQ

XQGHU VXQOLJKW DQG KLJK SUHVVXUH PHUFXU\ ODPS
: UHVSHFWLYHO\$UWLILFLDOLOOXPLQDWLRQLQWKLV
H[SHULPHQW ZDV RI KLJKHU LQWHQVLW\ WKDQ VXQOLJKW
ZKLFKSDUWO\VKRZHGWKDWWKHSKRWRGHJUDGDWLRQUDWH
KDGDSRVLWLYHHIIHFWZLWKOLJKWLQWHQVLW\)XUWKHUPRUH
LQ YLHZ RI WKH VWUXFWXUH RI (15 EHQ]HQH ULQJ DQG
FDUER[\OFRQVLVWRIDJURXSZKLFKLVRIJUHDWSKRWRQ
DEVRUSWLRQ DELOLW\ 'XH WR WKH VWURQJHU LQWHQVLW\ RI
OLJKWOHDGLQJWRKLJKHUSKRWRQDEVRUSWLRQWKHGUXJV
GHJUDGHGPRUHUDSLGO\>@6RWKHLQWHQVLW\RIWKH
OLJKWVRXUFHSOD\HGDFUXFLDOUROHLQWKHGHJUDGDWLRQ
SURFHVV RI (15 +HQFH WKH SKRWRGHJUDGDWLRQ ZDV
QRWRQO\DIIHFWHGE\WKHLQLWLDOFRQFHQWUDWLRQDQGS+
EXW DOVR WKH OLJKW LQWHQVLW\ ZKLFK FRXOG EH LQIOX
HQFHGE\WKHJHRJUDSK\DQGFOLPDWHDFURVVWKHJOREH

4XDQWXP\LHOGĭYDOXHLVGHILQHGDVWKHQXP
EHURISKRWRQVHPLWWHG DWDOOZDYHOHQJWKV GLYLGHG
E\ WKH QXPEHU RI SKRWRQV DEVRUEHG E\ WKH IOXR
UHVFLQJV\VWHPDQGUHIOHFWVWKHHIILFLHQF\RISKRWR
GHJUDGDWLRQSURFHVVWKDWWDNHVSODFHLQDV\VWHP)RU
GHWHUPLQDWLRQ RI SKRWRGHJUDGDWLRQ TXDQWXP \LHOG
WKHHTXDWLRQVZHUHHPSOR\HGDVEHORZ>@

)

f Abs
)

/&06DQDO\VLV6LQFHSUHYLRXVZRUNJDYHQR
HYLGHQFH IRU(15SKRWRGHJUDGDWLRQSURGXFWVIRU
KRXUVGDWDRIWKLVVWXG\VKRZHGWKHH[LVWHQFHRIRQO\
RQH LGHQWLILDEOH SURGXFW DIWHU  KRXUV LUUDGLDWLRQ
EDVHGRQWKHDQDO\VLVRIWKHWRWDOLRQFKURPDWRJUDP
7,& DQGWKHFRUUHVSRQGLQJPDVVVSHFWUD
7KHUHDFWLRQSURFHVVPLJKWLQFOXGHWKHGHIOXRU
LQDWLRQGHSLSHUD]LQHULQJGHHWK\ODWLRQDQGPHWK\OD
WLRQ$VDUHSUHVHQWDWLYH)4VWKHSDWKZD\VZHUHFRU
UHVSRQGLQJWRWKHPDLQSURFHVVLQWKHK\GURO\WLFUH
DFWLRQRI)4V>@,QWKHGHIOXRULQDWLRQSURFHVVRI
)4VLQSRVLWLRQWKHPHFKDQLVPZDVWKHSKRWRLQ
GXFHGQXFOHRSKLOLFVXEVWLWXWLRQUHDFWLRQZKLFKDOVR
KDSSHQHGLQ(15SKRWRGHJUDGDWLRQ4XDQWXP\LHOG
RI(15LQGHIOXRULQDWLRQZDVKLJKHUWKDQRWKHU)4V
ZKLFKZDVRIDSRVLWLYHHIIHFWZLWKWKHGHIOXRULQDWLRQ
DELOLW\>@7KHSURSRVHGSDWKZD\VRI(15SKRWR
GHJUDGDWLRQZHUHLQIHUUHGLQ)LJXUH>@
$FFRUGLQJWRWKHSUHYLRXVUHSRUWHGSDWKZD\V
WKH IROORZLQJ LQWHUSUHWDWLRQV ZHUH SURYLGHG >@
)LUVWO\GHIOXRULQDWLRQGHVWUR\HGWKH FRUHVWUXFWXUHV
WRJHQHUDWHSURGXFW$ZKLFKLQGXFHGGHFUHDVHGDQ
WLEDFWHULDO DFWLYLW\ ,W ZDV DOVR WKH SULPDU\ SURFHVV
DFFRUGLQJ WR WKH RSHQ OLWHUDWXUH UHODWHG )4V DQG
FRXOGEHIROORZHGE\R[LGDWLYHGHJUDGDWLRQRIHWK\O
SLSHUD]LQHVLGHFKDLQOHDGLQJWRSURGXFW&(DQG%
:KDW¶VPRUHSURGXFW%DQGSURGXFW(ZHUHJHQHU
DWHGWKURXJKSDUDOOHOSDWKV6LGHFKDLQR[LGDWLRQRI
$JHQHUDWHGSURGXFW&0HQWLRQHGDERYHZHUHFRQ
VXPHGZLWKLQKRXU)XUWKHUGHJUDGDWLRQLQYROYHG
WKHVWHSZLVHGHJUDGDWLRQRIWKHVLGHFKDLQZLWKWKH
R[LGDWLRQ RIWKH EHQ]RULQJDQGS\ULGRQH ULQJ5H
GXFWLRQ DQG VXEVWLWXWLRQ SURFHVVHV ZHUH VKRZHG LQ
)LJ$FFRUGLQJWRWKHVHSDWKZD\VWKHILQDOSURG
XFWZDVSURSRVHGWREHSURGXFW )LJ 
+RZHYHU WKH SURGXFW VKRZHG LQ )LJXUH  LQ
WKLVVWXG\ZLWKP]ZDVIDUGLIIHUHQWIURPSURG
XFW,WFRXOGUHVXOWIURPLSVRDWWDFN WKHDWWDFKPHQW

Ns

Ns
N Abs

Ns
I irr  f Abs  
I irr  I out
1  e  Abs  
I irr

Ns
1
I irr 1  e  Abs  

N A u v 


Y ȝ0PLQ  LV WKH SKRWRGHJUDGDWLRQ UDWH RI
(15$YRJDGUR¶VFRQVWDQW1$LVîPROí
%HFDXVH WKH PDLQ SHDN ZDYHOHQJWK RI /(' ODPSV
ȜPD[  LV DW  QP $EV LV WKH DEVRUSWLRQ YDOXH RI
VDPSOHDWQP,LUULVWKHOLJKWTXDQWXPRILQFLGHQW
OLJKW7KH5DGLRPHWHUZDVXVHGWRPHDVXUHUDGLDWLRQ
LQWHQVLW\7KHSKRWRIOX[HPLWWHGE\WKHODPSPHDV
XUHGE\DUDGLRPHWHUOHDQHGDJDLQVWWKHH[WHUQDOZDOO
RIWKHSKRWRUHDFWRUZDVîP:P
$FFRUGLQJ WR WKH PHDVXUHPHQW UHVXOWV RI WKH
SKRWRGHJUDGDWLRQTXDQWXP\LHOGRI(15LQWKLVH[
SHULPHQWZDVFDOFXODWHGWREHî

CONCLUSIONS
7KHLPSDFWIDFWRUVRQ(15GLUHFWSKRWRGHJUD
GDWLRQ NLQHWLFV LQ SXUH ZDWHU DQG SURGXFW DQDO\VLV
ZHUH LQYHVWLJDWHG LQ WKLV UHVHDUFK 7KH UHVXOWV
VKRZHGWKDWGXHWRWKHVHOIVHQVLWL]DWLRQYLD526 UH
DFWLYH R[\JHQ VSHFLHV  VXFK DV K\GUR[\O UDGLFDO
ā2+ (15GHJUDGHGIDVWHVWDWWKHFRQFHQWUDWLRQRI
 PJā/ LQ WKLV VWXG\ :KHQ WKH FRQFHQWUDWLRQ RI
(15H[FHHGHGPJā/WKHNYDOXHVKRZHGDQHJD
WLYHHIIHFWZLWKLQLWLDOFRQFHQWUDWLRQV
7KH UHODWLRQVKLS EHWZHHQ S.D RI (15 IXQF
WLRQDOJURXSVDQGWKHNYDOXHLQGLFDWHGWKDWWKHVWDWH
RILRQL]DWLRQRI(15ZDVDQLPSRUWDQWIDFWRUWRDI
IHFWWKHSKRWRGHJUDGDWLRQUDWHE\WKHFKDQJHRIS+
RIWKHUHDFWLRQVROXWLRQ
8QGHU WKH LUUDGLDWLRQ RI PHUFXU\ ODPS WKH N
YDOXHRI(15ZDVIRXUWLPHVDVPXFKDVWKHYDOXHLQ
WKHVXQOLJKWDQGHYHQHLJKWWLPHVDVLQGDUNFRQGL
WLRQ+HQFHSKRWRO\VLVFRXOGEHFRQVLGHUHGDVDQHI
IHFWLYHUHPRYDOSDWKZD\RI(15LQSXUHZDWHU
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),*85(
0DVVVSHFWUDRISKRWRGHJUDGDWLRQSURGXFWVRI(15

),*85(
$QDO\VLVRI(15SKRWRFDWDO\WLFGHJUDGDWLRQSDWKZD\V
)XUWKHUPRUHDFFRUGLQJWRWKHSURGXFWDQDO\VLV
RI(15SKRWRFDWDO\WLFGHJUDGDWLRQWKHUHDFWLRQSUR
FHVV PLJKW LQFOXGH WKH GHIOXRULQDWLRQ GHSLSHUD
]LQHULQJ GHHWK\ODWLRQ DQG PHWK\ODWLRQ $QG WKH
VWUXFWXUHVRISURGXFWVQHHGIXUWKHUDQDO\VLVLQQH[W
VWXGLHV4XDQWXP\LHOGRI(15ZDVFDOFXODWHGWREH
îLQWKHV\VWHPRISXUHZDWHULQWKLVH[SHU
LPHQW
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ABSTRACT
7KHPDJQHWLFVLOYHUORDGHGSRO\WHWUDIOXRURHWK
\OHQH 37)(  ILEHU ZDV HPSOR\HG WR UHPRYH PHU
FXU\ +J  LQ VLPXODWHG IOXH JDV )DFWRUV DIIHFWLQJ
+J UHPRYDOHIILFLHQF\ LQFOXGLQJLQOHW+JFRQFHQ
WUDWLRQ UHDFWLRQ WHPSHUDWXUH DQG SDUWLDO IOXH JDV
FRPSRQHQWV ZHUHVWXGLHG5HVXOWVVKRZHGWKDWWKH
+JUHPRYDOHIILFLHQF\VKRZHGQRQOLQHDUWUHQGZLWK
WKH LQFUHDVLQJ LQOHW +J FRQFHQWUDWLRQ %HVLGHV WKH
+J UHPRYDO HIILFLHQF\ LQFUHDVHG IURP  WR
ZKHQWKHUHDFWLRQWHPSHUDWXUHLQFUHDVHGIURP
ΥWRΥEXWKDGDQHJDWLYHHIIHFWZLWKIXUWKHU
UHDFWLRQ WHPSHUDWXUH LQFUHDVH :KHQ SSP DQG
SSPRI12ZHUHDGGHGWRWKH1JDVVWUHDPWKH
+J UHPRYDO HIILFLHQF\ LQFUHDVHG IURP  WR
DURXQGDQGKRZHYHULQWKHSUHVHQFH
RI  2 WKH HIILFLHQF\ WR DURXQG  :KHQ
SSPDQGSSPRI+&OZHUHDGGHGWRWKHSXUH1
JDV VWUHDP WKH +J UHPRYDO HIILFLHQF\ LQFUHDVHG
IURPWRDQG WKH HIILFLHQF\WR
DURXQG  ZKHQ WKH SUHVHQFH RI  2:KHQ
SSP DQG  SSP RI 62 WR WKH SXUH 1 JDV
VWUHDPWKH +JUHPRYDOHIILFLHQF\GHFUHDVHGIURP
 WR  DQG  WKH HIILFLHQF\ ZDV
DURXQG  ZKHQ DGGHG  2 7KHUHIRUH 12
DQG +&O FRXOG HQKDQFH WKH PHUFXU\ UHPRYDO HIIL
FLHQF\EXW62KLQGHUHG+JUHPRYDO)XUWKHUPRUH
WKH PDJQHWLFVLOYHUORDGHG37)(ILEHUFRXOGEHUH
JHQHUDWHGDQGUHSHDWHGO\XVHGIRUDERXWILYHWLPHV

PHUFXU\ >@ $W KLJKHU WHPSHUDWXUHV +J UH
PRYDOHIILFLHQF\DQGDGVRUSWLRQFDSDFLW\RIPRVWRI
WKHDGVRUEHQWPDWHULDOVZLOOEHORZHUWKH\DUHQRQ
UHQHZDEOHDQGGHDFWLYDWHGZKHQWKH\UHDFWZLWKWKH
IOXHJDVFRPSRQHQWV>@
0DQ\UHVHDUFKHUV>@KDYHVWXGLHG+JUH
PRYDO HIILFLHQF\ RI GLIIHUHQW VRUEHQWV LQ WKH VLPX
ODWHGIOXHJDVWKH\IRXQGLWZDVFORVHO\UHODWHGWRWKH
WHPSHUDWXUHDQGFRPSRVLWLRQRIJDVHVOLNH2+&O
12DQG62+RZHYHUWKH\KDYHQRWUHDFKHGDFRQ
VHQVXV DERXW WKH UHPRYDO PHFKDQLVP ,W LV FRQVLG
HUHGWKDW2 DQG+&OFRXOGSURPRWHWKHFRQYHUVLRQ
RI+JLQWKHIOXHJDV>@WKH+J62PD\EHIRUPHG
DWORZFRQFHQWUDWLRQRI62>@7KHUHIRUHLQRUGHU
WR LPSURYH WKH HIILFLHQF\ RI +J UHPRYDO IURP D
FRDOILUHG SRZHU SODQWV IOXH JDVHV LW LV YHU\ LP
SRUWDQWWRVWXG\WKHPHFKDQLVPRIR[LGDWLRQDQGDG
VRUSWLRQRI+JXQGHUGLIIHUHQWFRQGLWLRQV
,QWKLVZRUNZHXVHGPDJQHWLFVLOYHUORDGHGIL
EHUDVWKHVRUEHQWIRU+JUHPRYDOZKLFKWKHILEHU
ZDVXVHGLQEDJILOWHU6WXG\LQJWKHHIILFLHQF\RIWKH
ILEHULQVLPXODWHGIOXHJDVXQGHUGLIIHUHQWFRQGLWLRQV
VXFK DV GLIIHUHQW LQOHW +J FRQFHQWUDWLRQV UHDFWLRQ
WHPSHUDWXUHV JDVFRPSRVLWLRQV +&O1262 DV
ZHOODVWKHDGVRUSWLRQDQGLQIOXHQFHPHFKDQLVPZDV
GLVFXVVHG

.(<:25'6
0DJQHWLFVLOYHUORDGHGSRO\WHWUDIOXRURHWK\OHQHILEHU+J
5HPRYDOHIILFLHQF\5HJHQHUDWLRQ

INTRODUCTION
2QHRIWKHPDMRUVRXUFHVRIDWPRVSKHULFPHU
FXU\GHSRVLWLRQLVWKHIOXHJDVIURPFRDOILUHGSODQW
FKRRVLQJ D FKHDS EXW HIILFLHQW VRUEHQW IRU PHUFXU\
UHPRYDO LV FULWLFDO 1RZDGD\V WKH UHJHQHUDEOH
VRUEHQWVIRUPHUFXU\UHPRYDOFDQEHFODVVLILHGLQWR
QREOH PHWDOV DQG WUDQVLWLRQ PHWDOV HWF 3G ZDV
ORDGHGRQWKHDGVRUEHQW>@$JDQG$XZHUHDOVR
ORDGHGRQWKHDGVRUEHQW>@6ROXWLRQLPSUHJQDWLRQ
DQG WKHUPDO GHFRPSRVLWLRQ ZHUH XVHG WR UHPRYH

),*85(
6FKHPDWLFGLDJUDPRIPHUFXU\IL[HGEHGH[
SHULPHQWDOVHWXS

MATERIALS AND SETUP
([SHULPHQWDOVHWXS7KHH[SHULPHQWDOGHYLFH
VHWXSDVVKRZQLQ)LJXUH XVHVD PHUFXU\ IL[HG
EHGV\VWHPFRQVLVWLQJRI+JYDSRUSURGXFWLRQV\V
WHPPDVVIORZFRQWUROV\VWHPIOXHJDVKHDWLQJV\V
WHP D IL[HG EHG UHDFWLRQ V\VWHP DQG H[KDXVW JDV
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WUHDWPHQWV\VWHPHWF
$FRQVWDQWIORZUDWHLQYDULRXVJDVFRPSRQHQWV
ZDV PDLQWDLQHG E\ XVLQJ D IORZ FRQWUROOHU ZLWK D
YDOYH DQG D PDVV IORZ FRQWUROOHU7KH WHPSHUDWXUH
ZDVSURYLGHGE\DQHOHFWULFKHDWLQJHOHPHQW .W\SH
WKHUPRFRXSOH DFFXUDF\ ZDV &  5HDFWRU RXWOHW
JDV ZDV GHWHFWHG RQOLQH E\ PHUFXU\ FRQFHQWUDWLRQ
GHWHFWRU 90 PHUFXU\ FRQFHQWUDWLRQ GHWHFWRU
WKH DFFXUDF\ ZDV ȝJP 0HUFXU\ ,QVWUXPHQWV
FRPSDQ\*HUPDQ\ 7KHPHUFXU\YDSRUVHWXSSUR
GXFHGWKHGHVLUHGPHUFXU\YDSRUXQGHUFRQVWDQWZD
WHU EDWK KHDWLQJ FRQGLWLRQV 1LWURJHQ JDV 1  ZDV
XVHGDVWKHFDUULHUJDVWRFDUU\WKHHOHPHQWDOPHUFXU\
YDSRU LQWR WKH H[SHULPHQWDO V\VWHP SLSLQJ$Q DG
VRUSWLRQWDQNHTXLSSHGZLWKDFWLYDWHGFKDUFRDOILOWHU
HOHPHQWZDVXVHGDVDQH[KDXVWJDVWUHDWPHQWVHFWLRQ
WRSUHYHQWWKH PHUFXU\ IURP EHLQJDGVRUEHGWRWKH
HQYLURQPHQW$QDGVRUSWLRQWDQNHTXLSSHGZLWKDF
WLYDWHGFDUERQZDVXVHGDVWKHWDLOJDVWUHDWPHQWVHF
WLRQIRUDGVRUELQJPHUFXU\ZKLFKZDVQRWDGVRUEHG
7KHPHUFXU\UHPRYDOHIILFLHQF\FRXOGEHFDO
FXODWHGE\FRPSDULVRQEHWZHHQLQOHWDQGRXWOHWWRWDO
PHUFXU\FRQFHQWUDWLRQDVIROORZLQJHTXDWLRQ

),*85(
(IIHFWRIGLIIHUHQWPDJQHWLF
VLOYHUORDGHGILEHUVRQ+JUHPRYDOHIILFLHQF\

),*85(
(IIHFWRIUHDFWLRQWHPSHUDWXUHRQ+JUH
PRYDOHIILFLHQF\RI37)(ILEHU
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:KHUHLVPHUFXU\UHPRYDOHIILFLHQF\  >+J@LQ
DQG>+J@RXWVWDQGVIRUWKHLQOHWDQGRXWOHWFRQFHQWUD
WLRQRIPHUFXU\ +JDQG+J UHVSHFWLYHO\
([SHULPHQWDOPDWHULDOV(OHFWLQJJJODVVIL
EHUJSRO\SKHQ\OHQHVXOIRQHWHUHSKWKDODPLG 36$ 
ILEHU J SRO\LPLGH 3  ILEHU J 3RO\SKHQ\OHQH
VXOILGH 336  ILEHU DQG J 3RO\WHWUDIOXRURHWK
\OHQH 37)( ILEHUDVDGVRUEHQWV$OOWKHILEHUVXVHG
LQ WKH H[SHULPHQW ZHUH SUHWUHDWHG ZLWK +&O DQG
ORDGHGZLWKPDJQHWLFVLOYHU>@

RESULTS AND DISCUSSION
+JUHPRYDOHIILFLHQF\RIGLIIHUHQWPDJQHWLF
VLOYHUORDGHG ILEHUV (OHFWLQJ J JODVV 36$ 336
3DQG37)(DVDGVRUEHQWVVLPXODWHGIOXHJDVWHP
SHUDWXUHZDVΥIOXHJDVIORZUDWHZDV/PLQ
DQGPHUFXU\LQOHWFRQFHQWUDWLRQZDVDERXWȝJP
(IIHFWV RI YDULRXV PDJQHWLF VLOYHUORDGHG ILEHUV RQ
+JUHPRYDOHIILFLHQF\LVVKRZQLQ)LJ

),*85(
(IIHFWRILQOHW+JFRQFHQWUDWLRQRQ+J
UHPRYDOHIILFLHQF\RI37)(ILEHU

),*85(
(IIHFWRIJDVFRPSRVLWLRQRQ+JUHPRYDO
HIILFLHQF\RI37)(ILEHU
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7KH +J UHPRYDO HIILFLHQF\ RI DOO ILEHUV ZDV
YHU\KLJKDWWKHEHJLQQLQJDVVKRZQLQ),*85(
2IDOOWKHILEHUVWHVWHGPDJQHWLFVLOYHUORDGHG37)(
ILEHU VKRZV WKH KLJKHVW +J UHPRYDO HIILFLHQF\ RI
IROORZHGE\WKHPDJQHWLFVLOYHUORDGHGJODVV
ILEHU  WKHQ WKH +J UHPRYDO HIILFLHQF\ GH
FUHDVHG$IWHUPLQXWHVWKH+JUHPRYDOHIILFLHQF\
UHPDLQHGVWDEOH)URPUHVXOWVVKRZQLQILJXUHZH
FDQFRQFOXGHWKDWWKH+JUHPRYDOHIILFLHQF\RIWKH
PDJQHWLFVLOYHUORDGHG37)(ILEHUZDVKLJKHUWKDQ
WKHRWKHUILEHUVLQPRVWRIWKHWLPH

(IIHFW RI GLIIHUHQW JDV FRPSRVLWLRQV RQ WKH
+JUHPRYDOHIILFLHQF\Electing 1g PTFE as adsorbents, simulated flue gas temperature was 160Υ,
flue gas flow rate was 3L / min, mHUFXU\LQOHWFRQ
FHQWUDWLRQZDVDERXWȝJP
)LJVKRZHGWKHDGVRUSWLRQFXUYHVXQGHUGLI
IHUHQWJDVFRPSRVLWLRQV

(IIHFWRIPHUFXU\LQOHWFRQFHQWUDWLRQRQ+J
UHPRYDO HIILFLHQF\ (OHFWLQJ J 37)( ILEHU DV DG
VRUEHQWVVLPXODWHGIOXHJDVWHPSHUDWXUHZDVΥ
IOXHJDVIORZUDWHZDV/PLQ$GMXVWLQJPHUFXU\LQ
OHWFRQFHQWUDWLRQ >+J@LQ E\YDU\LQJWKHZDWHUEDWK
WHPSHUDWXUHRIWKHPHUFXU\YDSRUJHQHUDWRU
$FFRUGLQJWR)LJWKH+JUHPRYDOHIILFLHQF\
UHDFKHGWKHKLJKHVWXQGHUWKHFRUUHVSRQGLQJFRQGL
WLRQV LQ WKH LQLWLDO VWDJH RI WKH DGVRUSWLRQ SURFHVV
:KHQWKH>+J@LQLQFUHDVHGIURPȝJPWR
ȝJP WKH +J UHPRYDO HIILFLHQF\ GHFUHDVHG IURP
 WR  +RZHYHU ZKHQ WKH >+J@LQ LQ
FUHDVHGIURPȝJPWRȝJPWKH+J UH
PRYDO HIILFLHQF\ DOVR LQFUHDVHG IURP  WR
$OOWKHILYHFXUYHVVKRZHGDVLPLODUWUHQGRI
QRQOLQHDU WUHQG LQ +J UHPRYDO HIILFLHQF\ EHFDXVH
DVPRUHPHUFXU\HQWHUVWKHV\VWHPPRUHDFWLYHVLWHV
DQG DGVRUSWLRQ YDFDQFLHV ZHUH UHTXLUHG WR DGVRUE
+J7KLV UHVXOWHG D UHGXFWLRQ LQ DGVRUSWLRQ LQ WKH
FRUUHVSRQGLQJVSDFHDQGDFWLYHVLWHV+RZHYHUWKH
+JUHPRYDOHIILFLHQF\DQGWKH>+J@LQ ZHUHQRWLQD
OLQHDUO\ SURSRUWLRQDO UHODWLRQVKLS DV WKH DGVRUSWLRQ
VLWHDQGVSDFHZHUHOLPLWHG

 (IIHFWRI12RQ+JUHPRYDOHIILFLHQF\
$VVKRZQLQ)LJWKHHg0UHPRYDOHIILFLHQF\XQGHU
SXUH1ZHUHDURXQG:KHQSSPRI12
ZDVDGGHGWRWKH1JDVVWUHDPWKH+JUHPRYDOHI
ILFLHQF\LQFUHDVHGIURPWRDURXQGDQG
IXUWKHULQFUHDVHLQ12FRQFHQWUDWLRQWRSSPLQ
FUHDVHGWKHHIILFLHQF\WRDURXQG+RZHYHULQ
WKH SUHVHQFH RI  2 WKH HIILFLHQF\ WR DURXQG
 12 KDG OLWWOH HIIHFW RQ +J UHPRYDO 12
ZRXOGEHZHDNO\DGVRUEHGRQWKHVXUIDFHRIWKHPDJ
QHWLFVLOYHUORDGHG37)(ILEHU>@DQGDSDUWRI
12ZRXOGUHDFWWRJHQHUDWH1212DQG12LQ
WHUPHGLDWHVSHFLHV>@2QWKHRWKHUKDQGWKHVLP
XODWHGIOXHJDVFRQWDLQHGWUDFH2LWZDVDOVRSRVVL
EOH WKDW 12 DQG 2 IRUPHG 12 DQG 12 ZDV D
VWURQJR[LGDQWZKLFKFRXOGR[LGL]H+JWR+J2DQG
ILQDOO\IRUPHG+J 12 7KLVFRXOGEHLQWHUSUHWHG
E\WKHIROORZLQJUHDFWLRQHTXDWLRQV
+JDEVRUEHQWVXUIDFHĺ+J DG  
+JVXUIDFH2ĺVXUIDFH2+J 
122ĺ12 
12+Jĺ+J212 
+J2122ĺ+J 12  

(IIHFWRIUHDFWLRQWHPSHUDWXUHRQWKH+JUH
PRYDOHIILFLHQF\(OHFWLQJJ37)(ILEHUDVDGVRU
EHQWVLPXODWHGIOXHJDVWHPSHUDWXUHZDVΥIOXH
JDVIORZUDWHZDV/PLQPHUFXU\LQOHWFRQFHQWUD
WLRQZDVDERXWȝJP
)LJVKRZHGWKHDGVRUSWLRQFXUYHVXQGHUGLI
IHUHQW IOXH JDV WHPSHUDWXUHV As can be seen from
figure 4, the reaction temperature influenced the Hg0
removal efficiency significantly. :KHQthe reaction
temperature increased from ΥWRΥ, the Hg0
removal efficiency of the PDJQHWLF VLOYHUORDGHG
37)( ILEHU DOVR increased from  WR 
+RZHYHU WKH Hg0 removal efficiency decreased
from  WR  ZKHQ WKH WHPSHUDWXUH LQ
FUHDVHGIURPΥWRΥ$IWHUUHDFWLRQWLPHRI
PLQXWHVWKH Hg0 removal efficiency was almost
stable. The H2O molecules on the surface of the
sorbent and the oxygen functional groups also
played a significant role in Hg0 adsorption [19]. Water molecules also reacted from the increase, allowing the oxygen functionalities to change, when the
temperature exceeded a certain value. The H2O molecules on the surface of the sorbent evaporated, and
some oxygen functionalities also decreased due to

  (IIHFW RI 62 RQ WKH +J UHPRYDO HIIL
FLHQF\,QWKLVH[SHULPHQWLWZDVREVHUYHGWKDWDG
GLWLRQRI62ORZHUHG+JUHPRYDOXQGHUSXUH 1
$VFDQEHVHHQIURP)LJDGGLWLRQRISSPRI
62WRWKHSXUH1JDVVWUHDPGHFUHDVHGWKH+JUH
PRYDOHIILFLHQF\IURPWRZKLOHIXUWKHU
LQFUHDVH LQ 62 WR  SSP GHFUHDVHG WKH +J UH
PRYDO HIILFLHQF\ WR  7KH HIILFLHQF\ ZDV
DURXQGZKHQDGGHG27KHSRVVLEOHUHD
VRQZDVWKHFRPSHWLWLYHDGVRUSWLRQRI62DQG+J
RQ WKH VXUIDFH RI WKH PDJQHWLF VLOYHUORDGHG 37)(
ILEHUZKLFKLQKLELWHGWKH+JDGVRUSWLRQDQGWKHIRU
PDWLRQ RI$JDPDOJDP 7KHUHIRUH +J DGVRUSWLRQ
FRXOGQRWEHHQKDQFHGE\62

decomposition. Therefore, it is necessary to control
the reaction temperature during the Hg0 adsorption
process.

 (IIHFWRI+&ORQ+JUHPRYDOHIILFLHQF\
$VFDQEHVHHQIURP)LJWKHDGGLWLRQRI+&OFRXOG
EULQJDVLJQLILFDQWHQKDQFHPHQWLQ+JUHPRYDOHI
ILFLHQF\:KHQSSPRI+&OZDVDGGHGWRWKHSXUH
1JDVVWUHDPWKH+JUHPRYDOHIILFLHQF\LQFUHDVHG
IURP  WR  DQG IXUWKHU UDLVHG WR 
ZLWKWKHFRQFHQWUDWLRQRI+&OLQFUHDVHGWRSSP
WKHHIILFLHQF\WRDURXQGZKHQWKHSUHVHQFHRI
27KHUHDUHWZRSRVVLEOHUHDVRQVIRUWKLVUHVXOW
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RQRQHKDQGZKHQ+&OHQWHUHGWKHPDJQHWLFVLOYHU
ORDGHG37)(ILEHUDSDUWRI+&ODWWHQGHGWKHFKHP
LFDO UHDFWLRQDFWLYH DUHDVLQFUHDVHGVRWKH +JUH
PRYDOHIILFLHQF\LQFUHDVHGRQWKHRWKHUKDQG+&O
DQG+JUHDFWHGWRIRUP+J&OZKLFKSURPRWHG+J
UHPRYDOHIILFLHQF\:KHQ+&OJDVHQWHUHGLQWRWKH
DGVRUEHQWOD\HU+&ODQG+JZLOOUHDFWWRIRUP+J&O
DQGILQDOO\ZLOOIRUPVWDEOH+J&OWKHUHE\HQKDQF
LQJ WKH DGVRUSWLRQ RI WKH DGVRUEHQW 7KH SRVVLEOH
FKHPLFDOUHDFWLRQVDUHVKRZQLQWKHIROORZLQJUHDF
WLRQHTXDWLRQV
+J J +&O J 2 J ĺ+J&O JV +2
J  
+&O J ĺ&O J + 
+J J &O J ĺ+J&O VJ  
&O J ĺ&O J  
+J J &O J ĺ+J&O JV  

ADSORPTION-REGENERATION
CYCLES
EFFECT OF THE MAGNETIC SILVERLOADED PTFE FIBER
$IWHU WKH PDJQHWLF VLOYHUORDGHG 37)( ILEHU
ZDVDGVRUEHGZKLFKZDVKHDWHGLQ1IRUKWRUH
JHQHUDWHWKH$JDPDOJDPZDVGHFRPSRVHGDQG+J
ZDVUHOHDVHGIURPWKHVXUIDFHRIWKHVRUEHQW7KHUH
DFWLRQ FRQGLWLRQV ZHUH WKH PDVV RI WKH DGVRUEHQW
ZDV J WKH DGVRUSWLRQ WHPSHUDWXUH ZDV Υ
>+J@LQ ZDV ȝJPWKH UHJHQHUDWLRQWHPSHUDWXUH
ZDV&&DQG&UHVSHFWLYHO\
7KH PHUFXU\ UHPRYDO HIILFLHQF\ RI WKH
VRUEHQW DW GLIIHUHQW UHJHQHUDWLRQ WHPSHUDWXUHV
)LJLQGLFDWHGWKDWWKH +J UHPRYDOHIILFLHQF\RI
WKHPDJQHWLFVLOYHUORDGHG37)(ILEHUGHFUHDVHGVLJ
QLILFDQWO\DWWKHILIWKF\FOHFRPSDUHGWRWKHILUVWIRXU
F\FOHV7KHUHIRUHWKHPDJQHWLFVLOYHUORDGHG37)(
ILEHUFRXOGEHUHF\FOHGIRUDERXWWLPHV

),*85(
+JUHPRYDOHIILFLHQF\RIWKHPDJQHWLFVLOYHU
ORDGHG37)(ILEHULQDGVRUSWLRQUHJHQHUDWLRQ
DGVRUSWLRQF\FOHVDWGLIIHUHQWUHJHQHUDWLRQ
WHPSHUDWXUHV
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7KH PHUFXU\ DGVRUSWLRQ FDSDFLW\ RI WKH
VRUEHQW DW GLIIHUHQW UHJHQHUDWLRQ WHPSHUDWXUHV
7KH+JDGVRUSWLRQFDSDFLW\RIWKHIUHVKVRUEHQWZDV
DERXWȝJJ$VFDQEHVHHQIURPILJXUHDIWHU
F\FOHVRIDGVRUSWLRQUHJHQHUDWLRQDGVRUSWLRQWKHDG
VRUSWLRQFDSDFLWLHVZHUHDERXWDQGȝJJ
DW UHJHQHUDWLRQ WHPSHUDWXUHV RI Υ Υ DQG
ΥUHVSHFWLYHO\7KLVLQGLFDWHGWKDWKLJKHUWHP
SHUDWXUHZRXOGDFFHOHUDWHWKHUHOHDVHRI+J DQGLQ
FUHDVHWKHDGVRUSWLRQFDSDFLW\%XWWKH KLJKHUWHP
SHUDWXUH FRXOG DOVR KDYH DQ DGYHUVH HIIHFW RQ WKH
VRUEHQW VWUXFWXUH DV WKH VWUXFWXUH RI WKH VRUEHQW
FRXOGEHGDPDJHGE\RYHUKHDWLQJ7KHPRUSKRORJ\
RI WKH$J QDQRSDUWLFOH ZDV DIIHFWHG WKH PDJQHWLF
SURSHUW\ RI WKH PDJQHWLF SDUWLFOHV ZRXOG EHFRPH
GDPDJHGDVDUHVXOWWKHDGVRUSWLRQSHUIRUPDQFHRI
WKHDGVRUEHQWGHFUHDVHG7KHUHIRUHLWZDVYHU\LP
SRUWDQWWRVHOHFWDUHODWLYHO\UHDVRQDEOHUHJHQHUDWLRQ
WHPSHUDWXUHIRUDFKLHYLQJDEHWWHUDGVRUSWLRQDQGUH
JHQHUDWLRQ
)7,5$75VSHFWUD)LJVKRZVWKDWWKH& 2
DEVRUSWLRQSHDNVRQWKHVXUIDFHRIWKHPDJQHWLFVLO
YHUORDGHG37)(ILEHUEHFDPHZHDNHUDIWHUF\FOHV
RI DGVRUSWLRQUHJHQHUDWLRQDGVRUSWLRQ LQGLFDWLQJ
WKH& 2JURXSVRQWKHILEHUVXUIDFHGHFUHDVHG7KH
SHDNDWFPZDVWKH&+VWUHWFKLQJYLEUDWLRQ
SHDNWKH& 2JURXSKDGKLJKHUR[LGDELOLW\ZKLFK
FRXOGEHXVHGDVWKHDFWLYHFHQWHUIRUWKH+JR[LGD
WLRQ DQG DGVRUSWLRQ >@ 7KH LQIUDUHG DEVRUSWLRQ
EDQGGULIWHGDWFPDQGDEVRUSWLRQSHDNZDV
JHQHUDWHG DW  FP IXUWKHU LQGLFDWLQJ WKH IRU
PDWLRQ RI FKHPLFDO ERQGV EHWZHHQ )H2 DQG
VRUEHQW7KHVHR[\JHQFRQWDLQLQJIXQFWLRQDOJURXSV
RQWKHVXUIDFHRIWKHVLOYHUORDGHGILEHUVDFWHGDVWKH
DFWLYHVLWHVWKDWDFFHSWWKHHOHFWURQVSURYLGHGE\+J
DQGR[LGL]H+JWKHQDGVRUEHGE\WKHFKHPLFDODG
VRUSWLRQWKHDGVRUSWLRQFDSDFLW\RIWKHVRUEHQWGH
FUHDVHGZLWKWKHGHFUHDVLQJDPRXQWRIR[\JHQIXQF
WLRQDOJURXSV

),*85(
+JDGVRUSWLRQFDSDFLW\RIWKHPDJQHWLFVLOYHU
ORDGHG37)(ILEHULQDGVRUSWLRQUHJHQHUDWLRQ
DGVRUSWLRQF\FOHVDWGLIIHUHQWUHJHQHUDWLRQ
WHPSHUDWXUHV
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),*85(
)7,5$75VSHFWUDRIWKHPDJQHWLFVLOYHUORDGHG37)(ILEHUEHIRUHDQGDIWHU
DGVRUSWLRQUHJHQHUDWLRQDGVRUSWLRQF\FOHV

CONCLUSIONS
7KH HIIHFW RI UHDFWLRQ FRQGLWLRQV RI WKH PDJ
QHWLFVLOYHUORDGHG37)(ILEHULQVLPXODWHGIOXHJDV
ZDVLQYHVWLJDWHGLQWKLVVWXG\7KH+JUHPRYDOHIIL
FLHQF\VKRZHGDQLUUHJXODUFKDQJHZLWKDQLQFUHDVH
LQLQOHW+JFRQFHQWUDWLRQ,QDGGLWLRQEHORZΥ
DQLQFUHDVHLQUHDFWLRQWHPSHUDWXUHKDGVKRZQDQLQ
FUHDVHLQUHPRYDOHIILFLHQF\EXWIXUWKHULQFUHDVHUH
VXOWHG LQ D GHFOLQH LQ HIILFLHQF\ %HVLGHV H[SHUL
PHQWDO UHVXOWV RI WKH HIIHFW RI JDV FRPSRQHQWV RQ
PHUFXU\ UHPRYDO LQGLFDWHG WKDW 12 DQG +&O HQ
KDQFHGPHUFXU\UHPRYDOEXW62KLQGHUHG+JUH
PRYDO)LQDOO\WKHPDJQHWLFVLOYHUORDGHG37)(IL
EHUZDVWHVWLILHGZKLFKFRXOGEHUHJHQHUDWHGDQGUH
SHDWHGO\XVHGIRUDERXWILYHWLPHV7KHUHVXOWVRIWKLV
ILQGLQJZLOOSURYLGHDWKHRUHWLFDOJXLGDQFHLQKLJK
HIILFLHQF\+JUHPRYDO
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LEACHING CHARACTERISTICS AND CHANGE OF
BIOAVAILABILITY OF HEAVY METALS IN MSWI-FLY
ASH DURING VARIOUS WASHING PROCESSES
Lei Wang1,2, Li-ao Wang1,2,*, Xue Zhao1,2, Xiang Wang1,2, Yifu Li1,2, Chaochao Hu1,2
1
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MSWI fly ash, solidification/stabilization, thermal
process, secure landfill and wet treating process
were usually proposed[3, 7-9]. Wet treating process
is a economic and safe method to treat MSWI fly
ash while the heavy metal and salts can be retrieved
at the same time. Acid, alkali, water and biological
were the prevalent extractant in the MSWI fly ash
wet treating process[10-13]. Water leaching was
usually used to promote the formation of hydrate
phases and remove significant amounts of soluble
salts such as sodium chloride, potassiumchloridefrom fly ash[14-16].Nitric acid and sulfuric acid
can remove the heavy metal from MSWI fly ash
effectively[17-18].
In general, the concentration of heavy metals
FDQ¶WUHIOHFWWKHHFRORJLFDOHIIHFWDQGHQYLURQPHQWDl
behavior, the eco-environment risk was relied on
the available forms of pollutant. The bioavailability
of heavy metals is mainly due to the active chemical forms of metals. Researchers have found that
significant positive correlations between the availability of heavy metals to creature and the chemical
fraction of heavy metals. Speciation analysis is one
of the most important methods to analysis the mobility, toxicity and portability of heavy metals.
Sequential extraction schemes such as Tessier extraction, Modified Tessier extraction and BCR
extraction were introduced to represent the fraction
and speciation of heavy metals[19-21]. Based on
the speciation analysis, bioavailability index can be
used to evaluate the availability of heavy metals in
the field of environmental biogeochemistry and it
can reflect the migration patterns and toxicity of
heavy metal clearly[22-25].
The management and utilization of MSWI fly
ash were studied numerously recently, while few
researches was carried out on the bioavailability of
heavy metals during the leaching process. Therefore, the current study introduces the leaching characteristics and change of bioavailability of heavy
metals in MSWI fly ash during various washing
processes.

ABSTRACT
Municipal solid waste incineration fly ash
from Chongqing has been sampled and investigated
the phase composition, major elements composition
and content of heavy metal. Water-leaching, acidleaching and multiple-step nitric acid-waterleaching process was applied to leach the MSWI fly
ash, sequential extraction procedure was used to
monitor the fraction and bioavailability change of
heavy metals. Water-leaching process showed low
efficiency on remove of heavy metals but high
efficiency on reduce the bioavailability of heavy
metals from fly ash Acid leaching process can remove the heavy metal efficiency but changed the
fraction distribution of heavy metals which activated the heavy metal. Multiple-step leaching process
was the most efficient process to achieve double
effect that reduced the content and potential availability of heavy metal in fly ash in the meantime.

KEYWORDS:
Heavy metal; Fly ash; Leach; Bioavailability.

INTRODUCTION
With such features as small floor area, harmlessness, effective recycle and prolong the service
life of the landfill, incineration can eliminate a large
number of MSW continuously, stably, safely and
reliably, which makes incineration become one of
the important MSW harmless treatment methods[13]. MSWI procedure produced two kinds of byproduct-bottom ash and fly ash, in which the weight
of fly ash was usually 3 to 5 percent of municipal
solid waste[4]. MSWI fly ash contained dioxin[56]and heavy metals for the complex compose of
solid waste which can be the secondary pollution to
environment. With the higher concentration and
leaching toxicity of heavy metals, fly ash is considered high potential risk to creature.
MSWI fly ash has great harm to the environment and the treatment methods, utilization and the
potential risk assessment of MSWI fly ash has been
attracted more and more attention. To handle
4542
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analysis the concentration and fraction of heavy
metal quantitatively. Flowcharts for three different
processes above are shown in Fig. 1.

MATERIALS AND METHODS
Sample collection and preparation. Municipal Solid Waste Incineration fly ash was sampled in
a typical incineration plant in Chongqing, China.
Fly ash was air dried and grinded into powder samples with particle size <150 ȝP. To analysis the
concentration of heavy metals in MSWI fly ash,
samples were digested in acid-cleaned microwave
vessels with 8 ml of aqua regia and 4ml ultra pure,
concentrated hydrofluoric acid (HF). The digested
samples were separately diluted for analysis by
AAS with 2% of nitric acid. Pb, Cd, Zn, Cu and Hg
were measured by atomic absorption spectrometry
(AAS) made by Shimadzu, Japan. Analysis of major elements composition of MSWI fly ash was
carried out by using X-ray fluorescence spectrophotometer (XRF) made by Shimadzu, Japan. The
phase composition of MSWI fly ash was measured
by X-ray diffraction(XRD) made by Shimadzu,
Japan.



Leaching process. Water-leaching process,
nitric acid-leaching process and multiple-step nitric
acid-water-leaching process were conducted to
determine the leaching ratio and bioavailability of
heavy metals in MSWI fly ash.
FIGURE 1
(a) Flow charts for water leaching process; (b)
Flow charts for acid leaching process; (c) Flow
charts for multiple-step nitric acid-waterleaching process;

Water-leaching process. To get a better view
on the repartition of heavy metals remaining in the
washed MSWI fly ash, 20g of dried raw MSWI fly
ash was put into a 1-L beaker and mixed with deionized water at an L/S ratio of 10/1 by magnetic
stirring at the temperature of 25Ԩ. The leaching
time was 5, 10, 30, 60, 120, 240min, separately. The
leached fly ash was filtered and freeze dried to
analysis the concentration and fraction of heavy
metal quantitatively.

Sequential extraction procedures and bioavailability index. Sequential extraction was performed using a five-step procedure as adopted by
Tessier [26] which fractionated the heavy metals
into five fractions: exchangeable fraction(F1),
bound to carbonates fraction(F2), bound to Fe-Mn
oxides fraction(F3), bound to organic matter fraction(F4) and residual fraction(F5). The sequence
extraction procedures were shown in Table 1:

Acid-leaching process.20g of dried raw
MSWI fly ash was put into a 1-L beaker and mixed
with nitric acid (c=1.0 mol/L) at an L/S ratio of
10/1 by magnetic stirring at the temperature of 25ć.
The leaching time was 5, 10, 20, 40,
80min,respectively. The after leached fly ash was
filtered and freeze dried to analysis the concentration and fraction of heavy metal quantitatively.

TABLE 1
Sequence extraction procedures
Extraction stage
F1

Multiple-step nitric acid-water-leaching
process. The optimal water leaching time and acid
leaching time were determined by analyzing the
remove ratio of heavy metals in MSWI fly ash
during the water and acid leaching process. 10g of
filtered and freeze dried acid-leached fly ash in the
batch of the optimal acid leaching time was put into
a 1-L beaker and mixed with deionized water at an
L/S ratio of 10/1 by magnetic stirring at the temperature of 25ć. The leaching time was the same as
the optimal water leaching time. The multiple-step
leached fly ash was filtered and freeze dried to

F2
F3
F4
F5

8 ml, 1 M MgCl2, pH 7
8 ml, 1 M Sodium Acetate, pH 5 with25% v/v Acetic
Acid
20 ml, 0.04 M Hydroxyl ammonium chloride in 25% v/v
acetic acid
5 ml, 30% v/v H2O2 and 3 ml, 0.02 M HNO3. Extracted
with 5 ml, 3.2 M ammonium acetate
Conc. 15 ml, HF and 4 ml, HClO4. Repeated and residue
taken up in 5 ml HNO3

Bioavailability index (BI), which can be introduced to evaluate the potential harm and the degree
of exploitation of heavy metal, has been widely
recommended to calculate the accumulated extent
in creature. There was an algorithm based on the
4543
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heavy metals in the fly ash were in the order
ofCd>Cu>Hg>Zn>Pb, suggested that Cd posed a
higher potential risk to the ecosystem for its higher
BI and it could easily enter the environment and
pose serious threat to the ecosystem due to its higher toxicity and availability.

fractions of heavy metals in Tessier to calculate the
BI of heavy metals in MSWI fly ash, the equation is
as follows:
BI = (F1+F2+F3) / (F4+F5)
Data analysis. All data analysis was performed through the help of OriginLab OriginPro for
Windows soft ware version 8.5.1.

RESULT AND DISCUSSION
Characteristics of raw MSWI fly ash.
MSWI fly ash is a mixture of different compounds
for the diversity of municipal solid waste. The
phase composition of MSWI fly ash was shown in
Fig 2 and the chemical composition and contents of
heavy metal in fly ash were shown in Table 2 and
Table 3, respectively. The MSWI fly ash was mainly consisted of calcium compounds and chloride
compounds. The content of heavy metals was in the
order of Zn, Pb, Cu, Cd and Hg, which was outdistances both the background value of soil and the
value of the third level of National Soil Environmental Quality Standard of China. Compared with
previously reports, the heavy metal in this study had
as close content with that in Taiwan and Korea[2728]. With the high content of chlorine from municipal solid waste, the metal chloride such as PbCl 2
and ZnCl2 which had a low-boiling point could
volatilize and be adsorbed by fly ash, making for
the high concentration of Zn and Pb in the fly
ash[19].
TABLE 2
Chemical composition of Fly Ash(%˅
˅
Element
Composition
Element

O
31.
18
Fe

Composition

1.5
8

Ca
28
Mg

Cl
8.1
5
Al

Na
5.3
3
Zn

1.5
1

1.1
7

0.7
1

K
4.69
P
0.55

Si
4.2
0
Ti
0.4
8

FIGURE2
XRD spectrum of fly ash

FIGURE3
Fraction of heavy metals in raw fly ash
TABLE 4
Bioavailability index(BI) of heavy metals
in raw fly ash

S
3.54
Pb

Heavy
metal
BI

0.21

Pb

Cd

Zn

Cu

Hg

0.2926

0.6947

0.4993

0.6470

0.6180

TABLE 3
Contents of heavy metals in fly ash (mg/kg˅
˅
Heavy metal

Cu
Pb
Zn
Hg
842.
2130.
7126.
25.52
80
23
5
Background
21.5
0.05
0.13
17.93
73.39
value of soil
9
GB15618d40
d0.5
d1.0
d500
d500
1995
0
Notes: The background value of soil came from ³7he Atlas of
Soil Environmental Background Value in the People's Republic
RI &KLQD´ and GB15618-1995 was the third level of National
Soil Environmental Quality Standard[29].
Fly ash

Cd
194.
33

FIGURE4
Remove ratio of heavy metals during
the water leaching process

The fraction and bioavailability index(BI) of
heavy metals in raw fly ash was shown in Fig 3, Hg
was mainly existed in bound to organic matter fraction and residual fraction while the main fraction of
the other heavy metals was the residual fraction.
The relative amounts of easily dissolved phase of

Water-leaching characteristics and change
of bioavailability of heavy metal. Heavy metals in
fly ash would be dissolved out during the water
leaching process and it was a complex physical and
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FIGURE 5
Fraction of heavy metals in fly ash
during water-leaching process
chemical processes which consisted of desorption
and ion exchange. The remove ratio of heavy metals during the water leaching process was shown in
Fig 4.
Water leaching can dissolve little part of
heavy metal while the remove ratio was less than
10%. Pb and Cd in fly ash can be removed in a
short time and the remove ratio increased little after
10 min, the remove ratio was 7.58% and 6.32%
while the remove ratio of the other three heavy
metals was less than 1%. 10 min was selected to be
the optimal leaching time by water.
The fraction and the change of bioavailability
of heavy metals between raw and leached fly ash
during water-leaching process was revealed in Fig 5
and 6. Water-leaching did not change the fraction of
heavy metals, but decreased the proportion of exchangeable fraction which was absorbed on the
surface of MSWI fly ash and would exchange with
ionic composition in neutral solution compared to
raw fly ash. With the time went on, BI of heavy
metals first descended then rose to a dynamic equilibrium. Bioavailability of heavy metals in the
leached fly ash was less than that in raw fly ash
which resulted from the elution of exchangeable
fraction.

FIGURE 6
Change of bioavailability of heavy metals
during water-leaching process
Acid-leaching characteristics and change of
bioavailability of heavy metal. Acid leaching was
a more complex process than water leaching, apart
from desorption and ion exchange, chemical reaction occurred during the acid leaching process.
Under the acid condition, heavy metals migrate to
the liquid phase from acid-soluble material or salt
with heavy metal such as carbonate. The remove
ratio of heavy metals during the water leaching
process was shown in Fig 7.
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FIGURE 7
Remove ratio of heavy metals during the
acid leaching process
Compared by water-leaching process, remove
ratio of heavy metals during the acid leaching process was much higher, Cd was the most sensitive
heavy metal leached by nitric acid and nearly 83%
of the total cadmium could be dissolve out of fly
ash. Due to the change of remove ratio, 10 min was
also the optimal leaching time by nitric acid and the
remove ratio of Pb, Cd, Zn and Cu was 54.29%,
81.07%, 63.23% and 67.94%. The leaching efficiency of Hg by nitric acid was not obvious which
the highest remove ratio was less than 2%.

FIGURE 8
Fraction of heavy metals in fly ash
during acid-leaching process

FIGURE 9
Change of bioavailability of heavy metals
during acid-leaching process
Fig 8 and 9 showed the change of fraction and
bioavailability of heavy metals during acid-leaching
process. Nitric acid has changed the fraction distribution of heavy metals in fly ash. The ratio of exchangeable fraction increased rapidly while the
fraction bounded to carbonates and fraction bounded to Fe-Mn oxides decreased at the same time. Part
of heavy metal bounded to carbonates and Fe-Mn
oxides was dissolved by nitric acid to more active
fraction which increase the risk of the heavy metal
entered the environment and resorbed by the creature. The effect of nitric acid to Cd fraction was
more distinct than the other heavy metals, the proportion of exchangeable fraction raised to 49.49%
to 59.10, indicated that Cd posed the best mobility
to leach out from the fly ash.
According to the variation curve of BI, after
leached by nitric acid, BI of Cd was much larger
than that in raw fly ash and the peak was 2.52 at the
time of 10min. BI of Zn was steady decline during
the acid-leaching process, meanwhile, BI of the
other three heavy metals changed slight and reached
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lows:
The MSWI fly ash was mainly consisted of
calcium compounds and chloride compounds. The
content of heavy metals was in the order of Zn, Pb,
Cu, Cd and Hg, Hg was mainly existed in bound to
organic matter fraction and residual fraction while
the main fraction of the other heavy metals was the
residual fraction, Cd posed a higher potential risk to
the ecosystem. Water leaching can dissolve little
part of heavy metal and 10 min was selected to be
the optimal leaching time by water. Water-leaching
did not change the fraction of heavy metals, but
decreased the proportion of exchangeable fraction
to reduced the BI. Apart from Hg, nitric acid leaching process posed high remove ratio to the heavy
metals in fly ash and 10 min was also the optimal
leaching time. Nitric acid has changed the fraction
distribution of heavy metals that accelerated the
fraction bounded to carbonates and bounded to FeMn oxides transformed to more active fraction and
dissolved out. Multiple-step leaching process
achieved double effect that lowered the total content and potential availability of heavy metal in the
meantime.

a dynamic equilibrium. At the optimal leaching
time, BI of heavy metals in leached fly ash was in
the order of Cd>Zn >Hg >Cu >Pb.
Multiple-step leaching process characteristics and change of bioavailability of heavy metal.
Multiple-step nitric acid-water-leaching process
was a promotion of water-leaching and acidleaching process, acid-leaching can remove the
heavy metal efficiently to reduce the total concentration of heavy metal while water-leaching remove
the heavy metal in active fraction. Multiple-step
leaching process imbibed advantages of both two
processes. Change of remove ratio and BI of heavy
metal was shown below:
TABLE 5
Remove ratio of heavy metal by different
leaching process
Water
leaching
Acid
leaching
Multiple-step
leaching

Pb

Cd

Zn

Cu

Hg

8.69

6.60

0.28

0.26

1.20

61.62

63.70

71.41

58.94

13.38

63.51

67.33

71.94

59.63

13.78

TABLE 6
BI of heavy metals by different leaching process
Raw fly ash
Water-leached fly
ash
Acid-leached fly
ash
Multiple-step
leached fly ash

Pb
0.29

Cd
0.69

Zn
0.50

Cu
0.65

Hg
0.62

0.27

0.68

0.32

0.32

0.59

0.32

2.52

0.39

0.71

0.63

0.11

0.55

0.12

0.39

0.48
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accumulation of metals in the fish [5].
The purpose of the present study is to evaluate
Cu, Zn, Pb, Cd, Mn, As, and Hg concentrations in
different tissues of two fish species Mystus macropterus and Cyprinus carpio from Chishui River,
which located in the rare and endemic fish nature reserve in the upper reaches of the Yangtze River,
China. The Chishui River is the last undammed first
tributary of the upper Yangtze River and play important roles in fish conservation [6], especially for
the rare and endemic fish species. This nature reserve
is established in 2006 to protect the resource of these
fish species, as well as prevent water environmental
contamination under the tendency of intense industrial development [7]. Although the populations of
fish species in this river are currently in rapid decline
because of water environment degradation, overfishing, laxity in law enforcement, mismanagement, and
indifferent consciousness to environment, it appears
that not much attention has been paid towards contamination studies of fish inhabiting in this river. The
data dealing with metal pollution in this area is extremely limited. M. macropterus and C. carpio are
two important commercial and widely consumed
fish species by lots of people who living in the
Chishui River basin. Thus, it is necessary to assess
the safety of fish for human consumption. The results
obtained from present study will provide background
information about the metal concentrations of two
fish species in Chishui River, contributing to the effective monitoring of both environmental quality and
the health of the organisms inhabiting in the river
ecosystem. Also, Gaining information of metal levels in tissues of fish is essential both respecting river
management and fish conservation.

ABSTRACT
Concentrations of copper, zinc, lead, cadmium,
manganese, arsenic, and mercury were measured in
the muscle, gill, liver, and kidney of Mystus macropterus and Cyprinus carpio collected from the Chishui
River which is the last undammed first tributary of
the upper Yangtze River. The concentrations of zinc
were the highest in all tissues of the two fish species.
Metal concentrations were found to be tissue- and
species-specific. There were no identical relationships between metal concentrations and fish length.
The Pb concentrations in muscle of some individuals
were higher than that recommended by the Ministry
of Health of China and European Commission.

KEYWORDS:
Metal, Mystus macropterus, Cyprinus carpio, Chishui
River

INTRODUCTION
Heavy metal pollution in rivers has become a
problem of increasing concern. Metals and metalloids from natural and anthropogenic sources can enter the freshwater ecosystems and cause threat because of their toxicity, long persistence, bioaccumulation and biomagnification. Metals such as Cu, Zn,
and Mn are biologically essential elements. However, they are regarded as potential hazards if the
concentrations above the permissible level. Pb, Cd,
As, and Hg are non-essential elements and can be
toxic even at quite low concentrations [1]. Fish accumulate metals directly from the water or through the
diet, and the contaminants can be biomagnified in
tissues [2]. So, fish have been widely used as bioindicator for the evaluation of metal pollution in
aquatic ecosystems [3, 4]. Generally, the muscle was
chosen as target tissue to evaluate the consumption
safety for humans, the gill represents the metal levels
in the aquatic environment where the fish lives, the
levels in the liver and kidney reflect the long term

MATERIALS AND METHODS
Study Area and Samplings. Two fish species
(M. macropterus and C. carpio) which appear to
have great economic and ecological importance in
the Chishui River were taken from special fisher-
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TABLE 1
Number, length and weight ranges of the two fish species
Fish
M. macropterus
C. carpio

Number
22
20

Length ranges (cm)
12.5±33.9
14.4±21.7

Weight ranges (g)
18.8±189.0
40.8±153.2

TABLE 2
Measurements of standard sample of prawn constituent (mg/kg wet wt)
Certified values
Measured values

Cu
10.3 ± 0.7
10.7 ± 0.1

Zn
76 ± 4
75 ± 2

Pb
0.20 ± 0.05
0.17 ± 0.02

Cd
0.039 ± 0.002
0.038 ± 0.001

Mn
8.9 ± 0.3
9.0 ± 0.2

As
1.4 ± 0.3
1.3 ± 0.1

Hg
0.049 ± 0.008
0.053 ± 0.002

to 105% for all investigated elements. The accuracy
of the applied analytical procedure was tested using
certified reference materials (GBW10050 and
GBW10051, standard samples of biological constituent) provided by the National Research Center for
Certified Reference Materials of China. They were
analyzed at regular time intervals throughout the
measurement together with the studied fish samples
(Table 2).

men in 2015~2016 (Fig. 1). All the fish samples used
in present study were measured to the nearest 0.1 cm
and weighed to the nearest 0.1 g (Table 1). Accurate
weighed samples (0.40±0.65 g) of muscle (under
dorsal fin without skin), gill, liver, and kidney were
taken from each fish and stored in glass vials at -20
°C before analysis. Each sample was pre-digested
overnight with 10 mL of digestion solution HNO3HClO4 (9:1 v/v), 4 mL of digestion solution was then
added and the mixture was heated at 150 °C on a hot
plate until the sample solution became clear and
nearly dry. After cooling, the solution was quantitatively transferred to 25 mL glass tube with ultrapure
water (Milli-40ȍFP 7KHQWKHVROXWLRQZDV
ILOWHUHGXVLQJȝPQLWURFHOOXORVHPHPEUDQHILO
ter.

Statistical Analysis. All statistical calculations
were performed using SPSS 19.0 for Windows. OneZD\ DQDO\VLV RI YDULDQFH $129$  DQG 'XQFDQ¶V
Multiple Comparison Test (p = 0.05) were used to
access whether metal concentrations varied significantly between fish species. Two-way ANOVA was
performed to test the effects of fish species and tissue
on metal concentrations3HDUVRQ¶VFRUUHODWLRQFRHI
ficient (r) was used to examine the relationship between metal concentrations and fish length. The
metal concentrations in fish tissues were reported in
mg/kg (wet weight), as mean ± standard deviation
(SD).

RESULTS AND DISCUSSION
Metal Concentrations in Fish Tissues. The
metal concentrations in the tissues of M. macropterus and C. carpio from the Chishui River are
showed in Table 3. The mean concentrations of Cu,
Zn, Pb, Cd, Mn, As, and Hg in the two fish species
were 0.34 ± 0.05, 10.38 ± 2.69, 0.35 ± 0.29, 0.02 ±
0.02, 0.30 ± 0.07 , 0.09 ± 0.01, 0.07 ± 0.02 mg/kg for
muscle, 0.80 ± 0.18, 17.75 ± 3.88, 1.01 ± 0.64, 0.10
± 0.06, 2.05 ± 1.69, 0.12 ± 0.03, 0.06 ± 0.01 mg/kg
for gill, 6.74 ± 6.15, 67.57 ± 57.99, 0.40 ± 0.17, 0.22
± 0.16, 1.45 ± 0.35, 0.10 ± 0.01, 0.07 ± 0.02 mg/kg
for liver, 1.46 ± 0.60, 90.37 ± 74.62, 0.48 ± 0.20,
0.55 ± 0.39, 0.77 ± 0.27, 0.11 ± 0.03, 0.07 ± 0.02
mg/kg for kidney, respectively. The Zn concentrations were much higher than other metals in all tissues. The concentrations of Cd were the lowest in
muscle and gill of M. macropterus and muscle of C.
carpio. The concentrations of Hg were the lowest in
liver and kidney of M. macropterus and in gill, liver,
and kidney of C. carpio. The most

FIGURE 1
Map of the Chishui River with the sampling area

Determination of Metals. Levels of Cu, Zn,
Pb, Cd, and Mn were analyzed using inductively
coupled plasma atom emission spectrometry (ICPAES; Thermo ICAP6300-duo, USA). The As and Hg
concentrations were measured by the KCHG AFS230E atomic fluorophotometer. The detection limits
of &X=Q3E&G0Q$VDQG+JZHUHȝJ/
ȝJ/ȝJ/ȝJ/ȝJ/ȝJ/DQG
ȝJ/UHVSHFWLYHO\5HFRYHU\UDWHVUDQJHGIURP
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TABLE 3
Concentrations of seven metals (Cu, Zn, Pb, Cd, Mn, Hg, and As) in tissues (muscle, gill, liver, and kidney)
of two fish species (M. macropterus and C. carpio) from the Chishui River (mean ± SD, mg/kg wet wt)
Fish

Tissue
Muscle
Gill
Liver
Kidney
Muscle
Gill
Liver
Kidney

M. macropterus

C. carpio

Cu
0.35±0.06a

Zn
9.23±3.04a

Pb
0.41±0.38

Cd
0.03±0.03a

Mn
0.27±0.04a

As
0.09±0.01a

Hg
0.06±0.01

0.70±0.14ab
2.73±1.25c
1.06±0.25b

15.26±2.64b
21.47±4.21c
27.56±5.39d

0.53±0.23
0.43±0.23
0.50±0.26

0.05±0.03a
0.29±0.19b
0.47±0.32c

0.60±0.12b
1.35±0.32c
0.58±0.17b

0.10±0.01bc
0.10±0.01ab
0.11±0.04c

0.06±0.01
0.07±0.02
0.07±0.02

0.33±0.04a

11.65±1.46a

0.28±0.10a

0.01±0.01a

0.34±0.07a

0.09±0.02a

0.07±0.02

a

a

c

b

d

c

0.06±0.01
0.06±0.01
0.07±0.02

0.91±0.16
11.14±6.40b
1.90±0.57a

20.49±3.11
118.75±45.53b
159.47±48.87c

1.54±0.53
0.36±0.04ab
0.47±0.11b

0.14±0.05
0.15±0.08b
0.63±0.45c

3.64±1.04
1.55±0.36c
0.97±0.20b

0.13±0.03
0.10±0.01ab
0.12±0.03bc

Different letters indicate significant differences between different tissues (p< 0.05).

Gill

Liver

Kidney

Kidney

Cd mg/kg

0.6
0.4

Liver

0.0

Kidney

Muscle

Gill

Muscle

Gill

*

3
2
*
*

Gill

Liver

Kidney

As mg/kg

0.16

Muscle

Liver

Kidney

Liver

Kidney

0.20
*

Gill

*

Muscle

*

Mn mg/kg

Liver

0.8

0.2

4

0

Gill

1.0

5

1

Muscle

1.2

*

Pb mg/kg

Muscle

*

2.1
1.8
1.5
1.2
0.9
0.6
0.3
0.0

*

0

Zn mg/kg

4

*

Cu mg/kg

8

*

12

*

*

16

*

210
180
150
120
90
60
30
0

*

20

0.12
0.08
0.04
0.00

0.10

Hg mg/kg

0.08

M. macropterus
C. carpio

0.06
0.04
0.02
0.00

Muscle

Gill

Liver

Kidney

FIGURE 2
Comparison of mean concentrations of Cu, Zn, Pb, Cd, Mn, Hg, and As (mg/kg wet wt.) in the muscle, gill,
liver, and kidney between M. macropterus and C. carpio. *p < 0.05, significant difference between the two
fish species.
possible reason for that may be related to different
capabilities of metal accumulation, as well as with
the background values in the aquatic ecosystems.
It is generally accepted that the metal bioaccumulation pattern was mainly associated with tissue
and species [8]. Metal concentrations in fish tissues
not only reflect exposure to elements but also the elemental excretion from various organs by metabolic

processes [9]. Compared with the gill, liver, and kidney, muscle typically contains low metal concentrations. The muscle was not an active tissue for metal
bioaccumulation [10]. Consistent with this hypothesis, the lowest Cu, Zn, Pb, Cd, Mn, and As concentrations were found in muscle tissue of the two fish
species. However, the Hg concentration showed no
significant difference between muscle and other tissues (p < 0.05). It suggests that Hg can accumulate
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TABLE 4
Relationships between tissues metal concentrations and fish length for M. macropterus and
C. carpio 3HDUVRQ¶VFRUUHODWLRQFRHIILFLHQW r).
Fish species
M. macropterus

C. carpio

Tissues
Muscle
Gill
Liver
Kidney
Muscle
Gill
Liver
Kidney

Cu
0.11
-0.22
-0.20
0.03
-0.18
-0.30
-0.02
-0.07

Zn
-0.75**
0.00
-0.16
-0.16
0.26
-0.32
-0.20
-0.15

Pb
0.66**
0.16
-0.04
-0.04
0.17
-0.07
0.12
-0.60**

Cd
0.65**
-0.10
0.06
0.29
-0.30
-0.01
-0.16
-0.54*

Mn
-0.30
0.18
0.11
-0.18
-0.09
0.26
0.30
-0.36

As
-0.13
0.38
-0.16
-0.01
-0.13
0.04
0.20
-0.20

Hg
-0.32
-0.37
-0.07
-0.03
-0.05
0.47*
-0.36
-0.34

*p < 0.05, **p < 0.01

easily in muscle [11]. Gill is an important tissue to
uptake metals from the water due to the metal-binding sites locateG DW WKH WLVVXH¶V VXUIDFH [12]. Liver
and kidney are the most important tissues for metal
detoxification and metabolism in fish [13]. The liver
and kidney appear to have a significantly higher tendency for the accumulation of most of the metals
[14]. In present study, the Pb concentrations were
highest in the gills of both fish species. The As concentration was highest in the gills of C. carpio. The
Cu and Mn concentrations were highest in the livers
of both fish species. The Zn and Cd concentrations
were highest in the kidneys of both fish species (Table 3). According to these results, it could be concluded that the Pb and As are mainly accumulated in
gill, the Cu and Mn are mainly accumulated in liver,
the Cd and Zn are mainly accumulated in kidney.
Similar results were demonstrated in other studies [9,
11].
Metal concentrations in fish are usually species
specific [15]. Differences in metal concentrations between fish species might be a result of different habitat environment, diet, characteristic behavior,
lifespan and metabolic activities [16, 17]. M. macropterus and C. carpio are both omnivorous fish
feeding on mollusks, larva of aquatic insect, organism detritus, and some kinds of algae. M. macropterus is living in the gravel-bottom of river, whereas
C. carpiois living in the soft-bottom of river. The
concentrations of Cu in gill, liver, and kidney, Zn in
all tissues, Pb in gill, Cd in muscle, gill, and liver,
Mn in muscle, gill, and kidney, As in gill of C. carpio
were significant higher than that of M. macropterus
(p < 0.05) (Fig. 2). Bottom sediment is a sink and
source of metals in water system [18, 19]. So, C. carpio could be easily exposed to higher concentrations
of metals. The concentrations of Cd in muscle and
liver of M. macropterus were significant higher than
that of C. carpio. (p < 0.05). This might be related to
the differences in metabolic activities and metals accumulation abilities between them. Differences in
geographic distribution of life stages could be additional possible explanations for the variation observed in metal concentration between different fish
species [20].

Relationships between Metal Concentrations and Fish Length. The relationships between
metal concentrations and fish length in different tissues of M. macropterus and C. carpio are showed in
Table 4. No identical relationships between metal
concentrations and fish length were showed in present study. Significant relationships between metal
concentrations and fish length were negative except
in a few cases [21-23]. The possible reason for the
negative correlation in the concentration-length relationships might be explained by the fact that the
smaller fish need more energy for growth, less energy might be available for detoxification [23]. In
present study, significant negative correlations were
found between metal concentrations and fish length
for Zn in muscle of M. macropterus (p < 0.01), Pb (p
< 0.01) and Cd (p < 0.05) in kidney of C. carpio,
while significant positive correlations were observed
between concentrations and fish length for Pb and Cd
in muscle of M. macropterus (p < 0.01), and Hg in
gill of C. carpio (p < 0.05). Positive relationships between metal concentrations in fish and length were
also reported in other studies [24, 25]. Larger fish
can consume larger prey and are functionally at a
higher trophic level than smaller fish of the same
species [2]. Although negative or positive correlations were observed between metal concentrations in
some tissues and length of the species, metal concentrations in some other tissues showed no significant
correlations with fish length [26], what is in agreement with the results of present study where the concentrations of all metals in gill, liver and kidney of
M. macropterus and in muscle and liver of C. carpio
showed no significant correlations with fish length.
The relationship between metal concentration and
length seems to be dependent on numerous factors
such as the specific metal, the degree of pollution in
water, the species, the physiological condition of the
fish, as well as the tissue concerned [25].
Health Risk Assessment for Fish Consumption. The muscle of fish is the main edible part that
can directly affect human health if carries metals beyond standards [27]. There are no maximum limits
of Cu, Zn, and Mn in fish in Chinese standard. The
mean concentrations of Pb, Cd, As and Hg in muscle
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186:6721-6746
[3] Bergek, S, Ma, Q, Vetemaa, M, Franzen, F, Appelberg, M. (2012) From individuals to populations: Impacts of environmental pollution on
natural eelpout populations. Ecotoxicol Environ
Saf 79:1-12
[4] Yi, Y, Yang, Z, Zhang, S. (2011) Ecological risk
assessment of heavy metals in sediment and human health risk assessment of heavy metals in
fishes in the middle and lower reaches of the
Yangtze River basin. Environ Pollut 159:25752585
[5] Ahmed, M, Ahmad, T, Liaquat, M, Abbasi, KS,
Farid, IBA, Jahangir, M. (2016) Tissue specific
metal characterization of selected fish species in
Pakistan. Environ Monit Assess 188:212
[6] Liu, F, Cao, W, Wang, J. (2014) Length-weight
relationships of 77 fish species from the Chishui
River, China. J Appl Ichthyol 30:254-256
[7] Cai S, Ni Z, Li Y, Shen Z, Xiong Z, Zhang Y,
Zhou, Y. (2012) Metals in the tissues of two fish
species from the rare and endemic fish nature reserve in the upper reaches of the Yangtze river,
China. Bull Environ Contam Toxicol 88:922927
[8] Monroy, M, Maceda-Veiga, A, de Sostoa, A.
(2014) Metal concentration in water, sediment
and four fish species from Lake Titicaca reveals
a large-scale environmental concern. Sci Total
Environ 487:233-244
[9] Wei, Y, Zhang, J, Zhang, D, Tu, T, Luo, L.
(2014) Metal concentrations in various fish organs of different fish species from Poyang Lake,
China. Ecotoxicol Environ Saf 104:182-188
[10] Alcorlo, P, Otero, M, Crehuet, M, Baltanás, A,
Montes, C. (2006) The use of the red swamp
crayfish (Procambarus clarkii, Girard) as indicator of the bioavailability of heavy metals in
environmental monitoring in the River Guadiamar (SW, Spain). Sci Total Environ 336:380390
[11] Has-Schön E, Bogut I, Kralik G, Bogut S,
+RUYDWLü-ýDþLü,  +HDY\PHWDOFRQFHQ
tration in fish tissues inhabiting waters of
³%XãNR %ODWR´ UHVHUYRDU %RVQLD DQG +HU]H
govina). Environ Monit Assess 144:15-22
[12] Wang, W.X, Rainbow, P.S. (2008) Comparative
approaches to understand metal bioaccumulation in aquatic animals. Comp Biochem Physiol
C Toxicol Pharmacol 148:315-323
[13] Onsanit, S, Ke, C, Wang, X, Wang, K.J, Wang,
W.X. (2010) Trace elements in two marine fish
cultured in fish cages in Fujian province, China.
Environ Pollut 158:1334-1342
[14] Dhanakumar, S, Solaraj, G, Mohanraj, R. (2015)
Heavy metal partitioning in sediments and bioaccumulation in commercial fish species of
three major reservoirs of river Cauvery delta region, India. Ecotoxicol Environ Saf 113:145151

were below the tolerance limit levels (Pb: 0.5 mg/kg;
Cd: 0.1 mg/kg; As: 0.1 mg/kg; Hg: 0.5 mg/kg) assigned by the Ministry of Health of China. The concentrations of Pb in some individuals, however, were
above the tolerance limit level. The mean concentration of Pb in M. macropterus was also above the EuURSHDQ &RPPLVVLRQ¶V PD[LPXP SHUPLVVLEOH OHYHO
(0.3 mg/kg) [28]. It indicates that the fish from this
study area could be not safe for human consumption.
The results of present study provide baseline data for
metal accumulations in fish species from the Chishui
River, and also indicate that strict protection and
long-term monitoring of metal pollution are essential
in this area.

CONCLUSIONS
The results from the present study indicated
that the muscle was not an active tissue for metal bioaccumulation. Differences in metal concentrations
between M. macropterus and C. carpio from the
Chishui River might be a result of different bottom
types, metabolic activities, and geographic distribution of life stages. There were no identical relationships between metal concentrations and fish length.
Potential human health risk may be present due to
high Pb concentration in some individuals exceeding
the tolerance limit level assigned by the Ministry of
Health of China and EC. The present study provided
baseline data for metal accumulations in fish species
from the Chishui River. Strict protection and longterm monitoring of metal pollution in this area are
needed.
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176,718 tons [1]. Apricot is produced mainly in the
SURYLQFH RI 0DODW\D DQG SDUWLDOO\ LQ (OD]ÕJ,
Erzincan, Sivas, Kars and Igdir provinces with
Aegean, Mediterranean, Central Anatolia and
Marmara Regions in Turkey. Total fresh apricot
production of Turkey is reached 7.6 million tons and
yield per tree is reached to 54 kg in 2012 [2]. The
apricot of Malatya is a product having geographical
mark. 90% of the total apricot production in Malatya
province of Turkey is being allocated for drying.
Dried apricot production plays an important role in
the export of agricultural products. The amount of
dried apricot oriented to export is decreased as
9.62% from 99.04 million tons to 89.75 million tons
during 2001-2010 period. Export value of dried
apricot is increased from $ 89.14 million to $ 347.58
million with an increase of 290% in the same period.
Turkey exports dried apricots to 90 countries. It is
known that it directs more than 50% of its export to
USA, Russian Federation and some EU countries
(Germany, England and France). The increase of
demand in the world for organic products in recent
years is caused the increase of production and export
of organic products in Turkey as starting from 1985.
Organic apricot production is increased from 1.12
million tons to 1.17 million tons with an increase of
4% in between the years of 1998-2008. The export
value of organic dried apricot is increased by 23.70%
from $ 3.15 million to $ 3.90 million. The production
of organic dried apricot is rapidly increased in the
recent ten years within Malatya province due to its
high price and market guarantee. The total number
of organic apricot farmers is reached to 371 farmers
in 12 districts including the central district of
Malatya in 2010 [3]. In recent years, some studies
have been made on economics of apricot production
in Turkey. [4,5,6,7,8,9,10,11,12,13,14,15,16,17,18].
But, there is still need for study, especially in local
level. The aim of this study is to comparative analyse
economic aspects of organic and conventional dried
apricot production in Malatya Province of Turkey.

ABSTRACT
The aim of this study is to comparative analyse
economic aspects of the production of organic and
conventional dried apricot in Malatya Province of
Turkey. Data was collected at farmer level by the
production year of 2009-2010 have been obtained as
the result of interviews made with 38 organic apricot
farmers and with 40 conventional apricot farmers
selected from the districts of Akcadag, Darende and
Hekimhan in Malatya Province where apricot
production is carried out intensively. The fresh and
dried organic apricot yield per hectar were
determined as 5,969.90 kg and 1,680.90 kg in this
research. The fresh and dried apricot yield per hectar
were 4,688.60 kg and 1,586.40 kg in the
conventional farms. Gross production value per
KHFWDULVIRXQGDV¼LQWKHIDUPVSURGXFLQJ
organic dried apricot and this value is found as
¼LQWKHIDUPVSURGXFLQJFRQYHQWLRQDOGULHG
apricot. While variable costs per hectar in the
RUJDQLF DSULFRW IDUPV LV IRXQG DV ¼ ,W Ls
IRXQG DV ¼ LQ WKH IDUPV SURGXFLQJ
conventional dried apricot. Fixed costs per hectar in
the organic and conventional apricot farms are found
DV ¼ DQG ¼ UHVSHFWLYHO\ *URVV
PDUJLQSHUKHFWDULVGHWHUPLQHGDV¼LQWKH
farms producing organic apricot and it is determined
DV ¼ LQ WKH IDUPV RI FRQYHQWLRQDO DSULFRW
production. Net profit per hectar in the organic and
FRQYHQWLRQDO DSULFRW IDUPV DUH IRXQG DV ¼06.04
and ¼UHVSHFWLYHO\

KEYWORDS:
Apricot, Organic farming, Profitability analysis,
Economic analysis, Market analysis, Sustainable
agriculture.

INTRODUCTION
Turkey is the most important dried apricot
producer in the world. Dried apricot production is
one of major part of agricultural economy in Turkey.
Dried apricot production in the world is
239,018 tons and Turkey provides 73.93% of it by

MATERIALS AND METHODS
In this research, the data was collected through
face-to-face interviews with selected farmers from

4555

© by PSP

Volume 26 ± No. 7/2017 pages 4555-4560

Fresenius Environmental Bulletin

interest rate of 4% (annual savings deposits interest
UDWHVRQWKH¼ %XWWKHLQWHUHVWRQWKHWRWDOYDULDEOH
costs was calculated for six months and the interest
rate was 2%, since the apricot production and market
period were approximately six months. In this study,
fixed costs included administrative costs, annual
depreciation costs, rent equivalent of land, interest of
variable costs. In this study, administrative costs
were estimated to be 3% of the total variable costs
[20, 21]. Fixed costs plus variable costs equal the
total production costs. The total costs were
subtracted from the total gross production value to
calculate the net profit.
First Kolmogorov-Smirnov test and normal
distribution test is performed with the continuous
data obtained from the research area [22]. According
to the result of this test, technical and economical
variables had been separated as variables showing
and non-normal distribution. One-Way Anova test is
applied for variables showing normal distribution
and Mann Whitney-U test is applied for the ones not
showing normal distribution. One-way Anova test
(one-way variance analysis) intends to test whether
two or more groups is taken from normal distributed
populations with similar average by using common
variance. Mann Whitney-U test is being used to test
the equality of two averages. It is known and
implemented more extensively compared to other
tests as it is the most powerful one among the nonparametric tests [23].

the districts of Central, Akcadag, Darende and
Hekimhan at the Malatya province in the production
year of 2009-2010. These farmers were willing for
their data to be recorded. Data and observations were
recorded throughout the production period.
Moreover, the results of researches previously made
in the region regarding the subject. Data obtained
from directorates of provinces and counties reports
and statistics published by TurkStat. Turkish
Ministry of Food, Agriculture and Livestock and
relevant web sites had been used as secondary data
sources. According to Malatya farmer registration
system 2009, it is determined that 88,457 parcels of
apricot exists in Malatya. In the previous studies, the
number of conventional farmers is determined as
22,114 as the average number of parcels of the farms
is 4. It is also determined that the number of organic
apricot farmers in Malatya was 371 in 2009 [3].
Thus, it is started from the number of organic and
conventional farmers in the selection of samples.
Proportional sample volume formula is used in the
determination of the number of conventional farmers
with whom it will be met and it is based on 90%
probability and 12% error margin [19].

In formula:
n = sample size.
N = population.
p = proportion of record keeping apricot farmers (1p):0.50
= Variance of proportion

RESULT AND DISCUSSION
Socio-economic characteristics of farmers. It is
found that average farmer age at farms producing
organic apricot is 51.37, education level of the
farmer is 8.37 years, the experience period in
agricultural activity was 29.61 years, the experience
period of only apricot cultivation is 27.24 years and
it is determined that these farms were performing
organic apricot production since 8.34 years. Average
farmer age is found as 51.56, educational level as
7.22 years and agricultural experience period as
30.38 years in the farms of conventional production.
Average land of organic and conventional farms
were determined as 4.06 and 3.62 hectar (Table 1).

In this calculation, the number of farmers
performing conventional apricot production within
the districts of Central, Akcadag, Darende and
Dogansehir of with whom it will be met have been
calculated as 40 within the 90% confidence interval.
Moreover, it is planned to make reserve
questionnaire at a rate of 10%. In the determination
of the number of organic farmers with whom it will
be met. Sample size is determined considering 90%
confidence interval and 12% error margin. Sample
size is found as 38. At the end, the total number of
farmers whom will be interwieved have been
determined as 78.
In this study, the cost items of organic and
conventional apricot production was classified into
variable costs and fixed costs. The variable costs
associated with the growing of organic and
conventional apricots were all inputs that directly
related to the production of organic and
conventional, and which covered the costs of labor,
fertilizer, pesticide, electricity, fuel oil, etc. Variable
costs were calculated by using current input prices
and labor costs. Variable costs also included the
interest on varaible costs. Interest on the total
variable costs was calculated by charging a simple

Organic
and
conventional
apricot
production. Mainly Hacihaliloglu variety and
Hacihaliloglu and Kabaasi varities are being
preferred at farms performing organic and
conventional apricot production. Yield of apricot is
at low levels within Malatya province due to the frost
damage in March of 2010. At the investigated farms,
average organic apricot area is 4.06 hectars and
conventional apricot area is 3.62 hectars. When the
number of apricot trees per hectar are calculated, the
same findings were obtained in the organic and
conventional farms and it is determined that about
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TABLE 1
Farmer's age, education and agricultural experience
Characteristics of farmers
Farm Groups
Age (year)
Education level (year)
Agricultural experience (year)
Apricot production experience (year)
Organic apricot production experience (year)
Land (ha)

Organic Farms
(38 farms)
51.37
8.37
29.61
27.24
8.34
4.06

Conventional Farms
(40 farms)
51.56
7.22
32.26
30.38
3.62

TABLE 2
Average variable costs of farms ¼
Variable Costs
Fertilizer costs
Pesticide costs
Fuel oil costs
Labour costs
Irrigation costs
Electricity costs
Total variable costs
Total variable costs (per hectar)

Organic Farms
(38 farms)
1,712.42
1,026.93
2,040.82
2,397.27
258.55
1,842.40
9,278.39
2,285.32

Conventional Farms
(40 farms)
1,371.42
592.48
2,038.27
1,563.67
258.35
738.78
6,562.97
1,812.97

One Way Anova test made according to cultivation
type. Significant difference is not found in respect of
variable costs per hectar (p>0.05).
Average fixed costs per hectar are given in
Table 3. While fixed costs per hectar is 996.77
¼KHFWDU DW FRQYHQWLRQDO DSULFRW IDUPV DQG WKH
average value of fixed costs per hectar at organic
apricot farms arH FDOFXODWHG DV  ¼KD It is
been determined that there is no statistically
significant difference in respect of total fixed costs
and fixed costs per hectar as the result of One Way
Anova test made according to apricot cultivation
types. But statistically significant results are
obtained as the result of One Way Anova test made
according to apricot area (p<0.05).

nine trees exists per hectar. While fresh apricot yield
per tree is found as 63.85 kg at organic farms and
this amount is found as 51.52 kg atconventional
farms in this study. Organic apricot production per
tree is found as 60.00 kg in another study in Turkey
[5]. While dried apricot yield per tree is found as
17.98 kg at organic farms and it is found as 17.43 kg
at conventional farms. While one kg dried apricot is
being obtained from three kilograms of conventional
fresh apricot. More fresh apricot is being required in
order to obtain one kg organic dried apricot. While
fresh apricot yield per hectar is found as 5,969.90 kg
at organic farms, It is found as 4,688.60 kg at
conventional farms. While dried apricot yield per
hectar is found as 1,680.90 kg at organic farms, it is
found as 1,586.40 kg at conventional farms.

Gross production value. Gross production
value consists of the monetary value of apricot
SURGXFWLRQ REWDLQHG DV WKH UHVXOW RI RQH \HDU¶V
productive activity in the farms. Apricot pit also had
monetary value as by product of apricot production.
Thus the pit value is added to gross production value
of apricot production. While total gross production
value at farms producing organic dried apricot is
FDOFXODWHGWREH¼*URVVSURGXFWLRQYDOXH
SHU KHFWDU LV FDOFXODWHG DV ¼  7RWDO JURVV
SURGXFWLRQYDOXHLVIRXQGWREH¼DQGJURVV
SURGXFWLRQ SHU KHFWDU LV IRXQG WR EH ¼  LQ
conventional dried apricot farms (Table 4).
According to One Way Anova test made according
to apricot cultivation type. The difference in between
the farms performing organic and conventional.

Production costs. Production costs covers
variable costs and fixed costs. Variable costs at the
investigated farms are given in Table 2. Variable
costs per hectar is founG DV ¼ DW IDUPV
producing organic dried apricot and it is found as
¼ DW IDUPV SURGXFLQJ FRQYHQWLRQDO GULHG
apricot. Labour pesticide and fertilizer among
variable cost factors occupy a significant place in
both of the farm groups except organic certification
cost. Organic certification cost is paid by the firms
and exporter. The higher variable costs of organic
apricot farms are caused mainly by the usage of
excessive labor [10]. Statistically significant
differences have been determined in respect of
pesticide, labour and water costs. (p<0.05). In the
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TABLE 3
Average fixed costs of farms ¼
OrganicFarms
(38 farms)
Administrative costs (3%)
2,783.52
Annual depreciation costs (*)
7,877.86
Rent equivalent of land (5%)
28,281.93
Interest of variable costs (2%)
1,855.68
Total fixed costs
40,798.99
Total fixed costs (per hectar)
1,005.89
(*) The economic life of plantations was estimated as 30 years.
Fixed Costs

Conventional Farms
(40 farms)
1,968.89
7,595.21
25,216.28
1,312.59
36,092.97
996.77

TABLE 4
Gross production value of farms
Items
Sold fresh apricots (kg)
)UHVKDSULFRWSULFH ¼NJ
Dried apricot production (kg)
'ULHGDSULFRWSULFH ¼NJ
Pit (kg)
3LWSULFH ¼NJ
Total gross SURGXFWLRQYDOXH ¼
Gross production value (per hectar)

Organic Farms
(38 farms)
6,656.67
0.64
6,817.74
3.12
2,124.07
0.59
26,784.82
6,597.25

Conventional Farms
(40 farms)
5,066.10
0.62
5,744.64
2.60
1,272.22
0.58
18,814.93
5,197.49

margin per hectar is higher. The difference in
apricot production in respect of gross production
between farms performing organic and conventional
value per hectar had been found statistically
apricot production in respect of gross margin and net
significant
profit per hectar is found to be statistically
Gross margin and net profit. Net profit and
significant according to the result of One-Way
gross margin are being used in measuring the success
Anova test (p<0.05).
of farms during farms analysis. Gross margin is
obtained by deducting the total variable costs from
the total gross production value of investigated
farms. Net profit is calculated by deducting the total
CONCLUSION
costs from the total gross production value. Gross
production value, variable costs, gross margin and
This research has been successful in
net profit of farms has shown in Table 5. While gross
determining profitable of organic and conventional
margin per hectar at farms producing organic dried
dried apricot production. In apricot production,
DSULFRW KDG EHHQ IRXQG WR EH  ¼KD ,W KDG
success depends on how well the farmer can manage
EHHQ IRXQG DV  ¼KD DW IDUPV SURGXFLQJ
the crop and make the right decisions. Usage of
conventional dried apricot. Net profit per hectar at
chemical fertilizer and pesticide is intense in the
farms producing organic dried apricot had been
production of conventional cultivated dried apricot.
IRXQG WR EH  ¼KD ,W KDG EHHQ IRXQG DV
On the contrary, pesticide usage is lower and
¼KDDWIDUPVSURGXFLQJFRQYHQWLRQDOGULHG
fertilizer usage is higher at farms producing organic
apricot. Due to provision of premium to organic
products at organic farms, it can be said that gross
TABLE 5
Net profit and gross margin per hectare of farms ¼
Items
Gross production value (1)
Variable costs (2)
Variable + fixed costs (3)
Gross margin (4=1-2)
Net profit (5=1-3)

Organic Farms
(38 farms)
6,597.25
2,285.32
3,291.21
4,311.93
3,306.04
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Conventional Farms
(40 farms)
5,197.49
1,812.97
2,809.74
3,384.52
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convantional apricot orchard in Malatya
Province Journal of Ege Universty Faculty of
Agriculture. 50(2), 191-198.
[19] Newbold, P. (1995) Statistics for Business and
Economics. Prentice-Hall International. New
Jersey. 867p.
[20] Engindeniz, S., Cukur. F. and Engindeniz, Y.
(2003) Alternative opportunities for small
farms: a case study on technical and economic
analysis of peach growing in Turkey, Journal of
Agricultural & Food Information, 5(4), 47-58.
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dried apricot. Thus, it is specified by the farmers that
improvement is observed in the nature and
environment since the start of organic cultivation. As
the result of the research made, it had been
determined that the organic dried apricot is more
profitable than the conventional dried apricot due to
price superiority despite the lower level of yield per
tree.
Some suggestions for improving organic and
conventional production in the region should be
presented. For example; farmers should be informed
about Integrated Pest Management. Contract
farming systems should be developed. Irrigation
cooperatives should be improved. Producers should
be informed about crop insurance. Sales
cooperatives should be established. Credit limits
should be increased and credit interest should be
decreased. As a conclusion; organic dried apricot
growing is an profitable activity in Turkey compare
to conventional dried apricot growing. But farmers
should gather all the economic data about organic
dried apricot growing and market conditions before
planting apricot. Although, cost and return estimates
are believed to be typical and realistic, individual
farmers should adjust these values to their own
specific situations and circumstances.
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erating electricity, is one of the most optimal approaches which was introduced for first time by Potter in 1911[2]. MFC is a combination of microbiology, electrochemistry and other compatible sciences
such as nanotechnology that lead to transformation
of chemical energy to electrical energy. In this system anaerobic microorganisms, by attaching to the
electrode surface, create a complex structure that
called biofilm. In biofilm structure, microorganisms
are creating electrons by oxidizing organic matter.
The produced electrons move among respiratory enzymes and participate in energy generation as ATP
form. Then, after passing among the electrolyte in
the cell, the electrons are transferred to electron acceptor (anode) and subsequently to electron acceptor
in cathode. In addition, the produced positive ions
in anode are conducted towards cathode by passing
through the membrane (electrolyte); in the presence
of catalyst, react with the oxygen and electron that
reach the cathode section from the external circuit
and are turned into water molecules (figure1) [3,4,5].
Different and complex parameters such as the type
of cathode and anode, the rate of transfer electron,
microbial biofilm anode, the rate of transfer electron
from the anode to the cathode, the substrate used for
biofilm formation, ohmic resistance of the electrolyte and the other factor chemical can be involved in
MFC performance[6]. However, one of these parameters that have a direct connection with the level and
speed of electron transfer from microorganism to anode and the transfer of electron in circuit, and in
other words have a significant role in MFC performance is electrode surface area because it creates
limitation in the number of microorganisms that can
reach to anode. Electrode surface area is one of the
factors on which a few studies have been conducted.
Recently some researchers have tried to increase the
performance of MFC to some extent by increasing
coating electrodes with Nps [7]. The unique characteristics of Nps such as the increased surface to volume ratio are found in them that act in order to increasing the performance of MFC. In this study, biosynthesized silver NPs were used for modifying electrode to increase MFC performance.

ABSTRACT
Recently, renewable energy with the ability to
replace traditional energy such as fossil fuels, has attracted the attention of many researchers. In this
study, the amount of the produced electricity in the
presence of modified graphite electrode with biological synthesized silver nano particles was evaluated.
In the first stage microbial fuel cell (MFC) system
was designed; subsequently, synthesized silver NPs
through biological method and their properties were
investigated using UV-vis spectroscopy, Fourier
transform infrared spectroscopy (FTIR) and particle
size analysis (PSA). Scanning electron microscope
(SEM) was used for exploring the modified electrodes with silver NPs and valid modification status.
Eventually, the modified graphite electrode with
used NPs and the amount of produced electricity in
the presence of electrodes were evaluated. Our results showed that the modified graphite electrode
with NPs has high potential for electricity generation
that was more than bare graphite electrode. Indeed,
the generated maximum power and current density
for bare graphite electrode were 82 mW/m-3 and
1100 mA/m-3 respectively but the generated maximum power and current density for modified electrode with silver NPs were 160 mW/m-3 and 1400
mA/m-3 respectively.

KEYWORDS:
Nano-biological Modification, Microbial Fuel Cell, silver
NPs

INTRODUCTION
Recently, due to the reduction of fossil fuel resources and the destructive effects of global warming, the use of biomasses as a safe, sustainable and
optimal resource has been considered. In this regard,
various studies have been conducted and different
methods have been introduced [1]. MFC, considering the catabolic ability of microorganisms for gen-
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FIGURE 1
Microbial fuel cell system

yeast was supplied by Centre for Scientific and Industrial Research of Iran. Saccharomyces cerevisiae
was grown in an anaerobic condition. In MFC, the
medium that added to anodic chamber of MFC was
contained NH4Cl (130 mg Lí1), NaH2PO4.H2O
(7400 mg Lí1), MnSO4 (50 mg Lí1 ) MgSO4 (20 mg
Lí1) glucose (500 mg Lí1) and yeast extract (10 mg
Lí1). For the cathodic chamber, all the mentioned
constituents except yeast extract and glucose were
used [10].

MATERIALS AND METHODS
Materials. All chemicals that were used in this
study such as NH4Cl, NaH2PO4.H2O, MnSO4,
Mgso4 and culture medium (used for growing of
yeast) were obtain from Merck company, Germany.
In all experiments, a graphite (10cm x 10cm) was
used which was purchased from Arvin Danesh Arian
Company, Iran.
Designing microbial fuel cell. For designating
MFC, two cylindrical chambers that were connected
by a polyethylene tube were used. For separating the
content of cylindrical chambers, a proton exchange
membrane (PEM) Nafion 117cs (Sigma, USA) was
used. PEM pretreatment started with boiling the film
in 3% H2O2 for 1h, washing with deionized water,
0.5 M H2SO4, and washing with deionized water respectively. Total volume of each chamber was 2 liter
and the useful volume was 1.5 liter. The used graphite electrode was modified with biosynthesized silver
Nps. In the anode chamber a small pump for circulation of substrate was used. Before performing the
test, washing steps with 30% H2O2, 0.5M H2SO4, and
deionized water were done exactly [8,9]. Table 1
shows the properties of PEM.

Synthesis of silver NPs. In order to perform
synthesizing procedure, the clinical isolates of Candida albicans were cultured on Saborad Dextrose
agar medium (Merck .co). 3.5 mM silver nitrate was
used in order to detect and isolate yeast resistant
against silver nitrate. After 24 h incubation at 37 ° C,
plates that were contained of grown colonies of Candida albicans were isolated for next usage. In order
to obtain cell mass, colonies grown were cultured in
Meyer flask containing 250 ml of Saborad Dextrose
broth medium (Merck .co) and also were maintained
in Shaking incubator at 200 rpm for 24 h at 37 ° C.
After this time, the cells were separated using centrifugation in 6000 rpm and then washed 3 times with
phosphate buffer saline medium pH 7.4. Then, 5 g of
wet weight yeast was removed and transferred to
sterile flask containing 100 ml of 1.5 mM silver nitrate. This flask was kept in dark conditions in shaking incubator at 37 ° C. After a long time (2h); along
with observed color change, biomass was maintained
in shaking incubator for 48 h in order to find separated cell. In the next step, the separated cell biomass
was centrifuged in 6000 rpm due to achieve the optimized condition for synthesizing of silver Nps. The
yeast biomass that had ability to produce silver Nps

TABLE 1
Properties of proton exchange membrane
 Description
 Average grain size
 Width
 Proton conductivity

 Unit
 cm2
 μm
 mS/cm

 Nafion 117cs
 100
 183
 83

Preparation of microorganism and medium.
In this study Saccharomyces cerevisiae PTCC 5269
was used for electricity generation in MFC. This
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solution. As shown in figure 2, after adding silver nitrate salt to the yeast cell biomass, the color of the
reaction mixture was changed from white to reddishbrown after 2 h. This change in color verifies the
ability of Candida albicans in biosynthesizing of
Nps.

was isolated via centrifugation in 6000 rpm and was
divided into three parts for the purpose of FTIR investigation, PSA analysis and UV-vis spectroscopy
[11].
Characterization of silver NPs. UV-Vis spectroscopy. Ultraviolet±visible spectroscopy was used
to explore the absorption spectrum of the biosynthesized Nps. For this purpose, 50 μl of obtained solution and 50 μl of distilled water were added and analyzed with this technique at the wave length of 300800nm [11].
FTIR investigation. FTIR spectroscopy is one
of preferred spectrophotometric methods. FTIR was
used due to approve accurate identification and also
more exploring about features of synthesized NPs.

FIGURE 2
The resulted change in color after biosynthesizing of Nps

PSA investigation. Determining the exact size
and distribution of silver Nps was also performed
through PSA. In order to do this experiment, 1 ml of
resulted admixed solution (the interaction of silver
nitrate and cells biomass with 10 ml of distillated water) was analyzed by PSA.[12]

Study of UV-visible spectroscopy. Figure 3
Shows the UV- visible spectrum of synthesized silver Nps by yeast; an absorption peak found in range
of 800-300 nm that was related to silver Nps and indicates shifts and surface plasmon at 420 nm. Previous researches showed that the peak absorption of
silver Nps was in the range of 450-400 nm [11].

Modifying graphite electrode. In this study
two graphite electrode types were used. Bare graphite electrode was provided through desired carbon
powder and modified graphite electrode was prepared based on mixing a 3: 1 ratio of carbon powder
and biosynthesized siver Nps (C) respectively. [13]
Measurements of voltage and current. Data
analysis. The current produced in this study was calculated and recorded according to equation 1 and
system power was calculated based on equation 2.
Through dividing the values of power density and
current density by the surface of electrode, the values
of these two factors were calculated and recorded.
The data obtained in this stage were used for plotting
the polarization curve and also for the diagram of
voltage change in each loading cycle. Voltage (V)
changing with the external resistance in the MFC
was recorded by a data acquisition system connected
WRDFRPSXWHUHYHU\PLQ)XUWKHUPRUHȍ
ȍȍȍDQGȍ resistances were
used for indicating the relation between power density and resistance in modified electrode state and
basic electro state. [14]

FIGURE 3
UV- visible spectrum of the synthesized silver
Nps by candida albicans
FTIR Absorpion spectrum. Figure 4 show
colloid FTIR spectrum of biosynethsized silver Nps
in the 500-4000 CM-1 range. The created peaks,
especially the peaks 1 and 2 were created in the
2500-4000 CM-1 range that indicate the existence of
proteins around the synthesized particles; on the
other hand, the mentioned created peaks indicate the
preservation of the second protein stucture after
interaction with silver NPs. Therefore, it can be find
that the fungal proteins are reducing agents for silver
nitrate solution and responsible for the synthesis of
silver NPs; the recommedned mechanism for
biological synthesis of silver Nps is also related to
these proteins. This mechanism suggests that

I=V/R (1)
P=V×I. (2)
RESULT AND DISCUSSION
The characteristics of the synthesized NPs.
According to the macroscopic observations, the
change of color in produced biosynthesis process in
the Nps indicated the existence of Nps in the reaction
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enzymes of a type of nitrogen reducing proteins
(nitroreductases) act as reducing agents.

FIGURE 4
Fourier transform infrared spectroscopy of
silver Nps
Determination the exact size and distribution of silver Nps via particle size analysis. Figure
5 shows the synthesized silver Nps that have average
size of about 10 - 70 nm and most produced particles
have a size 20 nm. This distribution of synthesized
silver Nps in the nanometer range captured certain
special physical and chemical properties that have
many applications in various fields such as biology
and medicine.
FIGURE 6
SEM images of graphite electrode; a) Before
modification with biosynthesized silver Nps and
b) after modification with biosynthesized silver
Nps.
Figure 7 shows the energy-dispersive X-ray
spectroscopy (EDX) spectrum of the modified electrode with biosynthesized silver NPs. This figure is
also considered as verification for the existence of
biosynthesized silver NPs and purity of them on the
surface of graphite electrode.

FIGURE 5
Particle size analysis of silver Nps
Figure 6 shows the SEM images of the used
electrode in two conditions: before (a) and after (b)
modification with biosynthesized silver Nps. Figure
6b indicates that the used electrode in this study is
completely covered with biosynthesized silver NPs
with special spherical morphology and average size
of 10 to 70 nm. Considering the unique properties of
mentioned NPs including the increased surface to
volume ratio, it can be concluded that the electrode
coated with biosynthesized NPs create very higher
surface on the electrode for attachment, contacting
and transmission of electrons.

Current and power density. The data analyzing in this study indicated that voltage for bare
graphite electrode is recorded as 710 mV while for
the modified graphite electrode with silver Nps it
was recorded as 950 mV (figure 8). The current and
power profiles for graphite electrode and modified
graphite electrode by biological silver NPs are
shown in figure 9. As shown in this figure the power
and current density were decreased. This decrease
may be due to membrane resistance, the distance between the anode and cathode or applied type of electrolyte used in the experiments. Our results showed
that maximum power and current density generated
for bare graphite electrode were 82 mW/m-3 and
1100 mA/m-3 respectively while the maximum generated power and current density for the modified
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electrode by biological silver NPs were 160 mW/m3
and 1400 mA/m-3 respectively. Here, the obtained
maximum power density and the level of voltage
changes using polarization curve are considered to
assessment the performance of MFC.
Efficiency of a MFC is depends on several factors such as type of electrode, the rate of electron
transfer from microbial biofilm (cathod) to anode,
the rate of electron transfer from anode to cathod,
substrate used for biofilm formation, ohmic resistance of the electrolyte and other chemical factors
[3]. Many studies have been conducted to improve
the performance microbial fuel cell using metal materials [15]. Nanoparticles are useful materials that
can have ameliorative impact on performance of a
MFC [16]. Overall, the increasing


FIGURE 9
Polarization and power density in designed
MFC
surface area to volume ratio that occurs gradually
with the reduction of particles size results in the
domination of behavior of atoms on the particle size
on the behavior of the internal atoms. This phenomenon impacts the particle properties as isolated form
and in interaction of materials. High surface area is a
key factor in the performance of catalysts and structures of electrodes. The efficiency of chemical catalysts and electrodes can be effectively improved using this property [17].
This study has tried to improve the MFC performance by modification of electrode with biosynthesized silver Nps for the first time. These results
showed the increase of efficiency of MFC with the
electrode modified with silver Nps. In a study, reported output power of MFC was increased from
0.65 mW/m-2 to 788 mW/m-2 in the yeast Saccharomyces and modified electrodes with Mn4+ [18]. In
contrast to mentioned study, our results showed that
output power of MFC in the presence of Saccharomyces and modified electrode with biosynthesed silver NPs increased from 82 to 160 mW/m-3. Our result showed that the electrode modified with silver
Nps increases output power 2.7 times higher than
bare graphite electrode. In a study, after modification
graphite electrode with Mn4+, the output power of
MFC was increased from 0.02 mW/m-2 to 10.2
mW/m-2. Our result showed that when graphite electrode is coated and modified by biological silver
Nps, its output power is increased from 82 to 160
mW/m-3. [20]. Alatraktchi et al used gold NPs with
an average size of 50 to 100 nm for the assessment
of MFC performance. By using modified electrode
with these NPs, they concluded that the performance
of MFC was significantly increased. Also, in our
study the performance of MFC was significantly increased but this matter should be considered that the
used nanoparticles in our study were synthesized via
a biological method and their size was between 20 70 nm [20]. In another study, Wen et al explored the
MFC performance in the presence of TiO2 NPs [21].
The results of their research indicated that voltage,
power density and current density were increased
during using of the modified electrode with these

FIGURE 7
EDX spectrum. a: Basic electrode: b: Modified
electrode with biosynthesized silver NPs

FIGURE 8
Voltage changes in designed MFC
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Kehen, Y. Shenglian, L. Zhen, H. Chen, J.
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fuel cell. Bio resource Technology.100, 58085812.
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Nps. Also, in the presented study, the using of modified electrodes with biosynthesized silver Nps led to
increasing the power density, current density and
voltage. However, the Nps in the present study were
synthesized using a biological method that can be
considered as an important advantage.

CONCLUSION
Technology of biological fuel cells is one of the
newest methods for electricity generation from microbial biomass. Designing of fuel cell system is
considered as one of the most important and hot approaches due to achieving to related advanced technology using microbial fuel cell systems. In this
study we used of microbiology, nanotechnology and
electrochemistry to obtain new microbial form of
electricity. Along with increasing of generated
power and current density in the presence of modified graphite electrode against bare graphite electrode, it can be concluded that silver Nps provide
more surface for electron transfer from anode to
cathode pole.
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TWO DIFFERENT MOLECULAR MARKERS (SSR AND
IPBS) ASSESSMENT ON CORIANDRUM SATIVUM L. WITH
CAPILLARY ELECTROPHORESIS
Furan M Alp*, Merve Dilek Gebologlu
Yuzuncu Yil University, Faculty of Agriculture, Department of Plant Biotechnology, Van, Turkey

the Near East [6, 7, 8]. The exception, of commercial production areas, coriander mostly is to be
found in gardens rather than in large fields. It is
difficult to assess its genetic resources because of
the less information about coriander available on
the occurrence of the wild species [9]. Using microsatellites have been proven as valuable markers
for various applications in numerous gene identification, genetic mapping and genetic variability
studies [10]. The long terminal repeat (LTR) retrotransposons are suitable to use as molecular
markers [11, 12]. Inter primer binding site is an
ideal marker system as a PCR-based method for
³RUSKDQ FURSV´ DQG RWKHU VSHFLHV LQ LWVHOI SURSHU
and for the rapid isolation of retrotransposon termini and full-length elements [11, 13]. There exist
various local names for coriander (Table 1). These
diverse names bear witness to the role that this
plant has played since ancient times [14, 15]. This
research aimed to DNA analysis using SSR and
IPBS technique together to determine the genetic
divergence of most known twelve genotypes.

ABSTRACT
Coriandrum sativum L. is the spices plant that
using as medicinal plant including essential oil,
belonging to the family Umbelliferae/Apiaceae. Its
various chemical components in different parts are
useful as antibacterial, antifungal and antioxidative.
Therefore, plays an important role in preserving the
shelf life of foods by preventing their spoilage.
Leaves and seeds of coriander mostly used in folk
medicine and its essential oil used for pharmaceutical products and as an ingredient in perfumes cause
of non-toxic to humans. Coriander has not much
defined as molecularly. It has not gone far enough
investigated in that way yet. Breeding studies will
probably result in more or less genetically identical
varieties of coriander. The acceptability of the genotypes is determined by the amount of genetic variability in the germplasm. In this study, genetic variation between most known twelve coriander genotypes was investigated using two types of molecular
markers; Sixteen iPBS primers and Eight SSR primers selected for polymorphism across the twelve
coriander genotypes. The maximum PIC for a dominant marker is 0.49 for f = 0.5 and co-dominant
marker is 0.43 for each primer; the PIC value was
the mean of calculated PIC of all loci.

MATERIALS AND METHODS
Plant materials. Plant materials of this study
consist of Six Turkish certified coriander varieties
and 1 mixed population collected from Turkey,
three genotypes from France, 1 India and 1 from
Albania were used for iPBS and SSR analysis (Table 1).

KEYWORDS:
Coriander, Genetic diversity, SSR, øPBS-retrotransposon

INTRODUCTION

DNA extraction. Fresh leaves samples of all
twelve genotypes collected from germinated in petri
dishes and stored in 2ml eppendorf tubes and kept
at -80 C for a night to grind to samples. It was used
in the polypropylene sample pestle for each tube to
a fine powder. Fine powdered leaf samples were
used only for isolation of genomic DNA using
CTAB (hexadecyl trimethyl ammonium bromide)
method [16]. The genomic DNA was extracted
from approximately 2 gr of leaf tissue of each variety of coriander. The extraction procedure was the
CTAB as reported by Doyle [16]. DNA was quantified using NanoDrop 2000 versions (Thermo Scientific) by measuring A260/A280.

The aromatic plants and spices have been used
in many different areas like food preservation,
pharmaceuticals, folk medicine and natural therapies, all over the world [1]. The most important
constituents are the essential oil and the fatty oil [2,
3]. Coriander fruits are still used in medicine and it
is still placed in the list of German and Austrian
official pharmaceutical plant drugs [4, 5]. Also,
coriander used as fresh green herbs because of its
flavor distinct from ripe fruits. It is used on a large
scale as green herb in India, China, Thailand, Malaysia, Indonesia, and the American Midwest and in
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(w/v) of agrose gel containing 6-ȝO ethidium bromide, at 110 volts for 3 hours and screened using
Vilber Lourmart Quantum ST4 system.

TABLE 1
Coriander genotypes used in this study
Genotype
Pelmus
Gurbuz
Erba
Arslan
Kerkuk
Kudret-K
France-1
France-2
France-3
Antakya
Albania
India

Origin
Turkish certified
Turkish certified
Turkish certified
Turkish certified
Turkish certified
Turkish certified
Gondiam
Vilmorin
Vilmorin
Turkish mixed population
Koriander fura
Dubai

Data scoring and analysis. DNA bands were
screened by Quantum ST4 software and two or
three times checked with eye exam; just clear bands
were taken into account and pale bands were ignored. Bands that having the same size were assumed to offer a single locus. For the presence of a
EDQG DV ORFXV GDWD ZHUH FDOFXODWHG µ¶ DQG µ¶ IRU
the absence of the band. Binary data were entered
the computer as an excel sheet using for further
analysis both NTSYS-pc version 2.2 and SPSS statistics to occur with distance matrices and construction of dendrogram. Phylogenetic dendrogram was
constructed on a Dice genetic similarity coefficient
[19, 20]. Using the Unweighted Pair Group Method
of Arithmetic means (UPGMA) and the binary data
were imported into SPSS statistical software to
build a similarity matrix. Genetic distance built on
the Jaccard coefficient [21] was calculated by making hierarchical clustering employing agglomerative, proximity matrix. The goodness of fit of the
clustering compared with the basic data matrix was
checked.

SSR PCR amplification. Eight SSR primers
were used that previously published from Gatersleben wheat microsatellite and Beltsvile agricultural
research center and listed in table 3. The polymerase chain reaction was performed as described by
Roder [17].The PCR program initially started at 95
°C for 3 min, 35 cycles of denaturation at 94 °C for
30 s, annealing at 45±50 °C for 30 s and extension
at 72 °C for 2 minutes, afterwards 72 °C final extension for 5 minutes before the program was terminated by holding at 4 °C [18].The amplified
products were analyzed by electrophoresis in capillary system and results were screened by Qiaxcell
Screengel 1.4 software.

RESULTS

øPBS PCR amplification. Sixteen primers
were selected from 80 øPBS primer pairs after
screening because of their band profiles (Table 2).
DNA amplification were performed in Applied
Biosystem 96 well Thermal Cycler and it was carULHG RXW  ȝO UHDFWLRQ PL[ture containing 25 ng
'1$ȝ0RISULPHU for 12±13 nt primers and 0.6
ȝ0RISULPHUIRU18±19 nt, primers, 0.2 mM dNTPs
and 1 unit Taq DNA polymerase according to [11].
The PCR products were electrophoresis on 1.7%

øPBS marker system. Sixteen primers selected for polymorphism across the twelve coriander
genotypes (2077, 2079, 2085, 2095, 2232, 2239,
2242, 2249, 2295, 2298, 2375, 2377, 2378, 2394,
2395, 2415) from initially screened 80 øPBS primers for PCR amplifications. The number of polymorphic bands and number of bands, percentage of
polymorphism and mean PIC value from these 16
iPBS primers are presented in Table 2.

TABLE 2
Sixteen iPBS primers to detection of polymorphism among 12 Coriander (Coriandrum sativum L.)
genotypes.
IPBS
primers
2077
2079
2085
2095
2232
2239
2242
2249
2295
2298
2375
2377
2378
2394
2395
2415

¶ ¶
Sequence (5 ±3 )
CTCACGATGCCA
AGGTGGGCGCCCA
ATGCCGATACCA
GCTCGGATACCA
ACTTGGATGCTGATACCA
ACCTAGGCTCGGATGCCA
GCCCCATGGTGGGCGCCA
AACCGACCTCTGATACCA
AGAACGGCTCTGATACCA
AGAAGAGCTCTGATACCA
TCGCATCAACCA
ACGAAGGGACCA
GGTCCTCATCCA
GAGCCT AGGCCA
TCCCCAGCGGAGTCGCCA
CATCGTAGGTGGGCGCCA

Ta(0C)
46.1
56.6
43.8
44.8
56.6
60.4
69.2
54.7
55.0
51.6
45.1
47.2
44.2
48.5
66.0
62.5

Number of
bands a
8
2
10
6
6
10
4
12
2
6
7
8
2
2
2
4

Number of polymorphic
bands
6
2
8
6
6
8
4
10
2
6
5
8
2
2
2
4

a

Total accounted bands appearing in two or three times repeated experiments
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Percentage of polymorphism
(%)
75
100
80
100
100
80
100
83.3
100
100
71
100
100
100
100
100

Mean PIC
value
0.4444
0.2778
0.4911
0.3457
0.4861
0.4911
0.3750
0.4550
0.2778
0.1975
0.2133
0.4922
0.3750
0.2778
0.2778
0.2778
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FIGURE 1
Dendrogram of 12 coriander genotypes generated with data from sixteen iPBS primers
TABLE 3
Eight SSR primers to detection of polymorphism among 12 Coriander (Coriandrum sativum L.) genotypes.

a

SSR primer

Forward primer

Reverse primer

XBAC 137
XBARC186
XBARC187
XBARC263
XGWM113
XGWM156
XGWM257
XGWM630

AGAGGACGCTGAGAACTTTAGAGAA
GGAGTGTCGAGATGATGTGGAAAC
GTGGTATTTCAGGTGGAGTTGTTTTA
GGAAGCGCGTCAGCACTAGGCAAC
ATTCGAGGTTAGGAGGAAGAGG
CCAACCGTGCTATTAGTCATT
AGAGTGCATGGTGGGACG
GTGCCTGTGCCATCGTC

GCGATCTTTGTAATGCATGGTGAAC
CGCAGACGTCAGCAGCTCGAGAGG
CGGAGGAGCAGTAAGGAAGG
GGCTTCTAGGTGCTGCGGCTTTTGTC
GAGGGTCGGCCTATAAGACC
CAATGCAGGCCCTCCTAAC
CCAAGACGATGCTGAAGTCA
CGAAAGTAACAGCGCAGTGA

Ta
(°C)
53
68
63
70
55
60
60
60

a

Allelle
s
17
17
14
13
10
17
16
22

Mean
PIC value
0.4029
0.3328
0.3157
0.2946
0.4266
0.3153
0.4132
0.2778

Number of bands from two or three times repeated experiments.

Figure 1 indicates that 12 genotypes distributed themselves into four major groups and the fourth
group had subgroups contained 9 other coriander
genotypes. Antakya variety in the first group clearly
kept separate from the other genotypes. Similarly,
the Arslan variety in the group 2 and the France
genotype in the group 3 were completely taken
placed differently. Gurbuz and Pelmus varieties had
found the most similar varieties with 80% similarity
ratios. These results also showed that iPBS markers
could make desirable distinguishing power in determining genetic diversity and relationships.

Polymorphic Information Content (PIC) for
dominant markers was determined as: PIC = 1-[f2+
(1-f) 2], meantime for the co-dominant markers as:
PIC = 1 - ȈSL3,&YDOXHLVFDOFXODWHGDVZKHUH³I´
is the frequency of the marker in the data set. The
maximum PIC for a dominant marker is 0.49 for f =
0.5 [22] and co-dominant marker is 0.43. For each
primer, the PIC value was the mean of calculated
PIC of all loci. We used sixteen primers amplified a
total of 338 countable bands with 58% mean ratio
of polymorphism indicating the rank of genetic
variability. Knowledge of these sixteen primers,
with the inclusion of mean polymorphism information content (PIC) values and band polymorphism is presented in Table 2. Primer 2249 produced the highest number of bands (12) and whereas obtained the highest PIC value (0.4922) from
primer 2377. Primer 2298 has the lowest (0.1975).
These results indicated that these 16 iPBS markers
used during this study displayed an extensive range
of genomic DNA diversity in coriander genotypes.
Binary matrices of the DNA results produced by the
16 IPBS primers used for twelve coriander genotypes were imported into the NTSYS-pc v2.2 software package and SPSS statistics [23] to take place
with distance matrices and construction of dendrogram. The UPGMA dendrogram has set out in Fig.
1.

SSR marker system. Six Turkish varieties, 1
mixed population collected from Turkey, 3 genotypes from France, 1 India and 1 from Albania genotype to be totally 12 coriander genotypes, were
used for SSR analysis. Eight primers were amplified to screen the 12 corianders for determining the
genetic similarities and their alleles and mean PIC
values are presented in Table 3. Significant molecular variability was detected among all genotypes.
The unique banding patterns from these genotypes suggest that SSR markers could provide an
opportunity to determine genetic similarities among
coriander genotypes. 8 SSR primers amplified 126
alleles, with frequencies of 13±22 per locus and an
average 15.7. Primer Xgwm630 produced the larg-
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types. While Turkish coriander varieties were mostly placed in the same group, Antakya and Pelmus
varieties were placed in the second group being
separate from the other Turkish varieties. According to observation from different phylogenetic tree
øPBS and SSR) indicated that some of Turkish
genotypes clearly separated from each other. Antakya and Arslan varieties showed that more resembles in both two dendrograms. Gurbuz and
Kerkuk varieties had found the most similar varieties with 34% similarity ratios. Also this presented
study revealed that specific SSR markers could
develop to determine genetic relationships with
Coriandrum sativum L. species in future. All binary
data were also used to generate combine dendrogram to see the variations between two different
dendrogram (Figure 3).

est number of bands (22) whereas Xgwm113 primer produced the smallest number of bands (10).
PICs varied from 0.2778 to 0.4266 with an average
of 0.3474 each locus. These results showed us that
microsatellite markers could be helpful in the assessment of genetic relationship between coriander
genotypes. The dendrogram was generated from
binary data screening eight SSR primers for twelve
coriander genotypes were imported into the
NTSYS-pc v2.2 [24]software package and SPSS
statistics to identify genetic relationships between
them. The UPGMA dendrogram has set forth in
Fig. 2.
Figure 2 indicates that 12 genotypes distributed themselves into two major groups that completely separated each other and these groups consisted
of some subgroups. First group containing 4 coriander varieties, second group had 8 coriander geno-

FIGURE 2
Dendrogram of 12 coriander genotypes generated with data from eight SSR primers

FIGURE 3
Dendrogram of 12 coriander genotypes generated with combined all binary data from both primers.
Figure 3 showed that 12 genotypes distributed
themselves into three major groups. Antakya varie-
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chance to compare two distinct marker molecular
analyses on coriander for the first time.

ty has been placed completely different from other
genotypes and Pelmus variety has located in the
same way with France2 genotype as in the second
dendrogram (Fig.2). On the other hand, Arslan variety has located close to Antakya variety as in the
first dendrogram (Fig.1). Still of Turkish varieties
Gurbuz and Kerkuk have been placed together as in
the second dendrogram that generated from SSR
markers data. Also other two Turkish varieties Erba
and Kudret-K were close to each other. All the
Turkish coriander varieties were in groups close to
each other. Built on the observation from two different dendrogram and their combined phylogenetic
tree indicated that Turkish coriander genotypes are
mostly similar genotypes except some differences.
To be genetically, the most divergent variety has
been observed the Antakya genotype and Arslan
varieties showed most resembles with it in both two
dendrograms.

CONCLUSION
The results obtained from this research indicate that the marker-assisted characterization can be
applied to develop the coriander breeding programs. IW¶s obvious that genetic observations on
coriander is limited, and applying molecular methods can offers opportunities to improve desirable
selection of proper coriander genotypes and it may
help to make appropriate choices for market demands in the future.
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DISCUSSION
This research is vital to show the importance
of investigation genetically relationships of the coriander plant. There are limited number of study has
been carried out for genetic relationships of the
coriander plant at the DNA level. Using molecular
markers is highly effective for estimation of genetic
diversity and genetic relationships in plant breeding. In this study two different molecular markers
were used to identifications of genetic similarities
of some coriander varieties. ø3%6 markers as a new
universal method developed for DNA fingerprinting by [11] that is based on location of specific inter
primer-binding sites (iPBS) of the LTR retrotransposons that they are found in all major eukaryotic
divisions and comprise major fragments of the genomes of plants [25] and also simple sequence repeat (SSR) markers tested on coriander (Coriandrum sativum L) that are valuable because of their
higher level of transferability to related species, and
they can be used as leading markers for comparative mapping and evolutionary studies [26]. Preferred marker method should access a very large
number of polymorphisms that are distributed within the genome. At the same time preferred markers
should be as cheap as effectively as possible to use,
and the analytical method should be easy to perform [27]. Most of researches on coriander varieties
KDYH EHHQ EDVHG RQ PRUSKRORJLFDO WUDLWV DQG LW¶V
also known that many of those traits are influenced
by environmentally effects. In this study has been
presented an approach to investigate the genetic
variability in selected coriander genotypes including Six Turkish certified coriander varieties and 1
mixed population collected from Turkey, three
genotypes from France, 1 India and 1 from Albania
using two different molecular markers by SSR and
IPBS marker methods. The study also gave a
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6KDDQ[L3URYLQFLDO/DQG(QJLQHHULQJ&RQVWUXFWLRQ*URXS&R/WG;L DQFLW\6KDDQ[L3URYLQFH&KLQD
,QVWLWXWHRI/DQG(QJLQHHULQJDQG7HFKQRORJ\6KDDQ[L3URYLQFLDO/DQG(QJLQHHULQJ&RQVWUXFWLRQ*URXS&R/WG.H\/DERUDWRU\RI
'HJUDGHGDQG8QXVHG/DQG&RQVROLGDWLRQ(QJLQHHULQJWKH0LQLVWU\RI/DQGDQG5HVRXUFHV6KDDQ[L3URYLQFLDO/DQG&RQVROLGDWLRQ
(QJLQHHULQJ7HFKQRORJ\5HVHDUFK&HQWHU&KLQD

VDQG\ODQGZKHUHODUJHDPRXQWRIGHSRVLWLRQDOOD\
HUV RI VDQG DUH SURGXFHG E\ WUDQVSRUWLQJ VDQG DQG
VHGLPHQW LQ WKH<HOORZ 5LYHU >@$V DQ LPSRUWDQW
SDUWRIWKHULYHUFRXUVHWKH<HOORZ5LYHUEHDFKSOD\V
D NH\ UROH RQ UHGXFLQJ IORRG SHDNV DQG GHSRVLWLQJ
VHGLPHQWV >@ 7KH LQFUHDVHG JOREDO SRSXODWLRQ
JURZWKDQGLQFUHDVHGGHPDQGIRUIRRGVXJJHVWWKDW
ODUJHU DUHDV RI IORRGSODLQ ODQG ZLOO QHHG WR EH
FURSSHGLQWKHIXWXUH,WLVXQDYRLGDEOHLPSHUDWLYHWR
XVHWKHULYHUEHDFKODQGIRUDJULFXOWXUHDQGRWKHUSXU
SRVH>@+RZHYHUWKHHIIHFWLYHXWLOL]DWLRQRIIORRG
SODLQODQGDQGUHDVRQDEOHODQGGHYHORSPHQWIRUDJ
ULFXOWXUHLVDSUREOHPVLQFHWKHIORRGSODLQLVDEDUUHQ
ODQGUHVRXUFH>@
2YHUWKHSDVWFHQWXU\VLWHVSHFLILFUHPHGLDWLRQ
SUDFWLFHV RU FRQWURO PHDVXUHV IRU UHPHGLDWLRQ RI
IORRGSODLQODQGKDYHEHHQGHYHORSHGOne practice is
to use the floodplain for forest land [6]. Utilization
of floodplain for tourism was also reported [7]. The
utilization of floodplain for farmland is perhaps one
of the most economic and practical approach in <HO
ORZ5LYHUEHDFKZKLFKFRXOGEHGXHWRWKHDEXQGDQW
ZDWHUUHVRXUFH >@7KH XQGHUJURXQG ZDWHUOHYHOLV
KLJK PDLQO\ FRQWUROOHG E\ WKH<HOORZ 5LYHU ZDWHU
OHYHODQGWKHQHHGRIFURSLUULJDWLRQFRXOGEHPHWE\
JURXQGZDWHUH[WUDFWLRQ>@7KHUHIRUHWKHULFHFRXOG
EHSODQWHGLQWKLVDUHD+RZHYHULWVDSSOLFDWLRQZDV
OLPLWHGRZLQJWRODUJHDPRXQWRIGHSRVLWLRQDOOD\HUV
RIVDQGLQWKLVDUHD$QGWKHZDWHUUHWHQWLRQRIVDQG
LVSRRU>@WKXVLVQRWFRQGXFLYHWRWKHULFHVXUYLYDO
7KHUHIRUHLWLVRIJUHDWVLJQLILFDQFHWRLPSURYHVDQG
ZDWHU UHWHQWLRQ DQG ZDWHU FRQVHUYDWLRQ IRU ULFH
JURZWKLQWKH<HOORZ5LYHU%HDFK
)O\ DVK )$  JHQHUDWHG E\ WKH WKHUPDO SRZHU
VWDWLRQLVFRPSDWLEOHZLWKVRLOLQFKHPLFDOFRPSRVL
WLRQ DQG SDUWLFOH GLDPHWHU >@ )$ FRXOG LPSURYH
VRLO VWUXFWXUH VRLO EXON GHQVLW\ DQG LQFUHDVH ZDWHU
UHWHQWLRQ >@ ,W ZDV UHSRUWHG WKDW )$ ZDV WR LP
SURYHZDWHUUHWHQWLRQWRUHPHGLDWHVRLOVIRUVHYHUDO
FURSV JURZWK LQFOXGLQJ ULFH FDEEDJH EDUOH\ DQG
FRUQ>@7KHUHIRUH)$FRXOGEHXVHGLQWKLVH[SHU
LPHQWWRLPSURYHWKHZDWHUUHWHQWLRQRIVDQGLQ<HO
ORZ 5LYHU %HDFK %XW KHDY\ PHWDOV HVSHFLDOO\ &G
DQG3EDUHDEXQGDQWLQ)$ZKLFKPD\FDXVHWKHVRLO

ABSTRACT
)LHOG H[SHULPHQW ZDV FRQGXFWHG LQ <HOORZ
5LYHU%HDFKDQG VRLOFROXPQH[SHULPHQW ZDVFRQ
GXFWHGLQODEWRHYDOXDWHWKHRSWLPDOVRLOFRQILJXUD
WLRQVXLWHGIRUULFHJURZWK<HOORZ5LYHU%HDFKVRLOV
ZHUH IRUPHG IURP VDQG\SDUHQW PDWHULDO ZLWKKLJK
DLUILOOHGSRURVLW\DQGSRRUZDWHUUHWHQWLRQRIWKHVRLO
DQG FDQQRW VXSSRUW WKH ULFH JURZWK7KHUHIRUH WKH
DUWLILFLDO VRLO FRQILJXUDWLRQ ZDV FRPSRVHG RI WKH
SORZSDQDQGWKHSORXJKOD\HU7KHSORXJKOD\HUZDV
IRUPHGE\WKHFRYHULQJORHVVDQGWKHSORZSDQZDV
FRQVWLWXWHGE\WKHPL[WXUHRIVDQGDQG)$ IO\DVK 
ZKLFKFRXOGEHEHFDXVHWKDW)$FRXOGDPHQGVRLOE\
LPSURYLQJWKHVRLOZDWHUUHWHQWLRQ,QWKHILHOGH[SHU
LPHQWWKHLQIOXHQFHRIWKLFNQHVVRIWKHSORXJKOD\HU
RQWKHULFH\LHOGDQGTXDOLW\ZDVH[SORUHG,QWKHODE
H[SHULPHQWWKHLQIOXHQFHRIWKHFRQVWLWXWLRQ LHUD
WLR RI )$ WR VDQG DQG FRPSDFWQHVV GHJUHH  RI WKH
SORZSDQRQWKHK\GUDXOLFFKDUDFWHULVWLFRIWKHVRLO
ZDV VWXGLHG %DVHG RQ RXU UHVXOW WKH RSWLPDO VRLO
FRQILJXUDWLRQLQWKH\HOORZULYHUEHDFKDSSURSULDWHG
IRUULFH JURZWKFRXOGEH WKHFRQVWLWXWHGE\WKH 
FP WKLFNQHVV RI FRYHULQJ ORHVV DQG SORZ SDQ ZLWK
 UDWLR RI )$ WR VDQG DQG JFP EXON GHQVLW\
FRQVLGHULQJWKHHQJLQHHULQJFRVW In view of serious
problem of arable land resources in China, the study
of the optimal soil configuration of rice paddy soil in
the Yellow River Beach was necessary, FRQVLGHULQJ
VXFKUHPHGLDWLRQ PHWKRGFRXOGEH DSSOLHGLQODUJH
DUHDWRLPSURYH WKH VRLOSURGXFWLYLW\ LQWKH<HOORZ
5LYHU%HDFK
.(<:25'6
<HOORZ 5LYHU %HDFK )O\ DVK ORHVV 3ORZ SDQ 3ORXJK
OD\HU+\GUDXOLFFKDUDFWHULVWLF

INTRODUCTION
7KH <HOORZ 5LYHU WKH PRVW VHGLPHQWODGHQ
ULYHULQWKH ZRUOGFDUULHVDERXWāELOOLRQWRQVRI
VHGLPHQW\HDUO\>@<HOORZ5LYHU%HDFKLVDUHDVRI
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FRQGXFWLYLW\ PHWHU ''6$  2UJDQLF PDWWHU
20 FRQWHQWRIVDPSOHVZDVGHWHUPLQHGE\SRWDV
VLXPGLFKURPDWHLQDFLGPHGLXP>@7RWDOQLWURJHQ
71 FRQWHQWZDVHVWLPDWHGE\WKH.MHOGDKOPHWKRG
>@$YDLODEOHSKRVSKRUXVFRQWHQWV $3 ZDVGHWHU
PLQHGZLWKVSHFWURSKRWRPHWHU>@$YDLODEOHSRWDV
VLXP FRQWHQWV $.  ZDV GHWHUPLQHG E\ )ODPH
$WRPLF $EVRUSWLRQ 6SHFWURPHWU\ >@ $YDLODEOH
%RURQ FRQWHQWV $%  ZDV GHWHUPLQHG ZLWK D]RPH
WKLQHKFRORULPHWULFPHWKRG>@7KHWRWDOFRQFHQ
WUDWLRQVRI&G&X3E=Q&UDQG$VLQWKHVRLODQG
EURZQ ULFH ZHUH GHWHUPLQHG E\ GLJHVWLQJ WKH VDP
SOHVZLWK+12 (3$PHWKRG LQDPLFURZDYH
RYHQ 0$56;&(0 DQGDQDO\]LQJWKHPZLWKLQ
GXFWLYHO\ FRXSOHG SODVPD±RSWLFDO HPLVVLRQ VSHF
WURPHWU\ ,&306$QJLOHQWH 

SROOXWLRQ >@ /RWV RI GRFXPHQWV KDYH EHHQ UH
SRUWHG WKDW H[FHVVLYH XVH RI )$ WR UHPHGLDWH VRLO
FRXOGOHDGWRKLJKFRQWHQWRIKHDY\PHWDOLQSODQWV
DQGHYHQDIIHFWWKHSODQWJURZWK>@&RQVHTXHQWO\
WKHDPRXQWRI)$XVHGLQWKLVH[SHULPHQWVKRXOGEH
H[SORUHG
6RLOLVWKHPDWUL[DQGQXWULHQWSURYLGHUIRUSODQW
JURZWK\HWVDQGFDQQRWSURYLGHDIDYRUDEOHVLWXDWLRQ
IRUULFHJURZWKIRUODFNLQJWKHQXWULHQWDQGHOHPHQW
>@,WLVJHQHUDOO\DFFHSWHGWKDWFHUWDLQVRLOWKLFN
QHVVRIUHFODPDWLRQRUDUWLILFLDOODQGLVUHTXLUHGXVHG
DVIDUPODQG>@6LQFHWKHORHVVLVDYDLODEOHDURXQG
WKH<HOORZ5LYHU%HDFKWKHORHVVZDVVHOHFWHGDVWKH
FRYHULQJVRLOLQWKLVH[SHULPHQW%XWWKHUHLVQRWXQL
ILHG VWDQGDUG RQ WKH WKLFNQHVV RI FRYHULQJ ORHVV
&RQVLGHULQJWKHIDFWWKDWWKHWKLFNQHVVORHVVXVHGWR
FRYHURQWKHVDQGDERYHFRXOGDIIHFWWKHHQJLQHHULQJ
TXDQWLW\ DQG H[SHQVH LQSXW WKLFNQHVV RI DUWLILFLDO
SORXJKOD\HUZDVH[SORUHGLQWKLVH[SHULPHQW
,QWKLV VWXG\)$DQGVDQGIURP<HOORZ5LYHU
%HDFKZHUHPL[HGDQGFRPSDFWHGLQDFHUWDLQEXON
GHQVLW\DVSORZSDQDQGWKHORHVVZDVFRYHUHGDERYH
RQ WKH SORZ SDQ WR VXSSRUW WKH QXWULHQW IRU FURS
JURZWK7KHUDWLRRI)$WRVDQGDQGWKHFRPSDFWLRQ
GHJUHHRIWKHSORZSDQZDVH[SORUHGE\WKHVRLOFRUH
H[SHULPHQW XVLQJ FRQVWDQWKHDG SHUPHDPHWHU
PHWKRGWRPHDVXUHVDWXUDWHGK\GUDXOLFFRQGXFWLYLW\
.V YDOXH>@6RLO.VLVDQLPSRUWDQWVRLOSK\VLFDO
SURSHUW\HVSHFLDOO\IRUGHWHUPLQLQJLQILOWUDWLRQUDWH
ZKLFKLVDQLPSRUWDQWSDUDPHWHUIRUULFHSDGG\VRLO
>@,QWKHSUHVHQWLQWHUPVRIULFHSDGG\VRLOWKH
UHVHDUFKRQVRLO.VKDVEHHQUHSRUWHG>@&RQVH
TXHQWO\WKHRSWLPDOUDWLRRI)$WRVDQGDQGLWVGHJUHH
RIFRPSDFWQHVVFRXOGEHREWDLQHGDFFRUGLQJWKHVRLO
.VZKLFKLVVXLWDEOHIRUULFHJURZWK0HDQZKLOHWKH
LQIOXHQFH RI ORHVV WKLFNQHVV RQ WKH ULFH \LHOG DQG
TXDOLW\ZDVH[SORUHGE\WKHILHOGH[SHULPHQW,QWKLV
ZD\ WKH RSWLPDO VRLO FRQILJXUDWLRQ LQ WKH <HOORZ
5LYHU%HDFKZDVH[SORUHGLQWKLVH[SHULPHQWIRUULFH
JURZWK
7KH UHPHGLDWLRQ PHWKRG WR LPSURYH WKH VRLO
SURGXFWLYLW\LQYLHZRI<HOORZ5LYHU%HDFKFRXOGEH
VXPPDUL]HGWKURXJKWKLVH[SHULPHQW$OVRWKHODQG
LQWKH<HOORZ5LYHU%HDFKFRXOGEHXVHGHIIHFWLYHO\
LQRUGHUWRDFKLHYHWKHDLPIRUSURWHFWLQJHFRORJLFDO
HQYLURQPHQWDQGFXOWLYDWHGODQGDUHDRQWKHFRQGL
WLRQWKDWWKLVPHWKRGFRXOGEHDSSOLHGDQGSURPRWHG
LQDODUJHVFDOH

)LHOG H[SHULPHQW )LHOG H[SHULPHQWV ZHUH
FRQGXFWHG LQ <HOORZ 5LYHU %HDFK +DQFKHQJ FLW\
ƍƎ1 ƍ(  1RUWKZHVW &KLQD 7KH
DUHDLVFKDUDFWHUL]HGE\WKHFRQWLQHQWDOPRQVRRQFOL
PDWH ZLWK D ORQJWHUP DYHUDJH DQQXDO WHPSHUDWXUH
RI & DQG WKH DQQXDO PHDQ SUHFLSLWDWLRQ RI
 PP RYHU  RI ZKLFK IDOOV EHWZHHQ -XQH
DQG6HSWHPEHU7KHDYHUDJHDQQXDOVXQVKLQHLV
K DQG WKH DQQXDO WRWDO UDGLDWLRQ LV 
NFDOFP7KH DQQXDO DFFXPXODWHG WHPSHUDWXUH WKH
VXP RI WHPSHUDWXUH WKDW H[FHHGV Υ  LV DERXW
ΥZKLFK H[FHHGV WKH EDVH OLQH Υ  IRU
FXOWLYDWLQJULFHLQQRUWK&KLQD6RLOV RIWKHH[SHUL
PHQWVLWHVZHUHVDQG\ORDPWH[WXUH
FPGHSWKRISORWZDVGXJDWWKH<HOORZ5LYHU
%HDFKDQGGLIIHUHQWWKLFNQHVVRIORHVV 
FP ZDVFRYHUHGRQGLIIHUHQWSORW7KHDUHDRIHDFK
SORW LV P 7KHQ  GD\ROG ULFH VHHGOLQJV RI
+XDQJMLQJTLQJZHUHSODQWHGFPPDQXUHDQG
NJ FRPSRXQG IHUWLOL]HU WKH UDWLR RI 1 3 . ZDV
 ZDVDGGHGLQHDFKSORWDVDEDVDOIHUWLOL]HU
$GGLWLRQRIQLWURJHQRXVIHUWLOL]HUZDVDGGHGDWSDQ
LFOHLQLWLDWLRQVWDJH NJ KHDGLQJVWDJH NJ DQG
ILOOLQJVWDJH NJ $QGULFHSODQWVZHUHJURZQIRU
GD\V -XQHWR2FWREHU 
6RLOVZHUHVDPSOHGDWWKHHQG WKHGD\RIULFH
KDUYHVW  RI WKH JURZLQJ SHULRG 6RLO ZDV VDPSOHG
IURPWKHSORZOD\HU FP RIDSDGG\ILHOGDQG
GULHG 7KHQ WKH VRLO S+ (& 20 71 DYDLODEOH
SKRVSKRUXVDYDLODEOHSRWDVVLXPDQGDYDLODEOHERURQ
YDOXHZHUHPHDVXUHG
$W KDUYHVW SODQWV LQ P ZHUH UDQGRPO\ KDU
YHVWHGLQWKHFHQWHURIWKHSORW,QGHWDLOVULFHSODQWV
ZHUHFXWFPDERYHWKHVRLOVXUIDFHDQGVHSDUDWHG
LQWRULFHJUDLQVDQGVWHPV3ODQWVDPSOHVZHUHULQVHG
WKRURXJKO\ZLWKGHLRQL]HGZDWHUGULHGDW&DQG
ZHLJKHG7KHDERYHJURXQGELRPDVVZDVFDOFXODWHG
E\VXPPLQJWKHGU\ZHLJKWVRIULFHJUDLQVDQGVWHPV
7KHQJUDLQ\LHOGLQPDFWXDOrice yield DQGXQILOOHG
JUDLQ UDWHV ZHUH FDOFXODWHG 5LFH JUDLQV ZHUH GH
KXOOHGPDQXDOO\DQGWKHREWDLQHGEURZQULFH VDP
SOHVZHUHJURXQGLQDFHUDPLFPRUWDUDQGVLHYHGWR
OHVVWKDQȝP$QGWKHFRQWHQWVRI&U&X=Q$V

MATERIAL AND METHOD
0DWHULDOV DQG FKHPLFDO DQDO\VLV /RHVV DQG
VDQG ZHUH FROOHFWHG IURP<HOORZ 5LYHU %HDFK )O\
DVKZDVSXUFKDVHGIURPSRZHUSODQW7KHVRLOVDP
SOHV ZLWK )$  ZHUH DLUGULHG JURXQG DQG VLHYHG
WKURXJKDȝPPHVKEHIRUHXVH
7KH VRLO S+ ZDV PHDVXUHG ZLWK D GLJLWDO S+
PHWHU S+6& 7KHHOHFWULFDOFRQGXFWLYLW\ (& RI
VRLO VDPSOHV ȝ6FP  ZDV GHWHUPLQHG E\ D GLJLWDO
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RESULTS AND DISCUSSION
)O\ DVK DQG VRLO EDFNJURXQG 7KH FRPSRVL
WLRQRIORHVV 7DEOHDQG7DEOH LVDVIROORZVVDQG
 VLOW  FOD\  DQG S+  ,WV
DPRXQWVRIHOHPHQWVDUH PJNJ 3E=Q
&X&U$VDQG&G7KHFRPSR
VLWLRQRIVDQGLVDVIROORZVVDQGVLOW
DQGS+,WVDPRXQWVRIHOHPHQWVDUH PJNJ 3E
 =Q &X &U  $V  DQG &G
7KH FRPSRVLWLRQ RI )$ LV DV IROORZV VDQG
 VLOW  FOD\  DQG S+ ,WV
DPRXQWVRIHOHPHQWVDUH PJNJ 3E=Q
&X&U$VDQG&G$FFRUGLQJ
WR WKH HQYLURQPHQW TXDOLW\ VWDQGDUG IRU VRLOV *%
 WKH)$FRQWDLQHGH[FHVVLYHOHYHORI&G
/RHVVDQG)$WH[WXUHZHUHVLOW\ORDPDQGVDQGWH[
WXUHZDVVDQG\VRLO6RLODQG)$ZHUHZHDNO\DOND
OLQH   )O\ DVK¶V (&  XVFP  ZHUH
PXFK KLJKHUWKDQ WKDWRI ORHVV XVFP DQG
VDQG XVFP 6RLORUJDQLFFRQWHQWVDQGVRLO
1.3IHUWLOLW\YDULHGDORWLQWKUHHVDPSOHV$QGWKH
RUJDQLFFRQWHQWDQGIHUWLOLW\RI)$ZHUHPXFKKLJKHU
WKDQWKDWRIORHVVDQGVDQG

+\GUDXOLFFRQGXFWLYLW\ODERUDWRU\7KHSORZ
SDQZDVSUHSDUHGE\PL[LQJ)$DQGVDQGDWGLIIHUHQW
UDWLR       WKRURXJKO\ DQG FRP
SDFWHGWRGLIIHUHQWEXONGHQVLW\ JFP

7KHQLWV.VZDVPHDVXUHGE\XVLQJWKHVWDLQOHVV
VWHHO ULQJV XQGHU FRQVWDQWKHDG >@$FFRUGLQJ WR
WKHUHVXOWRIWKH.VRISORZSDQWKHVRLOFRUHH[SHU
LPHQWZDVFRQGXFWHGWRVLPXODWHWKHVRLOFRQILJXUD
WLRQ LQ WKH<HOORZ 5LYHU %HDFK FRQVROLGDWLRQ 7KH
VRLOFROXPQZDVSUHSDUHGE\WKHFPGHSWKSORZ
SDQ )$DQGVDQGZHUHPL[HGDWGLIIHUHQWUDWLRDQG
ZHUHFRPSDFWHGWRGLIIHUHQWEXONGHQVLW\ DWWKHERW
WRPDQGORHVV GHSWKZDVGHFLGHGE\WKHILHOGH[SHU
LPHQW LQWKHDERYH7KHVRLOFROXPQH[SHULPHQWDS
SDUDWXVFRQVLVWVRIVWDQGSLSHZLWKVXLWDEOHGLDPHWHU
39&WXEVRLOVDPSOHFRUH7KHWXEZDVFPKLJK
DQGWKHSUHSDUHGVRLOFROXPQZDVSODFHGLQDQHPSW\
39& WXE ZKLFK KDV D FRDUVH PHVK 7KH WXEH ZDV
WKHQFRQQHFWHGWRDFRQVWDQWKHDGVWDQGSLSHZKLFK
KDVSUHYLRXVO\EHHQILOOHGZLWKZDWHU7KHQWKHFRO
XPQVZHUHVDWXUDWHGVORZO\RYHUDGD\SHULRGDQG
WKH.VRIVRLOFRUHLQGLIIHUHQWWUHDWPHQWZHUHPHDV
XUHG

7$%/(
&KHPLFDOSURSHUWLHVRIPDWHULDOVXVHGLQWKLVH[SHULPHQW
0DWHULDO
S+
(& XVFP
7H[WXUH
20 
71 
$. PJNJ
$3 PJNJ
/RHVV


VLOW\ORDP




VDQG


VDQG\VRLO




)$


VLOW\ORDP




)$)O\DVK(&(OHFWULFDOFRQGXFWLYLW\202UJDQLF0DWWHUFRQWHQWV71WRWDOQLWURJHQFRQWHQWV$3$YDLODEOH
SKRVSKRUXVFRQWHQWV$.$YDLODEOHSRWDVVLXPFRQWHQWV$%$YDLODEOHERURQFRQWHQWV
7$%/(
%DFNJURXQGPHWDOFRQWHQWVRIPDWHULDOVXVHGLQWKLVH[SHULPHQW
0DWHULDO
/RHVV
VDQG
)$

&U PJNJ




&X PJNJ




=Q PJNJ




$V PJNJ




&G PJNJ




3E PJNJ




7$%/(
&KHPLFDOSURSHUWLHVRIULFHVRLOLQGLIIHUHQWFRYHULQJWKLFNQHVVWUHDWPHQWV
(&
20
$3
$.
$%
71 
XVFP

PJNJ
PJNJ
PJNJ
FP
D
D


DE
D

FP
D
D


D
DE

D
E
E
FP





E

FP
E
E


DE
D

)$)O\DVK(&(OHFWULFDOFRQGXFWLYLW\2&2UJDQLFFDUERQ1WRWDOQLWURJHQ$3$YDLODEOHSKRVSKRUXV$.
$YDLODEOHSRWDVVLXP$%$YDLODEOHERURQ
6LJQLILFDQWGLIIHUHQFHVEHWZHHQWUHDWPHQWVDW3OHYHOLQGLFDWHGE\GLIIHUHQWOHWWHUV
7UHDWPHQWV

S+
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DERYHJURXQGJUDLQ\LHOGDQGULFH\LHOGAlso the XQ
ILOOHGJUDLQUDWHVGHFUHDVHGVLJQLILFDQWO\ZLWKWKHOR
HVVWKLFNQHVV,WFRXOGEHFRQFOXGHGWKDWORHVVWKLFN
QHVVFDXVHGPDMRULPSURYHPHQWVLQULFHJURZWKULFH
\LHOGDQGULFHTXDOLW\6LPLODUO\LWZDVUHSRUWHGWKDW
WKH HOHYDWHG SORXJK OD\HU WKLFNQHVV FRXOG LPSURYH
VSULQJPDL]H\LHOGZLWKLQUDQJHRIFP>@+RZ
HYHU FRQVLGHULQJ WKH IDFW WKDW HQJLQHHULQJ FRVW
ZRXOGVLJQLILFDQWO\LQFUHDVHZLWKWKHHOHYDWHGWKLFN
QHVVRIWKHSORXJKOD\HUDQGWKHSORXJKOD\HUWKLFN
QHVV VKRXOG EH PRUH WKDQ FP WR HQVXUH WKH URRW
QRUPDO JURZWK >@ WKH FP DQG FP FRYHULQJ
WKLFNQHVVZRXOGEHVHOHFWHGWRSODQWULFHSODQWVLQWKH
SUDFWLFH 0HDQZKLOH WKH KHDY\ PHWDO OHYHOV UH
PDLQHGDOPRVWWKHVDPHLQIRXUWUHDWPHQWV 7DEOH 
ZKLFKFRXOGEHDWWULEXWHWKDWWKHUHLVQRVLJQLILFDQW
GLIIHUHQFHRIWKHKHDY\PHWDOFRQWHQWVDPRQJGLIIHU
HQWWUHDWPHQWLPSOLFDWLQJQRLQFUHDVHRISROOXWLRQE\
ORHVV

)LHOG H[SHULPHQW 7KH VRLO S+ HOHFWULF FRQ
GXFWLYLW\ (&  20 71 DYDLODEOH SKRVSKRUXV
DYDLODEOHSRWDVVLXPDQGDYDLODEOHERURQFRQWHQWRI
SORZ OD\HU VRLO DW GLIIHUHQW WUHDWPHQWV LHFP
GHSWKFPGHSWKFPGHSWK DQG FPGHSWK OR
HVV  ZDV VKRZQ LQ7DEOH $OWKRXJK WKH VDQG DQG
ORHVVZDVZHDNO\DONDOLQHEXWWKHVRLOLQIRXUWUHDW
PHQWZHUHQHDUQHXWUDO  ZKLFKVLJQLILHG
WKDWWKHVHFUHWLRQVIURPULFHURRWPD\DOWHUWKHVRLO
SURSHUWLHVLQVRPHH[WHQW7KH(&YDULHGDORWLQIRXU
WUHDWPHQWV   EXW WKHLU DOO PHHW WKH
VRLOHQYLURQPHQWDOTXDOLW\VWDQGDUGIRUDJULFXOWXUDO
ODQG (& YDOXH XVFP ,W ZDV IRXQG IURP D
WZRZD\DQDO\VLVRIYDULDQFH $129$DVVKRZQLQ
7DEOH WKDWWKHDYDLODEOHSKRVSKRUXVDQGSRWDVVLXP
RI WKH VRLO VDPSOHV FROOHFWHG DW WKH GLIIHUHQW WUHDW
PHQW ZHUH GLIIHUHQW +RZHYHU WKHUH ZDV QR
VLJQL¿FDQW GLIIHUHQFH DW WKH GLIIHUHQW WUHDWPHQW LQ
WHUPVRI2071DQGDYDLODEOHERURQ$FFRUGLQJWR
WKHQDWLRQFODVVLILFDWLRQFULWHULRQRIVRLOQXWULHQWWKH
VRLOLQDOOWUHDWPHQWZDVLQGHILFLHQF\RI20$OVR
WKHVRLOLQDOOWUHDWPHQWVZDVLQKLJKFRQWHQWRI71
7KHFRQWHQWVRIDYDLODEOHSKRVSKRUXVDQGSRWDVVLXP
LQDOOWUHDWPHQWVZHUHKLJKDQGPHGLXP0HDQZKLOH
WKHVRLORIDOOWUHDWPHQWZDVLQGHILFLHQF\RIERURQ
DFFRUGLQJWRWKHFODVVLILFDWLRQFULWHULRQRIVRLOWUDFH
HOHPHQWV '%7   7KHUHIRUH GXULQJ
WKHULFHFXOWLYDWLRQLWZDVQHFHVVDU\WRDSSO\SRWDV
VLXPDQGERURQIHUWLOL]HUDQGWRSURPRWHULFHJURZWK
LQDOOWUHDWPHQWV
7KHgrain yieldsrice yieldDQGpotential rice
yield LQFUHDVHGJUDGXDOO\WKURXJKIURPORHVVWKLFN
QHVV JUDGDWLRQ 7DEOH  $QG higher aboveground
biomass was obtained at 40cm-depth treatment than
other treatment. +RZHYHUWKHUHZHUHQRVLJQL¿FDQW
GLIIHUHQFHV EHWZHHQ WKH FPGHSWK DQG FP
GHSWKSORXJKOD\HUWUHDWPHQWVLQWHUPVRIELRPDVVRI

/DEH[SHULPHQW7KH.VRIGLIIHUHQWUDWLRSORZ
SDQZDVVKRZQLQWDEOH:LWKWKHLQFUHDVHGSURSRU
WLRQRIVDQGLQWKHSORZSDQWKH.VVLJQLILFDQWO\LQ
FUHDVHGZKLFKVXJJHVWHGWKDWDGGLWLRQRI)$FRXOG
VLJQLILFDQWO\LQFUHDVHWKHZDWHUUHWHQWLRQRISORZSDQ
7KLVFRXOGEHGXHWRWKHORZSHUPHDELOLW\RI)$>@
0HDQZKLOHWKHLQFUHDVLQJGHJUHHRIFRPSDFWQHVVRI
WKH SORZ SDQ VLJQLILFDQWO\ GHFUHDVHG WKH VDWXUDWHG
K\GUDXOLFFRQGXFWLYLW\LQGLFDWLQJWKDWWKHGHJUHHRI
FRPSDFWQHVVDOVRZDVDQLPSRUWDQWIDFWRUIRUZDWHU
UHWHQWLRQRISORZSDQ>@,WZDVUHSRUWHGWKDWWKH
.VRIWKHSORZSDQUDQJLQJIURP
FPV FRXOG PHHW WKH VRLO ZDWHU UHWHQWLRQ IRU ULFH
SDGG\ILHOG>@7KHUHIRUHWKHUDWLRRI)$WRVDQG
DQG ZDVVHOHFWHGLQWKHVRLOFROXPQH[SHUL
PHQW WR IXUWKHU H[SORUH WKH RSWLPDO VRLO FRQILJXUD
WLRQ VXLWDEOH IRU ULFH JURZWK LQ WKH <HOORZ 5LYHU
%HDFK

7$%/(
$ERYHJURXQGELRPDVV\LHOGDQGXQILOOHGJUDLQUDWHVRIULFHJURZQLQGLIIHUHQWFRYHULQJWKLFNQHVV
WUHDWPHQWV
7UHDWPHQWV
FP
FP
FP
FP

$ERYHJURXQG%LRPDVV NJP
D
DE
DE
E

Rice yield(kg/ha)
D
E
E
F

Grain yield (g/m2)
D
E
E
F

8QILOOHGJUDLQUDWHV 
D
D
E
E

6LJQLILFDQWGLIIHUHQFHVEHWZHHQWUHDWPHQWVDW3OHYHOLQGLFDWHGE\GLIIHUHQWOHWWHUV
7$%/(
0HWDOXSWDNHE\ULFHJUDLQVLQGLIIHUHQWFRYHULQJWKLFNQHVVWUHDWPHQWV
7UHDWPHQWV
FP
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FP
FP

&U
PJNJ





&X
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=Q
PJNJ





$V
PJNJ





&G
PJNJ
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7$%/(
6DWXUDWHGK\GUDXOLFFRQGXFWLYLW\ .VFPV RIGLIIHUHQWUDWLRVRIVDQGWR)$WUHDWPHQWVDQGVDQG
WUHDWPHQWV
7UHDWPHQWV





&. VDQG

JFP

D$
D$
E$
F$
G

JFP

D%
D%
E%
F%
G

JFP

D&
E&
E&
F%
G

6LJQLILFDQWGLIIHUHQFHVEHWZHHQWUHDWPHQWVDW3OHYHOLQGLFDWHGE\GLIIHUHQWOHWWHUV
6PDOOOHWWHULQFROXPQIRUDSSOLFDWLRQVFDSLWDOOHWWHULQURZIRUSHULRGV
7$%/(
6DWXUDWHGK\GUDXOLFFRQGXFWLYLW\ .VFPV RIGLIIHUHQWWUHDWPHQWVZLWKYDULHGSORXJKOD\HUWKLFNQHVVDQG
SORZSDQZLWKYDULHGEXONGHQVLW\DQGUDWLRVRIVDQGWR)$
7UHDWPHQWV



JFP
D$
E&

FPGHSWKORHVV
JFP
D&
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JFP
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E(

JFP
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E$
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E%
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D'
E'

6LJQLILFDQWGLIIHUHQFHVEHWZHHQWUHDWPHQWVDW3OHYHOLQGLFDWHGE\GLIIHUHQWOHWWHUV
6PDOOOHWWHULQFROXPQIRUDSSOLFDWLRQVFDSLWDOOHWWHULQURZIRUSHULRGV
7$%/(
:DWHULQILOWUDWLRQUDWH FPPLQ RIGLIIHUHQWWUHDWPHQWVZLWKYDULHGSORXJKOD\HUWKLFNQHVVDQGSORZSDQ
ZLWKYDULHGEXONGHQVLW\DQGUDWLRVRIVDQGWR)$
7UHDWPHQWV



JFP
D%
E'

FPGHSWKORHVV
JFP
JFP
D'

D)
E(
E)

JFP
D$
E$

FPGHSWKORHVV
JFP
D&
E%

JFP
D(
E&

6LJQLILFDQWGLIIHUHQFHVEHWZHHQWUHDWPHQWVDW3OHYHOLQGLFDWHGE\GLIIHUHQWOHWWHUV
6PDOOOHWWHULQFROXPQIRUDSSOLFDWLRQVFDSLWDOOHWWHULQURZIRUSHULRGV
LQFUHDVHGWKHFXPXODWLYHLQILOWUDWLRQ )LJXUHPLGGOH
SDQHO 6LPLODUILQGLQJVKDYHEHHQIRXQG>@
7KHUDWLRRI)$WRVDQGDQGWKHGHJUHHRIFRP
SDFWQHVVLQWKHSORZSDQQRWRQO\DIIHFWWKH.V 7D
EOH EXWDOVRKDYHHIIHFWRQWKHFXPXODWLYHLQILOWUD
WLRQ )LJXUHPLGGOHSDQHO ZDWHUVHHSDJHDPRXQW
)LJXUHORZHUSDQHO DQGZDWHUVHHSDJHUDWH 7DEOH
 ,QGHWDLOVWKHLQFUHPHQWDOSURSRUWLRQRIWKHVDQG
LQWKHSORZSDQLQFUHDVHGWKHFXPXODWLYHLQILOWUDWLRQ
)LJXUH PLGGOH SDQHO  DQG ZDWHU VHHSDJH DPRXQW
)LJXUHORZHUSDQHO DQGZDWHUVHHSDJHUDWH 7DEOH
 ZKLFKVXJJHVWHGWKDWWKHVDQGFRXOGVLJQLILFDQWO\
LQFUHDVH WKH LQILOWUDWLRQ DELOLW\ RI WKH VRLO FROXPQ
$OVRWKHGHJUHHRIWKHFRPSDFWQHVVVLJQLILFDQWO\GH
FUHDVHG WKH LQILOWUDWLRQ DELOLW\ ZKLFK FRXOG EH DW
WULEXWHGWRWKHLQFUHDVHRIWKHFXPXODWLYHLQILOWUDWLRQ
DQGZDWHUVHHSDJHDPRXQWDQGUDWHZLWKWKHHOHYDWHG
EXONGHQVLW\>@
,QRUGHUWRGHFUHDVHWKHZDWHUVHHSDJHDPRXQW
WRVDYHZDWHULUULJDWLRQWKHWUHDWPHQWVRIFPFRY
HULQJWKLFNQHVVDQGWKHEXONGHQVLW\RIJFPRI
SORZSDQVKRXOGEHVHOHFWHGLQWKHSUDFWLFHHQJLQHHU
LQJ

7KH.VRIGLIIHUHQWVRLOFROXPQZDVVKRZQLQ
7DEOHDQG7DEOH7KHGLVWDQFHRIZHWWLQJIURQW
FXPXODWLYHLQILOWUDWLRQDQGZDWHULQILOWUDWLRQDPRXQW
RIGLIIHUHQWVRLOFROXPQZDVVKRZQLQ)LJXUH$QG
LW ZDV IRXQG WKDW WKH WKLFNQHVV RI WKH SORXJK OD\HU
FRXOGQRWVLJQLILFDQWDIIHFWWKH.V 7DEOH DQGGLV
WDQFH RI ZHWWLQJ IURQW )LJXUH XSSHU SDQHO  EXW
SOD\ LPSRUWDQW UROH RQ WKH FXPXODWLYH LQILOWUDWLRQ
)LJXUH PLGGOHSDQHO DQG ZDWHU VHHSDJHDPRXQW
)LJXUHORZHUSDQHO DQGZDWHUVHHSDJHUDWH 7DEOH
 ,WZDVUHSRUWHGWKDWWKHWKLFNQHVVRIFRYHULQJVRLO
SRVHGOLWWOHHIIHFWRQWKHZHWWLQJIURQWEXWFRXOGVLJ
QLILFDQWO\DIIHFWWKHFXPXODWLYHLQILOWUDWLRQ>@7KH
ZDWHU VHHSDJH DPRXQW LQ WUHDWPHQW RI FP WKLFN
QHVVRIWKHSORXJKOD\HU )LJXUHORZHUOHIWSDQHO 
ZDV PRUH WKDQ WKDW RI FP WKLFNQHVV )LJ
XUHORZHUULJKWSDQHO ZKLFKLQGLFDWHGWKDWWKHLQ
FUHDVHG FRYHULQJ WKLFNQHVV FRXOG VLJQLILFDQWO\ GH
FUHDVHWKHZDWHUVHHSDJHDPRXQW7KHZDWHUVHHSDJH
UDWH LQFUHDVHG ZLWK GHFUHDVH RI WKH SORXJK OD\HU
WKLFNQHVV6LPLODUO\5RGULFNHWDOIRXQGWKDWWKHVRLO
WKLFNQHVVOD\HUFRXOGQRWVLJQLILFDQWO\DOWHULWV.VEXW
FRXOGUHGXFHWKHZDWHUVHHSDJHUDWHDQGZDWHUVHHS
DJH>@$OVRWKHLQFUHDVHRIWKHFRYHULQJWKLFNQHVV
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FIGURE1
The hydraulic characteristic in different treatments with varied plough layer thickness and plow pan
with varied bulk density and ratios of sand to FA.
DQG FP SORXJK OD\HU WKLFNQHVV ZLWK KLJKHU ULFH
\LHOGDQGULFHTXDOLW\ZDVVHOHFWHG0HDQZKLOHWKH
LQIOXHQFH RI SORZ SDQ FRQVWLWXWLRQ DQG WKH SORXJK
OD\HUWKLFNQHVVRQVRLO K\GUDXOLFFKDUDFWHULVWLF ZDV
VWXGLHG 5HVXOW VKRZHG WKDW LQFUHDVHG FRYHULQJ
WKLFNQHVVFRXOGVLJQLILFDQWO\GHFUHDVHZDWHUVHHSDJH
DPRXQW DQG ZDWHU VHHSDJH UDWH 2XU VWXG\ DOVR UH
SRUWHGWKDWWKHUDWLRRIVDQGWR)$DQGWKHGHJUHHRI
FRPSDFWQHVVRISORZSDQSOD\DUROHRQWKHVDWXUDWHG
K\GUDXOLF FRQGXFWLYLW\ ZDWHU VHHSDJH DQG FXPXOD
WLYH LQILOWUDWLRQ7KH LQFUHDVH SURSRUWLRQRI)$DQG
WKHHOHYDWHGGHJUHHRIFRPSDFWQHVVRISORZSDQLQ
WKHSORZSDQVLJQLILFDQWO\GHFUHDVHGWKH.VWKHZD
WHUVHHSDJHDQGFXPXODWLYHLQILOWUDWLRQ%DVHGRQRXU
UHVXOWVWKHRSWLPDOVRLOFRQILJXUDWLRQVKRXOGEHFRQ
VWLWXWHGZLWKSORZSDQZLWKUDWLRRIVDQGWR)$

CONCLUSION
,QJHQHUDOLQRUGHUWRFXOWLYDWHULFHSODQWLQWKH
<HOORZ ULYHU EHDFK WKH RSWLPDO VRLO FRQILJXUDWLRQ
ZDVVWXG\LQRXUH[SHULPHQW,QGHWDLOVWKHSORZSDQ
ZLWKGLIIHUHQWUDWLRRIVDQGWR)$ZDVFRQVWUXFWHGWR
GHFUHDVH ZDWHU SHQHWUDWLRQ DQG WKH ORHVV ZDV FRY
HUHGDERYH WKH SORZSDQDFWLQJDVSORXJKOD\HUWR
VXSSRUWWKHULFHSODQWVJURZWK,QRXUH[SHULPHQWWKH
LQIOXHQFHRIYDULHGSORXJKOD\HU LHFRYHULQJWKLFN
QHVV RQWKHULFH\LHOGDQGULFHTXDOLW\ZDVVWXGLHG
,WZDVIRXQGWKDWWKHHOHYDWHGSORXJKOD\HUWKLFNQHVV
FRXOG VLJQLILFDQWO\ LQFUHDVH WKH ULFH \LHOG DQG GH
FUHDVHWKHULFHXQILOOHGUDWHV+RZHYHUFRQVLGHULQJ
WKH HQJLQHHULQJ FRVW FRXOG VLJQLILFDQWO\ LQFUHDVHG
ZLWKWKHHOHYDWHGFRYHULQJWKLFNQHVVDQGWKHFP
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DQGFPWKLFNQHVVFRYHULQJORHVVDQGWKHSORZSDQ
VKRXOGEHFRPSDFWHGLQWRJFP
)XUWKHUVWXGLHVVKRXOGEHFDUULHGRXWWRLQYHVWL
JDWHWKHLQIOXHQFHRIUDWLRRI)$WRVDQGRQULFHJUDLQV
PHWDOXSWDNHVLQFHWKHKHDY\PHWDOLQ)$FRXOGEH
DEVRUEHGE\WKHULFHURRWDQGWKHQWUDQVIHUUHGLQWR
ULFH JUDLQVSRVLQJSRWHQWLDOULVNVWR KXPDQ KHDOWK
$OVRWKHUHVXOWVRIWKHRSWLPDOVRLOFRQILJXUDWLRQRI
ULFHSDGG\VRLOLQWKH<HOORZ5LYHU%HDFKVKRXOGEH
YHULILHGE\ILHOGH[SHULPHQW
In view of the scarcity of arable lands in China,
it would mitigate serious problem of land resources
on condition that Yellow River Beach soil could be
effectively used for agricultural land. Therefore, the
study of the optimal soil configuration of rice paddy
soil in the Yellow River Beach was necessary, FRQ
VLGHULQJVXFKUHPHGLDWLRQPHWKRGFRXOGEHDSSOLHG
DQG SURPRWHG LQ ODUJH DUHD WR LPSURYH WKH VRLO
SURGXFWLYLW\ LQ WKH<HOORZ 5LYHU %HDFK DFKLHYLQJ
WKH DLP IRU SURWHFWLQJ HFRORJLFDO HQYLURQPHQW DQG
FXOWLYDWHGODQGDUHD
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ION-EXCHANGE PREPARATION OF NiFe2O4-CuFe2O4
COMPOSITE WITH ENHANCED VISIBLE-LIGHT
PHOTOCATALYTIC PERFORMANCE FOR DEGRADATION
Kuili Liu, Hongqiang Shen, Weidong Shi*
School of Chemistry and Chemical Engineering, Jiangsu University, Xuefu Road 301, Zhenjiang, 212013, P. R. China

(ca. 2.0 eV) allow them to be excited in the visible
light region. However, most of ferrites such as
NiFe2O4 suffer from the rapid recombination of photogenerated electron-hole pairs, which lead to a poor
photocatalytic performance. Thus, a large number of
methods have been explored to improve their photocatalytic activities, such as adjusting morphologies
[14-18], constructing heterojunctions [19-23], doping metal ions [24-29], etc. Jing synthesized new
promising magnetic CuFe2O4 nanotubes via the electrospinning technique, and the CuFe2O4 nanotubes
showed a huge enhancement of photocatalytic degradation for AF dye [14]. Cheng prepared a new type
of CuFe2O4/g-C3N4 composite photocatalyst by a
facile one-pot calcinations approach using urea and
a CuFe2O4 gel as precursors, which is about 3 times
that on pure g-C3N4 obtained from urea [30].
Herein, a series of magnetically separable
NiFe2O4-CuFe2O4 composite photocatalysts were
first synthesized through ion-exchange via a hydrothermal method. The photocatalytic performance of
as-synthesized NiFe2O4-CuFe2O4 photocatalyst was
evaluated via the degradation of RhB with visible
light illumination. The effect of Ni/Cu mass ratio on
photocatalytic performance was systematically investigated in this system. The possible mechanism
for the enhancement of dye photocatalytic degradation on NiFe2O4-CuFe2O4 nanocomposite was also
analyzed.

ABSTRACT
A series of magnetically separable NiFe2O4CuFe2O4 composite photocatalysts were synthesized
through ion-exchange via a facile hydrothermal
method. The difference of solubility products (Ksp)
of NiFe2O4 and CuFe2O4 is the main driving force for
the formation of these NiFe2O4-CuFe2O4 nanocomposites. The prepared sample was characterized by
X-ray diffraction (XRD), scanning electron microscopy (SEM), energy dispersive spectrometer (EDS),
UV-YLVGLIIXVHUHÀHFWDQFHVSHFWUa (DRS) and photoluminescence (PL). The photocatalytic activity of
NiFe2O4-CuFe2O4 photocatalysts was evaluated by
the degradation of Rhodamine B under visible-light
irradiation. The as-prepared NiFe2O4-CuFe2O4 composite exhibited an enhanced photocatalytic performance compared to the single NiFe2O4. The
VLJQL¿FDQW HQKDQFHPHQW RI SKRWRDFWLYLW\ could be
ascribed to the formation of heterogeneous structures
fabricated by ion-exchange growth method.

KEYWORDS:
NiFe2O4; Magnetism; photocatalytic; ion-exchange

INTRODUCTION
Currently photocatalytic technology has become a green and potential method to degrade pollutants due to its simplicity, low cost and high efficiency. In the past decades, though a large number of
photocatalysts have been investigated and show a
good photocatalytic activity, most of them are ultraviolet-light-driven photocatalysts, such as TiO2,
SrTiO3, NaNbO3 [1-9], etc. As is known to all, visible light occupies nearly half of the sunlight, while
ultraviolet light only accounts for 4% of the solar
spectrum. Thus, it is attractive and challenging to
search for a suitable visible-light-driven photocatalysts to achieve the effective degradation of Rhodamine B (RhB).
The spinel ferrites (MFe2O4, M=Co, Ni, Cu or
Zn) have attracted increasingly attention in the field
of photocatalytic pollutants elimination due to their
chemical stabilities, excellent electrical and magnetic properties [10-13]. And their narrow band gaps

EXPERIMENTAL
Synthesis of NiFe2O4. First of all,
Ni(NO3)3·6H2O (1.16 g) and Fe(NO3)3·9H2O (3.22
g) were dissolved in distilled water (30 mL) and the
solution was continuously stirred for 30 minutes.
Next, pH of the solution was adjusted to 14 by adding 6 M NaOH solution and the suspension was also
continuously stirred for another 30 minutes. Then the
brown mixture was transferred to a 50 mL 7HÀRQlined stainless steel autoclave and heated in high
temperature oven maintained at 220 o C for 24 h. Finally, the brown product was collected by centrifugation, washed with distilled water and absolute ethanol three times and dried at 80 o C.
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prepared samples were characterized by XRD analysis. Fig 1 shows the XRD patterns of the pure
NiFe2O4 (sample 1) and NiFe2O4-CuFe2O4 photocatalysts. It can be seen that all samples are indexed
to cubic spinel structure of NiFe2O4 (JCPDS No. 030875). The observed peaks at 18.41°, 30.31°, 35.71°,
37.21°, 43.51°, 53.91°, 57.51° and 62.71° can be asVLJQHGWRWKHUHÀHFWLRQVRI     (311),(222),
(400), (422), (511) and (440) crystal planes [17-18],
respectively. No peaks of other compounds, such as
CuO and Cu(OH)2, can be observed, indicating that
CuFe2O4 is successfully synthesized on the basis of
the pure NiFe2O4 by the ion-exchange with Cu2+.
Moreover, because the CuFe2O4 has a crystal structure similar to that of NiFe2O4, NiFe2O4-CuFe2O4
composites maintain a good crystallinity.

Synthesis of NiFe2O4-CuFe2O4. Firstly, the
obtained NiFe2O4 precursor (0.2 g) and
Cu(NO3)3·3H2O (0.02 g) were dissolved by ultrasound in distilled water (30 mL). Secondly, pH of the
NiFe2O4 suspension was adjusted to 5 with 0.1 M
HNO3 solution and the suspension was also continuously stirred for 30 minutes. Next the mixture was
transferred to a 50 mL 7HÀRQ-lined stainless steel autoclave and heated at 180 o C for 12 h. Finally, the
product was collected by centrifugation, washed
with distilled water and absolute ethanol three times
and dried at 80 o C. The samples 2-7 were obtained
by the different addition (0.02 g, 0.04 g, 0.06 g, 0.08
g, 0.010 g and 0.012 g) of Cu(NO3)3·3H2O.
Characterization. The X-ray diffraction
(XRD) patterns were obtained with a D/MAX-2500
X-UD\ SRZGHU GLIIUDFWRPHWHU ZLWK &X .Į UDGLDWLRQ
and a scan rate of 7° miní1 IRUșPHDVXUHPHQWVRYHU
the range of 5±80ƕ. The morphology of NiFe2O4CuFe2O4 samples were observed by scanning electronic microscopy (SEM) on an S-¿HOG HPLV
sion SEM (SEM, Hitachi, Japan). The energy dispersive spectrometer (EDS) analysis of the samples was
also performed during the SEM measurements. The
UV-vis diffused reflectance spectra (DRS) of the
samples were acquired using an UV-vis spectrophotometer (UV-2450, Shimadzu, Japan). The photoluminescence (PL) spectra of samples were recorded
on a Perkin-Elmer LS 55 at room temperature using
a fluorescence spectrophotometer.
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FIGURE 1
XRD patterns of NiFe2O4-CuFe2O4 composite.
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c

FIGURE 2
SEM images of (a) NiFe2O4 and (b)NiFe2O4CuFe2O4 composite and EDS spectrum of (c)
NiFe2O4-CuFe2O4 composite.

(1)

SEM and EDS analysis. The morphology of
sample 1 and sample 5 are displayed by SEM, as
shown in Fig 2a and Fig 2b. Fig 2a shows the morphology of the sample 1 is formed of NiFe2O4 congeries particles, every of which was about 50-150
nm. And it can be seen from Fig 2b that the second

RESULTS AND DISCUSSION
The crystal structure and phase purity of the as-
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sample 5

10

Photocatalytic tests. The photocatalytic activities of the NiFe2O4-CuFe2O4 composites were evaluated by the degradation of RhB under visible-light
irradiation. A :[HQRQODPSZLWKDFXWRII¿OWHU
Ȝ> 420 nm) was used as a light source in this degradation experiment. Typically, 50 mg NiFe2O4CuFe2O4 catalyst, 90 mL distilled water and 10 mL
of 100 mg/L TC aqueous solution were added into a
special quartz bottle. Before snapping the light on,
the reaction suspension must be stirred in the dark
for 40 min to achieve the balance between adsorption
and desorption. Next, 5 mL of the suspension was
sampled, centrifugal and measured with ultraviolet
spectrophotometer at 554 nm, and its concentration
and absorbance were marked as C0 and A0, respectively. Then, the above operation was repeated at 20minute intervals and degradation time was 3 hours
until the degradation time reached 3 hours. Finally,
the photocatalytic degradation rate (DR%) was estimated by the following formula:
DR% = [1-(C/C0)] ×100% =[1-(A/A0)] ×100%
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FIGURE 3
(a) UV±vis DRS of the as-synthesized samples and (b) the corresponding band gap energy of sample1-7.
Cu2+ was excess, the degradation effectiveness became worse. These results exhibited that the ion-exchange plays a significant role in the enhancement of
photocatalytic performance for the single NiFe2O4
[34-36].

hydrothermal process has little effect on the morphology of sample 5, which is prepared by the ionexchange with Cu2+. Moreover, the chemical composition of sample 5 is also analyzed by using EDS.
Besides Si, there are only Ni, Cu, Fe and O elements
detected in Fig 2c, which indicates that NiFe2O4CuFe2O4 composite is successfully synthesized in
the presence of Cu2+.
UV-vis absorption was used to determine the
optical properties of NiFe2O4-CuFe2O4 composites.
Fig 3a shows the UV-YLVGLIIXVHUHÀHFWDQFHVSHFWUa
of sample 1, sample 3, sample 5 and sample 7. It can
be found that all samples exhibit absorption In the
visible light region from 400 nm to 700 nm, and
NiFe2O4-CuFe2O4 samples exhibit the better visiblelight absorption compared to NiFe2O4 (Fig. 3a). The
band gap (Eg) of the as-prepared samples can be
achieved by the calculation from the equation (1)
[31-33], as shown in Fig 3.
(1)
ĮKȞ $ KȞ-Eg)n/2
The Į, A and KȞ are defined as absorption coef¿cient, transition constant and photon energy, respectively. The value of n belonging to NiFe2O4 is 4,
demonstrating that the transition of NiFe2O4 is a direct transition, which is different from indirect transition (n=1). Fig 3b shows the extrapolation of the
plots RI ĮKȞ 2 vs KȞ, where the Eg of the four samples are assessed at 1.73, 1.69, 1.66 and 1.63 eV. The
Eg of NiFe2O4 was nearly equal to that had reported
in the past [17-18]. The value of Eg decreases with
the increase of the copper, which further indicates
Cu2+ successfully entered into NiFe2O4 via ion-exchange.
The photocatalytic performance of NiFe2O4CuFe2O4 samples was assessed by the degradation of
RhB with visible-light illumination. Apparently, due
to the fast recombination of photoinduced electronhole pairs of NiFe2O4, the pure NiFe2O4 (Fig 4)
showed a poor photocatalytic performance on the
degradation of RhB, which was just about 7%. With
Ni2+ being replaced by Cu2+, the content of NiFe2O4
continues to decrease, the photocatalytic activity was
gradually increased. The sample 5 reached the maximum degradation rate (68%), which is nearly ten
times the efficiency of NiFe2O4. When the content of
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FIGURE 4
Photocatalytic performance of as-synthesized
samples for Rh B degradation.
The photocatalytic activity of the semiconductors is mainly handicapped by on separation and migration ability of photon-generated carrier. Because
the main energy of fluorescence is from the recombination of photoinduced electron-hole pairs, the
photocatalytic performance is often associated with
the fluorescence intensity. Fig 5 shows PL emission
spectra of the sample 1 and sample 5 detected at an
excitation wavelength of 310 nm. As illustrated in
Fig 5, the PL emission intensity of sample 5 is
weaker than that of NiFe2O4, which suggested that
the NiFe2O4-CuFe2O4 composite has an accelerated
separation of photoinduced electrons and holes, exhibiting the enhanced photocatalytic ability.
The major reactive species acting on the degradation of RhB in this system were detected by the
trapping experiments. The benzoquinone (BQ), ethylene diamine tetraacetic acid (EDTA), and isopropanol (IPA) were chose as scavengers to capture ·O2, h+ and ·OH, respectively, The results are shown in
Fig 6a. It can be seen that the maximal change on
photocatalytic degradation occurred in the group using BQ and the groups using EDTA and IPA still
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Thus, based on the trapping experiments, electrons
are excited from the VB to CB in NiFe2O4-CuFe2O4
system and react with O2 to form ·O2-, where some
of ·O2- are converted to hydroxyl radical. Then, pollutant RhB is digested by ·O2-, h+ and ·OH, in which
·O2- is the main reactive species for the degradation
of RhB in NiFe2O4-CuFe2O4 system.

maintained the considerable performance, suggesting that ·O2- played a key role in the degradation of
RhB under visible light irradiation.

Intensity / a. u.

sample 1
sample 5

CONCLUSION

560

580
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620

In summary, a series of magnetically separable
NiFe2O4-CuFe2O4 composite photocatalysts were
first synthesized by ion-exchange between NiFe2O4
and Cu2+ ions in solution via a hydrothermal method.
The different solubility products (Ksp) contributed
to the successful construction of NiFe2O4-CuFe2O4
heterogeneous structures. The addition of Cu can directly affect the photocatalytic performance of
NiFe2O4-CuFe2O4 composites. The NiFe2O4CuFe2O4 photocatalysts exhibited tremendous enhancements on the photocatalytic degradation ratio
of RhB with visible-light illumination. The sample 5
showed the highest degradation rate (68%), which
was 10 times than that of the pure NiFe2O4 sample.
The UV-vis and PL results demonstrated that the formation of NiFe2O4-CuFe2O4 heterojunction by ion
exchange reduced the nickel ferrite band gap and accelerated separation of photogenerated electron-hole
pairs. This work showed great potential of ion-exchange in situ growth method in the field of structuring ferrites heterogeneous.
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FIGURE 5
PL spectra of NiFe2O4 and NiFe2O4-CuFe2O4
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,Q RUGHU WR UHGXFH WKH SRWHQWLDO KD]DUG RI WKH
UHVLGXH RI PDQJDQHVH GLR[LGH RUH 50'2  UH
VHDUFKHUV KDYH LQYHVWLJDWHG WKH UHVRXUFH XWLOL]DWLRQ
RI 50'2 DV DQ DGVRUEHQW WR UHPRYH D QXPEHU RI
SROOXWDQWV VXFK DV KH[DYDOHQW FKURPH>@ FRQJR
UHG>@ DQG PHWK\OHQH EOXH 0% >@ 7KLV SDSHU
KDGVWXGLHGWKDW50'2ZHUHXVHGDVDUDZPDWHULDO
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+&73$ SDOOHW VFDOHV ZLWK  J SUHFLVLRQ
%HLMLQJ0HGLFDO%DODQFH)DFWRU\ 
6WDQGDUGFRQVLVWHQF\DQGVHWWLQJWLPHRIPHDV
XULQJLQVWUXPHQW&+1 +HEHL%ULJKW&KLQD 
;UD\ SKRWRHOHFWURQ VSHFWURPHWHU ;6$0
%ULWLVK.UDWRVFRPSDQ\ 
5,; W\SH KLJK WHPSHUDWXUH ER[ UH
VLVWDQFH IXUQDFH %HLMLQJ &LW\ <RQJ *XDQJPLQJ
PHGLFDO,QVWUXPHQW&R/WG 
6;W\SHPXIIOHIXUQDFH 6KDQJKDLH[SHU
LPHQWDOLQVWUXPHQWIDFWRU\SURGXFWLRQ 
; 3HUW 3UR 03' ;UD\ GLIIUDFWLRQ WKH
3+,/,36FRPSDQ\+ROODQG 
([SHULPHQWDO SULQFLSOH$FFRUGLQJ WR WKH
WKUHH UDWHV WKH SURSRUWLRQV RI WKH UDZ PDWHULDOV RI
OLPHEDX[LWHDQG50'2FRXOGEHGHWHUPLQHGZLWK
UHJDUGVWREHLQJSODFHGLQDKLJKWHPSHUDWXUHIXUQDFH
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ZHUHSURYLGHGIURPDWHVWLQJFHQWHULQ6L&KXDQ8QL
YHUVLW\

IRU VLQWHULQJ VXOSKRDOXPLQDWH FHPHQW 7KH WKUHH
UDWHV>@ZHUHH[SUHVVHGDVIROORZV
Cm

P

N

w(CaO )  0.7 w(TiO 2)
0.73[ w( Al 2O3)  0.64 w( Fe 2O3)]  1.4w( Fe 2O3)  1.87 w( SiO 2) 

w( Al 2O3)  0.64 w( Fe 2O 3)
w( SO 3)
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w( Al 2O3)  0.64 w( Fe 2O3)
w( SiO2)



7KHUDWHRI&PUHIHUVWRWKH&D2UDZPDWHULDO
QHHGHGIRUWKHJHQHUDWLRQRIXVHIXOPLQHUDOFOLQNHU
WKLVFDQFDOFXODWHGXVLQJHTXDWLRQ  7KHUDWHRI3
UHIHUV WR WKH UDWLR RI VXOIXU WR DOXPLQXP DQG LQGL
FDWHVWKDWWKHDPRXQWRI$O2IRUPHGDIWHUWKHIRU
PDWLRQRILURQSKDVHDQG&D62FDQPHHWWKHGHJUHH
RIIRUPDWLRQRI&D2ā$O2ā&D62,WFDQFDOFX
ODWHXVLQJHTXDWLRQ  7KHUDWHRI1LVWKHUDWLRRI
DOXPLQXP DQG VLOLFRQ LQ GHWDLO LW LV WKH UDWLR RI
C 4 A3 S WR&6,QRUGHUWRPDNHWKHFOLQNHUPLQHUDO
IRUPZHOOWKHWKUHHUDWHVPXVWEHLQFHUWDLQUDQJHV
7KH UDWH RI &P VKRXOG DV FORVH WR  DV SRVVLEOH
WKRXJKQRWHTXDOWRWKHUDWHRI3PD\EHWKH
UDWHRI1VKRXOGJHQHUDOO\EHEHWZHHQWRWKRXJK
LW LV SUHIHUDEOH WKDW WKLV VKRXOG EH DV FORVH WR  DV
SRVVLEOH

),*85(
$ONDOLQLW\RIFOLQNHU

([SHULPHQWDO SURFHGXUH :LWK PDQXDO
VFUHHQLQJRISDUWLFOHVZLWKDSDUWLFOHVL]HRIOHVVWKDQ
ȝP UDZ PHDO ZDV SUHSDUHG DFFRUGLQJ WR WKH
FRPSRVLWLRQVKRZQLQ7DEOHZKLFKLVWKHEHVWUDWLR
EDVHGRQH[SHULPHQWDOSULQFLSOHFDOFXODWLRQV6XEVH
TXHQWO\WKHUDZPHDODQGZDWHUDUHSODFHGLQD
SRUFHODLQ FUXFLEOH DQG PL[HG ZHOO 7KH SRUFHODLQ
FUXFLEOHLVWKHQSODFHGLQDKLJKWHPSHUDWXUHIXUQDFH
ZLWKDWHPSHUDWXUHULVLQJWRWKHSUHVHWWHPSHUDWXUH
$IWHUDFHUWDLQWLPHGXUDWLRQWKHWHVWEORFNZLOOEH
WDNHQRXWDQGSODFHGLQWKHDLUWRDOORZLWFRROXQGHU
DPELHQW FRQGLWLRQV$IWHU JULQGLQJ ZLWK D XQLIRUP
FHUDPLF PRUWDU DQG SDVVLQJ WKURXJK D  PHVK
VLHYH DSHUWXUH ȝP  WKH FHPHQW FOLQNHU LV SUH
SDUHG 6XEVHTXHQWO\ WKH DONDOLQLW\ DQG PHFKDQLFDO
SURSHUWLHVRIWKHFHPHQWFDQEHGHWHUPLQHG

),*85(
&RPSUHVVLYHVWUHQJWKRIVLQWHULQJ
WHPSHUDWXUH

$QDO\VLV PHWKRG 7KH VLHYH GLVWULEXWLRQ RI
50'2 ZDVWHVWHGE\VLHYH DQDO\VLV PDQXDOVLHYH
DQDO\VLVPHWKRG DFFRUGLQJWRWKH*%7
FHPHQWILQHQHVVWHVWPHWKRG7KHPHDVXUHPHQWRI
FHPHQWDONDOLQLW\ZDVXQGHUWDNHQZLWKUHIHUHQFHWR
WKH *% VROLG ZDVWH OHDFKLQJ WR[LFLW\
OHDFKLQJ PHWKRGWKH OHYHORI YLEUDWLRQ PHWKRG,Q
GHWDLODVWDQGDUGVROXWLRQZDVLQLWLDOO\SUHSDUHGDQG
VXEVHTXHQWO\OHDFKHGIRUWKHPHDVXUHPHQWRIFHPHQW
DONDOLQLW\7KHFHPHQWFOLQNHUZDVSRZGHUHGLQDEDOO
PLOOXQGHUGLIIHUHQWFRQGLWLRQVDQGVLHYHGDWP
7KHVLHYHGFOLQNHUZDVPL[HGZLWKZDWHUDFFRUGLQJ
WRDFHUWDLQUDWLR ZDWHUFOLQNHU  DQGWKHQ
SUHVVHGXVLQJDSUHVVXUHPDFKLQHWRREWDLQVDPSOHV
ZLWKWKHGLPHQVLRQVFPîFPîFP$IWHUWKH
SUHSDUHGVDPSOHVZHUHSODFHGLQDLUIRUDQG
GD\VWKH PHFKDQLFDOSURSHUWLHVZHUHHYDOXDWHGXV
LQJDXQLYHUVDOPDWHULDOWHVWLQJPDFKLQH$OOWKHGDWD

),*85(
;5'RIGLIIHUHQWVLQWHULQJWHPSHUDWXUH
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GD\VUHDFKHG03DZKLFKZDVEH\RQGWKDWRI
WKHFOLQNHUDW&7KLVLVEHFDXVHJHKOHQLWHGLV
LQWHJUDWHGDQGFDOFLXPDOXPLQDWHUHDFWHGZLWKUHVLG
XDOGLVVRFLDWLYH&D2WRIRUPWKH C 4 A3 S 8QGHUWKLV
IRUPXOD WKH FHPHQW FOLQNHU DW & UHVXOWV LQ
JUHDWGHYHORSPHQWRIPLQHUDOSKDVHV

),*85(
&RPSUHVVLYHVWUHQJWKRIKROGLQJWLPH

RESULTS AND DISCUSSION
$ONDOLQLW\ RI FHPHQW $ONDOLQLW\ >@ RI FH
PHQWLVGHWHUPLQHGE\WKHDELOLW\WRELQGSURWRQVDQG
LV SURSRUWLRQDO WR WKH FRUURVLRQ UHVLVWDQFH SURSHUW\
RIFHPHQW,QVKRUWWKH KLJKHUWKHDONDOLQLW\RIWKH
FHPHQWLVWKHEHWWHUWKHFRUURVLRQUHVLVWDQFH7KHUH
IRUHDONDOLQLW\RIFHPHQWLVRQHRIWKHLPSRUWDQWLQ
GLFHVRIFHPHQWSHUIRUPDQFHZKLFKGHWHUPLQHVWKH
DFWLYH VXEVWDQFHFRQWHQWLQWKH FHPHQW PDWUL[7KH
UHVXOW RI FHPHQW FOLQNHU DONDOLQLW\ LV SUHVHQWHG LQ
)LJXUH
7KHYDULDWLRQWUHQGRIWKHDONDOLQLW\FDQEHGL
YLGHGLQWRWKUHHVWDJHV VHH)LJXUH DVIROORZV,Q
VWDJHWKHYDOXHRIWKHFHPHQWDONDOLQLW\JUHDWO\LQ
FUHDVHVEHWZHHQDQGGD\V ZKLFKLVFORVHO\UH
ODWHG WR WKH JURZWK VWDUWLQJ SRLQW DQG JURZWK UDWH
$IWHU VHYHQ GD\V WKH DONDOLQLW\ UHDFKHG DSSUR[L
PDWHO\  ,Q VWDJH WZR WKH FKDQJH LQ DONDOLQLW\
H[SHULHQFHGDWHQGHQF\WRULVHVOLJKWO\LQWKHSURFHVV
RI K\GUDWLRQ IURP GD\  WR GD\  ,Q VWDJH  WKH
FHPHQWDONDOLQLW\LVVWDEOHIURPGD\WR,QJHQ
HUDOWKHPDLQYDULDWLRQRIDONDOLQLW\ZDVH[SHULHQFHG
EHIRUH  GD\V DQG WKH VSDQ RI LWV YDOXH LQFUHDVHG
IURPWR$IWHUGD\VWKHDONDOLQLW\RI
FHPHQWLVVWDEOH7KLVLVLQOLQHZLWKQDWLRQDOVWDQG
DUGV>@

),*85(
;5'RIGLIIHUHQWKROGLQJWLPH
 ,QIOXHQFHRIKROGLQJWLPHRQFRPSUHVVLYH
VWUHQJWK)LJXUHVKRZVWKHYDULDWLRQRIFRPSUHV
VLYH VWUHQJWK IRU WKH VDPSOHV DIWHU YDULRXV KROGLQJ
WLPHV7KHSKDVHFRPSRVLWLRQRIFOLQNHUDIWHUEHLQJ
PDLQWDLQHGIRUYDULRXVWLPHVZDVLGHQWLILHGE\;5'
(YLGHQWO\WKHFRPSUHVVLYHVWUHQJWKRIWKHFOLQNHUDI
WHUDQGPLQKROGLQJWLPHVZDVKLJKHUWKDQWKH
YDOXHRIWKHFRQWUROJURXSHVSHFLDOO\EHWZHHQDQG
GD\V7KHLQFUHDVHGKROGLQJWLPHPD\DFFHOHUDWH
WKH UDWH RI PDVV WUDQVIHU WR LPSURYH WKH VWUHQJWK
0HDQZKLOHFRPSDULQJEHWZHHQWKHFOLQNHUVDIWHU
DQGPLQKROGLQJWLPHVWKHUHZDVQRVXEVWDQWLDO
GLIIHUHQFHLQWKHFRPSUHVVLYHVWUHQJWKV,QGHWDLOWKH
FRPSUHVVLYHVWUHQJWKRIWKHFOLQNHUDIWHUKROGLQJIRU
 PLQ ZDV VOLJKWO\ KLJKHU WKDQ WKH VWUHQJWK RI
FOLQNHUDIWHUPLQKROGLQJWLPH)URPWKH;5'UH
VXOWVVKRZQLQ)LJXUHLWLVHYLGHQWWKDWWKHGLIIUDF
WLRQSHDNRI&6EHFDPHQDUURZHUIRUWKHVDPSOHDI
WHU KROGLQJ IRU  PLQ ZKLFK LQGLFDWHV WKH JRRG
FU\VWDOOLQLW\RI&6LQWKHFOLQNHUPDWUL[7KHUHDVRQ
IRUKLJKHUFRPSUHVVLYHVWUHQJWKLVWKDWWKHORQJKROG
LQJWLPHV PLQ FRXOGRIIHUPRUHHQHUJLHVIRUWKH
IRUPDWLRQRI&6SKDVHWKDQWKHVKRUWKROGLQJWLPH
PLQ  ZKLFK FRXOG FRQWULEXWH WR WKH PHFKDQLFDO
VWUHQJWKRIFOLQNHU+RZHYHU&6LVQRWIDYRUDEOHWR
IRUPDWLRQRI C 4 A3 S >@EHFDXVHH[FHVVLYHKROGLQJ

0HFKDQLFDOSURSHUW\  ,QIOXHQFHRIVLQWHU
LQJWHPSHUDWXUHRQFRPSUHVVLYHVWUHQJWK)LJXUH
VKRZHGFRPSUHVVLYHVWUHQJWKRIFHPHQWFOLQNHUDW
GLIIHUHQW WHPSHUDWXUHV DQG WKH FRUUHVSRQGLQJ ;5'
SDWWHUQV DUH OLVWHG LQ )LJXUH  7KH FRPSUHVVLYH
VWUHQJWK RI DOO VDPSOHV LQFUHDVHG ZLWK LQFUHDVLQJ
WLPH GXUDWLRQV %HIRUH  GD\V WKH FRPSUHVVLYH
VWUHQJWKRIFOLQNHUVLQWHUHGDW&LVKLJKHUWKDQ
RWKHUVGXHWRWKHLQWHULPSKDVHJHKOHQLWHDSSHDULQJ
LQOLQNHUSKDVHFRPSRVLWLRQZKLFKUHYHDOHGWKHKLJK
HDUO\ FRPSUHVVLYH VWUHQJWK )URP  WR  GD\V WKH
FRPSUHVVLYH VWUHQJWKRIFOLQNHUVLQWHUHGDW&
H[KLELWHGDUDSLGULVLQJUDWHDQGLWVVSHFLILFYDOXHDW
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UDPHWHUV FDQ FRQIHU FHPHQW ZLWK H[FHOOHQW SHUIRU
PDQFHV ,Q WKH VDPH IRUPXODWLRQ RI UDZ PDWHULDO
VLQWHULQJWHPSHUDWXUHDQGSODVWHUDGGLWLRQKDGDJUHDW
LPSDFWRQFOLQNHUVWUHQJWKZKHUHDVWKHKROGLQJWLPH
KDGOLWWOHHIIHFWRQVWUHQJWK7KHPLQHUDOSKDVHVPD\
EH DOWHUHG GXH WR GLIIHUHQW VLQWHULQJ WHPSHUDWXUHV
ZKLFKZHUHSULPDU\UHDVRQVIRUWKHFKDQJHLQFRP
SUHVVLYHVWUHQJWK$VHULHVRIUHDFWLRQVZRXOGKDSSHQ
XQGHU LQDGHTXDWH WHPSHUDWXUH DGGLWLRQ FKDUDFWHU
L]HG ZLWK WKH IRUPDWLRQ RI LQFRPSOHWH RU FRPSOH[
SKDVHVDQGWKHGHFRPSRVLWLRQRIPLQHUDOSKDVHV7KH
SODVWHU LV D QRUPDO PLQHUDOL]HG DJHQW >@ ZKLFK
SOD\HGD PDMRUUROH LQSURGXFWLRQRIFHPHQW7KHQ
SODVWHUGLGQRWRQO\UHGXFHWKHYLVFRVLW\RIOLTXLGIRU
PDWLRQEXWDOVRHQKDQFHGWKHOLTXLGFRQWHQW7KHVH
SURPRWHGWKHVSUHDGDQGPRYHPHQWRISKDVHV7KH
SODVWHUFDQLQWHUDFWZLWK&6WRIRUPWKHPDLQFRP
SRVLWLRQV RI FHPHQW &D62 DQG WKDXPDVLWH  &RQ
VLGHULQJWKHHFRQRPLFIDFWRUVWKHRSWLPXPVLQWHULQJ
WHPSHUDWXUHLVΥWKHRSWLPXPKROGLQJWLPHLV
PLQDQGWKHEHVWSODVWHUDGGLWLRQLV

WLPHFRXOGFDXVHDSURSRUWLRQRIFDOFLXPVXOSKRDOX
PLQDWHPLQHUDOVWRGHFRPSRVHDQGUHDFWZLWKWKHUHVW
RI WKH PLQHUDO SKDVH IRUPLQJ WKH H[FHVVLYH SKDVH
PDWHULDO JHKOHQLWH ZKLFK LV DQ LPSXULW\ UHVXOWLQJ
IURPWKHFOLQNHUEXUQLQJSURFHVV0RUHRYHUWKHGLV
WLQFWLRQLQFRPSUHVVLYHVWUHQJWKFDXVHG E\WKH GLI
IHUHQW KROGLQJ WLPH  PLQ DQG  PLQ  LV VOLJKW
%HVLGHV WKH VKRUWHU KROGLQJ WLPH UHVXOWV LQ ORZHU
SURGXFWLRQFRVWVDQGHQHUJ\FRQVXPSWLRQZKLFKLV
EHQHILFLDOWRWKHHQYLURQPHQW,QWKLVVWXG\PLQ
ZDVVHOHFWHGDVWKHRSWLRQDOKROGLQJWLPH

6HWWLQJWLPH6HWWLQJWLPHZDVGLYLGHGLQWRLQL
WLDOVHWWLQJDQGILQDOVHWWLQJ7KHLQLWLDOVHWWLQJWLPH
PHDQW WKDW WKH VOXUU\ EHJDQ WR ORVH SODVWLFLW\ DQG
IORZ UHGXFHG VLQFH WKH ZDWHU PL[HG ZLWK FHPHQW
7KH ILQDO VHWWLQJ WLPH PHDQW WKDW WKH VOXUU\ ORVHV
SODVWLFLW\ FRPSOHWHO\ DQG EHJDQ WR KDYH FHUWDLQ
VWUXFWXUDO VWUHQJWK VLQFH WKH ZDWHU PL[HG ZLWK FH
PHQW>@6RVHWWLQJWLPHZDVDQLPSRUWDQWFKDU
DFWHULVWLFRIFHPHQW7KHVHWWLQJWLPHRIWKHFHPHQW
ZLWKWKHSODVWHUDGGLWLRQRILVVKRZQLQWDEOH

),*85(
&RPSUHVVLYHVWUHQJWKRISODVWHUDGGLWLRQ
 ,QIOXHQFHRISODVWHUDGGLWLRQRQFRPSUHV
VLYH VWUHQJWK 7KH HIIHFW RI SODVWHU RQ WKH VHWWLQJ
WLPHRIFHPHQWLVOLVWHGLQ7DEOH,WLVREYLRXVWKDW
WKHSODVWHUZDVRIJUHDWVLJQLILFDQFHLQLPSURYLQJWKH
VHWWLQJ WLPH 7KH LQLWLDO DQG ILQDO VHWWLQJ WLPH RI
GRSHGSODVWHU JURXSV ZDV ODUJHO\ KLJKHU WKDQ QRQ
GRSHGRQH7KHLQLWLDODQGILQDOVHWWLQJWLPHVRIDOO
GRSHG VDPSOHV FRPSOLHG ZLWK WKH UHTXLUHPHQW RI
*% LQLWLDO WLPHV   PLQ DQG ILQDO
WLPHV   PLQ  7KH VHWWLQJ WLPH RI FHPHQW LQ
FUHDVHG ZLWK WKH GRSHG FRQWHQW RI SODVWHU EHFDXVH
WKHSODVWHUFRXOGDFFHOHUDWHWKHUDWHRIHWULQJLWHIRU
PDWLRQDQGWKHIRUPHGSKDVHVZRXOGUDSLGO\FRYHU
WKHVXUIDFHRI&6DQGXQK\GUDWHG C 4 A3 S WRUHGXFH
WKH LQFLGHQFH RI WKH UHDFWLRQ EHWZHHQ XQK\GUDWHG
LRQV DQG SODVWHU DQG WKH K\GUDWHG UDWHV IRU WKH DG
MXVWPHQWRIVHWWLQJWLPHV>@
1RQHWKHOHVV FRQVLGHULQJ WKH HIIHFW RI SODVWHU
RQWKHFRPSUHVVLYHVWUHQJWK )LJXUH WKHFRQWHQW
RISODVWHUVKRXOGEHOLPLWHGZLWKLQDFRQWDLQUDQJH
7KHVDPSOHGRSHGZLWKWKHSODVWHUH[KLELWHGWKH
KLJKHVWFRPSUHVVLYHVWUHQJWKDWDQGGD\VDQG
WKH VHWWLQJ WLPH ZDV LQ DFFRUGDQFH ZLWK WKH
*%+HQFHWKHRSWLRQDOSODVWHUGRSLQJ
LV
7KURXJK WKLV LQYHVWLJDWLRQ LQWR WKH HIIHFW RI
YDULRXVIDFWRUVRQFRPSUHVVLYHVWUHQJWKLWLVGHPRQ
VWUDWHGWKDWPDQLSXODWLRQRIDSSURSULDWHSURFHVVSD

7$%/(
6HWWLQJWLPHRIWKHFHPHQW
VLQWHULQJ
WHPSHUDWXUH
&
&

,QLWLDO
VHWWLQJPLQ



)LQDO
VHWWLQJPLQ



7DEOHGHPRQVWUDWHVWKDWUHJDUGOHVVRIWKHWHP
SHUDWXUHWKHLQLWLDODQGILQDOVHWWLQJWLPHVRIWKHFH
PHQWDUHLQOLQHZLWKQDWLRQDOVWDQGDUGV7KHLQLWLDO
VHWWLQJDW&LVHDUOLHUWKDQWKDWDW&YDOL
GDWLQJWKDW&LVWKHPRUHIDYRUDEOHWHPSHUDWXUH
IRUVLQWHULQJRIFHPHQW
7KURXJK WKH VWXG\ RI WKH DONDOLQLW\ VLQWHULQJ
WHPSHUDWXUHKROGLQJWLPHSODVWHUDGGLWLRQDQGVHW
WLQJWLPHRIFHPHQW SHUIRUPDQFHSDUDPHWHUVFRP
SDUHGZLWKWKHQDWLRQDOVWDQGDUGVDUHVKRZQLQ7DEOH
7KHSHUIRUPDQFHSDUDPHWHUVWKDWZHUHGHWHUPLQHG
DOOLQGLFDWHIDYRUDEOHVWDELOLW\SHUIRUPDQFHRIWKHFH
PHQW SUHSDUDWLRQ IURP 50'2 GHPRQVWUDWLQJ WKH
IHDVLELOLW\RIWKLVWHFKQRORJ\DQGKLJKOLJKWWKHSR
WHQWLDOO\EURDGSURVSHFWVRILQGXVWULDODSSOLFDWLRQ
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7$%/(
0DLQSHUIRUPDQFHSDUDPHWHUVFRPSDUHGZLWK1DWLRQDOVWDQGDUG *%
3HUIRUPDQFH
SDUDPHWHU
([SHULPHQWDO
*%

$ONDOLQLW\



&RPSUHVVLYHVWUHQJWK
G
G
G







6HWWLQJWLPH
,QLWLDO
)LQDO





[4] +DLIHQJ6+XDLNXQ/)DQ:;LDR\DQ/
DQG<DQ[XDQ :   .LQHWLFV RI UHGXFWLYH
OHDFKLQJRIORZJUDGHS\UROXVLWHZLWKPRODVVHV
DOFRKROZDVWHZDWHULQ+62&KLQHVH-RXU
QDORI&KHPLFDO(QJLQHHULQJ
[5] 6KLIHQJ + -XQ & )XWLDQ / /LQJFKDR /
=KHQJPDR < ;LQ &   3ROLQJ SURFHVV
DQGSLH]RHOHFWULFSURSHUWLHVRIOHDG]LUFRQDWHWL
WDQDWHVXOSKRDOXPLQDWH FHPHQW FRPSRVLWHV
-RXUQDORIPDWHULDOVVFLHQFH
[6] -LDQJ 7<DQJ< +XDQJ = =KDQJ % DQG
4LX*  /HDFKLQJNLQHWLFVRIS\UROXVLWH
IURPPDQJDQHVH±VLOYHURUHVLQWKHSUHVHQFHRI
K\GURJHQ SHUR[LGH +\GURPHWDOOXUJ\  

[7] 6DKRR51DLN3DQG'DV6  /HDFKLQJ
RI PDQJDQHVH IURP ORZJUDGH PDQJDQHVH RUH
XVLQJR[DOLFDFLGDVUHGXFWDQWLQVXOSKXULFDFLG
VROXWLRQ+\GURPHWDOOXUJ\
[8] 6XQ:\6X6M:DQJ4\DQG'LQJ6O
 /DEVFDOHFLUFXODWLRQSURFHVVRIHOHFWUR
O\WLFPDQJDQHVHSURGXFWLRQZLWKORZJUDGHS\
UROXVLWHOHDFKLQJE\62+\GURPHWDOOXUJ\

[9] /LQ4T*X*K:DQJ+=KX5I/LX
<F)X-J  3UHSDUDWLRQRIPDQJDQHVH
VXOIDWH IURP ORZJUDGH PDQJDQHVH FDUERQDWH
RUHV E\ VXOIXULF DFLG OHDFKLQJ ,QWHUQDWLRQDO
-RXUQDORI0LQHUDOV0HWDOOXUJ\DQG0DWHULDOV

[10] =KRXFKX +$LJXR 3 =KHQJ;I &KDQJ
\DQ< DQG<XOLQJ /  $ 6WXG\ RQ WKH
WZRRUHV0HWKRGRI/HDFKLQJ/RZ*UDGH3\UR
OXVLWH>-@&KLQD V0DQJDQHVH,QGXVWU\
[11] 6XQ:<6KHQ::DQJ4<'LQJ6/
DQG 6X 6-  $GVRUSWLRQ RI FKURPLXP
9, IURPDTXHRXVVROXWLRQRQWRDOXPLQXPSLO
ODUHGS\UROXVLWHOHDFKLQJUHVLGXH)UHVHQ(QYL
URQ%XOO
[12] 6KHQ:/LDR%6XQ:6X6DQG'LQJ6
 $GVRUSWLRQRI&RQJRUHGIURPDTXHRXV
VROXWLRQRQWRS\UROXVLWHUHGXFWLYHOHDFKLQJUHVL
GXH 'HVDOLQDWLRQ DQG :DWHU 7UHDWPHQW 

[13] /LDR%6KHQ:6XQ::X%6X6'LQJ
6  $GVRUSWLRQ RI 0HWK\OHQH %OXH IURP
$TXHRXV 6ROXWLRQ 2QWR 3\UROXVLWH /HDFKLQJ
5HVLGXH$QG'HJUDGDWLRQ,Q+R+VR6\V
WHP)UHVHQ(QYLURQ%XOO
[14] .RUKRQHQ-:LKHUVDDUL06DYRODLQHQ,  

CONCLUSIONS
7KLVVWXG\KDVGHPRQVWUDWHGWKH IHDVLELOLW\RI
WKLV QHZ WHFKQRORJ\ 7KH FHPHQW SUHSDUDWLRQ E\
50'2KDVVWDELOLW\SHUIRUPDQFHDQGWKHPDLQSHU
IRUPDQFHSDUDPHWHUVLQFOXGLQJDONDOLQLW\FRPSUHV
VLYH VWUHQJWKDQGVHWWLQJWLPHUHDFKHGWKH QDWLRQDO
VWDQGDUG RI VXOSKRDOXPLQDWH FHPHQW *%
 7KHFKDQJLQJUHJXODULW\RIFHPHQW¶VDONDOLQ
LW\DQGVHWWLQJWLPHVZDVZLWKLQDFRQWUROOHGUDQJH
FRPSDUHGZLWKWUDGLWLRQDOFHPHQW)RUWKHVDPHIRU
PXODWLRQVVLQWHULQJWHPSHUDWXUHDQGSODVWHUDGGLWLRQ
KDGDJUHDWLPSDFWRQFOLQNHUVWUHQJWKZKHUHDVWKH
KROGLQJWLPHKDGOLWWOHHIIHFWRQVWUHQJWK
7KURXJK WKH UHVHDUFK RQ SUHSDUDWLRQ RI
VXOSKRDOXPLQDWH FHPHQW E\ 50'2 WKH VWXG\ RXW
OLQHG LQ WKLV SXEOLFDWLRQ KDV H[SORUHG D QRYHO DS
SURDFK IRU UHVRXUFH XWLOL]DWLRQ 7KLV VWXG\ KDV
GHPRQVWUDWHGDUHDVRQDEOHDSSOLFDWLRQRI50'2LQ
D ZD\ WKDW UHGXFHV WKH HQYLURQPHQWDO LPSDFW RI
50'2ZDVWH)XUWKHUPRUHEXLOGLQJPDWHULDOVZLWK
H[FHOOHQWSURSHUWLHVZHUHSUHSDUHG7KLVDSSURDFKLV
FRQGXFLYHWRWKHVXVWDLQDEOHGHYHORSPHQWRI&KLQD V
HQYLURQPHQWDOHFRQRP\
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PRECURSOR-CONTROLLED SYNTHESIS OF
GRAPHENE-LIKE CARBON NITRIDE FOR MC-LR
DEGRADATION UNDER VISIBLE LIGHT
Jiahui Ma, Liping Wang*, Chengjie Song, Shaomang Wang, Fan Zhang
School of Environmental and Safety Engineering, Changzhou University, Changzhou, 213164, P.R. CHINA

that determines its toxicity [4]. MC-LR, MC-RR and
MC-YR are the most common microcystins among
80 types of identified and MC-LR is most prevalently available [5].
Due to their cyclic structure and spacer double
bonds microcystins are highly stable under visible
light and resist to be decomposed even under high
temperature, UV irradiation and general peptide hydrolase [6]. From some studies can be found that the
Adda side chain in the microcystin structure contains
ȕȖGRXEOHERQGVZKLFKFDQEHR[LGL]HGSKRWRGH
graded and biodegraded [7, 8]. Among the studies on
photocatalytic degradation of microcystins a majority of them are degraded under UV irradiation.
Considering visible light accounting for about
43% in solar radiation, the photocatalysts under visible light has great potential as a renewable and sustainable water treatment technique [9]. To overcome
this drawback, numerous studies have been performed to enhance the photocatalytic efficiency and
to make the most use of solar energy. Recently, as a
new metal-free material, graphite-like carbon nitride
(g-C3N4) with good visible light response has attracted wide attention due to its high thermal and
chemical stabilities in the photocatalysts field.
However, the g-C3N4 prepared by conventional
methods has the problems of small specific surface
area and low quantum yield which limits its application in practical treatment [10]. During the photocatalytic reaction, g-C3N4 is required to have good
adsorption performance and proper energy band position for the degradation of target pollutants. Therefore, the micro-morphology of g-C3N4 is also the important factor affecting the photocatalytic performance. So far, it has been shown that the microstructure of g-C3N4 can be porous and low-dimensional
by improving the experimental process or further
treatment. As porous-nano particles, nanorods and
nano-thin layer, the g-C3N4 with these structures has
a large specific surface area, high crystallinity and
significantly improved photocatalytic performance
[11, 12].

ABSTRACT
The increasing occurrence of algal blooms with
harmful algae-derived organic matters as microcystin-LR (ML-LR) has become an urgent public health
issue. In this study, the preparation of g-C3N4 with
changing the ratio of urea to melamine in the precursor was studied for MC-LR degradation under visible light. The prepared photocatalysts were characterized by scanning electron microscopy (SEM), Xray diffraction (XRD), fourier transform infrared
spectrometry (FTIR) and UV-vis diffuse reflection
spectroscopy (DRS) methods. The results show that
the prepared photocatalysts exhibit the different
structure and properties with the different mass ratio
of urea to melamine. The photocatalyst CN(32) with
porous structure and high photocatalytic activity has
improved the degradation rate of MC-LR compared
with other photocatalysts. It shows that the degradation rate of MC-LR to CN(32) is 23.68% which is
1.8 and 2.2-folds higher than that of CN(10) and
CN(01), respectively. This finding can guide us to
prepare photocatalysts with high activity based gC3N4 for degrading microcystins

KEYWORDS:
precursor; visible light; MC-LR; degradation

,1752'8&7,21
In recent years, with the development of industry and agriculture, a large number of wastewater
containing N, P drains into freshwater which resulting in the increasingly serious eutrophication in water [1]. Especially in the summer, the cyanobacterial
blooms will release microcystins (MCs) which damages the liver of animals and human even leading to
death by inhibiting protein phosphatase 2A (PP2A)
and 1 (PP1A) [2, 3]. Microcystins are biologically
active cyclic-peptides compound with a unique
group D-aminRDFLGV ȕ-linked erythro-ȕ-methylaspartic DFLGȖ-linked glutamic acid, the two unusual
amino acids (N-methyldehydroalanine and 3-amino9-methoxy-10-phenyldeca-2,6,8-trimethy-4,6dienoic acid (Adda), and two L-amino acids). It is the
special existence of Adda side chain in the structure
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DOJDHFHOOVROXWLRQZDVILOWHUHGWKURXJKDPHPEUDQH
ILOWHU7KH UHVXOWLQJ VROXWLRQ ZDV VXEMHFWHG WR VROLG
SKDVHH[WUDFWLRQDQGQLWURJHQVWULSSLQJWRREWDLQSX
ULILHG PLFURF\VWLQV /LTXLG FKURPDWRJUDSK\ /& 
DQDO\VLV ZDV SHUIRUPHG RQ D :XIHQJ OLTXLG FKUR
PDWRJUDSKZLWKD&FKURPDWRJUDSKLFFROXPQ /.
& [ PP ȝP  7KH PRELOH SKDVH FRQ
VLVWHGRIGHLRQL]HGZDWHUZLWK7)$PHWKDQRO
99  7KHIORZUDWHZDVP/PLQDQGWKH
LQMHFWLRQYROXPHZDVȝ/>@

(;3(5,0(17$/
0DWHULDOV 0HWKDQRO DQG VHTXDQDOJUDGH WUL
IOXRURDFHWLFDFLG 7)$ ZHUHSXUFKDVHGIURP$QSHO
6HSSDN&VROLGSKDVHH[WUDFWLRQFDUWULGJHZDVSXU
FKDVHGIURP:DWHUV 86$ 7KHVWDQGDUGRIPLFUR
F\VWLQ/5 ! ZDVSXUFKDVHGIURP(Q]R 86$ 
8UHDDQGPHODPLQHZHUHERWKH[WUDSXUHSXUFKDVHG
IURP6LQRSKDUP&KHPLFDO5HDJHQW&R/WG &KLQD 
'HLRQL]HGGLVWLOOHGZDWHUZDVSXULILHGXVLQJ0LOOL4
XOWUDSXUHZDWHUV\VWHP

3KRWRFDWDO\LF GHJUDGDWLRQ RI 0&/5 7KH
SKRWRFDWDO\LF DFWLYLWLHV RI J&1 ZHUH HYDOXDWHG
ZLWKLWVGHJUDGDWLRQRI0&/5XQGHUYLVLEOHOLJKWLU
UDGLDWLRQ 7KH SKRWRFDWDO\WLF UHDFWLRQ ZDV FDUULHG
RXWLQDYLVLEOHOLJKWSKRWRGHJUDGDWLRQDSSDUDWXVDW
DFRQVWDQWWHPSHUDWXUHRI&$FHUWDLQDPRXQWRI
SKRWRFDWDO\VWZDVZHLJKHGDQGDGGHGLQWRP/UH
DFWLRQVROXWLRQ)RUHOLPLQDWLQJWKHLQIOXHQFHRIDG
VRUSWLRQWKHVXVSHQVLRQZDVPDJQHWLFDOO\VWLUUHGLQ
WKHGDUNIRUPLQEHIRUHLUUDGLDWLRQWRUHDFKWKHDG
VRUSWLRQGHVRUSWLRQ HTXLOLEULXP 7KH [HQRQ ODPS
: QPQP  DV OLJKW VRXUFH ZDV WKHQ
VZLWFKHG RQ WR LQLWLDWH WKH SKRWRFDWDO\WLF UHDFWLRQ
7KH89EHDPZDVFXWRIIE\DGRSWLQJD89FXWRII
ILOWHU QP 7KH1D12VROXWLRQZDVDGGHGLQWR
TXDUW] FROG WUDS WR ILOWHU RXW XOWUDYLROHW OLJKW >@
'XULQJLUUDGLDWLRQWKHVDPSOLQJZDVWDNHQHYHU\
PLQXWHVSHULRGLFDOO\DQGILOWUDWHGDIWHUFHQWULIXJDWLRQ
WR UHPRYH WKH FDWDO\VW SDUWLFOHV 7KH VROXELOLW\ RI
0&/5LQWKHVROXWLRQZDVPHDVXUHGE\OLTXLGFKUR
PDWRJUDSK\

Synthesis. After adequately grinding the mixture of urea and melamine with different mass ratio
(urea: melamine = 1: 0, 4: 1, 3: 2,1: 1,2: 3, 1: 4, 0: 1),
the powders were put into alumina crucibles with
cover for further calcination treatment at a heating
rate of 2.3ć/ min in a muffle furnace and maintained
at 550ć for 4h. After the reaction, the alumina crucibles were cooled to room temperature. The resultant g-C3N4 were turned into fine powders. Samples
prepared from different precursor masses were
named as CN(10), CN(41), CN(32), CN(11),
CN(23), CN(14) and CN(01), respectively.
$SSDUDWXV 0RUSKRORJLFDO FKDUDFWHULVWLFV
ZHUHDQDO\]HGE\XVLQJDVFDQQLQJHOHFWURQPLFURV
FRS\ 6(0 ZLWKDQ6835$ILHOGHPLVVLRQ6(0
=HLVV*HUPDQ\ ;UD\GLIIUDFWLRQ ;5' SDWWHUQV
ZDV SHUIRUPHG RQ D 'PD[ 3& ZLWK D KLJK
SRZHU&X.ĮUDGLRDFWLYH VRXUFH Ȝ QP DW
 N9P$ WR GHWHUPLQH WKH FU\VWDO SKDVH RI WKH
REWDLQHGVDPSOHV 5LJDNX-DSDQ )RXULHUWUDQVIRUP
LQIUDUHGVSHFWUD )7,5 ZHUHSHUIRUPHGRQD1LFROHW
L6 VSHFWURPHWHU XVLQJ .%U DV UHIHUHQFH VDPSOH
ZLWKLQ ZDYHOHQJWKUDQJHRIFP 7KHUPR
ILVKHU86$ 89YLVGLIIXVHUHIOHFWLRQVSHFWURVFRS\
'56  ZDV SHUIRUPHG RQ D 89 VSHFWURPHWHU
ZDV XVLQJ %D62 DV D UHIHUHQFH ZLWKLQ VFDQQLQJ
UDQJHRIQP 6KLPDG]X-DSDQ 7KHSKRWR
FDWDO\WLFUHDFWLRQZDVFDUULHGRXWE\;3$SKRWR
FKHPLFDO UHDFWLRQ DSSDUDWXV 1DQMLQJ ;XMLDQJ
&KLQD 7KHPLFURF\VWLQZDVPRQLWRUHGE\/&89
ZLWKOLTXLGFKURPDWRJUDSK :XIHQJ&KLQD 

5(68/76$1'',6&866,21
0RUSKRORJ\DQGVWUXFWXUH7KHW\SLFDOVFDQ
QLQJ HOHFWURQ PLFURVFRS\ LPDJHV RI DVSUHSDUHG
SKRWRFDWDO\VWVDUHSUHVHQWHGLQ)LJ,WFDQEHVHHQ
WKDWJ&1LVDEORFNIRUPHGE\VWDFNLQJPDQ\LU
UHJXODUQDQRVKHHWVZLWKHDFKRWKHUZKLFKKDVDW\S
LFDO JUDSKLWH ODPHOODU VWUXFWXUH )LJ D  DQG J 
VKRZWKDWWKHJ&1QDQRVKHHWVSUHSDUHGZLWKSXUH
XUHD DQG SXUH PHODPLQH H[KLELWV OD\HUHG VWUXFWXUH
DQGWKHVXUIDFHLVYHU\VPRRWK,Q)LJ E  F  G 
H DQG I WKHEXONJ&1SUHSDUHGZLWKWKHPL[
WXUHRIXUHDDQGPHODPLQHKDYHUHODWLYHO\URXJKVXU
IDFHDQGKLHUDUFKLFDOSRURXVVWUXFWXUHFRPSDUHGZLWK
&1   DQG &1   )LJ  E  VKRZV WKDW DVSUH
SDUHG J&1 H[KLELWV D JUDSKHQHOLNH PRUSKRORJ\
ZLWK VRPH SRURXV VWUXFWXUH 0DQ\ VPDOO SRUHV DUH
FOXVWHUHG RQ WKH URXJK VXUIDFH RI ODUJH QDQRVKHHWV
ZKLFKLVEHQHILFLDOWRWKHDGVRUSWLRQSHUIRUPDQFHRI
SKRWRFDWDO\VWV>@,WFDQEHVHHQLQ)LJ E DQG
F  WKH SKRWRFDWDO\VWV KDYH SRURXV JUDSKHQH PRU
SKRORJ\ ZLWKSRURXV VWUXFWXUHLQ WKHQDQRODPHOODU
DQGWKHH[LVWHQFHRISRURXVVWUXFWXUHPD\EHGXHWR
WKHGHFRPSRVLWLRQDQG

$QDO\WLFDO SURFHGXUHV 0LFURF\VWLV DHUX
JLQRVDZDVSXUFKDVHGIURPWKH,QVWLWXWHRI+\GUREL
RORJ\ &KLQHVH $FDGHP\ RI 6FLHQFHV :XKDQ
&KLQD 7KHD[HQLF0LFURF\VWLVDHUXJLQRVDFXOWXUHV
ZHUH FXOWXUHG LQ %* PHGLXP LQ (UOHQPH\HU
IODVNVSODFHGLQDQLQFXEDWLRQDWWKHćZLWKDHUD
WLRQ>@7KHVXQVKLQHZDVVLPXODWHGE\XVLQJIOXR
UHVFHQW ODPSV DV OLJKW VRXUFH ZLWK DQ DXWRPDWLF
OLJKWGDUN F\FOH RI HYHU\  K GXULQJ WKH OLJKWLQJ
SKDVH>@&XOWXUHV ZHUHVHTXHQWLDOO\VXEMHFWHGWR
UHSHDWHGIUHH]LQJDQGKHDWLQJWKUHHWLPHVDIWHUD
GD\LQFXEDWLRQ7KHQWKHDOJDHFHOOVROXWLRQLQFKDU
WUHXVHZDVXOWUDVRQLFDOO\VKDNHQIRUPLQE\XOWUD
VRQLFV\VWHP)RUIXUWKHUSUHWUHDWPHQWWKHVXSHUQD
WDQW REWDLQHG DIWHU KLJKVSHHG FHQWULIXJDWLRQ RI WKH
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FIGURE 1
SEM images of g-C3N4. (a) CN(10); (b) CN(41); (c) CN(32); (d) CN(11);
(e) CN(23); (f) CN(14) and (g) CN(01).
FRPEXVWLRQRISUHFXUVRUGXULQJWKHFDOFLQDWLRQUHDF
WLRQZKLFKFDXVHVWKHVKRUWWHUPJDVJHQHUDWLRQ7KLV
LVWKHW\SLFDOFRPEXVWLRQV\QWKHVLVFDWDO\VWUHDFWLRQ
FRQGXFLYHWRFDWDO\WLFUHDFWLRQ>@
XRD was used to analyze the crystal structure
and phase composition of the prepared photocatalysts. Fig. 2 (a) shows the XRD patterns of the prepared CN (10), CN (41), CN (32), CN (11), CN (23),
CN (14) and CN (01). It can be seen that two typical
diffraction peaks of are still present in the g-C3N4
photocatalysts with different mass ratio of urea to
melamine mixture highlighting that the crystal structure of g-C3N4 is well maintained. All the characteristic peaks of the samples can be well indexed to the
hexagonal phase of g-C3N4 (JCPDS 087-1526; lattice parameters: a=b=4.74Å, c=6.72Å) [20]. The dif-

fraction peak at 13.1° indexed to (100) plane corresponds to the in-plain structural packing motif of tris-triazine units. The intensive diffraction peak at
27.4° is an interlayer stacking peaking of aromatic
systems as indexed as the (002) plane [21]. Fig. 2 (b)
shows the enlarged view of (002) peak. It can be seen
that the diffraction peak of the (002) plane of sample
CN (32) shows a significant shift leftward to a lower
angel of 27.3° with an inter-planar distance of
d=0.326 nm indicating the packing aggregates getting loose.
The chemical structure of the samples were further evaluated by the FTIR analysis. Fig. 3 shows the
typical FTIR patterns of g-C3N4. All the diffraction
peaks were similar for CN (10), CN (41), CN (32),
CN (11), CN (23), CN (14) and CN (01). The broad
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peak at 3000-3600 cm-1 is derived from the stretching vibration of NH2 at the end of the NH group
which is at the aromatic ring defect site. The peak at
1240-1635 cm-1 is the typical vibration of aromatic
ring. The peak around 1635 cm-1 is mainly attributed
to the stretching vibration of C=N bond, while the
three around 1576 cm-1, 1458 cm-1 and 1420 cm-1 are
derived from typical stretching vibration mode of
& 1DQG&íN heterocycles [22]. The peaks around
1319 cm-1 and 1243 cm-1 correspond to the stretching
YLEUDWLRQRIFRQQHFWHGXQLWVRI&í1+í&$QGWKHVH
sharper peaks are supported by the ordered packing
of hydrogen-bonding interactions. In addition, the
peak around 810 cm-1 is the characteristic typical
bending vibration of the tri-s-triazine ring [23]. FTIR
results show that the main structure of g-C3N4 prepared with the mixture of urea and melamine did not
change.

FIGURE 4
UV-vis DR spectra (a) and plots of (ĮKȞ)2
versus photon energy (b) of g-C3N4.
The as-prepared g-C3N4 samples were optically
absorbed by UV-Vis diffuse reflectance spectroscopy to measure the optical properties of photocatalysts in Fig. 4. From Fig.4 (a), it can been seen that
photo adsorption edge of g-C3N4 in visible light region is estimated at about 450nm. All the samples
feature an intrinsic semiconductor absorption in the
blue region of the visible spectra. With respect to the
other samples, the photo absorption edge of CN(10)
shows a remarkable blue shift and the derived band
gap of the light absorbed is 2.66 eV as shown in Fig.
4(b). It deserved to note that the diffuse reflectance
absorption spectra of CN(01) and the g-C3N4 prepared with mixture are stronger than CN(10). In addition, the absorbance edge of samples have took
place distinct red-shift up to of 448 nm with the increasing of the specific gravity of melamine in the
precursor. The enhanced light absorption ability will
enhance the photocatalytic activity [24]. The bandgap energy of the semiconductors can be calculated
from the relationship of ĮKȞ 2 and KȞ which is
shown in the followed equation [25]:
ĮKȞ $˄KȞ-Eg˅n/2
(1)
Where Į, KȞ, Ȟ, A and Eg represent the absorbDQFH 3ODQFN¶V FRQVWDQW HPLVVLRQ IUHTXHQF\ FRQ
stant and photonic energy band gap, respectively.
The n is constant whose values depend on the type
of semiconductor (the direct conductor is n = 1 and

FIGURE 2
XRD patterns of g-C3N4 (a) and enlarged
view of (002) peak (b).

FIGURE 3
FT-IR spectra of g-C3N4.
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XVLQJ&1  &1  &1  &1  &1
  &1   &1   ZHUH  
UHVSHF
WLYHO\7KH&1  H[KLELWVWKHKLJKHVWSKRWRGHJ
UDGDWLRQHIILFLHQF\ZKLFKLVDQGIROGVKLJKHU
WKDQWKDWRI&1  DQG&1  UHVSHFWLYHO\
In order to further validate the photocatalytic
principle, the Langmuir-Hinshelwood equation is
used to describe the reaction and simplified to a
pseudo first order kinetic equation which is shown as
followed [27]:
ln(C0/C)=kt
(2)
Where C0 and C represent MC-LR concentrations in solution at time 0 and t respectively, k is the
apparent first-order rate constant, and t is the irradiation time. Fig. 5 (b) shows the degradation of MCLR with different photocatalysts under the visible
light accords with the pseudo first order kinetic equation. The results suggested that the photocatalytic
degradation rate and apparent first-order rate constant for g-C3N4 catalyst increased up to maximum
as a function of the melamine to urea and tended to
decrease upon further higher value of this melamine
to urea ratio. The highest photocatalytic degradation
rate of was obtained at when the mass ratio of urea
to melamine was 3:2 and the calculated k value was
0.00146. The suitable melamine content in precursor
cause its well pore structure in the nano-lamellar,
which favored the adsorption, transfer and separation
of the charge carriers for MC-LR degradation. However, at contents higher than 60 wt.%, photocatalytic
activity of the g-C3N4 photocatalysts was declined as
shown in Fig.5 (c).

the indirect conductor is n = 4). The n value is 4 because the g-C3N4 is indirect-allowed transitions. The
band gap of CN (10), CN (41), CN (32), CN (11),
CN (23), CN (14) and CN (01) were calculated to be
2.66 eV, 2.84 eV, 2.78 eV, 2.72 eV, 2.71 eV, 2.69
eV and 2.73 eV, respectively. The increasing band
gap of CN (41) may be caused by the high crystallinity and the increase of lamellar thickness and the nanoplates of CN (41) tends to be planarized causing
the blocked transition of nĺʌEURDGHQLQJEDQG>@

&21&/86,216
In this study, the effect of different precursors
on the structure of g-C3N4 after calcination was verified. The results of characterization show that the
surface and structure of g-C3N4 are affected by
changing the mass ratio of urea and melamine in the
precursors. It is apparent that g-C3N4 was a feasible
and effective photocatalyst in degrading the MC-LR
under visible light. Compared with other photocatalysts, CN(32) with porous fluffy structure performs
significant enhancement in the photocatalytic activity for MC-LR degradation under visible light irradiation. The enhanced photocatalytic activity is closely
associated with the surface of g-C3N4 which can promote the transferring of electron±hole and annihilate
the electrons and holes generated from g-C3N4. The
enhanced g-C3N4 here developed could provide new
perspective for sustainable utilization of solar irradiation and constructing other functionalized g-C3N4
heterostructure to promote high performance photocatalysts for the degradation of microcystins.

FIGURE 5
Photocatalytic activities (a) and (b) of samples
for MC-LR degradation under visible light (c)
the comparison of apparent rate constant k .
3KRWRFDWDO\WLFGHJUDGDWLRQRI0&/5)LJ
VKRZVWKHGHJUDGDWLRQUDWHDQGGHJUDGDWLRQNLQHWLFV
RI0&/5XQGHUYLVLEOHOLJKWXVLQJGLIIHUHQWSKRWR
FDWDO\VWV DW YDULRXV LUUDGLDWLRQ WLPHV$V VKRZQ LQ
)LJ D J&1H[KLELWHGSKRWRFDWDO\WLFDFWLYLW\LQ
GHJUDGLQJ0&/5XQGHUYLVLEOHOLJKW$IWHUPLQ
RIYLVLEOHLUUDGLDWLRQWKHGHJUDGDWLRQUDWHRI0&/5
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40 % irrigated land, where wheat is grown sternly
influenced by heat stress [1]. Bread wheat (Triticum
aestivum L.) faces sever heat stress that is a main
yield reduction threat in Pakistan. Globally in nontemperate zones, terminal heat stress is limiting the
bread wheat production [2, 3]. Grain wait and grain
number are the major yield component have been
influenced directly from heat stress [4]. This high
temperature may damage the anthers thus reducing
the embryo development. So grain filling rate is
affected causing the reduction in grain yield [5].
Present study was designed to evaluate the effects of
terminal heat stress on wheat yield.

ABSTRACT
Terminal heat stress has become an alarming
threat for bread wheat in warm humid zones. Heat
susceptibility index (HSI) of 51 genotypes from
diverse parentage was calculated for estimation of
yield reduction for two consecutive years. In the
field experiment, terminal heat stress was provided
through late sowing during the years 2014 and 2015.
Mean heat susceptibility index (HIS) was 1.02 and
0.97 for both the years. Overall 50% yield reduction
was observed due to terminal heat stress. Treatment
results were significant with 9. 928 mean square. On
the basis of HSI of two years, the best tolerant nine
genotypes were sorted out for the breeding purposes.
This might be one of the effective strategies toward
production of heat tolerant wheat germplasm. Heat
sensitivity index parameter allowed the selection of
best varieties and such germplasm can also be used
for gene pyramiding for climate change resilience.

MATERIALS AND METHODS
Present experiment was designed to assess the
yield reduction under heat stress. A total of 51 entries
from Cereal Systems Initiative for South Asia
(CSISA) were provided by wheat program of Crop
Science Institute (CSI) at National Agriculture
Research Center (NARC), Islamabad. Study was
performed in two different environments in
Pakistan; first at the field of NARC in 2013-14 and
the second at the field of University of Sargodha
(UOS) in 2014-15.
A plot of four meter four rows with 10cm row
distance was specified for each entry. Sowing was at
the optimal condition (second week of November
2013) and this was declared Normal sown. Second
complete set of 51 entries with same plot
specifications was sown on first week of January
2014 at NARC. Same practice with changed location
was repeated in 2014-15 at University of Sargodha
(UOS). Normal irrigation and other agronomic
practices were performed for both timely sown and
late sown trials.
Yield (Kg/plot) was estimated for each entry in
normal sowing and late sowing conditions for two
consecutive years making four observations for each

KEYWORDS:
Heat Susceptibility Index (H S I), Wheat, Yield Reduction

INTRODUCTION
Previous two decades were of prime
importance in obtaining the attention of researchers
toward the global warming. A serious problem of
enhanced temperature is being faced during grain
ripening stages of wheat. Constantly high
temperature exposure during floret formation period
of the wheat crop can cause severe influence on
diverse
morphological,
physiological
and
biochemical malfunctions in plant thus ultimately
causing immense yield reduction. Wheat that is most
widely grown cereal crop is vital as staple food, so
underlying its importance under changing
environment due to increasing temperature. About
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there was a total of 51x4 = 204 observations in the
experiment under completely randomized block
design (RCBD). Heat susceptibility index (H S I) for
yield was calculated as done by Paliwal [6].

panel in to distinct resistant and susceptible
genotypes.
Analysis of Variance (Table 2) is indicating
that there was no significant difference among
genotype, year and their interactions as well. Mean
square of sowing dates (Treatment MS: 9.928) was
significant. As the mean squares of HSI for both the
years was non- significant across the years so mean
HSI was calculated to draw the histogram (Fig 1)
with the help of which 51 genotypes were grouped
into six classes. The level of variation examined in
yield reduction depicted in the histogram (Fig 1)
under heat stress influence. Out of 51 genotypes, two
were found highly tolerant, 10 tolerant, 17
moderately tolerant, 6 moderately susceptible, 13
susceptible and 4 were found highly susceptible. In
the histogram H S I for yield was spread from 0.26
to 1.69. Maximum frequency (17 genotypes i.e.
33%) was observed in the histogram.
Nine Genotypes lowest in heat susceptibility
index (< 0.71) were declared as heat tolerant
genotypes (Table 3). Genotypes with heat
susceptibility index above 0.98 were mentioned to
be heat susceptible. Development of thermal
resilient wheat cultivar and further characterization
of cereal crop will be helpful to better understand the
basis of tolerance to temperature fluctuations during
plant growth stages [7]. Genetic resources
establishment is surely required to address the
abiotic stress resilience. Because heat stress is
complex quantitative trait driven by multiple
pathways of gene regulation hence it requires a
major focus on phenotypic evaluation of the stress in
more than one environments as done in the present
study.

Where X (stress) and X (Control) is the average yield of
all 51 genotypes under stress and normal conditions
respectively.
Descriptive statistics was performed on the
yield measurements in normal and late sown during
years 2014 and 2015. Data was subjected to analysis
of variance and the mean squares have been
dissected with respect to two sowing dates (Normal
and Late), two years (2014 and 2015) and 51
genotypes as a source of variation.

RESULTS AND DISCUSSION
Mean yield per plot was observed 0.92 Kg/plot
and 0.93 Kg/plot under normal conditions during the
years 2014 and 2015. About 41% and 54 % yield
reduction was estimated in both years due to heat
stress. Heat susceptibility index (H S I) for yield was
1.02 and 0.97 during 2014 and 2015 respectively
(Table 1). Summary of descriptive statistics of
phenotypic evaluation revealed the diverse pattern of
cultivar response to thermal stress. HSIs values
ranges from moderate to high divided the germplasm

TABLE 1
Yield (kg/plot) expression of 51 genotypes Normal and late sown (heat stress) along with parentage of top
performing nine genotypes and heat susceptibility index (H S I)
of yield in the years 2014 and 2015.
Description
MEAN
MAX.
MIN.
Range
SD
CV %
SE
GEN
ID
6702
6709
6717
6720
6740
6714
6742
6741
6739

NORMAL
0.92
1.30
0.09
1.21
0.23
24.78
0.03
Mean
HSI
0.26
0.44
0.60
0.61
0.64
0.65
0.65
0.70
0.71

2014
LATE
0.55
1.09
0.07
1.03
0.24
43.91
0.03

2015
Red %
40.66
82.50
1.18
81.32
19.99
49.16
2.80

HSI
1.02
2.06
0.03
2.03
0.50
49.16
0.07

NORMAL
0.93
1.51
0.57
0.94
0.21
23.08
0.03

LATE
0.41
0.85
0.15
0.70
0.15
35.83
0.02

Red %
54.20
83.93
1.16
82.76
17.77
32.78
2.49

HSI
0.97
1.50
0.02
1.48
0.32
32.78
0.04

Parentage
1447/PASTOR//KRICHAUFF/5/2*SERI*3//RL6010/4*YR/3/PASTOR/4/BAV92
T.DICOCCON PI254157/AE.SQUARROSA (879)/4/MILAN/KAUZ//PRINIA/3/BAV92/5/2*SKAUZ/BAV92
KACHU/KINDE
ND643/2*TRCH//MUTUS/3/SUP152
DANPHE #1/3/HUW234+LR34/PRINIA//PFAU/WEAVER
BABAX/LR42//BABAX*2/3/KUKUNA/4/2*MUNAL #1
ATTILA/3*BCN//BAV92/3/PASTOR/4/TACUPETO F2001*2/BRAMBLING/5/PAURAQ
PBW65/2*PASTOR/3/KIRITATI//ATTILA*2/PASTOR/4/DANPHE #1
WEAVER/TSC//WEAVER/3/WEAVER/4/2*SERI.1B*2/3/KAUZ*2/BOW//KAUZ/5/WHEAR/VIVITSI//WHEAR

Red%: Percentage of reduction in yield due to heat stress.
HSI: Heat susceptibility index for yield.
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TABLE 2
Analysis of Variance for yield and H S I across two years under heat stress
SOV
Genotypes
Year
Treatments
Genotype*Year
Genotype*Treatments
Year*Treatments
Error
Genotypes
Year
Genotype*Year
p-value: <0.05 = significant

df
50
1
1
50
50
1
51

MS
0.072
0.201
9.928
0.063
0.026
0.312
1.998

50
1
50

0.218
0.061
0.140

F
0.036
0.100
4.968
0.032
0.013
0.156

P
1.000
0.753
0.030
1.000
1.000
0.694

HSI(YIELD)
0.002
0.001
0.001

1.000
0.984
1.000

FIGURE 1
Histogram showing frequency distribution of 51 genotypes for heat susceptibility index (HSI) of Yield
TABLE 3
Top Nine, best heat tolerant lines and their attributes arranged
Gen ID

2014
NORMAL LATE RED % H S I NORMAL
0.97
0.85
12.89
0.32
0.69
6702
1.11
1.09
1.18
0.03
0.64
6709
1.11
0.59
47.06
1.18
0.86
6717
1.17
0.95
18.89
0.47
1.35
6720
0.91
0.60
34.29
0.86
0.59
6740
0.91
0.72
21.43
0.54
0.92
6714
0.85
0.68
20.00
0.50
1.15
6742
1.11
0.86
22.35
0.56
0.67
6741
1.04
0.90
13.75
0.34
0.75
6739
RED%: Percentage of reduction in yield due to heat stress.
HSI: Heat susceptibility index for yield
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2015
LATE RED %
0.61
11.59
0.33
47.81
0.85
1.16
0.78
42.22
0.45
24.07
0.53
42.61
0.63
45.03
0.36
46.57
0.30
60.27

HSI
0.21
0.85
0.02
0.75
0.43
0.76
0.80
0.83
1.08

MEAN
HSI
0.26
0.44
0.60
0.61
0.64
0.65
0.65
0.70
0.71
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Best performing nine genotypes across two
years were selected on the basis of lowest HSI for
yield (Table 1). Genotype (6702) with PASTOR
double inheritance and SERI in its parentage
expressed highest tolerance for heat stress. Synthetic
bread wheat [8] line (6709) having Aegilops
squarrosa a wild wheat relative in its ancestor
making it tolerant for abiotic stresses as well as
resistant for biotic stress [8]. Genotype (6717),
(6720) and (6740) were tolerant might be due to
KIND, MUTUS and WEAVER in their inheritance.
Genotype (6714), (6742) and (6739) having
BABAX, ATTILA, PASTOR and WEAVER might
be genetic resources for heat tolerance. This
identification of heat tolerant genotypes would be
important for the breeding programs to cope with the
severe effects of thermal stress. Use of genotypes
with inherent resistance potential can also be helpful
in pyramiding the stress resilience.

[4]

[5]

[6]

CONCLUSION
[7]
Yield under heat stress is significantly affected
and causes threat to the global food security.
Germplasm with the synthetic wheat proved heat
tolerant due to the introgression of D-genome
progenitor. To use such cultivars in breeding
program will be helpful to minimize the losses due
to heat stress. In such a way the climate-resilient
varieties can be produced so that the yield
minimizing risks can be overcome.

[8]
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dle-leaved (coniferous) and both broad-leaved and
needle-leaved trees respectively. In Turkey, it is not
possible to regeneration most of the oriental beech
forests, which are allocated for the regeneration
block in the Forestry Management Plans, due to
silvicultural interventions implemented in a wrong
way. Optimum beech forests are largely devastated
and these fields have left their places to young
beeches coming from the root offshoots. Furthermore, beech is beaten by the rhododendron in competition in the areas where rhododendrons are
common. Beech cultures, a species resistant to
shadow due to their biology, are affected by early
and late frosts in the first years in addition to extreme temperatures.
Artificial rejuvenation works, as an alternative
to natural rejuvenation activities, for the oriental
beech is of great importance for the establishment
and sustainability of high quality forests. To this
end, it is important to investigate the chemical
composition of the beech seed. Different techniques
are utilized physically and chemically with an eye
to produce high quality production material, develop inadequate features of varieties and increase the
rate of germination. Numerous researchers apply
magnetic field applications in seed germination
tests and for determination of plant growth and
development occurrences in recent years. Accordingly, Ozel et al. [1]; Mousavizadeh et al. [2];
Vashisth and Nagarajan [3]; Danilov et al. [4],
Samy, [5]; Podlesny et al. [6]; Bilalis et al. [7];
Duarte Diaz et al [8]; Agustrina et al. [9]; Florez et
al. [10]; Turfan et al. [11], Mousavizadeh et al. [2];
Rady et al. [12]; Qi et al. [13]; Jiang et al. [14];
Mousavizadeh et al. [2]; Atak et al. [15]; Jajte [16];
Agustrina et al. [17] have expressed that MF applications affect, germination percentage and rate of
plants; earliness; receipt and transport of mineral
substances from the soil; seedling growth rate; Įamylase activity; amount of chlorophyll and total
soluble protein content and enzyme activities such
as ascorbate peroxidase, catalase, guaiacol peroxidase and superoxide dismutase; increase the level
of lipid peroxidation (MDA); and increase the dimensions of parenchymatic cells, transmission
bundles and stoma cells in young plants respectively. The responses of the plants to the MF may vary

ABSTRACT
The effects of magnetic field (MF) applied
with cold-wet pre-treatment on the chemical components of the oriental beech seeds with physiological deep dormancy are researched in this
study. The seeds were subjected to various MF
application periods (20, 60 and 120 min) and different MF intensities (200 and 400 mT). Total soluble protein, lipid peroxidation level (malondialdehyde-MDA), total soluble sugars and starch quantities as well as antioxidants such as CAT, SOD,
APX and GuPX DQGĮ-amylase activity of the seeds
were examined. MF application affected protein,
lipid, Į-amylase and sucrose values positive, starch,
glucose and fructose values of the seed negatively. Furthermore, MF applications were found to
have an increasing effect on CAT and SOD enzyme
activities while having reducing effect on APX and
GuPX antioxidant enzymes. It was reached to the
conclusion that magnetic field application processes
with 400 mT intensity generally increase the seed
physiology parameters.

KEYWORDS:
Oriental beech, antioxidant, abiotic stress, oxidative
balance

INTRODUCTION
Oriental Beech (Fagus orientalis Lipsky.) is
the only broad-leaved tree species which is subject
to the National Tree Breeding program basing on
the spreading area in Turkey and silvicultural importance thereof. In Turkey, oriental beech forests
have been transformed into offshoot-rooted forest
form both due to anthropogenic influences and the
application of mismanagement techniques. However, enhancement of quality and quantity of oriental
beech stands is basically possible through generative production. It will be possible to establish forests with large gene pools resistant to biotic and
abiotic effects and with high adaptation to climate
change effects in this way. 33%, 48% and 19% of
the forests in Turkey consist of broad-leaved, nee4606
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kept in a cold air storage at a temperature of 4 ± 1
°C.
The seeds were exposed to different application periods (20, 60 and 120 min) and different MF
intensities (200 and 400 mT) for magnetic field
(MF) treatment of stratified seeds.

according to the seed characteristics such as genotype, seed quality, germination ability, vitality or
seed power as well as seed preparation methods and
the degree of being effected of the chemical content
of the seed from the applications in addition to the
strength, duration, and frequency of MF [18]. However, it is also expressed that MF applications are
not effective on plant growth and development [19]
or affect foregoing negatively [20]. As such, it
needs to be continued to researches on the nature of
MF stimulation.
Seed quality has vital significance for the success of plantation forestry. The most important
quality criteria for the plants are high vitality and
seed strength in addition to physical and genetic
purity [21, 22]. Seed viability and seed power depend on the chemical content of the seed in addition
to genetic factors. The chemical content of the seed
mainly comprises carbohydrates, fats and proteins. Further, there are small amounts of compounds such as hormones, alkaloids, lectins, proteinase inhibitors, phytin and raffinose in the seeds
[23]. The ratio of these compounds in the seed
varies according to the plant species, age and nutritional status of the plant, treatments applied during
and after the harvest period, mechanical damage
during the harvest, postharvest storage conditions
and treatments used for germinating [24, 21]. The
inadequacy resulting from any of the mentioned
factors may cause quality degradation by affecting
the chemical composition of the seed and may also
cause a reduction of approximately 75% in seed
germination ability [25]. As such, studies on the
effects of MF applications on the chemical content
of seed storage materials of forest trees, deterioration of cellular integrity (lipid peroxidation), ascorbate peroxidase, guaiacol peroxidase, catalase and
superoxide dismutase enzyme activities as well as
Į-amylase enzyme activity are of great significance. The effects of different MF applications
made to the beech seeds showing different physiological profound dormancy [26, 27, 28, 29] on
chemical content of seed (Protein, starch, soluble
sugar, etc.), lipid peroxidation level (malondialdehyde), ascorbate peroxidase, guaiacol peroxidase,
FDWDODVH DQG VXSHUR[LGH GLVPXWDVH DQG Į-amylase
enzyme activities are examined in this study.

Chemical Analysis Methods. 0.5 g of seeds
were taken and homogenized with 50 mM (pH 7.6)
phosphate buffer solution (5 mL) containing 0.1
mM Na-EDTA in the sample for the preparation of
enzyme extracts. Subsequently, homogenized samples were centrifuged for 15 min at 15000 g and +
4° C, the enzyme activities in the resulting supernatant were measured (SOD, APX, GuPX and CAT).
Ascorbate peroxidase activity (APX) was measured
spectrophotometrically by the method utilized
through Nakano and Asada (1981) [30]; 290 nm by
measuring the oxidation rate of ascorbate (E = 2.8
mm cm-1) and catalase (CAT) activity was measured spectrophotometrically by virtue of the method
utilized through Bergmeyer [31] while superoxide
dismutase (SOD) enzyme activity was measured
according to the method applied by Cakmak [32]
and guaiacol peroxidase enzyme (GuPX) activity
was measured according to Birecka et. [33]. The
total amount of soluble protein in the samples was
determined according to the method utilized by
Bradford [34] while lipid peroxidation (MDA) was
found as per the method employed by Lutts et al.
hand. [35]. 'HWHUPLQDWLRQ RI Į-amylase activity
was performed according to the method of Morais
and Takaki [36]. The absorbance of the seed samples homogenized in 0.2 M (pH 5.5) citrate buffer
was read at 620 nm and the amount causing the 0.1
change in absorbance was considered as 1 enzyme
unit. 7KHĮ-amylase activity was calculated according to Bradford [34] method, where BSA is used as
standard, as the amount of starch hydrolyzed per
mg protein. Determination of the total carbohydrate
amount was made according to the method utilized
by Pearson et al. [37] using Anthron separator. The
samples incubated in 80% ethanol for 24 hours at +
4 °C were filtered and the obtained filtrate was used
for glucose determination. The remaining pulp was
incubated in pure water for 24 hours at + 4 °C and
filtered again and used for fructose assay. The final
pulp was incubated with 52% perchloric acid for 24
hours at + 4 °C and filtered. This sample was utilized to determine the sucrose amount. The amount
of starch was determined by the equation obtained
from glucose standard curve. Glucose obtained
from glucose standards was determined from fructose standard curve and sucrose amount was determined from sucrose standard curve (mg/g TA).

MATERIALS AND METHODS
MA Application in Seeds. In the research, oriental beech seeds of 2015 harvest year originated
from Bartin-Devrek-Akcasu were utilized. Coldwet stratifying was applied to the seeds at + 4°C for
60 days. Seeds were soaked in water for 8 hours
before being stratified. Agricultural perlite was
used as stratifying medium. The seeds were placed
in a 15 x 10 x 5 cm perforated plastic container as
one layer of wet perlite and as one layer of seed and

Statistical analyzes. The experiments were
done in three replicates. Statistical analyzes of the
obtained data were performed through employment
of the statistical program named SPSS for Windows
4607

© by PSP

Volume 26 ± No. 7/2017 pages 4606-4615

Fresenius Environmental Bulletin

Table 2). Fructose content also decreased significantly compared to control. Especially 20 min at
intensity of 400 mT (66.77%) and 60 min at intensity of 200 mT (66.58%) had the lowest fructose
content in ME applications is (P <0.05, Table 2).
The sucrose content was increased in all groups
with intensity of 400 mT MF and increased compared to control in 20 min and 120 min applications
at intensity of 200 mT MF (Table 2).

20.0 Evaluation Version. Differences between control and treatment groups were analyzed through
utilization of one-way ANOVA. After the variance
analysis, Tukey multiple test was employed with an
eye to determine differences in significance value
of P <0,05.

RESULTS

Changes in Starch Content. Changes in
starch quantities were in parallel with glucose values. As MF duration and intensity increased in
seeds, decreases in the total amount of starch was
observed (P <0.05). The lowest starch content
compared to control was 120 min (16.4 times more)
and 20 min (6.3 times more) with intensity of 400
mT, 120 min (5.57 times more), 60 min (4.66 times
more) and 20 min it is recorded in the application (P <0.05, Table 2).

Wet stratification was conducted in cold for
60 days at +4 °C and data as to activities of MF
applications in different duration and intensity
applied to the beech seeds ass to total protein content, lipid peroxidation level (malondialdehydeMDA), glucose, fructose, sucrose and starch
DPRXQW DQG Į-amylase, ascorbate peroxidase
(APX), guaiacol peroxidase (GuPX), catalase
(CAT) and superoxide dismutase (SOD) are given
in Tables 1, 2 and 3. According to the results of
analyses applied to data MF applications showed a
statistically significant effect (P <0.05) in all chemical components measured on seeds.

ChanJHV LQ Į-amylase Enzyme Activity of
Seeds. 7RWDO Į-amylase activity of seeds (EU/mg
Protein) was significantly increased in all treatment
groups compared to control. Compared to the control, process of 120 min at intensity of 400 mT MF
LQFUHDVHGWKH Į-amylase activity by 38.60% (Table
2, P <0.05). It can be said in line with current analysis that 400 m MF applications in general increase
enzyme activity of the seeds more.

Soluble Protein Content Changes. The total
soluble protein content of the seeds increased compared to the control depending on the increased
duration and intensity of MF. Compared to the
control, high protein was determined in MF applications with intensity dose of 400 mT in 60 min
(16.49%) (P <0.05) (Table 1).

Antioxidant Enzyme Activity Changes. Applied MF effect on antioxidant enzyme activity
levels were statistically significant as well (P
<0.05, Table 3).
APX activity increased compared to control in
20 min with intensity of 400 mT (26.94%) and in
60 min at intensity of 200 mT (5.81%) MF treatments, but decreased in other MF applications. 60
min at intensity of 400 mT (84.24%), 200 mT to
120 minutes (78%) and in 60 min with 400 mT
activity in practice is the lowest (P <0.05, Table
3). GuPX activity in seeds was adversely affected
in all treatments compared to control in MF applications. The lowest GuPX activity at intensity of
200 mT MF was found in 60 min (81.68%) and 120
min (72.45%). In 400 mT MF application, GuPX
activity increased with increasing duration (respectively 80.48%, 75.47%, 48.39%) (P <0.05; Table
3). MF applications had a significant effect on CAT
activity in seeds (P <0.05, Table 3).CAT activity
increased in the 200 mT MF administration group
compared to 20 min (80.3%) and 60 min (55.26%)
control, but decreased in 120 min (14.49%). In 400
mT MF application it is seen that the enzyme activity increases with increasing time (P <0.05,
Table 3). In 400 mT application highest CAT activity compared to the control application was detected in 120 minutes (2 times more), 60 min (56.83%)
and 20 min (19%) (P <0.05, Table 3). It was de-

Level Changes in Lipid Peroxidation. The
concentration of lipid peroxidation (malondialdehyde-MDA) showed a statistically significant increase compared to the control due to the increased
duration and intensity of Mf. The highest MDA
concentration compared to control was observed at
following doses as at intensity of 200 mT in 60 min
with 316.59 μmol/g (5.36 times more), at intensity
of 400 mT in 120 min ZLWK  ȝPROJ (5.04
times more), at intensity of 400 mT in 20 min with
ȝPRO/g (3.7 times more), at intensity of 200
mT in 120 min with ȝPRO/g (4.43 times), at
intensity of 400 m in 60 with 187 μmol/g to min
(3.17 times more) and at intensity of 200 mT in 60
min with 120.58 μmol/g (2-times more) (P <0.05)
(Table 1).
Soluble Sugar Content Changes. Effect of
MF applications on the amount of soluble sugars in
seeds were found to be statistically significant (P
<0. 05) (Table 2). As the duration and intensity of
MF increased, the amount of glucose decreased
significantly. The lowest amount of glucose compared to control was recorded as 120 min (16.4
times more) and 20 min (6.3 times more) at intensity of 400 mT, 120 min (5.57 times more) at intensity of 200 mT, 60 min (4.66 times more) and 20 min
(4.53 times more) in MF applications (P <0.05,
4608
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termined that MF applications caused an increase in
SOD activity in seeds (Table 3). The highest SOD
activity compared to the control was determined at
intensity of 200 mT in 60 min (52.55%), 20 min
(31.74%) and at intensity of 400 mT in 120 min
(28.3%) (P <0.05; Table 3).

known as free radicals or reactive oxygen derivatives in tissues and cells, which causes events such
as inhibition of enzyme activities, proteins, DNA
and RNA denaturation, increases. Furthermore,
lipid peroxidation in the membranes results also in
excessive MDA accumulation. The plants have
developed various antioxidant systems against free
radicals and reactive oxygen species such as SOD,
CAT, APX, GuPX and GR [38, 39]. Antioxidant
compounds are effective in protecting the balance
between oxidant and antioxidant systems by cleaning free radicals and oxygen derivatives, repressing
their reactions or repairing the damage they create.
Tissues and cells are not affected by free radicals,
as long as oxidative stability is provided [40, 41].

DISCUSSION
Plants can be exposed to abiotic stress factors
such as drought, low/high temperature, UV light,
high light, heavy metals, nutritional deficiencies
and magnetic field within their living environment.
In these conditions, the amount of toxic compounds

TABLE 1
Effects of different intensity and periods of magnetic field applications on total soluble protein and lipid
peroxidation level (malondialdehyde-M)1.
Intensity (mT)

Exposure Period (min)

Protein (mg/g)

Control

96.65±0.12a

MDA (nmol/g)
59.13±0.06a

200

20
60
120

111.59±0.18e
102.53±0.23c
97.66±0.16b

316.59±0.13g
120.58±0.12b
202.56±0.13d

400

20
60
120

102.53±0.19c
112.59±0.21f
104.57±0.12d

218.56±0.16e
187.41±0.13c
298.20±0.07f

1

Statistically there is a significant difference with confidence level p <0.05
TABLE 2
Effects of different intensity and periods of magnetic field applications on glucose, fructose, sucrose,
starch amounts DQGĮ-amylase activity1.
Intensity
(mT)

Exposure Period
(min)
Control

Glucose
mg/g

Fructose
mg/g

Sucrose
mg/g

Starch
mg/g

ǹ-amylase
EU/mg Protein

45.60±0.12g

2.33±0.01f

1.96±0.01ab

4.35±0.011g

38.75±0.12a

200

20
60
120

24.84±0.05e
9.79±0.06d
8.19±0.11c

1.35±0.03d
0.78±0.01a
1.01±0.01b

2.06±0.04bc
1.90±0.01a
2.19±0.06c

2.37±0.005e
0.94±0.006d
0.78±0.011c

48.77±0.13d
39.36±0.21ab
44.24±0.11c

400

20
60
120

7.25±0.11b
28.91±0.20f
2.78±0.02a

0.78±0.01a
1.64±0.02e
1.20±0.02c

2.52±0.01d
2.76±0.03e
2.87±0.03e

0.69±0.010b
2.76±0.019f
0.27±0.002a

39.63±0.15b
48.67±0.05d
53.70±0.13e

1

Statistically there is a significant difference with confidence level p <0.05
TABLE 3
The effect of magnetic field applications on APX, CAT and GuPX and SOD activity1.

Intensity
(mT)

Exposure Period
(min)

APX
EU/mg Protein

GuPX
EU/mg Protein

CAT
EU/mg Protein

0.085±0.0003cd

0.054±0.0001g

0.082±0.001b

82.36±0.11a

200

20
60
120

0.063±0.0001bc
0.090±0.0001cd
0.019±0.0001a

0.020±0.0001e
0.010±0.0001a
0.015±0.0001d

0.148±0.001e
0.127±0.001d
0.070±0.001a

108.50±0.17f
125.64±0.09g
104.47±0.17d

400

20
60
120

0.110±0.0002d
0.0133±0.0002a
0.028±0.0002ab

0.011±0.0002b
0.013±0.0001c
0.031±0.0002f

0.093±0.001c
0.128±0.001d
0.165±0.001f

102.50±0.15c
101.34±0.06b
105.67±0.15e

Control

1

Statistically p <0.05 significantly different confidence level
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tissues and cells increase while, color, odor and
appearance are deteriorated and chemical content is
changed, and seed viability and strength are reduced because the aging is accelerated. MDA concentration is low in the control group and quite high
in other application groups in this study. 200 mT
intensity in 20 and 120 min and 400 mT intensity in
20 and 120 min of MF have significantly increased
the amount of MDA in seeds (Table 1). These data
demonstrate that the MF application and the stratification process applied to the seeds had a negative
effect on the maintenance of cellular integrity in the
seed. Sure enough, Yilmaz [58] has stated in his
study on the determination of the chemical components of different oriental beech origins that seeds
contained 48.69% fat, 29.04% protein, 3.16%
starch and 4.10% ash, and the fats consisted predominantly of unsaturated fatty acids; Ratajczak
and Pukacka [51] stated that the storage conditions
of beech seeds above 0 °C have caused them lose
their vitality due to ambient humidity, mainly due
to the loss of membrane integrity due to peroxidation of unsaturated fatty acids. The results of the
study are in parallel with the results obtained by
Sahebjamei [59]; Tian et al. [60], Saha and Sultana
[61] and McDonald [22].
These investigators found that the amount of
free radicals and reactive oxygen species increased
in seeds due to cellular membranes and organelles
being damaged in MF applied seeds and in line
with this the structures of lipids, proteins, carbohydrates and nucleic acids in the cells deteriorated;
and MDA concentration in the cells increased in
line with the degree of deterioration of cellular
structures. Furthermore, Mittler [62] and Allen [63]
reported that MF applications increased the radical
synthesis by stimulating oxidative stress in the
organism and Majd et al. [64] reported that external
magnetic field applications are more effective than
geomagnetic field applications while Ishisaka et al.
[65] and Garcia et al. [66] have reported that MF
can cause electrolyte leakage by increasing membrane permeability and this occurrence impairs the
functions of ions involved in enzyme activation, the
water balance and osmotic potential of the seed.
Assimilates are found as starch in the insoluble form and as sucrose, glucose, fructose, myoinositol and raffinose and sugars in the soluble form in
the endosperm [67, 68]. These compounds work in
important physiological processes such as regulation of growth and development, maintenance of
osmotic balance, maintenance of membrane integrity, protection of protein, DNA and RNA structure,
prevention of water loss, resistance to environmental factors such as low temperature, drought, germination events and food mobilization [68, 69, 70].
Sure enough, Murata et al. [71], Nomura et al. [72],
Palmiano and Juliano, [73], Matsukura et al. [74]
have reported that starch in the endosperm was
GHJUDGHG E\ Į DQG ȕ DP\ODVH HQ]\PHV PDLQO\ to

The seeds have two group proteins as "structural proteins and biologically active proteins" [42].
These proteins, which are accumulated during seed
development in order to be used in a metabolic
active phase in the future, are called "storage proteins" [43]. These proteins are not enzymatic and
their task is to provide support as a source of nitrogen and sulfur that is necessary during germination
and new plant formation [44, 45, 46].
Although MF has increased protein content
compared to control in stratified-applied oriental
beech seeds, the protein content in seeds Bewley,
[46] varied depending on the intensity and duration
of MA. The highest protein was observed at intensity of 400 mT in 60 min and at intensity of 200 mT
in 20 min MF with and the lowest protein was observed in the control seed seeds (Table 1). According to the data; The MF application resulted in an
increase in protein content in the beech seeds (Table 1). It is thought that the high protein value in the
seeds of the oriental beech may be due to the high
SOD and CAT activity, the water intake of the
seeds causing accumulation of soluble proteins by
stimulating the metabolic reactions, and also the
increase in the total soluble protein amount caused
by MF causing stress in the seeds. This is because
McDonald [47], Bewley and Marcus [48] state that
protein synthesis is stimulated after 30 minutes
following water ingestion in seeds and that protein
levels are maintained at a high level after 6 hours.
Eraslan et al. [49]; Bartels and Sunkar [50], report
that the amount of proline, soluble protein and
sugars that work in the maintenance of the integrity
of cellular membranes under stress conditions increase. Furthermore, researchers also report that the
extent to which proteins are affected by stress conditions can vary according to the amino acid content, and proteins are less sensitive to stress conditions than to membranes (peroxidation of lipids in
membranes) [51, 52, 53]. The amino acid sequence
of the seed storage proteins varies according to the
plant species. Some researchers have shown that the
amino acid content affects the susceptibility of
proteins to free radicals and that they are more
susceptible to the radical effects of amino acid
cysteine, cystine, methionine, histidine and tyrosine-rich proteins [54, 55]. Kristensen et al. [56]
found that bean seeds are dominant in glutamylphenylalanine and willardiinin, as well as
being rich in amino acid fractions such as hydroxyproline, alanine, glutamic acid, glutathione and
glutamyltyrosine and Ayaz et.al. [23] found that
beech seeds are rich in glutamic acid, arginine and
leucine. This information and protein data have led
to the thought that bean seeds may have amino
acid-rich proteins may be less affected by possible
damage to MF.
Many investigators have reported that membrane integrity is lost in the seeds as a result of lipid
peroxidation [57, 53] and electrolyte leakage from
4610
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and Grabowska [84] mentioned that MF UHGXFHGĮamylase activity in wheat seeds while Turfan et al.
[11] reported that MF applications reduced the aamylase activity in oriental beech seeds that were
not subjected to stratification.
Seed quality, vitality and germination power
are largely based on the activity of antioxidant
compounds found in the seed, such as SOD, CAT,
APX and GuPX, which protect the seed from damage by radicals and active oxygen derivatives. APX
and GuPX activity in the stratification-applied
oriental beech seeds are high in the control group
and very low in the other MF applied seeds. In
particular, applications of 200 mT intensity in 60
min, 400 mT intensity in 20 and 60 min of MF
significantly reduced APX and GuPX activity compared to control and other applications. CAT has
the lowest value in 200 mT 120 min operation and
the highest value at 400 mT intensity in 120 min
and 200 mT in 20 min.SOD activity is low only in
the control group seeds (Table 3). MF increased
SOD activity in all other treatment groups except
control, while APx and CAT activities were increased in other treatment groups except control; CAT activity was adversely affected only at
intensity 200 mT in 120 min. Based on these results, it was concluded that MF treatments stimulated SOD and CAT activity, whereas APX and GuPX
inhibited activity. The findings of the studies on the
enzyme activity are consistent with the results of
studies in this field. Sure enough Celik et al. [87]
has reported that MF increased the SOD and CAT
activities, while in dampened seed peroxidase
groups such as ascorbate peroxidase reduce the
enzyme activity in their study investigated the effects of MF applications on the SOD activity in
soybean roots.
Furthermore, Radhakrishnan and Kumari [88]
and Huang et al. [89] stated that their applications
increased the SOD and CAT activities in the seeds,
and Majd and Shabrang of [90] reported that MF
and Mousavizadeh et al. [2] reported that high intensity and long-lasting MF reduces the peroxidase
activity in lettuce seeds. Researchers report that
various metabolic reactions such as protein, DNA
and RNA synthesis and degradation of macromolecules are initiated in the seeds together with water
intake and MF applications and the activity of antioxidants such as SOD, CAT, APX and GuPX are
stimulated and also lipid peroxidation in membranes are effective in deterioration of seed viability [40, 47, 85, 86, 91, 92, 93].

glucose and, to a lesser extent to reducing sugars
such as maltose as well as non-reducing sucrose
units. The same researchers have also reported that
glucose is converted to sucrose by being transported to scutellum and used as a carbon source in the
embryonic axillary. Glucose and fructose contents
are lower in stratified and MF applied oriental
beech seeds compared to control. The sucrose content increased with increasing time in the 400 mT
application group whereas it higher in the 200 mT
application group in 120 min and 20 min in MF
compared to control. The starch content is higher in
the control group and significantly lower in the
other application groups (Table 2). The data on the
sugars in the seeds indicate that wetness and different durations and severities of MF application during the stratification, stimulates the enzymatic degradation of starch in the beech seeds and also that
glucose units are transported to scutellum and converted to sucrose units.
Slewinski and Braun [75], Aoki et al. [76],
Bewley [46]; Jacobsen et.al. [77] reported that the
activity oIWKHĮ-amylase enzyme increased with the
water intake of seed in their studies and that the
respiratory substrate of starch converted into soluble sugars such as glucose and fructose [78, 79, 80]
and a decrease in the total carbohydrate level in the
endosperm, and this decrease persisted during germination. The researchers also stated that sucrose is
high in scutellum while glucose and fructose are
high in embryonic axillary and this occurrence
proves that sucrose is not deposited in embryonic
axes and that it is used as a carbon source by degrading to hexoses such as glucose and fructose, ĮDP\ODVHDQGȕ-amylase are enzymes which degrade
starch molecules in endosperms to simple sugars
such as glucose, fructose and sucrose [46, 81].
Metabolic reactions are accelerated after the seeds
take water and storage materials. They are degraded
enzymatically and mobilized to the embryonic axes.
The MF applied to stratification applied oriental
beech seeds generally has increased the a-amylase
activity. The highest enzyme activity was found
respectively as 200 in 20 min and 120 min, while
the lowest enzyme activity was found in the control
group seeds (Table 2). It was thought that there was
combined effect of water intake during stratification, stratification application and MF on increase
LQ Į-amylase activity in beech seeds. As such,
Vashisth and Nagarajan [3], Pintilie et al. [82] and
Atak et al. [83] have reported that water intake in
seeds increased the degradation of starch to simple
sugars by stimulating the activity of Į-amylase
enzyme while Rochalska and Grabowska [84] expressed that there were FKDQJHVLQĮ-DP\ODVHDQGȕamylase and glutation S-transferase enzymes during
germination of wheat seeds exposed to MA and
Agustrina et al. [9] stated that low levels of MF
incrHDVHG WKH Į-amylase activity in leguminous
seeds, but did not affect soybeans and Rochalska

CONCLUSION
It was concluded that MF application of different intensity and duration, affected the chemical
content of stratified oriental beech seeds differently
depending on the intensity and duration, and made
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the MDA amount of MF seed increasing and gave
damage mostly to membranes and this case may
arise from the diversity of chemical composition of
the seeds stratification time and effect of MF as
well as factors like seed harvest time and storage
conditions. Furthermore, it will be possible to provide more accurate and descriptive results to determine the effects of the magnetic field applications
on beech seeds with further studies to be held on
seeds with different harvest years, different storage
conditions and populations. As such, it is needed to
conduct studies regarding the nature of the MF
stimulation.
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fruit clean by preventing contact with the soil, conserves soil moisture and temperature, increase the
yield, control weeds [12, 13] in addition to this using
plastic mulch is a common practice in cultivation of
strawberry [7]. Some studies report that mulch material influences fruit quality [14, 15]. Compared to
plastic mulch, sawdust and agro-textile mulches are
more advantageous in permeable to air and water and
decomposition [16, 17].
Organically grown strawberries are reported to
have a higher phenolic content and higher quality in
terms of some fruit characteristics [18, 19, 20]. Anticarcinogen [21] and chronicle illness preventing
characteristics of phenolic compounds are reported
in some studies [22]. In this paper, it was aimed to
determine the effects of different mulch types on
ascorbic acid (AA), total phenolic content (TPC) and
antioxidant activity (DPPH test) of three neutral
µ0RQWHUH\¶µ$OELRQ¶DQGµ$URPDV¶ DQGWZRVKRUW
day strawberry (Fragaria × ananassa Duch.) cultiYDUV µ&DPDURVD¶DQGµ6ZHHW&KDUOLH¶ XQGHUFHQWUDO
Anatolia conditions in summer growing season.

ABSTRACT
The present experiment was carried out during
2011 - 2013 open-field cultivation in order to determine the effects of black plastic, agro-textile and
sawdust mulches on ascorbic acid (AA), total phenolic content (TPC) and antioxidant activity (DPPH
test) of organically grown strawberries (Fragaria x
ananassa Duch.) cv. Monterey, Albion, Aromas, Camarosa and Sweet Charlie. TPC was determined by
Folin - Ciocalteu (FCR) method, while antioxidant
activity was determined by DPPH radical scavenger.
The AA, TPC and DPPH of strawberry fruits were
significantly influenced by genotypes difference and
mulch types. Camarosa cultivar was found superior
in terms of AA (61.49 mg/100 gr), TPC content
(2140.45 mg GAE/kg w) and DPPH radical scavenger (3.76 μg/mL). In addition, sawdust mulch had a
higher impact on TPC (1820.60 mg GAE/kg fw) and
DPPH radical (4.56 μg/mL) while agro-textile mulch
had a higher impact on AA content (58 mg/100 gr).

KEYWORDS:
Antioxidant, ascorbic, mulch, organic agriculture,
phenolics, strawberry.

MATERIALS AND METHODS
Plant materials and experimental design.
The experiment was conducted between 2011 - 2012
and 2012 - 2013 growing seasons in Nevsehir (Turkey) under open-field conditions and 1150 m above
sea level. The treatments consisted of 5 strawberry
cultivars and 3 mulch types. The cultivars used in the
experiment ZHUH DV IROORZV WKUHH QHXWUDO µ0RQWH
UH\$OELRQ$URPDV¶DQGWZRVKRUW-day strawberries
(Fragaria × ananassa 'XFK   µ&DPDURVD 6ZHHW
&KDUOLH¶ FXOWLYDUV ZKLFK JURZQ RUJDQLF VHHGOLQJ
conditions. Mulch materials were black plastic
mulch, agro-textile mulch and sawdust mulch. Seedlings planted in a 30 x30 cm spacing arrangement
into 100 cm beds. Through the experiment plants
were watered by sprinkling water and drip irrigation.
Seedlings were transplanted 19 May 2012. Organic
agriculture certificated products were used during
the experiment for fertilization and plant production.
The treatments were arranged in a randomized block
design (RBD) using a 5 x 3 factorial arrangement
with 4 replications and 30 plants per parcel. A total

INTRODUCTION
In recent years, people desire of consuming
healthy and environmentally friendly grown food
has increased the popularity of organic agriculture
[1]. Organic strawberry production commercially increased in the world [2]. According to 2013 data of
FAO, 274.927 tons of strawberries are grown in a
13.549 hectares field, in our country [3]. 3.857 tones
of the production are organic [4]. Compared to other
fruits, strawberry has a higher antioxidant activity,
which is reported to be related to phenolic compounds, anthocyanins [5], flavonoids, ascorbic acid,
vitamins and carotenoids [6]. The fruit quality and
antioxidant activity of strawberries can be influenced
by ecological conditions, genetic factors and growing conditions [7, 8, 9, 10, 11]. The use of mulch is
common in strawberry cultivation, as it keeps the
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of 600 plants were used in experiment. Black plastic
and agro-textile mulches were applied before seedling and sawdust mulch was applied 15 days after the
seedling as 10 cm's denseness.

Fresenius Environmental Bulletin

Radical scavenging activity indication. For
antioxidant activity measurement, a methanol soluble free radical (DPPH; - 2,2 dipheyl-1-picrylhydrayl) was used [25]. Solvent (methanol) was lyophilized and evaporated from extracted samples with
rotary evaporator. Extracts were prepared in several
different concentrations (500, 250, 100, 50, 25, 10, 5
ppm) and DPPH solution was added. After vortexing
for 30 minutes, absorbance was interpreted as 515
nm. Control value was determined by using 1 ml
methanol instead of using sample and standard substance. EC50 value was measured with a graphic that
was formed by placing % radical scavenger activity
values against concentrations and results were presented as EC50 = μg/mL.
% DPPH radical scavenger activity was measured according to the formula given below.
DPPH radical inhibition (%) = [(A1 - A2 / A1)] ȋ
100
A1: Absorbance of Control Sample (non-antioxidant) at 515 nm.
A2: Absorbance of sample (antioxidant) at 515 nm.

Chemicals. The list of chemicals used in experiments are; oxalic acid, ascorbic acid, 2.6 dichlorophenolyn,
2,2-Diphenyl-1-picrylhydrazyl
(DPPH), acetic acid, folin celteau (FCR), sodium
carbonate (Na2CO3), and gallic acid. All reagents
used were of analytical grade.
Sample preparation. Ripen fruit from each
treatment was harvested throughout the experimental period. Strawberry fruits were graded for
size, external color and sorted to eliminate damaged
fruits and transported under refrigeration to the laboratory. Post-harvest evaluations assessed 500 g
randomly selected marketable fruits per replication.
Samples, homogenized by food processor, were extracted. Samples, extracted with methanol, were centrifuged and supernatants were subjected - 20 °C in a
deep freezer to further analysis.

Statistical analysis/ Data analyzes were performed using SPSS software version 23. Mean values of application were compared with Duncan test
after variance analysis. Differences between means
at 5% (P < 0.05) and 1% (P < 0.01) level were considered significant. Correlations were obtained by
Pearson correlation coefficient in bivariate correlations.

Antioxidant characteristics. AA, TPC and
DPPH were determined once every 15 days through
the experiment.
Ascorbic acid. Vitamin C content was determined by spectrophotometric method, according to
Pearson [23]. The results are expressed as mg ascorbic acid/100 g of fresh weight. Cary 100 Bio UV/VIS
spectrophotometer was used in the study. Interpretation was done in 15 seconds after samples were prepared and dye solution was added.

RESULTS AND DISCUSSION
In strawberry plantation, plants may be influenced by environmental conditions and thereby antioxidant level of fruits may be influenced [8]. In this
study, effects of different cultivars and mulching
methods on antioxidant characteristics of strawberries were determined by AA, TPC and DPPH methods. AA, TPC and DPPH methods, which were used
in our study are in accordance with previous studies
[26, 27, 28, 29].

Total phenolic content. Total phenolic content
concentration was measured by FCR as described by
Singleton & Rossi [24]. The phenol content was representing as kg of gallic acid equivalent per one kilogram fresh weight tissue.
Fruit samples were homogenized by food processor. Homogenized fruit samples were added as
3g's into a 70% methanol solution (29.5 ml pure water + 70 ml methanol + 0.5 ml acetic acid) and homogenized for 5 minutes and preserved in a dark environment for 18 hours. Samples were centrifuged
for 20 minutes at 4 °C; supernatants were extracted
and preserved in - 20 °C until the analyze. 0.01 ml of
the sample was gathered and added into 0.5 ml of
10% FCR solution and incubated in room temperature 6 - 8 minutes. Afterwards, 1.5 ml of 20% Na2Co3
solution was added and incubated in room temperature for 2 hours. At the end of the process it was interpreted in a spectrometer at 750 nm. 0, 50, 100,
200, 400, 800 and 1600 mg/L of gallic acid concentrations were prepared and interpreted in a spectrometer at 750 nm. Total phenolic concentration was
measured by standard curve.

Effects of cultivars. The study was conducted
under certified organic agricultural practices. Albion, Aromas, Camarosa and Sweet Charlie are common commercial strawberry cultivars grown in Turkey [9]. However, Monterey is a less known and
grown cultivar compared to the four cultivars above.
Different strawberry cultivars' AA, TPC and DPPH
test results took place in this study are presented in
Table 1. According to the some studies AA, TPC and
DPPH test results may vary depending on characteristics of cultivars [30, 31]. As can be seen in Table
1, the effects of cultivar on AA, TPC and DPPH were
found be statistically significant. As for Table 1, fruit
which were harvested from Camarosa, had the highest AA (61.49 mg/100g), than those harvested from
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other cultivars. Similar values were found between
Monterey (53.13 mg/100g) and Aromas (53.51
mg/100g). AA values obtained from the studies are
in accordance with some reports [8, 32, 33]. Samec
et al., [32] has reported 57.96 mg/100 g fw for Albion and 53.48 mg/100 g fw for Monterey cultivar
while Tiwari et al., [33] has reported 54.75 mg/100
g fw value for Sweet Charlie Cultivar. However,
Gani et al., [34] has reported a higher level of ascorbic acid for Chandler cultivar as 78.54 - 80.12
mg/100 g fw. The difference between the results may
be due to the climate and growing conditions.
Total phenolic method, used in this study, is
based on electron transfer from phenolic compounds
and other reductant compounds to molybdenum.
Complex blue formation is determined at 750 - 765
nm spectrophotometrically [35]. As seen in Table 1,
the highest TPC concentration (2140.45 mg GAE/ kg
fw) has occurred in Camarosa cultivars same as AA
concentration, and the line is followed by Monterey
cultivar (2109.06 mg GAE/kg fw). The lowest content was found in Sweet Charlie cultivar (1306.33
mg GAE/kg fw). It was a previously reported that,
similar TPC values were obtained [32] and TPC content of Camarosa cultivar is higher than other cultivars [36] just as in our study.
A substance's antioxidant effect depends on its
ability to remove the free radicals in the environment
[37]. An absorbance change, which is based on fading of compounds due to free radicals, were measured at 517 nm and EC50 values of these were measured according to the calibration graphic of DPPH
radical scavenger. In this regard, the lower EC50 values, the higher antioxidant potential. Different cultivars DPPH scavenger, based on EC50 values, are presented in Table 1. DPPH test results of all cultivars
are found significantly different (P < 0.05) and mean
value has ranged between 3.76 μg/mL (Camarosa)
and 6.87 μg/mL (Sweet Charlie) (Table 1).
It is reported that, differences of genotypes influence the fruit's AA, TPC, DPPH results [32, 36].
Considering the results, the highest data was obtained by Camarosa cultivar compared to other cultivars (Table 1). Similarly, Hernanz et al., [38] have
also obtained higher values from Camarosa cultivar,
compared to other cultivars.
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Effects of Mulches. Antioxidant characteristics of strawberry fruits may get influenced by agronomic techniques such as open or protected system,
sort of sole type or different mulch materials [39,
40]. Plants were grown by getting mulched with
black plastic mulch, agro-textile mulch and sawdust
mulch and AA, TPC and DPPH values of obtained
samples were measured and presented in Table 2.
AA content of strawberries grown in different types
ranged between 54.46 mg/100 g(sawdust mulch) and
58 mg/100 g (agro-textile mulch). As seen in Table
2, AA content of agro-textile mulch (58 mg/100 gr)
was found significantly higher (P < 0.05) than other
mulch types. Moor et al., [41] has also reported AA
content of strawberry 61 mg/100 g fw-1, in plastic
mulched parcels and 55 mg/100 g fw-1 in straw
mulched parcels.
As showed in Table 2, there was a significant
difference (P < 0.05) between all mulch types in
terms of TPC contents. The highest values were obtained from sawdust mulch (1820.60 mg GAE/kg
fw). The highest DPPH value (5.21 μg/mL) (the lowest is EC50) was found in agro-textile mulch, as same
as AA. Mean DPPH value of sawdust mulch was
found different and lower (4.56 μg/mL) than two
other mulch types.
It is reported in the literature that, when strawberries grown with plastic mulch have higher anthocyanin content than the ones grown up with straw
mulch due to high soil temperature [7, 41]. In our
study, AA, TPC and DPPH content of fruits, grown
in plastic mulched parcels were not significantly
higher than sawdust mulched parcels. The reason is
thought to be that, growing was conducted in summer months and therefore sawdust mulched parcels
were also highly temperature.
Correlations. Extracts obtained from five different strawberry cultivars, grown in different mulch
types, were analyzed and correlations between their
antioxidant characteristics were presented in Table
3. Considering the results in Table 3, AA and TPC
were positively correlated (R2 = 0.502, P < 0.01), on
the other hand, AA content and DPPH test results are
negatively correlated (R2 = - 0.547, P < 0.01). Moreover a negative correlation was also found between
DPPH and TPC (R2 = - 0.839, P < 0.01). This reveals
the effect of total phenolic content in strawberries on

TABLE 1
Ascorbic acid (AA), total phenolic contents (TPC) and antioxidant activity (DPPH) in the five strawberry
cultivars
EC50 (DPPH) (μg/mL)
Cultivar
AA (mg/100 gr fw)
TPC (mg GAE/kg fw)
53.13 b
2109.06 c
4.32 b
Monterey
58.82 c
1864.20 b
4.68 c
Abion
53.51 b
1350.25 a
5.26 d
Aromas
61.49 d
2140.45 c
3.76 a
Camarosa
51.88 a
1306.33 a
6.87 e
Sweet Charlie
55.77
1754.06
4.98
Mean
Values in the same column followed by a different small letter are significantly different (P < 0.05).
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TABLE 2
Ascorbic acid (AA), total phenolic contents (TPC) and antioxidant activity (DPPH) in three mulch types
AA
TPC
EC50
(mg/100 gr fw)
(DPPH) (μg/mL)
(mg GAE/kg fw)
54.83a
1747.79b
5.16b
Black plastic
58.00b
1693.80a
5.21b
Agro-textile
54.46a
1820.60c
4.56a
Sawdust
Values in the same column followed by a different small letter are significantly different (P < 0.05).
Mulch type

TABLE 3
Correlations between ascorbic acid (AA), total phenol contents (TPC) and antioxidant activity (DPPH)
AA
(mg/100 gr fw)
1
AA
,502**
TPC
- ,547**
DPPH
** Correlation is significant at the 0.01 level (2-tailed).

TPC
(mg GAE/kg fw)
,502**
1
- ,839**

EC50
(DPPH) (μg/mL)
- ,547**
- ,839**
1

TABLE 4
Correlations between ascorbic acid (AA), total phenolic content (TPC) and antioxidant activity (DPPH) of
different strawberry cultivars
AA
(mg/100 gr fw)
Monterey
1
Abion
1
Aromas
1
AA
Camarosa
1
Sweet Charlie
1
Monterey
- ,627*
Abion
- ,389
Aromas
- ,535
TPC
Camarosa
- ,446
Sweet Charlie
- ,494
Monterey
,757**
Abion
,687*
Aromas
,581*
DPPH
Camarosa
,166
Sweet Charlie
- ,203
* Correlation is significant at the 0.05 level, ** 0.01 level.
Cultivar

TPC
(mg GAE/kg fw)
- ,627*
- ,389
- ,535
- ,446
- ,494
1
1
1
1
1
- ,615*
- ,292
- ,010
- ,734**
- ,118

EC50 (DPPH)
(μg/mL)
,757**
,687*
,581*
,166
- ,203
- ,615*
-,292
-,010
- ,734**
- ,118
1
1
1
1
1

TABLE 5
Correlations between ascorbic acid (AA), total phenol contents (TPC) and antioxidant capacity (DPPH) in
different mulch types
Mulch type
AA

TPC

DPPH

Black plastic
Agro-textile
Sawdust
Black plastic
Agro-textile
Sawdust
Black plastic
Agro-textile
Sawdust

AA
(mg/100 gr fw)
1
1
1
,651**
,537*
,621**
- ,759**
- ,606**
- ,690**

* Correlation is significant at the 0.05 level, ** 0.01 level.
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TPC
(mg GAE/kg fw)
,651**
,537*
,621**
1
1
1
- ,766**
- ,842**
- ,910**

EC50 (DPPH)
(μg/mL)
- ,759**
- ,606**
- ,690**
- ,766**
- ,842**
- ,910**
1
1
1

© by PSP

Volume 26 ± No. 7/2017 pages 4616-4622

Fresenius Environmental Bulletin

Agriculture. 9, International Publishing, Switzerland, 1-36.
[2] Hakala, M., Lapvetelainen, A., Huopalahti, R.,
Kallio, H., and Tahvonen, R. (2003) Effects of
varieties and cultivation conditions on the composition of strawberries. Journal of Food composition and analysis, 16(1), 67-80.
[3] FAOSTAT (2015) Food and Agriculture Organization of the United Nations Cropping Database Production of Strawberry. (Accessed 15
March
2016).
URL
http://faostat3.fao.org/download/Q/QC/E.
[4] TUIK (2015) Turkish Statistical Institute. Organic Crop Production. (Accessed 20 March
2016) URL. http://www.turkstat.gov.tr/UstMenu.do?metod=temelist
[5] Oszmianski, J. and Wojdylo, A. (2009) Comparative study of phenolic content and antioxidant activity of strawberry puree, clear, and
cloudy juices. European Food Research and
Technology, 228(4), 623-631.
[6] Kelebek, H. and Selli, S. (2011) Characterization of phenolic compounds in strawberry fruits
by RP-HPLC-DAD and investigation of their
antioxidant capacity. Journal of Liquid Chromatography & Related Technologies, 34(20),
2495-2504.
[7] Anttonen, M.J., Hoppula, K.I., Nestby, R.,
Verheul, M.J., and Karjalainen, R.O. (2006) Influence of fertilization, mulch color, early forcing, fruit order, planting date, shading, growing
environment, and genotype on the contents of
selected phenolics in strawberry (Fragaria× ananassa Duch.) fruits. Journal of Agricultural and
Food Chemistry, 54(7), 2614-2620.
[8] Crespo, P., Bordonaba, J.G., Terry, L.A. and
Carlen, C. (2010) Characterization of major
taste and health-related compounds of four
strawberry genotypes grown at different Swiss
production sites. Food Chemistry, 122(1), 1624.
[9] Kafkas, E. (2016) Strawberry growing in Turkey: Current status and future prospects. Proceeding of VIII th International Strawberry
Symposium, Quebec, Canada. Acta Horticulturae, 1156(2), 903-908.
[10] Baran, M.F., Oguz, H.I., and Gokdogan, O.
(2017) Determination of Energy Input-Output
Analysis in Organic Strawberry Production.
Fresen. Environ. Bull., 26(3), 2076-2081.
[11] Yasar, F., Uzal, O. and Yasar, O. (2016) Antioxidant Enzyme Activities and Lipidperoxidation Amount of Pea Varieties (Pisum Sativum
Sp. Arvense L.) Under Salt Stress. Fresen. Environ. Bull., 25(1), 37-42.
[12] Birkeland, L., Doving, A., and Sonsteby, A.
(2000) Yields and quality in relation to planting
bed management of organically grown strawberry cultivars. Proceeding of IV International

antioxidant activity. Indeed, it is reported in some
studies that, plants total phenolic content is related
with antioxidant activity [42].
Correlations of different strawberry cultivars,
resulted from AA, TPC and DPPH test results, were
presented in Table 4. Correlations between AA and
TPC of cultivars were not found significantly different negatively, except Monterey cultivar (R2 = 0.627,
P < 0.05). On the correlations of AA and DPPH test
results, a positive correlation was found between
Monterey (R2 = 0.757, P < 0.01), Albion (R2 = 0.687,
P < 0.05) and Aromas (R2 = 0.581, P < 0.05) cultivars. Considering the correlation between TPC and
DPPH test results, any significant negative correlation was not found, except Monterey (R2 = 0.615, P
< 0.05) and Camarosa (R2 = 0.734, P < 0.01) (Table
4).
Positive correlation between AA and TPC contents in different mulch types and a negative correlation between AA and DPPH values was determined.
There were negative correlations between TPC and
DPPH test results in all mulch types as presented in
Table 5.

CONCLUSIONS
The present study indicates that the strawberry
cultivar Camarosa is an extremely rich source of
ascorbic acid, total phenolic compounds and antioxidant capacity, demonstrating its potential use as a
food additive.
Moreover, ascorbic acid content of agro-textile
mulch was found higher than black plastic mulch and
textile much while total phenolic content and antioxidant characteristics of sawdust mulch was found
higher. Black plastic mulch was not found favorable
in terms of characteristics determined in this study.
It was determined that, AA had a positive correlation with TPC test results and a negative correlation with DPPH test results. A negative correlation
between TPC and DPPH test results was also determined.
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progressively on a worldwide premise because of
urbanization and industrialization. Some of these
chemicals act as endocrine disruptors as they disturb endogenous hormone signaling pathways.
Endocrine disruptors are chemicals that at a certain
GRVHFDQLQWHUIHUHZLWKWKHERG\¶VHQGRFULQHV\VWHP
and produce adverse developmental, reproductive,
neurological, and immune effects in both humans
and wildlife. Some of different reviews indicate an
association with cancer, diabetes, endometriosis and
other ailments. There is confirmation that the rate of
endocrine-related issue in people has expanded in
recent years. Numerous causes underlie this pattern;
however, confirmation is mounting that chemical
exposure is involved. Close to 800 chemicals are
known or suspected to be capable of interfering
with hormone receptors, hormone synthesis or
hormone conversion.
An extensive variety of substances, both natural and man-made, are thought to cause endocrine
disruption, including dioxin and dioxin-like compounds, pharmaceuticals, polychlorinated biphenyls, organotin compounds, plasticizers such as bisphenol, DDT and other pesticides. Endocrine disruptors may be found in most of the products which
we use every day including flame retardants, food,
toys, plastic bottles, detergents, cosmetics, metal
food cans, and pesticides [1]. The NIEHS studies
help to determine whether exposure to endocrine
disruptors may result in human health effects including male and female lowered fertility and an
increased incidence of endometriosis and some
cancers [2]. Research shows that endocrine disruptors may pose the greatest risk during prenatal and
early postnatal development, when organ and neural
systems are forming.
Endocrine disrupting chemicals (EDCs) and
potential EDCs are usually man-made, discover in
various materials such as additives or contaminants
in food, pesticides, metals, and personal care products. EDCs have been suspected to be associated
with altered reproductive function in males and
females; increased incidence of breast cancer, ab-

ABSTRACT
Endocrine disruption refers to the ability of
chemicals or substances at a certain dose to interfere with hormonal systems in the body. This has
brought genuine concern globally in recent years.
Endocrine disruptive chemicals (EDCs) represent a
serious health risk to human and wildlife and have
the tendency to impact human health negatively.
This review focuses on the health impact of EDCs.
There is growing interest from researchers, scientists and standard organization across the globe on
the possible health threat posed by endocrine disrupting chemicals (EDCs), which are substances we
get exposed to on a daily basis in our environment,
food, drinks and consumer products (creams, drugs,
addictive, plastics, children toy etc.) that interfere
with hormone biosynthesis, action resulting in a
deviation from normal homeostatic control or reproduction and metabolism. Moreover, EDCs represent a broad class of molecules such as industrial
chemicals and organo-chlorinated pesticides, plasticizers and plastics, fuels, and many more chemicals
that are present in the environment or are in extensive use. This article focuses on making suggestions
to broaden society knowledge of the health risk of
EDCs, including enhancing increased basic and
clinical research, invoking the precautionary principle, and advocating involvement of individual and
scientific society stakeholders in communicating
and implementing changes in public policy and
awareness.

KEYWORDS:
Endocrine Disruptive Chemicals, Endocrine disruptor,
DDTs, PCBs, Health impact

INTRODUCTION
The production of chemicals and their introduction into the environment is turning out to be
4623



© by PSP

Volume 26 ± No. 7/2017 pages 4623-4636

Fresenius Environmental Bulletin

normal growth patterns and neuro-development
delays in children, as well as changes in immune
function.

changes in hormone levels; early puberty; brain and
behaviour problems; impaired immune functions;
and various cancers.

HISTORY OF ENDOCRINE DISRUPTORS

TYPES OF EDCS

The first evidence of endocrine disruption was
disclosed almost 40 year ago through observations
of uncommon vagina adenocarcinoma in daughters
born 15±22 year earlier to women treated with the
potent synthetic estrogen Diethylstilboestrol (DES)
during pregnancy [3]. The term endocrine disruptor
was coined at the Wingspread Conference Centre in
Wisconsin, in 1991. One of the early papers on the
developmental effects of endocrine-disrupting
chemicals in wildlife and humans was proposed by
Colborn and co worker [4]. In the paper, she stated
that environmental chemicals disrupt the development of the endocrine system, and that effects of
exposure during development are often permanent.
Although the endocrine disruption has been disputed by some, work sessions from 1992 to 1999 have
generated consensus statements from scientists
regarding the hazard from endocrine disruptors,
particularly in wildlife and also in humans [5-8].
The Endocrine Society released a scientific
statement outlining mechanisms and effects of
HQGRFULQHGLVUXSWRUVRQ³PDOHDQGIHPDOHUHSURGXF
tion, breast development and cancer, prostate cancer, neuroendocrinology, thyroid, metabolism and
REHVLW\ DQG FDUGLRYDVFXODU HQGRFULQRORJ\´ DQG
showing how experimental and epidemiological
studies converge with human clinical observations
³WRLPSOLFDWH('&VDVDVLJQLILFDQWFRQcern to pubOLFKHDOWK´7KHVWDWHPHQWQRWHGWKDWLWLVGLIILFXOWWR
show that endocrine disruptors cause human diseases, and it recommended that the precautionary principle should be followed [9]. A concurrent statement expresses policy concerns [10].
Endocrine disrupting compounds encompass a
variety of chemical classes, including drugs, pesticides, compounds used in the plastics industry and
in consumer products, industrial by-products and
pollutants, and even some naturally produced botanical chemicals. Some are pervasive and widely
dispersed in the environment and may bioaccumulate. Some are persistent organic pollutants
(POP's), and can be transported long distances
across national boundaries and have been found in
virtually all regions of the world, and may even
concentrate near the North Pole, due to weather
patterns and cold conditions [11]. Others are rapidly
degraded in the environment or human body or may
be present for only short periods of time [12].
Health effects attributed to endocrine disrupting
compounds include a range of reproductive problems (reduced fertility, male and female reproductive tract abnormalities, and skewed male/female
sex ratios, loss of foetus, menstrual problems [13];

Endocrine disruptors are chemicals, or chemical mixtures, that interfere with normal hormone
function. EDCs are highly heterogeneous [14] and
can be classified in the following two ways.
1. They can be classified in two categories
[10]:
(i) Those that occur naturally
¾ . Natural chemicals found in human and
animal food (e.g. Phytoestrogen: genistein and
coumestrol) and
(ii) Those that are synthesized. These can be
further grouped as follows
¾ Synthetic chemicals used as industrial solvents or lubricants and their by-products (e.g. polychlorinated biphenyls(PCBs), polybrominated biphenyls (PBBs), dioxins)
¾ Plastics [e.g. bisphenol A (BPA), organotin compounds]
¾ Plasticizers Pesticides [e.g. dichlorodiphenyltrichloroethane (DDT)]
¾ Fungicide (e.g. vinclozolin) and some
pharmaceutical agents [e.g. diethylstilboestrol
(DES)].
2. The EDCs can also be grouped according to
their origins [15]:
(i) Natural and artificial hormones (e.g. fitoestrogens, 3-omegafatty acids, contraceptive pills and
thyroid medicines).
(ii) Drugs with hormonal side effects (e.g.
naproxen, metoprololand clofibrate).
(iii) Industrial and household chemicals (e.g.
Phthalates, alkylphenoletoxilate detergents, fire
retardants, plasticizers, solvents, 1, 4-dichlorobenzene and polychlorinated bis-phenols (PCBs,
organotin compounds).
(iv) Side products of industrial and household
processes (e.g. polycyclic aromatic hydrocarbons
(PAHs), dioxins, pen-tachlorobenzene, organotin
compounds).
Some other examples of putative EDCs are
polychlorinated dibenzo-dioxins (PCDDs) and furans (PCDFs), phenol derivatives and a number
of pesticides (most prominent being organochlorine
insecticides like endosulfan, Kepone (chlordecone)
and DDT and its derivatives, the herbicide atrazine,
and the fungicide vinclozolin), the contraceptive
17-alpha ethinylestradiol, as well as naturally occurring phytoestrogens such as genistein and mycoestrogens such as zearalenone [16]. Tributyltin
(TBT) are organotin compounds that was used as a
biocide in anti-fouling paint, commonly known as
bottom paint [17,18].
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detected in Cape Town harbour in both sediments
and seawater samples [25]. The observed values
recorded for TBT could be the result of an increase
or decrease in traffics of ships and boats. Ship reparations is one of the reasons suggested for TBT
detection in sediments samples [25]. Tributyltin has
been demonstrated by Okoro and co-workers to
have effects on the stability of hemocytic lysosome
membrane of the mussel, (Mytillus galloprovincialis), they found out that the two exposed groups of
mussels exhibited appreciably increased whole
body TBT concentration with decreases in Neutral
Red Retention (NRRT) for lower and higher exposure groups. NRRT assay was found useful in this
study for early warning and cellular biomarker of
stress due to TBT exposure in Mytillus galloprovincialisis [26], a similar trend was reported in Tapes
phillipinarum and Mytilus galloprovincialis
[27,28].

TABLE 1
Some well-known EDCs and their uses
adapted from [19]
Category/Use
Pesticides
&KLOGUHQ¶VSURGXFWV
Food contact materials
Electronics and
Building materials
Personal care products, medical tubing
Antibacterial
Textiles, clothing
Product Cleaner
Surfactants-certain
kinds of detergents
used for removing oil
and their metabolites
Contraceptive

Example EDCs
DDT, chlorpyrifos, atrazine,
2,4-D, glyphosate, triphenyltins (TPT)
Lead, phthalates, cadmium
BPA, phthalates, phenol,
organotin
Brominated flame retardants,
PCBs
Phthalates
Triclosan
Perfluorochemicals
Fragrances, cyclosiloxanes
Nonylphenol (alkylphenols)

Dichloro-Diphenyl-Trichloroethane (DDT).
DDT was first used as a pesticide against Colorado
potato beetles on crops beginning in 1936 [29]. An
increase in the incidence of malaria, epidemic typhus, dysentery, and typhoid fever led to its use
against the mosquitoes, lice, and houseflies that
carried these diseases [29]. It became used worldwide to increase monoculture crop yields that were
threatened by pest infestation, and to reduce the
spread of malaria which had a high mortality rate in
many parts of the world. As early as 1946, the
harmful effects of DDT on bird, beneficial insects,
fish, and marine invertebrates were seen in the
environment. The most infamous example of these
effects was seen in the eggshells of large predatory
birds, which did not develop to be thick enough to
support the adult bird sitting on them [30].
Further studies found DDT in high concentrations in carnivores all over the world, the result of
biomagnification through the food chain [31].
Twenty years after its widespread use, DDT was
found trapped in ice samples taken from Antarctic
snow, suggesting wind and water are another means
of environmental transport [32]. Recent studies
show the historical record of DDT deposition on
remote glaciers in the Himalayas [[33]. More than
sixty years ago when biologists began to study the
effects of DDT on laboratory animals, it was discovered that DDT interfered with reproductive
development [34,35]. Recent studies suggest DDT
may inhibit the proper development of female reproductive organs that adversely affects reproduction into maturity [36]. Additional studies suggest
that a marked decrease in fertility in adult males
may be due to DDT exposure [37]. Most recently, it
has been suggested that exposure to DDT in utero
can increase a child's risk of childhood obesity [38].
DDT is still used as anti-malarial insecticide in
Africa and parts of South East Asia in limited quantities.

Ethinyl estradiol (Synthetic
steroid)

SELECTED EDCS IN THIS REVIEW
ARTICLE
Organotin Compounds (OTCs). Tributyltin
(TBT) are organotin compounds that was used as a
biocide in anti-fouling paint, commonly known as
bottom paint. TBT has been shown to impact invertebrate and vertebrate development, disrupting the
endocrine system, resulting in masculinization,
lower survival rates, as well as many health problems in mammals [17,18,20,21]. High toxicity of
tri-substituted organotin (effects seen in the aquatic
environment at <1 ngL-1)(R3SnX) has led to the ban
of organotin compounds as a marine antifouling
under the international convention on the control of
harmful antifouling systems on ships [1,22]. Basically, there are numerous effects of TBT which are
well reported in organotin compounds produce
various effects when aquatic life are exposed to
these chemicals. These effects include; larva mortality, growth impairment, developmental and reproductive effects [1,17,22]. Among other effects of
organotin compounds which includes immune toxicity, carcinogenicity etc. Apparently, TBT and
TPT have reported to induce toxic effects in both
male and female reproductive organs of rodents,
these contaminants have been confirmed to cause
tumors I organs of rodents and may results in endocrine disruption [23].
Recent studies have released a significant reduction by TBT along coastlines as well as the
biological recovering of many marine species [24].
In a study carried out by Okoro and his co-workers
on Cape Town harbour, organotin compounds were
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have similar neurotoxic effects [51,52]. Research
has correlated halogenated hydrocarbons, such as
PCBs, with neurotoxicity [47]. PBDEs are similar
in chemical structure to PCBs, and it has been suggested that PBDEs act by the same mechanism as
PCBs [47]. In 1972, in response to this situation,
the National Commission on Fire Prevention and
Control was created to study the fire problem in the
US. In 1973 they published their findings in America Burning. Most of the recommendations dealt
with fire prevention education and improved building engineering, such as the installation of fire
sprinklers and smoke detectors.
The Commission expected that with the recommendations, a 5% reduction in fire losses could
be expected each year, halving the annual losses
within 14 years. Historically, treatments with alum
and borax were used to reduce the flammability of
fabric and wood, as far back as Roman times [53].
Since it is a non-absorbent material once created,
flame retardant chemicals are added to plastic during the polymerization reaction when it is formed.
Organic compounds based on halogens like bromine and chlorine are used as the flame retardant
additive in plastics, and in fabric based textiles as
well.
The widespread use of brominated flame retardants may be due to the push from Great Lakes
Chemical Corporation (GLCC) to profit from its
huge investment in bromine. In 1992, the world
market consumed approximately 150,000 tonnes of
bromine-based flame retardants, and GLCC produced 30% of the world supply [54]. PBDEs have
the potential to disrupt thyroid hormone balance
and contribute to a variety of neurological and developmental deficits, including low intelligence and
learning disabilities [54]. Many of the most common PBDE's were banned in the European Union in
2006 [54]. Studies with rodents have suggested that
even brief exposure to PBDEs can cause developmental and behaviour problems in juvenile rodents
[55] and exposure interferes with proper thyroid
hormone regulation [56].

Polychlorinated Biphenyls (PCBS). Polychlorinated biphenyls (PCBs) are a class of chlorinated compounds used as industrial coolants and
lubricants. PCBs are created by heating benzene, a
by-product of gasoline refining, with chlorine [39].
They were first manufactured commercially by the
Swann Chemical Company in 1927. In 1933, the
health effects of direct PCB exposure were seen in
those who worked with the chemicals at the manufacturing facility in Alabama. In 1935, Monsanto
acquired the company, taking over US production
and licensing PCB manufacturing technology internationally. General Electric (GE) was one of the
largest US companies to incorporate PCBs into
manufactured equipment. Between 1952 and 1977,
the New York GE plant had dumped more than
500,000 pounds of PCB waste into the Hudson
River. PCBs were first discovered in the environment far from its industrial use by scientists in
Sweden studying DDT [40]. The effects of acute
exposure to PCBs were well known within the
companies who used Monsanto's PCB formulation
who saw the effects on their workers who came into
contact with it regularly. Direct skin contact results
in a severe acne-like condition called chloracne
[41]. Exposure increases the risk of skin cancer
[42], liver cancer [43] and brain cancer [42,44].
Monsanto tried for years to downplay the health
problems related to PCB exposure in order to continue sales [45]. The detrimental health effects of
PCB exposure to humans became undeniable when
two separate incidents of contaminated cooking oil
poisoned thousands of residents in Japan and Taiwan [46], leading to a worldwide ban on PCB use
in 1977.
Recent studies show the endocrine interference of certain PCB congeners is toxic to the liver
and thyroid [47]; increases childhood obesity in
children exposed prenatally [38] and may increase
the risk of developing diabetes [48,49]. PCBs in the
environment may also be related to reproductive
and infertility problems in wildlife. In Alaska it is
thought that they may contribute to reproductive
defects, infertility and antler malformation in some
deer populations. Declines in the populations of
otters and sea lions may also be partially due to
their exposure to PCBs, the insecticide DDT, other
persistent organic pollutants. Bans and restrictions
on the use of EDCs have been associated with a
reduction in health problems and the recovery of
some wildlife populations [50].

Phthalates. Phthalates are found in some soft
toys, flooring, medical equipment, cosmetics and
air fresheners. They are of potential health concern
because they are known to disrupt the endocrine
system of animals, and some research has implicated them in the rise of birth defects of the male reproductive system [57-59]. Although an expert
panel has concluded that there is "insufficient evidence" that they can harm the reproductive system
of infants [60], California [61] and Europe have
banned them from toys. One phthalate, Bis(2ethylhexyl) phthalate (DEHP), used in medical
tubing, catheters and blood bags, may harm sexual
development in male infants [58]. In 2002, the Food
and Drug Administration released a public report
which cautioned against exposing male babies to

Polybrominated Diphenyl Ethers (PBDEs).
Polybrominated diphenyl ethers (PBDEs) are a
class of compounds found in flame retardants used
in plastic cases of televisions and computers, electronics, carpets, lighting, bedding, clothing, car
components, foam cushions and other textiles. Potential health concern: PBDE's are structurally very
similar to Polychlorinated biphenyls (PCBs), and
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DEHP. Although there are no direct human studies
the FDA report states: "Exposure to DEHP has
produced a range of adverse effects in laboratory
animals, but of greatest concern are effects on the
development of the male reproductive system and
production of normal sperm in young animals. In
view of the available animal data, precautions
should be taken to limit the exposure of the developing male to DEHP [62]. Similarly; phthalates
may play a causal role in disrupting masculine
neurological development when exposed [57].

ROUTES OF EXPOSURE
Food is a major mechanism by which people
are exposed to pollutants. Diet is thought to account
for up to 90% of a person's PCB and DDT body
burden [65]. In a study of 32 different common
food products from three grocery stores in Dallas,
fish and other animal products were found to be
contaminated with PBDE [66]. Since these compounds are fat soluble, it is likely they are accumulating from the environment in the fatty tissue of
animals which we eat. Some suspect fish consumption has a major source of many environmental
contaminates. Indeed, both wild and farmed salmon
from all over the world have been shown to contain
a variety of man-made organic compounds [67].
With the increase in household products containing pollutants and the decrease in the quality of
building ventilation, indoor air has become a significant source of pollutant exposure [68]. Residents
living in homes with wood floors treated in the
1960s with PCB-based wood finish have a much
higher body burden than the general population
[69]. A study of indoor house dust and dryer lint of
16 homes found high levels of all 22 different
PBDE congeners tested for in all samples [70].
Recent studies suggest that contaminated house
dust, not food, may be the major source of PBDE in
our bodies [71,72]. One study estimated that ingestion of house dust accounts for up to 82% of our
PBDE body burden [73].
Consumer goods are another potential source
of exposure to endocrine disruptors. An analysis of
the composition of 42 household cleaning and personal care products versus 43 "chemical free" products was performed by [74]. The products contained
55 different chemical compounds: 50 were found in
the 42 conventional samples representing 170 product types, while 41 were detected in 43 "chemical
free" samples representing 39 product types. Parabens, a class of chemicals that has been associated
with reproductive-tract issues, were detected in
seven of the "chemical free" products, including
three sunscreens that did not list parabens on the
label.
Vinyl products such as shower curtains were
found to contain more than 10% by weight of the
compound DEHP, which when present in dust has
been associated with asthma and wheezing in children. The risk of exposure to EDCs increases as
products, both conventional and "chemical free,"
are used in combination. "If a consumer used the
alternative surface cleaner, tub and tile cleaner,
laundry detergent, bar soap, shampoo and conditioner, facial cleanser and lotion, and toothpaste
would potentially be exposed to at least 19 compounds: 2 parabens, 3 phthalates, MEA, DEA, 5
alkylphenols, and 7 fragrances [74]. An analysis of
the endocrine disrupting chemicals in old Mennonite women in mid-pregnancy determined that they

Perfluorooctanoic Acid. PFOA exerts hormonal effects including alteration of thyroid hormone levels. Blood serum levels of PFOA were
associated with an increased time to pregnancy or
"infertility. PFOA exposure is associated with decreased semen quality. PFOA appeared to act as an
endocrine disruptor by a potential mechanism on
breast maturation in young girls. A C8 Science
Panel status report noted an association between
exposure in girls and a later onset of puberty.
Bisphenol A (BPA). Of the approximately
85,000 chemicals in use, 1000 have been identified
as having the ability to disrupt normal endocrine
function. Exposure to endocrine disrupting chemicals (EDCs) during critical period in brain differentiation (prenatal and neonatal life) via the mother
can alter the course of the development of sexually
dimorphic behaviours. Bisphenol A (BPA) has
estrogenic activity and is one of the most studied
EDCs. Jones and co worker [63] review evidence
from studies in rodents using dose levels relevant to
human exposure. BPA alters behaviour and eliminates or in some cases reverses sexually dimorphic
behaviours observed in unexposed animals.
Other Suspected Endocrine Disruptors.
Some other examples of putative EDCs are polychlorinated dibenzo-dioxins (PCDDs) and -furans
(PCDFs), polycyclic aromatic hydrocarbons
(PAHs), phenol derivatives and a number of pesticides (most prominent being organochlorine insecticides like endosulfan, Kepone (chlordecone) and
DDT and its derivatives, the herbicide atrazine, and
the fungicide vinclozolin), the contraceptive 17alpha ethinylestradiol, as well as naturally occurring
phytoestrogens such as genistein and mycoestrogens such as zearalenone. The molting in crustaceans is an endocrine-controlled process. In the
marine penaeid shrimp (Litopenaeus vannamei),
exposure to endosulfan result increased susceptibility to acute toxicity and increased mortalities in the
postmolt stage of the shrimp [64]. Many sunscreens
contain oxybenzone, a chemical blocker that provides broad-spectrum UV coverage, yet is subject
to a lot of controversy due its potential estrogenic
effect in humans [18].
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have much lower levels in their systems than the
general population. Mennonites eat mostly fresh,
unprocessed foods, farm without pesticides, and use
few or no cosmetics or personal care products. One
woman who had reported using hairspray and perfume had high levels of monoethyl phthalate, while
the other women all had levels below detection.
Three women who reported being in a car or
truck within 48 hours of providing a urine sample
had higher levels of diethylhexyl phthalate which is
found in polyvinyl chloride, and is used in car interiors [75]. Additives added to plastics during manufacturing may leach into the environment after the
plastic item is discarded; additives in micro plastics
in the ocean leach into ocean water and in plastics
in landfills may escape and leach into the soil and
then into groundwater [76]. Esteban and co worker
[77] determine the presence and origin of 30 substances of anthropogenic origin considered to be, or
suspected of being, endocrine disruptors in the
continental waters of the Antarctic Peninsula region.

HOW ENDOCRINE DISRUPTORS WORK
There are various mechanisms of ED action,
one of which is their interference in the action of
11b-hydroxysteroid dehydrogenase (11bHSD) that
maintains a balance between active and inactive
glucocorticoids on the intracellular level. This enzyme has two isoforms and is expressed in various
tissues. Inhibition of 11bHSD in various tissues can
have different consequences. Vitku and co worker
[78] review on the effects of 11bHSD inhibitors in
the testis, colon, adipose tissue, kidney, brain and
placenta. Clinical evidence, experimental models,
and epidemiological studies suggest that EDC have
major risks for human by targeting different organs
and systems in the body. Multiple mechanisms are
involved in targeting the normal system, through
estrogen receptors, nuclear receptors and steroidal
receptors activation. Maqbool and co worker [79]
review summarize all evidence regarding different
physiological disruptions in the body and possible
involved mechanisms, to prove the association
between endocrine disruptions and human diseases.

Fresenius Environmental Bulletin

From animal studies, researchers have learned
much about the mechanisms through which endocrine disruptors influence the endocrine system and
alter hormonal functions.
HARMFUL EFFECTS OF ENDOCRINE DISRUPTORS ON HUMAN HEALTH
x Mimic or partly mimic naturally occurring
hormones in the body like estrogens (the female sex
hormone), androgens (the male sex hormone), and
thyroid hormones as shown in Fig. 1B, potentially
producing overstimulation.
x Bind to a receptor within a cell and block
the endogenous hormone from binding. The normal
signal then fails to occur and the body fails to respond properly. Examples of chemicals that block
or antagonize hormones are anti-estrogens and antiandrogens.
x Fig. 1C explains the Interfering or blocking the way natural hormones or their receptors are
made or controlled, for example, by altering their
metabolism in the liver.
When absorbed in the body, an endocrine disruptor can decrease or increase normal hormone
levels (left), mimic the body's natural hormones
(middle), or alter the natural production of hormones (right).
Many endocrine-related diseases and disorders
are on the rise [80-82], For example:
¾ Large proportions (up to 40%) of young
men in some countries have low semen quality,
which reduces their ability to father children.
¾ The incidence of genital malformations,
such as non-descending testes (cryptorchidisms)
and penile malformations (hypospadias), in baby
boys has increased over time.
¾ Neurobehavioural disorders associated
with thyroid disruption affect a high proportion of
children in some countries.
¾ Global rates of endocrine-related cancers
(breast, endometrial, ovarian, prostate, testicular
and thyroid) have been increasing in past decade.
¾ The prevalence of obesity and type 2 diabetes has dramatically increased worldwide.

FIGURE 1
EDCs mechanisms
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TABLE 2
Examples of EDC routes of exposures in humans
Exposure to EDCs
Oral consumption of contaminated food or water
Oral consumption of contaminated food or water
Contact with skin and/or
inhalation
Contact with skin and/or
inhalation
Intravenous
Application to skin
Biological transfer
placenta
Biological transfer
PRWKHU¶VPLON

EDCs come from
Industrial waste/ pesticides contaminating soil/ groundwater
Leaching of chemicals from food/ beverage containers; pesticide residues in food/beverage
Household furniture treated with flame retardants
Pesticides used in agriculture, homes/ for public disease vector control

from

Intravenous tubing
Some cosmetics, personal care products, anti-bacterials, sunscreens,
medications
Maternal body burden due to prior/current exposures

from

Maternal body burden due to prior/current exposures

EDC example(s)
PCBs, dioxins, perfluorinated
compounds, DDT
BPA, phthalates, chlorpyrifos, DDT
BFRs
DDT, chlorpyrifos, vinclozolin, pyrethroids
Phthalates
Phthalates, triclosan, Parabens, insect repellants
Numerous EDCs can cross
the placenta
Numerous EDCs are detected
in milk

KEY: BFR: brominated flame retardant; BPA: bisphenol A; PCBs: polychlorinated biphenyls
tion [84].
Childhood neuropsychiatric disorders are increasing in prevalence with as many as 1 in 6 children in the US now diagnosed with at least one
[85]. These disorders include attention deficit hyperactivity disorder (ADHD) and Autism Spectrum
Disorder (ASD), as well as depression and other
mood disorders, learning disabilities, executive
function deficits, and conduct disorders. PCBs have
the strongest and longest-known associations with
neurological disorders. In humans, there is evidence
for impaired neurodevelopment [80,86], lower IQ,
and problems with attention, memory, and fine
motor skills such as writing. Similarly, polybrominated diphenyl ethers (PBDEs) are associated with
reduced IQ, and other cognitive deficits [87].
PBDEs affect neurotransmitter activity, synaptic
organization, and neuron viability suggesting that
they impact not only brain development but also
brain aging.
Brominated flame retardants, perfluorinated
compounds, and pesticides (organophosphates such
as chlorpyrifos and organochlorines), are linked to
ADHD, ASD, and related learning disabilities [88].
Obesity rates are rising rapidly globally. Chemicals
UHIHUUHG WR DV ³Obesogens´ DUH WKRXJKW WR HQKDQFH
weight gain by altering or reprogramming key parts
of the endocrine system governing metabolism,
energy balance, and appetite, resulting in obesity
and its related adverse health outcomes [89-92]. A
brominated flame retardant, Firemaster 550, was
shown to alter thyroid hormone levels in pregnant
rats and their offspring, with the pups growing up to
develop obesity, cardiac disease, early puberty and
insulin resistance [93].
The increase in early puberty in girls, maybe
attributed to many factors which includes; nutrition,
stress, and ethnicity. Also, it may be due to exposures to estrogenic EDCs [94,95]. Such estrogenic
compounds are also associated with uterine fibroids, ovarian dysfunction, and subfertility in
humans and in animal models [96-98]. Several

EDCs are global and ubiquitous problem.
People and animals are exposed to EDCs by a variety of routes (Table 2), including consumption of
food and water, through the skin, by inhalation, and
by transfer from mother to fetus (across the placenta) or mother to infant (via lactation) if a woman
has EDCs in her body. Pregnant mothers and children are the most vulnerable populations to be affected by developmental exposures, and the effect
of exposures to EDCs may not become evident until
later in life. Research also shows that it may increase the susceptibility to non-communicable
diseases. It was observed that increasing chemical
production and use is related to the growing incidence of endocrine-associated paediatric disorders
over the past 20 years, including male reproductive
problems (cryptorchidism, hypospadias, and testicular cancer), early female puberty, leukaemia,
brain cancer, and neurobehavioral disorders. Chemicals such as polychlorinated biphenyls (PCBs),
BPA, and phthalates, are now detectable in serum,
fat, and umbilical cord blood in humans around the
globe.
One example of the consequences of the exposure of developing animals, including humans, to
hormonally active agents is the case of the drug
diethylstilbestrol (DES), a non-steroidal estrogen
and not an environmental pollutant. Prior to its ban
in the early 1970s, doctors prescribed DES to as
many as five million pregnant women to block
spontaneous abortion, an off-label use of this medication prior to 1947.
It was discovered after the children went
through puberty that DES affected the development
of the reproductive system and caused vaginal cancer. The relevance of the DES saga to the risks of
exposure to endocrine disruptors is questionable, as
the doses involved are much higher in these individuals than in those due to environmental exposures [83]. Aquatic life subjected to endocrine disruptors in an urban effluent have experienced decreased levels of serotonin and increased feminiza4629
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worker [105] investigated three different EDs (aldrin, aroclor 1254 and chlorpyrifos (CPF)) were
investigated as potential inducers of a malignant
phenotype in DU145 prostate cancer cells after a
chronic exposure. Epithelial to mesenchymal transition (EMT) induction, proliferation, migration,
colony formation and release of metalloproteinase 2
(MMP-2) were analysed in 50-day exposed cells to
the selected EDs. As a result, aldrin and CPF exposure led to an EMT induction (loss of 16% and 14%
of E-cadherin levels, respectively, compared to the
unexposed cells).
Aroclor and CPF presented an increased migration (134% and 126%, respectively), colony
formation (204% and 144%, respectively) and
MMP-2 release (137% in both cases) compared to
the unexposed cells. Thus Bedia and co worker
[105] concluded that some lipid compounds and
lipid metabolic pathways could be involved in the
acquisition of the malignant phenotype in exposed
prostate cancer cells to the selected EDs. Milk and
dairy products are a major component of our diet,
thus it is important to monitor them for EDs. However, most methods developed to date are devoted
to one group of compounds at a time. Wielogórska
and co worker [106] described UHPLCeMS/MS
method has been validated according to EC decision 2002/657/EC and allows simultaneous extraction, detection, quantitation and confirmation of 19
EDs in milk. This method facilitates fast, reliable,
quantitative and confirmatory analysis of sub mg
kg1 levels of a range of EDs in milk.
Corticoid hormonal function can be affected
by endocrine disruption. For example, hexachlorobenzene induces oxidative stress, disruption of
arachidonic acid metabolism and porphyria [107]
PPARalpha is present in liver and when associated
with the presence of endocrine disruptors mainly
causes the metabolic disorders [108]. PCBs reduce
the thyroxin and thyroid stimulating hormone(TSH)
in response to thyrotropin releasing hormone which
result in hypothalamic and pituitary deregulation
[19]. The diseases of female reproductive system
that might be associated with EDC include precocious puberty, polycystic ovary syndrome and
premature ovarian failure [109]. EDC may interfere
with the hormonal regulation of menstruation cycle
and thereby causing irregularities, such as long
cycles which may reduce fecund ability (ability to
conceive in a menstrual cycle) [109]. Certain EDC
such as estrone (E1), 17ß-estradiol (E2), diethylstilbestrol (DES), nonylphenol (NP), octylphenol(OP),
Biphenol A (BPA),dibutyl phthalate (DBP), and di(2-ethylhexyl)phthalate (DEHP) was determined in
lakes and rivers of Wuhan city, China [110]. Dun
and co worker [111] establish the behavior and
potential risks of phenolic endocrine disrupting
chemicals in surface water and suspended particle
matter of the Xiaohe river, north china plain , china.
In response to these concerns, WHO published

chemicals, most notably phthalates, are associated
with a variety of adverse effects on the male urogenital tract, including cryptorchidism, hypospadias, prostate disease and testicular cancer [99].
The list of known chemical carcinogens is
long and includes metals [100,101], vinyl chloride,
benzidine (used in dyes), solvents such as benzene,
polycyclic aromatic hydrocarbons (PAHs), dioxins,
fibers and dust (silica, asbestos, etc.), some pesticides including those on the Stockholm ConvenWLRQ¶V OLVW RI 3HUVLVWHQW 2UJDQLF 3ROOXWants, and
numerous pharmaceuticals including the synthetic
estrogens. It was observed that estrogenic and other
hormone-active chemicals such as BPA, phthalates
and some pesticides, are thought to contribute to
carcinogenic risk [102].
Vitku and co worker [78] reported the stimulatory effects of combined endocrine disruptors on
MA-10 Leydig cell steroid production and lipid
homeostasis. The author investigated direct effects
and mechanisms of toxicity of Genistein (GEN) and
plasticizer DEHP, MA-10 mouse tumor Leydig
cells were exposed in-vitro to varying concentrations of GEN and MEHP, the principal bioactive
metabolite of DEHP. The results suggest a deregulation of MA-10 Leydig function in response to a
combination of GEN + MEHP. Hampl and co
worker [103] provided the overview of the levels
and sites at which endocrine disruptors (EDs) affect
steroid actions. An important target for EDs is also
steroid acute regulatory protein (StAR), responsible
for steroid precursor trafficking to mitochondria.
EDs influence receptor-mediated steroid actions at
both genomic and non-genomic levels. This article
is mainly focus on Endocrine disruptors & steroids.
Maqbool and co worker [79] reported the impact of environmental factors including the possible
role of nutrition; stress and endocrine disruptors on
the individual variations in pubertal timing and the
possible underlying mechanisms. Estrogenic endocrine disruptors (EDs) were detected in 80% of 116
sports supplements investigated by biological in
vitro reporter gene assays (RGAs). Palanza and co
worker [104] quantify the hormonal activity in 50
of these sports supplement samples using a validated estrogen RGA and perform an exposure and risk
assessment for human health. Palanza and co
worker [104] investigated the highest activity samples presented a potential to influence the human
daily exposure to 17ß-estradiol like activity in various risk groups with a predicted hormonal impact
of greatest concern in young boys and postmenopausal women. Thus in conclusion, consumers of
sports supplements may be exposed to high levels
of estrogenic EDs.
Endocrine disruptors (EDs) are a class of environmental toxic molecules able to interfere with the
normal hormone metabolism. Numerous studies
involve EDs exposure to initiation and development
of cancers, including prostate cancer. Bedia and co
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several publications, including the latest information on the subject in the State of the Science of
Endocrine Disrupting Chemicals 2012, which was
done in collaboration with UNEP and key scientific
experts? A resolution to include EDCs as an emerging issue under Strategic Approach to International
Chemicals Management (SAICM) which was
adopted in September 2012 by the third International Conference on Chemicals Management (ICCM)
in Nairobi during which WHO and UNEP jointly
raised public awareness on EDC issues during a
side-event and technical briefing session (partially
supported by the National Institute of Environmental Health Sciences).Since endocrine disrupting
chemicals (EDCs) are substantially diverse in character, vary widely in physical and chemical properties, how they are used, as well as how they exist in
the environment, discussion of fate and transport is
very difficult unless the chemicals are categorized
in some manner [112].
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ties to implement food safety management systems
(FSMSs), such as the internationally recognized
risk-based Hazard Analysis Critical Control Points
(HACCP) system. This requirement likewise encourages facilities to follow prerequisite programs
(PRPs) such as Good Hygiene Practices (GHPs) or
Good Manufacturing Practices (GMPs), which are
the foundation of HACCP.
European Union food law incorporated
HACCP principles in the early 1990s, and added
enhanced regulations in 2004. Turkey, in its bid for
EU inclusion, integrated European legislative requirements on food hygiene within Turkish Law
5996, which mandates the implementation and
maintenance of an HACCP system for all food
businesses. Other food and quality standards such
as the International Food Standards (IFS) and the
British Retail Consortium Food Standard (BRC),
classified under the International Organization for
Standardization (ISO) as policy ISO 22000:2005,
are applied voluntarily in Turkey, although the
government promotes food safety implementation
and certification. According to Law 5996, the ultimate responsibility for food safety lies with a business. Each business has a legal and ethical duty to
apply a food safety system based on risk assessment
and HACCP, to produce safe food and to protect
consumer health [6,7]. Prior to designing a HACCP
plan, food producers are expected to demonstrate
ongoing compliance with GMPs, GHPs, and Turkish regulations on sanitation and pest management,
as named prerequisite programs [8]. Within this
legal context, it is critical that all food processing
facilities have effective sanitation programs and
infrastructure to implement risk-based HACCP
programs and pest management practices.
Food contamination caused by pests is more
widespread than most people think. Often times
FRQVXPHUV¶ stomach problems and mild illnesses
can be avoided if food is properly handled and
stored to protect against pests [9]. Food facilities
are typically large, complex structures with many
locations vulnerable to insect infestation. They
differ from each other in function (e.g., warehouse,
mill, food processing), commodity (e.g., cereals,
animal-based materials, spices), product generated
(e.g., flour, whole grain, human food or pet food),
structure type (e.g., old or new, construction mate-

ABSTRACT
This study analyzes the effectiveness of and
confidence in pest management practices and systems in Turkish food processing facilities. Results
suggest that most of the food facilities had sufficient infrastructure, kept significantly reliable pest
practices records, and were knowledgeable about
pest applications. However, when it came to sanitation practices, some facilities had less hygienic pest
management practices and development. Our findings suggest that facility infrastructure and sanitation practices, as well as employing pest management operators, are important in the successful
adoption and implementation of efficient pest management in food facilities. Accordingly, Turkish
food safety management training programs, especially in different processing facilities, should maximize the efficacy of pest management practices.

KEYWORDS:
Food safety, pest management, food facility, Turkey.

INTRODUCTION
Food-borne illnesses are persistent problems
worldwide, causing both morbidity and mortality.
The US Centers for Disease Control and Prevention
(CDC) estimates that 1 in 6 Americans gets sick,
128,000 people are hospitalized, and 3,000 people
die from by consuming contaminated foods or beverages each year [1]. Similarly, the US Department
of Agriculture estimates that food-borne illnesses
cost the US $10-83 billion each year [2,3]. Contamination can come from many food sources, harmful
chemicals, and insect infestations [4]. Accordingly,
many federal governments are trying to reduce
food-borne illnesses by improving the safety of
their food supplies [5]. In September 2016, the US
Food and Drug Administration (FDA) passed the
Preventative Controls for Human Food rule, which
includes an analysis of hazards and risk-based preventative controls, as well as a rigorous pest management program with increased documentation [1].
Similarly, to address food safety concerns the Turkish government has required food-processing facili4637
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gree = 2, and Strongly Disagree = 1 (for agreements) or Always = 5, Often = 4, Sometimes = 3,
Rarely = 2, and Never = 1 (for frequency). The first
section (9 questions) consisted of general questions
about the IDFLOLW\¶V demographic structure, including food safety certifications, number of employees,
legal structure, and basic pest management data.
The second section (13 questions) evaluated the
IDFLOLW\¶V documentation practices in pest management. The third section (20 questions) related to
HOHPHQWV RI WKH IDFLOLW\¶V structure which affect
effective pest management. The fourth section (14
questions) dealt with hygiene practices which could
be imSRUWDQW LQ LPSOHPHQWLQJ WKH IDFLOLW\¶V PRPs.
These four VHFWLRQVZHUHUHODWHGWRREVHUYHUV¶VXggestions. Finally, for the last question the observers
asked facility managers about barriers they encounWHUHG LQ LPSOHPHQWLQJ WKH IDFLOLW\¶V SHVW PDQDJement systems.

rial), equipment, geographic location, and surrounding landscape, among other factors. This makes
generalizations about pest management difficult
[10].
Pests can be kept out by using effective Integrated Pest Management (IPM) as part of a food
IDFLOLW\¶VVDQLWDWLRQDQGSUHUHTXLVLWHSURJUDPV. IPM
has basic rules designed to prevent SHVWV¶ access to
the establishment, and to deny them food, water and
a place to hide or nest. These facilities should also
partner with licensed and qualified pest management professionals called Pest Control Operators
(PCOs), in order to ensure that their products are
pest-free [10,11,1]. However, the direct impact of
Pest Control Operators (PCOs) on pest management
in food processing facilities is not well-understood,
especially in terms of how collaboration with a
PCO may impact the overall PRPs and effectiveness of a facility's pest management program. Improving this understanding may encourage facility
managers to adopt sanitation and prerequisite programs.
The aim of this study was to evaluate and determine the level of general practice at different
kinds of food facilities in western Turkey, including
those focusing on dried vegetables & fruits, catering, table olive/vegetable oil, dairy, and baked
goods, focusing on the professional pest management service they have received. To our knowledge,
this is the first survey of food facility handling
practices in Turkey and in the broader field. The
results from this study will support food facilities
and pest control operators, by providing information about what influences the effective implementation of a pest management and food safety
program.

TABLE 1
Demographics of food facilities (n=112)
Variables
Age of facility (years)
- 1-10
- 11-20
- 20-30
More than 30
)DFLOLW\¶VOHJDOVWUXFWXUH
- Joint-stock company
- Limited
- Private
Food sector
- Dried vegetables & fruits
- Catering
- Table olive/vegetable oil
- Baked goods
- Milk and milk products
Number of employees
- 1-50
- 51-100
- 101-150
- More than 150
Years of experience of interviewed
personnel
- 0-5
- 6-10
- 11-15
- 16-20
- More than 20
FSMS Certificate
- None
- IS0 22000
- ISO 9001
- BRC
- Other
IPM application in facility
- Yes
- No
Outsourced IPM service
- Yes
- No
License
- Yes
- No

MATERIALS AND METHODS
Data collection. This study surveyed food
processing facilities with current production licensHV IURP WKH $\GÕQ /RFDO )RRG $JULFXOWXUH DQG
Livestock Organization, all of which are located in
$\GÕQLQZHVWHUQ7XUNH\All 112 food processing
facilities in the region were visited, and data was
collected via in-plant observations by members of
the research team and 30-45 minute oral interviews
with the pest manager. The observations all used a
standardized questionnaire, described below. One
observation and one interview were conducted at
each facility, between February and July 2016.
Documentation design. A questionnaire was
developed with a total of 57 questions, divided into
five category sections, relating to the facility, its
pest management sanitation programs, and its manDJHUV¶ knowledge. Five-point Likert scales were
used to score the answers: Strongly Agree = 5,
Agree = 4, Neither Agree nor Disagree = 3, Disa-

n

%

66
28
10
8

58.9
25.0
8.9
7.1

12
34
66

10.7
30.4
58.9

21
30
18
37
6

18.8
26.8
16.1
33.0
5.4

101
5
1
5

90.2
4.5
0.9
4.5

59
24
14
5
10

52.7
21.4
12.5
4.5
8.9

72
28
9
2
1

64.3
25.0
8.0
1.8
0.9

82
30

73.2
26.8

99
13

88
11

99
13

88
11

Data analysis. All the data were analyzed
with SPSS for Windows (Version 16.0, SPSS Inc,
4638
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on all the measures. Specifically, almost 90% of
food facilities had detailed reporting, material safety data sheets (MSDS), and complete documentation of all pest activities in their files. This could be
because the pest management operators had licenses
and worked in food facilities. As predicted, 93.8%
of food facilities ³DJUHH´ DQG ³VWURQJO\ DJUHH´ WKDW
they had licensed pest management operators.
However, 13.4% of facilities, the highest negative
score in the results, did not show all their traps in
their monitoring maps. 22.3% had a neutral score
³QHLWKHUDJUHHQRUGLVDJUHH´ UHJDUGLQJHPHUJHQF\
plans for pest infestations or pest findings.

Chicago, IL). Descriptive statistics were computed,
including frequencies and standard deviations.
Cronbach¶V alpha was used to determine construct
validity [13], and a threshold of 0.70 was used to
demonstrate consistency.

RESULTS
Characteristics of respondents. The demographic characteristics of the surveyed food processing facilities are described in Table 1. Overall,
most of the food processing facilities were 1-20
years old (83.9%) and had 1-50 employees (90.2%).
These facilities represented five different food sectors: dried vegetables & fruits, catering, table olive/vegetable oil, baked goods, and dairies. While
72 food facilities GRQ¶W KDYH DQ\ PDQDJHPHQW V\stem applications such as ISO 9001, ISO 22000, or
BRC, most (73.2%) had some sort of Integrated
Pest Management (IPM) application. Although this
IPM implementation percentage is high, 88% of the
facilities outsourced the service.

Facility infrastructure scores. Table 3 presents observations about specific pest management
practices. Scores related to facility infrastructure
average more than 80%, and generally relate to
preventing animals and pests from entering the
facility and to avoiding food contamination. The
lowest positive scores relate to closed spaces, slots
and blanks (35.7%), and to inappropriate in-facility
storage of pest chemicals (43.8%). However, it is
interesting that the question related to closed spaces
had a high percentage (58.0%) of neutral responses.
The question about preventing rodent climbing also
had a fairly high neutral score, 26.8%. Similarly,
48.2% of facilities demonstrated inappropriate inplant storage of pest chemicals.

Pest management documentation and practices. Table 2 characterizes observations related to
pest management documentation and practices at
the surveyed facilities. Overall, most facilities
scored above 70% (³DJUHH´ DQG ³VWURQJO\ DJUHH´ 

Disagree
%

Neither agree
nor disagree
%

Agree
%

Strongly agree
%

1 Pest management operator has a license and it involves
food facilities.
2 Material safety data sheet (MSDS) is sufficient.
3 All traps are shown in monitoring maps.
4 If pheromones and pest traps with lights are used in the
facility, they are effectively controlled (e.g. date control)
5 Feeding traps (stations) are durable, resistant, and steady,
and also located to protect food from contamination.
6 Responsible staff has sufficient experience in pest management.
7 Pest management practices are detailed in reports.
8 Emergency plans are in place for pest infestation and pest
findings.
9 The facility has sufficient training/information related to
pest management.
1 All corrective actions related to pest management are
0 documented and recorded.
1 Top management supports pest management.
1
1 All pest activities are documented completely in the file.
2
1 Pest activities are monitored and pest management prac3 tices/activities are reported periodically to top management.

1.8

1.8

27.7

66.1

3.6
6.3
4.5

0
7.1
2.7

3.6
15.2
14.3

32.1
19.6
19.6

60.7
51.8
58.9

1.02

4.5

1.8

10.7

26.8

56.3

0.86

1.8

1.8

11.6

40.2

44.6

0.80
1.00

1.8
1.8

0.9
6.3

6.3
22.3

35.7
30.4

55.4
39.3

1.02

1.8

8.0

17.0

33.0

40.2

0.85

1.8

1.8

8.9

38.4

49.1

0.78

1.8

0

8.0

40.2

50.0

0.75

1.8

0

5.4

37.5

55.4

0.96

1.8

2.7

17.0

24.1

54.5

Reliability

2.7

Standard
deviation

Variable

Strongly
disagree %

TABLE 2
Observations regarding pest management documentation and practices (n=112).

0.85
0.87
1.24
1.09
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Disagree
%

Neither agree
nor disagree
%

Agree
%

Strongly
agree
%

1.8
0

5.4
6.3

51.8
52.7

38.4
39.3

32.1
1.8
1.8
1.9
1.8
1.8
1.8
1.8

16.1
6.3
2.7
0.9
1.8
2.7
0.9
1.8

8
14.3
12.5
9.8
2.7
4.5
12.5
26.8

18.8
41.1
49.1
54.5
51.8
54.5
48.2
36.6

25
36.6
33.9
33.0
42.0
36.6
36.6
33.0

0.92

4.5

1.8

2.7

33.9

57.1

If windows are open, they have swatters.

0.91

1.8

5.4

9.8

40.2

42.9

Door strips have skirts and combs.

1.24

4.5

18.8

.23.2

26.8

26.8

Entries to plants have PVC bands and/or air curtains.

1.13

3.6

15.2

10.7

34.8

35.7

All spaces, slots, and blanks are closed.

0.76

0

6.3

58.0

33.9

1.8

There are spaces between storage floor and wall, and there is a hole
straight to the wall.
There are no wreck yards or junk on the outdoor facility grounds.

0.79

1.8

0

8.9

44.6

44.6

1.06

7.1

5.4

2.7

35.7

49.1

Warehouses are clean and have no pests or animals.

1.02

4.5

4.5

4.5

49.1

37.5

Preventative actions to keep pests away from food preparation,
handling, and storage places.
If storage is outside the plant, materials are protected from weather
conditions and pest infestation.

0.82

1.8

0.9

3.6

32.1

61.6

0.81

2.7

0

10.7

41.1

45.5

Variable

3
4
5
6
7
8
9
1
0
1
1
1
2
1
3
1
4
1
5
1
6
1
7
1
8
1
9
2
0

Pest chemicals are stored in warehouse in-plant.
During pest management practices, preventative actions for food,
food making surfaces and food packaging are adequate.
Pest chemicals are not stored appropriately in-plant.
Insect screens on doors, windows, and ventilation are sufficient.
Facilities are well kept and durable to prevent pest entry.
Drainage and ports are insulated.
Food in storage does not contact the floor or wall.
Preventative actions are taken in-plant related to pest nidus/slots.
All spaces 0.6 cm or wider are closed (e.g., door strips, ventilators)
Rodent climbing prevention actions are adequate.

0.79
0.74
1.49
0.82
0.82
0.75
0.81
0.88
0.81
0.93

When not in use, all doors and windows are closed.

0.94

FOHDQHG RII IORRU DQG IORRU PRSSHG´ DW 
However, 25% of facilities only sometimes perIRUPHG GHHS FOHDQLQJ RU FOHDQHG ³LQYLVLEOH VSRWV´
(e.g. closets, behind machines & stands) on a daily
basis.

Facility sanitation practices (Table 4). Most
of the facilities scored highly on sanitation practices
UHODWHG WR HIIHFWLYH SHVW PDQDJHPHQW WKH ³RIWHQ´
DQG ³DOZD\V´ VFRUHV W\SLFDOO\ WRWDOHG DERYH 80%,
ZKLOHWKH³QHYHU´VFRUHUDQJHGIURPWR
7KH KLJKHVW DYHUDJH VFRUH ZDV IRU ³IRRG SDUWLFOHV

Rarely %

Sometimes
%

Often %

Always %

0.9
0.9
0.9

0.9
0.9
5.4

4.5
7.1
25.0

38.4
46.4
34.8

55.4
44.6
33.9

0.93
0.94
1.17
0.87
0.85

0.9
0.9
3.6
0.9
0.9

3.6
6.3
11.6
3.6
1.8

25.0
25.9
4.5
13.4
14.3

33.0
36.6
24.1
38.4
33.0

37.5
30.4
56.3
43.8
50.0

0.92
0.70

3.6
0.9

0
0

8.9
6.3

33.9
35.7

53.6
57.1

Garbage containers are washed out and area around dumpsters are
mopped during every cleaning session.
External packaging, boxes, etc. removed directly from production area.

1.09

2.7

6.3

23.2

23.2

44.6

0.72

0.9

0

9.8

47.3

42.0

All outdoor areas cleaned.

0.94

2.7

4.5

13.4

47.3

32.1

When pests or infestations are found, all hygienic practices and operations used to eliminate the hazard are determined and recorded.

1.07

2.7

8.9

11.6

35.7

41.1

Standard
deviation

Never %

TABLE 4
Observations related to hygiene practices and pest management (n=112).
Variable
1
2
3
4
5
6
7
8
9
1
0
1
1
1
2
1
3
1
4

Food particles cleaned off floor and floor mopped.
Clean greasy surfaces.
Invisible spots, closets, & areas behind machines and stands cleaned
daily.
Deep cleaning is important.
Outlets cleaned.
Dead birds, mice, or rats thrown away.
Residual dirtiness in equipment cleaned.
Cleaning equipment (e.g. brooms, mops) left clean when not in use, and
stored upside-down.
Trash bags used, and full bags thrown in a designated dumpster.
Dumpster emptied at least weekly.

4640

Reliability

1
2

Reliability

2.7
1.8

Standard
deviation

Strongly
disagree %

TABLE 3
Observations related to facility infrastructure and pest management (n=112).

0.71
0.73
0.94
0.89
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their activities related to hygiene rules, risk assessments, and traceability for critical control points
and food, and for pest monitoring [6]. Our results
indicated that almost 90% of food facilities had
consistent documentation and record-keeping in
their facilities related to pest management practices
(Table 2). Additionally, 93.8% of food facilities had
pest management operators with licenses. A pest
control operator (PCO) is a vital team member in
any effective pest management program [12], and
their preventative or corrective actions and recommendations should be documented, especially in
food facilities [17]. However, contrary to our findings, Xiong et al. [18] found that pork slaughter
plants in China failed to implement monitoring
records on time, violating procedures for good
manufacturing practices such as pest control and
product contamination control.
Our data also indicate that almost all of the top
management (90%) in the surveyed food facilities
support pest management practices, and perhaps as
a result, these facilities have effective and continuous pest management monitoring, training, practices, and documentation (Table 2). In another context,
Kalmar et al. [19] reported a general lack of managerial awareness about pest management in child
care centers. This suggests the necessity of training
senior management in pest management. After
attending a pest management education workshop,
Kalmar et al. reported, all the managers felt more
capable of dealing with pest infestation.
One effective approach to food safety practices and implementing a risk based system such as
HACCP in food facilities involves various basic
prerequisite programs (PRPs), including proper
facility-design practices, pest control, equipmentmaintenance, supplier selection, cleaning and sanitation programs, staff training, and specification
programs (cross-contamination control) [7,20].
These programs ensure that the premises, equipPHQW WUDQVSRUWDWLRQ DQG HPSOR\HHV GRQ¶W EHFRPH
or contribute to food safety hazards [21]. As our
data show, facility infrastructure and design scores
are very high-quality, with more than 80% (Table
3) overall adherence for all food facilities, except
for practices involving non-closed spaces, slots and
blanks (35.7%) and inappropriate storage of pest
chemicals in plants (43.8%). All of these results
affirm that better infrastructure would help effective
pest management monitoring (Table 2) and facility
sanitation practices (Table 4) in these food facilities. Therefore, effective pest control involves
µEXLOGLQJWKHPRXW¶E\HOLPLQDWLQJSHVWV¶DFFHVV WR
structures from doors, windows, screens and any
other openings [17], along with other basic prerequisite programs [22].
Food processing facilities face many challenges while developing and implementing PRPs and
risk-based HACCP systems in their facilities. A
number of studies have identified these challenges

Barriers to pest management. Table 5 charDFWHUL]HV PDQDJHUV¶ RSLQLRQV DERXW EDUULHUV WR Hffective pest management practices in their facilities.
These opinions are analyzed relative to significance
level. The data indicate that managers believed that
a lack of facility infrastructure is the main barrier to
improvement (2.96), though some managers also
cited other reasons related to the pest management
operators (1.83).
TABLE 5
Barriers to implementing pest management systems, according to facility managers(n=112).
Variable
Lack of knowledge of staff
Lack of budget
Lack of infrastructure in
facility
Other reasons related to
pest management operators

Fresenius Environmental Bulletin

Significance level
(Mean±Std.Deviation) a
2.63±1.0
2.59±1.1
2.96±0.9
1.83±1.2

a

Answer options range from 1 (not important) to 4
(important).
Limitations of the study. Because the population of this study consisted of food facilities in
$\GÕQ WKH UHVXOWV VKRXOG QRW EH JHQHUDOL]HG WR DOO
food facilities in Turkey. Another limitation is related to study participation: some of the food processing facilities did not want to respond to the
questionnaire or to allow us to visit their indoor
facilities.

DISCUSSION
Our study investigated whether the surveyed
food facilities used effective pest management
practices. We found that although most of the food
facilities were less than 20 years old and were privately owned, they typically had established integrated pest management (IPM) practices (73.2%,
Table 1). The presence of IPM did not vary by food
sector diversity or by whether the facility had other
food or quality management system practices in
place. High levels of IPM application in food facilities (82%) are related to Turkish governmental
regulations, which require preventative pest infections to be effective during the food safety chain
(8). Additionally, almost all facilities had outsourced and licensed their IPM services (99%). This
could be due to legal regulations involving public
health and pest management services. Turkish law
requires that pest management services have a license from the Turkish Ministry of Health [14].
HACCP requires consistent documentation
and record keeping [25]. This supports a transparent
system and enables government, auditors, and certification authorities to evaluate food safety in that
business, which increases consumer and market
FRQILGHQFH LQ WKH SODQW¶V SURGXFWV [26]. Turkish
Law 5996 stipulates that food facilities document
4641
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practices are important in the successful and more
convenient adoption and implementation of an
efficient pest management in food facilities. This
study also documents that food processing facilities
had greater PRPs and more consistent documentation and record-keeping activities than other researchers found.
Based on these results, it is clear that outsourced license pest management operators are
important in the successful adoption and implementation of an efficient pest management in food facilities within risk based management systems, at least
within the surveyed food sectors (dried vegetables
& fruits, catering, table olive/vegetable oil, baked
goods, and dairy) in western Turkey. However, our
GDWD GRQ¶W FRQILUP SUHYLRXV ILQGLQJV UHJDUGLQg a
lack of documentation and sanitation practices for
PRPs in food facilities. Therefore, to improve pest
management practices, HACCP compliance, and
food safety in Turkey, we suggest more sectorial
HACCP and food safety management training programs, as well as further research to maximize the
efficacy of pest prevention practices in Turkey and
as well as in other countries.

in different kind of food businesses in a number of
countries [21, 23, 24, 25, 26, 27, 28]. A lack of
basic hygienic practices is the most important challenge [6, 18, 21, 29] . Moreover, some researchers
[30, 31] have described sanitation as the first step of
pest management in food processing facilities. Sanitation involves the proper storage and handling of
food materials and refuse, and the elimination of
shelter that pests use for hiding, resting, and nesting
[17]. However, our data indicate that food processing facilities have generally effective and highlevel (more than 80%) sanitation practices in pest
management (Table 4). This may be why the managers in our study believed that lack of sanitation is
not the main barrier to pest management effectiveness (Table 5). Similarly, facility sanitation may not
be the sole factor influencing successful pest management [4].
Based on the existing literature, the main managerial barriers to pest management program
maintenance and implementation are related to lack
of control regarding building maintenance, repair
and sanitation, lack of money, and lack of staff
communication [19]. 2XU UHVSRQGHQWV¶ RSLQLRQV
about these barriers are presented in Table 5. All the
food managers agreed that the greatest barrier to
implementing pest management in their respective
facilities was insufficient infrastructure. However,
reasons related to pest management operators (1.83)
were cited least often. This is consistent with our
observations of good pest management recording
and other practices related to pest management
operators (Table 2), and that top management as
well as staff knows their responsibilities for effective pest management. It is clear that the employment of experienced and technically qualified personnel or pest management operators is critical to
effective pest practices, because of their practical
responsibilities in the implementation and maintenance of pest management systems.
Although our findings are significant and contribute to national discussions about food safety,
certain parameters of this study limit the generalizability of its findings. First, only a modest number
of food processing facilities were studied in $\GÕQ
province, so the data do not represent all the facilities in Turkey. In addition, facility visits were made
ZLWKPDQDJHUVDQGVRPHRIWKHPGLGQ¶WZDQWXVWR
visit their indoor plants. Interviews with these managers were therefore not included in the data analysis. It is important that these limitations be considHUHG ZKHQ LQWHUSUHWLQJ DQG GLVFXVVLQJ WKH VWXG\¶V
results. Overall, this study explored the characteristics of pest management systems and attitudes of
managers in different food processing facilities in
western Turkey. Results suggest that most of the
food facilities kept significantly reliable pest practice records and knew a lot about pest applications
and good sanitation practices. They also suggest
that effective facility infrastructure and sanitation
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the conservation of water resources but it also provides the nutrients and organic matters to grow agricultural plants [2-4]. However, according to a new
report of FAO that wastewater use is very limited
practice worldwide, and also only 20 million ha in
around 50 countries (i.e. RIWKHZRUOG¶VLUULJDWHG
land) has been used reclaimed wastewater for irrigation [5]. Therefore, it is an important to overcome
shortage of fresh water problem caused by urbanization, agriculture industries by adopting sustainable
alternative approach that can minimize the dependency on surface fresh water resources.
As we know that the demand of wood is increased with increasing urbanization and demand of
wood products, such as construction timber, plywood, and furniture. According to Meyfroidt and
Lambin [6] tropical deforestation is very critical issue worldwide. Globally, almost 3.4 billion cubic
meters of wood were reaped from forest in 2010 [7].
Environmental contaminant like swage discharge
that causes harmful effects on living bodies resulting
in economic loss [8]. Therefore, it is an important
approach to minimize wastewater discarding problem, risk of environmental and public health and
ground water pollution by irrigating forest species
with wastewater. Use of wastewater in agriculture
improves soil properties by improving nutrients content. Irrigation of plants (Eucalyptus, Populus spp.,
Pinus spp., Bambusa arundinacea, Acacia mangium,
and Indian Azadirachta indica and Dalbergia sissoo)
provides a safe and alternative approach for disposal
of wastewater [9]. Wastewater increases growth
characteristic of plants [10]. Matheyarasu et al. [11]
reported that wastewater treatments increased biomass yields and nutrient content in Pennisetum purpureum, Medicago sativa, Sinapis alba and Helianthus annuus.
Melia azedarach L., belongs to Meliaceae family, knows as bread tree. It has been used in the treatment of various diseases, such as fungal infection,
leprosy, cystitis, scrofula, ulcerative wounds, syphilitic ulcer and uterine illnesses because it has good
medicinal properties [12, 13]. Also, wood of this
plant is resistance to termites and is used in

ABSTRACT
Due to scarcity of water globally, wastewater
has been become alternative source of water for irrigation to minimize the pressure of fresh water demand. Therefore, aim of the present study was to investigate the influence of wastewater on the performance of Melia azedarach L. grown for three consecutive years. The pooled data of three years reveal
that wastewater irrigation markedly increased plant
height, stem diameter, leaf area, fiber length, leaf
fresh weight, Leaf dry weight, stem fresh weight,
stem dry weight, root fresh weight and root dry
weight except specific gravity as compared to the tap
water irrigation. Also, plant irrigated with
wastewater exhibited higher concentration of nutrients (nitrogen, phosphorus and potassium). Although, continuous irrigation of plants with
wastewater may cause heavy metal accumulation,
(especially by lead, cadmium and nickel). The use of
wastewater for irrigation of Melia azedarach might
be an important and alternative source of water and
nutrients for better growth and development of tree
plant.

KEYWORDS:
Wastewater, Melia azedarach, nutrients content, plant
growth

INTRODUCTION
The discharge of wastewater is constantly increasing with the increasing world¶V population [1].
Globally, the demand of wastewater in agriculture is
increasing in many countries particularly in arid and
semi-arid region due to the scarcity of water, and
also high quality water is not enough for irrigation
and even shrinking by fulfilling the demand of increasing urban population [2]. Therefore,
wastewater can be used in the alleviation of surface
water contamination problem and not only help in
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TABLE 1
Average composition of water used in irrigation treatments in the experiment
Parameter

Wastewater

Tap water

pH
E.C ds/m

6.62
1.40

6.60
0.48

Limits of wastewater
for agric. reuse (FAO,
1992)
6.50 ± 8.40
3.00 ± 7.00

Soluble Cations (meq/L)
Ca++
Mg++
K+
Na+

2.73
2.41
0.33
12.95

1.20
1.80
0.10
3.60

-----

Soluble Anions (meq/L)
CO3-HCO3Cl-

-4.93
8.63


2.50
3.92

-1.50 ± 8.50
--

DO (mg/L)
BOD5 (mg/L)
COD (mg/L)
TSS (mg/L)

0.00
230
422
1035

-----

-40 - 500
80 - 600
--

Available N (ppm)
Available P (ppm)

1.38
0.41

0.12
0.01

---

Total heavy metals (ppm)
Cd
Ni
Pb

0.04
0.03
0.29

0.003
0.001
0.02

0.01
0.20
5.00

and the performance of the plant was assessed on the
basis of plant height (PH), stem diameter (SD), leaf
area (LA), fiber length (FL), specific gravity (SG),
leaf fresh weight (LFW), Leaf dry weight (LDW),
stem fresh weight (SFW), stem dry weight (SDW),
root fresh weight (RFW) and root dry weight
(RDW). SFW and SDW were noted after detaching
leaves from the plants. PH by scale, SD by vernier
caliper and LA by leaf area meter (CI-203 Portable
Laser Area Meter, USA) were measured. LDW,
SDW and RDW were taken after drying samples in
an oven at 80ºC for 72h. Dried plant materials were
stored for further chemical study. SG of each sample
was determined according to the method of Smith
[16]. FL was measured as described by Burley et al.
[17].
Dried samples of each treatment were powdered to pass through a 2 mm sieve and digested with
triacid mixture (HNO3 : H2SO4 :HClO4 in 10:4:1 ratio) [18]. The content of N and P was analyzed after
wet-digestion with H2SO4 by adopting the methods
of Jackson [19] and Singh et al. [20], respectively.
The content of K was determined according to the
method of Page et al. [21]. The content of heavy metals [Cd, Pb and Ni (ppm)] was measured with the
help of Atomic Absorption Spectrophotometer (Perkin Elmer, 3300, USA).

making of boxes, poles, and other tools [14]. Therefore, keeping in view the use of alternative source of
water for the irrigation of plants, the aim of the present study was to investigate the effect of wastewater
treatment on growth and nutrient content in Melia
azedarach L.

MATERIAL AND METHODS
Taken sewage effluent in the present the study,
was collected from oxidation ponds of the Sewage
Effluent Treatment Station, New Borg El-Arab City,
Alexandria, Egypt. The characteristics of wastewater
are presented in Tables 1. Analysis of wastewater
was performed according to the analytical methods
given in Standard Methods for the Examination of
Water and Wastewater [15]. Chemical Oxygen Demand (COD) and Dissolved Oxygen (DO) were
measured by the standard method of azide modification of winkler and dichromate oxidation respectively. Five days Biochemical Oxygen Demand
(BOD) was performed by measuring the amount of
oxygen lost after incubation for 5 days in the dark at
20ºC.
This study was conducted for three consecutive
years at the Horticultural Research Station at Alexandria, Egypt. Wastewater was applied, and data
were collected at every end of the year, and pooled
data were given in Tables. One-year old seedlings of
Melia azedarach L. were irrigated with wastewater
up to the field capacity of the soil to maintain optimum water conditions.
Sampling was done at every end of the year,

Statistical analysis. Each pot was treated as
one replicate, and six replicates were taken for all the
treatments. The data were collected each year. The
combined data were subjected to one-way analysis
of variance (ANOVA) using SAS version 8.2 (SAS,
2001)
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TABLE 2
Effect of wastewater on the growth performance of Melia azedarach L.
Treatments

Parameters
Plant height (cm)

Stem diameter (cm)

Leaf area (cm2)

Fiber length (mm)

Specific gravity

Tapwater
Wastewater

43.4
152.8

0.73
2.44

55.92
74.28

0.92
0.95

0.44
0.36

TABLE 3
Effect of wastewater on the growth performance of Melia azedarach L.
Treatments
Tapwater
Wastewater

Parameters
LFW (g)
80.47
655.28

LDW (g)
13.58
39.87

SFW (g)
89.66
1755.24

SDW (g)
43.87
1243.71

RFW (g)
75.24
235.87

RDW (g)
38.21
119.82

TABLE 4
Effect of wastewater on the nutrients and heavy metals content in Melia azedarach L.
Treatments
Tapwater
Wastewater

Parameters
N
(g/Kg DM)
22.74
30.65

P
(g/Kg DM)
0.40
1.14

K
(g/Kg DM)
19.81
28.93

Pb (mg/Kg
DM)
4.75
14.20

Ni (mg/Kg
DM)
2.01
9.76

solar energy by improving PH, SD and LA (Tables 2
and 3). This results were supported by the previous
studies of Ali et al. [2]; Siddiqui et al. [24]. Also, the
improved growth performance might be due to the
sufficient availability of nutrients that help in the
regulation of many physiological processes in plants
[25].
The irrigation of wastewater was found to be
more effective than the tap water by improving the
contents of N, P and K in Melia azedarach (Table 4).
Wastewater irrigation increased N by 34.78%, P by
184.99% and K by 46.04% as compared to the tap
water. The improved nutrients concentration in
plants might be due to continue addition of nutrient
rich-wastewater, which could be the major factors to
improve plant growth attributes because they play an
important role in the synthesis macromolecules [26].
We know that wastewater is, rich source of organic
and inorganic nutrients, very useful for plants. Irrigation of wastewater also improves ecological balance and environmental quality. Improved uptake of
nutrients could have enhanced biomass production
(Tables 2 and 3). On the other hand, wastewater irrigation significantly increased heavy metals concentrations in plants (Table 4). The irrigation of
wastewater increased accumulation of Cd by
13699.99%, Pb by 198.95% and Ni by 385.57% as
compared to the tap water. These results substantiate
with the previous findings of Ali et al. [2] and Karata
et al. [27].

RESULTS AND DISCUSSION
Data given in Table 1 showed that the pH and
EC of tap water were recorded lower than
wastewater. The concentration of nutrients (N, P and
K) and heavy metals (Cd, Pb and Ni) was also lower
than wastewater (Table 1). However, Food and Agriculture Organization of the United Nations [22] reported that the acceptance limit of pH of waters for
irrigation is ranged from 6.50 to 8.40. Also, according to the FAO [22] the dissolve oxygen (DO), biological oxygen demand (BOD), chemical oxygen demand (COD) and total suspended solids (TSS) of
wastewater were below the range of the tolerance
limit [22].
Performance of the growth characteristics of
Melia azedarach was assessed on the basis of PH,
SD, LA, FL, LFW, LDW, SFW, SDW, RFW and
RDW (Tables 2 and 3). All growth parameters were
found to be significantly increased with the irrigation
of wastewater as compared to the tap water irrigation
except SG. The irrigation of wastewater enhanced
PH by 252.07%, SD by 234.25%, LA by 32.83%, FL
by 3.26%, LFW by 714.32%, LDW by 193.59%,
SFW by 1857.66%, SDW by 2734.99%, RFW by
213.49% and RDW by 213.58% over the tap water
irrigation. A decrease in SG might be due to the accumulation of heavy metals in plant by continuous
irrigation of wastewater. This result agrees with the
findings of Al-Mefarrej [23]. We found very interesting from this study that wastewater irrigation was
proved beneficial in enhancement of growth attributes for Melia azedarach. In this study, improved
growth and dry matter production might be due to
the better orientation of leaves that may capture more
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CONCLUSION
It is concluded that the irrigation with
wastewater exhibited beneficial effects on plant
growth performance of Melia azedarach by improving growth characteristics, such as PH, SD, LA, FL,
SG, LFW, LDW, SFW, SDW, RFW and RDW.
Also, it improved the concentration of nutrients i.e.
N, P and K. An increase in uptake of nutrient may be
the reason of improved growth parameters. Therefore, wastewater could be considered as an alternative source of water for irrigation for Melia azedarach. Also, it may minimize the risk of public health
and the ground water pollution by its safe disposal.
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great progress from past to present numerous fields
of the scientific community [2, 3]. This article aims
to inform on the working principle of certain sequencing systems on the market after emphasizing
the basics of sequence analysis and the innovations
that new generation sequencing brought.

ABSTRACT
DNA sequence analysis applications, which
started, all the way back in the 90s and have
stepped up with the Human Genome Project, has
reached a completely different level with the techniques and methods developed nowadays. Almost
all fields of application have taken advantage of
these developments where single base level and
genome distributed DNA sequence differences can
be detected in maternal twins [1]. Forensic Genetics
did not keep distance from these developments that
started with clinical purpose and with the New
Generation Sequencing techniques developed in
recent years, it is stated that a new era in this field
has begun. Particularly the convenience provided
by the analysis of mix samples containing DNA of
multiple persons and due to presenting more than
one genetic markers in a single analysis, these technologies have brought great dynamism to the field.
Once the foremost disadvantages of New Generation Sequencing methods situated as the cost that
comes with high technology and analysis errors of
high amounts of information produced are overcome, a paradigm shift is inevitable in where
³OHQJWK SRO\PRUSKLVP´ dominates the field of forensic genetics [2].

SEQUENCE ANALYSIS METHOD FROM
PAST TO PRESENT
DNA sequence analysis is defined as determining the order of nucleotides A, C, G, and T that
belong in DNA fragments. The order determination
of these nucleotides are used in, data acquisition on
what protein the DNA section will be able to code,
discovering the exon and introns by comparing
sequence data from genomic DNA and complimentary DNA, and imprinting of zones that control
gene activity with DNA sequence analysis. This
method is also applied during recognition of evolutionary kinship relations by identification in the
forensic genetics field and specific DNA sequence
determinations [4, 5].
Since Watson and Crick showed the double
helix structure back in 1953, the most critical point
for molecular biology and genetics have been the
DNA sequence and detectability of the structure
and order of bases of this sequence. The study in
this field with the widest impact is the one developed by Frederick Sanger in 1977 and took part in
literature as Sanger Sequencing Method. This
method, is based on the replication stage that occurs
in a cell, is carried out in a test tube. In the DNA
V\QWKHVLV WKH ¶³3´ DWRP recently added to deoxynucleotide (dNTP), react to the last nucleoWLGHV¶OH group at the end of the chain and forms a
³SKRVSKR-GLHVWHU´ ERQG Thus, a nucleotidic extension is provided in the chain synthesized. If dideoxynucleotide (ddNTP) is added to the chain, the
chain expansion will terminate. The basic approach
in the chain termination method can be summarized
as follows: Part of the bases (dNTP) added to the
medium during a classic PCR process, lose the
ability to add a new base to one end and change
with another fluorescent featured base type
(ddNTP) and thus terminated in different lengths

KEYWORDS:
New Generation Sequencing (NGS), DNA analysis,
Single Nucleotide Polymorphism (SNP), Forensic Genetics

INTRODUCTION
DNA sequencing studies go a long way back
in the field of forensic molecular biology and forensic genetics. A new era in DNA analysis has begun
in the 70s with the first use of Sanger Sequencing
method. Important steps were taken when it came to
cracking criminal cases, such as a series of encountered complications based upon identification in the
field of forensics have been overcome with mtDNA
sequencing done by the end of 80s and at the start
of 90s. DNA sequencing technologies have made
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and fluorescence emissioning '1$¶V WKDW EHFRPe
visible depending on the terminal-base. Each base
(A, T, G and C) have two axis similar to magnets
WKHVH D[LV DUH QDPHG ¶ DQG ¶  DQG WKXV D EDVHV
one terminal can connect to another bases other
terminal. 6RWKH¶HQGRIDEDVHUHDG\WRERQGZLOO
EHDGGHGWRD¶WHUPLQDORID'1$FKDLQ,IWKH¶
terminal of a base is disrupt, this base can still bond
with a DNA chain, however this DNA chain cannot
extend any longer, due to the binding point being
no longer available for a new base to connect.
Therefore, DNA chains with various lengths can be
aligned and depending on this order, it is apprehensible that which chain ends with which base [2, 4].
There are a few points to be considered related
to their technical details. The first of these, the first
15 to 40 bases of this DNA sequence is low quality;
the second, starting from 700 to 900 bases the quality of the sequence goes below acceptable levels.
The third point, the time required to read approximately 800 bases is too long; and the fourth point,
consumables used per base is relatively expensive.
It is a whole other story, especially when considering time and cost estimations for the sequencing of
the human genome that has approximately 3 billion
base pairs rather than an 800 base DNA sequence.
That said, this method is used for sequencing small
regions of the genome [6]. However, conventional
Sanger sequencing technology is insufficient when
it comes to more specific and complicated genome
analysis, due to low process volume, high-cost and
challenges encountered during analysis. With the
use of new generation sequencing technologies,
high process volumes have been acquired, and with
advantages such as increased yield, many of the
challenges caused by the method aforesaid have
been overcome. In addition, this technology is used
for identification in the field of forensic genetics,
diagnostics of medical genetic diseases and genome
studies of various organisms such as yeast, fungus
and viruses [7].
Researchers have initially worked on improving the Sanger method before new generation sequencing technologies. The main objective was to
perform a faster sequencing with less consumables.
While the classic Sanger method indicated the gel
electrophoresis stage, automatic equipment accelerated the process with the capillary electrophoresis
method. In addition, the number of bases sequenced
in unit of time has increased by using more than one
capillary electrophoresis. This period, which may
be named as a transition period, has actually provided a basis for the emerging of the first models of
new generation sequencing [8, 9].
New generation DNA sequencing methods in
general, divide into 3 main groups as follows; sequencing via synthesis, sequencing through ligation
and single molecule sequencing. These procedural
differences create variation in key studies such as

reading length, productivity and error rate. New
generation sequencing technology has entered the
scientific community commercially for the first
time in the year 2005 with the use of 454 pyrosequencing technology. From that day forward a few
different sequencing methods have been developed
[8, 10]. New generation sequencing analysis technologies such as 454 GS20 pyrosequencing (Roche
Applied Science), Solexa 1G (Illumina, Inc.), SOLID (Applied Biosystems), Heliscope (Helicos, Inc.),
Ion Torrent and The MiSeq FGx Forensic Genomics System (Illumina, Inc.) are commercially
available [11].

NEW GENERATION SEQUENCING TECHNOLOGIES AND FORENSIC GENETICS
There are many innovations brought to the
field of forensic genetics by new generation sequencing analysis techniques. The most important
significance of this technology is that it provides
assurance to the base sequence of the DNA we are
analyzing. This very valuable advantage not only
ensures the forensic separation by dribs and drabs
of mutations of twins that are almost identical in
terms of DNA, but also overcome some of the deficiencies of the STR analysis that is a principal technique in genetic identification. For example, it is
not possible to separate two people with the same
sequence length by the same locus with the STR
technique used on a mix DNA profile obtained from
a stain that contains more than one source of DNA.
This is because the STR technique is based on
length polymorphism. It is unable to reveal the
sequence variations in that length. New generation
sequencing, however, determines the DNA sequence in question with a high accuracy rate and
enables to separate alleles by revealing the variations between sequences even if they have the same
OHQJWK 'XH WR WKLV VLWXDWLRQ QDPHG DV ³LVRDOOHO´
this technology simplifies the analysis of mix samples that is perhaps one of the most challenging
fields situated in forensic genetics for the forensic
genetics specialist [10, 12].
Another highly substantial advantage of new
generation sequencing techniques is that it offers
the forensic genetics specialist numerous information in a single analysis by using more than one
genetic markers all together. New generation sequencing techniques can transform biological findings obtained from the crime scene into hair or eye
color or even into bio-geographical ancestry information by SNP analysis along with the STR marker. Arguments go on as to prove how this great
advantage will be utilized, putting forward the ethical extent of the issue [13].
One other advantage of new generation sequencing technologies is that it lowers the DNA
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rensic sciences and manufactured kits related to the
field are mentioned below.

source measures down to a satisfactory level from
what the routine techniques require. This is, as we
explained above, because it enables us to separate
even the sequences that are close to each other
lengthwise. Therefore, it will be possible to prepare
reference sequences in desired length and the sequence length necessary for the targeted DNA section will decrease. However, as with any new technology, many parameters must be delicately fictionalized to be able to utilize this advantage for
new generation technologies [13, 14].
The most important contribution to paternity
tests by new generation sequencing technologies is
that it is a considerable guide for the specialists on
the subject of mutations. By scanning more than
hundreds of DNA sections using SNP and STR
markers, it will provide an insight towards the estimations of mismatches detected among DNA profiles fit to be a data regarding whether it is a mutation or a case of dismissal of mother-fatherhood
[15].
Of course there are some disadvantages in
question when it comes to new generation sequencing technologies that we mentioned as assuring
many advantages to forensic genetics specialists. It
draws attention that according to many forensic
genetics specialists whom approach the subject
theoretically, the most important limitation of this
technique is the emphasis of time and cost. Nevertheless, the most important advantage of new generation sequencing technology is in the meantime
the most important handicap of this technique. To
clarify this statement; it is clear that the greatest
innovation this technology has brought alongside is
that it provides the possibility that nearly all of the
DNA can be analyzed with high accuracy rates.
However, this situation brings along with it a massive knowledge generation as well. Forensic genetics specialists may encounter some difficulties due
to lack of experience while analyzing this inforPDWLRQ $OWKRXJK WKH ZRUOG¶V OHDGLQJ ELRWHFKQROogy companies who are aware of this situation are
eager to prepare software to help analyze this information, it is clear that this will cause specialists
to be more bound to kit manufacturers. Even though
the open source software in this area has made a
breakthrough in the last 5 years, it has not yet
reached the desired level. ,Q WRGD\¶V WHFKQRORJ\
where kit manufacturers bring into use the process
steps WKDW FDQ EH VXPPDUL]HG DV ´OLEUDU\ FRQVWUXction-VHTXHQFLQJ DQG DQDO\VLV´ WKDW DUH so to speak
reduced inWRD³SLOO´, the effort of open source software is nevertheless noteworthy. However this
stance does not change the fact that there is a need
for advanced computer software for the interpretation of the high amount of data acquired [16].

Roche 454 GS Genome Sequencing System.
The principle of pyrophosphate detection has been
defined in 1985 and using this principle a new
method for DNA sequencing was notified in 1988.
The first new generation sequencing technology,
the 454 technology has gained a place in the market
in 2005. The 454 technology, is the most commonly
used and published research in regard to new generation sequencing technology. Pyrosequencing strategy is used in this system. Pyrosequencing is a
simultaneous sequencing strategy based upon the
release of pyrophosphate (Ppi) during enzymatic
DNA synthesis [7, 17].
Solexa System. Soelxa sequencing platform
was commercialized in the year 2006. The basis of
this technique is the sequencing-synthesis of four
reversible terminal nucleotides all labeled with a
different fluorescent dye. In the Solexa method, on
one end of a single DNA molecule an adaptor is
used to hybridize molecules bound on a stable surface with the use of a complementary adaptor and
synthesize complementary strings. Patterns are
massive parallel-aligned using DNA synthesissequencing approach, re-tachable fluorescent parts
and special DNA polymerases with recyclable terminals can be included in to the oligonucleotide
chain. Terminators are mark with four different
colors and are differed by the length of base [2, 18].
New Generation Sequence ± PGM (Personal Genome Machine) SNP applications for criminal purpose. These came into effect in the following fields: genetic identification, determination of
kinship, phenotype specification, bio-geographical
ancestry analysis and Mitochondrial DNA Identification. It can be used on degraded difficult samples
and mixture samples. Three different kit panels
have become available for these studies [16, 19].
Ion Torrent PGM Systems. It is a system
that allows the determination of bases by using
hydrogen ions oscillating during the nucleotide
binding. The most important advantage of Personal
Genome Machine (PGM) System for forensic purposes is the potential it carries to provide assistance
to cases that cannot be cracked with traditional
DNA sequencing technologies. Even though capillary electrophoresis method may still be the golden
standard for laboratories that work with STR, the
Ion PGM System enhances the capability of laboratories to acquire DNA results from challenging
materials [5, 20]. The system in question converts
chemical information into digital data and combines
natural biochemical analysis and semi-conductive
sequencing technology to provide accessibility of

Systems in the Market. Few of the new generation sequencing systems used nowadays in fo4652
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total of 124 multiplex SNP Points. Results with
99.99% compliance may be given with these SNP
points. An average of 27 SNP is supposed to be
studied in order to capture resolution for a single
STR locus, thereby 27 SNP were chosen when
designing the kit to capture 99.99% resolution.
These 124 SNP contains 90 autosomal SNP, and 34
Y chromosome specific SNP points. 45 of the 90
autosomal SNPs are the SNPs identified by Dr.
Kenneth Kidd at the Yale University and were
chosen by the SNP identification consortium [7].
These are biallelic and are areas with low mutation
rates and small amplicon sizes (132-141 nucleotides). Thus the kit allows to study degraded or
trace amounts of samples. Phenotypic attributes
were determined using SNP points from samples
that belonged to King Richard III using this kit and
these attributes overlapped with the descriptions in
history [22, 24].

the sequence information acquired from any laboratory or research center. The system in question
combines the semi conductive sequencing technology with natural biochemical analysis to translate
chemical information into digital data and to ensure
the accessibility of the sequencing information
acquired from any laboratory or research center
[10]. The basic natural sequencing structure of the
system rules out the need for costly optic material
also reduces the complex structures required for the
measurement of the natural DNA. Direct real time
sequencing analysis enables to gain results in a
single day as from sampling.
Ready panels (Ion Ampliseq Human Identity
Panel-Identification Panel, HID-,RQ $PSOL6HT
Ancestry Panel- Phenotype and Bio-geographical
Ancestry Analysis Panel and Mitochondrial DNA
Panel) or design panels created with special genes
by laboratories demand can be worked using chips
fit for the study intended along with the Ion TorUHQWsystem [19, 21].

Biogeographical Ancestry and Phenotype
Indication Kit for the purpose of Human Identification: HID-,RQ $PSOL6HT $QFHVWU\ 3DQHO.
³+,'-,RQ $PSOL6HT $QFHVWU\ 3DQHO´ WKH 613
based biogeographical ancestry indication and phenotype identification kit specific for the new generation sequence system; is a kit developed for the
use of uncovering phenotypic attributes (hair color,
eye color, skin color) that define a person and may
direct the investigation in the case of the suspect
DNA profile acquired from the crime scene does
not match any database [11, 25]. The kit allows
studying the 165 SNP points as multiplex. The kit is
fit to study all types of biological samples including
degraded samples, and enables to study with samples with amplicon sizes of 122-133 nt. 123 of the
165 SNPs are points that Dr. Michael Seldin developed. 53 of them are points developed by Dr. Kenneth Kidd. Software by the name of ALFRED (Allele Frequency Database) is used along with the kit.
This software has data specific to all populations,
and determines what population the sample is statistically near to in each dispatch for each sample. The
SNP points that the kit contains have a resolution of
99.77% [12, 20].

Mitochondrial DNA Panel for PGM. ³,RQ
$PSOL6HT :KROH 0W *HQRPH 6HTXHQFLQJ´ NLW
unique to new generation sequence systems; is a
product developed for the purpose of research on
missing persons, mass grave cases and identification of body parts of disaster victims. Mitochondrial
'1$¶V DGYDQWDJHV WR QXFOHDU '1$ SURYLGHV Lmportant benefits in terms of genetic identification.
Disaster Victim Identification expressed as
DVI (Disaster Victim Identification), is imposed
upon mitochondrial DNA analysis to match families from combined body parts and residues obtained from the scene of disaster. Meanwhile, Mitochondrial DNA enables the examination regarding
origin in affinity-ancestry research due to its inheritance from maternal lineage. The bone residues
from the mass grave found in Russia in 1978 that
was detected to be related to the Romanov Dynasty
and the identification of King Richard III were all
done with the help of Mitochondrial DNA analysis
[22, 23]. Purposefully, the kit allows sequencing of
the whole Mitochondrial DNA. The kit can sequence the whole gene in 2 multi analysis as MPX1
and MPX2. As is known, the gene sequencing process which takes too long with the Sanger method is
possibly downhill all the way with the new generation sequencing system.

The MiSeq FGx (Forensic Genomics System). MiSeq FGX Forensic Genomics System is
the first validated sequencing system that was designed to be used in forensic genomic applications.
This system uses specially designed library preparation kits, customized equipment control software
and analytical software packages to carry on reliable analysis of challenging forensic samples encountered during routine work. MiSeq FGX system
is a part of the new generation sequencing system
integrated in to the field of forensic genetics [11,
18].

New Generation Sequence Based Human
Identification Kit: HID-,RQ $PSOL6HT ,GHQWification Panel. The SNP based identification kit
VSHFLILFWRQHZJHQHUDWLRQVHTXHQFHV\VWHP³+,',RQ $PSOL6HT ,GHQWLW\ 3DQHO´, is especially designed to be used on samples with unobtainable or
semi-obtainable profiles. It allows working with up
to 100 pg of DNA. It is appropriate to work with
any type of biological sample. The kit contains a
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for a universal individual identification panel.
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[14] Edwards A., Hammond H. A., Jin L., Caskey
T., Chakraborty R. (1992) Genetic variation at
five trimeric and tetrameric tandem repeats,
Genomics; 12: 241-53.
[15] Kosoy R, Nassir R, Tian C, White PA, Butler
LM, Silva G, Kittles R, Alarcon-Riquelme ME,
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Seldin MF. (2009) Ancestry informative marker sets for determining continental origin and
admixture proportions in common populations
in America. Hum Mutat 30(1)69±78.
[16] Fordice SL, Mogensen HS, Børsting C, Lagacé
RE, Chang CW, Rajagopalan N, Morling N.
(2015) Second-generation sequencing of forenVLF675VXVLQJWKH,RQ7RUUHQW+,'675SOH[DQGWKH,RQ3*0)RUHQVLF6FLHQFH,nternational: Genetics; vol(14):132-140
[17] http://www.appliedbiosystems.com/home/
[18] http://www.thermofisher.com/home/
[19] http://www.nanoporetech.com/

CONCLUSION
DNA analysis has come into prominence with
the rapid progress of molecular biology and genetLFVGDWLQJIURPWKH¶V6WXGLHVdriven by DNA
sequencing techniques have come a long way in the
past 10-15 years and is rapidly proceeding at present. Various new generation sequencing platforms
for both medical and forensic purposes are within
reach. Since the beginning of 2000 the methods and
equipment used for DNA sequence analysis has
progressed rapidly. These sequencing methods with
different sequencing pathways, various sample
preparation strategies, immobilization and nucleic
acid chemistry are currently improving. By bringing
in new generation sequencing systems for forensic
purposes in to forensic laboratories located in Turkey, it will be possible to acquire profiles in challenging forensic events and confirm mutation cases.
Additionally, using these systems along with the
evaluation of mix samples (mixtures) that cause a
great problem in the STR system will considerably
simplify the specialists work.
Finally, in cases where there is not a single data aside from the DNA profile of the suspect, phenotype attributes that may describe the suspect will
be determined along with these systems. Thus the
contribution of new generation sequencing techniques on the provision of justice in the field of
genetic identification will reach a new level and
together with all these developments the new generation sequencing techniques will take its place
among the essential methods in forensic genetic
laboratories in the near future.
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ABSTRACT

INTRODUCTION

The skyline yarder usage is the main extraction
system in developed countries especially on steep
terrains depending on cost effectiveness. Despite the
availability of skyline yarder in many different types
and characteristics it is extremely important choosing the feasible skyline yarder that will best meet the
wood extraction requirements of any particular forest area, whether it is purchased or manufactured. It
was aimed to configure the feasible forest skyline
yarder by determining the technical and economic
characteristics, which will be needed according to
the qualifications of wood extraction operations of
the Eastern Black Sea region of Turkey. The configuration is based on determining the technical specifications (skyline cable length, max. cycle load capacity and daily productivity) of the skyline yarder
according to the extraction distance and the carrying
capacity to be determined depending on the load to
be carried at carriage cycle time. Technical specifications were evaluated by the cost of skyline yarder
operation and the cost of the alternative extracting
system by cost-effectiveness analysis method. The
VWXG\VKRZHGWKDWD IHDVLEOH VN\OLQH \DUGHU¶VWHFK
nical specification must have at least 700 m yarding
distances, ten cycles per a working day and 2.2 t carriage load capacity per cycle. This skyline yarders
can be operated at the cost of 16.70 ¼m3 if the daily
productivity amount 30 m³ is. The work machine
companies produce in a wide range of technical
specifications, for this reason, the feasibility analysis
should be made for selection of a logging machine,
especially for local usage. Also, if domestic machinery production is considered, this scientific data will
be the starting point.

Timber extraction operation is one of the most
dangerous, difficult and expensive logging operations. These operations are realised depending on
many factors. Different logging systems may lead
different processes costs as well as fragmentation on
technological logging lines [1]. In the stump-to-truck
timber harvesting analysis, primary transport
activities such as skidding and yarding consumed the
largest amount of cost. It is also greatest
environmental impacts such as compaction of forest
soils and damages on resident trees occurred
compared with the other harvesting stages (felling,
processing, and loading) [2, 3].
Cable yarding is a common harvesting technique of extracting timber from a steep slope or
poorly accessible sites worldwide [4-6]. A great
many different types of cable extraction systems
developed recently. Cable systems fall into the category of "Skyline" systems, also called cable-crane
systems [7]. On steep terrain, cable yarding is the
cost-effective alternative to building an extensive
network of skidding trails and results in a much
lower site impact compared to ground-based logging
[8].
The uses of the skyline systems enable more
easy and low cost of logging operations. However,
winching machines with power capabilities that are
appropriate for the terrain and the size of logs
extracted should be selected [7, 9]. Many logging
site parameters have to be taken into account [10,
11]. In this stage, to consider which skyline systems
to use is a very important issue according to the technical specifications. Talbot and his friends used economics, versatility and productivity for evaluating
the skyline yarding systems [12].
Approximately 99% of the forests in Turkey
are state-owned and operated by the state. Forest villagers who are not professional workers realise wood
extraction. These workers do not have the means to
invest in forestry machinery. They can use general
farming machines owned by the forest villagers.
These machines are not sufficient capacity in logging. For this reason, machines such as skylines
yarders and skidders are purchased by the state and
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Cable Extraction, Configuration, Cost-effectiveness, Feasibility, Productivity, Skyline Yarder
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rented to forest workers. The state charges workers
for their extracted wood amount. The government
pays these fees at the unit prices determined according to the nature of the business. Unit costs
determine unit price in logging works. Machine
rental rates are applied according to unit costs.
In 1985, the most recent purchase of skyline
yarders was carried out in Turkey from various countries. Today, almost all of the machines have completed their physical lives. Skyline yarders, like they
used to be, have to go into the extraction of timber
again, with the purchase from the abroad or with the
domestic production. However, according to past experiences, instead of purchasing or producing machines in many different types, it is necessary to determine the feasible machine specifications according to the local forestry needs and to act accordingly.
It has been put forth that the cable systems design studies were only 7 of 172 scientific research
around the world, between from 2000 to 2011. Most
of the studies have been made on skyline efficiency
[13]. Skyline systems are being started to use since
1970 in Turkey. There are many studies on the skyline yarding efficiency, although none of them is for
the choosing feasible skyline systems according to
harvesting conditions. In many studies, the productivity value has been studied in the region [14-21].
At the same time, comparisons were made with each
other according to the productivities.
Technical, economic, social and environmental
elements that interact with each other must be
evaluated in the feasibility analysis for forestry
machinery. The optimum method of timber extraction is not always the cheapest. The feasible skyline
yarders must be meet transportation needs and economics. Those requirements may be fulfilled by the
identification of the forestry operations, infrastructure and terrain specifications (e.g. labour cost, line
length, tree size, removal, etc.). It has been
determined that the right logging method can reduce
costs by 60-80% [10, 22, 23].
Cost-effectiveness analysis (CEA) is one of the
methods used for cost evaluation. In a generic sense,
CEA is a technique for identifying the least-cost option for meeting a specific physical objective/outcome [24-26]. Cost-effectiveness analysis can be a
useful and powerful tool for resource allocation, decisions, uniform cost-effectiveness criterion [27].
The choice of a cost-effectiveness threshold depends
on who is making the decision; what the purpose of
the analysis is; how the decision maker values
health, money, and risk; and what the available resources are [28, 29].
The objective of this study is the configuration
of the feasible skyline yarder by using the specifications of yarding distance, carriage payload capacity
and cycle time deal with daily productivity and operational costs for any specific forest region with examples of forestry and forest land conditions in Eastern Black Sea region of Turkey.
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MATERIALS AND METHODS
To determine the technical specifications of the
forest skyline yarder which is most suitable for the
forests of Eastern Black Sea Region (EBSR), production systems and logging data was handled primarily. This was done by examining the records of
forest operations in the forest enterprises. Then, according to the obtained technical data, a cost-effectiveness analysis based on efficiency and cost comparison was used to configure the most compatible
skyline yarder. The manual gravity sliding method
and the skyline yarder were compared in the costeffectiveness analysis due to the steepness of the forest land structure of the area. Tractor winching does
not have an effective use even if it is in the records.
Tractor winching can be used only in limited to the
cable distance.
For the determination of the extraction technical specifications, cutting quantities for extraction
operations applied in the region were taken from logging records and cost value records from forest offices. Also, Google Earth software was used to measure the extraction distance and average slope for skyline extraction.
It was provided with a series of conditions
which would assure approximately identical work
premises for the two extraction systems to realise a
technical and economic comparison regarding the
involved costs for timber extraction using the manual gravity sliding and the skyline yarder.
Study Area and Logging Data Handling. The
study was realised in Artvin, Giresun and Trabzon
Forest Regional Headquarters (FRH) in the EBSR of
Turkey. The total forest land surface area of the
)5+¶VORFDWHGRQWKHVWXG\VLWHLVKDThe
study area is cover RIWKHZKROH7XUNH\¶VIRU
est land [30]. This region has the most difficult transportation conditions, with an important place in the
country's forests.
Logging sites data like as forest enterprises,
compartment numbers, tree species, total logging
volumes (m3), log pieces numbers, surface slope
(%), stump to road extraction distance (m), logging
systems, transport direction (up to hill or down) and
road interval data derived from Google Earth, were
obtained and used to determining the skyline yarder
specifications. Logging sites records were obtained
by sampling on region forestry enterprises. The
number of total logging compartments of the FR+¶V
was determined. The number of logging sites on
Artvin RFH was 424, Giresun FRH 324 and Trabzon
FRH 341. The total logging site number was 1089.
The sampling numbers in the study area were
estimated with the 95 % confidence level [31]. The
minimum sampling number was calculated 285. Totally 301 sampling logging sites were accepted for
sampling (120 in Artvin FRH, 91 in Giresun FRH
and 90 in Trabzon FRH) by taking into account of
4657
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weighted average. The selection of the logging records was made randomly.
Extraction distance is one of the most important
factors at logging operations. Extraction distances
were acquired from site records and also from
Google Earth digital globe by using its measurement
tool. The 3D forest road interval distances were used
for the extraction distance. This enabled us to compare the above mentioned two data sets each other.
The measurement of the extraction distance was
realised at sampling points of the whole region according to the 20x10 km grid spacing. A 10x10 km
sample has been tried primarily. However, because
there is many data and it makes the job harder, 20x10
km range is preferred. Totally 183 points were determined from the 207 sampling points, by the election
of none forest lands on stand type maps. At each
point, the nearest roads were used for the measurement. The road interval distance and site slope were
measured at these points by drawing a line from a
road to the nearest road directly and getting the elevation profile.
These measured extraction distance and slope
values were discussed with the obtained data by the
logging site records to get more accurate technical
data.
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cycle load capacity and daily productivity. The most
important factor is the operational cost per m3.
Cost calculations were conducted according to
the guidelines for machine rate estimation [33]. Cost
calculations were made using cycle volume (m3), cycle weight (t), cycle time (hour), daily yarder volume
(m3/day), average cutting unit volume (m3), machine
workday, worker day, worker fee (༥/day), machine
amortization cost (༥), insurance costs (༥), maintenance and spare parts costs (༥), daily fuel expenses
(༥  ¼༥ exchange rate was used 2.2161 according to
data of the Central Bank of the Republic of Turkey
for the study periods of 2010-2012 years).
The costs of different skyline yarder configurations are calculated according to daily productivity
values according to max cycle load capacity and related items. By the way, the technical specifications
of the skyline yarder were determined and feasible
configuration according to the cost-effectiveness
analysis regarding cost and productivity. The cost of
the skyline yarders system, which is equivalent to the
average cost of manual gravity sliding system that is
one of the alternative extraction systems, is determined as the economic threshold point. The configuration has been carried out by using the economic
threshold point level that showed the minimum carriage cycle load capacity according to log weight,
daily productivity and skyline cable length.

Determining of the Technical Specifications
and Configuration. The setting-up and operation of
skylines used in forest operations represent a complex activity [32]. Log diameter, volumes cut per
acre and average slope yarding distances have been
used by LeDoux (1986) to simulate delay-free yarding cost for uphill cable yarders.
In this study, average yarding (extraction) distance, extraction direction according to the slope surface, cutting unit volume (m3), number of log piece
and total volume for per cycle and total logs weight
per cycle were used for configuration of the skyline
yarder operations. The obtained data from the region
)5+¶VORJJLQJUHFRUGVZHUHHYDOXDWHGWRGHWHUPLQH
the skyline yarder technical specifications. Technical specifications are the skyline cable length, max

RESULTS AND DISCUSSION
Harvesting Operations. Total log volume of
sampled 120 number logging sites was found 56
339.509 m3 at Artvin RFH while average log volume
per logging site was 469.495 m3. These values were
25 927.133 m3 and 284.913 m3 at 91 cutting unit at
Giresun while 27 428.514 m3 and 304.765 m3 at 90
cutting unit at Trabzon. Cutting units average log
volume is 364.44 m3. The other data derived from
WKHUHJLRQ5)+¶VLVVXPPDUL]HGDWEHOORZWDEOH 7D
ble 1).

TABLE 1
Logging sites harvesting data
Regional
Forest
Headquarters
Artvin

Giresun

Trabzon
Total
Average

Extraction system
Manual ground sliding
Tractor winching
Skyline yarding
Manual ground sliding
Tractor winching
Skyline yarding
Manual ground sliding
Tractor winching
Skyline yarding

Cutting unit
number

Volume
(m³)

Total log pieces
number (n)

Site slope
(%)

47
34
39
28
55
8
37
53
301

19 590
14 200
22 549
2 119
19 717
4 091
4 345
23 083
109 695
364.44

14 753
11 758
15 557
1 801
15 914
7 454
3 452
22 131
92 820
308

74
73
79
73
74
76
70
74
74.1
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Average
extraction
distance(m)
216.17
228
534.1
168.2
367
1385
173.5
370.5
334.9

Volume per
piece (m³)
1.328
1.208
1.449
1.177
1.239
0.549
1.259
1.043
1.125
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FIGURE 1
Cluster graph of the measured site slope at sample points












   





FIGURE 2
Cluster graph of the measured maximum extraction distances
TABLE 2
Site slope and extraction distance values from Google Earth virtual globe
RFH
Artvin RFH
Trabzon RFH
Giresun RFH
Average

Sample plot number
43
84
56

Ave. site slope, %
76
75
72
74.33

Maximum extraction distance, m
688
696
724
703

Ave. extraction distance, m
344
348
362
351.5

TABLE 3
Skyline yarder cost analysis table (summarised)
Yarding capacity per cycle
(hardwood)
(m3)
(t)
1.042
0.7
2.083
1.5
3.125
2.2
4.167
2.9
5.208
3.6
6.250
4.4
7.292
5.1

Daily Productivity
(m3)

Work days
(day)

Worker costs
¼P3)

10
20
30
40
50
60
70

36
18
12
8
7
6
5

21.28
12.93
10.15
8.24
7.92
7.36
6.87

Amortization +
insurance costs
¼P3)
8.37
4.19
2.79
2.77
2.21
2.44
2.09

Fuel, repair and
maintain cost
¼P3)
11.28
5.64
3.76
2.48
2.26
1.88
1.55

Total cost
¼P3)
40.93
22.76
16.70
13.49
12.39
11.68
10.51

distance is one of the most important specifications
of the yarder specifications.

Eastern Black Sea region site slope range is 6090 %, extraction distance between 245 and 980 m
according to the Google Earth measurements as
shown in Figure 1, Figure 2 and Table 2).
The region has a steep terrain also long extraction distance. Skyline yarders usage gets importance
for extraction of logs in this region. The extraction

Skyline Technical Specifications. Extraction
costs were calculated for according to the logging
operation specifications for determining of skyline
yarder technical specifications. For this, manual
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cost-effectiveness ratio should be evaluated [24, 25].
The point (p=0.00) was accepted as economic
threshold point. This point was evaluated the lowest
daily productivity value that the skyline yarder
should have. This productivity value also revealed
other technical specifications which are based on the
cost calculation and configuration of the skyline
yarder.
Logs can be extracted 9.508 m³/day with the
FRVW RI ¼6.34 by manual gravity sliding system,
whereas approximately 30 m³ logs can be yarded at
the same cost value by skyline yarder according to
results. The skyline yarder system is approximately
3 times productive than the manual gravity sliding
system.

workmanship costs and skyline yarder operational
costs paired each other according to the cost-effectiveness threshold for determining economic skyline
usage level and skyline yarder technical specifications.
The cost of manual ground gravity sliding was
FDOFXODWHG¼P3 where the conditions are in average maximum extraction distance 700 m (average
extraction distance 351.5 m) and cutting unit average
log volume 364.44 m3 DFFRUGLQJWRWKH)5+¶VORJ
ging site data records. Daily extraction productivity
is 9.508 m3 for five workers.
Skyline yarder cost calculation was made taking into account operational cost components such
as total work time according to the max yarding distance (700 m), yarding capacity per cycle (log volume (m3) and weight (t)), average cycle time (50
min.), daily productivity (day=productive system
hours as 8 hours), average log volume per logging
site (364.440 m3), setup and uninstallation period
time (10 days), work crew (5 workers) workmanship
FRVWV ¼  PDFKLQH DPRUWL]DWLRQ PDFKLQH DQ
nual maintenance and repair costs, fuel usage and total operating expenses including insurance costs.
Some used values were taken from the earlier studies
[2, 8, 19, 23, 34-38].
The summary of the cost calculations was presented in Table 3. Daily work productivity was assumed from 10 to 70 m3 according to possible carriage cycle load capacity.
Workmanship cost is one of the most effective
factors in the cost components. The number of working days depends on the daily productivity due to cycle yarding load capacity. Total cost decreases with
daily productivity increasing. If the skyline yarder
can be operated for 30 m3/day performance, the
\DUGLQJFRVWZLOOEH¼m3. If the daily productivity reaches to 70 m3/day, the yarding cost can be
reduced WR  ¼m3. These performances are
reachable values according to the carriage load capacity and skyline main power unit.
Daily productivity values were calculated in
many earlier studies for different skyline yarder
models in Turkey. The daily work productivity varied from 34.144 m³ to 62.976 m³ for different yarding distance up to maximum 600 m in these studies
at the region [14-21]. It was found that the daily
productivity and operational cost varied from 19.2 to
74.4 m3 DQG  WR  ¼m3 respectively at other
studies were made on European countries [8, 32-42].
The results of the cost analysis show that the configuration gives average values according to the recent
studies.
Cost-effectiveness analysis of the manual gravity sliding and skyline yarders used in the region was
realized by productivity pairing them each other. P
ratio varies from 49.98 to -0.10, but the change is
mainly between 0.61 and -0.10. The ratio was calculated 0.00 at the 30.5 m3/day productivity value.
There is no obvious consensus about how small the

Configured Skyline Yarder Specifications.
The feasible skyline yarder productivity must be
over 30 m³/day due to ensure profitable against the
manual sliding system on Eastern Black Sea region.
In this frame, the technical specifications of the feasible yarder are: 700 m yarding distance, 2.2 t carriage load capacity for per cycle and 50 min/cycle
compatible carriage speed for the yarding distance
according to the cost calculation method used in this
study. These three values should define the other
specifications. This type of skyline yarder can be realized ten cycles per a workday.
When the carriage load capacity reaches to 5.1
t, it can be yard 70 m³/day. This productivity is a
reachable limit and it can improve the logging
productivity at a significant level. ³The limited average extracted volume may have depended on the
work method employed rather than the machine capacity. It is known that the preparation of loads has
an important effect on the efficiency of load extraction >@´

CONCLUSION
Many scientific studies were made about skyline yarders which have being used since 1970 in
Turkey. These were the case studies about determining the productivity of skyline yarders. There was
not any study about the configuration of feasible skyline yarder specifications in this region. Skyline
yarders were not used feasibly because of the scientific knowledge absence.
Cost-effectiveness analysis was found capable
of decision making about the evaluation of alternative extraction systems. Feasible skyline yarder daily
productivity according to cycle payload, yarding cycle time and extraction distance were determined for
configuration of the feasible skyline yarder minimum technical specifications.
Skyline yarder technical specifications should
be determined by using the method described in the
study for skyline yarder use, as required for each region separately. Therefore, forest logging data, road
4660
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network and alternative transportation systems costs
should be evaluated. Google Earth was found a useful tool to measure derive terrain and road network
data.
This study results will be guidance to manufacturers and forest workers in sustainable timber extraction operations. Until now there is not any skyline yarder procurement in Turkey. Configured skyline yarder technical specifications will make it possible increasing extraction productivity with the
profitable usage of the skyline yarders or provide
data for possible skyline yarder producing in Turkey
also. At the same time, a maximum cost effective usage can be established even if the machines are being
imported.
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COMBUSTION IN A DOMESTIC HEATING BOILER FED
WITH WOOD AND VIRGINIA MALLOW PELLETS
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plantations of perennial native species and these introduced to Poland may complete the biomass supply
balance in the energy market [6,7]. Attempts have
also been undertaken of combustion of the pellets
produced from different types of biomass, including
waste pellets, in the systems which enable the controlled conduct of the process [8±11].
The process of biomass combustion is determined by fuel properties, especially the granulation,
moisture content, density and nitrogen and sulphur
contents as well as the design, nature and type of the
furnace. These factors are predominantly independent, nevertheless, because of the complexity of the
combustion processes, they are often subject to interaction, which complicates the optimization of the
combustion process [12]. The fuel supply rate and air
supply are the control parameter of the combustion
process. Each combustion process is accompanied
by the emission of pollutants such as: carbon monoxide and soot, nitrogen oxides, sulphur oxides, hydrocarbons and metals in varying quantities [13].
The quantity and type of contamination produced in
the process of biomass combustion depend not only
on the process-related factors, but also on the type of
the burnt biomass [14±18]. The problem of emission
of incompletely combusted products is particularly
pronounced during biomass combustion in the lowpower boilers. Only approx. 20% of volatiles by
weight are produced in the first stage of hard coal
combustion, whereas in the case of biomass, the
amount ranged from70% to 80% [19].
The research was aimed at analysing the emission characteristics of low-power boiler fuelled with
mallow pellets (Sida hermaphrodita Rusby) and
wood pellets available on the market. A 32 kW boiler
with automatic fuel load adapted to wood pellets
combustion was used in the research. In the course
of the research, timelines of changes in O2, CO, CO2,
NO, NOX, SO2 concentrations were recorded at the
boiler¶V outlet.

ABSTRACT
The presented research was aimed at analysing
the emission characteristics of a domestic heating
boiler fed with Virginia mallow pellets (Sida hermaphrodita Rusby) and wood pellets available on
the market. A 32 kW boiler with automatic fuel load
adapted to wood pellets combustion was used in the
research. The installation used in the research was a
typical installation used to heat single-family houses.
Timelines of changes in O2, CO, CO2, NO, NOX, and
SO2 concentrations were registered at the boiler¶V
outlet throughout the study. Analyses of mallow pellets and wood pellets combustion in a boiler with automatic fuel load adapted to wood pellets combustion showed that CO, NO, NOX and SO2 emissions
were higher during mallow pellets combustion.

KEYWORDS:
combustion, biomass, pellets, CO, CO2, NO, NOX, SO2
emission

INTRODUCTION
The systematic increase in renewable fuels use
results mainly from environmental conditions which
are the outcome of specific climate policies imposed
on Member States of the European Union [1] and the
need for sustainable energy supply [2]. Using the potential of biomass energy for heating households
based on locally available biomass resources is the
most effective in the Polish climate (also typical of
many regions in Europe) [3]. To facilitate the use of
biomass for energetic purposes (transport, storage
and combustion), it is processed into the form of pellets and briquettes [4].
The ecological aspects and threats of contamination indicate that wood pellets should be used first
and foremost in low-power boilers used in household
heating. The lack of affordable, good quality wood
pellets, which are currently used in Poland in the
commercial power generation, has aroused an interest in agricultural biomass pellets as the fuel for lowpower boilers [5]. The acquisition of biomass from

RESEARCH METHODOLOGY
A 32 kW boiler with automatic fuel load
adapted to wood pellets combustion was used to
carry out tests on Virginia mallow pellets and wood
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the flue gas analyser in NOX concentration value.
Those measurements were carried out using the IR
reference method. The O2 concentration in the gas
was measured using an OXYMAT 5 analyser operating on the basis of a reference method using the
phenomenon of paramagnetism and within O2 range
of 0-25%. The emissions were sampled in a continuous way by means of a heated probe with a ceramic
filter, a heated hose and a gas conditioning system.
The installation used in the research was a typical installation used for heating one-family houses
and designed for the combustion of pellets. During
the combustion tests, its rating settings were not interfered. The study results are not strict data, but only
examples of one-time measurements indicating the
level of emission of particular compounds.

pellets combustion. The boiler is equipped with a
burner, to which the fuel is fed by a screw feeder
from a container. The air for combustion is supplied
by a fan to a system of nozzles in the burner. The
operation of the boiler is controlled through a programmed electronic controller. In the course of the
tests, 28.9 kg of Virginia mallow pellets were used
in a NJÂK-1 stream of fuel weight and 44.8 kg of
wood pellets in a NJÂK-1 stream of fuel weight.
The combustion tests were carried out in specified conditions of the boiler operation at rated settings; the tests lasted 6 hours. Differences were observed LQWKHYDOXHRIWKHFRHIILFLHQWRIDLUH[FHVVȜ
In the case of combustion of Virginia mallow pellets
it was 1.8 and during combustion of wood pellets it
was 1.5. This difference may be due to the difficulty
in adjusting the furnace control to the conditions of
combustion. Thermal power of 20.2 kW and 33.5
kW respectively was achieved in the combustion
with 90% and 91.1% thermal efficiency of the boiler.
Pellets of Virginia mallow biomass , which is
one of the energy crops with a satisfactory yield potential and advantageous characteristics of energy
parameters, and wood pellets available on the market
were the tested fuel [20,21]. Physical and chemical
properties of Virginia mallow pellets and wood pellets are presented in Table 1.

RESEARCH FINDINGS AND DISCUSSION
Figures from 1 to 6 present the results of measurements of O2, CO2, CO, SO2, NO and NOX emissions that accompany Virginia mallow pellets and
wood pellets combustion. The average concentrations of the measured exhaust components, calculated on the basis of the timelines of their changes,
are listed in Table 2. In addition, their emissions of
during the combustion of the tested fuels are compared in Table 3.

TABLE 1
Physical and chemical properties of Virginia
mallow pellets and wood pellets
Virginia
Wood
Parameter
Unit
mallow
pellets
pellets
Total moisture
wt. [%]
7.7
5.7
content
Ash
wt. [%]
2.9
0.3
Content of volwt. [%]
82.68
84.45
atile materials
Carbon
wt. [%]
48.1
49.5
Hydrogen
wt. [%]
5.79
6.06
Sulphur
wt. [%]
0.07
0.02
Nitrogen
wt. [%]
0.42
0.17
Heat of com-1
19 084
19 953
>N-ÂNJ ]
bustion
Calorific value
>N-ÂNJ-1]
16 804
17 893

TABLE 2
Average concentrations of the measured exhaust
components.
Virginia
SpecificaWood pelUnit
mallow peltion
lets
lets
O2
[%]
9.66
6.71
CO2
[%]
10.7
13.73
CO
[%]
0.21
0.00
NO
[ppm] 324.81
256.24
[ppm] 328.18
256.39
NOX
[ppm] 0.33
0.00
SO2
TABLE 3
Emissions of the determined exhaust components (converted per 10% O2 content)
Virginia
Wood
SpecificaUnit
mallow
pellets
tion
pellets
ZCO2
[%]
10.41
10.57
CCO
>PJÂPn-3] 2525.2
47.2
>PJÂPn-3]
421.7
263.7
CNO
CNOx
>PJÂPn-3]
664.8
519.4
CSO2
>PJÂPn-3]
0.9
0

The composition of emission at the EURLOHU¶V
outlet was measured the system of analysers manufactured by SIEMENS. The system included ULTRAMAT 23 analysers enabling measurements of
CO concentrations within the ranges of 0-5% and 050%, CO2 within the range of 0-50%, SO2 within the
range of 0-2500 ppm; and two NO analysers within
the range of 0-1000 ppm, including one operating
with NO2 converter to NO. NO2 concentration was
very low during the experiment and was included by
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FIGURE 1
Timeline of changes in O2 concentration in combustion tests of Virginia mallow
pellets and wood pellets

FIGURE 2
Timeline of changes in CO2 concentration in combustion tests of wood pellets and
Virginia mallow pellets

FIGURE 3
Time line of changes in CO concentration in combustion tests of wood pellets and
Virginia mallow pellets
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FIGURE 4
Time line of changes in NO concentration in combustion tests of on wood pellets and
Virginia mallow pellets

FIGURE 5
Time line of changes in NOX concentration in combustion tests of wood pellets and
Virginia mallow pellets

FIGURE 6
Time line of changes in SO2 concentration in combustion tests of wood pellets and
Virginia mallow pellets
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the author did not exceed 400 PJÂP-3. If the temperature in the furnace is relatively low, NO and NOx
concentrations depend mainly on the stream of nitrogen fed to the furnace with the fuel, and nitrogen oxides are formed from the nitrogen contained in the
fuel [26]. In low-power boilers, the combustion temperature often does not exceed 1300°C and no formation of thermal NOx occurs (because of the oxidation of atmospheric nitrogen) [27±29]. In such a case,
NOx emissions should be directly connected with nitrogen content in the fuel. However, because of the
very high ash content in the agricultural biomass, the
influence of catalytic effects of ash surface should
also be taken into account when considering the formation of NOx during the combustion of this type of
biomass. Different NOx emissions during the combustion of pelleted agricultural biomass may result
from the variable contents of nitrogen and ash, catalysing the formation of NOx, in the biofuel [14].
SO2 emission was very low (0.9 PJÂPn-3) in the
case of Virginia mallow pellet combustion and in the
tests on wood pellets combustion it was zero. During
the tests on wood pellets and hay pellets combustion,
Roy et al. [30] also observed a very low emission of
SO2 within the range of 0-26 PJÂPn-3. Sulphur content is one of the parameters indicating the usefulness
of biomass for energy purposes. The sulphur content
in the biomass of plant origin is minimal; it is only
derived from amino acids and vitamins which have
sulphur in their structure. The content of this macroelement in plants is determined by both plant species
and by its content in the soil [31]. Verma et al. [32]
observed the lowest emissions of SOx during wood
pellets combustion (0-3.5 PJÂPn-3) and the highest
one during straw pellets combustion (185.52-245.59
PJÂPn-3). They also confirmed that SOX emission
was dependent on sulphur content in the biofuels
subjected to combustion. An in-depth discussion on
the research findings obtained in the course of similar experiments can be found in publications [33,34].
The results of analysis of concentrations in
fumes of air pollutants using a boiler with retort furnace of the capacity of 15 kW, which is often used
for heating detached houses, were presented by
Hardy et al. [35]. The studies were conducted in similar temperature ranges and using the excessive air
factor on pellets of wood, wheat straw and rape straw
along with miscanthus. The highest concentration of
CO was determined while feeding the boiler with
pellets made of rape straw (1.65-3.0%). The concentration was slightly lower, but still comparably high,
during the combustion of wheat straw pellets (0.751.2%), lower during the combustion of miscanthus
pellets (0.18-0.3%) and the lowest during the combustion of wood pellets, (0.1-0.16%). The concentration of NO was fluctuating within the range of 100200 ppm, whereas the lowest one was determined
during the combustion of rape straw pellets (100-130
ppm) and the highest one while burning the wheat
straw pellets (150-200 ppm). By contrast, Magdziarz

Higher O2, CO, NO, NOX, SO2 concentrations
were observed during Virginia mallow pellets combustion when comparing the concentrations of each
of the measured exhaust component presented in
Figures from 1 to 6. High CO emission (2525.2
PJÂPn-3) during Virginia mallow pellets combustion
resulted from an incomplete combustion and a poor
organization of the process. The higher CO concentration was influenced by a reduction of the temperature in the combustion chamber caused by difficulties in supplying fuel. High dust content in the fuel
hindered the movement of pellets in feeder containers, in addition, rough surface of Virginia mallow
pellets caused blockages in the containers (despite
the use of moving parts), which resulted in temporary interruptions in the feeding of the desired
amount of pellets into the burner. This was not observed in the case of wood pellets. Juszczak [22] in
his studies on concentrations of pollutants emitted
from a boiler fuelled with wood pellets in a periodic
and continuous way noticed an increase in the CO
concentration above the minimum value as a result
of temperature reduction in the combustion chamber
at pellets feeding interruption. In the case of combustion of the fuel fed in a periodic way, the CO concentration was much higher in the setting with a long
break in pellets feeding (from 312 PJÂPn-3 in a continuous fuel supply to 1604 PJÂPn-3 in fuel supply
with the longest break). The CO emission observed
by Dias et al. [23] during the combustion of pellets
from various biomass types, in specified conditions
of the boiler operation, usually amounted to less than
1500 PJÂPn-3.
The combustion process of incomplete-combustion products is complex but it needs to be resolved because of the unsatisfactory oxidation of
CO. Low-power boilers have a compact structure,
which poses a difficulty in creating an extra space
serving as an after-combustion chamber. Because of
that it is difficult to design this type of units and optimize the combustion process in terms of reducing
air pollutants emissions [13].
When comparing the results of the nitrogen
content in Virginia mallow pellets (Tab. 1) with typical values for wood biomass, which according to the
literature are less than 0.2% [24,25], a higher content
of this element can be observed in Virginia mallow
pellets. This may be due to the use of mineral fertilizers containing nitrogen in the growing of Virginia
mallow, which had a negative influence on the level
of NO and NOX emissions during the combustion of
the studied biomass. This is supported by the findings of the energy and emission analyses (NO 421.7
PJÂPn-3, NOX 664.PJÂPn-3) (Tab. 2-3, Fig. 4-5). In
the above-mentioned publication, Juszczak [22] observed an increase in the concentration of nitrogen
oxides NO and NOx with an increase of oxygen concentration and a decrease of those concentrations
with an increase of the temperature in the combustion chamber. The NOx concentration determined by
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and Wilk [36], who were burning standardized wood
pellets, determined CO concentrations at 0.0050.02% (i.e. 57-PJÂP-3). The NOX concentration
detected by these authors proved to be within the
lower range of NOX concentrations generated from
fuel combustion and amounted to 170-220 ppm (270
PJÂP-3 and  PJÂPn-3). Literature data provide
different concentrations of NOx in the exhaust gases,
which range from 170 to 920 PJÂPn-3, as affected by
the types of fuel and furnace [19].
The cutting-edge wood pellet furnaces with oxygen probe and continuous fuel delivery are characterised by CO concentrations from 10 to PJÂP-3
[37,38] (however, these were the studies conducted
in stationary conditions, on research posts, at high
thermal power). Whereas, in the case of the most
common boilers with periodic distribution of pellets
and without the oxygen stream regulation nor probe,
the values of CO concentration achieved in the boiler
room, in the near real-life environment, often amount
to 300-1200 PJÂPn-3 (calculated in respect to the
10% concentration of oxygen), depending on the
quality of pellets and the type of burner [2, 38±40].
In addition, the parameters of the emissions from the
pellet furnaces, measured in accordance with the
technical standards, do not provide representative
data in relation to the actual use. These differences
result from the different operating conditions of the
boiler and combustion, as well as the exclusion of
phases during transient operating conditions (e.g. the
ignition phase) at the time of the standard measurement.
Toscano et al. [42] conducted the stimulation of
the real-life exploitation conditions of the boiler for
burning pellets and made more representative measurements of the actual impact exerted by these devices on the environment. The maximum values of
CO concentration have always been connected to the
ignition phase and exceeded PJÂPn-3.
In many countries, the residues from agricultural and food production are used for the energy-related purposes, for example, the dried residues of tomatoes [43], grapes [44], or olives [45]. However,
the concentration of CO obtained from their combustions often reaches XS WR VHYHUDO WKRXVDQG PJÂPn-3
(10% of the oxygen content in the exhaust gas), and
is significantly higher compared to the combustion
of wood pellets (in top-quality furnaces, they amount
WROHVVWKDQPJÂPn-3 [2].
It is particularly important to consider the attempt to determine the balance between NOx and CO
using low-power boilers for gradual biomass combustion in order to control the emission of NOx. It is
considered that optimised designs of furnaces, boilers and secondary air mixing and combustion products of the root zone can provide both low emissions
of NOX and CO even from the low-power boilers
fuelled by biomass [46].

SUMMARY AND CONCLUSIONS
Based on the survey, the following conclusions
were formulated:
1. The tests in which the pellets produced from
Virginia mallow and wood pellets were burnt in a
boiler with automatic feed of fuel adapted to burn
wood pellets indicated the higher emissions of CO,
NO, NOX and SO2 in the case of combustion of pellets from Virginia mallow.
2. The increased emission of CO during the
combustion of pellets produced from Virginia mallow resulted from incomplete combustion and poor
organisation of the process due to the large heterogeneity of Virginia mallow pellets and the lack of adaptation of the control system for this specific fuel.
3. The adverse level of nitrogen oxides emission in the process of burning Virginia mallow pellets was caused by the high content of nitrogen in the
fuel. This may be related to the use of mineral fertilizers containing nitrogen in growing Virginia mallow.
4. The emission of sulphur dioxide during the
combustion of Virginia mallow pellets was very low,
and it amounted to zero at the time of burning wood
pellets.
5. Burning pellets produced from agricultural
biomass in low-power boilers designed to burn wood
pellets may be connected with higher emissions of
toxic components in relation to the basic fuel, i.e.
wood pellets. It may result from the fact that other
fuels and fuel feeding systems are adapted merely to
the combustion of wood pellets.
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growth and it results in decreased growth indices
and pod or seed size [36]. Peanut is an important
edible legume plant due to its high nutritional value,
byproducts and medicinal uses [11, 33].
Salinity is one of the most challenging
problem for growers and breeders [15, 26] and area
affected with salinity is increasing continuously due
to improper agronomic practices [17, 28].
Although, plants generally show variable tolerance
to salinity but ultimate result is decrease in yield
and plant growth [44]. Introduction of plants to salt
stress conditions under in vitro conditions
siginificantly affects the in vitro regeneration
behaviour [14]. NaCl or KCl are the important salts
that can be used for screening of plants for salinity
both under in vitro or ex vitro conditions. NaCl
affects plant growth by decreasing plant
length/height [24]; reduced leaf area [30]; osmotic
stresses [18]; biochemical processes [39] or protein
contents [21]. On the other hand, higher
concentration of KCl may lead to reduced shoots
[7] or necrosis [34]. It has been also recorded that
salt stress has negative effects on nutrient uptake of
plants [40].
Biotechnological tools like in vitro tissue
culture provides an alternate way of screening of
plants under in vitro conditions by exposing seeds,
embryos or other explants to mediums provided
with salts at different concentrations, without any
interference with soil or climate [42]. In this study,
preconditioned plumular apices of Halisbey cv. of
peanut were exposed to different concentrations of
NaCl and KCl under in vitro conditions with the
objective to screen the explants that could tolerate
with minimum loss in their activity and in vitro
regeneration.

ABSTRACT
High salinity level in soil or irrigation water
limits the plant growth and yield due to altering the
metabolic processes, enzymes contents and
activities. Peanut is sensitive plant to salinity and
salinity level above EC of 8 dS m-1 which hindered
the germination rate and plant growth. In vitro
screening method using plant tissue culture
techniques could be employed to identify salt
tolerance of explant, cultivar or plant without
exposing to soil or climate. In this study,
preconditioned plumular apices explants were
cultured on agar solidified MS medium
suplemented with 1.0 mg l-1 BAP and 5-20 μS cm-1
salinity level of NaCl and KCl for two months.
100% callus induction and shoot regeneration
frequency was recorded along with browning or
necrosis on callus or regnerated shoots on all
mediums irrespective of salty type or concentration.
Increased salt concentrations significally inhibited
the number of shoots and shoot length compared to
control. Regenerated shoots ( 0.5 cm) were rooted
on rooting medium enriched with 0.25-2.0 mg l-1
IBA or 1.0 mg l-1 IBA with 0.15-0.6% sucrose
concentrations. Rooted plantlets were successfully
acclimatized in the pots containing peat moss or
coarse sand: peat moss soil mix (1:1) in the growth
room. Results revealed that preconditioned
plumular explants can be used for modern
biotechnological techniques like in vitro selection
or genetic transformation studies.
KEYWORDS:
In vitro, KCl, NaCl, salinity, EC, BAP, preconditioning

INTRODUCTION

MATERIALS AND METHODS

Peanut (Arachis hypogea) is one of the
important oil seed legume plant that shows wide
distribution and compatibility with climates varied
from semi arid to sub-tropical regions [43]. The
ideal pH is around 6-6.5 but can tolerate pH range
of 5.5-7.0. High salinity is not suitable for peanut

Peanut seeds of cv. Halisbey were collected
from Department of Field Crops, Cukurova
University, Adana, Turkey. Seeds were surface
sterilized with 100 % commercial bleach
(containing 5 % NaOCl) for 10 min [14]. The
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mature embryos were isolated from sterilized seeds
under sterile conditions and preconditioned with
20.0 mg l-1 BAP for 10 days on agar solidified MS
medium [27] enriched with 3.0 % sucrose in
Magenta GA7 vessels.
EC of regeneration medium without any
external provision of salts was recorded 5.0 μS cm-1
and used as control. Whereas, three different
salinity levels (10, 15, 20 μS cm-1) of NaCl and KCl
were tested for screening of explants. Plumular
apices explants extracted from preconditioned
embryos were cultured on MS medium containing
1.0 mg l-1 BAP, also aided with KCl and NaCl salts.
The salinity level of culture medium to 10, 15 and
20 μS cm-1 was adjusted by using WTW 3.15
conductivity meter.
For rooting of regenerated shoots, two
experiments were performed. In first experiment,
randomly selected shoots from all culture mediums
were cultured on rooting medium containing 0.25,
0.50, 1.00 and 2.00 mg l-1 IBA. In second
experiment, the best rooting medium from 1st
experiment was selected and enriched with different
sucrose concentrations (15-60 g l-1). Each treatment
had 3 replications with 8-10 shoots and were kept at
24±2°C. Rooting percentage was recorded after 4
weeks of culture. In vitro rooted plants ewere
washed under tap water to remove agar and kept
submerged in water for 10-15 min prior to
transplantation in pots containing peat moss or
coarse sand: peat moss soil mix (1:1) placed in
growth rooms for acclimatization. Pots were
covered with polythene bags for 7-10 days to keep
80-90 % humidity followed by gradual opening of
these bags under ambient conditions of temperature
[14].
pH of all media was adjusted to 5.6 - 5.8
before autoclaving at 104 kPa atmospheric pressure,
120 °C for 20 min. All cultures were incubated
under 16 h light (35μmol photons m-2 s-1)
photoperiod provided by Philips® cool white
fluorescent tubes at 24±2 °C. All chemicals (agar,
MS, sucrose, KCl, NaCl) used in this study were
purchased from Duchefa Biochemie B.V. (Haarlem,
the Netherlands) and Sigma-Aldrich Co. (St. Louis,
MO, USA).
Data pertaining to callus induction (%), shoot
regeneration (%), number of shoots per explant and
shoot length were scored after 8 weeks of culture.
Each treatment contained 36 explants of 6
replicated groups (6 explants per replication). Data
were subjected to One Way analysis of variance
(Anova: SPSS17 for Windows, SPSS Inc., Chicago,
IL,USA). Means were compared with 'XQFDQ¶V
multiple range test (DMRT) at 0.05 level of
significance. The treatments were arranged in a
completely randomized design and data given in
percentaJHV ZHUH VXEMHFWHG WR DUFVLQH ¥; 
transformation [37] before statistical analysis.

RESULTS
Preconditioned plumular apices with 20.0 mg
l-1 BAP followed by post conditioning with 1.0 mg
l-1 BAP was used to screen peanut against various
types and concentrations of salts and their effects
were compared. Callus induction with shoot
regeneration was obvious within two weeks of
culture irrespective of salts type or concentration.
However, sign of chlorosis on shoots and callus
appeared which increased with the passage of time
and it was more prominant on NaCl based medium
compared to KCl based mediums. After 8 weeks of
culture, data regarding callus induction frequency
(%), shoot regeneration (%), shoots per explant and
shoot length were scored and analyzed statistically.
It was noted that all explants induced callus (100
%) and shoot regeneration (100 %) irrespective of
salt type and concentration.
TABLE 1
Effects of Different salts types and
concentrations on number of shoots per explant
and shoot length of preconditioned plumular
apices of peanut.
Treatment

(μS cm-1)

Control

5
10
15
20
10
15
20

KCl

NaCl

Shoots per
explant
4.95ab
5.33a
4.11bc
3.50c
4.06bc
4.00bc
4.11bc

Shoot
length (cm)
1.03b
0.95bc
1.34a
0.70cd
0.80bcd
0.60de
0.43e

Means followed by different small letters within
columns are sigificantly different using DMRT test
at P<0.005
Results revealed statistically significant impact
of salts type and concentration on number of shoots
and shoot length. Comparing salt type, explants
responded to both salts in statistically similar way,
but, it was shoot length which was affected more by
salt type. NaCl was more suppressive and
regenerated shorter shoots compared to KCl.
Comparing salts concentration, increased salt
concentrations inhibited significantly the number of
shoots and shoot length compared to control.
Average number of 3.50-5.33 and 4.00-4.11 shoots
per explant were obtained from KCl and NaCl
based mediums respectively (Table 1). Maximum
number of 5.33 shoots were scored on MS medium
with 10 μS cm-1 KCl followed by sharp decline and
minimum of 3.50 shoots per explant were obtained
from 20 μS cm-1 KCl medium (Table 1). On the
other hand, explant response to different
concentrations of NaCl showed statistically similar
effects of NaCl concentration. Results regarding
response of explants to shoot length for KCl and
NaCl based mediums ranged 0.70-1.34 cm and
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10-12 days and rooted plantlets showed high
survival rate and set seed in growth room
conditions.

0.53-0.80 cm respectively. Results further revealed
that all concentrations of NaCl were more
suppressive for shoot length compared to KCl. This
difference was almost double at 15 μS cm-1 which
was recorded 1.34 cm on KCl compared to 0.60 cm
at 15 μS cm-1 NaCl based medium (Table 1). On the
other hand, shoots per explant and shoot length was
recorded 4.95 and 1.03 cm respectively for control
medium.

DISCUSSION
High salinity level in soil or irrigation water is
major environmental stress factor which limits plant
growth and crop productivity by altering a wide
array of metabolic processes, enzymes contents and
activities [32]. Inhibitory effects of salinity on the
yield and crop productivity due to physiological
processes disorders and chemical aspects is well
established [6]. In general, peanut cannot tolerate
high salinity levels exceeding EC of 8 dS m-1 and
difficult to germinate and grow [25]. Evans [16]
reported 1.1 dS m-1 tolerance level and 10 % yield
reduction at 1.4 dS m-1 for peanut. Although, peanut
can tolerate higher salinity level but salinity
adversely affects the pod growth.
Several promising strategies can be employed
to check the screening of plants to salinity level. In
vitro screening method can be employed to identify
salt tolerance of explant, cultivar or plant. In present
study, preconditioned plumular apices explants
were subjected to 5-20 μS cm-1 salinity level of
NaCl and KCl in order to check the efficacy to
salinity. Results revealed 100 % callus induction
and shoot regeneration frequency irrespective of
salt type or concentration. The results are contrary
to the findings of Zinnah et al. [46], who reported
low callus weight and decreased regeneration
frequency of rice with increase of NaCl
concentration. On the other hand, Day et al. [14]
achieved
100%
callus
induction
from
preconditioned plumular apices explants of
Osmaniye cv. of peanut exposed to different
concentrations of KCl. Variable effects of salinity
in different crops has been reported by other
researchers [8, 23, 29, 35].
Results further revealed browning or necrosis
of callus or regnerated shoots due to continuously
exposing of explants to different salts and
concentration level for two months. NaCl was more
detrimental than KCl at all concentrations. Khorami
and Safarnejad [23] reported browning of calli of
Foeniculum vulgare followed by death at 100 and
150 mM NaCl in the culture medium. Zia et al. [45]
also reported sign of necrosis on calli of Thymus
vulgaris (L.) after transferring them to salty
medium containing different concentration of NaCl.
Similarly, necrosis due to KCl has been reported in
sunflower [34] and peanut [14].
Results also revealed that preconditioned
explants tolerated well and generated shoots at all
levels of salinity. However, salt type affected the
shoot length as NaCl was more suppressive than
KCl compared to control [9]. Explants behaved in

TABLE 2
Effects of different IBA concentrations on
rooting of in vitro regenerated shoots from
preconditioned plumular apices of peanut
IBA (mg l-1)
0.25
0.50
1.00
2.00

Frequency of Rooting (%)
56.67c
63.33b
78.67a
75.67a

Means followed by different small letters within
columns are sigificantly different using DMRT test
at P<0.005
TABLE 3
Effects of different sucrose concentrations on
rooting of in vitro regenerated shoots from
preconditioned plumular apices of peanut
Sucrose (%)
0.15
0.30
0.45
0.60

Frequency of Rooting (%)
73.00 ns
78.67
73.33
74.33

Means followed by different small letters within
columns are sigificantly different using DMRT test
at P<0.005
Rooting of in vitro regenerated shoots from all
culture medium were performed on medium
containing 0.25 to 2.00 mg l-1 IBA that resulted in
56.67-78.67 % rooting frequency (Table 2). In vitro
regenerated shoots obtained from salty medium
took relatively more time to develop into plantlets.
In another experiment, regenerated shoots cultured
on rooting medium containing 1.00 mg l-1 IBA
enriched with 0.15, 0.30, 0.45 and 0.60 % sucrose
concentrations resulted in 73.00-78.67 % rooting
frequency (Table 3). Results showed that sucrose
concentration had no effect on rooting frequency.
Higher concentration of sucrose however promoted
the callus induction which ultimately hindered the
successfull acclimatization of plants. It was
noteworthy that shoots less than 0.50 cm were also
rooted at reasonable rate irrespective of salt type or
concentration used for regeneration and were
successfully acclimatized employing procedure
used
for
normal
rooted
plantlets.
For
acclimatization, rooted plantlets were transferred to
pots containing different substrate, covered with
polyethylene bags and kept at growth room
conditions. Polyethylene bags were removed after
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IBA is unknown phenomenon and creates problem
for acclimatization [5]. Callus induction also
hindered the acclimatization of rooted plantlets of
peanut that might be due to induction of
adventitious roots emerged from the callus that
failed to transfer water and mineral uptaken from
soil.
It was positive to note that regenerated shoots
obtained from these high salts concentrations
containing mediums were also rooted successfully.
Even shoots less than 0.5 cm were rooted in the
rooting media containing different concentrations of
IBA but took more time than normal rooting
experiments which might be due to neutralizing the
carry over effects of preconditioning and salts
concentration. Contrarily, negative effects of NaCl
on root growth has been reported [13, 23] in
different plant species. Plants acclimatized well in
pots containing coarse sand, clay and organic matter
soil mix (1:1:1) under growth room conditions [1-5,
10].

similar fashion to different concentrations of NaCl
and generated statistically similar number of shoots
with stunted shoots compared to control (5 μS cm1
). Mungala et al. [25] screened 123 peanut cultivars
to 1.5, 2.0 and 2.5 % NaCl medium using
cotyledonary node explant and recorded decreased
survival rate with increase of NaCl concentration by
continuously browning and drying up of shoots.
Suppressive effects of NaCl on shoot regeneration
and shoot length might be due to negative effects of
NaCl resulted in suppressed cell division and
restricted growth activities [12] by accumulation of
Na+ and Cl- in tissues led to toxicity [22, 41] in the
FHOOV¶ F\WRSODVP WKDW DIIHFWV GLIIHUHQW ELRFKHPLFDO
and physiological processes [20].
KCl responded totally different from NaCl and
10 μS cm-1 KCl enhanced the number of shoots
compared to control (5 μS cm-1) or NaCl. Ahire et
al. [7] reported reduced shoots per culture and shoot
length with increasing KCl concentration compared
to control. Contrarily, Sabir et al. [31] reported
better shoot and calli culture on NaCl and KNO3
containing culture medium compared to KCl,
NaNO3, and CaCl2. Results also revealed that
further increase of KCl concentration (above 10 μS
cm-1) was detrimental and resulted in decreased
shoots per explant. Contrarily, insignificant effects
of 0-40 mM KCl on shoots per explants of prunus
rootstocks (GF677 and Nemared) was reported by
Sotiropoulos et al. [38]. Results on mean shoot
length showed that 15 μS cm-1 KCl concentration
induced maximum longer shoots than all KCl
concentrations. Similarly, longer shoots in response
to KCl has been reported by Ahire et al. [7] and
Day et al. [14].
In vitro rooting of regenerated shoots is an
important step for acclimatization under external
conditions of greenhouse or field conditions.
Auxins are generally employed for in vitro rooting
and previous reports on in vitro rooting reports low
rooting percentage. Hassan et al. [19] reported that
rooting of in vitro regenerated shoots of peanut is
difficult under in vitro conditions. Successfull
rooting of preconditioned explants has been
reported in cowpea [1, 2] and grasspea [10].
However,
low
rooting
percentages
after
preconditioning has been reported in chickpea [3]
and lentil [4]. In this study, we achieved high
rooting frequency at different IBA concentrations.
Day et al. [14] achieved 100% rooting of peanut
obtained from different KCl concentrations.
In order to improve rooting frequency, Aasim
et al. [5] used increased sucrose concentration for
rooting in chickpea and obtained 100 % rooting
frequency with hardening of plants. However, in
this study, increased sucrose concentrations slightly
increased the rooting frequency with callus
induction at higher concentration of sucrose. Callus
induction from basal end of legumes in response to

CONCLUSION
The present work presents the first ever report
of using plumular apices for screening to salt type
and concentrations. Screening of explants to
different concentrations of NaCl and KCl and their
response to culture conditions also show the
supremacy of plumular apices explants. This
protocol can be easily employed for screening of
other economic plants by using plumular apices
explant.
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(ROS) scavenger and cofactor of antioxidant enzymes. And, Trx functions in the reactivation of oxidatively damaged proteins [3]. In addition to this,
the thioredoxin system also functions in metabolic
events such as DNA synthesis, glucose metabolism,
selenium metabolism and vitamin C reversal [4]. The
importance of Trx is that it immediately allows a cell
to regenerate an oxide substrate. TrxR is the only
known enzyme capable of reducing Trx. This makes
TrxR an integral component of the thioredoxin function [5].
The definition of heavy metals refers to relatively high density (3.5-7 g / cm3). These metals are
widely found on the earth and do not undergo biodegradation in nature [6]. In certain environmental
conditions, heavy metals reach toxic concentrations
and cause ecological damage [7]. The presence of
heavy metals in nature can be due to natural causes
as well as from industrial waste. Fish are usually at
the top of the aquatic food chain and may be exposed
to metal deposits from their environment. As a result,
these metals are transmitted to the human body
through food. Due to the bioaccumulative features in
biotic systems, the presence of metals in different
foods creates serious health problems according to
their levels [6,8].

ABSTRACT
Thioredoxin system is formed of thioredoxin
reductase (E.C 1.6.4.5.; TrxR), thioredoxin (Trx) and
nicotinamide adenine dinucleotide phosphate
(NADPH), and participates in cell growth, apoptosis,
antioxidant defense, redox signaling, etc. In this
study, cytoplasmic TrxR enzyme was purified by using heat denaturation and 2',5'-ADP Sepharose 4B
affinity chromatograph techniques from rainbow
trout gill tissues. The purity and the monomer molecular weight of the enzyme were determined with
SDS-PAGE. KM values for NADPH and 5,5'-Dithiobis (2-nitrobenzoic acid), the substrates of the enzyme were calculated by means of Lineweaver-Burk
graphic. Optimal pH and optimal ionic strength values were determined as 7.75 and 300 mM, respectively. Then, in vitro effects of the Ni2+, Cu2+, Pb2+,
Cd2+, Sr2+, Zn2+, Mg2+, Cr3+, Fe3+, Al3+ and Ag+ metal
ions on the enzyme activity were analyzed. IC50 values were determined for the ones showing inhibition
effect and their Ki values were calculated by means
of Cheng-Prusoff equation.

KEYWORDS:
Thioredoxin Reductase, Purification, Heavy Metal, Inhibition

MATERIAL AND METHOD
INTRODUCTION

Chemicals. Sodium dodecyl sulfate (SDS), sodium chloride, sodium acetate, hydrochloric acid,
phosphoric acid, ethanol, methanol, isopropanol,
acetic acid, sodium acetate and potassium chloride
were obtained from E. Merck AG, ethylenediaminetetraacetic acid ('7$  ȕ-mercaptoethanol,
silver nitrate and formaldehyde Fluka, and other
chemicals used in the study were obtained from
Sigma Chemical Co.

The thioredoxin system consists of thioredoxin
(Trx), NADPH, and thioredoxin reductase (TrxR).
The TrxR enzyme belongs to the family of flavoprotein disulfide reductase that contains enzymes such
as trypanothione reductase, lipoamide dehydrogenase, mycothione reductase, mercuric reductase and
alkyl hyroperoxide reductase [1]. TrxR reduces Trx
with electrons from NADPH. Reduced mammal Trx
is essential for functions such as thiol redox control
of transcription factors, ribonucleotide reductive
electron transport, defense against oxidative stress,
and apoptosis [2]. Interaction of Trx with transcription factors makes this molecule the key regulator of
pro-inflammatory cytokine expression. Trx performs
an important role in both reactive oxygen species

Fish Samples. Rainbow trout was brought
alive from the rainbow trout farm LQ7DúOÕoD\, then
brought to the laboratory according to the cold chain
principles. The fish brought to the laboratory was decapitated and the gill tissues were taken.
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Protein determination. The amount of quantitative protein in the prepared homogenate and all purification steps was determined according to the
Bradford method [10]. Bovine serum albumin was
used as standard.

Lysate Preparation and Heat Denaturation.
The gill tissues were washed with 10 mM Tris / HCl
buffer (pH 7.5) containing 1 mM ethylenediaminetetraacetic acid (EDTA), then the cartilage was
separated and divided as small as possible using a
knife. Lysate was prepared in the same buffer with
homogenizer. The prepared lysate was centrifuged at
12700 rpm for 30 min. The resulting precipitate was
discarded and the supernatant was removed. The resulting supernatant was stored at 60 ° C for 6-7
minutes, then centrifuged again at 12700 rpm for 30
min to remove supernatant and precipitate. The resulting supernatant was filtered using filter paper and
then applied to the 2 ', 5'-ADP Sepharose 4B affinity
column.

Activity determination. TrxR activity was determined spectrophotometrically with a Shimadzu
spectrophotometer (UV-1800) at 412 nm. This assay
is based on the NADPH dependent reduction of the
artificial substrate DTNB. The reaction mixture conWDLQHGLQDILQDOYROXPHRIP/ȝ0NADPH,
2 mM DTNB, and 1mM EDTA in 300mM K-phosphate buffer (pH 7.75). A value of 13.6 mMí1 cmí1
for the extinction coefficient of DTNB was used in
the calculations.

2',5'-ADP Sepharose 4B affinity chromatography. A column (1 × 10 cm) of 10 mL in bed volume was made using 2 g of dried 2',5'-ADP Sepharose 4B. The gel was washed with 300 mL of distilled water to remove foreign bodies and air, suspended in 10 mM Tris/HCl buffer containing 1 mM
EDTA (pH 7.5), and packed in the column. After
precipitation of the gel, the column was equilibrated
with the same buffer by means of a peristaltic pump.
The flow rates for washing and equilibration were
adjusted to 30 mL/h. For purification of ThxR enzyme, the sample ZDVORDGHGRQWRWKH¶¶-ADP Sepharose 4B affinity column and the column was
washed with equilibration buffer and 0.15 M Kphosphate buffer containing 2 mM EDTA, pH 7.5
until the final absorbance difference became 0.05 at
280 nm. TrxR was eluted with a gradient of 0 to 10
mM NADP+ in equilibration buffer. Active fractions
were collected and dialyzed with equilibration
buffer.

Kinetik studies and in vitro inhibition assay.
In order to determine the KM values for the substrates
of the TrxR enzyme, activity measurements were
made at constant concentration of the other substrate
using five different concentrations of the KM value to
be calculated. Lineweaver-Burk graphs were drawn
using the obtained values. The KM values are calculated from the drawn Lineweaver-Burk graphs [11].
In order to determine the effects of heavy metals on
enzyme activity, enzyme activity was measured with
saturated substrate concentration and five different
heavy metal concentrations. The heavy metal concentrations causing up to 50% inhibition (IC50) were
determined by constructing % activity-heavy metal
concentration graphs. Results are reported as IC50
values. Ki constants is calculated using the ChengPrusoff equation [12].

RESULTS AND DISCUSSION
Sodium dodecyl sulfate polyacrylamide gel
electrophoresis. After the purification of TrxR enzyme, sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) with 3%-10% batch
was conducted in accordance with the method of
Laemmli [9]. Purity grade and monomer molecular
mass of the enzyme were determined.

Rapid urbanization and industrial developments in recent years have caused some environmental problems. Natural aquatic systems are subject to
large-scale contamination due to household, industrial and other man-made activities. Heavy metal
contamination in rivers is one of these problems in
rapidly growing cities. Current acute damage assessment procedures for chemical contaminants are
based on persistence, bioaccumulation and toxicity.
However, it is difficult to determine the critical levels of these values for metals. Because metals naturally remain in the environment, both essential and
non-essential metals naturally undergo bioaccumulation. Furthermore, toxicities of metals are highly affected by geochemical properties [13-15].
Heavy metal contamination has devastating effects
on the ecological balance and diversity of aquatic organisms. Among animal species, fish are living creatures which cannot escape the harmful effects of
these pollutants. Studies on various fish species have
shown that heavy metals could alter both biochemical parameters and physiological activities in both

Optimal pH studies. In order to determine the
optimal pH of the TrxR enzyme of the rainbow trout
gill, 0.5 M K-phosphate (pH ranging from 6.5 to 8.0)
buffers were prepared. Enzyme activity was determined separately in each buffer using an appropriate
substrate solution.
Optimal ionic strength studies. In order to determine the optimal ionic strength of the TrxR, Kphosphate buffers (pH 7.75) were prepared in different ionic strength ranging from 50 mM to 550 mM.
Enzyme activity was determined separately in each
buffer and so, the optimal ionic strength was determined for the enzyme.
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TABLE 1
Purification of Thioredoxin reductase from rainbow trout gill tissue.
Fractions

Activity
(EU/ml)

Lysate
0.042
Heat Denaturation
0.04
2',5'-ADP Sepharose
0.024
4B affinity
chromatography

Recovery %

Purification
Fold

0.504
0.4

Specific
Activity
(EU/mg)
0.0057
0.0315

100
79.37

1
5.6

0.132

1.0435

26.19

184.1

Volume
(ml)

Protein
(mg/ml)

Total Activity

12
10

7.41
1.27

5.5

0.023

culated as ~ 64.1 kDa. In previous studies, the mitochondrial TrxR enzyme was purified from bovine
adrenal cortex and the monomer molecular weight
was given as 56 kDa [22]. This value was given as
approximately 70 kDa for the TrxR of trout liver [21]
for the human placenta TrxR, 55.2 kDa [23] and 58
kDa for the rat liver TrxR enzyme [24]. Therefore, it
can be said that the molecular weight of the trout gill
cytosolic TrxR enzyme is in accordance with the literature.

tissues and blood. The gill is an important part of the
body for the entry of heavy metals and this causes
some lesions and gill damage [15].
The TrxR enzyme is required for all metabolic
events in which Trx acts as a reducing substrate. This
includes the events of detoxification of oxidants and
radicals by the reduction of ribonucleotides to deoxyribonucleotides. It has also been reported to play a
role in various physiological and pathological conditions such as apoptosis, cancer, parasitoses, chronic
inflammatory, autoimmune diseases and neurodegenerative diseases [16].
Previous studies have emphasized the necessity
of studies to determine the effects of heavy metal
toxicity on changes in antioxidant enzyme systems
[8]. For example, the Glutathione S-transferase enzyme involved in detoxification was purified from
the gill WLVVXHRI$÷UÕ%DOÕN/DNHWURXWDQGLWZDVGH
termined that the enzyme inhibited by Hg2+, Cu2+,
Zn2+ and Se4+ ions [17]. It was stated in another study
that cytochrome P450 reductase, one of the NADPHdependent enzymes, was purified from the liver tissue of the Van Lake fish and some metal ions such
as Hg2+, Ag+ and Cu2+ inhibited the enzyme [18]. In
another study, it was observed that the number of
erythrocytes decreased significantly in the Oreochromis niloticus species exposed to Pb2 + and Cu2
+ metals [19], glutathione peroxidase, catalase and
superoxide dismutase levels decreased and MDA
levels increased in the rainbow trout gill tissues exposed to in Cd2 + and Cr3 + [20].However, very limited information is available in the literature on the
effects of heavy metals on thioredoxin reductase enzyme in particular. In a recent study, mitochondrial
TrxR enzyme was purified and characterized from
trout liver tissues to investigate the in vitro effects of
some heavy metals on enzyme activity [21]. In this
study, the cytosolic TrxR enzyme was purified for
the first time from the gill tissue of a fish species in
the electrophoretic purity. Purification was carried
out in two steps using heat denaturation and 2',5'ADP Sepharose 4B affinity chromatography techniques (Table 1).
The purity of the enzyme obtained from the affinity column was checked by SDS-PAGE and a single band was observed (Figure 1). Using the Rf-log
MW graph obtained using standard proteins, the
monomer molecular weight of the enzyme was cal-

FIGURE 1
Line 1 standard proteins (b-galactosidase from E.
Coli 116 kDa, lactoferrin from human milk 90
kDa, pyruvate kinase from rabbit muscle 58 kDA,
fumarase from porcine heart 48.5 kDa and triosephosphate isomerase from rabbit muscle 26.6
kDa), Line 2 and Line 3 purified rainbow trout
gill TrxR,.
Activity measurements were performed to determine optimum pH and optimal ionic strength for
the purified enzyme. As a result of the studies conducted, it was found that the enzyme retained its activity at a certain level after pH 7.0, with the highest
activity exhibited in the pH 7.75 K- phosphate
buffer. However, in the activity measurements made
with Tris/HCl buffer at pH 7.75 and 8.0, the activity
was found to be very low compared to the measurements made with K-phosphate buffer (Figure 2A). It
was also determined that enzyme activity was the
highest in the 300 mM cuvette concentration in the
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TrxR in terms of the affinity against its substrates.
The TrxR enzyme is a component of the thioredoxin system, which has a key role in protecting
against oxidative damage, cellular stress response
and protein repair, and becomes susceptible to oxidation due to the structural cysteine residues it contains [26]. It has also been reported that due to selenol and thiol groups, the enzyme may be inhibited by
complexing with divalent metal ions [21]. For example, it has been emphasized that the toxic effect of
mercury can be demonstrated by inhibiting selenoenzymes such as glutathione peroxidase and TrxR,
which are necessary for antioxidant regulation [27].
For this reason, in vitro effects of Ni2+, Cu2+, Pb2+,
Cd2+, Sr2+, Zn2+, Mg2+, Cr3+, Fe3+, Al3+, Ag+ on purified TrxR were investigated in order to determine
how the thioredoxin system affected by heavy metals
in fish gill tissues (Table 2).

activity measurements made in the K-posfat buffer at
different concentrations (Figure 2B).

A

0.014

EU/ml

0.012
0.01
0.008
0.006
6.25

6.75

7.25

7.75

8.25

pH


EU/ml

B

TABLE 2
Inhibition data of the metal ions on TrxR activity.



Metal
Ion
Ag+
Ni2+
Pb2+
Fe3+
Cu2+
Cr3+
Cd2+
Sr2+
Zn2+
Mg2+
Al3+










[K-phosphote] mM

FIGURE 2
Effect of pH (A, the buffers used were 300 mM Kphosphate, pH 6.5, 6.75, 7.0, 7.25, 7.5, 7.75, 8.0)
and ionic strength (B, the buffers used were 50550 mM K-phosphate, pH 7.75) on activity of
TrxR.

Concentration
UDQJHȝ0
0.0005-0.015
5-80
10-240
100-2000
100-1200
500-1500
500-10000
1000-15000
500-5000
500-20000
10-300

IC50 ȝ0

Ki ȝ0

0.00582
40
149
561
720
871
Not inhibited
Not inhibited
Not inhibited
Not inhibited
Not inhibited

0.000647
4.44
16.56
62
80
97

As a result of the measurements, it was determined that Ni2+, Cu2+, Pb2+, Cr3+, Fe3+, Ag+ ions inhibited TrxR. A graph of % Activity-metal ion concentration for each ion was drawn by using the results and the IC50 value was found from the graph
(Figure 3). Ki values were then calculated using the
Cheng-Prusoff equation. Ag+ ion showed the strongest inhibitory effect among the other metals. However, Ni2+ LRQVKRZHGLQKLELWLRQHIIHFWDWȝ0OHYHO
Previous studies have shown that enzyme activity is
strongly inhibited by divalent metal ions such as
Cu2+, Fe2+, Mn2+, Zn2+ while weakly inhibited by
Ca2+ and Mg2+ ions (22). Studies by Özgençli and
Çiftci have also examined the effects of Se4+, Cu2+,
Co2+, Ni2+, Fe3+, and Al3+ ions on mitochondrial
TrxR purified from trout liver tissue. Though, Se 4+
activated the enzyme activity, the other metal ions
inhibited the enzyme activity in mM range [21]. It
has also been reported that sodium selenitine increases levels of antioxidant enzymes such as glutathione peroxidase and superoxide dismutase in rainbow trout liver

However, the activity was found to be relatively
stable up to a concentration of 550 mM after the concentration of 150 mM. In the previous study, the optimum pH for the trout mitochondrial TrxR enzyme
was 7.50 and the optimum ionic strength was 500
mM [21]. For the E. coli enzyme, it was reported that
the optimum pH was 7.7 and the activity in measurements made with K-phosphate was 2-fold higher
than the measurements made with Tris/HCl [25].
Lineweaver-Burk plots were drawn by measuring
activity at five different substrate concentrations to
calculate the KM values that are of interest to enzyme
substrates. Accordingly, the KM values of the enzyme for NADPH and DTNB were calculated to be
 ȝ0 DQG  P0 UHVSHFWLYHO\ 7KHVH YDOXHV
ZHUHȝ0DQGP0IRUUDWOLYHU7U[5UHVSHF
tively [24], 3.9 mM for bovine adrenal cortex TrxR
enzyme [24]ȝ0IRUKXPDQSODFHQWDO7U[5HQ
zyme, respectively [23]. Compared to these values,
it can be said that the enzyme is similar to rat liver
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FIGURE 3
% Activity±[I] plots for metal ions having inhibition effect.
gill tissues of a fish species in electrophoretic purity.
The monomer molecular mass of the enzyme was
then determined by SDS-PAGE. In addition, optimum pH and ionic strength values of the enzyme
were determined. After finding the KM values that
are of interest to the substrate of the enzyme, the effects of some heavy metal ions on the enzyme activity were examined in vitro. It has been observed that
Ni2+, Cu2+, Pb2+, Cr3+, Fe3+, Ag+ ions inhibited the
enzyme, however, Ag+ possesses the strongest inhibitory properties. Considering that some salt forms of
silver metal are used in the production of photographic materials and alkaline batteries and soluble
silver compounds are used as external antiseptic
agents, bacteriostatic agents and as disinfectants
[30], it is thought to be useful to control the use of
silver salts.

tissues [28]. Bioaccumulation properties of heavy
metals were studied on Cyprinus carpio species and
it was stated that metals tend to accumulate in the
order of Cd> Pb> Ni> Cr in gill tissues [15]. Therefore, it can be said that the thioredoxin system in fish
species exposed to heavy metals will affect this situation and this effect may increase with time due to
bioaccumulation. This can be said to be one of the
mechanisms of the toxic effects of heavy metals.
Here, the inhibition effect of Ag+ ion is quite
remarkable. The IC50 value for this ion is calculated
to be 5.82 nm. The reason for this is thought to be the
presence of cysteine amino acid in the active site of
the enzyme. It has been reported that the human cytosolic TrxR enzyme contains three structural cysteine residues (Cys62, Cys69 and Cys73) and that these
residues constitute the second disulfide bond which
causes the loss of activity between Cys62 and Cys69,
rendering them resistant to enzyme oxidation [26].
Enzymes containing Cys in active and catalytic regions have been reported to inhibit by forming mercaptans via the -SH group with heavy metal ions
such as Ag+ and Hg2+ [29].
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DETERMINATION OF THE EFFECTS OF LIGHT
INTENSITY AND LIGHT CYCLE PARAMETERS IN THE
CULTIVATION OF CHLORELLA PROTOTHECOIDES
MICROALGAE SPECIES
Ahmet Konuralp Elicin*
Agricultural Machinery and Technology Engineering Department, Faculty of Agriculture, University of Dicle, Diyarbakir, Turkey

significantly increased the search for alternative
fuels [2]. One of these alternative fuels is biodiesel
whose production was accelerated after 2000s in our
country and in the World [3]. Because of its properties, for example being similar to diesel fuels, being
liquid and usable with current fuels in an admixture,
it has great advantages; however, as the raw material
for biodiesel were selected from agricultural products, it has led to the excessive use agricultural land.
Thus, it is predicted that it will result in scarcity,
price rises for food products, erosion and biodiversity loss and, due to the excessive use of fertilizers
and pesticides, land and ground water pollution [4].
Algae are known to be comparatively sensitive to
many chemicals, and the inclusion of these organisms in test batteries has been shown to improve the
capacity of the battery to predict the most sensitive
ecosystem responses [5].
Microalgae are unicellular organisms. They
convert carbon dioxide into carbohydrates and form
the basic oxygen supply for the atmosphere [6]. It is
estimated that some species produce between 18.700
and 46.750 liters of oil per hectare per year; however, although 468 liters of oil can be obtained when
soybean is sown, this value corresponds to 1% of the
total oil production of microalgae. Furthermore, it is
seen as a way of producing biofuel without competing with agriculture. Some freshwater algae can be
produced in wastewater and marine algae in a mixture of sea water and wastewater. As a result, the
wastewater will be purified. In these circumstances,
the need for fresh water and fertilizer is eliminated.
Animal oils and the oil of herbal products, such
as soybean, corn and sunflower, are used for biodiesel production. Microalgae are much more advantageous than soybean and corn plants for biodiesel
production. Algae can be grown in large quantities
on much smaller areas of land. In addition, algae do
not need special conditions, such as fresh water and
fertile soil and it can be harvested many times during
the year [7]. Algae can practically be grown in any
location where there is enough light. Some can also
grow in salty water [8]
It seems that microalgae is a unique source for
biodiesel and in the future has the potential to replace

ABSTRACT
Intensive studies are being conducted to improve alternative energy resources due to a significant increase in the risks arising from the use of oil
based energy in recent years. Biomass, ethanol and
biodiesel are the most important alternative energy
resources are renewable, recyclable and non-polluting. Biodiesel has caused an increase in food prices
and has made it difficult to obtain food in some less
developed countries, due to the allocation of agricultural land for the cultivation of oil crops rather than
food production, to gain more profit. Therefore, microalgae, which can grow easily in fields not used for
agriculture and for which per hectare yield is very
high when compared with other biodiesel resources;
appear to be a new biodiesel resource.
In this study, the Chlorella protothecoides species belonging to the class Chlorophyceae were examined, suitability for biofuel production, large
amount of oil, different temperature requirements.
The effect of some growing parameters of this species, on different light intensity (172 lux, 186 lux and
265 lux) and different light cycles (12/12, 18/6, 6/18
and 24/0) on cell numbers, pH and conductivity values, has been investigated. According to the results
of this study, it was determined that the effect of both
light cycles and light intensity are important for cell
numbers, pH, conductivity and salinity values.

KEYWORDS:
Renewable energy, microalgae, biodiesel, Chlorella protothecoides.

INTRODUCTION
The starvation problem keeps on making itself
be felt increasingly every day thus forcing humankind to rearrange its relationship with nature in a
world where agricultural areas continue to decrease
and population increment cannot be controlled [1].
Air pollution, resulting from the consumption of petroleum derived fuels, the greenhouse effect and furthermore, difficulties in supplying petroleum, has
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eters have been examined. The reason for the determination of cultivation parameters is its accessibility
in nature and being little affected by external factors.
(Figure 1). Before being distributed to the flasks, the
species to be studied were produced in a large lantern. After they had been produced in sufficient
quantities they were distributed to the flasks in the
same volume (300 ml) (Figure 2). As can be seen in
Table 1, Bold-Basal Medium (BBM) was applied to
the grown microalga as the nutrient.

diesel. Unlike other oil crops, microalgae grow extremely fast and some of them are very rich in terms
of oil. Indeed, microalgae are the fastest growing
photosynthetic organism. Every few days they can
complete their entire growth cycle. Approximately,
46 tons per hectare per year can be produced from
single-celled marine algae. Different species of algae produce oil in varying amounts [9]. A microalga
often doubles the amount of biomass within 24
hours. The doubling time of biomass during growth
is usually a little short of 3.5 hour. The oil content of
microalgae may exceed 80% of their dry biomass
[10]. According to some assessments, the oil yield
derived from algae is 200 times more than the yield
of vegetable oil, the performance of which is the
best. Biodiesel was produced from heterotrophic micro algal oil.
Several different types of renewable biofuel
can be obtained from microalgae. These are methane
production by anaerobic degradation of algal biomass, obtaining biodiesel from micro algal oil and
photo biologically bio hydrogen production [11]. Biodiesel is obtained by the transesterification of animal and vegetable oil. Furthermore, at the end of the
transesterification process, a valuable by-product
glycerol is obtained.
Micro algal oils differ from many vegetable
oils, as it is rich in four or more double bound polyunsaturated fatty acids; for example, eicosapentaenoic acid (EPA, C20: 5N3; five double bonds) and
docosahexaenoic acid (DHA, C22: 6n-3; six double
bonds) are usually formed in oils from algae. During
four or more double bound fatty acids and storage on
fatty acid methyl ester, it is very sensitive to oxidation and this reduces the acceptability of these oils
for use in biodiesel production.
Depending on the species, microalgae produce
many different types of lipid, hydrocarbon and other
complex oils. Although not all algal oils are suitable
for producing biodiesel, many suitable oils are found
[10]. Microalgae, owing to fatty acids such as oleic
acid (C18:1) and palmitoleic acid (C16:1) in their
structure, in amounts of more than 80%, contain high
energy; therefore, converting microalgae into fuel is
very advantageous [12].

FIGURE 1
Chlorella protothecoides microscope image

FIGURE 2
Chlorella protothecoides growth medium
TABLE 1
Composition of Bold Basal Medium (BBM)
Content
NaNO3
CaCl2·2H2O
MgSO4·7H2O
K2HPO4
KH2PO4
NaCl
P-IV Metal Solution
Soil water: GR+ Medium
Vitamin B12
Biotin Vitamin Solution
Thiamine Vitamin Solution

MATERIAL AND METHODS
Chlorophyceae generally is well known to be
one of the most promising candidates for commercial lipid production [13, 14]. In the study, the Chlorella protothecoides species belonging to the class
Chlorophyceae was selected, due to its factors, such
as including larger amounts of oil, its availability and
durability to contamination.
Chlorella protothecoides was grown in the Department of Agricultural Machine of Faculty of Agriculture of Dicle University and cultivation param-

Amount
30 ml / l
10 ml / l
10 ml / l
10 ml / l
10 ml / l
10 ml / l
6 ml / l
40 ml / l
1 ml / l
1 ml / l
1 ml / l

Amount
10 g / 400ml
1 g / 400ml
3 g / 400ml
3 g / 400ml
7 g / 400ml
0.4 g / 400ml
0,1 g / 400ml
1,5 g / 400ml
2 g / 400ml
0,9 g / 400ml
0,1 g / 400ml

Experiments were planned in two different sections after the cultivation of algae. Since light intensity and light cycle will be examined, a light-proof
box made of polystyrene was made for each volumetric flask where algae were grown (Figure 3).
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At the beginning of the experiment, the number
of cells, pH and conductivity values of the alga species were measured using White light under 24
KRXUV¶ light, 18 hours light ± 6 hours dark and 12
hours light ± 12 hours dark. At the second and final
section of the experiment, the changes of light intensity provided by respectively 256 lux, 186 lux and
172 lux light sources on the same parameters were
determined by following the experiments, the obtained data was evaluated in randomized blocks according to experimental design and analysis of variance. Groupings were calculated according to the
Duncan test.

numbers values obtained in the experiments under
different light intensities in Chlorella protothecoides microalga species is given in Tables 2. As
shown in Table 2, light intensity x day and light intensity 15-day LQWHUDFWLRQLVVLJQLILFDQW S ޒ

RESULTS AND DISCUSSION
Statistical results belongs to different light
intensity. Variance analysis results and average values regarding to salinity, conductivity, pH and cell

FIGURE 3
Protective boxes

TABLE 2
Variance analysis results for pH, salinity, conductivity and cell numbers of different light intensity
pH
Variance
source
Replication
Light intensity
Error
Day
Intensity x
day
Error
Cv (%)

Degrees of
Freedom
2

Mean
Square
0.06

Salinity (mg/L)

Probability

Mean Square

Probability

697.874

Conductivity (μS/cm)
Mean
Probability
Square
242.985

Cell number (pcs/mm3)
Mean
Probability
Square
1.265E10

2

3.219

P<0.01

259627.941

P<0.01

24.763

P<0.05

2.763E12

P<0.01

4
14

0.002
0.637

P<0.01

270.163
23139.550

P<0.01

2.430
6621.347

P<0.01

1.720E9
5.981E11

P<0.01

28

0.127

P<0.01

8168.568

P<0.01

101.144

P<0.01

9.018E10

P<0.01

84

0.001
0.32

6.146
0.63

1.996
0.22

1.435E9
3.60

TABLE 3
The values determined under 265 lux light intensity
Days

ph

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Mean

8.338
8.345
8.404
8.459
8.561
8.643
8.706
8.791
8.843
8.733
8.583
8.395
8.337
8.237
8.141
8.501a

Salinity
(mg/L)
302.3
328.7
356.7
388.0
415.0
438.7
456.3
477.3
503.7
551.3
556.3
577.3
600.7
628.0
652.0
482.2a

Conductivity
(μS/cm)
597.7
605.0
607.3
610.7
615.7
619.0
626.3
637.7
645.7
652.0
660.3
667.0
676.3
684.3
689.0
639.6a
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Cell number
(pcs/mm3)
1056000
1112000
1157000
1225000
1288000
1407000
1485000
1576000
1499000
1392000
1303000
1205000
1056000
983300
820000
1238000a
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TABLE 4
The values determined under 186 lux light intensity
Days
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Mean

ph
8.382
8.418
8.455
8.501
8.538
8.617
8.658
8.596
8.504
8.389
8.304
8.197
8.109
8.050
7.943
8.377b

Salinity (mg/L)
325.3
330.7
329.7
330.0
337.3
343.3
351.0
358.3
365.3
368.3
369.7
380.3
384.7
387.7
390.0
356.b

Cell number (pcs/mm3)
1157000
1197000
1248000
1309000
1509000
1537000
1425000
1368000
1239000
1104000
1021000
929300
821300
714700
624700
1147000b

Conductivity (μS/cm)
597.0
603.0
607.0
611.7
614.3
621.0
626.7
632.3
642.3
649.3
657.7
668.3
675.3
681.3
686.3
638.2b

TABLE 5
The values determined under 172 lux light intensity
Days
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Mean

ph
8.303
8.355
8.438
8.444
8.365
8.269
8.196
8.114
8.064
8.008
7.914
7.689
7.446
7.220
7.002
7.989c

Salinity (mg/L)
314.3
320.3
325.3
327.7
331.7
336.3
341.3
344.0
347.3
354.7
375.3
359.0
363.0
366.3
371.0
345.2b

Cell number (pcs/mm3)
1153000
1153000
1129000
1110000
1059000
993300
954700
909300
774700
645300
584000
509300
397300
159300
22930
770300c

Conductivity (μS/cm)
608.0
613.7
619.3
624.0
626.0
628.3
631.0
635.0
640.3
646.3
653.0
659.3
663.0
668.7
675.7
639.4a

TABLE 6
Variance analysis results for pH, salinity, conductivity and cell numbers of different light cycles
Variance
source
Replication
Light/dark
time
Error
Day
Light/dark
time x day
Error
Cv (%)

Degrees of
Freedom
2

pH
Mean
Square
0.007

Probability

Salinity (mg/L)
Mean
Square
42.022

Conductivity ( μS/cm)
Probability

Mean Square

Probability

67.606

Cell number (pcs/mm3)
Mean
Probability
Square
7.851E9

3

5.079

p<0.01

88001.354

p<0.01

113163.511

p<0.01

4.596E12

p<0.01

6
14

0.013
0.495

p<0.01

70.659
746.165

p<0.01

158.006
3965.006

p<0.01

7.414E9
4.667E11

p<0.01

42

0.207

p<0.01

2090.278

p<0.01

5359.206

p<0.01

2.212E11

p<0.01

112
0.94

0.006

0.911
0.28

9.435
0.48

6.300E8
2.89

obtained on the 15th day at 265 lux intensity and similar trends emerged in pH and salinity. However, unlike the others, while the number of cells increased
up to 8th day, significant decreases were recorded
over the following days. The highest cell number
was seen on the 8th day with 1576000 pcs/mm3 at 265
lux (Table 3). Depending on the different light intensities, an increase was observed in pH values up to
the 8th day with the highest pH value being determined as 8.65 on the 7th day. But, as the number of
observation days increased, decreases were observed

The largest pH value was 8.8 at 265 lux on the
9 day and the smallest was 8.14 on the 15th day. It
is understood that pH values tend to increase within
the first 10 days and then start to decline (Table 3).
While salinity reaches the highest value with 652.0
mg/L depending on light intensity of 256 lux, it has
the smallest value with 302.3 mg/L on the first day.
Salinity values showed an upward tendency during
the following days. When average values were examined in terms of conductivity, the highest value
th
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under different light cycles of Chlorella protothecoides microalga species are given in Table 6.
In Table 7, while the highest pH value was obtained on the 15th day with 8.60 on 24 hours light
cycle, the lowest value was measured on the first day
with 8.12. As salinity values showed a similarity
with pH values, the highest salinity value was on the
15th day with 406.3 mg/L and the lowest value was
recorded on the first day with 342.7 mg/L. The values in terms of conductivity varied between 796.3
μS/cm ± 612.0 μS/cm, the highest and the lowest
values were recorded on the 15th and 1st days respectively. The increase in the number of cells was directly proportional to the number of days, reaching
the highest number (1629000 pcs/mm3) on the 15th
day. Similar results were reported by Insel et al. [17].
In Chlorella protothecoides microalga species,
the highest pH value was seen on the 6th day with
8.19 at 18 hours light / 6 hours dark cycle and the
lowest value was determined on the 15th day with
6.82. The values regarding salinity varied between
333.7 mg/L and 403.7 mg/L, the highest value was
reached on the 15th day. Regular increases were observed in the experiments made with respect to time
under different light cycles. The best conductivity
value was reached on the 15th day with the value of
693.3 μS/cm and the lowest one was on the first day
with 618.0 μS/cm. The number of cell values
changed between 250700 pcs/mm3 and 1161000
pcs/mm3, while values show a decreasing trend with
increasing number of days, the maximum number of
cell value was recorded on the 2nd day by 1161000
pcs/mm3 (Table 8). This is in agreement with the reports of Wahidin et al. [16].

and the lowest pH value was determined as 7.94 on
the 15th day. This is in agreement with the reports of
Solovchenko et al. [15].
In contrast to pH, salinity values at 186 lux indicated an increase in parallel with the increasing
number of days. Accordingly, the lowest salinity
value was recorded on the 1st day as 325.3 mg/L
while the highest value was on the 15th day as 390.0
mg/L. In the light intensity trial, an increase was observed in conductivity values at 186 lux, as the number of days increased. At the 1st day, it reached the
highest conductivity level (597.0 μS/cm). An increase was recorded in terms of cell numbers up to
the 6th day, and then it started to fall and reached the
smallest value (624700 pcs/mm3) at the end of the
15th day (Table 4). Similar results were reported by
Solovchenko et al. [15] and Wahidin et al. [16].
As shown in Table 5, the pH value of Chlorella
protothecoides species at 172 lux light intensity varied between 7.00 and 8.44, and while it reached the
highest value on the 4th day, the smallest value was
recorded on the 15th day. Salinity values generally
increased with the increasing number of days and it
reached the greatest value of 375.3 mg/L on the 11th
day. While the highest conductivity was recorded on
the 15th day as 675.7 μS/cm, the smallest value was
seen on the 1st day as 608.0 μS/cm.
The number of cells tended to decrease with the
increasing number of days, as opposed to other parameters examined, and the highest number of cells
was counted on the first day with 1153000 pcs/mm3
and the least number was seen on the 15th day with
22930 pcs/mm3.
Statistical results according to different exposure times. Variance analysis results of pH, salinity, conductivity and cell number values obtained

TABLE 7
The values determined under 24 hours light cycles
Days
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Mean

ph
8.125
8.144
8.186
8.226
8.265
8.312
8.338
8.384
8.425
8.464
8.505
8.527
8.543
8.566
8.600
8.374a

Salinity (mg/L)
342.7
349.3
356.3
363.3
366.3
368.3
371.7
376.3
379.7
382.0
386.7
391.3
396.7
400.3
406.3
375.8a

Conductivity (μS/cm)
612.0
619.0
625.3
633.7
642.3
648.7
655.0
659.0
668.7
684.7
715.0
736.3
774.7
786.0
796.3
683.8a
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Cell number (pcs/mm3)
1020000
1064000
1100000
1133000
1158000
1212000
1201000
1257000
1316000
1366000
1413000
1488000
1560000
1589000
1629000
1300000a
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TABLE 8
The values determined under 18 hours light / 6 hours dark light cycles
Days
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Mean

ph
8.175
8.132
8.090
8.010
7.926
8.192
7.782
7.689
7.582
7.507
7.409
7.320
7.175
6.983
6.828
7.653c

Salinity (mg/L)
333.7
336.7
342.7
346.7
352.0
359.0
358.3
370.3
373.3
377.3
381.7
388.0
393.3
399.3
403.7
367.7b

Conductivity (μS/cm)
618.0
623.0
627.3
630.7
635.7
637.7
622.3
633.7
644.7
651.7
668.7
677.3
683.7
689.7
693.3
649.2b

Cell number (pcs/mm3)
1144000
1161000
1161000
1152000
1127000
1088000
1021000
960000
856000
677300
570700
434700
377300
310700
250700
819500b

TABLE 9
The values determined under 12 hours light / 12 hours dark light cycles
Days
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Mean

ph
8.178
8.190
8.184
8.141
8.081
8.006
7.941
7.902
7.853
7.833
7.760
7.726
7.700
7.636
7.617
7.916b

Salinity (mg/L)
332.3
336.0
340.0
342.3
346.7
350.3
355.7
361.7
368.3
372.0
377.3
382.3
388.7
392.7
397.3
362.9b

Conductivity (μS/cm)
627.3
635.0
640.0
631.3
634.0
623.7
615.3
621.3
636.0
647.3
652.7
659.3
665.3
674.7
688.3
643.4b

Cell number (pcs/mm3)
1136000
1168000
1105000
1075000
1045000
988000
953300
930700
862700
744000
629300
560700
465300
434700
377300
831600b

TABLE 10
The values determined under 6 hours light / 18 hours dark light cycles
Days
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Mean

ph
8.142
8.076
8.009
7.950
7.901
7.842
7.761
7.703
7.640
7.574
7.500
7.385
7.290
7.190
7.092
7.670c

Salinity (mg/L)
324.7
319.7
314.3
309.0
303.0
297.3
293.0
286.3
279.7
270.0
260.7
252.7
243.7
235.3
226.0
281.0c

Conductivity (μS/cm)
631.7
621.0
610.0
600.3
590.7
581.7
571.3
561.3
554.7
546.3
539.3
531.0
521.3
511.3
503.7
565.0c
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Cell number (pcs/mm3)
1056000
1068000
984700
926700
821300
678700
581300
473300
401300
318700
250700
197300
112000
34670
12270
527800c
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In the experiments conducted under 12 hours
light / 12 hours dark cycle, pH declined consistently,
falling to 7.61 on the 15th day. In the same implementation, the highest salinity value was determined
as 397.3 mg/L on the 15th day and the smallest value
was recorded during the first day as 332.3 mg/L. The
highest conductivity value was measured on the 15th
day and the lowest value in the first day as 618.0
μS/cm. While an increase was observed in the cell
number measurement on the 2 nd day, subsequent decreases were recorded and the minimum value was
determined on the 15th day by 377300 pcs/mm3 (Table 9). Similar results were reported by Atta et al.
[18].
In Table 10, Ph values recorded in algae within
6 hours light / 18 hours dark period changed between
7.092 and 8.142, the highest value was seen on the
1st day and the lowest value on the 15th day. As salinity values vary between 226.0 mg/L ± 324.7 mg/L,
it was determined that salinity values decrease with
the number of days. Conductivity values were recorded least on the 15th day by 503.7 μS/cm and highest on the first day by 631.7 μS/cm. Number of cells
decreased with increasing number of days, the lowest value was 12270 on the 15th day and the highest
value was seen on the 2nd day by the number of
1068000 pcs/mm3. Similar results were also observed by Insel et al. [17].
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CONCLUSION
When the effect of different light intensities on
the pH, salinity and number of cells and recorded on
different days was examined, it was understood that
pH, salinity and the number of cell values increase is
directly proportional to light intensity and conductivity decreases slightly with decreasing light intensity and then increases again. As the number of days
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number of cell values increase between 5th and 8th
days and then decrease on other days. In this study
where different light cycles were evaluated in Chlorella protothecoides microalga species, the highest
pH, salinity, conductivity and cell number values
were observed in a 24 hour light cycle. Generally,
the lowest pH, salinity, conductivity and number of
cells were determined in 6 hours light and 18 hours
dark cycle.
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IN VITRO SEED GERMINATION STUDY IN NARROW
ENDEMIC PLANT VERBASCUM ALYSSIFOLIUM
(SCROPHULARIACEAE)
Muhip Hilooglu*, Emel Sozen
Department of Biology, Faculty of Science, Anadolu University, 26470, Eskisehir, Turkey

Seed germination is a feature of priory substance for the reproductive success of plants [6]. Information on the reproductive success of rare and endangered endemic species contributes to understanding of the rarity. It also helps to improve conservation strategies [7, 8]. Seed germination is a critical
step for the abiding conservation of plant
germplasm. In recent years, seed germination has become a universal concern among researchers to
maintain the genetic diversity in threatened plants
[9].
It is known that seed dormancy is a feature of
plant species that delays germination until favourable conditions develops for seedling growth [10].
Some pre-treatments such as sanding, boiling or cold
stratification, and chemical applications such as potassium nitrate, acid and gibberellic acid are used to
break down seed dormancy under laboratory conditions [11]. To date only morphological [5] and molecular studies [12] have been conducted with Verbascum alyssifolium, but there is no information regarding seed germination characteristics and dormancy breaking in this plant. The purpose of this
study was therefore to identify the effect of different
chemical applications (NaCl, HCl, KNO3, GA3) and
some pre-treatments techniques (hot/cold and mechanical) on seed germination of Verbascum alyssifolium. The results obtained from this study could
provide basic information to develop effective ex situ
conservation strategies for this rare and endemic
plant species.

ABSTRACT
Verbascum alyssifolium Boiss is an endemic
species having considerable narrow distribution in
Erzincan (Turkey) region. In this study, germination
behavior of Verbascum alyssifolium under different
concentrations of NaCl, HCl, KNO3, GA3 (100 and
200 ȝ0 , hot-cold stratification and mechanical
scarification was examined. Treated seeds were exposed to a photoperiod of 8 h light/16 h dark with a
23/18 °C thermoperiod. Germination rates increased
with GA3-100 μM (56%), GA3-200 μM (57%) and
mechanical scarification (63%) treatments when
compared to the control (42%). On the other hand,
NaCl, HCl, KNO3 treatments and hot-cold stratifications decreased germination. The highest speed of
germination index was obtained at giberellic acid
(14.7). This study represents first report about germination characteristics of V. alyssifolium and will
provide valuable data for ex situ conservation practices of this endemic plant.

KEYWORDS:
Verbascum alyssifolium, Scrophulariaceae, endemic, germination, ex situ

INTRODUCTION
Verbascum L. (Scrophulariaceae) is the second
largest genus in Turkey, with 234 species and a high
endemism level (80 %) [1, 2]. Endemic Verbascum
alyssifolium Boiss is a rare plant species that shows
narrow distribution around Erzincan (Turkey) region. The species was first collected by Sintenis from
Iliç (Hasanova village and Kuruçay)/Erzincan district in 1899 [3]. At present, species is known only
from three different localities exist in Erzincan.
Many endemic plant species considered as a source
of genetic diversity are faced with the risk of extinction due to various reasons in Turkey. According to
the IUCN criteria, V. alyssifolium was evaluated as
DD (Data-deficient) [4]. Currently, habitats of this
species are under various pressures due to urbanisation and intensive human activities causing high risk
of threats [5].

MATERIALS AND METHODS
Seed collection. Plant samples of V. alyssifolium were collected from Erzincan ƍ(ƍ
N, altitude 1015 m), Turkey (Fig. 1) between June
and July 2014.
The collected plants were air dried for 7 days in
room conditions. The mature capsules were carefully
harvested. After counting the total number of seeds
per fruit, fully developed and healthy seeds were
considered as fertile seeds. The seed weight was determined according to Bonner [13].
Seed
germination
experiment.
Seed
germination experiments were performed on filter
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paper in 9 mm diameter Petri dishes (sterilized) at
constant 8 h light/16 h dark photoperiod with 23°C
/18 °C thermoperiod. The Petri dishes containing
seeds were subjected to different treatments namely:
a. Chemical applications; containing sodium
chloride (NaCl), hydrochloric acid (HCl), potassium
nitrate (KNO3), gibberellic acid (GA3) solution at
ȝ0DQGȝ0FRQFHQWUDWLRQs.
b. Mechanical scarification; sanding was
gently made with sandpaper (grade 150) about 30 sec
or 1 min.
c. Cold stratification; the petri dishes were
wrapped with aluminum foil and placed at +4 °C and
-20 °C for 7 days before transferring to growth
chambers
d. Hot stratification; soaking in hot-boiling
water for 30 sec, 1 min and 2 min.
e. Control treatment; distilled water was used
to germinate seeds.
Each treatment was replicated 4 times with at
least 100 seeds per replication. Germinated seeds
were regularly noted every day, the radical
emergence of 2-5 mm was accepted as a successful
germination [14].
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RESULTS
Seed structure. The seeds of V. alyssifolium
develop in capsules. Amoung 20 capsules randomly
examined; two were empty and one contained
undeveloped seed. The number of seeds in each
capsule ranged from 4-22. About 57.4% of the total
seeds were found to be healthy. Seed size is about
0.5 mm by 1 mm in dimension, ovoid in shape and
its outer surface is indented (Fig. 2). Black-brown
testa is very hard and seems impervious to water and
gases. The weight of 1000 healthy seeds was found
as 1220 mg.

FIGURE 2
Seeds of Verbascum alyssifolium
Different applications and pre-treatments were
utilizied in vitro seed germination experiments for
endemic V. alyssifolium. The effect of all treatments
on breaking dormancy was showed in Table (1).
In vitro seed germination. Minimum and
maximum values of time to 50% germination,
germination percentage and speed of germination
varied as 5.5 ± 10.0, 0% - 63% and 8.5 ± 14.7, respectively. The influence of treatments on germination showed that GA3 (56-57%) and mechanical
scarification with sandpaper (63%) have increased
germination percentage in V. alyssifolium seeds,
while the HCl-100 0 DQG FROG VWUDW൴I൴FDW൴RQ DW 
& treatments have no significant effect compared
with the control (42%) according to Duncan test
(P<0.05). On the other hand, significant decrease in
germination percentage (P<0.05) were shown after
treatments with .12  DQG   DQG 1D&O
DQG at ȝM-200ȝM and HCl (22%) at
ȝ0FRQFHQWUDWLRQs. The speed of germinations in
the present study was low or insignificant in KNO3
when compared to the control (P<0.05). The SGs
were higher than that of the control in all treatments
(P<0.05). The time to 50% germination (T50) of
seeds in KNO3 (100 μM) increased (T50= 10.0),
when compared to control and also T50 was decreased in all other treatments, the lowest T50 was
5.5 in NaCl (100μM) (Fig. 3).

FIGURE 1
The general view of Verbascum alyssifolium

Data analysis. Germination percentage (GP)
was calculated using the equation: ³GP = number of
germinated seeds /total number of seeds X 100´.
Speed of germination (SG) was defined as the
number of seeds germinated during a limited period
according to the formula described by Yücel [15].
T50 (Time to 50% germination) was computed with
the formula:
T50 = ti (N/2-ni) (tj ± ti)/nj-ni. (N: cumulative
number of germinated seeds, nj and ni: total number
of seeds germinated by adjoning counts at tj times, ti
when ni < N/2 < nj) [16].
The data analysis was done using SPSS (V.
15.0, Chicago, IL) program and the results were
classified with Duncan's new multiple range test
(DMRT) (P<0.05).
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TABLE 1
Mean values of GP, SG, T50 for Verbascum alyssifolium under different treatments
7UHDWPHQW
&RQWURO
.12
.12
*$
*$
1D&O
1D&O
+&O
+&O
6DQGSDSHU
+RWZDWHU VHF
+RWZDWHU P൴Q
+RWZDWHU P൴Q 
6WUDW൴I൴FDW൴RQ &
6WUDW൴I൴FDW൴RQ &

&RQFHQWUDW൴RQ
0
















*3 
I

 (±2.3)
FG(±1.5)
E(±3.4)
J(±9.5)
J(±8.0)
GH(±2.0)
EF(±5.0)
I(±7.3)
FG(±2.3)
K(±6.6)
D(±4.3)
D(±1.6)

H(±3.0)
I(±3.6)

6*
E

 (±0.51)
D(±0.52)
E(±0.52)
F(±0.67)
I(±0.40)
HI(±0.36)
GH(±0.51)
GH(±0.36)
F(±0.52)
G(±0.51)



GH(±0.62)
F(±0.54)

7 'D\
F(±1.2)
G(±1.8)
F(±0.9)
E(±1.1)
D(±0.8)
D(±0.6)
E(±1.2)
F(±1.6)
F(±0.9)
E(±1.3)



E(±1.0)
F(±1.4)

In each column, means with different letter(s) differ significantly according to DMRT at p< 0.05. GP: Seed
germination percentage, SG: Speed of germination, T50: Time to 50% germination (Standart deviation was
given in brackets).

FIGURE 3
Diagram of germination percentage and time for V. alyssifolium seeds under different treatments

penetration. Similarly, eliminating the lignified layer
below the seed coat by mechanic scarification with
sandpaper was reported to be the best method to defeat seed firmness of many plant species [20, 21].
Therefore, we can say that seeds of V. alyssifolium
possess physical dormancy because of the hard seed
coat layer that can be broken down with mechanical
scarification to promote successful germination.
Endogenous GA3 and other plant growth regulators are known as the basic important implementation to break the dormancy [22, 23]. Furthermore, it
has been reported that endogenous GA3 deficiency
can be perfected by exogenous GA3 application [24].
In this study, exogenous application of gibberellic
acid (GA3) at 100 and 200 μM concentrations increased germination percentage and germination
speed of V. alyssifolium seeds. Exposure to 200 μM

DISCUSSION
Information on seed germination behaviours of
plants are very important to understand their reproductive biology and seedling reestablishment in a
changing environment [17]. However, germination
characteristics of many rare and/or endemic plant
species have not been elucidated, because materials
from these kind of species are more difficult to collect [18]. In this study, the seed germination characteristics of endemic plant V. alyssifolium were described. The highest germination percentage (63%)
was obtained from seeds that were mechanically
scarified with sandpaper and it was the best effective
treatment. Yildiztugay and Kucukoduk [19] reported
that sandpaper scarification of lignified palisade cell
layer in seeds triggers germination due to water
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GA3 concentration caused an increase in germination
speed and shortened time to 50% germination
(P<0.05). Dormancy break by GA3 is typical in seeds
with non-deep physiological dormancy, but it was
also reported for intermediate physiological dormancy [25]. GA3 supplementation appears to be the
second successful treatment for stimulating germination in V. alyssifolium and this may be related to intermediate physiological dormancy characteristics of
its seeds.
On the other hand, germination levels decreased to 40%, 27%, 22% and 8-4% after 100 μM
chemical applications of HCl, NaCl, KNO3 and hot
stratification treatments, respectively. There were no
significant differences between HCl-100 0 FROG
VWUDW൴I൴FDW൴RQ & and control groups in terms of
germination percentage. Seed germination percentage and speed of germination decreased significantly
with the increased concentrations of NaCl and HCl
and soaking time in hot water treatments (Table 1).
These results implied negative effect of salinity and
acidity treatment on seed germination in V. alyssifolium. Similar results were shown by Teimouri and
Mahallati [26]. They reported negative correlation
between both salinity and acidity with germination
in endemic Hymenocrater platystegius. In our study,
germination percentage and T50 levels were not affected positively by cold stratifications (+4 °C and 20 °C), but speed of germination showed significant
increase when compared with control treatments.
Likewise, Leo [27] shown that cold stratification (in
+5 °C) had no effect on dormancy breaking in some
Verbascum species (V. nigrum, V. speciosum and V.
thapsus). Also, similarly our hot stratification results, Luna et al. (2007) reported no germination in
Mediterranean endemic Verbascum rotundifolium
seeds after heat-shock treatments at 80°C, 100°C and
120°C.
In conclusion, the results of our experiments
showed that the seed germination rates can be
increased with mechanical scarification with sandpaper and application of giberellic acid in endemic
Verbascum alyssifolium. As generally accepted,
succesful seed germination is crucial step to develop
effective ex situ conservation strategies for rare and
endemic plants. Therefore, the data obtained from
this study will provide basic information to establish
rapid, efficient and affordable ex situ conservation
strategies for V. alyssifolium.
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difficulties of remediation) [2-3], they are easily accumulated in surface soils, and pose a threat to human health through dust ingestion, skin contact and
food chain, so the soil heavy metal pollution has been
the research focus in recent years [4-5].
Bengbu is the central city of northern Anhui
province, with favourable geographic conditions,
convenient trasportation and solid industry foundation. The rapid economic development provided
great development space and maket for industry, and
a large number of factories successively located
there in the last decades (e.g chemical factories, electroplating factories, pesticide factories et al.) [6]. The
increasing industrial activity is accompanied by
strengthened environmental pollution, especially the
heavy metal pollution in surface soils. Meanwhile, as
the important science and education bases of Anhui
province, Bengbu has an independent higher education mega center, many students and teachers live
there. Green space is an important place for the daily
study and leisure of teachers and students. Therefore,
accumulation of heavy metals in the green space may
pose a potential threat to the health of the surrounding people. To the best of our knowledge, industrial
city has been concerned for a long time, and a large
number of studies have been processed on the analysis of the whole city, including pollution distribution,
ecological risk and sources identification, etc [7-10].
However, similar work related to the particular area,
especially the higher education mega center has not
been processed. Therefore, in this paper, a total of 34
soil samples have been collected from the higher education mega center in Bengbu, Northern Anhui
Province, China, and the concentrations, potential
ecological risks, as well as source identification of
heavy metals (Pb, Zn, Cr, Cu, Cd and Ni) have been
reported. It will provide additional information for
soil usage and management, as well as for developing effective measures to control the negative effect
of heavy metals in future.

ABSTRACT
Bengbu higher education mega center was selected as target area to study the accumulation of
heavy metals based on the field investigation, sampling, indoor test and statistical analysis. The results
indicated that the mean concentrations of heavy metals (Pb, Zn, Cr, Cu, Cd and Ni) in surface soils were
23.04, 60.69, 37.79, 24.06, 1.15 and 18.67 mg/kg respectively. Cd and Cu exceeded the soil background
values of Anhui province by 11.86 and1.18 times,
whereas the others were within their background values. Compared with Grade II criterion of national environmental quality standards for soils in China, Cd
concentrations in all samples were obviously more
than the corresponding limits, suggesting that the accumulation of Cd observed was serious in the study
area. Assessment on ecological risk revealed that Cd
showed the potential ecological risk at high and very
high level with the proportion of 29.4% and 70.6%,
respectively. The strongest ecological risk occurred
in Longhu Chuntian business street, which is a complex area with booming commerce, high population
density and heavy traffic. Results of multivariate
analyses indicated that Cr and Ni mainly originated
from geological weathering, Pb, Zn and Cu came
from vehicle traffic pollution, Cd was dominantly related to agricultural and industrial activities.

KEYWORDS:
Heavy metals, ecological risk, source, higher education
mega center

INTRODUCTION
Urban soil is one of the important factors for the
sustainable development of urban ecosystem, which
has functions of storage, filtration, transformation
and degradation. However, with the improvement of
urbanization in the world, the problem of heavy
metal pollution in urban soil is becoming more and
more serious [1]. Heavy metals, especially the toxic
ones (e.g Cd, Pb, Cu et al.), have special characteristics (e.g. wide range of sources, serious toxicities and

MATERIALS AND METHODS
Study area. There are five universities located
in Bengbu higher education mega center (Fig.1): Anhui university of finance & economics (VII), Anhui
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peated until the mixture was evaporated to semi-dryness. All extracts were transferred to 50 mL volumetric flasks with slow filter paper. After filtration, a
small amount of nitric acid solution was used to
clean glass funnel, conical flask and filter residue at
least three times to easure that the residues were into
the volumetric flasks. In the process, high purity acids were used in the analysis, glassware was cleaned
and decontaminated in a 5% nitric acid solution for
24 h and then rinsed with distilled water.
Analytical processes were taken place in
School of Material and Chemical Engineering,
Bengbu University, China. Concentrations of six
kinds of heavy metals (Pb, Zn, Cr, Cu, Cd and Ni)
have been analyzed by Flame atomic absorption
spectrometry (TAS, Beijing Purkinje General Instrument Co., China, TAS-990AFG). Quality control
and assurance for elements in surface soils with the
blank and duplicate samples, all the samples were
analyzed in triplicate to guarantee the accuracy, and
the analytical precision for all heavy metals was 10%
relative standard deviation (RSD) or better.

science & technology university (II), Bengbu medical college (VIII), Bengbu university (I) and Anhui
vocational college of electronics & information technology (IV). Longhu Chuntian business street (V) is
located in the center of the area, which brings great
convenience for the college students and surrounding residents, but also brings a great deal of problems
with other various negative factors. The rests (III, VI
and IX) are some busnisses and villages along the
high-speed railway station. Generally speaking,
Bengbu higher education mega center lies to the east
of Longzi lake (national AAAA-level scenic resout,
China) , west of the high-speed railway station, south
of the Donghai avenue and north of the Huangshan
avenue. It is worth mentioning that the well-known
old eastern industry zone is in the northern of the
area, and therefore, anthropogenic pollution can not
be ruled out (e.g. discharge of wastes).

Potential ecological risk index. The potential
ecological risk index was used to evaluate the potential ecological risk of heavy metals in surface soils
[11]. This method considers three factors: toxicity
level, the sensitivity to heavy metal of research area
and the difference of regional background value. It is
a widely used method with the following formula:

Cf

Tr x C f RI

¦E

r

(1)

Where Cf is the pollution index of heavy metal,
Ci is the content of heavy metal, Cn is the reference
value of heavy metal, Er is the potential ecological
risk coefficient for a certain metal, Tr is the toxicity
coefficient of a single pollutant. Based on previous
research, the toxicity coefficient is defined as Pb=5,
Zn=1, Cr=2, Cu=5, Cd=30, Ni=5 [12]. RI is the comprehensive potential ecological risk index. The criteria for ecological potential risk of heavy metals were
presented in Table1 [13].

FIGURE 1
Location of the study area and sampling point
Soil sampling and chemical analysis. A total
of 34 surface soil samples (0-15cm) were collected
from Bengbu higher education mega center during
November 2016 as showed in Figure 1. The exact location (longitudes and latitudes) of each sample
point was taken by GPS. Surface soil samples were
air-dried and homogenized using pestle and mortar.
After the homogenization process, the surface soil
samples were passed through 100-mesh sieve and
stored in polyethylene bags for further analysis.
For sample digestion, About 0.10 g of milled
soil from each sample was put in 100ml conical flack
containing 6ml aqua regia solution (HNO3: HCl =
1:3, in volume) (HJ803-2016, China). The solution
kept faint boiling for 2h on an electric heating thermostat. The above step of acid digestion were re-

TABLE 1
Criteria for ecological potential risk of heavy
metals
Ranges of Er
<40
Er<80
Er<160
Er<320
320

Grades
Low
Moderate
Considerable
High
Very high

Ranges of RI
<110
RI<220
RI<440

Grades
Low
Moderate
High

440

Very high

Statistical analysis. Descriptive statistics used
in data analysis included minimum value, maximum
value, median value, mean value, and coefficient of
variation (CV). Multivariate statistical
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TABLE 2
Descriptive statistics of metal concentrations (mg/kg)
Minimum
Maximum
Median
Mean
Coefficient of Variation(%)
Background value of Anhui Privince
Grade II criterion of soil quality standards
Percentage of exceeding background value (%)
Percentage of exceeding Grade II criterion (%)

Pb
16.71
28.74
23.06
23.04
12.1
26.6
300
17.65
0

Zn
36.20
85.60
59.01
60.69
16.4
62
250
41.18
0

Cr
24.11
53.59
38.23
37.79
18.0
66.5
200
0
0

Cu
16.49
29.15
24.15
24.06
12.0
20.4
100
88.24
0

Cd
0.78
1.64
1.14
1.15
19.1
0.097
0.3
100
100

Ni
11.40
24.0
18.78
18.67
15.1
29.8
50
0
0

TABLE 3
Er value of heavy metals in Bengbu higher education mega center
Er
Mean

Pb
3.14~5.40
4.33

Zn
0.58~1.38
0.98

Cr
0.73~1.61
1.14

Cu
4.04~7.04
5.90

Grades

Low

Low

Low

Low

Minimum

Maximum

256.33

524.19

TABLE 4
RI value of Bengbu higher education mega center
Potential ecological risk
Mean
Low
Moderate
High
369.96
0
0
85.29%

Ni
1.91~4.03
3.13
Low

Very high
14.71%

values. The CV of the heavy metals were in the range
of 0.120~0.191, which indicated moderate variation
level in Bengbu higher education mega center.

analyses, including correlation analysis (CA) and
principal component analysis (PCA) were used for
distinguishing the sources of heavy metal in surface
soils. CA was performed to assess if there was significant relationship between pairs of variable, PCA
was used to differentiate the association between Pb,
Zn, Cr, Cu, Cd and Ni. Both the CA and PCA analysis were conducted by SPSS 19.0. ArcGIS 10.1 was
applied for spatial distribution.

Potential ecological risk assessment. The assessment calculates the potential ecological coefficient (Er) and comprehensive potential ecological
risk indice (RI) according to the formula (1). As can
be seen from the Table 3, the mean Er value of heavy
metals followed the decreasing order of Cd > Cu >
Pb > Ni > Cr > Zn. Among the six elements, Cd exhibited potential ecological risk at the high and very
high level (29.4% and 70.6%, respectively), whereas
the others had low ecological risk.
RI showed the comprehensive pollution level of
the study area (Table 4). RI values of Bengbu higher
education mega center ranged from 256.33 to
524.19, with the mean concentration of 369.96, and
all the sample points presented potential ecological
risk at the high and very high level (85.29% and
14.71%, respectively), dominated by the ecological
risk of Cd. Therefore, Cd must be put in high attention and be of the prior contaminants considered to
control.
In order to understand the pollution level of the
soil heavy metals in Bengbu higher education mega
center, Spatial distribution of Er-Cd and RI in surface
soils can be further obtained (Figure 2, Figure 3), and
their high values were both mainly distributed in Anhui science & technology university, Longhu Chuntian business street, and Bengbu medical college,
particularly in Longhu Chuntian

RESULTS AND DISCUSSION
Descriptive statistics. All of the analytical results are presented in Table 2. As can be seen from
the Table 2, the concentrations of heavy metals (Pb,
Zn, Cr, Cu, Cd and Ni) were in the ranges of 16.7128.74, 36.20-85.60, 24.11-53.59, 16.49-29.15, 0.781.64, 11.40-24.0 mg/kg, and with the mean concentrations of 23.04, 60.69, 37.79, 24.06, 1.15 and
18.67mg/kg, respectively. Compared to the Grade II
criterion of national environmental quality for soils
in China [14], the contents of Pb, Zn, Cr, Cu and Ni
were far lower than the corresponding limits.
Whereas, Cd content greatly exceed the standard
value, demonstrating Cd was the significant soil pollution in study area. Additionally, among the six elements, the contents of Cu, Zn and Pb in some samples were higher than their background value [15],
with the proportion of 88.24%, 41.18% and 17.65%,
respectively. Ni and Cr showed low contents because
all the concentrations were within the background
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FIGURE 2
Spatial distribution of Er-Cd

FIGURE 3
Spatial distribution of RI
level, which could indicate the similar geochemical
properties and behaviors in these heavy metals.
Whereas, the heavy metal (Cd) showed no significant correlation with all the other metals, and in other
words, a low correlations (r=0.039, r=0.193,
r=0.281) and negative correlations (r=-0.106, r=0.152) were evident for Cd-Cu, Cd-Cr, Cd-Ni, CdPb and Cd-Zn pairs, suggesting that the sources of
Cd may be different from the other five heavy metals. However, this method can not accurately indentify the sources of heavy metals, but only provides a
qualitative estimate.
To better understand the sources of the six
heavy metals, PCA was adopted to transform an
original set of variable into a minimum number of
factors, which are able to account for the most of

business street, which is usually characterized by
prosperous business, high levels of population, and
heavy traffic. In addition, Anhui science & technology university and Bengbu medical college also need
for attention.
Correlation matrix and principal component analysis. The pearson correlation coefficients
between the six heavy metals are listed in Table 5.
Inter-element relationships can provide important information on element sources and pathways. Cu had
significant correlation with Ni, Zn, Pb and Cr (r
=0.817, 0.639, 0.593 and 0.533, respectively) at 0.01
significant level. Ni also presented relatively strong
correlation with Cr (r=0.607), Zn (r=0.443) at 0.01
significant level and Pb (r=0.395) at 0.05 significant
4700



Volume 26 ± No. 7/2017 pages 4697-4703

© by PSP

Fresenius Environmental Bulletin

TABLE 5
Correlation matrix between heavy metal concentrations
Pb
Cu
Cd
Cr
Ni
Zn

Pb
1
0.593**
-0.106
0.324
0.395*
0.298

Cu

Cd

Cr

Ni

Zn

1
0.039
0.533**
0.817**
0.639**

1
0.193
0.281
-0.152

1
0.607**
0.329

1
0.443**

1

* Correlation is significant at the 0.01 level
**Correlation is significant at the 0.05 level
TABLE 6
Component matrix of heavy metals from Bengbu higher education mega center
Elements
Pb
Cu
Cd
Cr
Ni
Zn
Eigenvalue
Variance contribution rate (%)
Cumulative contribution rate (%)

Principal components
PC1
PC2
0.645
-0.309
0.935
-0.096
0.122
0.919
0.723
0.275
0.873
0.264
0.680
-0.371
3.053
1.231
50.833
20.520
50.833
71.404

Rotated principal components
PC1
PC2
0.699
-0.150
0.932
0.124
-0.096
0.922
0.639
0.436
0.788
0.459
0.748
-0.202
2.954
1.330
49.240
22.164
49.240
71.404

Rotation method: varimax with kaiser normalization
the sources related to vehicle traffic pollution and geological weathering. Pb, Cu and Zn has not bought
significant harm to the environment, but the emission accumulation is worth regarding in the study
area.
The PC2 includes Cd only. This component is
defined as anthropogenic factor and related to agriculture activities, chiefly fertilization [24-25]. Cd
contents of all the soil samples are above the Grade
II criterion of the national environmental quality for
soils in China. This provides evidence of Cd anthropogenic origin. Phosphate fertilizer was the main
source of Cd in soils and the enrichment of Cd content was closely related to the time length of applying
phosphate fertilizer [26]. According to the investigation, the study area were urban villages prior to the
construction of Bengbu higher education maga center, and the soils were used for agriculture, the long
history of farming along with the use of fertilizers
resulted in extensive Cd accumulation in surface
soils. Moreover, Bengbu higher education mega center is located in the south of old eastern industrial
zone, atmospheric deposition of pollutant and sewage sludge also have contributions to the increased
Cd content. Therefore, PC2 might originate from agricultural and industrial activities.

the information of the original data [16]. In this
study, PCA was conducted using SPSS 19.0 on the
original data of the six heavy metals. As revealed in
Table 6, two principle components were extracted
(eigenvalues over 1.0). The first principal component (PC1) accounted for 50.833% of the total variance and showed the positive and high loading for
Pb, Cu, Cr, Ni and Zn. The second principal component (PC2) was responsible for 20.520% of the total
variance and was highly predominated by Cd. Two
principle components explained about 71.404% of the total variance obtained.
The PC1 was considered to be the sources related to transportation and geological weathering.
7KDW¶VEHFDXVHthe concentrations of Pb, Cu and Zn
exceeded their background values, with the proportion of 17.65%, 88.24% and 41.18%, respectively.
Whereas, Cr and Ni contents in all samples were
within the background value (Table 2). As mentioned previously, Bengbu high speed rail station
(North-South major transportation hub in China) and
Longhu Chuntian business street are located there,
with crowded people and heavy traffic in the vicinity. Additionally, construction of Anhui science &
technology university is going on in Bengbu higher
education mega center. Many muck trucks come and
go in all directions, at the same time, it might have
contributed to an increase in pollution levels. Previous research results also indicated that Pb was
mainly contributed by fuel combustion and automobile exhaust [17-19], Zn originated from automobile tire wear [20-21], Cr and Ni were usually induced by natural activities such as geological weathering [22-23]. Therefore, PC1 can be explained to be

CONCLUSIONS
In this study, a total of 34 surface soil samples
were collected from Bengbu higher education mega
center and analyzed for the presence of heavy metals
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soils, Pueblo, Colorado: implications for population health risk. Environmental Geochemistry
and Health, 28(4), 297-315.
[8] Zhang, X.Y., Lin, F.F., Wong, M.T., Feng, X.L.,
Wang, K. (2009) Indentification of soil heavy
metal sources from anthropogenic activities and
pollution assessment of Fuyang County, China.
Environmental Monitoring & Assessment,
154(1-4), 439-449.
[9] Fang, T., Liu, G., Zhou, C., Yuan, Z, Lam, P.K.
(2014) Distribution and assessment of Pb in the
supergene environment of the Huainan Coal
Mining Area, Anhui, China. Environmental
Monitoring & Assessment, 186(8), 4753-4765.
[10] Ma, L, Yang, Z, Li, L., Wang, L. (2016) Source
identification and risk assessment of heavy
metal contaminations in urban soils of Changsha,
a mine-impacted city in Southern China. Environmental Science and Pollution Research,
23(17), 1-9.
[11] Hakanson, L. (1980) An ecological risk index
for aquatic pollution control:a sedimentological
approach. Water Research, 14(8), 975-1001.
[12] Xu, Z.Q., Ni, S.J., Xian-Guo, T., Zhang, C.J.
(2008) &DOFXODWLRQRIKHDY\PHWDOV¶WR[LFLW\FR
efficient in the evaluation of potential ecological
risk index. Envrionmental Science & Technology, 31(2), 112-115.
[13] Liu, J.L., Li, Y.L., Bao, Z., Cao, J.L., Cao, Z.G.,
Domagalski, J.(2009) Ecological risk of heavy
metals in sediments of Luan River source water.
Ecotoxicology, 18(6), 748-758.
[14] Chinese National Environmental Protection
Agency (CEPA) (1995) Environmental quality
standard for soils (GB15618-1995) (in Chinese).
[15] Li, J., Zheng, C., Guo, X. (1989) Manual data of
environmental background value. China Envrionment Science Press, Beijing (in Chinese).
[16] Yuan, Z., Liu, G., Liu, R., Liu, H., Da, C. (2016)
Characterization of the origin of polycyclic aromatic hydrocarbons in sediments from the Yellow River Estuary, China. Analytical Letters,
49(8), 1289-1303.
[17] Bourliva, A., Christophoridis,C., Papadopoulou,
L., Giouri, K., Papadopoulos, A, Mitsika, E.,
Fytianos, K. (2016) Characterization, heavy
metal content and health risk assessment of urban road dusts from the historicenter of the city
of Thessaloniki, Greece. Environmental Geochemistry & Health, 1-24.
[18] Dai, B., Lv, J.S., Zhan, J.C., Zhang, Z.L, Liu, Y.,
Zhou, R.J. (2015) Assessment of source, spatial
distribution and ecological risk of heavy metals
in soils in a typital industry-based city of Shandong province, Eastern China. Environmental
Science, 36(2), 507-515 (in Chinese).
[19] Keshavarzi, B., Tazarvi, Z, Rajabzadeh, M.A.,
Najmeddin, A. (2015) Chemical speciation, human health risk assessment and pollution level
of selected heavy metals in urban street dust of

(Pb, Zn, Cr, Cu, Cd and Ni). The results of the investigation provided integrated information about soil
environment of this region. Potential ecological risk
assessment indicated that Cd posed the highest ecological risk among the six heavy metals, and the
higher ecological risk were observed in Anhui science & technology university, Longhu Chuntian
business street, and Bengbu medical college, particularly in Longhu Chuntian business street influenced
by human activities. The PCA together with CA indicated that Pb, Cu, and Zn in surface soils originated
primarily from vehicle traffic pollution, Cd may
come from agricultural and industrial activities.
Whereas, Ni and Cr were mostly of nature origin.
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to voltage-gated sodium channel alpha subunit located in nerve cells [5, 6]. Today, this pesticide is not
only used for pest control, but also for lice infections
[7-10]. Cypermethrin has been found to be more effective than other insecticides in control of the malaria and can be used in open areas [11, 12]. This
compound is known to be effective against a wide
range of agricultural pests [13, 14]. Furthermore, it
can be used in residential buildings as much as commercial buildings [13]. Exposure to cypermethrin
may occur via food/feed or water contaminated with
pesticide residues or due to occupational exposure
and household uses. Cypermethrin residues have
also been found in milk of cows wearing cypermethrin impregnated ear tags against the horne fly [1215].
As mentioned above, most pyrethroid insecticides are widely used for pest challenge in agriculture [11-14], veterinary medicine [16-18] and for
disinfection of enclosed spaces [5, 19]. There are
public health uses for the control of diseases where
the pest acts as an intermediate host or vector. Cypermethrin is also applied to disinfect poultry pens
and to control poultry mites [15-17, 19-21]. There
are also previous studies on the toxic effects of cypermethrin in living thinks [22-27]. Exposure to cypermethrin can be achieved either through direct intake of contaminants or disinfecting chicken pens, or
by using acaricides in animals. While there is limited
information on single-dose toxicokinetics of synthetic pyrethroids in poultry [28, 29], a detailed study
of the toxicokinetics profile of cypermethrin in poultry is not available. For this reason, this study is considered to be novel.

ABSTRACT
The toxicokinetics of single-dose intravenous
and intracrop administration of cypermethrin has
been described in broiler chickens. Twenty male
broiler chickens were distributed in two groups of ten
animals each. The animals in the groups mentioned
were given cypermethrin in both routes at a single
dose of 7.5 mg/kg b.w. Blood samples were collected
by the wing vein of chickens at 0.083, 0.25, 0.50,
0.75, 1, 2, 4, 6, 8, 12, 18, 24 and 36 hours after administration of cypermethrin. Determination of serum cypermethrin levels was performed by the gas
chromatography-electron capture detection. When
the serum concentration-time graph of cypermethrin
was evaluated, it was found that this pesticide
showed a more convenient distribution tendency in
the two-compartment open model. The values of
tȕ, MRT and AUC0ĺ were 7.35±0.91 hours,
8.64±1.59 hours and 8741.98±1996.66 ng.h/ml, respectively, after intravenous administration of cypermethrin. On the other hand, Cmax, tmax, t1/2a, tȕ, MRT
and AUCĺ values calculated for intracrop applied
cypermethrin were 422.75±99.59 ng/ml, 0.80±0.15
hours, 0.24±0.05 hours, 10.97±2.11 hours,
15.39±2.56 hours and 4266.51±967.65 ng.h/mL, respectively. The systemic bioavailability of cypermethrin administered intracrop was 48.80%. From the
results obtained, bioavailability of cypermethrin and
the MRT at the same time in the body are moderate.
These results were considered to be an important indicator in the evaluation and treatment of cypermethrin poisoning in broiler chickens.

KEYWORDS:
Cypermethrin, toxicokinetic, broiler chickens, single-dose,
kinetic disposition

MATERIAL AND METHODS
Animals and Experimental Design: In order
to carry out this toxicokinetic study, twenty-30-dayold male Ross broilers weighing 1.5-2 kg were used
as trial material. One-day-old chicks were fed and
housed under the same conditions for 30 days. Animals were randomly allocated to two groups of ten
animals in each. At the end of thirty days of age, the
chickens in group 1 were given cypermethrin (Dr Ehrenstorfer GmbH) at a single dose of 7.5 mg/kg b.w.

INTRODUCTION
Cypermethrin is a synthetic pyrethroid insecticide and is classified as type II pyrethroid because of
the cleavage of an alpha-cyano group [1]. Due to its
lipophilic nature, it primarily tends to accumulate in
the nervous system and fatty tissue [2-4]. The mechanism of action of this compound involves binding
4704



© by PSP

Volume 26 ± No. 7/2017 pages 4704-4710

Fresenius Environmental Bulletin


via wing vain, intravenously. To group 2 was administered with a single same dose of cypermethrin (7.5
mg/kg b.w.) using the catheter directly into the crop.
Cypermethrin was prepared in dimethyl sulfoxide/water (8:2, v/v). The administration dose was
calculated taking into account the body weight of the
animals. After the administration of cypermethrin,
blood samples were taken from the wing vein of the
animals at 0.083, 0.25, 0.50, 0.75, 1, 2, 4, 6, 8, 12,
18, 24 and 36 hours without anticoagulant tubes. All
blood samples pooled in the tubes were centrifuged
at 6000 x g for 10 minutes at +4 0C. Harvested serum
samples were frozen at -80 0C and kept in deep freeze
until analysis. Cypermethrin concentrations that can
be determined in blood samples during the experiment for determination of a suitable dosage in chickens have been taken into account, survival of animals
and previous studies [28-30]. Research protocol received the approval of Erciyes University experiPHQWDODQLPDOV(WKLFDO%RDUG¶V

analytical recovery of the method, neat serum samples were also used with the addition of cypermethrin
to certain levels to prepare the standard curve (58000 ng/ml serum) and these analyses were repeated
three times. An estimate of the detection limit and
the quantification limit for this chromatographic
method was made using a method based on the ratio
of signal to noise (S/N) [35]. The signal-to-noise ratio for the detection limit is calculated as 3:1, while
the same ratio for the quantification limit is used as
10:1. To determine the sensitivity of a method following the extraction procedure, neat serum samples
were supplemented with cypermethrin at three concentrations by adding 10 ng/ml, 100 ng/ml and 1000
ng/ml. Relative standard deviations were calculated
for the inter-day and intra-day peak areas obtained
for the indicated concentrations.
Toxicokinetic Analysis: Serum cypermethrin
levels versus time values, 1, 2, and multi-compartmental models were evaluated visually and using
PKCALC software. The most suitable model was
chosen based on Akaike Information Criteria [36].
Maximum concentration in serum after intracrop administration (Cmax) and time needed to reach Cmax
(tmax) values were calculated from the serum cypermethrin concentration versus time graph for each animal. Other kinetic variables [A1, A2, A3 mathematical coefficients; ka, first order rate constant related to
absorption; D, first order rate constant related to distribution phases; E, first order rate constant related to
elimination phase; t1/2ab, absorption half-life; t1/2D,
distribution half-life; t1/2E, elimination half-life;
MRT, mean residence time; Vdarea, area volume of
distribution; Vdss, steady-state volume of distribution; V1, volume of distribution of central compartment; V2, volume of distribution of peripheral compartment; ClT, total body clearance; k12, first order
rate constant of drug transfer from central to the peripheral compartment; k21, first order rate constant of
drug transfer from peripheral to the central compartment; k10 elimination rate constant; Cs0, serum drug
concentration at time zero after bolus intravenous application] were calculated using PKCALC and GWBASIC pharmacokinetic software according to the
equations presented by Shumaker [37] and Wagner
[38]. The AUCĺW/AUCĺparameters (area under
the concentration-time curve from time zero to time
t/area under the concentration-time curve from time
zero to infinity) were used to determine systemic bioavailability (F).

Cypermethrin Analysis: 2.5 ml of a mixture
of hexane and acetone (8: 2, v/v) into 0.5 ml of serum
was added. The mixture was firstly shaken at a rate
of about 1000 cycles/per min for 3 minutes and then
centrifuged at 6000 x g for 10 minutes at +4 0C. Subsequently, 1.5 ml of supernatant was transferred to
another test tube and the extract was evaporated to
dryness. One ml of n-hexane was added to the test
tubes containing the cypermethrin residues. They
were vortexed and the organic solution was then put
into the fresh vials. Extraction of serum samples was
performed with some modifications based on Yavuz
et al.'s method [31]. In gas chromatography (GC), the
serum cypermethrin concentration was analyzed according to the methods of Wang et al. [32] Mekebri
et al. [33] and Hunter et al. [34] by making some
modifications. All analyses were done using a GC
instrument. )RUDQDO\VLVDȝ(&'GHWHFWRUand capillary column (HP-5MS, 30 m x 0.25 mm x ȝP
film thickness, Agilent J & W) were used. The detector temperature was set at 325 °C with makeup
gas (N2) flowing at 60 ml/min. Injection volume was
ȝO7KHLQMHFWLRQSRUWtemperature was worked at
260 °C. The splitless injection mode was used. The
carrier gas is helium and the substitute gas nitrogen.
The helium gas flowing from the capillary column at
2.8 ml/min was used. The initial temperature is 70
°C and it was held at 70 °C for 2 minutes and then
this was increased to by 25 °C/min to 150 °C; then a
temperature of 200 °C was reached with an increase
of 3 °C/min and finally the temperature was increased by 8 °C/min to 280 °C. Flumethrin (Dr Ehrenstorfer GmbH) was the internal standard for analytical measurements in gas chromatography.
While generating the calibration curve, certain
amounts of cypermethrin (5-8000 ng/ml serum) were
added to neat serum samples and then samples were
extracted and analyzed. This obtained data was used
for the calibration graph. In order to determine the

STATISTICAL ANALYSIS
Analysis of all data was performed in SPSS for
Windows (Version 13.0) statistical software. Results
calculated were expressed as arithmetic means and
standard deviations. Statistical differences between
the groups were assessed E\6WXGHQW¶VW-test. P<0.05
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was accepted statistically significant differences.

RESULTS
Calibration graph showed linearity (r2: 0.9999)
at 5 ng/ml sera from 8000 ng/ml sera concentrations.
The average recovery rate with the addition of cypermethrin to neat serum samples at selected concentrations to prepare the standard curve was 94.40%. For
the case of cypermethrin, the limit of detection was
determined to be 3 ng/mL while the limit of quantification was determined to be 5 ng/mL. At different
concentrations, the relative standard deviation for the
inter-day applications was calculated as 4.80%. The
average value for the intra-day applications was
found to be 6.20%.
Measured serum cypermethrin levels were
found
to
be
5937.15±2216.14
ng/ml,
1994.55±780.48 ng/ml, 968.69±259.33 ng/ml,
347.32±170.27 ng/ml, 188.19±74.73 ng/ml,
133.10±45.70 ng/ml, 93.76±16.30 ng/ml and
36.41±10.92 ng/ml, which corresponded to 0.083,
0.5, 1, 4, 8, 12, 18 and 36 hours after the intravenous
administration. The levels of cypermethrin corresponding to 0.083, 0.5, 1, 4, 8, 12, 18 and 24 hours
were 135.29±44.12 ng/ml, 295.72±60.58 ng/ml,
344.69±75.13
ng/ml,
217.38±41.84
ng/ml,
148.98±30.86
ng/ml,
119.05±24.36
ng/ml
93.66±21.58 ng/ml and 52.80±16.17 ng/ml after the
intracrop administration. Significant changes are observed between intravenous and oral administration
except for 6, 8, 12, 18, and 24 hours of the blood
sampling period in serum cypermethrin levels (Table
1, Figure 1).

FIGURE 1
Semilogarithmic serum cypermethrin concentration versus time curve after intravenous and intracrop administration of cypermethrin in
broiler chickens
TABLE 2
Some toxicokinetic parameters of cypermethrin
after intravenous and intracrop administration
in broiler chickens
Parametersa
A1 (ng/ml)
A2 (ng/ml)
A3 (ng/ml)
ka (h-1)
Į K-1)
ȕ K-1)
t1/2a (h)
tĮ(h)
tȕ(h)
MRT (h)
Cmax (ng/ml)
tmax (h)
Vdarea (ml/kg)
Vdss (ml/kg)
V1 (ml/kg)
V2 (ml/kg)
ClT (ml/h/kg)
k12 (h-1)
k21 (h-1)
k10 (h-1)
Cs0 (ng/ml)
AUCĺW
(ng.h/L)
AUCĺ
(ng.h/L)
F (%)

TABLE 1
Serum levels of cypermethrin in the blood collection periods after intravenous and intracrop administration in broiler chickens
Blood Sampling Periods (h)

Intravenous
(ng/ml)

0.083
0.25
0.50
0.75
1
2
4
6
8
12
18
24
36

5937.15±2216.14
2532.32±956.15
1994.55±780.48
1427.34±391.19
968.69±259.33
472.45±201.31
347.32±170.27
244.58±96.91
188.19±74.73
133.10±45.70
93.76±16.30
64.72±14.66
36.41±10.92

Intacrop
(ng/ml)
a.

Intracrop
263.80±152.50*
264.13±54.01*
-490.53±191.62
3.01±0.72
0.99±0.60*
0.06±0.01*
0.24±0.05
0.93±0.50*
10.97±2.11*
15.39±2.66*
422.75±99.59
0.80±0.15
13582.21±2623.31*
64453.67±39065.13*
8694.05±1602.74*
4258.10±2395.54*
937.75±303.49
0.32±0.26*
0.62±0.36
0.10±0.01*
3395.01±654.24*

8741.98±1996.56

4266.51±967.65*
48.80

A1, A2, A3 mathematical coefficients; ka, first order rate
constant related to absorption; D, first order rate constant
related to distribution phases; E, first order rate constant
related to elimination phase; t1/2ab, absorption half-life;
t1/2D, distribution half-life; t1/2E, elimination half-life; MRT,
mean residence time; Cmax, maximum concentration in serum after intracrop administration; tmax, time needed to
reach Cmax; Vdarea, area volume of distribution; Vdss,
steady-state volume of distribution; V1, volume of distribution of central compartment; V2, volume of distribution of
peripheral compartment; ClT, total body clearance; k12,
first order rate constant of drug transfer from central to the
peripheral compartment; k21, first order rate constant of
drug transfer from peripheral to the central compartment;
k10 elimination rate constant; Cs0, serum drug concentration at time zero after bolus intravenous application;
AUCĺW, area under the concentration-time curve from
time zero to time t; AUCĺ, area under the concentrationtime curve from time zero to infinity; F, systemic bioavailability. *. p<0.05

135.29±44.12*
214.04±53.61*
295.72±60.58*
396.92±119.96*
344.69±75.13*
262.16±50.78*
217.38±41.84*
182.15±36.69
148.98±30.86
119.05±24.36
93.66±21.58
52.80±16.17
-

*. p<0.05
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Intravenous
8383.40±4384.86
672.58±178.58
5.47±2.73
0.09±0.01
0.18±0.13
7.35±0.91
8.64±1.59
9694.64±3219.32
7926.22±2940.89
1052.99±588.78
6873.23±2733.35
902.29±219.29
4.01±2.27
0.49±0.16
1.06±0.50
9055.99±4403.78
8350.30±1971.18
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route when compared to the intravenous route are associated with the likely continuation of the absorption of cypermethrin from the gastrointestinal tract
during the period of drug excretion. The same conclusion is determined for the ClT. Compared to the
results obtained in previous studies on pyrethroids in
broilers [28, 29], tȕ and MRT values were long in
this study. This is thought to be due to the chemical
and physical differences of the compounds. In the
group given intracrop cypermethrin, the distribution
volume of central compartment was lower than that
of the group subjected to intravenous administration,
suggesting that cypermethrin is not highly distributed in the central compartment in the case of intracrop administration. The differences observed between the two groups in terms of Vdss and Vdarea values confirm this finding. Because V2 value is higher
than V1 value in group 1, it suggests that when cypermethrin is administered, it tends to stay in the peripheral area for a longer time. In terms of intravenous administration, the same situation exists in previous studies with permethrin [28] and deltamethrin
[29] at the V1 value in the broilers. However, the Vdss
and Vdarea values in this study are quite high when
compared to previous studies [28, 29]. The differences observed within and between groups in distribution volumes also support changes in the first-order rate constants associated with transfer of unbound cypermethrin between the central and peripheral compartments (on the basis of the k12 and k21
value).
From variables demonstrating the absorption
and absorption rate of cypermethrin are the values of
ka and t1/2a. AUC is a parameter affected both by the
absorption and by the elimination processes. Hence
the AUC is also a parameter indirectly associated
with absorption. The high value of ka and the shortness of t1/2a on the other side suggest that cypermethrin is quickly and extensively absorbed from the
digestive system after intracrop administration. Another indicator of rapid absorption of cypermethrin
is tmax, which is also expressed as the time required
for cypermethrin reaching Cmax. The calculated
AUCĺt/AUCĺ value indicates that the cypermethrin is absorbed moderately when given intracrop.
Moderate bioavailability of cypermethrin (48.80%)
can be explained not only by low absorption rate but
also by partial disintegration at the site of cypermethrin absorption or by first pass effect at a high rate.
In an earlier study conducted in broilers [28, 29] and
rats [39], bioavailability was determined at a low
level. In studies conducted in rats with lambdacyhalothrin [40] and permethrin [44], and rabbit with
flumethrin [30] the level of bioavailability was close
to that in this research. In addition, t1/2a and ka values
were close to those obtain in the studies with some
pyrethroids in broilers [28, 29].
The symptoms observed after the administration of cypermethrin were pertinent to the blood levels of cypermethrin. Furthermore, the fact that these

An assessment of possible distribution models
for the calculation of toxicokinetic variables revealed that cypermethrin exhibits a more consistent
distribution pattern with the two-compartment open
model. It has been shown that there are significant
differences between the groups exposed to intravenous and intracrop cypermethrin application for
some parameters in the calculations made according
to the analyzed distribution model. Significant
changes in the values of A1, A2Įȕ tĮ, tȕ, MRT,
Vdarea, Vdss, V1, V2, k12, k10, AUCĺt and AUCĺ
were observed among the groups within toxicokinetic parameters. Compared with the intravenous administration group, it was found that there was a significant decrease in the values of A1, A2Įȕ92, k12,
k10, AUCĺt and AUCĺ in the intracrop administration group. On the other hand, tĮ, tȕ, MRT,
Vdarea, Vdss and V1 values were significantly increased in the intracrop group compared to the intravenous group. Cs0 values were determined to be
9055.99±4403.78 ng/ml for intravenous administration. The values of A3, ka, t1/2a, Cmax, tmax and F values
were -490.53±191.62 ng/ml, 3.01±0.72 h-1,
0.24±0.05 h-1, 422.75±99.59 ng/ml, 0.80±0.15 h and
48.80% (Table 2).
All the animals that involved in the study lived
until the end of the experiment. However, mild central nervous system findings (tremor, hypokinesia,
hypersalivation) and fluffy feathers were seen within
the first 4 hours after intravenous administration.
The same symptoms were recorded 1-2 hours after
intracrop application, but these symptoms were more
pronounced in the group given intravenously with
cypermethrin. These symptoms quickly and completely disappeared in the time periods that continued in both experimental groups.

DISCUSSION
Assessment revealed that the distribution of cypermethrin in broiler chickens was more consistent
distribution tendency with the two-compartment
open model. For this reason, compartmental calculations have been done according to this distribution
model. Pharmacokinetic/toxicokinetic studies previously performed with pyrethroids in some laboratory
animals [39, 40] and broilers [28, 29] showed that
these pyrethroids tend to have a more favorable distribution pattern in the two-compartment open
model. The shortness of tĮ of cypermethrin was
faster when administered intravenously. This was
FRQILUPHGE\ĮYDOXH2QWKHRWKHUKDQGWKHtĮ of
cypermethrin is due to the high solubility of cypermethrin in fatty tissue [2, 6, 15]. Differences in tĮ
in the event of intravenous and intracrop administration of cypermethrin play an important role in the
route of administration and the amount of blood
flowing at the location of application [41-43]. The
tȕ and the MRT of cypermethrin in the intracrop
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symptoms were monitored in a moderate in the
group, which was given cypermethrin into the crop,
was related to the moderate bioavailability of the
pesticide. The evanescence of the intoxication symptoms observed at the beginning of the experiment in
a little while in both application groups could be
commented by the rapid metabolism and subsequent
excretion of cypermethrin in broiler chickens.
Hence, the toxicokinetic data of Cmax, tmax, t1/2a, tȕ,
MRT, ClT and F were closely related to the severity
and the indication of cypermethrin poisoning. Similar results were obtained in previously conducted
toxicokinetic studies on pyrethroid insecticides in
chickens [28, 29].

Environmentally relevant mixtures in cumulative assessments: an acute study of toxicokinetics and effects on motor activity in rats exposed
to a mixture of pyrethroids. Toxicol. Sci. 130,
309-318.
[5] Costa, L.G. (2008) Toxic effects of pesticides.
In: Klasssen, C.D. (Ed) &DVDUHWW DQG 'RXOO¶V
Toxicology. The Basic Science of Poisons, Seventh Edition, McGraw Hill Medical, USA, pp.
883-930.
[6] Anadón, A., Martínez-Larrañaga, M.R., Martínez, M.A. (2009) Use and abuse of pyrethrins
and synthetic pyrethroids in veterinary medicine. Vet. J. 182, 7-20.
[7] Titchener, RN. (1985) The control of lice on domestic livestock. Vet. Parasitol. 8: 281-288.
[8] Himonas, C.A., Liakos, V.D. (1989) Field trial
of cypermethrin against lice infestations in
goats. Vet. Rec. 125, 420-421.
[9] James, P.J., Meade, R.J., Powell, D. (1989) Effect of insecticidal ear tags on populations of
lice (Damalinia ovis) infesting sheep. Aust. Vet.
J. 66, 134-137.
[10] James, P.J., Erkerlenz, P., Meade, R.J. (1990)
Evaluation of ear tags impregnated with cypermethrin for the control of sheep body lice (Damalinia ovis). Aust. Vet. J. 67, 128-131.
[11] Bhatt, R.M., Sharma, S.N., Uragayala, S., Dash,
A.P., Kamaraju, R. (2012) Effectiveness and durability of Interceptor® long-lasting insecticidal
nets in a malaria endemic area of central India.
Malar. J. 11: 189. doi: 10.1186/1475-2875-11189.
[12] Palmquist, K., Salatas, J., Fairbrother, A. (2012)
Pyrethroid Insecticides: Use, environmental
fate, and ecotoxicology, Insecticides-Advances
in Integrated Pest Management, Perveen F
(Ed.), InTech, China, pp. 251-278.
[13] Thatheyus, A.J., Deborah Gnana Selvam, A.
(2013) Synthetic pyrethroids: Toxicity and biodegradation. Appl. Ecol. Environ. Sci. 1, 33-36.
[14] Banerjee, I., Tripathi, S.K., Roy, A.S.,
Sengupta, P. (2014) Pesticide use pattern among
farmers in a rural district of West Bengal, India.
J. Nat. Sc. Biol. Med. 5, 313-316.
[15] Cox, C. (1996) Cypermethrin. Journal of Pesticide Reform 16, 15-20.
[16] Masuh,
H., De
Licastro,
S.A., Lopez,
P.A., Vega, C., Zerba, E. (2003). Field evaluation of a smoke-generating formulation containing beta-cypermethrin against the dengue vector
in Argentina. J. Am. Mosq. Control. Assoc. 19,
53-57.
[17] Juan, L.W., Seccacini, E.A., Zerba, E.N.,
Canale, D., Alzogaray, R.A. (2013) Triatomicidal effect of new spot-on formulations applied
to poultry in semi-field conditions. Parasitol.
Res. 112, 155-161.
[18] Amelotti, I., Catalá, SS, Gorla, D.E. (2010) The
effects of cypermethrin pour-on and piperonyl

CONCLUSIONS
In conclusion, when administered to broiler
chickens by the intracrop route, although rapidly absorbed, the bioavailability of cypermethrin was
found to be moderate. In the event of administration
by both intracrop and intravenous route, the elimination half-life and mean residence time of the pesticide was not too short. When the toxicity of cypermethrin is considered, its effects are evaluated as disadvantageous. $FFRUGLQJWRWKHDXWKRUV¶NQRZOHGJH
is the first detailed study of concerned with toxicokinetics of cypermethrin in poultry. The results of this
work are considered to be significant in that they will
constitute a document for further studies on the toxicokinetics, toxicology and safe use of this pesticide.
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tissues in the various biological systems through the
food chain, reaching embryos and newborns through
placenta and later across mother breast feeding causing several hazardous effects such as the delay in
growth, nerve system development and thyroid gland
[6, 7, 8, 9, 10].
It is the aim of this study to identify and to find
the residues levels of DDTs, HCHs and cyclodiens
and their metabolites or isomers in mother breast
milk samples collected from the northern governorates and districts of Jordan in 2014 and 2015 as
asked by the Ministry of Environment to establish
data base to assist in taking the right regulations and
decisions to protect human beings and the environment.

ABSTRACT
Organochlorine pesticides residues in mother
milk samples from five districts in northern Jordan
were analyzed in 2014 and 2015. Total number of
samples was 100. The number of samples collected
from each district was depending on population density. The results showed that 21% of all samples contained dieldrin, 10% p,p'-DDE and 8% p,p'-DDT.
The highest concentration for dieldrin was 0.91
mg/kg milk fat in northern Shounah. The highest residue concentration and the highest percentage of positive samples were detected also in northern Shounah
at 0.33 mg/kg milk fat and 40%, respectively. Aldrin,
HQGULQ +&% Į-+&+ Ȗ-+&+ KHSWDFKORU Į-enGRVXOIDQ ȕ-endosulfan, o,p'-DDD, o,p'-DDT, o,p'DDE and p,p'-DDD were not detected in any of the
studied milk samples. In conclusion, Organochlorine
residues in Jordan have been declined. Further regular studies on human breast milk pollution are
needed.

MATERIALS AND METHODS
Sampling. One hundred mother breast milk
samples were collected from five governorates or
districts in northern Jordan in September 2014 and
April 2015 distributed as follows: 25 samples from
Irbid, the largest city in the north, 20 samples from
Jarash, 20 samples from Ajloun, 20 samples from
Mafraq, and 15 samples from northern Shounah.
25- PO RI PRWKHUV¶ PLON ZHUH WDNHQ IURP
each volunteer woman (Age range between 20 and
45 years) and placed in a 50-ml well-cleaned and dry
glass bottle, transferred in cooling boxes to the laboratory, and stored at ±20 °C until analysis. Data concerning age, body weight, delivery number, last delivery date, fatty food intake, exposure to pesticides
and sampling date for each lady were gathered in a
prepared questionnaire. The human milk samples
were collected in cooperation with the Ministry of
Health. The number of samples which were gathered
from the cities, towns and villages in the five southern northern Jordanian districts were proportional to
the population density [9].

KEYWORDS:
Pesticides, Organochlorines, Human milk, Jordan

INTRODUCTION
Organochlorine pesticides internationally are
considered as important persistent organic pollutants
(POPs). It has been widely used as insecticides between 1940 and 1970 to control agricultural pests
and public health insects. Due to their adverse effects
on human health, environmental impact and their
high persistency in the surrounding environment and
extremely lipophilic character, they have been prohibited in the developing countries such as north
America and west Europe in the early of 1970 [1,2].
In Tunesia, most of organochlorine pesticides have
been banned in the late 1980 [3].
In Jordan, all organochlorine pesticides have
been banned in the early 1980 by Ministry of Agriculture to be used in controlling agricultural pests [4]
and in middle 1990 against insects of public health
[4,5]. These POPs are able to accumulate in the fat




Chemicals, solvents and gases. The used solvents (acetone, dichloromethane, petroleum ether
(40-60°C)) were all of the p.a. quality, whereas n-
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in 2 ml n-KH[DQHFRQWDLQLQJȝJPODOGULQas inWHUQDO VWDQGDUG ,6  DQG  ȝO RI WKLV ILQDO H[WUDFW
were injected onto the GC column [9].

hexane used was of GC-quality. Standards of the individual chlorinated pesticides were of purity between 99.5-99.9% and purchased from Dr. Ehrenstorfer GmbH (Augusburg/ Germany). Anhydrous
sodium sulfate (p.a. quality) was heated at 550 °C for
2 h. Florisil (p.a. quality, 60-100 mesh) was heated
overnight at 550 ºC, mixed with distilled water to
give 3% (w/w), mixed well and kept for 12 h in a
closed container prior to use. Helium (99.99% purity) and make-up gas argon/methane (95+5%;
99.9% purity) were used. Elution mixture was petroleum ether + dichloromethane (80:20%, v/v) [9].

Recovery test and detection limits. Extraction
and clean-up methods were evaluated by spiking
blank milk samples with known concentrations of
each of the studied chlorinated pesticides to give the
concentrations 0.05; 0.10 and 0.50 mg/kg milk fat.
Each of these samples was extracted and cleaned-up
according to the above-mentioned method. The experimentally found concentration was related to the
theoretically added concentration, in order to calculate the % recovery. The detection limit for each
FRPSRXQGZDVFDOFXODWHGDVVLJQDOWRQRLVH 61 
from the chromatogram of the standard mixture of
the sixteen studied pesticides after diluting several
times. Each solution was injected twice. The results
of recovery and detection limits are shown in Table
1.

Methods and GC analysis. Extraction,
cleanup and determination were carried out according to DFG-method [11], with the following details.
Glassware was dried at 110 ºC after washing
with water, soap, distilled water, acetone and n-hexane. The GC used was a PU-304 instrument,
equipped with a 63 Ni-electron capture detector, a
split injector and a SPB-608 capillary column (L =
30 m, I.D. = 0.2 PP ILOP WKLFNQHVV   ȝP 
The GC was used under the following operating conditions: injector (250 °C), detector (300 °C), column
temperature program: 150 °C (5 min), 150-220 °C
(10 ºC/min), 220 °C (20 min), 220-290 °C (20
ºC/min), and 290 °C (10 min). Carrier gas (He): 1.1
ml/min, make-up gas: 40 ml/min, and split ratio
(1:50). For the confirmation of the results, a SPB-5
capillary column (L = 30m, I.D. = 0.25 mm, film
WKLFNQHVV ȝP ZDVXVHG>@

TABLE 1
Average % recovery, and average detection limits for the monitored chlorinated pesticides

Determination of fat content. The fat content
(%) was determined according to [11, 12]. Ten g of
each milk sample were weighed and mixed thoroughly in a separatory funnel with 2 ml of 25% ammonia, 25 ml diethyl ether and 25 ml petroleum ether
(40-60 °C). The organic solvents layer was separated
and the previous extraction steps were repeated
twice. The pooled organic extracts were filtered
through an anhydrous sodium sulfate layer into a
weighed round bottom flask. The solvents were
evaporated at 30 °C and 200 mbar. The round bottomed flask with the residues was placed overnight
in a desiccator. The round bottom flask with residues
was reweighed, and from the weight difference, the
% milk fat content was calculated.



Pesticide

Average % Recovery

Average Detection
Limits [ppm]

HCB
Į-HCH
ȕ-HCH
Ȗ-HCH
Heptachlor
Į-Endosulfan
ȕ-Endosulfan
Aldrin
Dieldrin
Endrin
p,pǯ-DDT
o,pǯ-DDT
p,pǯ-DDD
o,pǯ-DDD
p,pǯ-DDE
o,pǯ-DDE

81.8
92.6
92.0
94.0
99.7
93.9
99.0
99.2
88.8
81.7
90.1
94.5
90.9
87.2
98.0
95.1

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

RESULTS
Table 2 shows average and range of residues
concentrations of the chlorinated pesticides in breast
milk samples collected from Irbid, Jarash, Ajloun,
Mafraq and northern Shounah in 2014 and 2015.
Dieldrin, p,p'-DDT and p,p'-DDE were detected in
the collected samples. The average concentrations
found in Irbid were 0.03, 0.08 and 0.08 mg/kg milk
fat, respectively. The % of positive samples was 12,
16, and 8% of the total collected samples, respectively.
Table 2 shows the average concentrations of
pesticides residues and % positive samples of breast
milk collected from Jarash in 2014 and 2015. Dieldrin, p,p'-DDT and p,p'-DDE were detected in these
samples. The average concentrations were 0.06, 0.19
and 0.02 mg/kg milk fat, respectively. The % of positive samples were 20, 10 5 and 5 10%, respectively.

Pesticide extraction. Twenty five grams Florisil were added to chromatography column (50 x 2
cm with Teflon stopcock) containing 100 ml petroleum ether. Ten g milk sample were mixed with 25 g
Florisil (3% water), added to the column, and the excess solvent was collected in a 500-ml round bottom
flask. The column was eluted with 300 ml of the elution mixture. The eluates were evaporated nearly to
dryness using the rotary evaporator at 35 ºC and 12
mbar. The remaining solvent was evaporated using a
stream of nitrogen gas. The residues were dissolved
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TABLE 2
Number and % of positive samples; average and range of chlorinated pesticides residues in
mother milk samples in mg/kg milk fat, collected from Irbid, Jarash, Ajloun, Mafraq and
northern Shounah in 2014 and 2015
City

Total Analyzed
Samples

Irbid

25

Jarash

20

Ajloun

20

Mafraq

20

North Shounah

15

Found Pesticide

N

N%

Average
Concentration

Dieldrin
p,pǯ-DDT
p,pǯ-DDE
Dieldrin
p,pǯ-DDT
p,pǯ-DDE
Dieldrin
Dieldrin
p,pǯ-DDT
Dieldrin
p,pǯ-DDE

3
2
4
4
1
2
4
4
5
6
4

12
8
16
20
5
10
20
20
25
40
27

0.03
0.08
0.08
0.06
0.19
0.02
0.07
0.11
0.20
0.33
0.13

Range
Min.
Max.
0.02
0.05
0.05
0.10
0.02
0.19
0.02
0.13
0.19
0.19
0.01
0.03
0.03
0.09
0.02
0.31
0.07
0.40
0.03
0.91
0.03
0.29

Total number of analyzed samples: 20100 Average fat content for all samples: 3.0%
N = Number of positive samples
N% = Percentage of positive samples
TABLE 3
Average concentration of chlorinated pesticide residues (mg/kg milk fat)in mother milk
from various countries and Jordan.
Compound

HCB
p,p'-DDE
p,p'-DDT
p,p'-DDD
DDTs
+&+V
Dieldrin

Indonesia,
2000
(n = 70)
[21]

Turkey,
2003
(n = 37)
[22]

Germany,
2001/2
(n = 39)
[23]

Jordan,
2005
North districts
(n = 80)
[9]

Jordan,
2006
North districts
(n = 80)
[5]

0.03
0.28
0.06
Nd
0.34
0.10
Nd

0.02
1.52
0.07
Nd
1.60
0.15
Nd

0.04
0.15
0.005
<0.005
0.15
0.02
Nd

0.25
0.22
0.10
Nd
0.32
0.19
Nd

0.03
0.19
0.03
Nd
0.22
0.02
Nd

Jordan,
2014/5
North
districts
(n = 100)
[ This study]
Nd*
0.04
0.09
Nd
0.13
Nd
0.12

Nd = not detected
In the mother milk samples which were collected from Ajloun, only dieldrin was found at an average concentration of 0.07 mg/kg milk fat and the
percentage of positive samples was 20%, as shown
in Table 2.
Table 2 shows the average concentrations of
pesticides residues and % positive samples of breast
milk collected from Mafraq in 2014 and 2015. Dieldrin, and p,p'-DDT were detected in these samples.
The average concentrations were 0.11 and 0.20
mg/kg milk fat, respectively. The % of positive samples was 20 and 25%, respectively.
Only dieldrin, and p,p'-DDT were detected in
the breast milk samples collected from northern
Shounah in 2014/2015 as shown in Table 2. The average concentrations were 0.33, and 0.13 mg/kg milk
fat, respectively. The percentages of positive samples were 40 and 27%, respectively.

drin might reach maternal body fat. Body fat movement might be increased during lactation and fat soluble pollutants might also mobilized [13, 14]. Thus
mother might be exposed to these toxic pollutants
posing a risk of reaching breast milk where mothers
cannot be able to avoid at the time of pregnancy and
lactation [5, 13].
The present results showed that 21% of the
samples contained dieldrin insecticide from the cyclodien organic pollutants, 10% contained p,p'-DDE
and 8% contained p,p'-DDT. The highest concentration for dieldrin was 0.91 mg/kg milk fat in northern
Shounah. The average concentration of dieldrin
found in northern Shounah was 0.33 mg/kg milk fat.
In addition, the highest % of positive samples was
also in northern Shounah and was 40%. These results
indicated that mothers in northern Shounah were exposed to pesticides application more than in other
districts in north Jordan. This is true since northern
Shounah is located in the Jordan Valley where extensive use of agriculture practices and pesticides spraying [4, 15]. In Tunisia, Ennaceur [3] reported in their
study that p,p'-DDE and HCB residues occurred in
mother breast milk. In Mexico, Waliszewski [16] detected p,p'-''(LQKXPDQPLONVDPSOHVȕ-HCH isomer was the predominant pollutant in the breast milk
samples from Bhopal, IQGLD >@ DQG ȕ-+&+ ȖHCH, p,pǯ-DDD, p,pǯ-DDE, p,pǯ-DDT and endrin in

DISCUSSION
Organochlorine pesticides might be accumulated in the human body for long time as persistent
and non polar organic pollutants [4]. These compounds are able to enter human bodies through food
chains. DDT members and cyclodiens such as diel-
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[4] Al Antary TM. (1996) Pesticides and Toxicology, Al-Quds Al-Maftouha University publications, Amman, Jordan. 643 pp.
[5] Alawi M, Al Antary TM., Estityah H, Al-Aqqad
S, and Haddad N. (2015) Chlorinated pesticides
residues in human breast milk from southern
Jordan: Comparative study between 2008 and
2012. Fresen. Environ. Bull. 24(12a): 4512 ±
4518.
[6] Siddiqui M, Strivastava S, Strivastava SP,
Mehrotva K, Mathur N, and Tandon I. (2003)
Persistent chlorinated pesticides and intra-uterine foetal growth retardation: a possible association. Int. Arch. Occupational Environ. Health
76: 75 ± 80.
[7] Nagayama J, Okamura K, Lida T, Hirakawa H,
Matsueda T, Tsuji H, Hasegawa M, Sato K, Ma
HY, Yanagawa T, Igarashi H, Fukushige J, and
Watabane T. (1998) Postnatal exposure to chlorinated dioxins and related chemicals on thyroid
hormone ststus in Japnese breast-feed infants.
Chemosphere 37:1789 ± 1793.
[8] Al-Targi Z, Abou El-Ela R, and El-Dressi A.
(2011) Organochlorine pesticides residues in
human breast milk in El-Gabal Al-Akhdar,
Libya. International Proceedings of Chemical,
Biological and Environmental Engineering (IPCBEE) 36: 146 ± 149.
[9] Alawi M, Al Antary TM, Estityah H, Al-Aqqad
S, and Al-Oqlah K. (2013) Comparative study
for chlorinated pesticides in mother milk from
Jordan in four studies between 1993 and 2003.
Fresen. Environ. Bull. 22(1a): 279 ± 285.
[10] Hajjar MJ, Al-Salam A. (2016) Organochlorine
pesticides residues in human milk and estimated
daily intake (EDI) for the infants from eastern
Saudi Arabia, Chemoshere 164: 643 ± 648.
[11] Their HP. and Zeumer H. (1987) Manual of Pesticides Residues Analysis, DFG, VCH-Germany.
[12] Alawi M, and Ababneh M. (1991) Residue analysis of chlorinated pesticides in Jordanian human adipose tissues. Anal. Letters 24(10): 1897
± 1911.
[13] Heifetz R, and Taylor S. (1989) Mother's milk
or mother's poison? Pesticides in breast milk.
Journal of Pesticides Reform 9(3): 15 ± 17.
[14] Al Antary TM, Alawi M, Estityah H, and AlOqlah K. (2013) Comparative study for chlorinated pesticides in mother milk from Jordan in
four studies between 2004 and 2008. Fresen.
Environ. Bull. 22(5):1387 ± 1393.
[15] Al-Mommany A, and Al Antary TM. (2008)
Pests of Home and Garden. Publication of the
University of Jordan publications, Amman, Jordan. 518 pp.
[16] Waliszewski S, Aquirre A, Infanzon R, Brenitez
A, and Rivera A. (1999) Comparison of organochlorine pesticide levels in adipose tissue and

breast milk from Punjab, India [18], and p,pǯ-DDE
and p,pǯ-DDT in breast milk from Thailand [19], and
United Kingdom [20].The present results indicated
that the following compounds had not been detected
in the breast milk samples from north Jordan. These
FRPSRXQGV ZHUH DOGULQ HQGULQ +&% Į-+&+ Ȗ+&+KHSWDFKORUĮ-HQGRVXOIDQȕ-endosulfan, o,pǯDDD, o,pǯ-DDT, o,pǯ-DDE and p,pǯ-DDD. However, this study shows less concentrations and less
number of detected compounds compared to previous studies conducted in Jordan as shown in Table 3,
which allow the comparison with other countries [5,
9].
In conclusion, residue concentrations of organochlorine pesticides in Jordan have been declined.
Further regular studies on breast milk contaminants
are needed. Despite the presence of these pollutants
in mother milk, natural breast feeding is highly recommended.
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DETERMINATION OF ENERGY LOSS COEFFICIENT OF
RAINWATER AND SEWER MANHOLES WITH CFD
Ismail Hakki Ozolcer*, Onur Dundar
Bulent Ecevit University, Civil Engineering Department, Zonguldak, Turkey

and also vortex formation are observed in the some
regions of the manhole. Moreover, generally transition between completely filled pipe and partially
filled pipe can be observed at the manhole regions
>1, 6, 4@. Sewer and rain water network pipes and
manholes are designed for partially filled conditions.
Surcharged flow conditions are frequently observed
in the manholes, and it is allowed in the designing of
the networks. However, if the water depth in the
manhole exceeds the manhole depth, the overflow
occurs. The overflow damages manholes and network pipes, spreads out to large areas, causes loss of
life and property >5, 7@. Based on detailed hydraulic
experimentation of Hager and Gossini >5@, the main
features of manhole flow in three manhole types
were observed, including the through-flow, the bend
and the junction manholes. Using systematic observations and a hydraulic approach, the large data sets
allowed to present modified and generalized design
criteria for such hydraulic structures. One of the primary solution of the high water flow depth in the
manhole may be the increment of the diameter or the
slopes of the pipes. But both of the solutions are limited with the flow velocity and the economic considerations. As a result, the manholes are the bottleneck
of the sewer and rainwater collection systems.
Almost every city with incidents of overflowing of manholes should encounter heavy rains or
storm events. Overflowed manholes could result in
serious problems such as the blowout of manhole coYHUVRFFXUUHQFHRIIRXQWDLQVDQGÀRRGLQJ>8, 9@. In
the City of Calgary, Alberta, a manhole cover on Edworthy Road was blown off, a fountain was formed
during the storm, and large area is flooded. An exSHULPHQWDO VWXG\ RQ VXSHUFULWLFDO VHZHU ÀRZV DW D
junction chamber was conducted using a physical
model suggested by Zhao et al. >1@. The model study
has showed that a junction chamber with a small anJOHRIWZRFRPELQLQJLQÀRZVKHOSVWRUHWDLQNLQHWLF
HQHUJ\RIWKHÀRZDQGUHGXFHVWKHZDWHUlevel in the
surcharged chamber. A numerical modelling approach accounting for the energy losses in manholes
is introduced by >7@. The resulting models are invesWLJDWHGQXPHULFDOO\KLJKOLJKWLQJWKHLQÀXHQFHRIWKH
manhole on the network and displaying the total energy >7@. Yen and Akan >10@ are discussed junctions
as the most important auxiliary component in modeling the sewer and rain water networks. For sewers
pipes of common size and length, the head loss for

ABSTRACT
Overflowing and flooding in rainwater and
sewer system manholes have become very common
incidents in recent years. It is a well-known fact that
floods spread out to large areas and cause loss of life
and property. Consequently, using recent modelling
approaches in the design of manholes has gained
more importance than ever. The manhole geometry
used today is given by national standards. Although
the flood of a manhole is typically considered as a
result of insufficient capacity of the system, the manhole geometry has distinctive role on the energy loss
coefficients of manhole and water level in it. Nowadays, Computational Fluid Dynamic (CFD) programs and large computer capacity present opportunities in accurately modeling water flows in the manholes whose loss coefficients are calculated from the
CFD modelling.
In this study, water flow is modelled with CFD
in a typical half bench manhole given by the Turkish
Standards TS EN1917/AC. Moreover, three alternative manholes geometries are generated and water
flow in these manholes are modelled with CFD. The
energy loos coefficients of all manhole models are
calculated and compared.

KEYWORDS:
Rainwater and Sewer Manhole, Computational Fluid
Dynamics, Energy Loss Coefficient.

INTRODUCTION
Manhole is one of the basic element in rainwater and sewer networks, and connects pieces of pipes
to the rest of the networks and the transition of flows
are generally observed around them. Understanding
the hydraulics of sewers at junctions is important to
model the system correctly >1, 2, 3, 4@. The perpendicular inlet and outlet manholes are located at the
junctions and the direction changing points of the
rainwater and sewer networks. The geometries of
manholes are generally given by the national standards, and they are prefabricated.
Complex flow conditions are observed in manholes where perpendicular inlet and outlet flows are
passing through >5@. The inlet and outlet flows with
different directions make surface wavy, undulating,
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the study are the effects of dimension variations,
main and lateral pipe slope, angle and the joint position of lateral pipe alongside the manhole, and geometry and outflow rate of manhole.
There are two different approaches proposed
for the modeling the water surface in the manhole.
The first one is the rigid lid or symmetry plane approach. In this approach, surface location and the
shape are predefined, and the flow boundary conditions are directly assigned on relevant Computational grid points. On the other hand, in the second
approach the surface location is a part of the solution.
The free surface location is either calculated from the
solution of the transport equation of volume fraction
related to volume of fluid (VOF) method or obtained
by the level set method. The VOF method is more
common than the level set method since it requires
less computational effort. However, on the second
approach in the definition of the problem, it is a compulsory requirement that describes the second phase
and its computational domain. Both methods suffer
from the large iterative change of the surface and its
computational cost to the solution. If it is not necessary to determine surface location and shape, the first
approach might be enough to represent the surface
effect on flow, and it gives much more inexpensive
and rapid solution.
Bennet et al. >17@ published the improved CFD
simulation approaches for manhole mixing investigations. In their work, Bennet et al. >17@ concluded
that the k-İrealizable turbulence model and rigid lid
approach appear to more accurately reproduce the
mean flow field for different hydraulic regimes.
Mignot et al. >19@ performed a flow simulation at an
open-channel junction. The free surface is defined as
a rigid lid with free slip condition. The comparison
of numerical and experimental results are in good
agreement. However, one main limitation of the numerical approach arises from the greater flow rates
where free surface oscillations could require the use
of the VOF approach. Saiyudthong and Guymer >20@
published the results from the simulation of CFD in
terms of energy loss coefficient and visual mechanisms taking place in a circular surcharged manhole
with changes in pipe direction. The free surface was
specified as frictionless rigid lid. Saiyudthong and
Guymer >20@ conclude that the surface simulation
technique has a small influence on energy loss coefficients when the manhole is highly surcharged.
Zhao et al. >2@ and Motlagh et al. >4@ had performed
numerical simulations for rectangular and circular
shaped manholes at which they used VOF method to
especially define the surface shape and location. Beside the surface properties, they also calculated the
energy loss coefficients from the CFD results and
compared them with the experimental results. The
CFD results proved to be in good agreement with the
experimental studies.

the flow through a sewer is usually two to five times
the velocity head. Thus, the head loss through a junction is comparable to the sewer pipe loss, and is not
considered a minor loss.
The real capacity of the sewer and rainwater
networks can be exactly estimated on the grounds
that the friction loss of pipes and the local loss of the
connection elements are correctly calculated >7@. For
sewers of common size and length, the head loss for
the flow through a sewer is usually two to five times
the velocity head >10@. Thus, the head loss through a
junction is comparable to the sewer pipe loss, and is
not a minor loss. Correct representation of the junction hydraulics is important in realistic simulation
and reliable computation of the flow in a sewer system >11@. The lateral and bend loss coefficients must
be considered during the calculation of energy loss
,and it is necessary to accurately calculate hydraulic
grade line of the network >12@. There are number of
studies in the literature on the pressurized network
connections >13@. In early studies, the loss coefficients in T-junctions are used for manholes. Generally, free surface water flow studies comprise rectangular sectioned open channels >14@.
Complex water flow conditions do not allow 1D or 2-D numerical modeling of sewer or rainwater
networks manholes. Physical representation of manhole CFD modelling might assure only 3 dimensional geometrical modelling of the junction region.
The implementation in the computer hardware technology makes 3-D modelling of manhole possible
with even standard desktop computers. The benefits
of CFD modelling of urban drainage and sewer systems are discussed with Jarman et al. >15@ in details.
Overflowing manholes and distributions of pollutants are modeled with CFD by Chen et al. >16@.
Moreover, specific structures that prevent separation
of pollutants are designed by CFD solutions. Bennett, et al. >17@ modelled the overflowing manholes
pollution propagation and compared the computation results with the experimental ones. Lee >18@
studied on improving hygienic conditions of home
drainage systems with CFD approach. Mignot et al.
>19@ modelled 3-D open channel junction and analyzed the impact of the junction on the velocity distribution according to the distance from the junction,
and thus evaluated the typical error derived from the
computation of the flow rate close to the junction.
Zhao et al. >2@ established a CFD model to simulate
IXOO\VXUFKDUJHGÀRZDWDFRPELQLQJVHZHUMXQF
tion. The model was carefully assessed by comparing its results with the measurements of detailed
physical experiments. Good agreement was obtained
between results of the computational model and the
laboratory experiments. Motlagh et al. >4@ numerically investigated the effects of different parameters
on flow structure and energy loss coefficients in
combining sewer junction consisting of manhole and
lateral inflow. The main parameters investigated in
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One of the most important design criteria for
sewer and rain water collection networks is the occurrence of free surface water flow in pipes. The
gravitational force is the only driving force for free
surface flow, and application of pumping station is
avoided. Saving the energy of the free surface flows
as much as possible makes the system more efficient.
The frictional losses on the pipes are the basic source
for energy loss in the system. However, local energy
loss in the manholes has a considerable effect on the
total energy loss of the system >10@.
In this study, four different bottom geometry
surcharged circular cross section manholes are studied. All manholes have two inlets pipes and one outlet pipe, one of the inlet pipes is positioned perpendicular to the main flow direction. The first type bottom geometry is defined by TS EN 1917/AC standard, and it has a perpendicular half bench on the bottom. The second type has a full guided circular bench
on the bottom. The third type has a flat bottom without any bench on the bottom. The last type is obtained with the modification of the third type. The
circulation zones on the third type is filled with concrete, and an arrow shaped inner and bottom geometry is obtained. The flow conditions are simulated
with the CFD. The energy loss coefficients are extracted from the CFD solution. The energy loss coefficients obtained from the CFD simulations are
compared.

turbulence shear stress based on the Boussinesq hypothesis given with Equation 3. The shear stresses
are defined with the gradient of the average velocity
field with the hypothesis.
 U u Õi u Õj

Mathematical Model and Solution Equations. The CFD modelling is based on the solution
by Reynolds Averaged Navier Stokes¶ equation. In
Reynolds averaging, the solution variables in the instantaneous Navier-Stokes equations are decomposed into the mean and fluctuating components. For
the velocity components: ui=ui+uiƍ where ui and uiƍ
are the mean and fluctuating velocity components,
respectively. Similarly, for pressure and other scalar
quantities: ĳ ĳĳƍ where ĳ denotes a scalar such as
pressure, energy, or species concentration. Taking a
time average to the instantaneous Navier-Stokes
equations and dropping the over bar yield the ensemble-averaged equations. The continuity and momentum equations can be written in the Cartesian tensor
form as:
(1)
wU
w
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Discretization of Equations. Conservation
equation is integrated over the control volume to
yield the following discrete equation
Nface
(4)
J A
0

¦

f

f

f

where Jf is the mass flux through face f, Uvn and Af
are the area of faces. In order to proceed further, it is
necessary to relate the face values of velocity, vn, to
the stored values of velocity at the cell centers. Linear interpolation of cell-centered velocities to the
face results in unphysical checker-boarding of pressure. The Fluent uses a procedure similar to that outlined by Rhie and Chow >23@ to prevent checker
boarding.
The momentum equations are discretized like a
scalar equation such as the discretization of x-momentum equation:
(5)
a P u ¦ a ab u ab  ¦ p f A  i  S

0



© wx j

(3)
The Bossinesq hypothesis is the basic approach
for many different turbulence modelling structures
such as one equation model Spalart Almaras, two
equation models k-H and k-Z The term Pt turbulence
viscosity is a scaler quantity, and treated as isotropic
in many turbulence models.
The governing equations are firstly transferred
to generic transport equations. The construction of a
numerical method for the solution of the transport
equations requires the flow domain to be represented
as a mesh of discrete points at which each term of the
partial differential equations is evaluated. This results in a system of coupled algebraic equations that
requires simultaneous solution by means of a suitable solution algorithm. The well-known commercial
CFD package FLUENT is used for solutions. The
discretization method used in the Fluent is the finite
volume method Patankar >21@ and Versteeg and Malalasekera >22@. The transport equations are integrated over each of control volumes by approximating the variation of the flow properties between mesh
points with piecewise profiles. This integration ensures that the conservation laws used in the derivation of the transport equations are satisfied locally at
each of the control volumes. The overall conservation of the flow properties is therefore automatically
preserved. These piecewise approximations, also
known as differencing schemes, are constructed to
support physical flow behavior such as convection
or diffusion.

MATERIALS AND METHODS

wt

§ wu i

P t ¨¨

(2)

In Equation 2, U is the density of the fluid and
ui is the i'th axis component of the velocity filed. The
last term in the equation is the turbulence shear
stress, and must be modelled for high Reynolds number flows. The basic approach for the modelling of

ab

If the pressure field and face mass fluxes are
known, Equation 5 can be solved and a velocity field
obtained. However, if pressure field and face mass

4718

Volume 26 ± No. 7/2017 pages 4716-4725

© by PSP

Fresenius Environmental Bulletin


fluxes are not known a priori and must be obtained
as a part of the solution. The Fluent uses a co-located
scheme whereby pressure and velocity are both
stored at cell centers. However, Equation 4 requires
the value of the pressure at the face. Therefore, an
interpolation scheme is required to compute the face
values of pressure from the cell values. The default
scheme Rhie and Chow >23@ in the Fluent interpolates the pressure values at the faces using momentum equation coefficients
Pf

P
Pc 0
 c1
a p, c 0 a p ,c1
1
1

a p ,c 0 a p ,c1

energy due to buoyancy, YM represents the contribuWLRQRIWKHÀXFWXDWLQJGLODWDWLRQLQFRPSUHVVLEOHWXU
bulence to the overall dissipation rate. C1H, C2H, and
C3Hare constants. ık and ıH are the turbulent Prandtl
numbers for k and H, respectively. Sk and SH are userGH¿QHGVRXUFHWHUPV7KHGHWDLOVRIWKHFDOFXODWLRQ
of the constants in the equations are given in Fluent
>25@.

(6)

Pressure-Velocity Coupling. This procedure
works well as long as the pressure variation between
cell centers is smooth. When there are jumps or large
gradients in the momentum source terms between
control volumes, the pressure profile has a high gradient at the cell face, and cannot be interpolated using this scheme. The Fluent provides different segregated types of algorithms for pressure velocity
coupling. The Pressure-Implicit with Splitting of
Operators (PISO) algorithm with neighbor correction is highly recommended for all transient flow calculations which allow large time steps also. The
PISO pressure-velocity coupling scheme, part of the
SIMPLE family of algorithms, is based on the higher
degree of the approximate relation between the corrections for pressure and velocity. One of the limitations of the SIMPLE and SIMPLEC algorithms is
that new velocities and corresponding fluxes do not
satisfy the momentum balance after the pressurecorrection equation is solved. As a result, the calculation must be repeated until the balance is satisfied.
To improve the efficiency of this calculation, the
PISO algorithm performs two additional corrections:
neighbor correction and skewness correction.

FIGURE 1
General flow chart of CFD

Numerical model. All equations are solved sequentially (the segregated option in the Fluent), coupled to a standard model with wall functions for turbulence closure. The continuity equation was enforced using a body force weighted PISO algorithm,
resulting in a Poisson equation for the pressure (Figure 1).

Turbulence Modelling. To close the previous
equation sets for application, constitutive equations
are required for turbulent Reynolds stress terms. In
this study, the standard k±H two-equation model was
used. To apply the k±H model, the Reynolds number
RIWKH ÀRZQHHGVWREHKLgh enough for an inertial
subrange to exist. The model is proposed by Launder
and Spalding >24@ DQGLWLVSRSXODULQLQGXVWULDOÀRZ
simulations hence its robustness, economy, and reaVRQDEOHDFFXUDF\IRUDZLGHUDQJHRIWXUEXOHQWÀRZV
Two differential equations were solved to represent
transport parameter kinetic energy, k and dissipation
rate of the kinetic energy, H.
w
w
Uk 
Ukui
wt
wxi
w
w
UH 
UHu i
wt
wxi

w
wx j
w
wx j

ª§
Pt
«¨¨ P 
Vk
¬«©

· wk º
¸¸
»  Gk  Gb  UH  YM  S k
¹ wx j ¼»

Geometry, Boundary Conditions and Hydraulic Parameters. The present study has investiJDWHGIXOO\VXUFKDUJHGÀRZDWDMXQFWLRQWKDWFRP
bines pipes connected as shown in Fig. 2, (for T =
90°). The junction has three connecting pipes running full, and the lateral inlet pipe is laid out at q to
WKH RWKHU WZR SLSHV 7KH VWUDLJKW LQÀRZ ODWHUDO
LQÀRZDQGWKHRXWÀRZDUHGHQRWHGDVQ1, Q2 and Q3,
respectively.
All connecting pipes have an identical diameter
of D=0.20 m. The junction chamber is circular with
a diameter of 1 m. The inlet and outlet pipes are located 0.1 m above the bottom for flat bottom manKROH 7KH OHQJWKV RI VWUDLJKW LQÀRZ ODWHUDO LQÀRZ
DQG RXWÀRZ SLSHV DUH   DQG  P UHVpecWLYHO\7KHHQHUJ\ORVVFRHI¿FLHQWVDWWKHFRPELQLQJ
VHZHUMXQFWLRQVDUHXVXDOO\GH¿QHGDV>26, 27, 28@:

(7)

ª§
P t · wH º
H
H2
¸
 SH
«¨¨ P 
»  C1H Gk  C3H Gb  C 2H U
k
k
V H ¸¹ wx j »¼
«¬©

(8)
In these equations, Gk represents the generation
of turbulence kinetic energy due to the mean velocity
gradients, Gb is the generation of turbulence kinetic
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does not allow flow across the surface but freely
moves to tangential direction domain.

V32
2g

(9)
K13
K

H1  H 3
, K 23
V32 2 g

H2  H3
V32 2 g

(10)
RESULTS AND DISCUSSIONS

Q1
Q
K13  2 K 23
Q3
Q3

In this study four different bottom geometry is
modelled given with Figure 3. Type 1 is the standard
bottom geometry which is defined with TS EN
1917/AC. The bottom of the manhole is shaped with
half benched semicircular channel perpendicularly
across. Type 2 manhole bottom is shaped with full
bench U shaped guided channels. Type 3 manhole
bottom is flat. The type 4 is designed with four redirecting attachments to obtain a guided manhole
structure from the type 3.

(11)
where the average velocity in the outlet pipe is V3 =
Q3/A3. K13 and K23 denote energy changes in the
straight and lateral streams, respectively. K is the
head loss FRHI¿FLHQW$VVKRZQLQ)LJXUH 2, the simulation domain has two inlets (Q1 and Q2) for which
mass flowrate is assigned, assuming a turbulent intensity of 3.7% and an eddy length scale of D/4 >2@.
In the outlet pipe, atmospheric pressure is assumed
over the outlet boundary (Q3). A symmetry boundary
condition is applied to the top of the chamber which

FIGURE 2
General hydraulic elements of manhole

7\SH76(1$&VWDQGDUGPDQKROH

7\SH)XOOEHQFKERWWRPPDQKROH

7\SH)ODWERWWRPPDQKROH

7\SH5HGHVLJQHGPDQKROH
),*85(
0DQKROHVPRGHOOHGLQWKHSUHVHQWHGVWXG\
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TABLE 1
Inflow, outflow and total discharges
Q2/Q3
0.2
0.4
0.5
0.6
0.8

Q2

Q1

Q3

(l/s)

(l/s)

(l/s)

16.152
32.304
40.38
48.456
64.608

64.608
48.456
40.38
32.304
16.152

80.76
80.76
80.76
80.76
80.76

the solution at the outflow cross-section and compared with the inflow and is used as convergence criteria.
Flow Structure in the Manhole. Flows in
junction present complicated patterns of mixing,
separation and turbulence. The flow field velocity
vectors in the manhole is given Figure 5 for
Q2/Q3=0.5. The inflow, outflow and total energy loss
coefficients are calculated by the inner solution of
manhole flow.
,WFDQEHREVHUYHGWKDWWKHH[LVWLQJÀRZVWUXF
tures for all cases are the same, meaning that, for all
types of cross-VHFWLRQVDWVPDOOÀRZUDWLRV 42/Q3),
a weak and thin vortex forms in the upper part of the
PDQKROH ZKLFK DW ODUJH ÀRZ UDWLRV WXUQV LQWR D
strong circular vortex in the upper left corner of half
bench and flat bottom manholes. The area and the
magnitude of the vortex become smaller for full
bench bottom manholes. In addition, at both small
DQGODUJH ÀRZUDWH UDWLRV small and weak vortices
are generated in the lower left and right corners.
Without guidance the resultant vector filed of lateral
and horizontal flow heads toward to upper right side
wall of the manhole. The flow ratio determines the
angle of resultant vector field as it increases the angle of the vector field. The average velocity at outlet
pipe is 2.6 m/s for all types and cases. However, the
maximum velocity at that section increases up to 3.5
m/s for Type 1 and Type 3 in which manholes have
either half bench or non. On the other hand, for full
bench and Type 2 and the newly designed Type 4
manhole, the exit section the maximum velocity
reaches 3 m/s only.

  

$!
$
#!
#
"!






  

"



),*85(
D7HWUDJRQDODQGKH[DJRQDOHOHPHQWVPHVK
E0HVKVHQVLWLYLW\DQDO\VLV
7KHDSSOLHGPHVKFRQWDLQVERWKVWUXFWXUHGKH[
DJRQDODQGXQVWUXFWXUHGWHWUDJRQDOILQLWHYROXPHHO
HPHQWVDVVKRZQLQ)LJXUHD7KHPLQLPXPPHVK
HOHPHQWVGLPHQVLRQLVFKRVHQDVRIWKHGLDPH
WHU RI WKH SLSHV DV D ILUVW DSSURDFK > @7KHQ D
PHVKVHQVLWLYLW\DQDO\VLVLVSHUIRUPHGEDVHGRQWKH
SUHVVXUHLQVLGHWKHPDQKROH7KHRSWLPXPPHVKGL
PHQVLRQ LV GHFLGHG GXH WR WKH FRQYHUJHQFH RI WKH
SUHVVXUH YDOXH$V WKH PLQLPXP GLPHQVLRQ RI WKH
SUHVVXUH GHFUHDVHV WKH SUHVVXUH LV FRQYHUJHG ZLWK
)LJXUHE7KHPLQLPXPILQLWHHOHPHQWGLPHQVLRQLV
FKRVHQDVRISLSHGLDPHWHU
The main parameter affecting the energy loss
coefficients is the ratio of lateral flow discharge to
the total discharge. In the present research work,
each bottom shapes were compared for ÀRZUDWLRVRI
Q2/Q3=0.2, 0.4, 0.5, 0.6 and 0.8 where 4 
PV7KHLQIORZGLVFKDUJHVQ1, Q2 JLYHQLQ7DEOH
DUH DVVLJQHG WR WKH IXOO\ IORZHG FLUFXODU FURVV VHF
WLRQV7KH RXWIORZ GLVFKDUJH Q3 is calculated from

Energy Loss Coefficients. The pressure profile along the main flow direction is given in Figure
6. The center of the manhole is located at center of x
axis, the entrance from the horizontal inlet pipe to
the manhole is on the left (x=-0.5) and the exit to
outlet pipe is on the right (x=0.5). The total head values H1 is calculated at x=- 0.7, and H3 is calculated
at x=0.7. The liner variation of pressure represents
the head loss due to the pipe friction before and after
that points. The head loss between these calculations
points are considered as manhole energy loss. The
pressure increase inside the manhole is apparently
thought as a consequence of decrease in velocity.
The atmospheric pressure is assigned at outlet pipe
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ZKLFKKDVD8VKDSHGJXLGHGIXOOEHQFKRQWKHERW
WRP
The total heads H1, H2 and H3 are calculated at
1, 2 and 3 sections from the area average values of
CFD solution with equation 6. The head loss coefficients K13 and K23 and K values are calculated from
equation 7 and 8. The variation of main direction energy loss coefficients ..DQG.due to the flow
ratio is given in figure 7, 8 and 9 respectively.

exit as a boundary condition, however the pressure
at the inlet sections in main and lateral direction are
calculated from the inner solution. The maximum
main pipe inlet section pressure is observed for Type
1 manhole which bottom geometry is described at 76
(1$&7\SHPDQKROHZLWKIODWERWWRPSUH
VHQWVEHWWHUSHUIRUPDQFHWKDQW\SH  PDQKROH7KH
EHVW SHUIRUPDQFH LV REVHUYHG DW W\SH  PDQKROH
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CONCLUSIONS
7KH RSHUDWLRQ GUDLQDJH V\VWHPV XQGHU VXU
FKDUJHFRQGLWLRQVDOORZPD[LPXPXVDJHRIWKHIORZ
DQG GHWHQWLRQ FDSDFLWLHV$FFXUDWH DQG UHOLDEOH GH
VFULSWLRQRIORVVFRHIILFLHQWVDWPDQKROHVLVRIJUHDW
LPSRUWDQFHIRUWKHDFFXUDF\RIK\GURG\QDPLFVLPX
ODWLRQV$OWKRXJKWKHHQHUJ\ORVVHVDWDVLQJOHPDQ
KROHUHODWLYHO\VPDOODWRWDOYDOXHRIORFDOORVVHVLV
VLJQLILFDQWGXHWRDKXJHQXPEHURIVXFKVWUXFWXUHV
ORFDWHGHYHU\±PHWHUVRQHDFKFRQGXLW
7KH W\SH  PDQKROH ZKRVH JHRPHWU\ LV GH
VFULEHGE\QDWLRQDOVWDQGDUGVKDVPD[LPXPHQHUJ\
ORVVFRHIILFLHQWVLQDOOIORZUDWLRV2QWKHRWKHUKDQG
7\SHPDQKROHZLWKD8VKDSHGEHQFKRQWKHERW
WRP KDV PLQLPXP HQHUJ\ ORVV FRHIILFLHQWV IRU DOO
IORZ UDWLRV 7KH VPDOO ORVV FRHIILFLHQWV PDNH WKH
VHZHUDQGUDLQZDWHUFROOHFWLRQQHWZRUNVPRUHHIIL
FLHQW0RUHRYHUZLWKRXWNQRZLQJWKHH[DFWPDQKROH
ORVVFRHIILFLHQWVWKHEHKDYLRURIWKHQHWZRUNFDQQRW
EHXQGHUVWRRG
:KHQWKHYHFWRUILHOGLQWKHJXLGHGPDQKROHV
W\SHDQGW\SH DUHDQDO\]HGLWLVFOHDUWKDWWKH
GHDGHGG\]RQHVDUHHLWKHUVPDOORUYHU\ZHDN7KH
GHWHQWLRQWLPHLQWKHPDQKROHVLVUHODWHGZLWKWKHH[
WHQW DQG PDJQLWXGH RI WKH FLUFXODWLRQV RI ]RQHV
0RUHRYHU WKH EHWWHU IORZ ILHOG GHFUHDVHV WKH VHGL
PHQWDWLRQULVNLQPDQKROHV
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ABSTRACT

INTRODUCTION

Plant
phytochemicals
are
important
neuroprotective agents which mainly act as
antioxidants by scavenging stress-induced free
radicals in the brain. Phytochemicals from medicinal
plants including epigallocatechin gallate and
curcumin play a vital role in maintaining the brain's
chemical balance by targeting neurotrophins. Many
studies have shown that both curcumin, the yellow
pigment in turmeric, and (-)-epigallocatechin gallate
(EGCG) in green tea possess anti-inflammatory,
anti-oxidative stress, tumor reduction, and
neuroprotective
properties
against
many
neurodegenerative conditions. In this study, the
neuritogenic potential of EGCG and curcumin
combination treatment were evaluated on PC-12
Adh cells. The neuritogenic potential of EGCG and
curcumin combined concentrations were evaluated
by the cell differentiation analysis on xCELLigence
real time cell analysis system (RTCA-DP) according
to the changing in cell index (CI) values. Neurite
outgrowth was observed with immunofluorescence
staining and neurite lengths were measured. Nerve
growth factor (NGF) was used as positive control.
Also GAP- DQG ȕ-tubulin mRNA expression
levels, which are associated with neurite outgrowth
promotion, were determined with RT-PCR method.
According to our results, 100 nM EGCG and
curcumin combination was significantly induced
neurite outgrowth and also particularly up-regulated
GAP-43 mRNA expression level on PC-12 Adh
cells. The present study supports the notion that
polyphenols such as EGCG and curcumin have
potential to be effective as neuroprotective agents for
the treatment of neurodegenerative diseases.

Although the precise mechanisms of oxidative
stress are not completely characterized, there are
growing interests in establishing therapeutic and
dietary strategies to combat oxidative-stress induced
damage to the central nervous system [1, 2]. There
has been an increasing attention turning towards
dietary antioxidants as having therapeutic or
protective potential in neurodegenerative disorders,
and many antioxidants have been examined,
including flavonoids, for their neuroprotective
properties. Antioxidant administration can protect
neuronal cells from oxidative stress in several in
vitro models of neurodegenerative diseases [1].
Many antioxidants derived from natural products
could reduce toxic neuronal damages and act as
neuroprotective agents. Many studies confirmed the
efficacy of polyphenol antioxidants in fruits and
vegetables such as EGCG from green tea and nonflavonoid polyphenols such as curcumin from
turmeric to reduce neuronal death and to diminish
oxidative stress [3].
Neurotrophins are important for the survival,
maintenance, and regeneration of specific neuronal
cells in the brain. Accumulating evidence indicates
that dietary phytochemicals may prevent or reverse
neurodegenerative
disease
by
targeting
neurotrophins that were identified as neuronal
survival-promoting proteins in mammals include
nerve growth factor (NGF). A decrease in
neurotrophins has been associated with the
pathology of several neurodegenerative diseases and
their physiological symptoms [4]. Among the
neurotrophins, NGF has been studied extensively as
a drug target because of its strong association with
neurodegenerative diseases [2]. Neurite outgrowth
from the neurons is one of the critical steps in
neuronal development whereas neurite loss is one of
the fundamental features of neuronal damage.
Promising
potential
of
NGF
against
neurodegenerative disease by slowing down the
progression of neuronal loss is well documented and
supported by scientific studies previously [5], but

KEYWORDS:
neurodegeneration, neurite outgrowth, epigallocatechin
gallate, curcumin, PC-12
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group was prepared with medium containing 0.1%
DMSO.

NGF is a large polypeptide molecule that do not
penetrate into the blood brain barrier and also it is
metabolized by peptidases when administered
peripherally [6]. Therefore, using NGF as a
neuritogenic agent is not possible currently.
However, potentiating the actions of NGF with
natural compounds can be an alternative therapeutic
approach.
Curcumin is a polyphenol derived from the
rhizome of Curcuma longa which has antioxidant,
anti-inflammatory and anti-cancer effects and has
been described as neuroprotective against
neurological disorders such as $O]KHLPHU¶VGLVHDVH
multiple VFOHURVLV3DUNLQVRQ¶VGLVHDVHDQG epilepsy
[7,8,9,10]. Curcumin is a highly lipophilic compound which can cross the blood brain barrier [11].
However, the common mechanisms through which
curcumin elicits are not known. EGCG can also
cross the blood brain barrier [12]. and it is effective
in neurodegenerative diseases such as 3DUNLQVRQ¶V
disease through the improvement of progress in
neural cell viability [8]. The neuroprotective effect
of EGCG may also involve the regulation of
antioxidant protective enzymes [13]. Confirmatory
studies performed in vitro have established that
EGCG protects neuronal cells against a wide
spectrum of neurotoxic agents [14]. Also EGCG
potentiates neurite outgrowth in PC-12 cells by
maintaining the reactive oxygen species (ROS) at
sublethal level [2].
Bioactive compounds from natural resources
have been shown to act synergistically with
neurotrophic factors to promote neuritogenesis in the
cultured neurons [5]. Natural phytochemicals may
not exert toxic side effects inherent to synthetic
drugs [11]. Also, these compounds may have a
greater potential than synthetic drugs with only one
mechanism of action. In light of these data,
neuritogenic potential of EGCG and curcumin
combination on PC-12 Adh cells was evaluated. In
particular, whether the combination of EGCG and
curcumin synergistically promoted on neurite
outgrowth was investigated.

PC-12 Adh Cell Differentiation Assay with
Real-Time Cell Analysis System (RTCA DP). To
investigate the differentiation of PC-12 Adh cells
and determine the changing over time, a real-time
cell analysis was performed with xCELLigence
instrument (ACEA Biosciences, San Diego, CA) by
using E-plates that contain micro-electrodes and
measuring electrical impedance which indicated as
cell index (CI) value, a dimensionless parameter
which represents cell status [15,16]. NGF, EGCG
and curcumin concentrations were used as 100 nM
which showed non-cytotoxic effects according to
our previous results [17].
Background of the E-plates (Roche Applied
Sciences, Indianapolis, IN) were measured in 100 μl
differentiation medium in the RTCA DP station.
Afterwards, cells were seeded in a 2x103 density per
well onto 96-well E-plates in 100 μM differentiation
medium. Cells were incubated up to 24 hours and the
impedance of each well were monitored using the
RTCA DP device at 1 hour intervals. After
incubation the instrument was paused, 100 μl of the
current medium was removed, twice of the substance
concentrations were added into the wells and diluted
to the final concentrations (100 nM) in
differentiation medium. Assays were performed in
octet and cell-free and concentration-free controls
were run in parallel. Cells were monitored for up to
96 hours (4 days) at 1 hour intervals in order to
determine the cell differentiation comparatively,
according to the CI values of the instrument [17].
Neurite outgrowth analysis. PC-12 Adh cells
were plated onto the collagen IV coated 96-well
culture plate (%'%LR&RDW&ROODJHQ,9&HOOZDUH,
San Diego, CA) at a density of 2x103 cells per well
in differentiation medium. 24 hours after plating,
medium was replaced with ȝORI100 nM NGF,
EGCG and curcumin alone or combined
concentrations. On 4th day, morphometric analysis
was performed on digitized images of live cells taken
under a Leica DM 300 inverted microscope. Neurite
outgrowth analysis was performed as described
previously [15,16,17]. Briefly, neurite growth was
determined by manually tracing the length of the
longest neurite and branch (if present) on images by
using Leica LAS Image Analysis programme in
pixels then converted to μm by using ImageJ (NIH).
Totally 50 neurites were measured for each
concentration group. Total length was divided to 50
to find the average neurite length per group.
Experiments were repeated at least three times
independently.

MATERIALS AND METHODS
Cell culture and treatment. The PC-12 Adh
(CRL- Fell line was obtained from ATCC
and maintained undifferentiated in DMEM medium
containing 10% horse serum, 5% fetal bovine serum
and 1% penicillin/streptomycin at 37°C in a
humidified incubator with 5% CO2. To induce
differentiation, 1% fetal bovine serum and 1%
penicillin/streptomycin
containing
DMEM
differentiation medium was used. NGF was used as
positive control at 100 nM concentration. Curcumin
and EGCG were dissolved in DMSO and diluted to
working concentrations with fresh medium. Control

Immunoflorescence staining. After neurite
outgrowth analysis, cells were fixated with 80%
methanol for 5 minutes and rinsed twice with 1xPBS
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for cDNA synthesis with the Transcriptor High
Fidelity cDNA Synthesis Kit (Roche, Lot:
14856520). The resulting total cDNA was then used
in PCR to measure the GAP-43 and TUBB3 mRNA
expression levels. The mRNA expression levels of
ȕ-actin were used as an internal positive control.
Expressions of GAP-43 and TUBB3 genes were
determined by using SYBR® Green based RT-PCR
ZLWK3ULPH3&5SULPHUVUHDJHQWV %LR-Rad) and
LightCycler 480 (Roche). Samples were tested in
triplicate runs, and specific mRNA levels quantified
and compared with ȕ-actin using Roche LC480 realtime PCR analysis software (version 1.5.0).

then permeabilized with 0.1% PBS-Tween 20 for 20
minutes. After two washes in PBS, the cells were
incubated in 1%BSA/5% fetal bovine/%5 horse
serum/0.3M glycine in 0.1% PBS-Tween solution
for 1 hour to permeabilise the cells and block nonspecific protein-protein interactions. The anti-beta
III tubulin antibody [2G10] (Abcam, Cat. No:
ab78078, RRID: AB-2256751) was diluted 1:250 in
the same solution and then the cells were incubated
with 100 μl of antibody overnight at +4°C. After the
incubation period, cells were rinsed twice with PBS
and secondary antibody goat anti-mouse IgG H&L
(Alexa Fluor®488), (Abcam, Cat. No: ab150113,
RRID:AB_2576208) at a 1:500 dilution was added
to the wells and incubated for 1 hour in room
temperature. Hoechst 33258 (10 μg/ml) was used to
stain the cell nuclei (blue) 10 minutes before the
imaging with Cytation 3 Cell Imaging Multi-Mode
Reader (Bio-Tek, USA).

Statistical Analysis. Data were analyzed by
one way ANOVA with Tukey's post-hoc, expressed
as mean ± standard error, p>0.05 n.s., p<0.05*,
p<0.01**, p<0.001***.

Determination of Growth Associated
Protein-43 (GAP-43) and Beta III-Tubulin
(TUBB3) mRNA Expression Levels by Using RTPCR Method. Growth Associated Protein-43(GAP43) and Beta III-Tubulin (TUBB3) mRNA
expression levels associated with neurite outgrowth
pathway were determined with RT-PCR. PC-12 cells
were seeded on 6-well plate 1x106 density per well
and treated with 100 nM NGF, EGCG and curcumin
alone or combined concentrations. After 4 days
incubation period, cells were scratched and
transferred into a tube containing MagNA Lyser
Green Beads and the cell homogenization process
started by using the MagNA Lyser Instrument.
Subsequently, MagNA Pure Compact RNA
Isolation Kit (Roche, Lot: 13243700) procedure was
performed by using the MagNA Pure LC 2.0 system.
The high quality of the RNA samples were
confirmed by using the NanoDrop Instrument. From
each RNA population, 500 ng total RNA was used

RESULTS
Determination
of
non-cytotoxic
concentrations. In order to determine non-cytotoxic
concentrations of EGCG, neuronal viability was
determined by WST-1 method. In our previous
study, 100 μM curcumin was found non-cytotoxic
on PC-12 cell viability (data not shown). As seen on
Figure 1, EGCG significantly decreased PC-12 cell
viability at 100, 200 and 400 μM concentrations
(***p<0.001) for both 24 and 48 hours. Also, 1 and
10 μM EGCG concentrations were reduced the cell
viability non-significantly (p>0.05). According to
the
WST-1
assay
results,
non-cytotoxic
concentrations of EGCG concentrations were
determined as 10 and 100 nM. For the further
experiments in this study, 100 nM EGCG and
curcumin concentrations were used (Figure 1).

FIGURE 1
The effects of EGCC on PC-12 Adh cell viability. The results are the means of 3 independent
experiments (n=8). The error bars represent the standard deviations
(p<0.001***, significant compared to the control).
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FIGURE 2
Real-time monitoring of control (0.1% DMSO), NGF (positive control), EGCG, curcumin, and
EGCG+curcumin combination concentrations on PC-12 Adh cells according to the CI value changes
during 4 days (96 hours) using RTCA-DP System (A), (n=8), all concentrations were 100nM. Slope
graph was drawn according to the changing in the CI values (B), (p>0.05 n.s., p<0.05*, p<0.001***).

combination concentration which has the highest
neuritogenic effect on PC-12 Adh cells. Average
neurite length of the cells treated with only 100 nM
curcumin and 100 nM EGCG groups were also
showed slightly higher neuritogenic effects than the
cells treated with only 100 nM NGF group. This data
support
neuronal
differentiation
results.
Immunofluorescence staining was performed with
anti beta-III tubulin antibody related with neurite
outgrowth. Cell nucleus was stained with Hoechst
dye. In the images, neuronal differentiations and
neurite outgrowth were stimulated by 100 nM
curcumin and EGCG alone or combination
concentrations according to solvent (0.1% DMSO)
and NGF positive control groups (Figure 4).

Effects of EGCG and Curcumin on PC-12
Adh Cell Differentiation. Neuronal differentiation
% graph was drawn according to the CI values on
96th hour (Figure 2). According to the graphics,
around 30th hour, differentiation has been started and
the experiment was terminated around 96th hour. The
rapid increase in the CI values were accepted as the
initial stages of differentiation [18]. Because during
the initiation, cell body becomes larger which cause
an increase in the impedance, and then, the cell
begins to extend neurites and cell body shrinks
which cause a drop in the impedance. The CI values
of the control group (untreated) obtained from
RTCA DP instrument were like a plateau; however,
the EGCG and curcumin alone or combination
concentration groups showed rapid increase which
were higher than the NGF positive control group
(Figure 2A). Especially 100 nM EGCG and
curcumin combination group showed the highest
increase and neuronal differentiation levels of 100
nM alone EGCG and curcumin concentrations were
almost same (Figure 2B).

Beta III-Tubulin (TUBB3) and Growth
Associated
Protein-43
(GAP43)
mRNA
Expression Levels. In this study, neurite outgrowth
marker TUBB3 and GAP-43 mRNA expression
levels of the cells were investigated. As it is shown
in Figure 5, with all curcumin and EGCG groups,
TUBB3 mRNA expression levels were increased
according to the NGF positive control group.
Especially, with alone curcumin and, curcumin and
EGCG combination concentrations, mRNA
expression levels were increased almost 2 fold.
As it is shown in Figure 5, GAP-43 mRNA
expression levels were also increased with curcumin
and EGCG concentrations compared to the NGF
group. Especially 100 nM curcumin and EGCG
combination increased GAP-43 mRNA expression
levels almost 24 fold according to 100 nM NGF.

Effects of Curcumin and EGCG on Neurite
Outgrowth. PC-12 Adh cells were treated with 100
nM curcumin and EGCG for 4 days. At the end of
the incubation, the wells were photographed and
morphometric analysis was performed on 50 cells
randomly for each group. Total neurite length was
determined by manually tracing the length of the
longest neurite and branch on images. As it is seen
on Figure 3, the highest total neurite length was
obtained with 100 nM curcumin and EGCG
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FIGURE 3
Neurite outgrowth analysis. Comparison of average neurite lengths on 4 th day. Data are mean ± SD
values (p<0.01**, p<0.001***; compared to NGF (positive control).
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FIGURE 4
The images of PC-12 Adh cells were treated with 100 nM NGF, Curcumin, EGCG and
Curcumin+EGCG on 4th day. Cell nuclei were stained with Hoechst 33258 (blue) and tubulins were
stained with AlexaFluor®488 (green). Images were taken with Cytation 3 Cell Imaging Multi-Mode
Reader with 20x objective.

without NGF signaling were compared with
combined concentrations.
PC-12 Adh cell line, a widely used neuron-like
cell
culture
model
derived
from
rat
pheochromocytoma and it is a very popular model
for studying cell differentiation and have capacity to
grow neurite-like processes in response to NGF for
neuronal differentiation and neurite outgrowth
studies [20]. According to our results, the highest
neuronal differentiation and neurite outgrowth were
determined with 100 nM EGCG+curcumin
combination according to 100 nM NGF after 4 days
of treatment. Also, the effects of 100 nM curcumin
alone on neuronal differentiation and neurite
outgrowth were higher than 100 nM EGCG. These
results
were
also
supported
with
immunofluorescence cell imaging. In accordance
with our results, it was evaluated that curcumin
significantly increased the neurite lengths of the PC12 Adh cells after 4 days of treatment [20]. It has

DISCUSSION
Neuronal injury and degeneration are
responsible for various neurodegenerative disorders
that are associated with loss of brain cells and axons
resulting in functional deficits. Due to limited
regeneration capacity of damaged neurons, the
regulation of neurite outgrowth is crucial in
developing strategies to promote axon and dendrite
regeneration after nerve injury and in degenerative
diseases [19]. Many recent studies has focused on
the specific components of the active herbs and the
therapeutic effects of well-known active ingredients
still need to be clarified with regard to their potential
therapeutic effects, particularly their effects on
neurodegenerative diseases [11]. Therefore, in this
study the neuroprotective effects of the plant-derived
well-known active compounds EGCG and curcumin
combination on neuronal differentiation and neurite
outgrowth. The effects of EGCG and curcumin
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support is a significant factor in the pathogenesis of
neurodegenerative diseases. Therefore, neurotrophic
factors are attractive candidates for therapeutic
agents in chronic neurodegenerative diseases and
acute injuries including trauma and stroke. However,
therapeutic application of neurotrophic factors is
severely restricted by their poor penetration of the
bloodíbrain barrier and undesirable apoptotic effect
through interaction with the p75NTR receptor. Thus,
there remains the need for identification of small
molecules that are safe, nontoxic, and can mimic the
neurotrophic action as an alternative therapy
approach [17, 15, 26]. The extent of PC-12 Adh
differentiation is therefore typically evaluated by
counting the number of cells with expending neuritis
or by measuring neurite length. To evaluate the
neurotrophic effects of NGF and/or test compounds,
the culture medium was shifted to low serum
medium to induce transition from a proliferative
phase to differentiation stage [15, 21]. The RTCADP system measures changes in impedence as cells
attach with a readout given as cell index (CI) value
and monitors cell behaviour in real time. An increase
in the number of cells attaching, an increase in cell
size or an increase in the strength of adhesion results
in an increased CI value. Unexpectedly, the
differentiated cells appear to adhere quicker to the
surface than undifferentiated cells; however, the
impedence falls off rapidly because they are not
proliferating [18].

been reported that curcumin repaired the distorted
neurites around the senile plaques in an Alzheimer
mouse model, increased the number of neurites of
pre-differentiated PC-12 Adh cells, and promoted
neurite outgrowth without the presence of NGF [20,
21].
EGCG could be a potential therapeutic or
modulating agent for neurodegenerative and other
diseases influenced by oxidative damage [1].
because of the active polyphenolic structure
responsible for the potentiation of NGF induced
neuritogenesis and activation of the ERK pathway
[22]. In this respect, our results are similar with the
previously published studies where EGCG alone or
green tea extract induced neurite outgrowth [23, 24].
Mandel et al. (2003) reported that EGCG (0.1 and 1
ȝ0  VLJQLILFDQWO\ SURWHFWV UDW SKHRFKURPRF\WRPD
PC-12 cells from apoptosis induced by serum
support withdrawal, suggesting that EGCG may play
a role in the growth of PC-12 cells [25].
Neurite outgrowth depends on the coordinated
work of actin and microtubules to establish
cytoskeletal networks and neurite morphology.
Previous reports also showed that curcumin affects
the microtubule dynamics [20]. Neurotrophic
factors, such as NGF, are a family of secreted
proteins that play vital roles in promoting neural
growth and survival during development, and are
crucial for maintaining the integrity of neurons
throughout an individual¶s entire lifetime. There is
growing evidence about reduced neurotrophic

FIGURE 5
Neurite outgrowth marker GAP-43 and TUBB3 mRNA expression levels on 4th day.
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GAP-43 contributes to neuronal growth and
nerve terminal plasticity. The growth-associated
protein (GAP-43) is associated with presynaptic
neuronal outgrowth and neuronal plasticity in
general [16, 21]. GAP-43 is a nervous systemspecific phosphoprotein that is specifically enriched
in the membrane skeleton of growth cones. In
primary neuronal cultures and in NGF induced PC12 Adh cells, GAP-43 expression correlates with the
onset of neuronal differentiation as seen by the
elongation of neurites and localization of the protein
in the growth cones. Among the various tissue types
and cell types that have been examined, GAP-43
mRNA is expressed only in neurons [27]. According
to our results, EGCG and curcumin combination
exerted neurotrophic action and promoted PC-12
Adh neurite outgrowth accompanied with the
expression of neuronal differentiation marker GAP43.
In conclusion, EGCG and curcumin
combination acted synergistically on neuronal
differentiation and neurite outgrowth. Natural
phytochemical compounds also may be an important
approach
for
the
treatment
of
some
neurodegenerative diseases.
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ABSTRACT

INTRODUCTION

The digital elevation model is a model which
defines the surface of land three-dimensional and has
been created through the elevation data of the land.
The digital elevation model has been widely used in
the fields of application such as, preparation of road
projects, excavation-filling-related volume calculations, land arrangement studies, etc. The volume calculations which is the subject of this study and have
been used in a variety of engineering services, have
often been used in the reserve determination of mine
sites, in the determination of splitting and filling soil
removal works of the sites such as, road, airport, tunnels etc. Since the amount of the calculated volume burdened financially great expenses to employer, the calculations must be made in a precise
manner. The aim of this study is to make and compare the volume calculations with different grid
ranges and different interpolation methods. In this
study, grid ranges were selected as 50 m, 100 m, 150
m and 200 m. The interpolation methods used are Inverse Distance to a Power (k=1 and k=2), Point
Kriging, Minimum Curvature, Modified Shepard's
Method, Natural Neighbor, Nearest Neighbor, Polynomial Regression (simple planar surface), Multiquadratic Radial Basis Function, Triangulation with
Linear Interpolation. The volume calculation methods used are Trapezoidal rule, Simpson's rule, Simpson's 3/8 rule. The digital elevation models were prepared in the "Surfer 8" program. The surface modelling of the land is made through the chosen different
interpolation methods and the grid extended files of
these resulting surfaces were created. Afterwards,
the volumes of these surfaces with reference to the
selected reference surface, Z = 0, were determined
with different methods and were compared.

The volume calculations are important requirement of the construction and mining industry. The
accurate volume estimation is important in many applications, for example road project, mining enterprise, geological works and building applications.
The traditional methods such as the trapezoidal
method (rectangular or triangular prisms), traditional
cross sectioning (trapezoidal, Simpson, and average
formula), and improved methods (Simpson-based,
cubic spline, and cubic Hermite formula) have been
used in volume computing. The main elements of
these methods are to collect the points that appropriate distribution and density. These methods need
more mathematical processes and take more time.
The difficulties have been overcome by developments in computer technologies. The corrections of
volume is direct proportional with the presentations
of land surface in a best representation of land surface in best form is depend on the number of certain
X, Y, Z coordinate points. The total station instrument has been used to determine the certain coordinate for land surface [1].
A digital elevation model (DEM) is a numerical
representation of topography, usually made up of
equal-sized grid cells, each with a value of elevation.
Its simple data structure and widespread availability
have made it a popular tool for land characterization.
Because topography is a key parameter controlling
the function of natural ecosystems, DEMs are highly
useful to deal with ever-increasing environmental issues [2].
An elevation model can be represented as regular or irregular point clouds formed into a mathematical model. In order to represent the continuous
Earth surface these point clouds should form into the
shape of the surface. There are various methods for
doing this and Triangulated Irregular Network (TIN)
is one of the most popular models [3].
DEM quality is a function of (i) the quality of
the individual data points within the surface, (ii) the
density of data points used to represent the surface,
and (iii) the distribution of data points within the surface. Both (ii) and (iii) are related to the field sampling strategy and to the hardware used to collect the
data [4].

KEYWORDS:
Digital elevation model, Interpolation methods, Volume
calculation, Surfer Software
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continuous nature that the triangular facets of the
model add to the digital representation. Furthermore,
not much information can be derived from TIN models because unlike the case for DEM's, a comprehensive analysis framework for triangulated models
does not yet exist. In a TIN model, the sample points
are simply connected by lines to form triangles,
which are represented by planes, which give a continuous representation of the terrain surface. Creating a TIN, despite its simplicity, requires decisions
about how to pick the sample points from the original data set, and further how to triangulate them.
When it comes to triangulating the sample points, a
few triangulation methods are available for producing a TIN. Among the existing triangulation methods
that are in use, the Delaunay Triangulation (DT) is
very common and popular for its rigorous structure
although it produces triangles that are not hierarchical [8].

FIGURE 1
Circumcircle property of Delaunay
triangulation. (a) A Delaunay triangulation.
(b) Not a Delaunay triangulation because a
circumcircle contains more than three points
[9].

DELAUNAY TRIANGULATION
Delaunay triangulation, a triangular mesh that
connects a set of points in a plane, was proposed by
Boris Delaunay in 1934. Delaunay triangulation
maximizes the minimum angle of the triangles in the
triangular mesh; therefore, the skinny triangles can
be avoided to produce a better visual effect. Delaunay triangulation has many applications such as 3D
object modeling and scatter interpolation.
Voronoi Diagram is a set of discrete points partitioning the plane into a set of polygon such that all
points are nearest to any one site. Voronoi diagram
is constructed by the lines of perpendicular bisectors
which connect two neighbors. This diagram is approximate representation of nodes in the form of
state in near distance or time.
Delaunay Triangulation is used to obtain the
two nearest neighboring sites by taking shortest edge
in triangulation. It is formed by partitioning a given
site into triangles such that circumcircle of sites does
not contain each other. Also, Delaunay Triangulation can be constructed by joining the nodes which
share a common edge in the Voronoi diagram.

FIGURE 2
Voronoi diagram [10].
Surveys to collect data used to create DEMs
can be airborne (e.g. photogrammetry, laser scanning and remote sensing, in particular space borne
radar interferometry) or ground based (total station,
global positioning system, including, most recently,
terrestrial laser scanning) depending on the size of
the reach and available technology [5, 6].

TRIANGULAR
(TIN)

IRREGULAR

NETWORK

Triangular irregular network (TIN) and regular
grid DEM are two commonly used terrain models.
TIN can dynamically adjust storage terrain data according to terrain fluctuation and address the terrain
characteristic curve appropriately to reproduce the
actual terrain. The topological relation of GRID terrain data is simple and easy to store. However, data
redundancy occurs because of the fixed and single
topological relation of terrain data [7].
The irregularly spaced points of the TIN model
can provide a more faithful representation of the terrain surface with more points in rugged terrain areas
and fewer points in relatively flat areas. The TIN
model suits visualization purposes because of the

INTERPOLATION METHODS
Data were analysed, interpolated and visualized with Surfer 8.00 [11]. Interpolation methods are
briefly described in [12, 2, 13, 14, 15, 16].

VOLUME CALCULATIONS
In surfer, three methods are used to determine
volumes: 7UDSH]RLGDO 5XOH 6LPSVRQ¶V Rule, and
6LPSVRQ¶V5XOH Mathematically, the volume under a function f (x, y) is defined by a double integral
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In Surfer, this is computed by first integrating
over X (the columns) to get the areas under the individual rows, and then integrating over Y (the rows)
to get the final volume.
Surfer approximates the necessary one-dimensional integrals using three classical numerical integration algorithms: extended trapezoidal rule, exWHQGHG6LPSVRQ¶VUXOHDQGH[WHQGHG6LPSVRQ¶V
UXOH,QWKHIROORZLQJIRUPXODǻx represents the grid
FROXPQVSDFLQJǻy represents the grid row spacing
and Hij represents the grid node value in row i and
column j.
Extended Trapezoidal Rule;
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The pattern of the coefficients
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Extended Simpson's 3/8 Rule;
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FIGURE 3
Three-dimensional surface view of the study area

FIGURE 4
Three-dimensional view of the study area by the wireframe method
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TABLE 1
The results of the volumes calculated with different volume calculation methods depending on the
different interpolation methods and grid ranges
Interpolation methods

Inverse Distance to a Power (k=1)

Inverse Distance to a Power (k=2)

Kriging

Minimum Curvature

Modified Shepard's Method

Natural Neighbor

Nearest Neighbor

Polynomial Regression

Radial Basis Function

Triangulation with Linear Interpolation

Grid ranges
(m)
50
100
150
200
50
100
150
200
50
100
150
200
50
100
150
200
50
100
150
200
50
100
150
200
50
100
150
200
50
100
150
200
50
100
150
200
50
100
150
200

Volume calculation methods
Trapezoidal rule
Simpson's rule
Simpson 's 3/8 rule
1873063892573.60 1873053304065.40 1873064832869.50
1873059712549.10 1873031819106.40 1873063854823.70
1873047910977.70 1873044834373.50 1873038277428.80
1873118855689.20 1873077533053.40 1873075626208.90
1874988732022.50 1874983517357.80 1874989438476.00
1874983336793.00 1874968392886.10 1874983630882.30
1874979095000.20 1874975664864.80 1874975645025.50
1875021088515.50 1875008182482.70 1875012230840.70
1890669126848.40 1890664648539.00 1890669499593.70
1890660938849.80 1890665785794.20 1890658667976.40
1890663981903.90 1890651355131.90 1890660994133.80
1890656510689.50 1890650019559.00 1890637786303.80
1887255486394.60 1887252201199.40 1887252202665.40
1883970464527.90 1883963925645.10 1883963896059.80
1876261658283.20 1876254349189.40 1876255619304.20
1880519658141.10 1880506202368.30 1880504208000.60
1695389648358.00 1695414183124.80 1695397784210.80
1695419879930.40 1695457080993.70 1695419061048.00
1695394176404.30 1695271395651.00 1695503792596.10
1695347759194.40 1695585380221.40 1695293885257.30
1431232295188.70 1431264700544.10 1431270420902.90
1426287826183.50 1426384070515.50 1426252849094.70
1421137309559.90 1421355816146.20 1421183594979.40
1416440820929.10 1416514253713.80 1416561413218.10
1882348910460.40 1882347606946.50 1882348121508.00
1882364418326.70 1882348305723.30 1882389499454.90
1882351613301.90 1882435927709.10 1882371998262.00
1882398585456.00 1882361662497.80 1882364937768.50
1848148187924.90 1848148187924.90 1848148187924.90
1848148187924.90 1848148187924.90 1848148187924.90
1848148187924.90 1848148187924.90 1848148187924.90
1848148187924.90 1848148187924.90 1848148187924.90
1895047179544.60 1895038765860.20 1895046695774.50
1895051043047.00 1895058190116.80 1895046343354.30
1895046555132.40 1895019253479.40 1895047703609.50
1895036682491.70 1895031171674.10 1895007245275.10
1436555123600.20 1436634127195.00 1436616258308.90
1436336475464.00 1436560750795.30 1436491325418.90
1436145696855.70 1436454584369.30 1436620300762.60
1435565412824.90 1436354350787.70 1436015289880.00

Volume Calculations. The real volume of the
land was calculated through NETCAD5.0 software
package program [18]. Following the triangulation
process covering the land had been performed
through AP program, regarding the volume calculation made by using Delaunay triangles, since the volume was calculated directly by using the coordinates
of the reference points without applying interpolation, the result was accepted as the value of the actual
volume. Real volume was determined as
1436639831721.4 m3.
x Then, without making any change in the
standard settings of the Surfer program;
x The grid ranges were selected as 50 m, 100
m, 150 m and 200 m.

MATERIALS AND METHODS
Study area. In practice, geodetic network with
1175 points, which was established in Konya, was
used. x, y coordinates of these points were measured
by GPS and the orthometric heights of which, were
measured by levelling method. Minimum and maximum orthometric heights of these reference points
were 1034.541 m and 1671.294 m, moreover, the
topographical structure of the land was indicated in
the form of three dimensional surfaces in Figure 3
and in the form of wireframe in Figure 4. The range
in x and y directions of Gauss-Kruger projection system coordinates of these reference points were determined as ǻ[ PDQGǻ\ P
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x Interpolation methods: The surface modeling was carried out within the limits we specified using the interpolation methods including Inverse Distance to a Power (k=1 and k=2), Point Kriging, Minimum Curvature, Modified Shepard's Method, Natural Neighbor, Nearest Neighbor, Polynomial Regression (simple planar surface), Multiquadratic Radial
Basis Function, Triangulation with Linear Interpolation and .grid extended files of these resulting surfaces were created. The volume values of these surfaces, which were resulted by making surface modeling, with respect to specific reference surface, Z=0,
were calculated according to the rules given below:
Trapeze (Terminal areas method) Rule
Simpson's Rule
Simpson's 3/8 Rule
The results of the volumes calculated with different volume calculation methods depending on the

Fresenius Environmental Bulletin

different interpolation methods and grid ranges applied are given in Table 1, and the differences of
these results from the actual volume and the calculated relative HUURUVZÕWKUHVSHFWWRWKHVHGLIIHUHQFHV
are given in Table 2.
Relative Error is given by (8)

Erelative

Vestimated  Vactual
Vactual

(8)

where Erelative is relative error; Vestimated is estimated
volume; Vactual is actual volume.
Relative errors regarding the differences between actual volume value and volume values obtained with different volume calculation methods according to the different interpolation methods and
grid spacing are shown in Fig. 5, Fig. 6, Fig. 7 and
Fig. 8 with bar graphs.

TABLE 2
Differences between actual volume and volumes calculated with different volume calculation methods depending on the different interpolation methods and grid ranges, and the calculated relative HUURUVZÕWK
respect to these differences
Interpolation methods

Inverse Distance to a Power
(k=1)

Inverse Distance to a Power
(k=2)

Kriging

Minimum Curvature

Modified Shepard's Method

Natural Neighbor

Nearest Neighbor

Polynomial Regression

Radial Basis Function

Triangulation with Linear
Interpolation

Grid ranges
(m)
50
100
150
200
50
100
150
200
50
100
150
200
50
100
150
200
50
100
150
200
50
100
150
200
50
100
150
200
50
100
150
200
50
100
150
200
50
100
150
200

Trapezoidal rule
Relative
Differences
error
(m3)
436424060852.20
0.304
436419880827.70
0.304
436408079256.30
0.304
436479023967.80
0.304
438348900301.10
0.305
438343505071.60
0.305
438339263278.80
0.305
438381256794.10
0.305
454029295127.00
0.316
454021107128.40
0.316
454024150182.50
0.316
454016678968.10
0.316
450615654673.20
0.314
447330632806.50
0.311
439621826561.80
0.306
443879826419.70
0.309
258749816636.60
0.180
258780048209.00
0.180
258754344682.90
0.180
258707927473.00
0.180
-5407536532.70
-0.004
-10352005537.90
-0.007
-15502522161.50
-0.011
-20199010792.30
-0.014
445709078739.00
0.310
445724586605.30
0.310
445711781580.50
0.310
445758753734.60
0.310
411508356203.50
0.286
411508356203.50
0.286
411508356203.50
0.286
411508356203.50
0.286
458407347823.20
0.319
458411211325.60
0.319
458406723411.00
0.319
458396850770.30
0.319
-84708121.20
0.000
-303356257.40
0.000
-494134865.70
0.000
-1074418896.50
-0.001
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Simpson's rule
Differences
Relative
(m3)
error
436413472344.00
0.304
436391987385.00
0.304
436405002652.10
0.304
436437701332.00
0.304
438343685636.40
0.305
438328561164.70
0.305
438335833143.40
0.305
438368350761.30
0.305
454024816817.60
0.316
454025954072.80
0.316
454011523410.50
0.316
454010187837.60
0.316
450612369478.00
0.314
447324093923.70
0.311
439614517468.00
0.306
443866370646.90
0.309
258774351403.40
0.180
258817249272.30
0.180
258631563929.60
0.180
258945548500.00
0.180
-5375131177.30
-0.004
-10255761205.90
-0.007
-15284015575.20
-0.011
-20125578007.60
-0.014
445707775225.10
0.310
445708474001.90
0.310
445796095987.70
0.310
445721830776.40
0.310
411508356203.50
0.286
411508356203.50
0.286
411508356203.50
0.286
411508356203.50
0.286
458398934138.80
0.319
458418358395.40
0.319
458379421758.00
0.319
458391339952.70
0.319
-5704526.40
0.000
-79080926.10
0.000
-185247352.10
0.000
-285480933.70
0.000

Simpson 's 3/8 rule
Differences
Relative
(m3)
error
436425001148.10
0.304
436424023102.30
0.304
436398445707.40
0.304
436435794487.50
0.304
438349606754.60
0.305
438343799160.90
0.305
438335813304.10
0.305
438372399119.30
0.305
454029667872.30
0.316
454018836255.00
0.316
454021162412.40
0.316
453997954582.40
0.316
450612370944.00
0.314
447324064338.40
0.311
439615787582.80
0.306
443864376279.20
0.309
258757952489.40
0.180
258779229326.60
0.180
258863960874.70
0.180
258654053535.90
0.180
-5369410818.50
-0.004
-10386982626.70
-0.007
-15456236742.00
-0.011
-20078418503.30
-0.014
445708289786.60
0.310
445749667733.50
0.310
445732166540.60
0.310
445725106047.10
0.310
411508356203.50
0.286
411508356203.50
0.286
411508356203.50
0.286
411508356203.50
0.286
458406864053.10
0.319
458406511632.90
0.319
458407871888.10
0.319
458367413553.70
0.319
-23573412.50
0.000
-148506302.50
0.000
-19530958.80
0.000
-624541841.40
0.000
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FIGURE 5
Variation of relative errors according to 50 m grid range

FIGURE 6
Variation of relative errors according to 100 m grid range

FIGURE 7
Variation of relative errors according to 150 m grid range
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FIGURE 8
Variation of relative errors according to 200 m grid range

for the Derivation of Digital Elevation Models
in Relation to Landform Types and Data Density. Geomorphology, 77, 126±141.
[3] Bandara, K.R.M.U., Samarakoon, L., Shrestha,
R.P. and Kamiya, Y. (2011) Automated Generation of Digital Terrain Model Using Point
Clouds of Digital Surface Model in Forest Area.
Remote Sensing, 3, 845-858.
[4] Heritage, G.L., Milan, D.J., Large, A.R.G. and
Fuller, I.C. (2009) Influence of Survey Strategy
and Interpolation Model on DEM Quality. Geomorphology, 112, 334±344.
[5] El-Ashmawy, K.L.A. (2015) A Comparison between Analytical Aerial Photogrammetry, Laser
Scanning, Total Station and Global Positioning
System Surveys for Generation of Digital Terrain Model. Geocarto International, 30, No. 2,
154±162.
[6] Schwendel, A.C., Fuller, I.C. and Death, R.G.
(2012) Assessing Dem Interpolation Methods
for Effective Representation of Upland Stream
Morphology for Rapid Appraisal of Bed Stability. River Research and Applications, 28, 567±
584.
[7] Zhang, T., Xu, X. and Xu, S. (2015) Method of
Establishing an Underwater Digital Elevation
Terrain Based on Kriging Interpolation. Measurement, 63, 287±298.
[8] Ali, T. and Mehrabian, A. (2009) A Novel Computational Paradigm for Creating a Triangular
Irregular Network (TIN) from LiDAR Data.
Nonlinear Analysis, 71, 624-629.
[9] Hong, W., Chen, T.S. and Chen, J. (2015) Reversible Data Hiding Using Delaunay Triangulation and Selective Embedment. Information
Sciences, 308, 140±154.
[10] Sangwan, A. and Singh, R.P. (2015) Survey on
Coverage Problems in Wireless Sensor Networks. Wireless Pers Commun, 80, 1475±1500.
[11] Surfer 8 software handbook, (2006).

CONCLUSIONS
The volume calculations were made through
Surfer8 program. The effects of the parameters such
as, grid range, interpolation methods, volume calculation methods on the volume calculation was investigated in the study. Moreover, the discussions made
taking into account the amount of relative errors are
as follows:
x When the relative errors examined (see Table 2, Figure 5-6-7-8), it was seen that the most appropriate interpolation model was triangulation with
linear. When the relative errors calculated with other
interpolation methods examined, it was seen that the
most appropriate interpolation models were respectively, from smaller to larger, Natural Neighbor,
Modified Shepard's Method, Polynomial Regression, Inverse Distance to a Power (k=1), Inverse Distance to a Power (k=2), Nearest Neighbor, Kriging,
Radial Basis Function.
x It was seen in the interpolation methods
used including minimum curvature, natural neighbor
that the relative errors changed depending on the different grid ranges. In other methods, the change in
JULGUDQJHVGLGQ¶WDIIect the relative error.
x Changing the volume calculation methods
GLGQ¶WDIIHFWWKHUHODWLYHHUURU7KHDPRXQWRIUHOD
WLYHHUURUZDVQ¶WFKDQJHGZLWKFKDQJLQJWKHPHWKRG
of volume calculation.
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0DQDJHPHQW6FKRRO&KLQD8QLYHUVLW\RI0LQLQJDQG7HFKQRORJ\;X]KRX&KLQD

WKH &KLQHVH JRYHUQPHQW SURPLVHG WKDW JUHHQKRXVH
JDVHPLVVLRQV ZLOOSHDNDURXQGDQGWKDWSUR
SRUWLRQDO QRQIRVVLO HQHUJ\ FRQVXPSWLRQ ZLOO LQ
FUHDVHE\DURXQG,QDGGLWLRQ&KLQDRIILFLDOO\
DQQRXQFHGDVHULHVRIYROXQWDU\UHGXFWLRQWDUJHWVLQ
7KH1DWLRQDO3ODQRQ&OLPDWH&KDQJH ± 
LQ6HSWHPEHUZKLFKVWDWHGWKDW&KLQDZLOODG
GUHVV WKH HFRQRPLF HQHUJ\ VWUXFWXUHV DQG FOLPDWH
FKDQJHDFWLYHO\E\VHWWLQJDVXLWDEOHFDUERQWD[SRO
LF\IRU&KLQD VQDWLRQDOFRQGLWLRQVEDVHGRQWKHUH
IRUPRIUHVRXUFHWD[HQYLURQPHQWDOWD[FRQVXPS
WLRQWD[LPSRUWDQGH[SRUWWD[DQGRWKHUWD[HV DV
ZHOO DV LQFUHDVLQJ WKH SURSRUWLRQ RI QRQIRVVLO HQ
HUJ\LQSULPDU\HQHUJ\FRQVXPSWLRQWRDURXQG
>@$FDUERQWD[LVFRQVLGHUHGWREHDQHIIHFWLYHFDU
ERQUHGXFWLRQSROLF\DQGLWKDVEHHQLPSOHPHQWHGLQ
RWKHU FRXQWULHV &DUERQEDVHG ERUGHU WD[ DGMXVW
PHQWV &%7$V DUHFRQVLGHUHGWREHDQHIILFLHQWDS
SURDFK IRU DYRLGLQJ FDUERQ OHDNDJH DQG SURPRWLQJ
IDLUWUDGHZKLFKLPSOLHVWKDW&%7$VZLOOEHOHYLHG
RQLPSRUWVDFFRUGLQJWRWKHFDUERQFRQWHQWRIWKHLU
SURGXFWLRQSURFHVVVR&%7$VDUHHVVHQWLDOO\FDUERQ
WDULIIV 7KH 86 +RXVH RI 5HSUHVHQWDWLYHV SDVVHG D
³ERUGHU DGMXVWPHQW WD[´ RQ LPSRUWHG SURGXFWV RQ
-XQH   ZKLFK LV DOVR FDOOHG WKH $PHULFDQ
&OHDQ3RZHUDQG6HFXULW\$FWRI7KLVELOOUH
TXLUHV WKDW WKH &%7$V SROLF\ ZLOO EH LPSOHPHQWHG
E\WKH86$LQ&KLQDLVRQHRI$PHULFD VELJ
JHVWWUDGHSDUWQHUVVRLWVHFRQRP\WUDGHDQGFDUERQ
HPLVVLRQVZLOOEHLQIOXHQFHGE\FDUERQWDULIIV7KXV
FRQVLGHUHG&KLQD VSROLFLHVRIVWUXFWXUHVDGMXVWPHQW
DQGHPLVVLRQVUHGXFWLRQLWLVQHFHVVDU\WRVWXG\WKH
HIIHFWVRIFDUERQWDULIIVRQ&KLQD VWUDGHRXWSXWDQG
HQHUJ\ VWUXFWXUHV DQG FDUERQ LQWHQVLW\ LQ RUGHU WR
SURSRVH VXLWDEOH VWUDWHJLHV WR DOORZ &KLQD WR GHDO
ZLWKFDUERQWDULIIVLQDVFLHQWLILFPDQQHUDQGDYRLG
WKH QHJDWLYH LPSDFWV RI FDUERQ WDULIIV DV ZHOO DV
SURYLGLQJDWKHRUHWLFDOEDVLVDQGUHIHUHQFHIRUSROLF\
7KHUHPDLQGHURIWKLVSDSHULVRUJDQL]HGDVIRO
ORZV 6HFWLRQUHYLHZVWKH FXUUHQWOLWHUDWXUH6HF
WLRQSUHVHQWVWKHPHWKRGRORJ\6HFWLRQSUHVHQWV
WKHGDWDDQGSDUDPHWHUVHWWLQJV,Q6HFWLRQZHGH
VFULEH RXU VLPXODWLRQ DQDO\VLV 6HFWLRQ  GLVFXVVHV
WKH PDLQUHVXOWVZKLOH6HFWLRQJLYHVRXUFRQFOX
VLRQVDQGSROLF\LPSOLFDWLRQV

ABSTRACT
&KLQDLVRQHRI$PHULFD VELJJHVWWUDGHSDUWQHUV
VRLWVHFRQRP\DQGVRFLHW\ZLOOEHLQIOXHQFHGE\WKH
FDUERQWDULIIVSROLF\ZKLFKZLOOEHLPSOHPHQWHGE\
WKH86$LQ$PXOWLVHFWRUDOG\QDPLFFRPSXW
DEOH JHQHUDO HTXLOLEULXP &*(  PRGHO ZDV HP
SOR\HGWRLQYHVWLJDWHWKHLPSDFWVRIWKHFDUERQWDULIIV
RQWKHWUDGHVWUXFWXUHRXWSXWVWUXFWXUHHQHUJ\VWUXF
WXUH DQG FDUERQ LQWHQVLW\ LQ &KLQD 6LPXODWLRQV
VKRZHGWKDWWKHFDUERQWDULIIVZLOOSURPRWH&KLQD¶V
H[SRUWVWRRWKHUFRXQWULHVRUUHJLRQVLQVWHDGRIWKH
86$ ZKHUH WKH H[SRUWUDWLRRIORZFDUERQVHFWRUV
ZLOOLQFUHDVHZKHUHDVWKHH[SRUWUDWLRVZLOOGHFOLQH
IRUVRPHHQHUJ\LQWHQVLYHVHFWRUVDQGWKRVHWKDWDUH
KLJKO\GHSHQGHQWRQH[SRUWVWRWKH86$&DUERQWDU
LIIV ZLOO KDYH YHU\ VOLJKW LQKLELWRU\ LPSDFWV RQ
&KLQD¶VIRUHLJQWUDGHVFDOHDQGGHSHQGHQFH7KHRXW
SXW VKDUH RI VRPH VHFWRUV VXFK DV HQHUJ\LQWHQVLYH
DQGXSVWUHDPVHFWRUVZLOOGHFUHDVHZKHUHDVWKHRXW
SXW VKDUH RI VRPH PDQXIDFWXULQJ VHFWRUV ZLOO LQ
FUHDVH7KHSURSRUWLRQRIFRDOFRQVXPSWLRQZLOOGH
FOLQH GUDPDWLFDOO\ ZKHUHDV WKH SURSRUWLRQRIFOHDQ
SRZHUFRQVXPSWLRQZLOOLQFUHDVHWKHUHE\LPSURYLQJ
&KLQD¶V HQHUJ\ FRQVXPSWLRQ VWUXFWXUH E\ UHGXFLQJ
&KLQD¶VFDUERQLQWHQVLW\WRVRPHH[WHQW6RPHSRO
LF\LPSOLFDWLRQVWKDWHPHUJHIURPRXUVWXG\UHVXOWV
DUHGLVFXVVHG
.(<:25'6
FDUERQWDULIIVG\QDPLF&*(PRGHOFDUERQLQWHQVLW\HFR
QRPLFVWUXFWXUH

INTRODUCTION
&OLPDWHFKDQJHLVDPDMRUIRFXVLQSROLWLFDODQG
DFDGHPLFDUHDV&KLQDLVWKH ODUJHVWFDUERQHPLWWHU
DQG WKH SUHVVXUH GXH WR LQWHUQDWLRQDO QHJRWLDWLRQV
DQGHPLVVLRQVUHGXFWLRQWDUJHWVLVJUHDWHUWKDQHYHU
,QRUGHUWRVROYHWKLVSUREOHPRQWKHHYHRI&RSHQ
KDJHQ:RUOG&OLPDWH&RQIHUHQFHLQ&KLQDRI
ILFLDOO\DQQRXQFHGWKDWE\WKH&2SHUXQLWRI
*'3 FDUERQLQWHQVLW\ ZLOOGHFOLQHE\WR
FRPSDUHG ZLWK WKH OHYHO LQ >@$W WKH$3(&
PHHWLQJWKH6LQR86MRLQWVWDWHPHQWZDVLVVXHGDQG
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EHVWRSWLPDOFDUERQWD[HVLQDWKUHHFRXQWU\PRGHO
RIWKHJOREDOHFRQRP\>@6DNDLDQG%DUUHWWH[DP
LQHGKRZDQXPEHURILVVXHVLQYROYHGLQWKHLPSOH
PHQWDWLRQRIFDUERQWDULIIVPD\DIIHFWWKHLUDELOLW\WR
FRYHUHPLVVLRQVHPERGLHGLQWUDGHWKHUHE\DGGUHVV
LQJWKHLVVXHRIFDUERQOHDNDJH>@
3UHYLRXVVWXGLHVKDYHH[DPLQHGWKHHFRQRPLF
DQGHQYLURQPHQWDOHIIHFWVRIFDUERQWDULIIVEXWWKHUH
DUH VWLOO VRPH JDSV LQ WKLV UHVHDUFK DUHD )LUVW IHZ
VWXGLHVKDYH DQDO\]HGWKH LPSDFWVRIFDUERQWDULIIV
RQLQGXVWULDOWUDGHDQGHQHUJ\FRQVXPSWLRQVWUXF
WXUHVWKXVDQDO\VHVRIWKHVWUXFWXUDOHIIHFWVRIFDU
ERQWDULIIVDUHODFNLQJDWSUHVHQW6HFRQGVWDWLF&*(
PRGHOVDUHPDLQO\XVHGWRVWXG\FDUERQWDULIIV)XU
WKHUPRUHWKHGDWDLQWKHLQSXWRXWSXWWDEOHZHUHRE
WDLQHGEHIRUHVRWKH\PD\EHWRRROGWRDFFX
UDWHO\ DQDO\]H WKH LPSDFWV RI FDUERQ WDULIIV RQ
&KLQD¶V IXWXUH HFRQRP\ DQG HPLVVLRQV UHGXFWLRQV
7RDGGUHVVWKHGHILFLHQFLHVRISUHYLRXVUHVHDUFKZH
FRQVLGHUHG G\QDPLF IDFWRUV VXFK DV WHFKQRORJLFDO
SURJUHVVDQGFDSLWDODFFXPXODWLRQDVZHOODVHQ
HUJ\VHFWRUVDQGQRQHQHUJ\VHFWRUVDQGEXLOWD
UHFXUVLYHPXOWLVHFWRUDOG\QDPLF&*(PRGHOEDVHG
RQ&KLQD VODWHVWLQSXWRXWSXWWDEOHDVWKHGDWDVRXUFH
WRDQDO\]HWKHLPSDFWVRIWKHFDUERQWDULIIVWREHLP
SOHPHQWHGE\WKH86$LQRQ&KLQD¶VVWUXFWXUHV
GXULQJWKH SHULRG± LQFOXGLQJWKH HQHUJ\
FRQVXPSWLRQH[SRUWFRPPRGLW\H[SRUWUHJLRQDQG
LQGXVWULDO RXWSXW VWUXFWXUHV 7KXV RXU VWXG\ PD\
SURYLGHQRYHOLQVLJKWVLQWRWKLVLVVXH

LITERATURE REVIEW
,QUHFHQW\HDUVVWXGLHVUHODWHGWR&%7$VKDYH
IRFXVHG PDLQO\ RQ WKHLU LPSDFWV RQ VRFLDO ZHOIDUH
WKH PDFURHFRQRP\ LQWHUQDWLRQDO FRPSHWLWLYHQHVV
DQGFDUERQOHDNDJH6RPHSUHYLRXVVWXGLHVLQYHVWL
JDWHG WKH HIIHFWV RI &%7$V RQ ZHOIDUH IURP WKH
JOREDO >   @ QDWLRQDO > @ DQG VHFWRUDO >@
SHUVSHFWLYHV$VIRUWKHLPSDFWVRQPDFURHFRQRP\
SUHYLRXVVWXGLHVH[DPLQHGLPSDFWVRIFDUERQWDULIIV
EDVHGRQWKHFDUERQFRQWHQWRILPSRUWVRUWKHFDUERQ
FRQWHQW RI GRPHVWLF SURGXFWLRQ RQ WKH HFRQRP\
JURZWK>@VHFWRUDOFDUERQHPLVVLRQV>@ORVVHV
LQKHDY\LQGXVWU\>@DQGH[SRUWV>@6RPHVWXG
LHVFRPSDUHGWKHLPSDFWVRI&%7$VDFURVVODUJHGH
YHORSLQJHFRQRPLHVDQGFRPSDUHGWKHSHUIRUPDQFH
RIGLIIHUHQWSROLF\RSWLRQVWRPLWLJDWH QHJDWLYHLP
SDFWV >@ 7KHVH VWXGLHV PDLQO\ H[SORUHG WKH LP
SDFWVRIFDUERQWDULIIVRQHFRQRPLFJURZWKIRUHLJQ
WUDGHDQGLQGXVWULDOVHFWRUVEXWIHZVWXGLHVH[DP
LQHGWKHVWUXFWXUDOHIIHFWVRIFDUERQWDULIIV)URPWKH
SHUVSHFWLYH RI WKH LQWHUQDWLRQDO FRPSHWLWLYHQHVV
SUHYLRXV VWXGLHV IRFXVHG PDLQO\ RQ WKH LPSDFWV RI
FDUERQ WDULIIV RQ LQGXVWULDO FRPSHWLWLYHQHVV >@
VXFKDVWKHVWHHOLQGXVWU\>@LPSRUWFRPSHWLQJLQ
GXVWULHV >@ FRPSHWLWLYHQHVV RI UHJLRQV >@ DQG
FRPSHWLWLYHQHVV RI H[SRUW SURGXFWV > @ ,Q UH
FHQW WLPH .HHQ DQG .RWVRJLDQQLV H[SORUHG WKH HI
IHFWVRIFDUERQWDULIIVRQLQWHUQDWLRQDOFRPSHWLWLYH
QHVV DV ZHOO DV WKH FRRUGLQDWLQJ FOLPDWH DQG WUDGH
SROLFLHV EDVHG RQ 3DUHWR HIILFLHQF\ >@ +RZHYHU
WKHVHVWXGLHVLJQRUHGWKHLPSDFWVRIFDUERQWDULIIVRQ
QDWLRQDOPDFURHFRQRPLHVDQGHPLVVLRQVUHGXFWLRQV
VXFKDVHFRQRPLFVWUXFWXUHUHQHZDEOHRUIRVVLOHQ
HUJ\XVHDQGFDUERQLQWHQVLW\)URPWKHSHUVSHFWLYH
RIFDUERQOHDNDJHVRPHSUHYLRXVVWXGLHVH[DPLQHG
WKH LPSDFWV RI &%7$V RQ JOREDO > @ VHFWRUDO
>@ DQG UHJLRQDO FDUERQ OHDNDJHV >@ ,Q UHFHQW
WLPHVRPHWRSLFVUHODWHGWRDQWLOHDNDJHSROLFLHVDQG
PLWLJDWLQJFDUERQOHDNDJHKDVEHHQLQYHVWLJDWHG)RU
H[DPSOH )LVFKHU DQG )R[ H[SORUHG YDULRXV FRQGL
WLRQVWRGHWHUPLQHZKLFKDQWLOHDNDJHSROLFLHVPLJKW
EHPRUHHIIHFWLYHFRPSOHPHQWVIRUGRPHVWLFJUHHQ
KRXVH JDV HPLVVLRQV UHJXODWLRQ >@ *KRVK HW DO
XVHGD&*(PRGHOWRFRPSDUHWKHHIILFLHQF\DQGWKH
GLVWULEXWLRQDODQGHPLVVLRQOHDNDJHHIIHFWVRIFDUERQ
WDULIIVDQGVXJJHVWHGWKDWWKHFDUERQWDULIIVSROLFLHV
ZLOOKDYHZRUVHLPSDFWVRQIRVVLOIXHOH[SRUWHUVDQG
UHODWLYHO\EHWWHURXWFRPHVIRURLOLPSRUWHUV>@0D
ULD HW DO VXPPDUL]HG WKH FKDQQHOV WKURXJK ZKLFK
FDUERQ OHDNDJH FDQ RFFXU DQG OLVWHG SROLFLHV WKDW
KDYH EHHQ VXJJHVWHG IRU PLWLJDWLQJ FDUERQ OHDNDJH
>@ (LFKQHU DQG 3HWKLJ LQYHVWLJDWHG WKH SHUIRU
PDQFH RI D FRQVXPSWLRQEDVHG FDUERQ WD[ LPSOH
PHQWHGDVDQLQVWUXPHQWIRUXQLODWHUDOFOLPDWHGDP
DJH PLWLJDWLRQ LQ D WZRSHULRG WZRFRXQWU\ &*(
PRGHO DQG VXJJHVWHG WKDW XQLODWHUDO FRQVXPSWLRQ
EDVHG FDUERQ WD[HV ZLOO KDYH D QHJDWLYH LPSDFW RQ
FDUERQOHDNDJH>@3ORHJDQDO\]HGFDUERQOHDNDJH
DV ZHOODV JOREDOO\DOWUXLVWLF DQGXQLODWHUDOVHFRQG

METHODOLOGY
Based on Hosoe et al. [32], we constructed a
recursive multi-sectoral dynamic CGE model, which
comprises eight main parts: production activities (including 8 energy sectors and 13 non-energy sectors,
as shown in Table 1), commodities (21 types), input
factors (including labor and capital), household (including rural and urban residents), firms, government, investment and savings, and foreign trade (between China and the USA, Japan (JAP), EU (The EU
includes the UK in this study because the data were
obtained before 2016, so they do not affect the results.), and the rest of the world (ROW)). Thus, the
dynamic CGE model mainly comprises six modules:
production module, foreign trade module, income
and expenditure module, model closure and market
clearing module, carbon tariffs module, and dynamic
module, as shown in Fig. 1.
3URGXFWLRQ PRGXOH 7KH SURGXFWLRQ PRGXOH
GHVFULEHV SURGXFWLRQ DFWLYLWLHV ,W LV DVVXPHG WKDW
HDFK VHFWRU SURGXFHV RQO\ RQH GLVWLQFW FRPPRGLW\
ZKLFKIROORZVDQHVWHGFRQVWDQWHODVWLFLW\RIVXEVWL
WXWH &(6  IXQFWLRQ 7KH LQSXWV LQ HDFK VHFWRU LQ
FOXGHODERUFDSLWDOHQHUJ\DQGFRPELQHGLQWHUPH
GLDWHLQSXW7KHSURGXFWLRQSURFHVVDOVRIROORZVWKH
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WKH FDSLWDOHQHUJ\ODERU FRPSRVLWLRQ ERXQG DQG
FRPELQHGLQWHUPHGLDWHLQSXWXVLQJWKH&(6IXQFWLRQ

SULQFLSOHRIFRVWPLQLPL]DWLRQ)LUVWVL[W\SHVRIIRV
VLOHQHUJ\WKHUPDOSRZHUDQGFOHDQSRZHUDUHV\Q
WKHVL]HGWRREWDLQWKHFRDORLOJDVDQGSRZHUFRP
SRVLWLRQERXQGVXVLQJWKH&(6IXQFWLRQDVGHSLFWHG
LQ)LJ6HFRQGWKHRLODQGQDWXUDOJDVFRPSRVLWLRQ
ERXQGVDUHV\QWKHVL]HGWRREWDLQWKHRLOJDVFRPSR
VLWLRQ ERXQG 7KH RLOJDV DQG FRDO FRPSRVLWLRQ
ERXQGV DUH V\QWKHVL]HG WR REWDLQ WKH IRVVLO HQHUJ\
FRPSRVLWLRQ ERXQG 7KLUG WKH IRVVLO HQHUJ\ DQG
SRZHUFRPSRVLWLRQERXQGVDUHV\QWKHVL]HGWRREWDLQ
WKH HQHUJ\ FRPSRVLWLRQ ERXQG )RXUWK WKH HQHUJ\
FRPSRVLWLRQERXQGDQGFDSLWDODUHV\QWKHVL]HGWRRE
WDLQWKHFDSLWDOHQHUJ\FRPSRVLWLRQERXQG)LIWKWKH
FDSLWDOHQHUJ\FRPSRVLWLRQERXQGDQGODERUDUHV\Q
WKHVL]HGWRREWDLQWKHFDSLWDOHQHUJ\ODERUFRPSRVL
WLRQERXQG)LQDOO\WKHWRWDORXWSXWLVREWDLQHGIURP

)RUHLJQWUDGHPRGXOH7KHIRUHLJQWUDGHPRG
XOH GHVFULEHV WKH UHODWLRQVKLSV EHWZHHQ GRPHVWLF
JRRGVLPSRUWVDQGH[SRUWV&KLQDLVDELJFRXQWU\
DQGLWKDVDVLJQLILFDQWLPSDFWRQLQWHUQDWLRQDOSULFHV
>@:HDVVXPHWKDWGRPHVWLFJRRGVDUHQRWFRP
SOHWHO\VXEVWLWXWDEOHIRUWKHFRUUHVSRQGLQJLPSRUWHG
JRRGVDQGWKDWLPSRUWHGJRRGVIURPGLIIHUHQWFRXQ
WULHV RU UHJLRQV FDQQRW EH FRPSOHWHO\ VXEVWLWXWHG
ZLWK HDFK RWKHU WKXV WKHUH LV D GRXEOH$UPLQJWRQ
QHVWHGUHODWLRQVKLS>@ZKLFKFDQEHGHVFULEHGE\
D&(6IXQFWLRQ

7$%/(
&RGHVIRUWKHVHFWRUVLQWKHG\QDPLF&*(PRGHO
code
sector 1
sector 2
sector 3
sector 4
sector 5
sector 6
sector 7
sector 8
sector 9
sector 10
sector 11
sector 12
sector 13
sector 14*
sector 15*
sector 16*
sector 17*
sector 18*
sector 19*
sector 20*
sector 21*

sub-sectors
Agriculture, forestry, animal husbandry and fishery
Mining industry
Food manufacturing and tobacco processing industry
Textile and products industry
Wood-processing, paper, and printing industry
Chemical industry
Nonmetallic mineral production industry
Metal smelting and production industry
Machinery and equipment manufacturing
Communications, instrumentation and other equipment manufacturing
Construction
Transportation, storage, and post
Other services
Coal Mining and selection
Coking industry
Oil exploitation industry
Oil and nuclear fuel processing industry
Gas exploration industry
Gas production and supply
Thermal power
Clean energy

1RWHWKHVXSHUVFULSW GHQRWHVHQHUJ\VHFWRU
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FIGURE 1
Basic framework of the dynamic CGE model
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,QFRPHDQGH[SHQGLWXUHPRGXOH7KHLQFRPH
DQG H[SHQGLWXUH PRGXOH GHVFULEHV WKH LQFRPH DQG
H[SHQGLWXUHDOORFDWLRQEHKDYLRUVRIKRXVHKROGVHQ
WHUSULVHVDQGWKHJRYHUQPHQW,WLVDVVXPHGWKDWWKH
KRXVHKROGLQFRPHFRPHVPDLQO\IURPODERULQFRPH
WKH UHWXUQVRQFDSLWDO DQGWUDQVIHUVE\WKH JRYHUQ
PHQWDQGRYHUVHDV$IWHUSD\LQJKRXVHKROGLQFRPH
WD[KRXVHKROGVUHFHLYHDGLVSRVDEOHLQFRPHZKLFK
FDQ EH FRQVXPHG RU VDYHG 7KH HQWHUSULVH LQFRPH
FRPHV PDLQO\ IURP FDSLWDO UHWXUQV $IWHU SD\LQJ
WD[HV HQWHUSULVHV PDNH VDYLQJV DQG LQYHVWPHQWV
7KH JRYHUQPHQW UHYHQXH FRPHV PDLQO\ IURP DOO
W\SHV RI WD[HV DQG WUDQVIHU SD\PHQWV IURP IRUHLJQ
FRXQWULHVDQGLWVH[SHQGLWXUHLQFOXGHVFRQVXPSWLRQ
WUDQVIHUVWRKRXVHKROGVDQGIRUHLJQDLG
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b fossil DUH FRHIILFLHQWV IRU FRQYHUWLQJ GLIIHUHQW W\SHV
RI(LQWRVWDQGDUGFRDODQGWKHFRHIILFLHQWRIFDUERQ
HPLVVLRQVUHVSHFWLYHO\(T  UHSUHVHQWVWKHFRHI
ILFLHQWRIFDUERQHPLVVLRQVSHUXQLWRXWSXWRIJRRGV
Cemc ZKHUH saxa ,c GHQRWHVWKHIL[HGLQSXWWRRXWSXW
UDWLR(T  UHSUHVHQWVWKHFKDQJHVLQWKHSULFHRI
FRPPRGLWLHVH[SRUWHGWRWKH86$DIWHUOHY\LQJFDU
ERQ WDULIIV $V DQ H[WUD WD[ FDUERQ WDULIIV FDQ EH
WUHDWHGDVDGGLWLRQDOH[SRUWFRVWVE\WUDQVIRUPLQJWKH
FDUERQ WDULII LQWR SULFHV RI H[SRUW FRPPRGLWLHV
ZKHUH PEsc,usa  bct  EXR  DQG pwec GHQRWH WKH
SULFHRIWKHH[SRUWHGFRPPRGLW\FDUERQWDULIIVWD[
UDWHH[FKDQJHUDWHDQGLQWHUQDWLRQDO PDUNHWSULFH
UHVSHFWLYHO\

0RGHOFORVXUHDQGPDUNHWFOHDULQJPRGXOH
,WLVDVVXPHGWKDWFRPPRGLW\DQGIDFWRUPDUNHWVDUH
FOHDULQJDVZHOODVWKHJRYHUQPHQWEXGJHWLQWHUQD
WLRQDOSD\PHQWVDQGWKHLQYHVWPHQWDQGVDYLQJVEDO
DQFH7KLVPRGHOIROORZVWKHSULQFLSOHRIH[RJHQRXV
IRUHLJQ VDYLQJV DQG DQ HQGRJHQRXV H[FKDQJH UDWH
7KHHFRQRPLFPHDQLQJLVWKDWH[FKDQJHUDWHGHSUH
FLDWLRQRUDSSUHFLDWLRQFDQEHDGMXVWHGWREDODQFHWKH
WUDGH7KHJRYHUQPHQWEXGJHWDVVXPHVWKDWWKHJRY
HUQPHQWFRQVXPSWLRQLVH[RJHQRXVZKLOHWKHJRY
HUQPHQW VDYLQJ LV HQGRJHQRXV $FFRUGLQJ WR WKH
1HRFODVVLFDO FORVXUH ODZK\SRWKHVLVWKH WRWDOLQ
YHVWPHQWLVGHWHUPLQHGE\WKHWRWDOVDYLQJV,QSDU
WLFXODUWKHUHDUHWZRPDLQSXUSRVHVRILQYHVWPHQW
LQYHQWRU\FKDQJHVDQGIL[HGFDSLWDOLQYHVWPHQW3DUW
RIWKHLQYHVWPHQWZLOOEHVWRUHGE\YDULRXVVHFWRUVLQ
WKH IRUP RI LQYHQWRU\ DQG DQRWKHU SDUW ZLOO EH DV
VLJQHGWRHDFKVHFWRULQWKHIRUPRIIL[HGFDSLWDOLQ
YHVWPHQW

'\QDPLF PRGXOH ,Q RXU UHFXUVLYH G\QDPLF
&*(PRGHOWKHPDLQGULYLQJIDFWRUVIRUWKHPRGHO
G\QDPLFVDUHWHFKQRORJLFDOSURJUHVVDQGFDSLWDODF
FXPXODWLRQ 7KH FDSLWDOHQHUJ\ODERU FRPSRVLWLRQ
ERXQG FRPSULVHV WKH FDSLWDOHQHUJ\ FRPSRVLWLRQ
ERXQGDQGODERUEDVHGRQWKH&(6IXQFWLRQZKLFK
LVZULWWHQDV(T  
min PKEa  QKEa  WL  QLDa ,
 

&DUERQ WDULIIV PRGXOH 7KH FDUERQ WDULIIV
PRGXOHGHVFULEHVWKHSULFHRIFRPPRGLWLHVH[SRUWHG
DFFRUGLQJWRWKH FDUERQWDULIIVLPSOHPHQWHGE\WKH
86$,WLVDVVXPHGWKDWWKH FDUERQWDULIIVDUH RQO\
LPSRVHGE\WKH86$WRUHVWULFWWKHFDUERQFRQWHQWV
RI&KLQD¶VH[SRUWFRPPRGLWLHV$FFRUGLQJWRWKHDF
FRXQWLQJ UXOHV RI WKH ,QWHUJRYHUQPHQWDO 3DQHO RQ
&OLPDWH &KDQJH ,3&&  ZH FDOFXODWH WKH FDUERQ
FRQWHQW RI WKH XQLW JRRGV FRHIILFLHQW EDVHG RQ WKH
FDUERQHPLVVLRQFRHIILFLHQW:H FRQVLGHUWKH IRVVLO
IXHO LQSXWV WR DYRLG GRXEOHFRXQWLQJ DV VKRZQ E\
(TV  ±  
6
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TFPa,t 1 TFPa ,t  1  tfpt  

¦
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fossil , a

fossil

1

s.t.QKELa

KEL

VHFWRUDDQG QKEa  QLDa  PKEa DQG WL GHQRWHWKH
FDSLWDOHQHUJ\ FRPSRVLWLRQ ERXQG ODERU GHPDQG
DQG WKHLU FRUUHVSRQGLQJ SULFHV UHVSHFWLYHO\ G aKE LV
WKHVKDUHSDUDPHWHUDQG V aKEL 1/ (1  UaKEL ) LVWKHHODV
WLFLW\RIVXEVWLWXWLRQEHWZHHQWKHFDSLWDOHQHUJ\OD
ERUFRPSRVLWLRQERXQGDQGFRPELQHGLQWHUPHGLDWH
LQSXW V aKEL LV WKH VXEVWLWXWLRQ HODVWLFLW\ SDUDPHWHU

ZKHUH tfpt LVWKHJURZWKUDWHRI7)3LQSHULRGW

DATA SOURCES AND PARAMETER
SETTINGS
$ VRFLDO DFFRXQWLQJ PDWUL[ 6$0  PXVW EH
FRQVWUXFWHGEHIRUHWKHVLPXODWLRQDQDO\VLVZKHUHWKH
EDVLFGDWDFRPHPDLQO\IURPWKHLQSXWRXWSXWWDEOH
7KHGDWDIRULQWHUPHGLDWHLQSXWVFDSLWDORXWSXWLP
SRUWV H[SRUWV DVVHW GHSUHFLDWLRQ FRPPRGLW\ FRQ
VXPSWLRQ LQYHVWPHQW LQYHQWRU\ HWF FDPH IURP
&KLQD¶VLQSXWRXWSXWWDEOH  ZKLFKZDVWDNHQ
IURPWKH&KLQD6WDWLVWLFDO<HDUERRN  7KHGDWD
UHJDUGLQJ UHVLGHQW LQFRPH IRUHLJQ LQYHVWPHQW LQ
FRPH JRYHUQPHQW VDYLQJV WUDQVIHU SD\PHQWV HWF
FDPHIURPWKH&KLQD6WDWLVWLFDO<HDUERRN DQG
 7KHGDWDUHJDUGLQJLPSRUWGXWLHVKRXVHKROG
LQFRPHWD[HQWHUSULVHWD[HWFFDPHIURPWKH&KLQD
)LQDQFH<HDU %RRN   7KH GDWD DERXW KRXVH

fossil

§ EMCO 2a
·  
 saxa ,c ¸
QA
a
©
¹

¦¨
a

KEL

ZKHUH TFPa GHQRWHV WKH WRWDO IDFWRU SURGXFWLYLW\ RI

fossil 1

Cemc

KEL
TFPa  ªG aKE QKEaUa  1  G aKE QLDaUa º Ua
¬
¼

pEsc,usa  bct  Cemc  EXR pwec  EXR  
(T   UHSUHVHQWV WKH FDUERQ HPLVVLRQV
EMCO 2a E\HDFKVHFWRUZKLFKDUHSURGXFHGE\WKH
FRQVXPSWLRQ RI VL[ W\SHV RI IRVVLO IXHOV GXULQJ WKH
SURGXFWLRQ SURFHVV ZKHUH QED fossil ,a GHQRWHV WKH
IRVVLO IXHO LQSXWV IRU HDFK VHFWRU DQG a fossil DQG
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W&2WRW&2

KROGVDYLQJVFDPHIURPWKH$OPDQDFRI&KLQD¶V)L
QDQFHDQG%DQNLQJ  7KHGDWDIRUWKHDOORFD
WLRQSURSRUWLRQVRIFRPPRGLWLHVH[SRUWHGWRDQGLP
SRUWHGIURPGLIIHUHQWFRXQWULHVRUUHJLRQVWKH SUR
SRVHGFDSLWDOJDLQVRIGLIIHUHQWFRXQWULHVRUUHJLRQV
DQG WKH SURSRVHG IRUHLJQ VDYLQJ RI GLIIHUHQW FRXQ
WULHVRUUHJLRQVFDPHIURPWKH&KLQD&XVWRPV6WD
WLVWLFV<HDUERRN  81&2075$'('DWDEDVH
DQG*7$3YHUVLRQGDWDEDVHVWDWLVWLFV2WKHUGDWD
VXFK DV HQWHUSULVH FDSLWDO LQFRPH IRUHLJQ VDYLQJV
DQGJRYHUQPHQWWUDQVIHUWRUHVLGHQWVZHUHREWDLQHG
XVLQJWKHURZVXPDQGFROXPQVXPHTXDOLW\UXOH
7KHUHDUHPDQ\H[RJHQRXVDQGHQGRJHQRXVSD
UDPHWHUV LQ WKH G\QDPLF &*( PRGHO7KH HQGRJH
QRXVSDUDPHWHUVZHUHGHWHUPLQHGE\WKHFDOLEUDWLRQ
PHWKRGLQFOXGLQJWKHVKDUHSDUDPHWHUVIRUWKHSUR
GXFWLRQ IXQFWLRQ $UPLQJWRQ IXQFWLRQ DQG &(7
IXQFWLRQ DV ZHOO DV WKH WUDQVIRUPDWLRQ SDUDPHWHUV
PLVFHOODQHRXVWD[UDWHVDQGSURSHQVLWLHVWRFRQVXPH
,Q WKH VLPXODWLRQV ZH HQWHUHG WKH EHQFKPDUN GDWD
GHULYHGIURPWKH6$0LQWRWKHFRUUHVSRQGLQJHTXD
WLRQVDQG ZH WKHQVROYHGWKH XQNQRZQSDUDPHWHUV
([RJHQRXVSDUDPHWHUVVXFKDVPLVFHOODQHRXVVXEVWL
WXWLRQHODVWLFLWLHVFDUERQHPLVVLRQIDFWRUVWRWDOIDF
WRU SURGXFWLYLW\ DQG WKH UDWH RI SRSXODWLRQ JURZWK
ZHUHREWDLQHGIURPSUHYLRXVVWXGLHV>@DQGDG
MXVWHGLQRXUPRGHO7KHG\QDPLFH[RJHQRXVSDUDP
HWHUV LQ RXU PRGHO LQFOXGLQJ WKH JURZWK UDWHV IRU
*'3DQGWRWDOODERUZHUH GLYLGHGLQWRWZRVWDJHV
WKHDFWXDOHFRQRPLFGDWDIURPWR &KLQD
6WDWLVWLFDO <HDUERRN   DQG WKH IRUHFDVW GDWD
IURPWR>@,QDGGLWLRQLWZDVGLIILFXOW
WRREWDLQVRPHH[RJHQRXVSDUDPHWHUVVXFKDVWKHWR
WDOIDFWRUSURGXFWLYLW\VRZHXVHGWKHKLVWRULFDOVLP
XODWLRQ PHWKRG>@)RUH[DPSOH ZH FKDQJHGWKH
UHDO*'3DQGWRWDOODERUVXSSO\IURPHQGRJHQRXVWR
H[RJHQRXVDQGVROYHGWKH WRWDOIDFWRUSURGXFWLYLW\
DVDQHQGRJHQRXVSDUDPHWHU

,PSDFWVRIFDUERQWDULIIVRQWKH&KLQD¶VHFR
QRPLFVWUXFWXUH  ,PSDFWVRIFDUERQWDULIIVRQ
WKHWUDGHVWUXFWXUH D 5HJLRQDOH[SRUWVWUXFWXUH
7KHUHJLRQDOH[SRUWVWUXFWXUHUHIOHFWVFKDQJHVLQWKH
SURSRUWLRQVRIH[SRUWVWRGLIIHUHQWFRXQWULHVDPRQJ
WKHWRWDOH[SRUWVDVVKRZQLQ7DEOH &DUERQWDULIIV
LPSRVHGE\86DWDQ\OHYHORIW&2W&2
W &2 W &2 W &2 WKH VLPXODWLRQ UH
VXOWVKDYHDVLPLODUWHQGHQF\ZLWKPLQRUFKDQJHV 
,WFDQEHVHHQWKDWPRVWRIWKHH[SRUWVWRWKH86$DUH
FOHDUO\ORZHUZKHUHDVH[SRUWVWRRWKHUFRXQWULHVRU
UHJLRQVLQFUHDVH7KLVPHDQVWKDWFDUERQWDULIIVZLOO
OHDGWRWUDGHGLYHUVLRQPDLQO\EHFDXVH&KLQHVHH[
SRUWVWRWKH86$DUHKLQGHUHGWKHUHE\IRUFLQJ&KLQD
WRVHDUFKIRURWKHUIRUHLJQPDUNHWV,QDGGLWLRQZKHQ
WKH 86$ OHYLHV FDUERQ WDULIIV &KLQD ZLOO GHFUHDVH
WKHSULFHVRIH[SRUWVDVDODUJHWUDGLQJQDWLRQ7DEOH
VKRZVWKDW PRVWRIWKH SULFHVRI&KLQD¶VH[SRUWV
ZLOO H[KLELW D GRZQZDUG WUHQG ZKHQ FDUERQ WDULIIV
DUH LPSOHPHQWHG E\ WKH 86$ ,Q SDUWLFXODU D GH
FUHDVH LQ SULFHV ZLOO LPSURYH WKH DWWUDFWLYHQHVV RI
&KLQHVH H[SRUWV VR PRUH JRRGV FDQ EH H[SRUWHG LI
RWKHU FRQGLWLRQV UHPDLQ XQFKDQJHG ZKLFK LV UH
IHUUHGWRDVWKHWUDGHFUHDWLRQHIIHFW7KXVWKLVSKH
QRPHQRQ ZLOOVRPHZKDWUHGXFHWKH QHJDWLYHHIIHFW
RIFDUERQWDULIIV$PRQJWKHGLIIHUHQWH[SRUWVVHFWRU
 2LODQGQXFOHDUIXHOSURFHVVLQJLQGXVWU\ H[SRUWV
WR WKH 86$ ZLOO GHFUHDVH GUDPDWLFDOO\ )RU WKH H[
SRUWVWRWKH86$WKHWRWDOH[SRUWVZLOOGHFUHDVHE\
DERXW  LQ  LH IURP  EHIRUH
FDUERQWDULIIVWRDIWHUFDUERQWDULIIVZKHUHWKH
GHFOLQLQJWUHQGZLOOGHFUHDVHRYHUWKH\HDUVUHDFKLQJ
DERXWLQ+RZHYHUQRWDOOH[SRUWV
ZLOOEHDIIHFWHGE\WUDGHGLYHUVLRQ)RUH[DPSOHWKH
SURSRUWLRQVRIH[SRUWVLQVHFWRU )RRGPDQXIDFWXU
LQJ DQG WREDFFR SURFHVVLQJ LQGXVWU\  VHFWRU 
&RPPXQLFDWLRQVLQVWUXPHQWDWLRQDQGRWKHUHTXLS
PHQWPDQXIDFWXULQJ VHFWRU &RQVWUXFWLRQ DQG
VHFWRU *DVH[SORUDWLRQLQGXVWU\ WRWKH86$ZLOO
GHFOLQHZKHUHDVWKHSURSRUWLRQVRIWKHVHH[SRUWVWR
-$3(8DQG52:ZLOOUHPDLQXQFKDQJHGEHFDXVH
WKH GHPDQG HODVWLFLWLHV IRU WKHVH FRPPRGLWLHV DUH
UHODWLYHO\ZHDNDQGQRWHDV\WRFKDQJH)XUWKHUPRUH
VRPHH[SRUWVWR-$3(8RU52:ZLOOLQFUHDVHWR
GLIIHUHQWH[WHQWV)RUH[DPSOHWKHH[SRUWUDWLRV IRU
VHFWRU &KHPLFDOLQGXVWU\ VHFWRU 0HWDOVPHOW
LQJDQGSURGXFWLRQLQGXVWU\ VHFWRU 7UDQVSRUWD
WLRQVWRUDJHDQGSRVW DQGVHFWRU &RNLQJLQGXV
WU\ WR-$3ZLOOLQFUHDVHVLJQLILFDQWO\ZKLOHWKHH[
SRUWUDWLRV IRUVHFWRU :RRGSURFHVVLQJSDSHUDQG
SULQWLQJ LQGXVWU\  VHFWRU  0DFKLQHU\ DQG HTXLS
PHQWPDQXIDFWXULQJ DQGVHFWRU 2WKHUVHUYLFHV 
WR(8ZLOODOVRLQFUHDVH7KLVLVH[SODLQHGPDLQO\E\
WKHUHJLRQDOH[SRUWVWUXFWXUHEHIRUHFDUERQWDULIIV

SIMULATION RESULTS
,QWKLVVWXG\ZHXVHGWKHIROORZLQJWZRVLPX
ODWLRQVFKHPHV  QRFDUERQWDULIIVLPSOHPHQWHGE\
WKH86$DVDEDVHOLQHVFHQDULRDQG  &DUERQWDU
LIIVLPSOHPHQWHGE\WKH86$IURPRQWKHFDU
ERQFRQWHQWVRIJRRGVLPSRUWHGIURP&KLQD%DVHG
RQFRPSDULVRQVZLWKWKHEDVHOLQHVFHQDULRZHDQD
O\]HG WKH LPSDFWV RI WKH FDUERQ WDULIIV RQ &KLQD¶V
WUDGH VWUXFWXUH RXWSXW VWUXFWXUH HQHUJ\ VWUXFWXUH
DQG FDUERQ LQWHQVLW\ $FFRUGLQJ WR WKH $PHULFDQ
&OHDQ3RZHUDQG6HFXULW\$FWRIWKHLQWHUQD
WLRQDO FRPPXQLW\ SUHGLFWV WKDW WKH WD[ UDWH ZLOO EH
OHYLHGRYHUDUDQJHIURPWRGROODUVSHUWRQ
RIFDUERQHPLVVLRQV W&2 3UHYLRXVVWXGLHV>
@XVHGWKHVDPHWD[UDWHVFKHPHVVRZHVHWWKH
WD[ UDWH IRU FDUERQ WDULIIV LPSRVHG E\ WKH 86$ DW
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7$%/(
,PSDFWVRIFDUERQWDULIIVRQWKHUHJLRQDOH[SRUWVWUXFWXUH  DWW&2 IURPWR
Sector
sector 1

sector 2

sector 3

sector 4

sector 5

sector 6

sector 7

sector 8

sector 9

sector 10

sector 11

sector 12

sector 13

sector 14

sector 15

sector 16

sector 17

Region
USA
JAP
EU
Rest
USA
JAP
EU
Rest
USA
JAP
EU
Rest
USA
JAP
EU
Rest
USA
JAP
EU
Rest
USA
JAP
EU
Rest
USA
JAP
EU
Rest
USA
JAP
EU
Rest
USA
JAP
EU
Rest
USA
JAP
EU
Rest
USA
JAP
EU
Rest
USA
JAP
EU
Rest
USA
JAP
EU
Rest
USA
JAP
EU
Rest
USA
JAP
EU
Rest
USA
JAP
EU
Rest
USA
JAP
EU
Rest

2020
-0.2577
0.0000
0.0000
0.0161
-0.9314
0.1311
0.1337
0.1386
-0.0652
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0209
-0.0613
0.0000
0.0460
0.0268
-11.765
0.3212
0.2350
0.2509
-0.9004
0.1393
0.1586
0.1922
-0.5908
0.1538
0.0569
0.0962
-0.0692
0.0000
0.0461
0.0240
-0.0408
0.0000
0.0000
0.0000
-0.2252
0.0000
0.0000
0.0000
-24.263
0.3295
0.3230
0.3314
-0.1092
0.0000
0.0353
0.0219
0.0000
0.0000
0.0000
0.0000
-57.047
0.1969
0.1235
0.1670
-0.3356
0.0000
0.0000
0.0119
-357.143
0.6993
0.0000
0.8737

2022
-0.2577
0.0000
0.0000
0.0161
-10.161
0.1311
0.1337
0.1386
-0.0652
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0209
-0.0613
0.0000
0.0460
0.0268
-12.325
0.3212
0.2350
0.2689
-0.9604
0.1393
0.2114
0.1922
-0.5908
0.1538
0.0569
0.0962
-0.0692
0.0000
0.0461
0.0240
0.0000
0.0000
0.0000
0.0000
-0.2252
0.0000
0.0000
0.0000
-25.130
0.3295
0.3230
0.3550
-0.1092
0.0000
0.0353
0.0219
0.0000
0.0000
0.0000
0.0000
-60.403
0.1969
0.1235
0.1908
-0.3356
0.0000
0.0000
0.0119
-424.370
0.6993
0.0000
10.401

2024
-0.2577
0.0000
0.0000
0.0161
-11.008
0.1311
0.1337
0.1584
-0.0652
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0209
-0.0613
0.0000
0.0460
0.0268
-12.885
0.3212
0.2350
0.2868
-10.204
0.1393
0.2114
0.2096
-0.5908
0.1538
0.0569
0.0962
-0.0346
0.0000
0.0461
0.0240
0.0000
0.0000
0.0000
0.0000
-0.2252
0.0000
0.0000
0.0000
-26.863
0.3295
0.3523
0.3550
-0.1092
0.0000
0.0353
0.0219
0.0000
0.0000
0.0000
0.0000
-67.114
0.1969
0.1235
0.2028
-0.3356
0.0000
0.0000
0.0119
-495.798
13.986
0.0000
12.170



2026
-0.2577
0.0000
0.0000
0.0161
-11.854
0.1311
0.1337
0.1584
-0.0652
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0209
-0.0613
0.0000
0.0460
0.0268
-13.445
0.3212
0.2350
0.2868
-10.804
0.1393
0.2114
0.2096
-0.5908
0.1538
0.0569
0.0962
-0.0346
0.0000
0.0461
0.0240
0.0000
0.0000
0.0000
0.0000
-0.2252
0.0000
0.0000
0.0000
-27.730
0.4119
0.3817
0.3787
-0.1092
0.0000
0.0353
0.0219
0.0000
0.0000
0.0000
0.0000
-73.826
0.1969
0.1235
0.2266
-0.3356
0.0000
0.0000
0.0119
-579.832
13.986
0.0000
14.146

2028
-0.2577
0.0000
0.0000
0.0161
-12.701
0.1966
0.1783
0.1782
-0.0652
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0209
-0.0613
0.0000
0.0460
0.0268
-14.006
0.3212
0.2938
0.3047
-11.405
0.1393
0.2114
0.2271
-0.5908
0.1538
0.1138
0.0962
-0.0346
0.0000
0.0461
0.0240
0.0000
0.0000
0.0000
0.0000
-0.2252
0.0000
0.0000
0.0204
-29.463
0.4119
0.3817
0.4024
-0.1092
0.0000
0.0353
0.0219
0.0000
0.0000
0.0000
0.0000
-80.537
0.3937
0.2469
0.2385
-0.3356
0.0000
0.0000
0.0119
-663.866
13.986
0.0000
16.226

2030
-0.2577
0.0000
0.0000
0.0161
-13.548
0.1966
0.1783
0.1782
-0.0652
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0209
-0.0613
0.0000
0.0460
0.0268
-14.566
0.3212
0.2938
0.3226
-11.405
0.1393
0.2114
0.2446
-0.5908
0.1538
0.1138
0.0962
-0.0346
0.0000
0.0461
0.0240
0.0000
0.0000
0.0000
0.0000
-0.2252
0.0000
0.0000
0.0204
-30.329
0.4119
0.4110
0.4260
-0.1092
0.0000
0.0353
0.0219
0.0000
0.0000
0.0000
0.0000
-87.248
0.3937
0.2469
0.2624
-0.3356
0.0000
0.0000
0.0119
-752.101
20.979
0.0000
18.307
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sector 18

sector 20

sector 21
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Region
USA
JAP
EU
Rest
USA
JAP
EU
Rest
USA
JAP
EU
Rest

2020
-0.4170
0.0000
0.0000
0.0000
-0.1587
0.0000
0.0000
0.0133
-0.1587
0.0000
0.0000
0.0133

Fresenius Environmental Bulletin

2022
-0.3890
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0133
0.0000
0.0000
0.0000
0.0133

2024
-0.3643
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0133
0.0000
0.0000
0.0000
0.0133

2026
-0.3421
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

2028
-0.3217
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

2030
-0.3030
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1RWHV6RPHYDOXHVDUH³´DIWHUIRXUGLJLWVDUHUHWDLQHGZKLFKLQGLFDWHVWKHLQIOXHQFHLVYHU\VPDOO
Sector 19 is not displayed in the table because this sector has no foreign trade.
7$%/(
,PSDFWVRIFDUERQWDULIIVRQH[SRUWSULFHV  DWW&2IURPWR
&RPPRGLWLHV
sector 1
sector 2
sector 3
sector 4
sector 5
sector 6
sector 7
sector 8
sector 9
sector 10
sector 11
sector 12
sector 13
sector 14
sector 15
sector 16
sector 17
sector 18
sector 19
sector 20
sector 21

2020
0.0564
0.1074
0.0597
0.0710
0.0637
0.1842
0.1506
0.0996
0.0654
0.0657
0.0444
0.2072
0.0683
0.0324
0.1421
0.0523
0.5206
0.0432

0.0725
0.0725

2021
0.0570
0.1351
0.0607
0.0617
0.0758
0.1801
0.1436
0.1050
0.0670
0.0661
0.0469
0.2040
0.0696
0.0333
0.1586
0.0613
0.5735
0.0433

0.0787
0.0787

2022
-0.0579
-0.1248
-0.0309
0.0105
-0.0222
-0.0350
-0.0770
-0.0633
-0.0115
0.0381
-0.1322
0.0167
-0.0102
-0.0798
-0.2061
0.0529
0.0625
0.0523

0.3249
0.3249

2023
-0.2749
-0.6055
-0.2216
-0.1604
-0.2049
-0.4298
-0.5167
-0.4017
-0.2124
-0.0580
-0.5072
-0.3721
-0.2087
-0.3412
-0.8525
0.0178
-0.9716
0.0088

0.7295
0.7295

2024
-0.6222
-1.1631
-0.5202
-0.3944
-0.4693
-0.9617
-1.0454
-0.8520
-0.4879
-0.2162
-0.9835
-0.8507
-0.4952
-0.6943
-1.6088
-0.0815
-2.0609
-0.0714

1.1358
1.1358

2025
-1.1841
-2.0435
-1.0054
-0.8000
-0.9220
-1.7431
-1.8452
-1.5089
-0.9359
-0.5318
-1.6966
-1.5960
-0.9815
-1.2524
-2.7721
-0.2952
-3.8585
-0.2817

1.6436
1.6436

2026
-1.9525
-3.0682
-1.6657
-1.3617
-1.5247
-2.6908
-2.8224
-2.3532
-1.5411
-0.9778
-2.6299
-2.5352
-1.6729
-1.9792
-4.1002
-0.6233
-5.7841
-0.5950

2.0990
2.0990

2027
-3.0629
-4.4739
-2.6461
-2.2091
-2.4442
-4.0341
-4.1772
-3.5061
-2.4515
-1.6757
-3.8920
-3.7986
-2.6751
-3.0663
-5.8584
-1.1754
-8.3205
-1.1465

2.5630
2.5630

2028
-4.5325
-6.1575
-3.9361
-3.3484
-3.6511
-5.6024
-5.7927
-4.9468
-3.6340
-2.6593
-5.4374
-5.3625
-3.9954
-4.4622
-7.8330
-1.9695
-10.9462
-1.9257

2.8916
2.8916

2029
-6.3926
-8.2197
-5.6481
-4.8851
-5.2601
-7.6490
-7.8255
-6.8131
-5.2350
-4.0321
-7.3833
-7.3264
-5.7554
-6.2635
-10.2382
-3.1675
-14.3177
-3.1208

3.0505
3.0505

2030
-8.6967
-10.9084
-7.8745
-6.9417
-7.4337
-10.2339
-10.4532
-9.2387
-7.4243
-5.9608
-9.9122
-9.9314
-8.1281
-8.6464
-13.2364
-4.9666
-18.3784
-4.9061

2.9994
2.9994

1RWH7KHFKDQJHLQH[SRUWFRPPRGLW\SULFHRIVHFWRULV³´EHFDXVHWKLVVHFWRUKDVQRIRUHLJQWUDGH
 &RQVWUXFWLRQ VHFWRU &KHPLFDOLQGXVWU\ VHF
WRU 0HWDOVPHOWLQJDQGSURGXFWLRQLQGXVWU\ DQG
VHFWRU  7UDQVSRUWDWLRQ VWRUDJH DQG SRVW  GH
FUHDVH E\ DSSUR[LPDWHO\  
    DQG
 UHVSHFWLYHO\ IURP  WR  7KHVH
FKDQJHVDUHPDLQO\H[SODLQHGDVIROORZV)LUVWWKHVH
VHFWRUVDUHHQHUJ\LQWHQVLYHZLWKKLJKFDUERQHPLV
VLRQVGXULQJWKHSURGXFWLRQSURFHVVVRWKH\DUHLQ
HYLWDEO\ DIIHFWHG JUHDWO\ E\ FDUERQ WDULIIV 6HFRQG
WKHH[SRUWVUDWLRVRIWKHVHVHFWRUVWRWKH86$DUHUHO
DWLYHO\ KLJK EHIRUH FDUERQ WDULIIV VR FDUERQ WDULIIV
KDYHJUHDWHULPSDFWVRQWKHVHVHFWRUV0RUHRYHUWKH
H[SRUWUDWLRV RIVHFWRU &RPPXQLFDWLRQVLQVWUX
PHQWDWLRQDQGRWKHUHTXLSPHQWPDQXIDFWXULQJ VHF
WRU 2LOH[SORLWDWLRQLQGXVWU\ DQGVHFWRU *DV
H[SORUDWLRQLQGXVWU\ LQFUHDVHVOLJKWO\ OHVVWKDQ
LQ   +RZHYHU WKH H[SRUW UDWLRV RI VHFWRU 

E  &RPPRGLW\ H[SRUW VWUXFWXUH 7KH FRP
PRGLW\H[SRUWVWUXFWXUHLVWKHSURSRUWLRQRIGLIIHUHQW
FRPPRGLW\H[SRUWVDPRQJWKH WRWDOH[SRUWV)LJ
VKRZVWKHFKDQJHVLQWKHFRPPRGLW\H[SRUWVWUXFWXUH
GXHWRFDUERQWDULIIVEHLQJLPSOHPHQWHGE\WKH86$
DW W &2 ,I FDUERQ WDULIIV DUH LPSRVHG E\ WKH
86$DWOHYHOVRIW&2W&2W&2
W &2 RU W &2 WKH H[SRUW FRPPRGLW\
VWUXFWXUHZLOOH[KLELWVLPLODUWUHQGVZLWKPLQRUGLI
IHUHQFHV 2YHUDOOH[FOXGLQJVHFWRU &RPPXQL
FDWLRQVLQVWUXPHQWDWLRQDQGRWKHUHTXLSPHQWPDQX
IDFWXULQJ VHFWRU 2LOH[SORLWDWLRQLQGXVWU\ VHF
WRU *DVH[SORUDWLRQLQGXVWU\ VHFWRU *DVSUR
GXFWLRQDQGVXSSO\ VHFWRU 7KHUPDOSRZHU DQG
VHFWRU &OHDQHQHUJ\ WKHH[SRUWVUDWLRVH[KLELWD
GRZQZDUGWUHQGZKHUHWKHH[SRUWUDWLRV RIVHFWRU
2LODQGQXFOHDUIXHOSURFHVVLQJLQGXVWU\ VHFWRU
&RNLQJLQGXVWU\ VHFWRU 0LQLQJLQGXVWU\ VHFWRU
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7KHUPDO SRZHU  DQG VHFWRU  &OHDQ HQHUJ\  LQ
FUHDVH GUDPDWLFDOO\ E\ DERXW  DQG
UHVSHFWLYHO\LQ7KLVLVEHFDXVHWKH
H[SRUWVLQWKHVHVHFWRUVKDYHSULFHDGYDQWDJHVFRP
SDUHGZLWKKLJKFDUERQH[SRUWV
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UHGXFH&KLQD¶VIRUHLJQWUDGHGHSHQGHQFHDQGH[SRUW
GHSHQGHQFHGXHWRWKHIROORZLQJPDLQUHDVRQV)LUVW
&KLQD¶VH[SRUWSULFHVZLOOGHFUHDVHGUDPDWLFDOO\DI
WHU  7DEOH   ZKLFK ZLOO VRPHZKDW LQKLELW
&KLQD¶VH[SRUWV6HFRQGWKH86$LVRQHRI&KLQD¶V
ODUJHVWWUDGLQJSDUWQHUVVRFDUERQWDULIIVLPSRVHGE\
WKH86$RQLPSRUWVIURP&KLQDZLOOUHGXFHVRPHRI
&KLQD¶VH[SRUWVWR86WKHUHE\UHGXFLQJ&KLQD¶VIRU
HLJQWUDGHGHSHQGHQFHDQGH[SRUWGHSHQGHQFH+RZ
HYHUGXHWRDQLQFUHDVHLQWD[UDWHV&KLQD¶VIRUHLJQ
WUDGH GHSHQGHQFH DQG H[SRUW GHSHQGHQFH ZLOO
FKDQJH OLWWOH (YHQ LI WKH HODVWLFLW\ LV FKDQJHG
&KLQD¶V IRUHLJQ WUDGH GHSHQGHQFH DQG H[SRUW GH
SHQGHQFH H[KLELW VLPLODU WUHQGV ZLWK PLQRU GLIIHU
HQFHV ZKLFKPHDQVWKDWFDUERQWDULIIVLPSOHPHQWHG
E\WKH86$ZLOOKDYHRQO\DOLPLWHGQHJDWLYHLPSDFW
RQ&KLQD¶VIRUHLJQWUDGHGHSHQGHQFHDQGH[SRUWGH
SHQGHQFH

F  )RUHLJQ WUDGH GHSHQGHQFH 7KH IRUHLJQ
WUDGHGHSHQGHQFHLVWKHSURSRUWLRQRIH[SRUWDQGLP
SRUWYDOXHVUHODWLYHWRWKH*'3ZKLFKFRPSULVHVH[
SRUWDQGLPSRUWGHSHQGHQFLHV7KLVPHWULFFDQPHDV
XUHWKHHFRQRPLFGHSHQGHQFHRQ IRUHLJQFRXQWULHV
)LJDQG)LJLQGLFDWHWKDW&KLQD¶VIRUHLJQ
WUDGH GHSHQGHQFH DQG H[SRUW GHSHQGHQFH LQFUHDVH
VOLJKWO\ FRPSDUHG ZLWK WKDW SUHWD[ W&2  LQ
 DQG  ZKHUHDV WKH\ H[KLELW D GHFOLQLQJ
WUHQG DIWHU  ZKHUH WKH\ GHFUHDVH E\ DSSUR[L
PDWHO\DQGUHVSHFWLYHO\LQ,Q
JHQHUDOFDUERQWDULIIVLPSOHPHQWHGE\WKH86$ZLOO
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FIGURE 2
Impacts of carbon tariffs on the commodity export structure at $50/t CO2 from 2020 to 2030
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FIGURE 3
,PSDFWVRIFDUERQWDULIIVRQ&KLQD¶VIRUHLJQWUDGHGHSHQGHQFHXQder different scenarios
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FIGURE 4
Impacts of carbon tariffs RQ&KLQD¶VH[SRUWGHSHQGHQFHXQGHUGLIIHUHQWVFHQDULRV
&
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FIGURE 5
,PSDFWVRIFDUERQWDULIIVRQ&KLQD¶Voutput structure (%) at $50/t CO2 between 2020 and 2030
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FIGURE 6
Energy consumption structure at $50/t CO2 between 2020 and 2030
&2 IURP  WR  7KH RXWSXW VWUXFWXUH ZLOO
H[KLELWVLPLODUWUHQGVZLWKPLQRUGLIIHUHQFHVDWOHY
HOVRIW&2W&2W&2W&2
RUW&2 7KHRXWSXWVWUXFWXUHZLOOFKDQJHOLWWOH
LQ  DQG  EXW LW ZLOO FKDQJH JUHDWO\ IURP

  ,PSDFWV RI FDUERQ WDULIIV RQ WKH RXWSXW
VWUXFWXUH7KHRXWSXWVWUXFWXUHLVWKHSURSRUWLRQRI
HDFK VHFWRU¶V RXWSXW UHODWLYH WR WKH *'3 )LJ 
VKRZVWKHFKDQJHVLQWKHRXWSXWVWUXFWXUHGXHWRFDU
ERQWDULIIVEHLQJLPSOHPHQWHGE\WKH86$DW W
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WRZKHUHWKHRXWSXWUDWLRVRIVRPHVHFWRUV
ZLOOGHFUHDVH)RULQVWDQFHWKHRXWSXWVKDUHVRIVHF
WRU &RDO0LQLQJDQGVHOHFWLRQ VHFWRU &OHDQ
HQHUJ\ VHFWRU 2LODQGQXFOHDUIXHOSURFHVVLQJ
LQGXVWU\  VHFWRU  7KHUPDO SRZHU  DQG VHFWRU 
7H[WLOHDQGSURGXFWVLQGXVWU\  ZLOOGHFOLQH JUHDWO\
E\ DERXW    
DQG  UHVSHFWLYHO\ LQ  7KH RXWSXW
VKDUHVRIVHFWRU $JULFXOWXUHIRUHVWU\DQLPDOKXV
EDQGU\ DQG ILVKHU\  VHFWRU  )RRG PDQXIDFWXULQJ
DQG WREDFFR SURFHVVLQJ LQGXVWU\  VHFWRU  :RRG
SURFHVVLQJ SDSHU DQG SULQWLQJ LQGXVWU\  VHFWRU 
&KHPLFDOLQGXVWU\ VHFWRU 7UDQVSRUWDWLRQVWRU
DJH DQG SRVW  DQG VHFWRU  2WKHU VHUYLFHV  ZLOO
GHFOLQH VOLJKWO\ LQ  E\ DERXW 
DQG
 UHVSHFWLYHO\ +RZHYHU WKH RXWSXW VKDUHV
RIVHFWRU &RNLQJLQGXVWU\ VHFWRU *DVH[SOR
UDWLRQLQGXVWU\ DQGVHFWRU *DVSURGXFWLRQDQG
VXSSO\ ZLOORQO\FKDQJHLQVSHFLILF\HDUV7KHGH
FUHDVHVLQWKHRXWSXWVKDUHRIWKHVHVHFWRUVKDYHWZR
PDLQ FKDUDFWHULVWLFV KLJK H[SRUW GHSHQGHQFHV DQG
XSVWUHDP VHFWRUVWKDWSURYLGHUDZ PDWHULDOVRUVHU
YLFHVIRURWKHUFRPPRGLWLHV &DUERQWDULIIVFDQLQ
FUHDVHWKHRXWSXWVKDUHIRUVRPHVHFWRUVEXWWKHVL]H
RIWKHLQFUHDVHZLOORQO\EHVOLJKW)RUH[DPSOHWKH
RXWSXWVKDUHVRIVHFWRU 0LQLQJLQGXVWU\ VHFWRU
0HWDO VPHOWLQJ DQG SURGXFWLRQ LQGXVWU\  VHFWRU 
0DFKLQHU\ DQG HTXLSPHQW PDQXIDFWXULQJ  VHFWRU
 &RPPXQLFDWLRQV LQVWUXPHQWDWLRQ DQG RWKHU
HTXLSPHQWPDQXIDFWXULQJ DQGVHFWRU &RQVWUXF
WLRQ  ZLOO RQO\ LQFUHDVH E\  
  DQG  UHVSHFWLYHO\ LQ
,QDGGLWLRQWKHRXWSXWVKDUHRIVHFWRU 1RQ
PHWDOOLF PLQHUDO SURGXFWLRQ LQGXVWU\  ZLOO RQO\ LQ
FUHDVHE\LQZKHUHDVVHFWRU 2LO
H[SORLWDWLRQLQGXVWU\ ZLOOUHPDLQXQFKDQJHG7KLVLV
PDLQO\ EHFDXVH PRVW RI WKHVH VHFWRUV SURGXFH HQ
HUJ\LQWHQVLYH JRRGV VR WKHLU RXWSXW VKDUH ZLOO EH
LPSURYHGZLWKORZHUSULFHVIRUHQHUJ\DQGLQSXWIDF
WRUVDQGORZHUSURGXFWLRQFRVWV

&
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 ,PSDFWVRIFDUERQWDULIIVRQWKHHQHUJ\
VWUXFWXUH )LJ  VKRZV WKH GLIIHUHQW HQHUJ\ FRQ
VXPSWLRQ VKDUHV DW W &2 EHWZHHQ  DQG
 RWKHUWD[UDWHVKDYHVLPLODUWUHQGV 7KHFRDO
DQG JDV FRQVXPSWLRQ VKDUHV ZLOO GHFOLQH IURP
 DQG  LQ  UHVSHFWLYHO\ WR
DQGLQZKHUHDVWKHVKDUHV
RIRLOWKHUPDOSRZHUDQGFOHDQSRZHUFRQVXPSWLRQ
ZLOOLQFUHDVHIURPDQG
LQ  WR 40.8407% 31.9837% and 8.9945% in
2030,UHVSHFWLYHO\)LJVKRZVWKHLPSDFWVRIFDU
ERQWDULIIVRQFKDQJHVLQ&KLQD¶VHQHUJ\FRQVXPS
WLRQVWUXFWXUHDWW&2EHWZHHQDQG
ZKLFKGHPRQVWUDWHVWKDWWKHUHDUHPLQRUFKDQJHVLQ
WKHHQHUJ\FRQVXPSWLRQVWUXFWXUHLQDQG
EXWWKH UDQJH DQGWUHQGRIWKH HQHUJ\FRQVXPSWLRQ
VWUXFWXUH DUH VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ 
DQG  7KH FKDQJHV LQ WKH FRDO DQG JDV VKDUHV
WHQGWRLQFUHDVHZKHUHWKHWUHQGLVQRWDEOHRYHUWKH
\HDUVUHDFKLQJ1.9506% and 1.7958%,UHVSHFWLYHO\
LQ7KHFKDQJHVLQWKHWKHUPDOSRZHUDQGFOHDQ
SRZHUVKDUHVFOHDUO\LQFUHDVHLQDVLPLODUPDQQHUEH
WZHHQDQG7KHRLOFRQVXPSWLRQVKDUHLQ
FUHDVHVJUDGXDOO\EHWZHHQDQGUHDFKLQJD
SHDNDWLQEHIRUHGHFOLQLQJ&OHDUO\
WKH GLIIHUHQW FKDQJHV LQ WKH HQHUJ\ FRQVXPSWLRQ
VWUXFWXUH DUH DIIHFWHG JUHDWO\ E\ FDUERQ WDULIIV ,Q
JHQHUDOFDUERQWDULIIVFDQUHGXFHFRDOFRQVXPSWLRQ
ZKLFK LV KHOSIXO IRU LPSURYLQJ WKH HQYLURQPHQW
0RUHRYHUWKHUPDOSRZHUDQGFOHDQSRZHUZLOORE
YLRXVO\ LQFUHDVH 7KHVH FKDQJHV DUH DWWULEXWDEOH WR
WKH GLIIHUHQW LPSDFWV RI FDUERQ WDULIIV RQ HQHUJ\
SULFHVDVVKRZQLQ)LJ7KHSULFHVRIFRDORLOJDV
WKHUPDOSRZHUDQGFOHDQSRZHUZLOOGHFOLQHRYHUWKH
\HDUVGXHWRFDUERQWDULIIV,QSDUWLFXODUWKHSULFHRI
RLO H[KLELWV WKH JUHDWHVW IDOO IROORZHG E\ WKHUPDO
SRZHUDQGFOHDQSRZHUEXWWKHSULFHVRIFRDODQGJDV
GHFUHDVHUHODWLYHO\VORZO\7KHUHIRUHLQRUGHUWRRS
WLPL]H WKH DOORFDWLRQ RI UHVRXUFHV SURGXFHUV ZLOO
SUHIHUWRXVHHQHUJ\ZLWKDORZHUSULFHVXFKDVRLO
FRDODQGFOHDQSRZHU

 

&
      

! " # 

&
&
&

FIGURE 7
,PSDFWVRIFDUERQWDULIIVRQFKDQJHVLQ&KLQD¶VHQHUJ\VWUXFWXUH  DWW&2 2 between 2020 and
2030
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FIGURE 8
,PSDFWVRIFDUERQWDULIIVRQ&KLQD¶VHQHUJ\SULFHVDWW&2 2 between 2020 and 2030
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FIGURE 9
(IIHFWVRIFDUERQWDULIIVRQ&KLQD¶VFDUERQLQWHQVLW\
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FIGURE 10
,PSDFWVRIFDUERQWDULIIVRQ&KLQD¶VH[SRUWV
IRUH[DPSOHWKHPD[LPXPLQKLELWLRQUDWHRIFDUERQ
WDULIIV RQO\ UHDFKHV DERXW  LQ 7KLV LV
H[SODLQHGPDLQO\E\WKHFKDQJHVLQHQHUJ\FRQVXPS
WLRQ VWUXFWXUH GXULQJ ± ,Q SDUWLFXODU WKH
UDWLRRIFRDOFRQVXPSWLRQGHFUHDVHVGUDPDWLFDOO\%\
FRQWUDVW WKH UDWLR RI FOHDQ SRZHU FRQVXPSWLRQ LQ
FUHDVHVJUDGXDOO\&KLQD¶VFDUERQLQWHQVLW\ZLOOQRW
GHFUHDVHEHWZHHQDQGEHFDXVHFDUERQWDU
LIIVZLOOKDYHDWLPHGHOD\HGHIIHFWHJSURGXFHUV

,PSDFWVRIFDUERQWDULIIVRQWKHFDUERQLQ
WHQVLW\7KH FDUERQ LQWHQVLW\ UHSUHVHQWV WKH FDUERQ
HPLVVLRQVSHUXQLWRI*'3)LJVKRZVWKHLPSDFWV
RIFDUERQWDULIIVEHLQJLPSOHPHQWHGE\WKH86$RQ
&KLQD¶VFDUERQLQWHQVLW\&OHDUO\FDUERQWDULIIVZLOO
ORZHU &KLQD¶V FDUERQ LQWHQVLW\ EHWZHHQ  DQG
H[FHSWLQDQG7KHGHFOLQHZLOOEH
HQKDQFHGVOLJKWO\DVWKHFDUERQWDULIIVUDWHLQFUHDVHV
7KHUHIRUHFDUERQWDULIIVFDQFRQWULEXWHWRORZFDU
ERQGHYHORSPHQWWRVRPHH[WHQWEXWQRWREYLRXVO\
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VHFWRU  0HWDO VPHOWLQJ DQG SURGXFWLRQ LQGXVWU\ 
VHFWRU 0DFKLQHU\DQGHTXLSPHQWPDQXIDFWXULQJ 
VHFWRU  &RPPXQLFDWLRQV LQVWUXPHQWDWLRQ DQG
RWKHU HTXLSPHQW PDQXIDFWXULQJ  DQG VHFWRU 
&RQVWUXFWLRQ PDLQO\EHFDXVH&KLQDLVDYHU\ODUJH
PDQXIDFWXULQJ QDWLRQ DQG HYHQ LI WKH 86$ LPSOH
PHQWFDUERQWDULIIVWKHQHJDWLYHLPSDFWVRQ&KLQHVH
PDQXIDFWXULQJZLOOEHYHU\PLQRU
 &DUERQWDULIIVZLOOLPSURYH&KLQD¶VHQHUJ\
FRQVXPSWLRQVWUXFWXUHDQGUHGXFH&KLQD¶VFDUERQLQ
WHQVLW\WRVRPHH[WHQW7KHFKDQJHVLQHQHUJ\SULFHV
ZLOOEHDIIHFWHGGLIIHUHQWO\E\FDUERQWDULIIVWKHUHE\
OHDGLQJWRFKDQJHVLQWKHHQHUJ\FRQVXPSWLRQVWUXF
WXUH 7KH SURSRUWLRQ RI FRDO FRQVXPSWLRQ ZLOO GH
FOLQH GUDPDWLFDOO\ ZKHUHDV WKH SURSRUWLRQRIFOHDQ
SRZHU FRQVXPSWLRQ LQFUHDVHV 7KLV LV H[SODLQHG
PDLQO\E\GLIIHUHQFHVLQHQHUJ\SULFHVEHFDXVHSUR
GXFHUV SUHIHU WR XVH ORZHU FRVW HQHUJ\ ZKLFK LV
NQRZQDVWKHHQHUJ\VXEVWLWXWLRQHIIHFW7KHVHILQG
LQJVDUHFRQVLVWHQWZLWK>@7KHUHIRUHFDUERQ
WDULIIVZLOOKHOSWRLPSURYH&KLQD¶VHQHUJ\FRQVXPS
WLRQVWUXFWXUH,QDGGLWLRQFDUERQWDULIIVZLOOUHGXFH
&KLQD¶VFDUERQLQWHQVLW\EXWQRWVLJQLILFDQWO\IRUH[
DPSOHWKHPD[LPXPLQKLELWLRQUDWHZLOORQO\UHDFK
DERXWLQZKHUHWKLVUHVXOWDJUHHVZLWK
WKHFRQFOXVLRQVRI>@7KHFDUERQLQWHQVLW\ZLOO
GHFOLQH EHFDXVH FDUERQ WDULIIV FDQ KHOS WR LPSURYH
&KLQD¶VHQHUJ\FRQVXPSWLRQVWUXFWXUHHVSHFLDOO\E\
GHFUHDVLQJ WKH UDWLR RI FRDO FRQVXPSWLRQ DQG LQ
FUHDVLQJWKHUDWLRRIFOHDQSRZHUFRQVXPSWLRQ)RU
PDQ\\HDUVFRDOFRQVXPSWLRQLQ&KLQDZLOOVWLOODF
FRXQWIRUWKHODUJHVWSURSRUWLRQRIIRVVLOHQHUJ\FRQ
VXPSWLRQDWDSSUR[LPDWHO\>@&RDOKDV
WKHODUJHVWFDUERQHPLVVLRQFRHIILFLHQWVRLWSURGXFHV
PRUH FDUERQ HPLVVLRQV FRPSDUHG ZLWK WKH HTXLYD
OHQWRIVWDQGDUGIRVVLOHQHUJ\FRQVXPSWLRQ7KXVUH
GXFLQJFRDOFRQVXPSWLRQZLOOJUHDWO\GHFUHDVH FDU
ERQHPLVVLRQV>@

ZLOOUHTXLUHDSHULRGWRDGMXVWWKHLUSURGXFWLRQHQ
HUJ\VWUXFWXUHDQGHQHUJ\VDYLQJWHFKQRORJ\WRFRSH
ZLWKWKHFKDOOHQJHVRIFDUERQWDULIIV

DISCUSSION
7KHHPSLULFDODQDO\VLVUHVXOWVGHVFULEHGDERYH
UHYHDOVHYHUDOLQWHUHVWLQJSKHQRPHQD
 &DUERQWDULIIVLPSOHPHQWHGE\WKH86$ZLOO
KDYHJUHDWLPSDFWVRQ&KLQD¶VUHJLRQDOH[SRUWVWUXF
WXUHDQGFRPPRGLW\H[SRUWVWUXFWXUHEXWYHU\VOLJKW
LPSDFWV RQ &KLQD¶V IRUHLJQ WUDGH GHSHQGHQFH )RU
WKHUHJLRQDOH[SRUWVWUXFWXUHEHFDXVHWKH86$LVRQH
RI&KLQD¶VODUJHVWWUDGLQJSDUWQHUVWKHLPSOHPHQWD
WLRQRIFDUERQWDULIIVRQLPSRUWVIURP&KLQDZLOOOHDG
WRDGLUHFWGHFUHDVHLQWKHUDWLRRIH[SRUWVWRWKH86$
EXWLQFUHDVHWKHUDWLRRIH[SRUWVWRRWKHUFRXQWULHVRU
UHJLRQV 2YHUDOO FDUERQ WDULIIV ZLOO UHVXOW LQ WKH
WUDQVIHURI&KLQD¶VH[SRUWVWRGLIIHUHQWFRXQWULHVRU
UHJLRQVZKLFKLVNQRZQDVWKHWUDGHGLYHUVLRQHIIHFW
,QDGGLWLRQORZHUH[SRUWSULFHVZLOOSURPRWHWKHGH
PDQG IURP WKH LQWHUQDWLRQDO PDUNHW DQG VWLPXODWH
&KLQD¶VH[SRUWVLHDWUDGHFUHDWLRQHIIHFW)RUWKH
FRPPRGLW\H[SRUWVWUXFWXUHFDUERQWDULIIVZLOOKDYH
DJUHDWHUQHJDWLYHLPSDFWRQH[SRUWVLQWZRW\SHVRI
VHFWRUVLQZKLFKWKHUHZLOOEHPDMRUGHFOLQHVLQWKH
UDWLRRIHQHUJ\LQWHQVLYHDQGKLJKHUFDUERQH[SRUWV
WRWKH86$+RZHYHUWKHH[SRUWUDWLRVRIVRPHVHF
WRUVZLOOWHQGWRLQFUHDVH JUHDWO\VXFKDV sector 20
7KHUPDOSRZHU and VHFWRU &OHDQHQHUJ\ EH
FDXVHWKHVHVHFWRUVKDYHDORZHUFDUERQFRQWHQWVR
WKH\ZLOOEHDIIHFWHGOHVV7KHLPSOHPHQWDWLRQRIFDU
ERQWDULIIVE\WKH 86$ ZLOOKHOS&KLQD WRLPSURYH
WKH FRPPRGLW\ H[SRUW VWUXFWXUH WR VRPH H[WHQW
WKHUHE\ UHGXFLQJ FDUERQLQWHQVLYH SURGXFWLRQ DQG
HYHQKHOSLQJWRLPSURYH&KLQD¶VHQYLURQPHQW&DU
ERQWDULIIVZLOOVOLJKWO\UHGXFH&KLQD¶VIRUHLJQWUDGH
GHSHQGHQFH7KXV &KLQD¶V WUDGH VFDOH ZLOO UHPDLQ
ODUJHO\XQFKDQJHG7KHLPSDFWVRIFDUERQWDULIIVRQ
&KLQD¶VH[SRUWVDUHVKRZQLQ )LJ7KHFKDQJHV
LQWRWDOH[SRUWVDUHQRWREYLRXVDQGWKHWUHQGVDUHGL
YLGHGLQWRWKH IROORZLQJSDWWHUQV&KLQD¶VWRWDOH[
SRUWVZLOOLQFUHDVHVOLJKWO\EHWZHHQDQG
GXHWRWKHWUDGHFUHDWLRQHIIHFWZKHUHDVFDUERQWDU
LIIVZLOOFXWWRWDOH[SRUWVEHWZHHQDQGEXW
WKHODUJHVWGHFOLQHLVRQO\7KHUHIRUHWKHLP
SOHPHQWDWLRQRIFDUERQWDULIIVE\WKH86$ZLOOKDYH
DOLPLWHGLPSDFWRQ&KLQD¶VH[SRUWVZKLFKLVFRQ
VLVWHQWZLWKWKHFRQFOXVLRQVRI>@
  &DUERQ WDULIIV LPSOHPHQWHG E\ 86$ IURP
WRZLOOKDYHGLIIHUHQWLPSDFWVRQWKHRXW
SXW VWUXFWXUH 7KH RXWSXW VWUXFWXUH UHPDLQV DOPRVW
XQFKDQJHGGXULQJWKHHDUO\\HDUVRIDQG
ZKLFKLVDWWULEXWDEOHWRWKHGHOD\HGHIIHFWVRIFDUERQ
WDULIIV SROLFLHV ZKHUHDV WKH FKDQJHV DUH GLIIHUHQW
IURPWR7KHRXWSXWVKDUHVRIVRPHVHF
WRUVWKDWDUHKLJKH[SRUWGHSHQGHQFHVRUORFDWHGXS
VWUHDP ZLOO GHFUHDVH ZKHUHDV WKH RXWSXW VKDUHV RI
VRPH PDQXIDFWXULQJ VHFWRUV ZLOO LQFUHDVH VXFK DV

CONCLUSIONS AND POLICY
IMPLICATIONS
%\FRQVLGHULQJG\QDPLFIDFWRUVVXFKDVWHFK
QRORJLFDOSURJUHVVDQGFDSLWDODFFXPXODWLRQDVZHOO
DV  HQHUJ\ VHFWRUV DQG  QRQHQHUJ\ VHFWRUV D
PXOWLVHFWRUDO UHFXUVLYH G\QDPLF &*( PRGHO ZDV
FRQVWUXFWHGLQWKLVVWXG\WRLQYHVWLJDWHWKHLPSDFWVRI
WKHFDUERQWDULIIVWREHLPSOHPHQWHGE\WKH86$RQ
WKH VWUXFWXUHV LQ &KLQD7KH IROORZLQJ FRQFOXVLRQV
ZHUHREWDLQHGEDVHGRQWKHVLPXODWLRQDQDO\VLV  
&DUERQWDULIIVZLOOKDYHDJUHDWHIIHFWRQ&KLQD¶VUH
JLRQDO H[SRUW VWUXFWXUH E\ SURPRWLQJ &KLQD¶V H[
SRUWVWRRWKHUFRXQWULHVRUUHJLRQVLQVWHDGRIWKH86$
$IWHUWKHLPSOHPHQWDWLRQRIFDUERQWDULIIVWKHH[SRUW
UDWLRV RI ORZFDUERQ VHFWRUV ZLOO LQFUHDVH ZKHUHDV
WKHH[SRUWUDWLRVZLOOGHFOLQHIRUVRPHHQHUJ\LQWHQ
VLYHVHFWRUVDQGWKRVHWKDWDUHKLJKO\GHSHQGHQWRQ
H[SRUWV WR WKH 86$ &DUERQ WDULIIV ZLOO KDYH YHU\
VOLJKW LPSDFWV RQ &KLQD¶V WUDGH VFDOH DQG IRUHLJQ



© by PSP

Volume 26 ± No. 7/2017 pages 4742-4756

WUDGHGHSHQGHQFH  &DUERQWDULIIVZLOOKDYHGLIIHU
HQW LQIOXHQFHVRQWKHRXWSXWVWUXFWXUHLQ&KLQD7KH
RXWSXWVKDUHRIVRPHVHFWRUVZLOOGHFUHDVHVXFKDV
KLJKFDUERQH[SRUWVDQGXSVWUHDPVHFWRUVZKHUHDV
WKHRXWSXWVKDUHVRIRWKHUPDQXIDFWXULQJVHFWRUVZLOO
LQFUHDVH   7KH SURSRUWLRQ RI FRDO FRQVXPSWLRQ
ZLOOGHFOLQHGUDPDWLFDOO\ZKHUHDVWKHSURSRUWLRQRI
FOHDQSRZHUFRQVXPSWLRQLQFUHDVHVWKHUHE\LPSURY
LQJ&KLQD¶VHQHUJ\FRQVXPSWLRQVWUXFWXUHDQGUHGXF
LQJ&KLQD¶VFDUERQLQWHQVLW\WRVRPHH[WHQW
%DVHG RQ WKHVH FRQFOXVLRQV ZH SURSRVH WKH
IROORZLQJ SROLF\ LPSOLFDWLRQV )LUVW FDUERQ WDULIIV
ZLOOLQKLELW&KLQD¶VH[SRUWVWRFRXQWULHVWKDWLPSOH
PHQW FDUERQ WDULIIV ZKHUHDV LW ZLOO LQFUHDVH WUDGH
ZLWK QRQFDUERQ WDULIIV UHJLRQV 7KHUHIRUH WR HQ
KDQFH H[SRUWV &KLQD VKRXOG LQVLVW RQ PXOWLODWHUDO
WUDGHHVSHFLDOO\E\FRQWLQXDOO\ERRVWLQJWUDGHZLWK
RWKHU GHYHORSLQJ FRXQWULHV WR DYRLG WKH LPSDFWV RI
FDUERQ WDULIIV RQ &KLQD V WUDGH $FFRUGLQJ WR WKH
SULQFLSOHRI³DYRLGLQJGRXEOHWD[DWLRQ´DGRPHVWLF
FDUERQWD[FRXOGHYDGHRUSDUWLDOO\RIIVHWFDUERQWDU
LIIV 7KHUHIRUH &KLQD VKRXOG FRQVLGHU D GRPHVWLF
FDUERQ WD[ WR UHGXFH FDUERQ HPLVVLRQV DV ZHOO DV
VHUYLQJDVDQHIIHFWLYH PHWKRGIRUUHVLVWLQJFDUERQ
WDULIIV 6HFRQG WKH RXWSXW SURSRUWLRQV RI VHFWRUV
ZLWKKLJKH[SRUWGHSHQGHQFLHVRUWKRVHSURYLGHUDZ
PDWHULDOV RU VHUYLFHV WR RWKHU VHFWRUV ZLOO GHFUHDVH
DIWHUWKH LPSOHPHQWDWLRQRIFDUERQWDULIIV ZKHUHDV
WKH RXWSXW SURSRUWLRQV RI VRPH PDQXIDFWXULQJ VHF
WRUVZLOOLQFUHDVH7KXV&KLQDVKRXOGWU\WRUHGXFH
WKHGHSHQGHQFHRIWKHVHVHFWRUVRQWKHIRUHLJQHFRQ
RP\ E\ PRGHUDWHO\ UHGXFLQJ H[WHUQDO GHPDQG DQG
LQFUHDVLQJ GRPHVWLF GHPDQG ,Q DGGLWLRQ &KLQD
VKRXOG HQKDQFH WKH FRUH FRPSHWLWLYHQHVV RI PDQX
IDFWXULQJDQGHQFRXUDJHPDQXIDFWXUHUVWRGHYHORSD
ORZFDUERQDQGFOHDQHQHUJ\LQGXVWU\7KLUGFDUERQ
WDULIIVPD\KHOSLPSURYH&KLQD¶VHQHUJ\FRQVXPS
WLRQ VWUXFWXUH DQG GHFUHDVH FDUERQ LQWHQVLW\ 7KXV
WKHUH LV KLJK SRWHQWLDO IRU HQHUJ\ FRQVHUYDWLRQ DQG
HPLVVLRQVUHGXFWLRQLQ&KLQD7KH&KLQHVHJRYHUQ
PHQW VKRXOG HQFRXUDJH HQWHUSULVHV WR XVH FOHDQ
SRZHUVXFKDVLQFUHDVLQJWKHVKDUHRIFOHDQSRZHU
ZKLFKZLOOLPSURYHWKHHQHUJ\VWUXFWXUHDQGRXWSXW
VWUXFWXUH HVSHFLDOO\ WKH LQGXVWULDO RXWSXW VWUXFWXUH
,QDGGLWLRQ&KLQDVKRXOGIDYRUORZFDUERQDQGVXV
WDLQDEOH GHYHORSPHQWV VWURQJO\ SURPRWH VFLHQWLILF
DQG WHFKQRORJLFDO LQQRYDWLRQ YLJRURXVO\ GHYHORS
QHZ HQHUJ\ DQG LQFUHDVH WKH VXSSRUW VWUHQJWK DV
ZHOODVGHYHORSLQJDOWHUQDWLYHHQHUJ\DQGLPSURYLQJ
HQHUJ\HIILFLHQF\
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DETERMINATION OF THERAPEUTIC POTENTIAL OF
MENTHA LONGIFOLIA SSP. LONGIFOLIA
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with economical benefits in food, medicine, cosmetics and hygiene industries as well as anti-septic, anticarcinogenic, expectorant, calming, diuretic effects,
and effects against common cold, indigestion, nausea, and sore throat [8-10]. Depending on the intended use of these plants, the determination of their
potency and oxidative stress indices based on the areas that they were collected are important to use
them for health purposes. Health problems such as
heart diseases, neurological disorders, diabetes and
leukemia could occur due to increased oxidative
stress in living organisms [11]. Today, several plant
species and their parts are used as antioxidant
sources that are taken as human body supplements to
reduce oxidative damage [12]. Furthermore, antimicrobial potential of several plant species against resistant microorganisms and emerging diseases that
are serious threats against human health, are also being investigated [13].
The aim of the present study was to investigate
the antioxidant and antimicrobial activities and oxidative stress status of Mentha longifolia (L.) Hudson
subsp. longifolia specimens, collected from different
habitats in Gaziantep Province (Sehitkamil and Sahinbey). It was considered that antioxidant and antimicrobial potentials of plant samples taken from
habitats with different characteristics could provide
better assessment.

ABSTRACT
The present study aimed to determine antioxidant, antimicrobial activities and oxidative stress
properties of the ethanol extracts of Mentha longifolia L. Hudson subsp. longifolia. Antioxidant activity
was determined with the DPPH method. Antimicrobial activity was tested on six different microorganisms (Staphylococcus aureus, Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa,
Candida albicans, Candida tropicalis) using modified agar dilution method. Total antioxidant status
(TAS), total oxidant status (TOS) and oxidative
stress index (OSI) were determined using Rel Assay
kits. It was observed that DPPH and antimicrobial
potentials of plant samples varied based on the locations they were collected. As a result, it was considered that plant samples could be used as natural antioxidant and antimicrobial resources, but suitable
regions for OSI values should be selected.

KEYWORDS:
Mentha longifolia subsp. longifolia, antioxidant, antimicrobial, oxidant, oxidative stress.

INTRODUCTION
According to the World Health Organization
(WHO) data, 80% of the population in developing
countries fulfil their basic medical needs with traditional herbal medicines [1]. At least 25% of pharmacological drugs are of herbal origin [2]. Several medicinal and aromatic plants contain compounds with
pharmacological activity [3, 4]. Recent studies determined that certain medicinal and aromatic plants
have anti-septic, anti-carcinogenic, anti-viral, antiallergic, anti-inflammatory, analgesic, estrogen and
immune system stimulating effects [3, 5]. The Lamiaceae family that constitutes an important part of
medical plants is represented by over 6000 species
worldwide [6]. In Turkey, Lamiaceae is indigenous
with 45 genera and 574 species [7]. Among these,
Mentha L. species is an important aromatic plant

MATERIALS AND METHODS
Collection of Plant Samples and Preparation
of Extracts. Taking into consideration the flowering
times of the plants, samples were collected from
seven different localities in Sehitkamil and Sahinbey
districts in Gaziantep province. Plant specimens
were collected from vicinity of agricultural area
(Localities 1), irrigation area near the highway
(Localities 2), creek bed near the highway
(Localities 3), mountain slope (Localities 4), areas
close to settlements (Localities 5), agricultural land
irrigation channel (Localities 6) and wetlands near
the highway (Localities 7). Collected herbarium
plant specimens were preserved in the Gaziantep
University, Department of Biology Herbarium.
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FIGURE 1
Localities of Collected of Plant Samples

of vitamin E, was used as a calibrator for TAS tests.
The results are expressed as mmol Trolox equiv./L
[15]. Hydrogen peroxide was used as calibrator for
TOS tests. The results are e[SUHVVHGDVȝPRO+2O2
equiv./L [16]. The following formula was used when
calculating the OSI, the ratio of the TOS values to
the TAS values [16].

The muddy parts of the plant samples were
cleaned with distilled water before the drying procedure. After the samples were dried in the laboratory
under adequate conditions and in the shade, over the
ground sections of plant specimens (especially foliage and flowers) were pulverized by mechanical
grinder. Then, the extraction process was conducted
with 40 g plant material and ethanol in a soxhlet apparatus. Obtained extracts were then concentrated
under pressure in a rotary evaporator and stored at +
4 ° C until the experiments were conducted.

Determination of Plant Sample Antimicrobial Activity. Antimicrobial activities of plant specimens were determined using the agar dilution
method recommended by the Clinical and Laboratory Standards Institute (CLSI). Minimal inhibitor
concentrations (MIC) for each compound were
tested against standard bacterial and fungal strains.
Utilized bacterial strains, Staphylococcus aureus
ATCC 29213, Enterococcus faecalis ATCC 29212,
Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, and fungus strains, Candida
albicans ATCC 10231, Candida tropicalis ATCC
13803 were procured from American Type Culture
Collection (ATCC) Rockville, Md.
Bacterial strains were pre-cultured in Muller
Hinton broth (Merck) medium, and fungal strains
were pre-cultured in RPMI 1640 broth (Sigma-Aldrich Chemie GmbH, Taufkirchen, Germany) medium. Bacteria and fungi turbidity were prepared
with Mcfarland no. 0.5 scale to obtain standard inoculum [17]. All solutions of the extracts were made
using 50% dilution of DMSO. All extract dilutions
were prepared with distilled water. Test compound
concentrations were 800, 400, 200, 100, 50, 25, 12.5

Determination of Plant Antioxidant Activity. Plant free radical scavenging activities were determined
with
1,1-diphenyl-2-picrylhydrazyl
(DPPH) (Sigma, Aldrich) [14]. DPPH is a stable free
radical with a maximum optical absorbance at 517
nm. The reaction between DPPH and the free radical
scavenger decreases the absorbance level at 517 nm.
Stock solutions containing 1 mg / mL compound
ZHUH SUHSDUHG LQ '062 ȝ/ VROXWLRQ ZDV LQFX
bated for 30 minutes in the dark at room temperature
E\DGGLQJȝ/.039% DPPH. Then, absorbance
was read at 517nm. Procedures for all concentrations
and samples were repeated subsequently. Ascorbic
acid was used as a reference antioxidant. Then
DPPH free radical scavenging percentages were calculated using the formula below:
Scavenging Activity (%) = [(ADPPH-ASample)\ADPPH]x100
Determination of Plant Sample TAS, TOS
and OSI Values. Total antioxidant status (TAS) and
total oxidant status (TOS) of plant samples were determined using Rel Assay kit (Rel Assay Kit Diagnostics, Turkey). Trolox, a water-soluble compound
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DQGȝJP/)RUIOXFRQD]ROHIXQJL$PSLFLOOLQ
and for bacteria, Ciprofloxacin were used as standard drugs. Standard inoculums of bacteria and fungi
(106 CFUs / mL) were planted on agar plates using
sterile plastic ring nose loop (0.01 mL). All planted
plates were stored at 35 °C for 16-20 hours for the
bacteria and 48 hours for the fungi in the incubator.
The minimum concentration that prevented bacteria
and fungi reproduction was determined as minimal
inhibitor concentration (MIC) [18, 19].

with the DPPH method. Literature review demonstrated that the methanol extracts of Mentha longifolia subsp. longifolia also exhibited antioxidant activity [20]. Furthermore, DPPH free radical scavenging
activity of methanol extracts of Mentha longifolia
plant collected in Tunisia was investigated and it was
determined as DWȝJP/FRQFHQWUDWLRQ
[21]. The plant sample scrutinized in the present
study was Mentha longifolia subsp. longifolia. The
findings obtained in the study demonstrated that the
plant samples tested had higher DPPH scavenging
activities compared to the results of other previous
studies conducted by different researchers. The differences between the data obtained could have been
due to the differences in the plant taxa, the solvents
used and the locations where the samples were obtained.
Roadside plants are exposed to higher stress
when compared to field crops [22]. It is known that
the resistance mechanisms in plants increase the
amount of secondary substance which can protect
the plant against harsh conditions in case of exposure
to stress. The synthesis and volume of phenolic compounds, which are an important group of seconder
metabolites, would also increase due to the stimuli
stemming from stress factors in plants. One of the
most important known properties of phenolic substances is that they have antioxidant effects.
Current study findings demonstrated that the
extracts of plants collected from the roadside had
higher DPPH free radical scavenging activity when
compared to plant samples collected from the vicinity of the fields, and this was considered to be due to
the increased phenolic substance amount as a result
of the exposed stress.

RESULTS AND DISCUSSION
DPPH Activity. The % inhibition values for
GLIIHUHQWFRQFHQWUDWLRQV ȝJP/ RIWKHHWKDQROH[
tracts of plant samples collected from different regions are presented in Table 1.
Based on the findings presented in Table 1, the
DPPH free radical scavenging activities of the samples varied depending on the sample concentrations
and localities. Although all samples demonstrated
low activity compared to the control, it was determined that the antioxidant levels were high. Furthermore, it was observed that antioxidant activities increased due to the increase in concentration. However, decreases were observed in the antioxidant activities of the plant samples collected from the 4th
and 5th localities when compared to others. It was
determined that the highest antioxidant activity was
observed in samples collected from the creek near
the highway and the lowest antioxidant activity was
observed in samples collected from the close to settlements area.
In the present study, free radical scavenging activities of different concentrations of Mentha longifolia subsp. longifolia ethanol extracts were tested

TABLE 1
DPPH Free Radical Sweeping Activity Percentages of Samples
Concentration
ȝJP/
25
50
100
200

Ascorbic
Acid (%)
64.38±0.69
92.52±0.95
95.42±0.71
96.91±1.00

1(%)

2(%)

3(%)

4(%)

5(%)

6(%)

7(%)

53.58±1.50
70.36±1.78
87.52±0.39
85.13±1.27

56.14±1.21
73.26±1.50
90.68±1.46
87.74±1.30

56.36±1.88
74.91±2.26
92.94±1.83
89.16±1.12

49.15±1.55
62.76±2.18
79.64±1.95
79.40±1.57

48.46±1.32
61.63±1.29
76.67±2.61
74.54±1.67

54.22±2.33
71.17±1.14
89.36±2.26
86.35±0.76

52.65±1.94
70.01±0.89
80.94±2.27
80.14±1.13

Numbers from 1 to 7 indicate locations where plant samples are collected.
The results indicate% inhibition values.
Values are presented as mean ± SD; N = 3
TABLE 2
TAS, TOS and OSI Values of Samples
Samples
Localities-1
Localities-2
Localities-3
Localities-4
Localities-5
Localities-6
Localities-7

TAS
(mmol/L)
3.628 ± 0.234
2.453 ± 0.322
2.244 ± 0.279
1.856 ± 0.129
1.809 ± 0.075
1.862 ± 0.203
2.215 ± 0.242

TOS
(μmol/L)
4.046 ± 0.615
13.698 ± 0.813
11.545 ± 0.327
11.980 ± 0.652
11.058 ± 0.610
11.967 ± 0.690
14.077 ± 0.634

OSI
(TOS/(TASx10))
0.112 ± 0.025
0.558 ± 0.115
0.514 ± 0.052
0.645 ± 0.081
0.611 ± 0.008
0.643 ± 0.035
0.635 ± 0.102

Values are presented as mean±S.D.; n=5
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Localities
Vicinity of agricultural area
Irrigation area near the highway
Creek bed near the highway
Mountain slope
Areas close to settlements
Agricultural land irrigation channel
Wetlands near the highway
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TABLE 3
Minimal Inhibitor Concentration (MIC) Values of Samples
Samples
Localities -1
Localities -2
Localities -3
Localities -4
Localities -5
Localities -6
Localities -7
Flukonazole
Ampicillin
Ciprofloxacin

S. aureus
(μg/mL)
100
400
200
50
200
50
50
3.12
0.78

E. faecalis
(μg/mL)
100
400
200
50
200
50
50
1.56
0.78

E. coli
(μg/mL)
50
800
400
50
100
200
100
3.12
1.56

P. aeruginosa
(μg/mL)
100
800
400
100
100
200
100
3.12

C. albicans
(μg/mL)
50
200
200
50
100
50
50
1.56
-

C. tropicalis
(μg/mL)
50
200
200
50
100
50
50
3.12
-

DQG ȝJP/ LQGLFDWHH[WUDFWFRQFHQWUDWHVDIIHFWLQJPLFURRUJDQLVPV

to the high TOS values in all plant samples except
the locality no. 1 (near the agricultural field). It could
be argued that the collected plant samples were exposed to oxidative stress factors at all other locations
except the agriculture field. The highest OSI values
were determined in plant samples collected from
mountain slopes, which are considered to be less exposed to environmental stressors.

TAS, TOS and OSI Values. TAS, TOS and
OSI values for plant samples used in the study were
determined by Rel Assay kits and the obtained findings are presented in Table 2.
Oxidative stress could occur in situations
where antioxidant compounds that are effective in
removing oxidative substances that form due to metabolic reactions and environmental factors are insufficient [23]. Oxidative stress causes lipid peroxidation and oxidative DNA damage, and it can also lead
to dangerous phenomena such as physiological adaptation events and regulation of intracellular signal
transduction [24]. As presented in Table 2, the TAS,
TOS and OSI values of the plant ethanol extracts
varied based on the location they were collected. It
was observed that the sample collected vicinity of
agricultural area had the highest TAS value with
3.628 (mmol / L). It was determined that the highest
TOS value was 14. ȝPRO/ LQWKHVDPSOHFRO
lected from the wetlands near the highway. The samples collected from the mountain slopes had the
highest OSI value. The lowest TAS value was found
in samples collected near the settlement with 1.809
(mmol / L). The lowest TOS value was observed at
4. ȝPRO/ LQWKHVDPSOHVFROOHFWHGLQWKHYL
cinity of agricultural area. The lowest OSI value was
determined in the samples obtained vicinity of agricultural area as well.
High levels of oxidative stress products in
plants at the base of the food chain could be a threat
and a factor that can cause oxidative damage to all
living beings in the food chain that consume these
plants [25]. In the present study, the oxidative stress
status of Mentha longifolia subsp. longifolia was determined. Oxidative stress was observed in all plant
samples obtained from each locality, and it was determined that the lowest OSI value was found in
samples collected near the agricultural field. It was
considered that this was due to the easier access of
the organisms to nutrients and water in that area, and
the more advantageous status of the plants in that
area when compared to the other sites in terms of
food competition. High OSI values were found due

Antimicrobial Activity. Sample ethanol extracts were studied with the CLSI-recommended
agar dilution method and the obtained results are presented in Table 3.
The antimicrobial activities of M. longifolia
subsp. longifolia essential oil and plant extracts were
determined in several studies, and this activity was
reported to be particularly related to the phenolic
content of the plant [20, 26-28]. As a result of the
antimicrobial activity tests conducted in the present
study, it was found that the antimicrobial activities
varied based on the localities where the plants were
collected. As seen in Table 3, the highest antimicrobial activity was observed in the samples collected at
the 4th location. The samples collected at the 4th location were effective against P. aeruginosa at 100
ȝJP/ H[WUDFWFRQFHQWUDWLRQZKLOHWKH\H[KLELWHG
antimicrobial activity against other microorganisms
DWDQH[WUDFWFRQFHQWUDWLRQRI ȝJP/ 7KHORZ
est antimicrobial activity was determined in plant
samples taken at 2nd and 3rd locations at different extract concentrations. Saeidi et al. found that M. longifolia subsp. longifolia essential oil content and
amount varied based on geographical regions [29].
The findings obtained by Saeidi et al. are significant
in explaining and supporting the differences in antimicrobial activity observed in different regions in
the present study.
When the general antimicrobial activity data
for all plant samples obtained in the present study are
evaluated, it was found that the plant extracts used in
the study were more effective against Gram positive
bacteria and fungal strains when compared to Gram
negative bacteria.
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and precise measurements. As a result, the data obtained in the present would contribute to the literature, as well as providing extremely important data
about the comparison of bioactive properties of natural products and how they could be exploited.
Study results demonstrated that M. lonfigolia
subsp. longifolia plant ethanol extracts exhibited
variable activities. Especially the high antioxidant
properties observed in the specimens with variable
properties collected from the localities with high environmental stress factors such as roadsides suggested that the geographical conditions affect the antioxidant properties significantly. This deduction
that resulted from antioxidant activity results was
different for metabolites with antimicrobial activities. This could be due to the ability of the plant to
develop different resistance mechanisms against various environmental factors such as environmental
chemicals as antioxidant and antimicrobial activity
mechanisms. In the present study, an assessment was
made based on only biological activities. Phytochemical studies are planned to be conducted in the
future.

CONCLUSIONS
Free radicals are formed during vital activities
in organisms (respiration, enzyme reactions, autoxidation reactions, etc.) and via external factors (cigarette smoke, air pollution, UV rays, ionizing radiation, xenobiotics, etc.). Oxidative lesions, tissue
damage, mutations, and necrosis could also occur
with the overproduction of reactive oxygen species
(often free radicals). These effects of radicals could
lead to various pathological conditions in the body.
Agents known as antioxidants have a protective role
against these harmful radicals. These agents could be
taken either artificially or naturally from nutrients
[30]. In recent years, the trend towards natural products that are considered as antioxidant, antimicrobial, anti-inflammatory and similar agents is rapidly
increasing in prevention and treatment of diseases.
Accordingly, various speculations on natural products could arise and lead to information pollution. It
is our opinion that the present study, which aimed to
determine in which ecological and phytogeographical area did plant samples collected from different
regions have higher antioxidant and antimicrobial
capacities, could serve as a scientific response to various speculations on the benefits of several natural
products such as plants. The comparison of the
abovementioned properties of natural biological material, especially the plants, and how to use these materials has been the center of increased attention recently. It was stated that the quality of natural products depended on the chemical components and floral origins as a result of plant polyphenol measurements. Phenolic content of these products are influenced by the environmental conditions, geographical
and climatic characteristics of the regions where they
were obtained. The quantity and identity of the polyphenols in plants are of interest due to these factors.
Furthermore, the antioxidant capacity of these products is provided by flavonoids and phenolic acids.
Phenolic acids are common metabolites found in
plants [31]. In recent years, the focus was on phenolic acids that have a potent protective role against
the damages caused by oxidative stress.
In the present study, conducted on herbal products that could be used as natural antioxidants; when
the antimicrobial potentials of these products in conjunction with TAS, TOS and OSI values were analyzed, it was determined that the samples exhibited
different properties based on the locations they were
collected. It seems that this difference was due to the
variations in chemical content of the samples and the
environmental stress factors they were exposed to.
In the present study, M. lonfigolia subsp. longifolia specimens were extracted and TAS, TOS and
OSI values and antimicrobial activities were determined using "Rel Assay" brand commercial kits. The
present study is significant since it included in vitro
analyses with highly reliable tests based on useful
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insects (including wire warms, white grubs, millipedes, symphylids, frit flies, been seed flies, root
flies, flea beetles, weevils, semiarid flees, aphids
trips, etc.) and nematodes in vegetable, ornamentals
beet, maize, sorghum, sunflowers, oil seed rape,
potato, alfalfa, peanuts, soya beans, sugar cane,
rice, cotton, coffee, cucurbits, tobacco, lavender,
citrus, vines, strawberries, bananas and other crops
[1]. The contamination of food occurs from contact
with pesticide-laden surfaces, thus increasing the
potential for excess dietary exposure of children
and adult [2]. To establish any toxicological data
acute toxicity tests are considered to be the base
line or preliminary studies for chronic toxicity tests.
In this respect, carbofuran is one of the most widely
used carbamate pesticides in Egyptian environment.
Guidelines that limit pesticide residues on food are
developed and enforced by public health agencies
world wide. These guidelines incorporate data from
many sources into the risk assessment process including high-dose animal toxicity studies [3].
Neelima et al. [4] reported that in rats, the body
weight gain was significantly decreased according
the type of carbamate. Abdel-Moneim et al. [5]
observed markedly increased liver, kidneys and
spleen relative weight by the effects of fenitrothion.
Carbamate pesticides inhibit the activity of cholinesterase in rats [6-8].
Parsley is a member of the Umbelliferae family that has been employed in food, pharmaceutical,
perfume and cosmetic industries [9]. Parsley is used
as antioxidant in folk medicine and treats a wide
variety of conditions [10]. Parsley contains two
types of unusual components that provide unique
health benefits such as volatile oil and flavonoids
[11, 12]. Also, it is an excellent source of vitamin
C, ȕ-carotene and folic acid. ȕ-carotene is important
antioxidant, works in the fat-soluble areas in the
body [13, 14].
Accordingly, interest has recently grown in the
role and usage of natural antioxidant as strategy to
prevent oxidative damage in various health disorders with oxidative stress [15]. Natural antioxidants
from plants are reported to provide substantial protection that slows down the process of oxidative
damage caused by ROS; they also find use as
nutraceuticale due to their impact on the status of
human health and disease prevention [16].

ABSTRACT
The influences of carbofuran on lipid profile
in blood plasma as well as liver, kidneys and brain
tissues which connected with the oxidative shunt of
pentose phosphate pathway (glucose-6-phosphate
dehydrogenase (G6PD) and 6-phaospho-gluconate
dehydrogenase (6PGD)) enzymes were determined.
Also the alleviation of carbofuran toxicity using
parsley and its methanolic extract (ingestion and
injection) was studied. Carbofuran was ingested
orally at dose of 1/20 LD50 for 3 months (one dose
every 48 hours). Lipid profile such as total lipids,
cholesterol, triglycerides, phospholipids and LDL-C
contents of serum, liver, kidneys and brain were
increased in carbofuran intoxicated rats relative to
control, but the content of HDL-C was unchanged
relative to control. The same trend was observed for
G6PD and 6PGD activities of liver, kidneys and
brain cytosols as well as serum of intoxicated animals which connected and associated with lipid
anabolism. The carbofuran ingestion significantly
augmented the both enzyme activities relative to
control animals. It can be concluded that, the three
parsley treatments as antioxidative agents ameliorated the desirable influences of the pesticide these
may be due to the lipotropic factors of parsley. The
values of lipid profile fractions were still higher in
treated intoxicated rats than those of normal health
control.

KEYWORDS:
Carbofuran, parsley, lipids Profile, pentose phosphate
pathway, toxicity, rats

INTRODUCTION
Carbofuran is employed as a carbamate pesticide in the keeping and growing the agricultural
crops. This pesticide has chemical name of 2, 3
dihydro-2, 2 dimethyl, 7-benzo furanyl methyl carbamate with registry no. (1563-66-2). Carbofuran
similar to that of the organophosphates is cholinesterase inhibitor; it is systemic mode of action with
predominantly contact and stomach action. It is
using as control soil-dwelling and foliar-feeding
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carbofuran 75% wp were prepared, each group of
rats were ingested orally with special dose of the
pesticide. These groups of rats were kept under
observation for 24 hours.
The other 36 rats (after the adaptation period)
were divided into 6 groups, 6 rats of each. The first
group (G1) as health normal control, rats fed on the
normal balanced diet. Second group (G2), normal
rats fed on the semi-modified diet (basal diet with
5% dried parsley). Third group (G3), as intoxicated
control rats ingested by 1/20 of the carbofurn pesticide LD50 (every two days during 90 days of experimental period) and fed on the balanced diet. Fourth
group (G4), the intoxicated animals fed on the
semi-modified diet with 5% parsley. Fifth group
(G5), the intoxicated rats ingested by 50 mg/kg
body weight of the dried Parsley methanolic extract
(every two days during the experimental period)
and fed on the normal diet. Sixth group (G6), the
intoxicated rats injected (i.p) by 50 mg/kg body
weight of the dried Parsley methanolic extract in
water every two days during the 90 day experimental period and fed on the normal diet.
At the end of the experimental period (90
days) rats were killed by decapitation and blood
samples were collected and subjected to centrifugation to obtain serum. Liver, kidneys and brain of the
all experimental rats were removed, their weight
was recorded and chilled up for analysis. The cytoplasmic fractions (cytosol) of the three organs were
done according to Astawrov [22] methods.

The objective of the present studies was to
evaluate the biochemical perturbations induced by
carbofuran in rat lipids profile as well as oxidative
shunt enzymes of pentose phosphate pathway of
serum as well as cytosolic fractions of liver, kidneys and brain tissues and to evaluate the alleviation and protective influences of parsley and its
methanolic extract (ingestion and injection) against
the oxidative stress and damage induced by carbofuran harmful.

MATERIALS AND METHODS
Materials. Carbofuran 75% wp technical (insecticide and nematicide), empirical formula:
C12H15NO3, molecular weight: 221.3 with colorless
crystals. Solubility in water (351 mg/L, 25qC), dichloromethane (> 200 g/L, 10qC), isopropanal (2050 g/L) and toluene (10-20) g/L). The technical
carbofuran form was provided from Central Agricultural Pesticides Laboratory, ARC, Ministry of
Agriculture, Dokki, Giza, Egypt which used of the
present studies.
Samples of parsley (Petroselinum crispum)
were purchased from the local markets. The leaves
were identified by the Department of Agricultural
Botany, Fac. Agric., Cairo Univ. The edible parts of
the parsley were cut, dried at 50qC till to complete
dryness and weighed to calculate the moisture content. The dried samples were ground to fine powder
for the chemical analysis and biological experiment.

TABLE 1
Acute oral toxicity of carbofuran

Chemical analysis. The determination of total
phenols was performed according to the method
described in AOAC [17] as Gallic acid equivalent.
The HPLC analysis of the plant for qualitative
detection and qualitative determinates was done
after the methanolic extraction [18]. The phenolic
compounds of the methanolic extract determined by
JASCO HPLC using hypersil C18 reversed phase
column (250 î 4.6 mm) with 5 P particle size.

Dose
mg/kg
b.w
8.00

No of
treated
rats
5

No of
died
rats
1

20

10.00

5

2

40

12.00

5

3

60

16.00

5

5

100

% of mortality

LD50
10.65
mg/kg
Body
weight

TABLE 2
HPLC analysis of phenolics in methanolic
extract of parsly with

Animals, diets and ethical statement. For the
biological experiments 56 male albino rats (Sprague- Dawley) weighing 120±5 g were used in present study. The animals were obtained from Agriculture Research Center, Giza, Egypt. The animals
were acclimated to laboratory condition in stainless
cages for 2 weeks. Access of balanced diet and water were provided ad libitum during the 90 days
experimental period [19]. All experimental protocols were approved by Cairo University Ethics
Committee for the Care and Use of Experimental
Animals in Education and Scientific Research (CUIACUC).
Acute oral LD50 of carbofuran 75% wp as active ingredient was carried out according to Weil
[21] as the following: 20 rats were divided into 4
groups, 5 rats of each. Serial concentration from the

No.

Compounds

1
2
3
4
5
6

Gallic acid
P±OH-benzoic
Catechin
Caffic acid
Phenol
Daidzin
P-Coumaric
acid
Genistein
Furulic acid
Dadzein
Quercetin
Kaempherol
Chrysin
Galangin
Total

7
8
9
19
11
12
13
14

4765

D.W.
(mg/100g)
7
2
171
41
102
10

%

F.W. ppm

0.28
0.08
6.95
1.67
4.14
0.41

10.5
3
256.5
61.5
153
15

94

3.82

141

1917
35
35
41
2
2.5
1.5
2461

77.90
1.42
1.42
1.67
0.08
0.10
0.06
100

2875.5
52.2
52.2
61.5
3
4
2.3
3691.8

© by PSP

Volume 26 ± No. 7/2017 pages 4764-4773

Fresenius Environmental Bulletin

TABLE 3
Organs weight ratio of the experimental male albino rats
Liver
Kidneys
Brain
Weight (g)
Ratio %
Weight (g)
Ratio %
Weight (g)
Ratio %
G1
325.11±20.01
13.33±1.01
4.10±0.31c
2.28±0.16
0.70±0.04d
1.79±0.10
0.55±0.03c
G2
310.00±17.23
12.65±0.97
4.08±0.30c
2.20±0.12
0.71±0.03d
1.74±0.11
0.56±0.04c
3.01±0.22
1.25±0.09a
2.00±0.19
0.83±0.07a
G3
241.21±18.00
14.71±1.03
6.10±0.42a
G4
284.20±20.02
13.21±1.00
4.65±0.40b
2.41±0.16
0.85±0.05c
1.89±0.17
0.67±0.07b
b
b
2.63±0.18
0.93±0.05
1.96±0.18
0.70±0.06b
G5
282.00±19.94
13.87±0.99
4.92±0.41
G6
290.21±18.84
13.74±1.11
4.73±0.43b
2.54±0.20
0.88±0.06bc
1.90±0.15
0.65±0.05b
Values are expressed as means ± SD (n= 6). Values with different superscript letters within the same column are significantly
different (P< 0.05). G1: Normal control, G2: Normal rats fed on semi-modified diet with 5% Parsley, G3: Intoxicated control, G4: Intoxicated rats fed on semi-modified diet with 5% Parsley, G5: Intoxicated rats ingested by Parsley methanolic
extract (50 mg/kg b.w) and G6: Intoxicated rats injected by Parsley methanolic extract (50 mg/kg b.w).
Groups

Body weight

TABLE 4
Serum lipid profile (mg/dl) of the experimental male albino rats
Groups
Total lipids
Triglycerides
Cholesterol
Phospholipids
HDL-C
LDL-C
G1
671.01±40.12b
185.12±9.43b
162.50±9.43b
170.00±9.71b
34.12±2.13b
31.21±2.11b
G2
627.51±39.21b
174.33±9.81b
153.17±7.99b
158.96±8.16b
36.66±1.99ab
31.42±1.97b
218.61±11.23a
185.24±8.88a
197.16±10.11a
33.99±2.22b
37.01±2.34a
G3
780.11±41.21a
190.24±9.99ab
178.11±9.81a
189.26±9.99a
38.11±2.41a
33.10±2.01b
G4
743.52±45.23a
G5
756.23±49.41a
207.26±11.11a
183.13±9.99a
192.32±10.12a
35.52±2.14ab
33.99±2.00ab
201.17±12.31ab
177.32±8.97ab
186.31±10.01a
36.71±1.98ab
32.11±2.11b
G6
736.11±39.91ab
Values are expressed as means ± SD (n= 6). Values with different superscript letters within the same column are significantly
different (P< 0.05). G1: Normal control, G2: Normal rats fed on semi-modified diet with 5% Parsley, G3: Intoxicated control, G4: Intoxicated rats fed on semi-modified diet with 5% Parsley, G5: Intoxicated rats ingested by Parsley methanolic
extract (50 mg/kg b.w) and G6: Intoxicated rats injected by Parsley methanolic extract (50 mg/kg b.w).

Biochemical analysis. The determination of
glucose-6-phosphate dehydrogenase (G6PD) and 6phosphogluconate dehydrogenase (6PGD) activities
in cytosol of organs and serum were carried out by
Glock and McLean [22]. Lipid profile as total lipids, cholesterol, triglycerides and phospholipids in
serum and the three studied organs were determined
[23-26]. Serum lipoprotein profile such as HDL-C
and LDL-C contents were determined [27, 28]. Total soluble protein of serum and cytosol was determined by the method of Bradford [29].

which showed values of 12-15 mg/kg b.w. Chemicals are considered highly toxic when the LD50 is
small (up to 650 mg/kg b.w) a practically non-toxic
when the value is large (> 5000 mg/kg b.w). However, the LD50 does not reflect any effects from
long-term exposure such as cancer, birth defect or
UHSURGXFWLYHWR[LFLW\«HWFWKDW PD\RFFXUDWOHvels below that level (3).
In case of parsley phenolic compounds (Table
2), HPLC analysis of its methanolic extract, showed
14 compounds (determined as mg/100g dry weight)
which were gallic acid (7), P-OH-benzoic acid (2),
catachin (171) caffic acid (41), phenol (102), daidzein (10), P-coumaric acid (94), genistein (1917)
furulic acid (35), dadzein (35), quercetin (41),
Kaempherol (2), chrysin (2.5) and galangin (1.5).
Genistein was the highest compound of phenols
which amounted about 77.9% of the known phenolic compounds. The total phenols of dried parsley
were 2461mg/100g. It can be observed that parsley
was considered as a good source of phenolic compounds as antioxidant [30]. Phenolic compounds as
antioxidant agents induced antioxidant activities
against the xenobiotic harmful [31-33].
The results in Table (3) show that weight of
the three organs (liver, kidneys and brain) was effected by carbofuran ingestion (1/20 LD50). There
were significant increases in the organs weigh at the
end of the experimental period (90 days) either in
organs weight or the ratio % relative to final body
weight. Carbofuran caused lower effects on liver
and brain than those of kidneys which had percent-

Statistical analysis. The experimental results
were expressed as mean standard deviation (SD) of
triplicate measurements. The data were subjected to
one way analysis of variance and the significance of
differences between means were calculated by
'XQFDQ¶V PXOWLSOH UDQJH WHVW XVLQJ SPSS for Windows, standard version 10, and the significance
accepted at P < 0.05.

RESULTS AND DISCUSSION
It is common practice to utilize the LD50 value
to evaluate the toxicity of the pesticide. LD50 of oral
ingestion was estimated of single dose of carbofuran that can be expected to use death in 50% of rats
(mg/kg b.w). The acute oral toxicity LD50 value
was 10.65 mg/kg body weight in male albino rats
(Table 1). The results of carbofuran LD50 are in
agreement around those of pesticide Manual (1)
4766
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FIGURE 1
Total lipids and total cholesterol in the different organs tissue of the experimental male albino rats
Values are expressed as means ± SD (n= 6). Values with different superscript letters within the same
column are significantly different (P< 0.05). G1: Normal control, G2: Normal rats fed on semi-modified
diet with 5% Parsley, G3: Intoxicated control, G4: Intoxicated rats fed on semi-modified diet with 5%
Parsley, G5: Intoxicated rats ingested by Parsley methanolic extract (50 mg/kg b.w) and G6: Intoxicated
rats injected by Parsley methanolic extract (50 mg/kg b.w).

cholesterol of (114%), total lipids and phospholipids (116%), triglycerides (118%) and LDL-C
(119%). Findings also of Table (4) pointed out that
the intoxicated rats fed on the semi-modified diet
(G4) and that ingested (G5) or injected (G6) by
parsley methanolic extract significantly reduced the
toxic effects of the present pesticide ingestion and
showed significant alleviation in the pesticide
harmful, but the three treatments had about the
same effects which observed insignificant variation
between each other. The values of HDL-C were
increased in all groups treated with parsley for intoxicated rats. Our results are in agreement with ElKherbawy et al. [34] who found that adding parsley
to diet of hypercholesterolemic rats lower the serum
lipid profile compared to their corresponding values
of the positive control but higher than those of negative control.
The results of Figure (1 A and B) showed that
carbofuran orally ingestion significantly increased
the total lipids and cholesterol in liver, kidneys and
brain tissues in the intoxicated group (G3) relative

ages of 149, 151 and 179% respectively relative to
that of normal health control.
These abnormal values of the organs weight
under the influences of 1/20 LD50 of carbofuran
ingestion were improved and the harmful was significant ameliorated by the treatments of parsley
and its extract. But the values of parsley treated
intoxicated animals were still higher than the normal health animals. Among parsley treatments, the
semi-modified 5% parsley diet feeding was more
effective than the both other treatments (methanolic
extract ingestion or injection).
Data of the evaluation of parsley as an antioxidant agent against carbofuran harmful of lipid profiles in blood male albino rats were recorded in
Table (4) of the six groups at the end of 90 days
experimental period. The results showed increases
in all parameters of lipids and lipoprotein fractions
except HDL-C value which unchanged under the
effects of the carbofuran toxicity.
The above increases were ranged between
114-119% relative to those of normal control for
4767
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FIGURE 2
Total triglycerides and total phospholipids in the different organs tissue of the
experimental male albino rats
Values are expressed as means ± SD (n= 6). Values with different superscript letters within the same
column are significantly different (P< 0.05). G1: Normal control, G2: Normal rats fed on semi-modified
diet with 5% Parsley, G3: Intoxicated control, G4: Intoxicated rats fed on semi-modified diet with 5%
Parsley, G5: Intoxicated rats ingested by Parsley methanolic extract (50 mg/kg b.w) and G6: Intoxicated
rats injected by Parsley methanolic extract (50 mg/kg b.w).

ran (intoxicated rats) relative to those of normal
health control rats. In case of the phospholipids
contents of the three organs tissue the administration (ingestion) of this pesticide insignificantly
changed phospholipids values where the percentage
relative to control ranged from 98% and 101%.
These increases values of total triglycerides of liver
and brain was readjusted and improved by the
treatments with parsley (feeding, ingestion and injection). This means that parsley either whole plant
(feeding) or methanolic extract (ingestion and injection) as antioxidant agent, reduced the toxic effects
of the present pesticide in the three organs tissue
[34].
In addition, the effects of parsley feeding on
the normal health rats showed safety effects in
which all examed parameter were not effected by
parsley administration and insignificantly changed
the contents of total lipids, cholesterol, triglycerides
and phospholipids of rat organs, also, insignificantly changed the lipid profile of health normal rats
blood.

to those of normal control. The increased values
were ranged between 111 and 114% of the total
lipid values and between 112 and 116% for total
cholesterol in liver, kidneys and brain tissues when
compared with the health control rats (G1). Among
organs studied, the three tissues (liver, kidneys and
brain) had about the same manners under the same
condition. These harmful effects of carbofuran were
improved by treatment with parsley either by feeding or ingestion and injection of intoxicated animals
and the total lipid content was returned to around
that of normal health control but the values were
insignificantly more than control group. The same
trend was observed in case of total cholesterol values of the same three organs tissue under the treatments with parsley in which the total cholesterol
values of intoxicated rats were alleviated in the cytosol of liver, kidneys and brain tissues.
In connection Figure (2 A and B) showed significant increases in total triglycerides for liver
(111%) and brain (112%) tissues, but insignificant
for kidneys (106%) under the induction for carbofu4768
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FIGURE 3
Glucose-6-phsphate dehydrogenase (G6PD) and 6-phosphogluconate dehydrogenase (6PGD) activity
(pmol of NADPH.H+ /min/mg protein) of tissues cytosol and serum of the experimental male albino rats
Values are expressed as means ± SD (n= 6). Values with different superscript letters within the same
column are significantly different (P< 0.05). G1: Normal control, G2: Normal rats fed on semi-modified
diet with 5% Parsley, G3: Intoxicated control, G4: Intoxicated rats fed on semi-modified diet with 5%
Parsley, G5: Intoxicated rats ingested by Parsley methanolic extract (50 mg/kg b.w) and G6: Intoxicated
rats injected by Parsley methanolic extract (50 mg/kg b.w).

ty of oxidative pentose phosphate shunt (G6PD and
6PGD) in serum and cytosolic fractions of (liver,
kidney and brain) of intoxicated animals, but the
antioxidative agent (parsley) improved these disturbed effects of the pesticide toxicity.
Carbofuran ingestion produced hyperlipidemic
condition in male albino rats. Parsley and its methanolic extract used as hypolipidemic lipotropic factor which significantly alleviated the drastic condition of hyperlipidemic induced by the tested carbofuran where 5% parsley semi-modified diet was the
higher effective as lipotropic factor (antilipidemia).
The present results are confirmed each other,
that the lipids profile of experimental animals blood
is in agreement with the results of lipid fractions of
liver, kidneys and brain tissues. Carbofuran ingestion produced hyperlipidemia and hypercholesterolemia, which increased total lipids, cholesterol, triglycerides and phospholipids in blood, liver, kidneys and brain. The same trend was observed for
blood lipoprotein fractions (HDL-C and LDL-C) in

In connection, the activity of the oxidative enzymes of pentose phosphate pathway (G6PD and
6PGD) was determined under the induction of carbofuran pesticide in male albino rats (feeding, ingestion and injection). G6PD and 6PGD reactions
produce NADPH.H+ which is required for the reduction system during the fatty acid biosynthesis
[35]. The data clearly demonstrate that the both
activities of G6PD and 6PGD in the three cytosols
of liver, kidneys and brain tissues as well as serum
of the intoxicated rats were higher than those of the
health control rats group in Figure (3 A and B). It is
of interest to note that serum was characterized by
higher increased G6PD and 6PGD activity than the
other organs under the ingestion of the tested pesticide but brain had the lowest one relative to normal
control. On the other hands, the treatments with
parsley (feeding, ingestion or injection) ameliorated
the effects of the pesticide ingestion as antioxidant
agent. The results clearly show that carbofuran ingestion produced disturbed influences of the activi4769
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ward protection of lipid fractions and biological
membrane against oxidative damage, by virtue of
its action on hydrolyzing lipid peroxides and preventing accumulation of lipid peroxides in oxidized
LDL-C, elevation of catabolism by hydrolysis of
lipid peroxides and protection against lipoprotein
oxidation [50]. PON has antioxidant properties and
hydrolyze aromatic and long-chain aliphatic lactones of pesticides [51, 52]. The hyperlipidemia
produced by carbofuran ingestion is associated with
several alterations in the lipid metabolism leading
to changes in lipoprotein levels and compositions
[53, 54]. Oxidative stress is increased with hyperlipidemic animals compared with healthy controls
[55, 56] and lowered HDL-C and PON values and
suggested that animals with lower PON activity are
more exposed to oxidative damage [57]. The PON
activity was correlated with low levels of HDL-C
[58, 59]. Hyperlipidemia induced by carbofuran
ingestion may be associated with 50-60% reduction
in PON activity accompanied by fall in HDL-C and
increase in LDL-C. These oxidative stress in intoxicated animals resulted decrease in HDL-PON activity. The lower paraoxonase activity and the compositional changes in HDL and LDL could contribute
to greater risk associated with hypelipimia and hypercholesterolemia induced the xenobiotic ingestion
[58].
In connection, the oxidative shunt of pentose
phosphate pathway (G6PD and 6PGD) are the key
enzymes of this direct oxidation shunt (P.P.P)
which responsible for NADPH.H+ generation. The
both enzymes play essential role in the regulation of
oxidative stress by regulating NADPH.H+ values,
the main intracellular reductant and fatty acid synthesis [35]. For that, G6PD and 6PGD are required
for the antioxidant defense system and to protect
and prevent the toxicity of xenobiotic [60]. The
present results may suggest relation between the
both enzyme activities and fatty acids then triglycerides and phospholipids also with the cholesterol
biosynthesis from acetyl-CoA. Also, the increased
lipids profile synthesis may use to store the pesticide in the lipid parts of tissue or in adipose tissue
[61].
The primary physiological role of G6PD in
mammalian cells is the defense against oxidative
stress injury. The formation of GSH from GSSG is
dependent on NADPH.H+ produced from the oxidation shunt of P.P.P. The activity of G6PD, 6PGD
and glutathione peroxidase (GPx) are linked each
other in their capacity to prevent tissue damage
from the xenobiotic oxidant [46, 62].
The higher effectiveness of 5% semi-modified
diet feeding than methanolic extract treatment in
intoxicated animal may due to that parsley contains
volatile oils and flavonoid compounds as antioxidant agents but its methanolic extract contains only
phenolic and flavonoid constituents. Parsley edible
portion has many of antioxidant agents. These in-

which the lipoprotein profile was elevated under the
effects of the pesticide ingestion. The three treatments of parsley alleviated the carbofuran harmful
induced. The treatment of semi-modified feeding
was more effective than the other treatments. These
may be due to the lipotropic factors of parsley. The
values of the lipid profile fractions were still higher
than the normal control. The tested treatments can
be arranged in the following increasing order: 5%
semi-modified diet, extract injection and extract
ingestion respectively.
The present results are in agreement, with previous studies [36, 37], they observed marked increases in the weight of body organs such as brain
as well as liver and kidneys under the effects of
pesticides, these may be due to the tumefaction or
enlargement influences on intoxicated animals [38,
39]. This also could be attributed to cells necrosis
and apoptosis and the accumulation of lipids in the
organs tissues [40].
Our results showed significant increases in total lipid, cholesterol and triglycerides in male albino
rats in blood, liver, kidneys and brain by ingestion
of carbofuran. But phospholipids content was not
altered in normal control rats. Also, lipoprotein
profile had the same trend in blood intoxicated animal under the same conditions. The present results
are generally similar to previous studies, they mentioned that, lipid profile was changed significantly
according to the type of pesticide and dosage used
in tested animals [41-43]. Also, chlorpyrifos induction increased degeneration of lipid as a result of
direct effect of the pesticide.
Recent results showed that harmful manifestation produced by pesticide associated with increased production of reactive oxygen species
(ROS), which give an explanation of ROS is proposed to be caused by a mechanism in which the
xenobiotic toxicant may produce oxidative stress
with tissue damage. ROS may interact with cellular
protein, lipid and DNA, causing alterations in the
target cell fraction. Acute oxidative injury may produce selective cell death and compensatory increase
in cell proliferation [44, 45]. The treatments with
parsley, which contain antioxidant vitamins and
other antioxidant protects several biomolecules
(Lipids, protein and DNA) from oxidative harmful
produced by oxygen-derived free radicals [46-48].
Carbamate ingestion induced abnormal lipoprotein profile in which LDL-C was increased, but
HDL-C decreased, these produced risk and oxidative damage. Also, lipid profile had similar trend
that accumulated lipid fractions in the body tissues.
The treatments with parsley feeding and methanolic
extract (ingestion or injection) improved the disturbed lipid profile. HDL-C is increase by the
treatment paralleled with increasing Para Oxonase
enzyme (PNO) that an enzyme with esterase activity which physically bound to HDL-C [49]. This
enzyme has a key role in the action of HDL-C to4770
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[8] Afify, A.M.R. and El-Beltagi, H.S. (2011) Effect of the insecticide cyanophos on liver function in adult male rats. Fresen. Environ. Bull.,
20, 1084-1088.
[9] Lopez, M.G., Sauchez-Mendoza, T.R. and
Ochoa-Aljo, N. (1999) comparative study of
volatile components and fatty acids of plants in
vitro cultures of parsley (Petroselinum crispiem (Mill) Nym. Ex Hill). Agricultural and
Food Chemistry 47, 3292-3296.
[10] Yanardag, R., Bolkent, S., Tabakogla-Oguz, A.
and Ozsoy, O. (2003) Effect of Petroselinum
crispum extract on pancreatic B cells and blood
glucose of streptozotocin-induced diabetic rats.
Biological and Pharmaceutical Bulletin 26,
1206-1210.
[11] Fejes, S.Z., Blazovics, A., Lemberkovics, E.,
Petri, G., Szoke, E. and Kery, A. (2000) Free
radical scavenging and membrane protective
effect of methanol extracts of Petroselium crispum (Mill.) Nym Ex. A.W. Hill . Phytotherapy
Research 14, 362-365.
[12] Darias V., Martin-Herrera, D., Abdala, S. and
Fuente, D. (2001) Plants used in urinary pathologies in Canary Islands Pharmaceuical Biology 39, 170-175.
[13] Sacan, O.O., Yanardag, R., Ork, H., Ozgen, Y.,
Yarat, A. and Tunali, T. (2005) Effect of parsley (Petroselium crispum) extract versus
glibornuride on the liver of rats Journal of Ethnopharmacology 104, 175-181.
[14] Abdel-Rahim, E.A. and El-Beltagi, H.S. (2011)
Alleviation of hyperlipidemia in hypercholesterolemic rats by lentil seeds and apple as well
as parsley in semi-modified diets. Advances in
Food Sciences 33, 2-7.
[15] Coskum, O., Kanter, M., Korkmaz, A. and
Oter, S. (2005) Quercetin, a flavonoid antioxidant, prevents and protects streptozotocininduced oxidative stress and B-cell damage in
rat pancreas. Pharmacological Research 51,
117-123.
[16] Nagochi, C. and Nikki, E. (2000) Phenolic antioxidants, a rationale for design and elevation
of novel antioxidant drugs for atherosclerosis.
Free Radical Biology and Medicine 28, 15381546.
[17] A.O.A.C (2000) Official methods of analysis
of association of official analytical chemistry
(17th ed.) Washington D.C. USA.
[18] Duke, S.O., Rimando, A.M., Pace, P.F., Reddy,
K.N. and Smeda, R.J. (2003) Isoflavone,
glyphosate, and aminomethylphosphonic acid
levels in seeds of glyphosate-treated, glyphosate-resistant soybean. Journal of Agriculture
and Food Chemistry 51, 340-344.
[19] Lane-Perter, W.A. and Pearson, A.E. (1971)
Dietary requirements in, The laboratory animal
principles and practice. Academic Press. London and New York. pp. 142.

cluded ascorbic acid, vitamins (A and B2) minerals
(Na, K, Ca, Mg, Fe, Zn, Cu and P), also contains
phenolics and flavonoids which act as good antioxidant agents [63].

CONCLUSION
It can be concluded that, these study showed
that eating parsley semi-modified safety food could
protect to a certain extent against the harmful of
pesticide carbofuran, hyperlipidemia and hypercholesterolemia, which prevent the occurrence of atherosclerosis induced into animals.
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OCCURRENCE OF EPILITHIC DIATOMS IN A STREAM
WITH CLEAN WATER CONDITIONS:
HARINGET STREAM, TURKEY
Feray Sonmez*
Firat University, Fisheries Faculty, Department of Basic Aquatic Sciences, 23119, Elazig, Turkey

planktonic and benthic algal associations and they
have been especially recognized as useful indicators
for both ecological and water quality of lakes and
rivers. In fact, the use of diatoms as water quality indicators has been reported in a number of articles [13]. In addition, phytoplankton and littoral epilithic
diatoms are in high value in lakes for their relation
to trophic status and acidification risk [4]. However,
it may be important to analyse the different aquatic
associations of diatoms separately due to their different ecology.
Studies on algae occurring in lotic systems [514] KDYHUHFHLYHGDWWHQWLRQDIWHU¶VDQGVLQFHWKHQ
number of studies has rapidly increased in paralel to
European Union the Water Framework Directive
[15]. In fact, determination of water and ecological
quality of surface waters has gained special importance through identification of diatoms (particularly planktonic and epilithic forms). Identification
of the development of algal communities and the
physical and chemical factors affecting them is of
most importance in increasing the usefulness of rivers. There are many studies about epilithic diatoms
of rivers in many countries [16-18].
Some of the organisms living in running waters
can adopt to the changes that occur in the ecosystems
due to several environmental factors whereas others
not [19-23]. In fact, such adaptions related to presence or absence of algae are of great value to recognize the changes in both water and ecological quality
of running waters particularly due to pollutants. It is
also important to mention that water quality determination of running waters based on adaptation of algae particularly diatoms has been used for a long
time [24-27]. In addition algae have extensively been
used as indicator organisms to determine the environmental conditions [23, 28, 19-22, 29, 30, 25]. Particularly epilithic diatoms were reported to be good
indicators in running waters [31-32].
The present study aimed to contribute to the
relations between occurrence of epilithic diatom species and water quality in a clean water stream condition. For this purpose, the species composition and
seasonal variations of epilithic diatoms in Haringet
Stream were investigated together with physicochemical variables for a period of a year. The stream
is one the main inflows of Keban Dam Lake that is

ABSTRACT
In the study, species composition of diatoms
and their seasonal variations in epilithic associations
occurring in a clean water stream (Haringet) were
determined between January and December 2014.
Sampling was performed monthly at three stations
chosen in upper, middle and lower parts of the
stream. Water temperature, pH, electrical conductivity, total dissolved solid matter, dissolved oxygen,
flow rate, total hardness, total alkalinity, organic matter, salinity, nitrate, ortho-phosphate, sulfate and silica values in water were measured and analysed
monthly.
A total of 48 diatom taxa all belonging to pennales were identified throughout the study. Members
of the genera Cymbella, Diatoma, Epithemia, Gomphonema, Navicula, Nitzschia and Surirella were
common epilithic diatoms in the Stream. Nitzschia
was the richest in species composition. Cocconeis
pediculus, Cymbella affinis, C. helvetica, Diatoma
elongata, Fragilaria acus, Gomphonema intricatum,
G. olivaceum, Navicula radiosa, Nitzschia sigmoidea and Ulnaria ulna were noticable diatoms
with respect to frequency of occurence and individual numbers in epilithon at all stations. Variations in
occurrence of diatom species and their abundance
were compared at stations and discussed in relation
to physical and chemical properties of stream water.
The physicochemical values yielded that Haringet
Stream has Class I Water Quality according to the
Inland Water Quality Criteria. This finding is somehow supported by the occurrence of certain clean
water diatom species.

KEYWORDS:
Epilithon, Diatom, seasonal succession, Haringet Stream,
Turkey.

INTRODUCTION
Algae are the major primary producers in many
aquatic systems and are an important food source for
other organisms. They include planktonic and benthic forms. Diatoms are common members of both
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measured with flotation method and current value
was calculated [34].
Water samples were collected using a water
bottle. The epilithic diatoms were scrapped from
stones/gravels into a plastic container. Olympus
CX21FS1 microscope was employed for both identification of species and counting cells. The relative
abundance method was applied for individual numbers of epilithic diatoms and results were expressed
DV³RUJDQLVP´ [35] since it was hard to identify
the live cells during counting process through inverted microscope. At least 100-200 individuals
based on the abundance of diatoms were observed
and counted in per sample.
To prepare permanent diatom slides, subsamples were taken and acid solution was added to digest
organic material. These samples were boiled on a hot
plate for 15 minute to expedite the digestion process
and were subsequently left the cool. Samples were
neutralized by rinsing with distilled water and dried
on coverslips that were mounted on glass slides with
Entellan. Diatom species were identified according
to Krammer & Lange-Bertalot [36-39]. Species
named updated in accordance with Guiry and Guiry
[40].

the second largest resorvoir in Turkey. The study
was also expected to contribute to the epilithic diatom list of Turkish freshwater ecosystems.

MATERIALS AND METHODS
The Haringet Stream is located in upper Euphrate Basin and three representative stations were
selected in upper, middle and lower parts of the
stream with the distance approximately 3 km away
from each other. Stream bed in upper and middle
parts consists mainly of rocks, stones and gravels
whilst gravel and sands are dominant substrates in
the lower part of the stream.
The water temperature, pH, total dissolved
solid matter, dissolved oxygen and electrical conductivity of the stream were measured directly by
means of a oxygenmeter (YSI 52) and a pH meter
(YSI 63). Total hardness, total alkalinity, organic
matter and salinity were determined through titration
analysis whilst spectrophotometric method was employed for the analysis of nitrate, orto-phosphate, sulfate and silica [33]. Flow rate of Haringet Stream was

TABLE 1
Variations in degrees/concentrations of some physical and chemical parameters in Haringet Stream

January
February

March
April
May
June
September
October
November
December

Water
temperature
(oC)
7.5±1.00
9.5±2.65
13.2±2.89
13.2±2.52
17.2±2.75
16.3±3.33

pH

Electrical
conductivity
(mV)

6.62±0.08
7.19±0.22
8.11±0.48
8.10±0.57
7.78±0.10
7.77±0.13

16.2±2.08
14.2±2.08
11.2±3.06
7.5±1.00

Dissolved
oxygen
(mg O2/L)

Flow rate
(m3/sn)

Organic
matter
(mg O2/L)

Salinity
(%0)

458.67±63.13
439.67±78.68
347.67±96.57
311.33±64.63
283.33±28.10
273.33±27.54

Total dissolved solid
matter
(mg/L)
418.67±53.38
408.67±54.92
403.33±42.44
322.67±46.23
274.00±11.14
233.33±8.33

13.0±0.20
12.9±0.20
11.57±0.87
10.83±1.11
9.90±0.46
8.67±0.57

0.07±0.03
0.52±0.44
0.77±0.68
0.06±0.04
0.05±0.04
0.02±0.02

5.00±1.00
4.00±1.00
2.00±1.00
7.00±1.00
10.33±2.08
17.33±4.16

2.00±0.50
1.33±0.29
2.67±0.58
3.00±0.50
2.00±0.50
2.00±0.00

7.38±0.45

279.67±27.75

234.67±7.02

9.57±0.40

0.03±0.02

3.67±2.52

2.00±0.00

7.21±0.39
6.99±0.48
6.79±0.34

278.33±52.04
316.67±94.51
440.00±82.61

236.67±22.48
280.67±65.43
391.33±57.83

10.13±0.47
10.73±0.42
12.57±0.59

0.04±0.03
0.04±0.03
0.09±0.09

3.67±3.79
1.67±0.58
1.33±0.58

2.33±0.29
1.83±0.29
1.50±0.00

TABLE 2
Variations in degrees/concentrations of some physical and chemical parameters in Haringet Stream

January
February
March
April
May
June
September
October
November
December

Total hardness
(mg CaCO3/L)
145.00±20.00
146.67±20.82
138.33±5.77
148.33±12.58
156.67±25.17
186.67±5.77
186.67±30.55
166.67±37.86
175.00±40.93
163.33±25.17

Total alkalinity
(mg CaCO3/L)
206.67±11.55
176.67±15.28
160.00±20.00
196.67±20.82
170.00±10.00
193.33±23.09
273.33±11.55
186.67±23.09
140.00±10.00
136.67±15.28

Nitrate
(mg NO3-N/L)
0.33±0.40
0.33±0.25
0.50±0.00
0.50±0.00
0.47±0.12
0.37±0.21
0.57±0.55
0.23±0.15
0.30±0.20
0.27±0.12

4775

Total phosphorus
(mg P /L)
0.02±0.01
0.03±0.01
0.05±0.00
0.15±0.15
1.85±2.66
0.02±0.01
0.07±0.09
0.02±0.01
0.01±0.01
0.01±0.01

Sulfate
(mg SO4/L)
30.33±6.66
28.00±2.00
27.33±18.01
29.00±24.02
14.00±5.30
21.67±6.81
40.67±15.37
50.33±37.81
49.00±40.36
43.00±34.40

Silica
(mg SiO2/L)
18.41±2.12
16.24±2.78
12.98±1.65
11.43±0.92
21.29±1.48
21.51±4.08
6.45±0.97
8.42±0.74
11.29±1.10
19.50±2.69
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phosphate in may; appeared to be resulted through
runoff coming from agricultural lands usually fertilized in spring) according to Surface Water Management Guide-Inland Water Resources Quality Criteria
[41].
The total of 48 taxa belonging to 22 diatom
genera were identified in the epilithon throughout
the study. As seen from the Table 3 that the genus
Nitzschia was the richest in species composition (6
taxa) followed by Cymbella (4 taxa), Diatoma (4
taxa), Epithemia (4 taxa), Navicula (4 taxa), Gomphonema (3 taxa), and Surirella (3 taxa). At species
level, Cocconeis pediculus, Cymbella affinis, C. helvetica, Diatoma elongata, Fragilaria acus, Gomphonema intricatum, G. olivaceum, Navicula radiosa, Nitzschia sigmoidea and Ulnaria ulna were
more noticable diatoms with respect to frequency of
occurence and individual numbers in epilithon at all
stations.
Fragilaria acus, Navicula cryptonella, Rhoicosphaneia abbreviata and Ulnaria ulna were the
most conspicuous species with their 100% frequency
of occurrence at station I (Fig. 1). However, F. acus
was also the most noticable diatom with its higher
relative abundance compare to other very frequently
and generally occurring diatoms. The relative abundance of F. acus (50-72%) were higher in winter
than those recored in other seasons. Oppositely its
relative abundance was the lowest in summer. Although N. cryptonella, R. abbreviata and U. ulna also
occurred with 100% frequency of occurrence, their
relative abundances were much lower (generally remained under 10 %) than that of F. acus. This finding may show that although N.cryptonella, R. abbreviata and U. ulna were insistently present in the samples like F. acus but they failed to compete with it to
incresae. This finding clearly showed that the high
frequency of occurrence of species didnot coincide
with high relative abundance in the present study.
Other diatoms recorded at this station occurred with
insignificant frequency of occurrence and relative
abundance.
F. acus, F. brevistriata, N. radiosa and U. ulna
were dominat species with their 100% frequency of
occurrence at station II (Fig. 2) which were followed
by Cymbella affinis, Diatoma hyemalis, Nitzschia
sigmoidea and Tabularia fasciculata with their 60%
frequency of occurrence. C. pediculus, C. cistula, N.
cryptocephala and R. abbreviata were other noticable diatoms with their occurrence in half of the
samples. However, Fragilaria acus, F. brevistriata
and U. ulna were also the most conspicous diatoms
with their higher relative abundance followed by C.
pediculus. The relative abundance of these diatoms
never exceeded % 35 throughout the study. The relative abundance of F. acus were higher in autumn
and winter. The maximum of F.acus (15%) occurred
in December whilst F. brevistriata reached its highest relative abundance in May. However, it is worth

RESULTS
Values of physical and chemical parameters
measured and analysed in Haringet Stream were
given at Table 1 and 2. Surface water temperature of
the stream varied between 6.5 oC and 20 oC. Maximum temperature was recorded in May and June,
minimum degree was in December and January. The
highest pH values were noted in spring (8.1) whilst
late autumn and winter coincided with lower values
(6.62-6.99). Maximum (500 μS/cm) and minumum
(210 μS/cm) electrical conductivity were observed
in January and November respectively. The maximum amount of total solid matter (486 mg/L) was
recorded in January whilst the minimum value (206
mg/L) was in November. Dissolved Oxygen concentration varied from 8.2 to 13.2 mg/L. The concentrations decreased in summer and increased in winter
depending on the temperature. Flow rate of Haringet
Stream were low and almost similar (0,01-m3/sn)
throughout the sampling period. The highest flow
rate (1,37 m3/sn) was recorded in February and
March. Concentrations of organic matter varied seasonally. The lowest concentrations (1.3-1.6 mg
O2/L) were recorded in late autumn-early winter
whilst the highest concentrations (10.3-17.3 mg
O2/L) occurred in late spring-early summer. Concentrations of salinity displayed slight variations
through the seasons. The maximum (%0 3.0) and
minimum (%0 1.3) values were measured in April
and February, respectively. Total hardness at stations changed between 138 and 186 mg CaCO3/L.
Concentrations were almost similar between January
and April. The highest concentrations were recorded
in June and September. Total alkalinity was highest
(273 mg CaCO3/L) in September while the minimum
(136 mg CaCO3/L) was recorded in December.
Orto-phosphate concentrations changed between 0.01 and 1.85 mg PO4-P/L during the study
(Table 2). The concentrations were generally low
and similar (varied between 0.01 and 0.02 mg PO4P/L) at stations throughout the study. However, an
exceptionally higher concentration was recorded in
May. The nitrate concentrations were higher than
those of phosphate ranging from 0.23 to 0.57 mg
NO3-N/L. Concentrations of sulfate were higher in
autumn and early winter than those recorded in other
seasons. The maximum concentration was recorded
in October and the lowest in May. Variations in silica concentration occurred between 6.42 and 21.51
mg SiO2/L. The maximum concentration of silica
was observed in June whilst the minimum value was
recorded in October. Silica concentrations were low
in autumn and in the first two months of spring probably due the diatom use. However, it started to increase in May and reached to its maximum in June.
All the values of physical and chemical parametres yielded that the studied parts of Haringet
Stream can be classified as Class I Water Quality
(exclusive of the maximum concentration of ortho-
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spring whilst it decreased during summer and autumn. The relative abundance of C. affinis was
higher in Spring and Autumn than those recorded in
other seasons. Ulnaria ulna was also another noticable diatoms with high relative abundance particularly in Autumn and early Winter. Oppositely, C.
pediculus occurred with lower relative abundance
compare to other very frequently occurring diatoms.
However, it is worth to mention that the highest relative abundance of C. Pediculus in june coincided
with low relative abundance of C. affinis, G. intracatum and U. ulna.

to mention that higher relative abundance of the former diatom coincided with lower relative abundance
of the latter. U. ulna was another noticable diatom
with high relative abundance particularly in winter.
C. pediculus, C.affinis, G. intracatum and U.
ulna, were the most important diatoms with their
100% frequency of occurrence at station III (Fig. 13). Diatoma tenuis and Epithemia argus followed
these species with their 70% frequency of occurrence. However G. intracatum and C. affinis drew
attention with their much higher relative abundance
than those of other very frequently and frequently
occurring diatoms (Figs. 1-3). The relative abundance of G. intracatum was higher during winter and

TABLE 3
The mean frequency of occurrece and mean relative abundance of epilithic diatoms of Haringet Stream
TAXA
BACILLARIOPHYTA
Brachysira microcephala (Grunow) Compère
Ceratoneis arcus (Ehrenberg) Kützing
Cocconeis pediculus Ehrenberg
Cocconeis placentula Ehrenberg
Cymatopleura solea (Brébisson) W.Smith
Cymbella affinis Kützing
Cymbella cistula (Ehrenberg) O.Kirchner
Cymbella helvetica Kützing
Cymbella obtusiuscula Kützing
Diatoma elongata (Lyngbye) C.Agardh
Diatoma hyemalis (Roth) Heiberg
Diatoma tenuis C.Agardh
Diatoma vulgaris Bory
Diploneis ovalis (Hilse) Cleve
Diploneis smithii (Brébisson) Cleve
Encyonema leibleinii (C.Agardh) W.J.Silva, R.Jahn, T.A.Veiga Ludwig & M.Menezes
Encyonema ventricosum (C.Agardh) Grunow
Epithemia adnata var. porcellus (Kützing) R.Ross
Epithemia argus (Ehrenberg)Kützing
Epithemia sorex Kützing
Epithemia turgida (Ehrenberg)Kützing
Fragilaria acus (Kützing)Lange-Bertalot
Fragilaria brevistriata Grunow
Gomphonema acuminatum Ehrenberg
Gomphonema intricatum Kützing
Gomphonema olivaceum (Hornemann) Brébisson
Halamphora veneta (Kützing) Levkov
Hantzschia amphioxys (Ehrenberg) Grunow
Navicula crytocephala Kützing
Navicula cryptonella Lange-Bertalot
Navicula radiosa Kützing
Navicula rhynchocephala Kützing
Nitzschia acicularis (Kützing) W.Smith
Nitzschia gracilis Hantzsch
Nitzschia linearis W.Smith
Nitzschia palea (Kützing) W.Smith
Nitzschia recta Hantzsch ex Rabenhorst
Nitzschia sigmoidea (Nitzsch) W.Smith
Pinnularia brebissonii (Kützing) Rabenhorst
Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot
Rhopalodia gibba (Ehrenberg) Otto Müller
Sellaphora bacilloides (Hustedt) Z.Levkov, S.Krstic & T.Nakov
Surirella ovalis Brébisson
Surirella ovata var. apiculata W.Smith
Surirella ovata var. salina (W.Smith) Rabenhorst
Tabularia fasciculata (C.Agardh) D.M.Williams & Round
Ulnaria amphirhynchus (Ehrenberg) Compère & Bukhtiyarova
Ulnaria ulna (Nitzsch) P. Compère
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Mean Relative
Abundance (%)

Mean Frequency of
Occurrence (%)

0.30
0.15
7.90
0.57
0.03
7.46
1.04
2.29
0.04
2.44
1.23
0.66
1.06
1.55
0.52
0.40
0.67
0.31
1.11
1.59
0.67
14.55
7.37
0.49
7.48
2.89
0.60
0.15
0.57
2.66
4.52
2.98
0.99
0.15
0.38
0.63
0.31
1.60
0.03
2.33
1.36
0.16
0.51
0.34
0.04
2.60
1.00
11.31

3.33
1.00
70.00
1.33
0.33
70.00
16.67
43.33
0.33
50.00
20.00
23.33
20.00
30.00
13.33
16.67
13.33
10.00
23.33
20.00
20.00
86.67
53.33
23.33
70.00
43.33
16.67
10.00
16.67
43.33
76.67
23.33
20.00
10.00
20.00
13.33
10.00
53.33
3.33
50.00
40.00
3.33
13.33
13.33
3.33
36.67
16.67
100.00
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FIGURE 1
Seasonal variations in the relative density of Cocconeis pediculus, Fragilaria acus, Navicula cryptonella,
N. rhynchocephala, Rhoicospenia abbreviata and Ulnaria ulna species at station I.

FIGURE 2
Seasonal variations in the relative density of Cocconeis pediculus, Fragilaria acus, F. brevistriata,
Navicula radiosa and Ulnaria ulna species at station II.

FIGURE 3
Seasonal variations in the relative density of Cocconeis pediculus, Cymbella affinis,
Gomphonema intricatum and Ulnaria ulna species at station III.
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at station III. Cocconeis pediculus was also observed
to participate in the competition in some periods. All
these findings may be accepted as an evidence for
ecological competition between different diatom
species in Haringet Stream.
Occurrence and distribution of diatom species
varied in different parts of the stream. F. acus, F.
brevistriata and U. ulna were among the most noticable diatoms in Haringet Stream and their occurrence constituted a good examle to this. Both the frequency of occurrence and relative abundance of
F.acus were much higher in the upper part of the
stream than those recorded in middle and lower
parts. Oppositely U. ulna was recorded with low occurrence and cell numbers in upper part although the
diatom was quite noticable in other parts of the
stream. F. brevistriata was not observed in upper
part whereas the diatom was one of the most noticable species in middle part of the stream. These
findings may be related to the adoptation ability and
habitat preferences of the diatom species.
Although some diatoms (e.g. N. cryptonella
and R. abbreviata at station I; Cocconeis pediculus
at station III) were recorded with 100% frequency of
occurrence, their relative abundance were extremely
low compare to other continously occurring diatoms.
These findings may draw attention to that the high
frequency of occurrence didnot always coincide with
high relative abundance in the present study. This
may be explained with the usual competion between
diatom species for the same nutrients. Similarly,
high relative abundance of C. pediculus in june
(19.61 %) coinciding with low relative abundance of
other continously recording species such as C. affinis
(7.84%), G. intracatum (9.80%) and U. ulna (3.92%)
may also be explained with the same reason.

Taxon diversity in epilithon was richer in
spring (March, April) and autumn (September, October). Number of taxa recorded at stations were almost similar; 29, 23 and 24 taxa were recorded at
stations I, II and III respectively. So as to seasonal
growth of diatoms at species level at stations (Fig. 13), F. acus and C. pediculus at station I; F. brevistriata and U. ulna at station II; C. affinis and G. intricatum at station III grew better than other diatoms in
spring. Growth of C. pediculus was conspicous in
summer both at stations I and III. The abundance of
Navicula radiosa (station I) and F. brevistriata (station II) in summer was by far higher than all other
months. F. acus was also drawn attention with its
higher cell numbers in summer than other seasons at
station III. F.acus and N. rhynococephala at station
I; F. brevistrita and U. ulna at station II; C. affinis
and U. ulna at station III were dominant autumn species. Growth of F. acus at station I; U. ulna at station
II and G. intricatum at station III were really noticable during winter period.
Of all, Fragilaria acus and Ulnaria ulna were
most conspicuous diatoms with their frequency of
occurrence than other diatoms in epilithon throughout the study. Thus, these diatoms are considered as
permanant members of Haringet Stream. In addition,
Navicula cryptonella, Rhoicosphania abbreviata
(station I), Fragilaria brevistriata, Navicula radiosa
(station II), Cocconeis pediculus, Cymbella affinis
and Gomphonema intracatum (station III) were the
most noticable diatoms with their 100% frequency
of occurrence (Figs.1-3). This finding may show that
these diatoms adopted to the clean water stream condition in Haringet Stream better than other diatoms.
The competition for increasing cell numbers
between different members of genera and also the
species belong to the same genus yielded interesting
results in some cases. The genus Fragilaria represented by two species and F. acus was more noticable with higher frequency of occurrence and relative abundance than F. brevistriata (Fig. 1-3). It is
important to mention that higher relative abundance
of the former usually coincided with lower relative
abundance of the latter. Oppositely F.brevistriata
occurred with higher cell numbers in the periods
when F.acus was recorded with low individual numbers. This may be considered as a good example for
ecological competition between species belong to
the same genus. U. ulna station was another noticable diatom in Haringet Stream and was present
throughout the study at all stations (Fig. 1-3). The
diatom was observed to be in a serious competition
with F. acus at all stations. It is worth to mention that
occurrence of U. ulna with low relative abundance
(1-3%) was recorded during the periods in which F.
acus occurred with high cell numbers. Oppositely,
serious competition between F. acus and U. ulna was
noticable at station II and usually ended for favour
of U. ulna. Competition between Cymbella affinis
and G. intricatum with U. ulna was also remarkable

DISCUSSION
Chessman [42] stated that species of Navicula
and Nitzschia are cosmopolitan. In fact, Nitzschia
and Navicula are reported to be common diatoms in
freshwater habitats and represented with more species than other diatom genera in many studies [1-3,
16-18]. In addition, these diatoms are also reported
to grow well in organically polluted aquatic habitats
with low dissolved oxygen concentrations [43].
Thus, the occurrence of Nitzschia and Navicula with
many species in Haringet stream which has Class I
water quality (very clean) may show that these diatoms grow well in polluted as well as in clean water
conditions. N. palea is a common diatom in freshwater habitats and known to be highly tolerant to conditions from alpha mesosabrobic to polysabrobic.
The diatom is also reported to occur in oligosabrobic
zone of a polluted stream but couldnot increase in
numbers [44]. In addition, N. palea are tolerant to
toxic substances and comportably occur in Class II
and III quality waters [19]. These findings may show
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50]. None of the physical and chemical variables including water temperature seemed to have negative
effects on the seasonal distribution of the eplithic diatoms in Haringet Stream. In addition, silica concentrations were always enough to support the diatom
growth in all seasons. However low concentrations
of nitrate and ortho-phosphate may be responsible
for low biomass of diatoms in the stream.
Physicochemical analyses are widely accepted
that they yield the water condition in a given time
[51, 52]. Algae are also extensively used as indicator
organisms to determine environmental conditions
despite the fact that water quality evaluation with algae can show slight deviation [19]. Physicochemical
values determined for Haringet Sream clearly
yielded that the stream has I Class Water Quality
along the stream (from upper part to the lower part).
The occurrence of certain diatom species during the
present study supported the clean water condition of
Haringet Stream. Particularly the continuous presence of most noticable diatoms Cocconeis pediculus,
Cymbella affinis, C. helvetica, Diatoma elongata,
Fragilaria acus, Gomphonema intricatum, G. olivaceum, Navicula radiosa, Nitzschia sigmoidea and
Ulnaria ulna in Haringet Stream may be evaluated
as a valuable finding that these diatom species can
be monitored as indication of clean water stream
condition.

that N. palea has a wide ecological tolerance to occur
from clean to polluted waters but it grows better in
polluted waters. The absence of N. palea in upper
and the lower parts of the stream in Haringet Stream
that has Class I Water Quality partly supported the
findings of Cox [44].
Some species of Cymbella was also reported to
be good indicators of clean waters with rich oxygen
and poor organic nitrogen [43, 45]. This finding is in
harmony with the occurrence of Cymbella spp. in
Haringet Stream which is also rich in oxygen and
poor in organic nitrogen. The present study also supports the finding of Mazhan and Mansor [46] who
reported that Cocconeis pediculus and C. placentula
are good indicators of clean water conditions and according to sabrobic index they are well known members of Class I water. C. pediculus was also an important representative of clean water of Haringet
Stream. However good growth of C. pediculus in
highly eutrophic waters is also emphasized [47].
Gomphonema olivaceum is known as one of the
common species occurring in Class II and III Quality
Water and regarded as good indicator for recovery
zone of polluted waters [19]. In addition, Gomphonema parvulum and C. accomada are reported to be
highly tolerant diatoms to pollution [44, 23]. However opposite to these findings, G. olivaceum is
found to be present in all parts of Haringet Stream
that has very clean water properties. It is worth to
mention that another Gomphonema species (G. intricatum) is also the one of most conspicuous diatoms
in clean water of Haringet Stream both with respect
to frequency of occurrence and relative abundance.
Thus, one may think that Gomphonema spp. may be
considered as good indicators for both highly clean
water as well as those of polluted water (Class II and
III). In addition, Gomphonema spp. are also reported
to be alkaliphilic [45]. This also hold true for the present study as Haringet Stream has also high alkalinity.
Although Ulnaria ulna and Fragilaria acus
were among the most conspicuous diatoms with their
occurrence and relative abundance in Haringet
Stream, we came across with no studies reporting
that these diatoms are good indicators of clean water.
In opposite, U. ulna was reported to be one of the
common diatoms in mesotrophic and eutrophic waters [44]. Thus, the present study is not in harmony
with that of Cox [44].
Species composition and the seasonal variations of planktonic and benthic forms in freshwaters
are dependent on interactions between physical and
chemical factors. However which factors are more
effective than others sometimes vary from one ecosystem to another due to their different ecological
properties. However, water temperature and transparency among the most important physical factors
affecting the species composition and numbers of individuals of diatoms in aquatic environments [48-
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EFFECT OF LIGHT PATH LENGTH OF TUBES ON
GROWTH RATE OF NANNOCHLOROPSIS OCULATA USING
INDUSTRIAL SCALE TUBULAR PHOTOBIOREACTOR IN
THE MARINE HATCHERY
Yasar Durmaz*, Gokhun Cagatay Erbil
Ege University, Fisheries Faculty, Aquaculture Department, Bornova, Izmir, Turkey

omass, along with contamination and high production costs [9,10]. For this reason, the utilization of
closed tubular photobioreactors (PBRs) is advantageous due to the high control level of culture condition available with these systems, making enhanced
biomass productivity possible although the production cost increases with respect to open systems [11,
12].
Light delivery to tubular photobioreactors is
usually excellent because the maximum path length
for light transfer is the diameter of the tubing. There
are very few article on the quantitative effect of such
different light path length of tubular diameter on the
output rate of biomass in enclosed industrial reactors. Most of the physiological works on photoacclimation studied algal culture response to up and down
shifts in the intensity of the light source. Yet, these
parameters exert a most significant effect on the light
regime to which the cells are exposed in photobioreactors [11, 13].
In this paper, we studied the indoor production
of N. oculata using pilot-scale tubular PBRs in semicontinuous mode. Moreover, it was tried to find out
whether 50 mm or 80 mm light path length (LP) of
tubes would be better for the cultivation of N.
oculata. The objective was to demonstrate the
IHDVLELOLW\ RI WKLV VWUDLQ¶V indoor production at this
scale and to determine the optimum LP for
production. This research is a necessary step in the
scale-up of any microalgae production process in
order to prevent failures caused by inadequate strain
performance at/under real scale/conditions or
inadequate photobioreactor design or operation.

ABSTRACT
Microalgal biotechnology have to solved for
culture system for culturing of algae species. In this
case, it should be optimised with key design parameters in an integrated way of photobioreactor used
for cultivation of microalgae. The diameter of the
tube was the predominant factor to determine the
light gradient.
The experiments, which examined the effect of
different light path length (LP) of tubes on the cell
growth of N. oculata show that there was a
relationship between light path length and growth
rate. 50 mm LP PBR and nd 80 mm LP tubular PBR
were inoculated with 61.0 x 106 cell/mL and 71.0 x
106 cell/mL, respectively. In the first 15 days, Cell
numbers were increased in both systems without any
fluctiotion, the maxiumum cell densities were also
recorded as 590.67±8.60 x 106 (50 mm LP) cell/mL
and 396.83±6.75 x 106 (80 mm LP) cell/mL.
Our results of biomass yield which was calculated as 2.8 g/L day for 50 mm LP PBR system.

KEYWORDS:
Nannochlorpsis oculata, light path length, photobioreactor, tubular photobioreactor, semi-continouosly, artificial
light

INTRODUCTION
In last decades, microalgae have attracted great
attention due to their many potential applications in
different commercial sectors such as nutraceutical,
pharmaceutical, cosmetic, food, and feed [1-3].
Composition of microalgae species can also
change significantly depending on the culture conditions, including temperature and light [4-6], particularly their gross composition and content of fatty acids [7, 8].
Microalgae production for the aquaculture sector presents one of the main problems in the development of a number of processes due to the typically
low productivity and poor quality of the resulting bi-

MATERIALS AND METHODS
Microalgae and culture medium. Nannochloropsis oculata (Droop) ([14].; CCAP 849/1) used in
this study were obtained from The Culture Collection of Algae and Protozoa (CCAP), Scotland. The
batch starter cultures were maintained axenically in
F/2 medium [15] and pH was 7.5. The strain was inoculated in 1 L glass flasks at temperature 20±1ºC,
24 KRXUV¶ light as irradiance at bench height of 100
umol photons (Li-Core 195) obtained using 40-watt
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tube, divided into two main parts; illumination receiver and degasser and cooler tank. Illumination receiver is made of transparent plexiglass tubes and cosisted of 96 m long (7.4 cm internal diameter, 0.3 cm
wall thickness).

gro-lux fluorescent lamps ((Sylvania, Germany).
When the inoculum reached a concentration ranged
between 106 and 107 cell/mL, it was transferred to
larger glass balloons (5L), and the volume was completed to 200 L with F/2 medium for inoculation to
tubular photobioreactor.
Culture medium for the tubular systems (F/2
medium, 1 mL/L [15]) was added daily, but vitamin
solution was not added to medium. Cultures were
maintained at 35g/L salinity and at 20±1°C.
In this experiment, the culture pH in both tubular systems were maintained at 7.50±0.2 by adding
pure CO2 regulated through a pH-stat system.
At the beginning, light intensity was adjusted at
lower level to prevent any photoinhibition phenomena on the low cell density inoculum. Light intensity
was DUUDQJHG DV  ȝPROP2s at the surface of the
tubing with activating half parts of fluorescent lamps
until 8th day. After that day, the illumination was inFUHDVHGWRȝPROP2s via activation of all lights
after the cell density increased more than 2 times.
Experimental Photobioreactor. The experiments performed in this work took place in a tubular
PBR which belongs to an aquaculture hatchery facility in Turkey (Akvatek Company), is shown in Figure 1 and 2. Both of the PBRs wound on a rigid vertical structure in such a 6 m length and 0.2 m width.
The PBRs which have 80 mm and 50 mm light path
length, divided into two main parts; illumination receiver and degasser and cooler tank. Illumination receivers of 50 mm LP is made of transparent plexiglass tubes and consisted of 240 m long (4.6 cm internal diameter, 0.2 cm wall thickness). The illumination receiver is divided into two lines as 120 meters of each. The other PBR which has 80 mm LP of

FIGURE 1
Tubular PBR real system. The upper side of
PBR (50mm LP of tubes) and the botton side
of PBR (80mm LP of tubes).

FIGURE 2
Tubular photobioreactorS (PBRs) system shema. The upper side of PBR (50mm LP of tubes) has
degasser and cooler tank in the left. The botton side of PBR (80mm LP of tubes) has degasser and
cooler tank in the right.
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The degasser and cooler tank which is made of
double walled polyester fiber tank, is used for mixing, degassing and heat exchange culture. The culture temperature is controlled through an internal
heat exchanger placed titanium tubes at the bubble
column by passing cooling water at 100 L/h. Sea
water was used as the cooling water, its temperature
was generally 18qC that time. And room temperature
was also kept at 20±1qC under continuously controlled air conditions. The culture was kept at 19±1
°C. The microalgal culture was circulated as velocity
of 0.6 m/s using a centrifugal pump located between
the bubble column and the solar receiver. Depended
on the specific growth rate of culture, the microalgae
were grown photoautotrophically with continuous
mode at a dilution rate of 10-20 % of total volume
day. Moreover, the pH and temperature were being
measured at several positions along the tube and degasser tank using Seko kontrol PR40 pH/redox and
conductivity meter (Italy). Each measurement apparatus was in turn connected to a control computer
through a data acquisition device. The pH of the culture was controlled by on-demand injection of pure
industrial grade CO2 gas at 5 L/min.

dry weight of the harvested cell mass was determined using 5±10 ml of the cultures, which was filtered through predried and preweighed Whatmann
GF-52 glass- fiber filters (0.45 Pm, Germany) and
dried overnight in an oven at 105 qC [16]. Cell density was measured via Improved Neubauer hemocytometer at three times a day (08:00a.m., 12:00p.m.
and 18:00 p.m) and at the same time, contamination
was checked daily through visual observation.
*URZWKUDWHV ȝ ZHUHFDOFXODWHGZLWKWKLVHTXDWLRQ
(Eq.1):

Cleaning of the tubular PBRs. Further perspective of mass culture of microalgae will have required closed system because the microalgae must
be grown under conditions that are free from potential contaminants. It is not possible to completely
sterilize the tubular PBRs, but in this study, the tubular PBRs was disinfected by using sodium hypochlorite overnight and neutralized for 2 h with sodium thiosulfate. While preparing the tubular PBRs
for microalgae culture, marine water was sterilized
by passing through 0.02 Pm filtration system and
also sterilized marine water was used for addition
during the harvest period of the system.

The variation of cell densities and harvest rates
(% of total volume) at the both tubular PBRs of N.
oculata culture under artificial illumination is shown
in Figures 3 and 4. The experiments, which
examined the effect of different LP on the cell
growth of N. oculata show that there was a
relationship between LP and growth rate. 50 mm LP
of tubular PBR was inoculated with 61.0 x 106
cell/mL and 80 mm LP of tubular PBR was inoculated with 71.0 x 106 cell/mL. Cell numbers were
increased in both PBR systems and maximum cell
densities were recorded as 50 mm and 80 mm LP
systems as 590.67±8.60 x 106 cell/mL and
396.83±6.75 x 106 cell/mL, respectively.

Ɋൌ

୪୬ሺே ሻି୪୬ሺேబ ሻ

(Eq.1)

௧ି௧బ

where Nt is biomass at time (t) and Nois the beginning biomass at time to.
The volumetric productivity, Pv (g/L d), was
calculated using this equation (Eq.2) depending on
the change in biomass concentration, X (g/L), within
a certain cultivation period (d):

ܲ௩ ሺ݃Ȁ݀ܮሻ ൌ

ܺʹ െܺͳ
 ʹݐെͳݐ

(Eq.2)
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Analytical methods. Samples were collected
daily for analysis of dry weight and cell count. The

1 )) )+ )- )/ )1 *) *+ *- */ *1 +) ++ +$ %

FIGURE 3
Growth curve and daily harvest rate of N. oculata for 50 mm light path length of tubular PBR.
Data point represent mean (n=3), error bars indicate standart deveation.
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FIGURE 4
Growth curve and daily harvest rate of N. oculata for 80 mm light path length of tubular PBR.
Data point represent mean (n=3), error bars indicate standart deveation.
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FIGURE 5
Specific growth rate (P
P) of N. oculata culture for 50 mm and 80 mm LP of tubular PBRs.

10.3%, respectively. When daily harvest rate was exceeded by more than 10%, decrease in the cell number was determined. After cell numbers declined,
harvest rates were reduced to less than 10% to allow
increase of culture densities (Figure 3 and 4). The
daily harvest rates have been altered for both persistence of the culture and protection of cells from degradation. So that, biomass concentrations were
spanned through the entire experimental period.

Cell densities of Nannochloropsis oculata at 50
mm and 80 mm LP tubular PBR increased rapidly
from 61.33 x 106 cell/mL and 71.0 x 106 cell/mL to
557.33±8.08 x 106 cell/mL and 396.83±6.75 x 106
cell/mL respectively in the first 15 days without any
apparent log phase. Also, mean cell densities were
calculated to be 386.99 x 106 cell/mL for 50 mm LP
tubular PBR and 307.41 x 106 cell/mL for 80 mm LP
tubular PBR. Most robust specific growth rates for
N. oculata at 50 mm and 80 mm LP tubular PBRs
were recorded as 0.27 day and 0.23 day, respectively
(Figure 5). Due to starting of the harvest regime,
gradual decreases were observed in both systems dependening on the harvest rate.
Due to dry weights measurement of daily,
mean volumetric productivity was calculated as 2.8
g/L day for 50 mm LP tubular PBR while which was
calculated as 2 g/L day for 80 mm LP PBR. Also,
highest volumetric productivities were calculated for
50 mm and 80 mm LP tubular PBRs as 3.25 g/L day
and 2.2 g/L day, respectively.
The average harvest rate of 50 mm and 80 mm
LP of tubular PBR were calculated as 10.0% and

DISCUSSIONS
Tubular PBRs are recommended as the most
suitable system for the production of microalgae
strains such as N. oculata. In these reactors, it is
possible to provide better control of culture
conditions. Results indicated that the cultures mainly
perform as artificial light conditions, that N. oculata
can be produced in pilot-scale tubular
photobioreactors in continuous mode.
When the cell population density is too low,
photodamage may cause the collapsing of culture,
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with 1.3cm and 5.2cm light-paths (0.35g/L day dry
weight). Having optimized the length of the light
path, the population density, and the mode and the
extent of stirring as well as adjusted the angle of
inclination along the year, we report the records of
high areal output rates of biomass, we have thereby
elucidated a promising strategy for efficient
utilization of solar energy for production of
photoautotrophic microorganisms.

even if the culture is exposed to low growth
irradiance, or, it will be exposed to strong light often
resulting in photodamage in several algal species
[16, 17].
Biomass yields are comparable to typical
biomass concentrations achieved in other
photobioreactors. The total biomass yield was
considerably higher than algae concentrations in
open raceway ponds, which typically ranged
between 0.1 and 0.5 g/L [18,19], but can reach up to
1.4 g/L [20,21]. Xu et al. [22] also reported as 1.10
and 1.20 g/L day productivity for fed batch culture
at artificial light conditions. On the other hand,
especially horizontal photobioreactor over the 165day operation and N. atomus biomass were measured
as the lowest at 2.07 g/L and the highest at 4.3 g/L
[23]. Three different volumetric productivity calculations (based on different N. oculata cell dry weight
references) were reported as 1.10-2.02 g/L day, 1.211.63 g/L day and 2.02-3.03 g/L day with continuous
mode at 50 mm LP of helical tubular PBR (combined
illumination solar and artificial) in summer [24]. Our
results of biomass yield which was calculated as 2.8
g/L day for 50 mm LP PBR system was similar with
the results of some finding reported. In fact, the result of 80 mm LP PBR system yield ratio (2 g/L day)
was relatively lower than some reported results. Because of using of different algae, lower results might
be obtained than those reported in tubular PBRs.
In a tubular photobioreactor with a short light
path (2.6 cm) and operating at high biomass concentrations (up to 2 g L), a maximal biomass productivity of 0.32 g/L day was reported by Molina-Grima et
al. [25]. In terms of areal productivity, the maximum
value reported here, of 20 g/m2 day, is lower than
that reported in raceway reactors, of 29 g/m2 day
[26]. Zou and Richmond [27] entertained cultures
with cell concentrations above 10 g/L dry weight in
flat plate bioreactor configurations, with narrow
light-paths, under vigorous stirring and strong incident light: decreases in the light-path produced major improvements in photosynthetic productivity, up
to optical paths of 1.0 cm. Results of those researches showed that if the low cm LP of PBRs were
preferred, the yield of biomass increased although it
causes the productivity to decrease. Therefore, there
were not advantageous to use 1 cm LP in the PBRs.
In this study, 50 mm and 80 mm diameter tubes
were used with continuos illumination both side of
tubes. Light intensity bonded with culture depth and
intensity. According to Zou and Richmond [28], the
light regime prevailing in association with the
narrower light-paths (less than 10cm) could not be
effectively for the slow growing Nannochloropsis
sp. cells. Uslu et al. [11] reported that flat plate glass
PBR with 1, 3, 5, 7 and 10 cm LPs were used to grow
in batch culture of Phaeoductylum tricornutum.
They obtained best results with 7 cm LP as 1.280g/L
dry weight. However, Richmond and Wu [29]
obtained higer value of Nannochloropsis sp. biomass

CONCLUSION
Our results indicate that this design offers the
advantages of having a large surface to volume ratio,
easy controlling of temperature and carbon dioxide
transfer, while occupying in a small ground area. In
addition, totally controlled lights ensure the persistence of production which is not possible for outdoor
systems. The growth rate and biochemical composition of N. oculata are subjects for environmental
conditions in each season. We have used this design
to be able to grow algae throughout the year especially in hatchery production seasons at both LP of
PBR system. The best productivity was obtained
with 50 mm LP of tubular PBR system.
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ELECTRO-FILTER RECYCLE POWDER OF CEMENT
INDUSTRY AS A LOW-COST ADSORBENT FOR REMOVAL
OF TEXTILE DYE ASTRAZON BLUE FGRL
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discharged into environmental water bodies. It not
only affects aesthetic appearance but also prevents
light penetration and reduces photosynthesis [3,4].
Furthermore, dyes can cause toxic, carcinogenic
and mutagenic effects on to the aquatic organisms
(i.e. fish) and human health such as liver, kidney,
reproductive, brain and central nervous systems
[5,6]. The conventional methods for treating dyes
containing wastewaters are coagulation and
flocculation, oxidation or ozonation, membrane
separation and activated carbon adsorption [7].
Adsorption is generally considered to be an
effective method for quickly lowering the
concentration of dissolved dyes in an effluent, and
activated carbon is the most widely used adsorbent
for dye removal. However, activated carbon suffers
from high-cost production and regeneration.
Therefore, there have been attempts to utilize lowcost and naturally occurring adsorbents [8,9].
There are some studies on the use of low cost
materials for removing dyes, such as various
agricultural wastes [4,10,11,36], walnut shells [35],
sawdust [12,13], fly ash [14,15], chitosan [16,17],
perlite [18,19], bentonite [20,21], sepiolite [22,23],
pyrophyllite [24,25] and zeolite [26,27].

ABSTRACT
The adsorption of Astrazon Blue FGRL onto
cement industry electro-filter recycle powder was
investigated in aqueous solutions in a batch system
with respect to contact time, initial concentration,
pH and temperature. The pseudo-first-order and
pseudo-second-order kinetic models were used to
describe the kinetic data and the rate constants were
evaluated. The Langmuir and Freundlich adsorption
models were applied to describe the equilibrium
isotherms and the isotherm constants were also
determined. The Langmuir model was the best-fit
isotherm for the experimental data. The change of
Standard freH HQHUJ\ ¨Go  HQWKDOS\ ¨Ho) and
HQWURS\ ¨So) of adsorption were also evaluated for
the adsorption of Astrazon Blue FGRL onto cement
industry electro-ILOWHUSRZGHU¨Ho DQG¨So changes
for the adsorption process were 7.29 kJ mol-1 and
19.77 J mol-1 K-1. The adsorption of Astrazon Blue
FGRL dye was increased with the increasing
temperature, on the other hand, no change was
observed within the range of pH 4.5-9.5. The
maximum adsorption capacity of the adsorbent in
the room temperature was found 73.53 mg g-1. The
results indicate that cement industry electro-filter
recycle powder could be employed as low-cost
material for the removal of textile dyes from
aqueous solutions.

KEYWORDS:
adsorption, dye, electro-filter recycle powder, low-cost
adsorbent, waste management

INTRODUCTION
Dyes usually have a synthetic origin and
complex aromatic molecular structures which make
them more stable and more difficult to biodegrade
[1]. Today there are more than 10,000 dyes
available commercially and they are widely use in
textiles, paper, rubber, plastics, leather, cosmetics,
pharmaceutical and food industries [2]. The
extensive use of dyes often cause pollution
problems in the form of colored wastewater

FIGURE 1
Chemical structures of (a) C.I. basic blue 159
and (b) C.I. basic blue 3.
In this study, cement industry electro-filter
recycle powder was used as an adsorbent for
removal of a cationic dye (Astrazon Blue FGRL).
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FIGURE 2
XRD diagram of adsorbent
Laboratories, Turkey and was found that the calcite
form the majority of the adsorbent (Fig. 2). The
sample was analyzed by Cimsa Cement Industry
Co.Ltd. for its chemical composition and found to
contain 13.53% SiO2, 3.71% Al2O3, 1.93% Fe2O3,
1.61% MgO, 42.73% CaO, 0.68% K2O, 0.08%
Na2O, 0.23% SO3, 35% loss on ignition and 0.5%
unknown material.
Cement industry electro-filter recycle powder
was dried in an oven at 103 °C for 24 hours and
was brought to constant weight. Stock solution of
adsorbent was prepared as 100 g L-1 in distilled
water and used in adsorption experiments.

The aim of this work is to study the adsorption of
Astrazon Blue FGRL from aqueous solutions onto
cement industry electro-filter recycle powder. The
effects of contact time, initial concentration, pH
values and temperature were examined. Also,
thermodynamic and kinetic parameters were
determined.

MATERIALS AND METHODS
Adsorbate. Astrazon Blue FGRL, a cationic
dye, was supplied by Berdan Textile Co. Ltd. This
commercial dye consists of two main components,
which are C.I. basic blue 159 and C.I. basic blue 3.
The ratio of the two components is approximately
5:1 by weight, respectively. The structures of these
two dye components are shown in Fig. 1. The net
charge of both C.I. basic blue 159 and C.I. basic
blue 3 is equal to +1. Although Astrazon Blue
FGRL is a mixture of two basic components, the
following discussion will treat this as a single dye
species [28].
The measurements of the dye concentrations
were performed through light absorbance using a
UV-VIS Shimadzu 160 spectrophotometer by
PHDVXULQJ DEVRUEDQFH DW ȜPD[ RI  QP IRU
Astrazon Blue FGRL. The calibration curve was
plotted from the dye solutions prepared in the
concentration range of 5 to 30 mg L-1.

Adsorption experiments. Adsorption tests
were studied as a single-stage batch test using a
Velp Model DLH mechanical stirrer. A suspension
containing 0.5 g of adsorbent sample was mixed by
stirring the mixture at 250 rpm with a 0.5 L aqueous
solution of dye at a known initial concentration in a
flask that was immersed in thermostated water in a
bath keeping a constant temperDWXUH RI Û&
Aliquot of the solution were withdrawn at a
predetermined time intervals and were centrifuged
at 5600 rpm for 5 min to remove any adsorbent
particles. The residual dye concentration in the
filtrate was subsequently determined using a
spectrophotometer at the wavelength corresponding
to the maximum absorbance. The adsorption tests
were run until the equilibrium concentration was
reached. The experiments were carried out by
varying the concentration of dye solution from 20
to 300 mg L-1.
The data obtained from the adsorption tests
were then used to calculate the adsorption capacity,
qe (mg g-1), of the adsorbent by a mass±balance
relationship, which represents the amount of
adsorbed dye per the amount of dry adsorbent (Eqn.
(1)),

Characterization and preparation of
adsorbent. Cement industry electro-filter recycle
powder which was used as adsorbent during the
study, was taken from Cimsa Cement Industry Co.
Ltd., Mersin Factory, Turkey. The surface area of
the material was determined as 1.92 m2 g-1 and
average particle size was 6.965 μm by using
³4XDQWDFKURPH $872625%-´ DQG ³0DVWHUVL]HU
´ GHYLFHV UHVSHFWLYHO\ LQ 7XELWDN 0DP
Laboratories, Turkey. XRD analysis of the
adsorbent was built in General Directorate of
Mineral Research and Exploration (MTA)

q e=

(1)

where C0 and Ce are the initial and equilibrium
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concentrations of dye in solution (mg L-1),
respectively, V is the volume of the solution (L),
and W is the weight of the dry adsorbent used (g).
Finally, the adsorption capacity, qe, was plotted
against equilibrium concentration, Ce.

to temperature will change the equilibrium capacity
of the adsorbent for a particular adsorbate [29].

RESULTS AND DISCUSSIONS
Effect of initial concentration and contact
time. To determine the equilibrium concentration
and time, the adsorption of the cationic Astrazon
Blue FGRL dye onto cement industry electro-filter
recycle powder was studied as a function of contact
time. Fig. 3. shows the effect of initial
concentration of dyes on the adsorption capacity of
cement industry electro-filter recycle powder with a
solid/ liquid ratio of 1 g L-1 at pH 9.5 which is the
natural pH of the mixture. At all initial dye
concentrations studied, the adsorption takes place
very fast initially: typically 90±95% of the ultimate
adsorption occurs within the first 2 min of contact
and gradually tails off thereafter. The independence
of time required to achieve definite fraction of
equilibrium adsorption on initial concentration may
suggest that the adsorption process is second-order
which will be discussed later. Then the amount of
adsorption reaches a limiting value of around 71.85
mg g-1 for Astrazon Blue FGRL.

FIGURE 3
Effect of initial concentration on the adsorption
of Astrazon Blue FGRL onto cement industry
electro-filter recycle powder (Adsorbent
concentration = 1 g L-1, T= 20oC, pH= 9.5)

Effect of pH. The pH is one of the most
important factors controlling the adsorption of the
dye onto suspended particles. The suspension
containing adsorbent used in the experiments has a
pH value of 11.5, whereas the dye solution has a pH
value of 5.5. When this two was mixed it was
detected that the outcome solution has a pH of 9.5.
This pH value was used in the experiments done to
show the effect of contact time and initial
concentration and temperature, e.i. the mixture pH
was not changed by any external interference.
However the pH range of 4.5- 9.5 (at 20oC) was
used in the experiments done to show the effect of
pH on the adsorption (Fig. 4). In this range of pH
the removal of the dye, Astrazon Blue FGRL by
Cement industry electro-filter recycle powder did
not show a negligible change. It was detected that
he surface charges of the compounds in the
adsorbent were not changed in the pH range of 4.59.5. As a result of this cement industry electro-filter
recycle powder can be used as an adsorbent in a
wide range of pH.

FIGURE 4
The effect of pH on adsorption capacity (Co =200
mg L-1, T = 20 oC, t = 40 min)

FIGURE 5
The effect of temperature on adsorption capacity
(Co = 200 mg L-1, pH = 9.5, t = 40 min)

Effect of temperature. The temperature has
two major effects on the adsorption process.
Increasing the temperature is known to increase the
rate of diffusion of the adsorbate molecules across
the external boundary layer and in the internal pores
of the adsorbent particle, owing to the decrease in
the viscosity of the solution. In addition, changing

Fig. 5 shows the results of contact time
experiments carried out at different temperatures for
Astrazon Blue FGRL adsorption on cement
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The adsorption data was analyzed first by
using the Freundlich isotherm model (Fig. 6).
However the experimental data did not fit to that
model ± R2 values were dramatically low. So the
linear form of the Langmuir isotherm was used and
the data fitted with this model ± R2 values were
close to 1 (Eq-3). The plots of specific sorption,
Ce/qe, against the equilibrium concentration, Ce, for
Astrazon Blue FGRL was shown in Fig. 7. The
isotherm constants, b, and equilibrium monolayer
capacities, Q0, are presented in Table 1.

industry electro-filter recycle powder. The removal
of Astrazon Blue FGRL by adsorption on cement
industry electro-filter recycle powder increases
from 71.85 to 114.57 mg g-1 by increasing the
temperature of the solution from 20 to 70ºC,
indicating the process to be endothermic. This kind
of temperature dependence of the amount of the dye
adsorbed may reflect the increase in the case with
which the dye penetrates into the perlite because of
its larger diffusion coefficient.
Adsorption isotherms. Adsorption isotherms
describe how adsorbates interact with adsorbents
and are critical in optimizing the use of adsorbents.
Therefore, the correlation of equilibrium data by
either theoretical or empirical equations is essential
to the practical design and operation of adsorption
systems. The experimental data of equilibrium
isotherms for Astrazon Blue FGRL dye was
modeled using isotherms by Freundlich [30] and
Langmuir [31].
The Langmuir isotherm has been widely used
to describe single-solute systems. It is based on the
assumption that intermolecular forces decrease
rapidly with distance and consequently it predicts
monolayer coverage of the adsorbate on the outer
surface of the adsorbent. The isotherm equation
further assumes that adsorption takes place at
specific homogeneous sites within the adsorbent
and there is no significant interaction among
adsorbed species. Theoretically, the adsorbent has a
finite capacity for the adsorbate. Once a dye
molecule occupies a site, no further adsorption can
take place at that site. The rate of sorption to the
surface should be proportional to a driving force
which times an area. The driving force is the
concentration in the solution, and the area is the
amount of bare surface [24].
The saturated or monolayer capacity can be
represented by the expression (Eqn. (2)),

FIGURE 6
Freundlich isotherm of Astrazon Blue FGRL
dye adsorbed on cement industry electro-filter
recycle powder

(2)
FIGURE 7
Langmuir isotherm of Astrazon Blue FGRL dye
adsorbed on cement industry electro-filter
recycle powder

where
qe
is
solid-phase
adsorbate
concentration at equilibrium (mg g-1), Ce is
aqueous-phase
adsorbate
concentration
at
equilibrium (mg L-1), Q0 (mg g-1) is the maximum
amount of adsorbate per unit weight of adsorbent to
form a complete monolayer on the surface, and b is
the Langmuir isotherm constant (L mg-1), related to
the affinity of the adsorption sites.
A plot of Ce/qe versus Ce gives a straight line
of slope 1/Q0 and intercept 1/Q0b, where Q0 gives
the theoretical monolayer saturation capacity.
Therefore, a linear expression for the Langmuir
Eqn.(3) is

The Langmuir monolayer capacity Q0 of
Astrazon Blue FGRL dye was 73.53 mg g-1. The
Langmuir model is applicable when there is a
strong specific interaction between the surface and
the adsorbate so that a single adsorbed layer forms.
The isotherms of the Astrazon Blue FGRL dye
were found to be linear over the whole
concentration range and the correlation coefficients,
R2, were high (0.999 for Astrazon Blue FGRL),
suggesting that the adsorption of Astrazon Blue
FGRL dye onto cement industry electro-filter
recycle powder closely follow a Langmuir
isotherm.

(3)
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TABLE 1
Langmuir adsorption isotherm constants for
Astrazon Blue FGRL adsorption onto cement
industry electro-filter recycle powder.
Dye
Astrazon
Blue FGRL

Langmuir isotherm
Q0 (mg g-1)
b (L mg-1)
73.53
0.218

R2
0.999

The effect of isotherm shape can be used to
predict whether a sorption system is favorable or
unfavorable in batch processes. The essential
features of the Langmuir isotherm can be expressed
in terms of a dimensionless constant separation
factor or equilibrium parameter KR, which is
defined by the relationship (Eqn. (4)),

FIGURE 8
First-order sorption kinetics of Astrazon Blue
FGRL at various initial dye concentrations
The first-order and the pseudo second-order
kinetic models were applied to the experimental
data. The plots of these two kinetic models at all
initial concentrations are illustrated in Fig. 8 and 9,
respectively. For the data to follow the first-order
kinetics in Eqn. (4), the linear plot between log (q eqt) and t should be observed. However, the results
illustrate that this linear dependency could not be
obtained indicating that the first-order Lagergren
rate kinetics are not appropriate for the adsorption
of basic dye. For the pseudo second-order kinetics,
the parameters, qe and k2, could be determined from
the intercept and the slope of the plots in Fig. 9 and
these are summarized in Table 2. Extremely good
agreement between the results and the model was
obtained as illustrated by the very high R2 for the
whole range of initial dye concentrations. Hence, it
was concluded at this point that the adsorption here
could be better represented by the pseudo secondorder rate kinetics. The results also indicated that an
increase in the initial dye concentration increased
the equilibrium sorption capacity, q e, while
decreasing the rate constant, k2.

(4)
where KR is a dimensionless separation factor,
C0 is initial concentration (mg L-1), and b is the
Langmuir constant (L mg-1). The parameter KR
indicates the shape of the isotherm accordingly: The
value of KR indicates the type of the isotherm to be
either unfavorable (KR > 1), linear (KR = 1),
favorable (0<KR < 1), or irreversible (KR = 0) [32].
The KR values calculated indicate that
adsorption of Astrazon Blue FGRL dye on cement
industry electro-filter recycle powder is favorable
(0<KR< 1) for all initial dye ion concentrations.
Kinetics of adsorption. A study of adsorption
kinetics is desirable as it provides information about
the mechanism of adsorption, which is important
for the efficiency of the process. Successful
application of the adsorption demands innovation of
cheap, easily available, and abundant adsorbents of
known
kinetic
parameters
and
sorption
characteristics. Adsorption kinetics can be modeled
by some models as the pseudo-first-order Lagergren
equation and pseudo-second-order rate equation Ho
and McKay [33], Ho [34] given below as Eqn.(5)
and Eqn.(6), respectively.
(5)

where qe and qt are the amount of adsorbed
dye on the biosorbent at the equilibrium and at time
t, respectively (mg g-1), and k1 is the rate constant of
first-order sorption (L min-1).
(6)
FIGURE 9
Pseudo second-order sorption kinetics of
Astrazon Blue FGRL at various initial dye
concentrations

where k2 is the pseudo second-order rate
constant with a unit of g mg-1 min-1.
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TABLE 2
Comparison of the pseudo-first- and second-order and intraparticle diffusion adsorption constants at
different initial concentrations of Astrazon Blue FGRL dye
Astrazon Blue FGRL (mg L-1)

qe,exp
(mg g-1)

20
40
60
80
100
150
200
300

19.07
36.74
50.29
57.92
61.76
68.10
71.79
71.85

Pseudo-Second-Order
k2 (g mg-1 min-1)
0.514
0.151
0.083
0.058
0.030
0.059
0.043
0.042

Thermodynamic parameters. In any
adsorption process, both energy and entropy
considerations must be taken into account in order
to determine
what process
will occur
spontaneously.
Values
of
thermodynamic
parameters are the actual indicators for practical
application of a process. The amount of dye
adsorbed at equilibrium at different temperatures is
20, 40, 50 and 60 oC, have been examined to obtain
thermodynamic parameters for the adsorption
system.
The thermodynamic parameters, change in the
Standard free energy ¨Go  HQWKDOS\ ¨Ho), and
HQWURS\ ¨So), were determined by using following
Eqn.(7-9) Ozcan and Ozcan [22],

qe,cal (mg g-1)
19.16
36.76
50.25
57.80
62.50
68.49
71.94
72.46

R22
0.9999
0.9998
0.9997
0.9997
0.9996
0.9998
0.9996
0.9997

TABLE 3
Thermodynamic parameters
T
(oC)
20
30
40
50

Kc
0.560
0.578
0.628
0.745

¨*o
(kJ mol-1)
1.41
1.38
1.21
0.79

¨+o
(kJ mol-1)

¨6o
(J mol-1 K-1)

7.29

19.77

(7)
(8)

(9)
FIGURE 10
Plot of ln KC vs. 1/T for estimation of
thermodynamic parameters for the adsorption
of Astrazon Blue FGRL onto cement industry
electro-filter recycle powder

where KC is the equilibrium constant, CA is the
amount of dye adsorbed on the adsorbent of the
solution at equilibrium (mg dm-3), CS is the
equilibrium concentration of the dye in the solution
(mg dmí3). T is the solution temperature (K) and R
is the gas constant. ¨Ho and ¨So were calculated the
slope and intercept of VDQ¶W +RII plots of ln KC
versus 1/T (Fig. 10). The results are given in Table
3.
The results obtained are +1.41 kJ mol-1 at
o
20 C, +1.38 kJ mol-1 at 30 oC, +1.21 kJ mol-1 at 40
o
C, +0.79 kJ mol-1 at 50 oC indicated that the
adsorption reaction was not a spontaneous one and
that the system gained energy from an external
source [33]. 7KH FKDQJH LQ HQWKDOS\ ¨Ho) was
found to be positive.
The positive values confirm the endothermic
nature of adsorption. The positive values of the
entropy change show the increased randomness at
the solid/solution interface with some structural
changes in the adsorbate and adsorbent and an
affinity of the adsorbent toward those basic dyes
[22].

CONCLUSIONS
The study presented revealed that cement
industry electro-filter recycle powder can be used as
low-cost adsorbents for removing cationic dyes.
The equilibrium adsorption data of the dye can be
best modeled using a Langmuir approach with
adsorption capacities of 73.53 mg g-1 for Astrazon
Blue FGRL. For the adsorption of Astrazon Blue
FGRL dye, chemical reaction seems significant in
the rate-controlling step and the pseudo-secondorder chemical reaction kinetics provides the best
correlation for the experimental data.
7KHHQWKDOS\FKDQJH ¨Ho) for the adsorption
process was 7.29 kJ mol-1, which indicates the
chemical forces between the adsorbed dye
molecules and cement industry electro-filter recycle
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powder7KH¨Go values were positive therefore the
adsorption was not spontaneous and the positive
YDOXHRI¨So suggests an increase in randomness at
the solid/solution interface through the adsorption
of Astrazon Blue FGRL onto cement industry
electro-filter recycle powder.
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and ecological environments [1,2]. The public's concern with the serious impacts of air pollution has also
aroused some authoritative control actions. In the developing China with rapid industrialization and urbanization [3-5], widespread haze and smog occurred with growing frequency [6-8]. Some efforts
were made to achieve the clean air goal [4], such as
the Air Pollution Prevention and Control Action Plan
issued by State Council in 2013. For the positive outcomes, these actions still need empirical basis and
theoretical analysis.
Due to the dramatically increased energy consumption and pollutant emissions, several regions in
China were severely polluted [9], which are mostly
located in the megalopolises, such as the northern
Beijing-Tianjin-Hebei region (BTH), the eastern
Yangtze River Delta (YRD), and the southern Pearl
River Delta (PRD). Improvement of air quality in
Beijing during the 2008 Olympics were reported in
previous studies [10,11], which also raised a discussion about the contributions of emission control
measures and weather conditions [12,13]. Based on
former experiences, the authorities also implemented
a series of air pollution mitigation strategies for the
2014 Youth Olympic Games (YOG) in Nanjing of
YRD, which is another biggest international megaevent in China after the Beijing Olympics. Typically,
both local and regional pollutant emissions from industry, traffic, construction, and biomass burning
were restricted [14]. Therefore, the human efforts for
improving air quality should be evaluated reasonably.
However, as a complex issue, air quality is also
closely linked to meteorological conditions [15,16].
When pollutant emissions are relatively steady, various meteorological factors will dominate the dilution, diffusion, transportation, and transformation of
air pollutants, and further affect their concentration
and distribution. Meteorological elements such as
humidity, pressure, wind, temperature, and rainfall
might directly or indirectly contribute to the formation-elimination of air pollution [17,18]. Air pol-

ABSTRACT
Air pollution is a globally highlighted environmental issue, and deteriorated air quality is generally
due to high pollutant emissions and stable weather
conditions. Authoritative emission control actions
are usually compelled to prevent the frequent air pollution episodes in megacities of China, thus the effects of pollution control measures and meteorological factors need differentiating. Strict control
measures were implemented by local/regional authorities to reduce anthropogenic emissions for the
2014 Summer Youth Olympic Games (YOG) in
Nanjing of eastern China, by restricting the coalcombustion, industrial activities, construction works,
vehicles and barbecue. By comparing the air quality
before, during, and after the YOG at 13 monitoring
stations that scatter in urban, suburban and exurban
areas, air pollution (represented by particulate matters and O3) were reduced effectively by emission
control measures, especially in urban areas. Moreover, precipitation eliminates air pollution directly.
The daily Air Quality Index (AQI, considering
PM2.5, PM10, SO2, NO2, CO, O3) and local meteorological parameters (temperature, extreme wind
speed, humidity, atmospheric pressure) show considerable correlations. Based on high-resolution data,
these quantitative relationships could be adopted for
air quality forecast and air pollution mitigation strategies.

KEYWORDS:
Air pollution; Emission control measures; Air quality index (AQI); Meteorological condition; Urbanization; Air
quality forecast

INTRODUCTION
Air pollution is a worldwide environmental issue that has posed significant threats to human health
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lution episodes can occur during specific local meteorological conditions such as low wind and stable atmosphere [6]. Inhalable particulate matters (PM2.5,
PM10), sulfur dioxide (SO2), nitrogen dioxide (NO2),
carbon monoxide (CO), and ozone (O3) are typical
air pollutants, and the air quality index (AQI) is commonly used to represent levels of ambient air pollution in urban areas [16,19]. In 2012, China Ministry
of Environmental Protection [20] approved the
Technical Regulation on Ambient AQI (on trial), and
some key cities began to publish local daily AQI (including PM2.5, PM10, SO2, NO2, CO, O3) replacing
the previous API (air pollution index; SO2, NO2,
PM10). Although there is increasing evidence of correlations between meteorological variables and some
pollutant concentrations or API [21,22], their profound relationships and the influences of meteorological factors on AQI need investigating further.
Therefore, both the effects of meteorological
factors and emission control measures on air quality
need to be clarified. In this study, the variations of
air quality (daily AQI for PM2.5, PM10, SO2, NO2,
CO, and O3) before, during and after the YOG period
at 13 monitoring stations scattering across urban,
suburban and exurban areas in Nanjing city were assessed together with local meteorological parameters. The main objectives are: (1) to evaluate the effects of authoritative strategies on air quality in different geographical areas; (2) and to explore the influences of meteorological factors on AQIs and its
possible model prediction.

Nanjing Environmental Monitoring Center (NEMC;
subordinate to Nanjing Municipal Environmental
Protection Bureau, NMEPB), 13 stations are shown
in Fig. 1, scattering across the Nanjing city. Nine
sites are located in the main urban areas (U), two in
surrounding suburban districts (SU) and two in remote exurban districts (EU).

MATERIALS AND METHODS

Authoritative Air Quality Program for the
Nanjing Summer YOG. To guarantee the
HQYLURQPHQWDO TXDOLW\ RI ³green´ YOG (16-28
August, 2014), a jointly authoritative network
surrounding Nanjing in YRD for air quality
monitoring and control was established by the
CMEP, including 23 cities in Jiangsu, Anhui, and
Zhejiang
provinces
and
the
Shanghai
metropolitan area [14]. According to the regional
Guarantee Scheme for Environment Quality (1-31
Aug) released by CMEP: 11 basic measures were
implemented to control the major pollution sources
from dust, vehicle exhaust and industrial emissions,
and 5 stricter actions were prepared for the opening
(15-16 Aug) and closing (27-28 Aug) ceremonies
and the days while Nanjing AQI>100.
Simultaneously, Interim Scheme for Nanjing
Environmental Management and Control from 1
May to 31 Aug, and the Strengthening Scheme from
1 to 31 Aug, were also implemented by Nanjing to
control local emissions. And in fact, the air pollution
mitigation policies were extended one more week
due to the 21st APEC SME Ministerial Meeting held
in Nanjing (1-5 Sep). All regulation measures were
in effect up to the end of YOG.

FIGURE 1
Location of study area and the 13 ground automatic monitoring stations in Nanjing city, China.
Nine stations (Xuanwuhu-XWH, Ruijinlu-RJL,
Zhonghuamen-ZHM, Caochangmen-CCM,
Shanxilu-SXL, Maigaoqiao-MGQ, Xianlin-XL,
Aoti-AT, Pukou-PK) are located in the main urban areas, two in suburban districts (Liuhe-LH
and Jiangning-JN), and two in exurban districts
(Lishui-LS and Gaochun-GC).

Study Area. The YRD is one of the populous
regions with the most dynamic economy and severe
air pollution in China. It has been identified as a key
region in the national plan for regional pollution
control. Being the capital of Jiangsu province,
Nanjing city located in western YRD is an important
industry (steel smelting, petrochemical and
automobile manufacturing) and transportation
center. It covers an area of about 6600 km2 and has a
population of over 8.2 million. Nanjing has a north
subtropical monsoon climate, and the prevailing
wind is from southeast in summer while northeast in
winter. Its average annual temperature is 16 ć and
average annual precipitation is 1106 mm of 117
days. The main sources of air pollution in Nanjing
include vehicular emissions (two million motor
vehicles) and emissions from industry especially
those with great energy consumption (coal), coupled
with local construction dust and regional pollutant
transportation from surrounding cities. Agricultural
biomass burning is also an important pollution
source in YRD during autumn [23].
Regular automatic monitoring of air quality is
usually executed by recording crucial atmospheric
constituents at monitoring stations. Administrated by
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instantaneous wind speed), indicators of atmospheric
moisture by relative humidity (RH) and the dew
point depression (T-Td, i.e., the difference between
the air temperature and the dew point temperature),
and precipitation (P), and their daily minimum (min)
and maximum (max) values.

AQI and Data. The AQI is commonly used to
report the levels of ambient air pollution [16]. It is a
simple and generalized way to provide the public
timely environmental information, and helps the
public understand local air quality. The higher the
AQI values, the more serious air pollution [19]. Here
the AQI and health implications are drafted by
CMEP [20], similar to the AIRNow system by US
(http://www.airnow.gov/index.cfm?action=aqibasic
s.aqi). The individual AQI (IAQI) levels and
corresponding pollutant concentration limits are also
given [20]. The IAQI values are calculated by a
linear interpolation of the reference scale values
using Eq. (1), and then the AQI is calculated as a
maximum IAQI of all air pollutants (PM2.5, PM10,
SO2, NO2, CO, O3) by Eq. (2). While AQI>50, the
air pollutant with the highest IAQI is considered as
WKH ³OHDGLQJ SROOXWDQW´ 7KH SROOXWDQW ZLWK
,$4,! LV UHFRJQL]HG DV ³QRQ-attainment
SROOXWDQW´ )RU GDLO\ UHSRUWV -24:00), seven
pollutant factors are considered, including SO2, NO2,
PM10, PM2.5, and CO based on 24 hour average
concentration, the daily maximum O3 1-h based on
1 hour average, and the daily maximum O3 8-h based
on 8 hour moving average values.
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Data Analysis. In this study, meteorological
parameters and synchronous AQI records of 57 days
lasting from 25 Jul to 26 Sep 2014 in Nanjing were
analyzed (data for 13-15 Aug and 4-7 Sep were
missing). The data were temporally divided into
periods of before (23 Jul-12 Aug), during (16 Aug-3
Sep), and after (8-26 Sep) YOG, and spatially
classified to urban, suburban and exurban areas.
They were also separated as rainy and non-rainy
days. The statistical analysis was carried out using
PASW Statistics 18 (IBM SPSS software). For
relationships between various variables, besides
correlation analysis (CA), the principal component
analysis (PCA) was conducted using factor
extraction with eigenvalues >1 after varimax
rotation. To identify the key meteorological factors
that best predict AQI or IAQI, multiple linear
regression (MLR) models were performed by
stepwise selection with a significance level of
p<0.05 for variables to remain in the predictive
equations.

ሺ ܥെ ௪ ሻ 

௪ 

(Eq. 1)
AQI = max {IAQI1, IAQI2, IAQI3«,$4,n}
(Eq. 2)
Where IAQIP refers to the IAQI of pollutant P,
CP represents the concentration of pollutant P, BPHigh
stands for the break point that is greater than or equal
to CP, BPLow represents the break point that is less
than or equal to CP, IAQIHigh refers to the IAQI corresponding to BPHigh, and IAQILow stands for the
IAQI corresponding to BPLow [20].
Since March 2013, the NMEPB publishes AQI
instead of API for Nanjing city, routinely based on
nine state-controlled monitoring stations. In this
study, the daily AQI and IAQI data were obtained
from their online Nanjing Air Quality Real-Time
Publishing System (http://222.190.111.117:8023/).
This air quality network includes data of total 13
ground automatic monitoring sites operated by
NEMC, but among them, only the 9 state-controlled
sites were used for assessing urban environment and
averaged to derive the final daily AQI values representing Nanjing City, while other 4 province-controlled sites represent suburban/exurban areas (Fig.
1).

RESULTS AND DISCUSSION
Temporal and Spatial Variations of AQI and
the Principal IAQI. In order to sketch the air
pollution pattern and its influencing factors, it is
essential to understand the temporal and spatial
variability of air quality. Daily AQI and typical
IAQI-PM2.5 for different periods of the YOG in
various geographical areas of Nanjing were showed
in Fig. 2, together with the main meteorological
parameters. Although summer is usually the best air
quality season for Nanjing and there has been some
pre-control measures, it still had pollution days
(AQI>100, PM2.5 is the non-attainment pollutant)
before and after YOG, and the PMs (especially
PM2.5) or/and O3 were the usual leading pollutants
determining the AQI (Fig. 2). These phenomena
indicate the generally disadvantageous air quality for
Nanjing in PRD, and the urgent need of intervention
measures. Accordingly, during 2014 YOG, the mean
value of daily urban AQI is only 56 (PM2.5 or NO2 is
the leading pollutant) for Nanjing, with 32%
excellent grade days. These AQIs are much lower
than those of many other megacities in the same
time, such as the average AQI of 115 and 72 for
Beijing in northern and Guangzhou in southern
China (O3 or/and PM2.5 as leading pollutants),
respectively. These AQIs are also lower than other
time of Nanjing, such as the average

Meteorological Data. The meteorological data
were provided by Nanjing Meteorology Bureau
(NMB), and collected at the National Meteorological
6WDWLRQRI1DQMLQJ ,'¶1¶( 
Major daily surface meteorological elements used in
this study include average values of air temperature
(T), atmospheric pressure (AP), wind speed (WS,
and WSextreme represents the maximum value of
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FIGURE 2
Variations of (a) daily overall AQI; and (b) PM 2.5 IAQI for different periods of 2014 YOG in different
functional areas of Nanjing; corresponding to (c) the main meteorological parameters (P - mm, T - ć, RH
- %, WS - m s-1).
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Mean values with standard deviation of daily overall AQI and each IAQI in rainy and non-rainy
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periods in urban area (Fig. 3), the order of the IAQI
is PM2.5 (76±33) > PM10 (67±17) > O3 8-h (53±22)
> NO2 (48±11) > O3 1-h (39±18) > CO (21±5) > SO2
(17±5) in non-rainy days, and PM2.5 (53±19) > PM10
(49±14) > NO2 (45±14) > O3 8-h (31±17) > O3 1-h
(24±17) > CO (18±5) > SO2 (11±5) in rainy days.
The average AQIs of rainy days were lower than
those of non-rainy days, for various areas. Such
phenomenon was typical for the IAQI of PMs and O3
(Fig. 3), indicating the directly scavenging effects of
rain on particles [22], and the driving effects of solar
radiation on secondary gaseous pollutants by
photochemical production [24]. According to
respective PCA results of the urban IAQIs for rainy
and non-rainy days, besides O3, the distribution
patterns of NO2 and SO2 in rainy days were also
different from those of PMs and CO. It implies that
the aggregate emissions contribute integrated air
pollution in non-rainy days.
Such effects were affirmed in other regions. In
the northwest continental Europe [16], weather regimes with high daily precipitation generally lead to
better air quality than dryer air masses, because of
the lower contribution of PM10 to the daily air quality
index (PM10, SO2, NO2, CO, O3). By comparing
cool-wet years and hot-dry years in Oklahoma city,
the heat decrease and precipitation increase in summertime also lead to substantial decreases in urban
O3 concentrations [21]. Considering nearly half days
of our investigated periods are rainy, precipitation
events exactly play positive role in summer air quality of Nanjing, both for aerosol and gaseous pollutants.

urban AQI of 106 in the same period of 2015 with
O3 as the leading pollutant. These results indicate the
relatively good air quality of Nanjing during the
YOG period, and imply that the short-term emission
control measures might have contributed to pollution
reductions.
Average values were summarized in Fig. 3. Ignoring the weather effects, the order of average AQI
is before (86±37) > after (72±18) > during (56±10)
YOG in urban area, and urban (71±27) > exurban
(63±17) > suburban (56±21) area. The order of the
IAQI in urban for the overall periods (Fig. 3) is PM2.5
(65±30) > PM10 (58±18) > NO2 (47±12) > O3 8-h
(42±22) > O3 1-h (32±19) > CO (20±5) > SO2
(14±6). In the total 30 non-rainy days (Fig. 3): the
AQI order is before > after >> during YOG for various areas, and similar order is obvious for the urban
IAQI of PMs, O3 and SO2 ZKLOH &2 GLGQ¶W YDU\
much. However, in the total 27 rainy days, the differences were not so large, especially for IAQI of
PMs. Furthermore, in the non-rainy days before
YOG, typical order of urban >> suburban > exurban
is showed for AQI and also for the IAQI of PM2.5, O3
and NO2; but during YOG, the urban AQI was
strongly decreased.
According to the national scale one-year AQI
analysis during 2013-2014 for 31 provincial capital
cities in China [9], PM2.5 was the largest contributor
to air pollution, followed by PM10 and O3, and strong
correlation was found between different pollutants
except O3. Based on the respective PCA results of
the air pollutaQWV¶ ,$4,V LQ the whole investigated
periods for various areas of Nanjing, the pollution
pattern and main source of O3 is different from those
of PMs, SO2, CO and NO2 in urban area, same to the
national scale pattern [9]. Moreover, SO2 is in another principal component group for suburban area,
NO2 and CO are also in a group for exurban area. It
indicates that, in the urban area with poorer air quality, the concentrated anthropogenic sources contribute combined multi-pollutants. Chinese mega-cities
under emission control policies showed similar air
pollution pattern to Europe [16], where the air quality index refers more than 90% to the presence of
high PM10, O3 and NO2 concentrations, while
SO2 and CO play only a minor role.

Relations Between AQI (or IAQI) and
Meteorological Parameters. Focus on the total 30
non-rainy days, the relationships between
meteorological variables and urban AQI (or IAQI)
were further investigated by correlation analysis
(Table 1). As showed by the results, the variations of
air pollutants were closely related to local
meteorological conditions: T was positively related
to AQI (r = 0.502), and to the IAQI of CO (0.599),
PM2.5 (0.562), SO2 (0.417) and PM10 (0.391); AP
was positively related to NO2 (0.366) but negatively
related to CO (-0.437) and PM2.5 (-0.406); RH (all >
70%) was negatively related to SO2 (-0.376), RHmax
was negatively related to both SO2 (-0.537) and PM10
(-0.378), RHmin was also negatively related to O3 8h (-0.525) and O3 1-h (-0.411), and the T-Td was
positively related to SO2 (0.394) and O3 8-h (0.361);
WS was negatively related to CO (-0.542) and PM2.5
(-0.385), and WSextreme was negatively related to CO
(-0.650), NO2 (-0.445) and PM2.5 (-0.383).
Seen from Table 1, AQI and the IAQI of PM2.5,
PM10, SO2 and CO were all mostly positively related
to temperature, while NO2 and O3 8-h was related to
APmin and T-Td, respectively. Negatively, PM2.5 was
most related to atmospheric pressure,

Effects of Precipitation on the AQI and
IAQIs. Besides the connection to the site
characteristics of land use, topography and pollutant
emissions, air quality is also closely linked to local
meteorological conditions or the occurrence of
weather regimes. Because precipitation is a
discontinuous factor and there may be threshold
values for the rainfall to eliminate pollution, it was
not included in correlation analysis, and the AQIs
were separately compared for rainy and non-rainy
days to investigate the direct effects of rain events on
air quality (Fig. 3). For the whole investigated
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TABLE 1
Pearson correlation coefficients (r) between AQI (or IAQI) and the meteorological parameters over urban
Nanjing for non-rainy days (N=30) of the overall investigated YOG periods.
WSex-


AQI
PM2.5
PM10
SO2
NO2
CO
O3 1-h
O3 8-h

T
0.502**
0.562**
0.391*
0.417*
-0.153

Tmin
0.486**
0.557**
0.404*
0.432*
-0.219

Tmax
0.484**
0.535**
0.373*
0.389*
-0.111

RH
-0.163
-0.149
-0.295
-0.376*
-0.087

RHmin
-0.231
-0.233
-0.312
-0.266
-0.161

RHmax
-0.128
-0.150
-0.378*
-0.537**
-0.036

T-Td
0.194
0.184
0.302
0.394*
0.065

AP
-0.332
-0.406*
-0.262
-0.209
0.366*

APmin
-0.337
-0.408*
-0.251
-0.178
0.399*

0.599**

0.628**

0.568**

0.060

-0.133

-0.050

-0.007

-0.437*

0.166
0.112

0.051
-0.029

0.248
0.219

-0.228
-0.348

-0.411*
-0.525**

0.132
0.067

0.249
0.361*

-0.044
0.024

APmax
-0.336
-0.411*
-0.270
-0.214
0.342

WS
-0.326
-0.385*
-0.135
0.069
-0.331

WSmax
-0.286
-0.337
-0.086
-0.021
-0.364*

-0.433*

-0.431*

-0.542**

-0.599**

-0.084
-0.016

-0.021
0.047

-0.037
-0.006

-0.086
-0.038

treme

-0.330
-0.383*
-0.178
-0.166
-0.445*
0.650**
-0.080
-0.028

* Significance level: p < 0.05.
** Significance level: p < 0.01.
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FIGURE 4
Typical linear correlations between AQI (or IAQI) and major related meteorological factors over urban
Nanjing for non-rainy days (N=30) of the wholly investigated YOG periods.

with WSextreme; while NO2 and CO could be predicted
by WSextreme with AP and with T, respectively.
Results indicated that, at the local-scale, meteorology was a relatively strong driver of air quality
in Nanjing. Similarly, the positive relationships between API (SO2, NO2, PM10) and T at short timescales had been observed in PRD, China [22]. The
changes in Tmax, particularly when above 35 °C, also
resulted in the strongest positive response for O3,
PM10 and NO2 concentrations in an Australian city
(1999-2006), but the impacts of other important meteorological variables were less pronounced [25].
Furthermore, for the secondary pollutant O 3, although higher T was often used as a predictor for high

while PM10, SO2, O3 1-h and O3 8-h were related to
relative humidity, and NO2 and CO were mostly related to wind speed. Typical correlations between
AQI (or IAQI) and major related meteorological parameters were showed in Fig. 4. Because there were
self-correlations between some of these meteorological factors, the most significant ones were than included in the multiple regression analysis. According
to the linear regression equations (Table 2) of urban
AQI or IAQI in non-rainy days against the key meteorological factors (T, RHmin, RHmax, T-Td, AP,
WSextreme), AQI and the IAQI of PMs would be predicted by T; O3 1-h and O3 8-h might be predicted by
RHmin, and SO2 could be predicted by RHmax together
4803

© by PSP

Volume 26 ± No. 7/2017 pages 4798-4807

and kept other air pollutants (SO2, CO) at low level.
The improvement of urban air quality was also
enhanced notably by the precipitation events and
winds (Fig. 3). However, the air quality deteriorated
immediately after the relaxation of regulations, as
can be seen in Sept. 8-10, although precipitation
occurred during that time (Fig. 2). Therefore, the
jointly regional control action took effect [14]. These
efficient temporary measures might be extended for
future long-term application, if the economy growth,
human well-being, and environmental quality could
be balanced properly. Challenges for the
permanently clean air are the persistent efforts of
curbing the highly anthropogenic emissions [28,29].
Changing the energy consumption to be resourceefficient and developing the environmentally
friendly emission control devices might be the
potential strategies.
Besides pollutant emissions, various meteorological factors also show aggregate effects on air
quality trends. The pollution mitigation schemes and
implementing degrees could be designed based on
the weather forecasts. For instance, for those forthcoming unfavorable meteorological conditions, such
as low winds and stable atmosphere that are responsible for air pollution episodes, early warning and
strengthened emission control measures should be
applied, and/or together with local weather modification.

[O3] [16,26], the RH was also negatively correlated
with [O3] [27], because RH is negatively correlated
with T. These results indicate that, hotter and drier
weather in summer could promote poorer air quality,
which also suggest that climate change may worsen
air quality [25]. Evidences are also available for
other meteorological factors. The pollutants associated with traffic (CO, NO2, SO2, PM10) were at the
highest ambient concentration levels when WS was
low in an Egypt city [27]. Trace gas concentrations
(O3, NOx, SO2 and CO) at a suburban site in the
North China Plain also showed strong dependence
on WS [24], and the PM10 concentration in Europe
decreased with the increasing WS [16]. They
confirm the dilution and diffusion effects of wind on
local air pollutants. Because wind speed and daily
AQI are in anti-phase and change synchronously
with no lag or lead time, the parameters WSmax and
WSextreme present coherences with AQI more and better than WS [22]. Such findings can help to explain
the actual ambient air quality, and could assist in air
quality forecasts.
TABLE 2
The stepwise linear regression equations of AQI
(or IAQI) over urban Nanjing in non-rainy days
(N = 30) of the wholly investigated YOG periods
against basic meteorological parameters (T,
RHmin, RHmax, T-Td, AP, WSextreme). Variables
with a significance level of p < 0.05 enter the predictive models.
Equations

R2adj

AQI = -57.7 + 5.38 T
PM2.5 = -97.6 + 6.72 T
PM10 = 4.47 + 2.40 T
SO2 = 112 - 1.01 RHmax
SO2 = 140 - 1.22 RHmax -1.13 WSextreme
NO2 = 66.6 - 2.76 WSextreme
NO2 = -1026 - 3.27 WSextreme + 1.09 AP
CO = 33.8 - 1.95 WSextreme
CO = 9.25 - 1.53 WSextreme + 0.84 T
O3 1-h = 84.6 - 0.76 RHmin
O3 8-h = 127 - 1.24 RHmin

0.226
0.291
0.123
0.263
0.368
0.169
0.359
0.403
0.563
0.139
0.249
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Limitations. This short-term study was only
based on the two-month comparison of daily AQI
and meteorological parameters in a city. It presents
the potential roles of authoritative emission control
policy, but still has limitations. Detailed data of
actual emissions and the site-specific wind directions
would also be much useful for the result explanation.
The equations for air quality prediction were
restricted by both time scale and space scale. Of
course, if open access available, the detailed hourly
concentration data of all air pollutants in all
monitoring stations, or even national-wide and
historically documented concentration data, would
be much better for the relationship analysis than the
dimensionless AQI values. Similar difficulty also
exists for accessing the meteorological data. But the
future application of big data analytics should be
expected. And then, using the high-resolution data,
the quantified relationships between each air
pollutant and meteorological factors for large scale
would be well illuminated, and involved in the air
quality forecasting model [30-32]. In fact, some
simulating models begin to consider the
meteorological [29,33] and to combine the
geographical factors [34].

Emission Control Actions & Meteorological
Conditions. Deteriorated urban air quality is usually
due to the intensive pollutant emissions, and the
unfavorable terrain and meteorological conditions
for
pollutant
diffusion
and
elimination.
Local/regional authorities of China had accumulated
some experiences for clean air by the provisionally
stringent emission control measures, such as the
2008 Beijing Olympics [11-13], 2010 Shanghai
Expo [23,28], and this 2014 Nanjing YOG, etc.
Aimed at the leading air pollutants (PMs, O3, NO2)
in summer Nanjing, the restricting of coalcombustion, industrial activities, construction
works, vehicles and barbecue during YOG,
decreased the emissions of PMs and O3 obviously
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[3] Chen, Y., Ebenstein, A., Greenstone, M. and Li,
H. (2013) Evidence on the impact of sustained
exposure to air pollution on life expectancy from
&KLQD¶V+XDLULYHUSROLF\31$612941.
[4] Zhang, Q., He, K.B. and Huo, H. (2012) Cleaning china's air. Nature, 484, 161-162.
[5] Luo, X.S., Ip, C.C.M., Li, W., Tao, S. and Li,
X.D. (2014) Spatial±temporal variations,
sources, and transport of airborne inhalable metals (PM10) in urban and rural areas of northern
China. Atmos. Chem. Phys. Discuss., 14,
13133-13165.
[6] Wang, J.D., Wang, S.X., Jiang, J.K., Ding, A.J.,
Zheng, M., Zhao, B., Wong, D. C., Zhou, W.,
Zheng, G. J., Wang, L., Pleim, J. E. and Hao, J.
M. (2014) Impact of aerosol-meteorology interactions on fine particle pollution during China's
severe haze episode in january 2013. Environ.
Res. Lett., 9, 094002.
[7] Wang, S.M., Yu, H., Song, L., Xie, Y.C. and
Zhu, Q.H. (2015) Air quality in a mountainous
city: a case study in Chongqing, China. Fresen.
Environ. Bull., 24, 2699-2706.
[8] Luo, Z., Gao, M., Luo, X. and Yan, C. (2016)
National pattern for heavy metal contamination
of topsoil in remote farmland impacted by haze
pollution in China. Atmos. Res., 170, 34-40.
[9] Wang, Y.G., Ying, Q., Hu, J.L. and Zhang, H.L.
(2014) Spatial and temporal variations of six criteria air pollutants in 31 provincial capital cities
in China during 2013-2014. Environ. Int., 73,
413-422.
[10] Streets, D.G., Fu, J.S., Jang, C.J., Hao, J.M., He,
K.B., Tang, X. Y., Zhang, Y. H., Wang, Z. F.,
Li, Z. P., Zhang, Q., Wang, L. T., Wang, B. Y.
and Yu, C. (2007) Air quality during the 2008
Beijing Olympic Games. Atmos. Environ., 41,
480-492.
[11] Wang, W.T., Primbs, T., Tao, S. and Simonich,
S.L.M. (2009) Atmospheric particulate matter
pollution during the 2008 Beijing Olympics. Environ. Sci. Technol., 43, 5314-5320.
[12] Wang, T., Nie, W., Gao, J., Xue, L.K., Gao,
X.M., Wang, X. F., Qiu, J., Poon, C. N.,
Meinardi, S., Blake, D., Wang, S. L., Ding, A.
J., Chai, F. H., Zhang, Q. Z. and Wang, W. X.
(2010) Air quality during the 2008 Beijing
Olympics: Secondary pollutants and regional
impact. Atmos. Chem. Phys., 10, 7603-7615.
[13] Yang, Q., Wang, Y.H., Zhao, C., Liu, Z., Gustafson, W.I. and Shao, M. (2011) NOx emission
reduction and its effects on ozone during the
2008 Olympic Games. Environ. Sci. Technol.,
45, 6404-6410.
[14] Ding, J., van der A, R.J., Mijling, B., Levelt,
P.F. and Hao, N. (2015) NOx emission estimates during the 2014 Youth Olympic Games in
Nanjing. Atmos. Chem. Phys., 15, 9399-9412.

CONCLUSIONS
Deteriorated air quality is generally due to high
pollutant emissions and stable weather conditions.
Based on the 2014 summer Nanjing scenarios, some
evidences of correlations between AQI and local meteorological factors were showed. However, to completely reveal their quantitative relationships, more
abundant detailed data of wider space-scale and
longer time-scale for the synchronous pollutant concentrations and meteorological parameters are
needed. And then, they would be adopted for the environmental air quality forecast, and for designing
the air pollution mitigation actions including the
choice of weather modification. In particular, because the precipitation eliminates air pollution directly, future forecasting methods might be separately developed for rainy and non-rainy situations.
By comparing the atmospheric characteristics in
Nanjing before, during, and after the YOG period, air
quality was improved by series of strict emission
control measures. These experiences would be valuable for environmental managements, without ignoring the roles of meteorological conditions.
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5XQ]KH*HQJ;LDR\DQ:DQJ

&ROOHJHRI5HVRXUFH(QYLURQPHQWDQG7RXULVP&DSLWDO1RUPDO8QLYHUVLW\%HLMLQJ&KLQD
3ROLF\5HVHDUFK&HQWHUIRU(QYLURQPHQWDQG(FRQRP\0LQLVWU\RI(QYLURQPHQWDO3URWHFWLRQ35&KLQD%HLMLQJ&KLQD



PRGLI\VWUHDPGLVFKDUJHDQGFKHPLFDOH[SRUWFKDU
DFWHULVWLFV>@DQGLWZLOOUHVXOWLQLQFUHDVHGQXWUL
HQWORDGVLQZHW\HDUDQGGHFUHDVHGORDGVLQGU\\HDU
3UHFLSLWDWLRQFDQSRWHQWLDOO\OHDGWRFKDQJHVLQUXQ
RIIDQGFDQVLJQLILFDQWO\LPSDFWWKHUHJLRQDOK\GURO
RJ\DQGIXWXUHDYDLODELOLW\RIZDWHUUHVRXUFHVDQGLW
ZDVEHOLHYHGWREHWKHNH\IDFWRUVDIIHFWLQJ136SRO
OXWLRQ>@$VKDVEHHQZHOOGRFXPHQWHGLQPDQ\
QRQSRLQW VRXUFH SROOXWLRQ VWXGLHV VXUIDFH UXQRII
DQGLWVDVVRFLDWHGQXWULHQWORDGLVKLJKO\FRUUHODWHG
ZLWK UDLQIDOO YDULDELOLW\ >  @$OWKRXJK LW LV
ZLGHO\UHFRJQL]HGWKDWSUHFLSLWDWLRQFKDQJHFDQDI
IHFWQRQSRLQWVRXUFHSROOXWLRQIURPWKHODUJHVFDOH
ZDWHUVKHGWKHUHKDYHEHHQIHZUHVHDUFKVWXGLHVRQ
WKDWWRSLFLQXSSHUZDWHUVKHGRI0L\XQ5HVHUYRLU,Q
FRPSDULVRQ WR VWXGLHV XQGHUWDNHQ LQ RWKHU ODUJHU
VFDOHZDWHUVKHGSORWRUILHOGVFDOHVWXGLHVDUHEHWWHU
DEOHWRFDSWXUHORFDOYXOQHUDELOLWLHVWRUDSLGDQGLQ
WHQVHFKDQJHVLQSUHFLSLWDWLRQ7KLVVWXG\ZLOOKDYH
WKH YLWDO VLJQLILFDQFH WR WKH LPSOHPHQWDWLRQ RI WKH
FRUUHVSRQGLQJPHDVXUHVZLWKGLIIHUHQWSUHFLSLWDWLRQ
FRQGLWLRQV
,QJHQHUDOWKHGLVWULEXWHGPRGHOFRXOGEHEHW
WHUWRVWXG\WKHLPSDFWVRISUHFLSLWDWLRQRQJHQHUD
WLRQGHYHORSPHQWDQGWUDQVSRUWSURFHVVHVDQGVSD
WLDO DQG WHPSRUDO GLVWULEXWLRQ RI 136 SROOXWLRQ DV
ZHOO DV TXDQWLWDWLYH GHVFULSWLRQ RI WKH JHQHUDWLRQ
PLJUDWLRQDQGRXWSXWSURFHVVRIZDWHUVDQGDQGQRQ
SRLQWVRXUFHSROOXWDQWVLQDEDVLQFDXVHGE\WKHGLI
IHUHQWUDLQIDOOHYHQW0DQ\VWXGLHVKDYHEHHQGRQHWR
HOXFLGDWHWKHHIIHFWVRISUHFLSLWDWLRQFKDQJHVRQWRWDO
QLWURJHQDQGWRWDOSKRVSKRUXVIURPDJULFXOWXUDOZD
WHUVKHGE\LQWHJUDWHGGLVWULEXWLRQPRGHOV>@
+RZHYHUWKHYDOXHVRIDODUJHQXPEHURISDUDPHWHUV
FRXOGQRWEHREWDLQHGIURPILHOGGDWDDQGPXVWLQ
VWHDGEHGHWHUPLQHGWKURXJKPRGHOFDOLEUDWLRQWKHQ
ZLOOKLQGHUWKHDSSOLFDWLRQWRVRPHH[WHQW>@
7KHHPSLULFDOPRGHOVKDYHWKHDGYDQWDJHRIUHTXLU
LQJOHVVGDWDDQGKDYLQJIHZHUSDUDPHWHUV5HIHUHQFH
WRWKHUHODWHGUHVHDUFKUHVXOWV>@3UHFLSLWD
WLRQDQGWHUUDLQDUHEHOLHYHGWREHWKHSULPDU\IDFWRUV
WKDWDIIHFW136SROOXWLRQ5DLQIDOOLVWKHPDLQGULY
LQJIRUFHRI136FRQWDPLQDWLRQDQGWHUUDLQSOD\VDQ
LPSRUWDQW UROH LQ 136 SROOXWDQW WUDQVSRUW >@
7KHUHIRUH LW LV LPSHUDWLYH WR PRGLI\ WKH (&0 WR

ABSTRACT
7KLV VWXG\ H[DPLQHG WKH SRWHQWLDO HIIHFWV RI
SUHFLSLWDWLRQ FKDQJH RQ QXWULHQW ORDGV LQ WKH XSSHU
ZDWHUVKHGRI0L\XQ5HVHUYRLU8VLQJKLVWRULFDOFOL
PDWHGDWDVHWVWUHDPIORZDQGZDWHUTXDOLW\GDWDWKH
LPSURYHGH[SRUWFRHIILFLHQWPRGHO ,(&0 ZDVVH
OHFWHGWRVLPXODWHFKDQJHVLQ71DQG73ORDGVFKDU
DFWHULVWLFVXQGHUGLIIHUHQWK\GURORJLFDO\HDU7KHUH
VXOWV GHPRQVWUDWH WKDW  7KH PDMRU VRXUFH RI71
DQG73ZDVOLYHVWRFNZKLFKDFFRXQWHGIRURI
WKH WRWDO IROORZHG E\ UXUDO OLYLQJ   ODQG XVH
  ZKLOH IRU WKH 73 UDQNHG GLIIHUHQWO\ IURP
WKRVHRI71ZLWKUXUDOOLYLQJILUVW  IROORZHG
E\OLYHVWRFN  DQGODQGXVH   7KH
LPSDFWVRISUHFLSLWDWLRQDPRXQWFKDQJHRQSROOXWLRQ
ORDGDUHUHODWLYHO\JUHDWHUZKHQFRPSDUHGWRWKHLP
SDFWVRIUXUDOOLYLQJOLYHVWRFNDQGSRXOWU\EUHHGLQJ
DQGODQGXVHSROOXWLRQORDGLQFUHDVHWKHHIIHFWVIURP
UDLQIDOO LQFUHPHQW OHDGV WR DSSUR[LPDWHO\  DQG
LQFUHDVHVRI71DQG73SROOXWLRQORDGUHVSHF
WLYHO\ 7KHKLJKULVNDUHDVRI71DQG73ORDGZHUH
GLVWULEXWHGDFFRUGDQFHWRWKHDPRXQWRISUHFLSLWDWLRQ
LQ GLIIHUHQW K\GURORJLFDO \HDUV DQG WKH PRVW RI WKH
&6$VZHUHORFDWHVEHVLGHWKHPDLQVWUHDP7RWDOQL
WURJHQ DQG WRWDO SKRVSKRURXV ORDG SHU XQLW DUHD LQ
0L\XQ &KLFKHQJ DQG )HQJQLQJ FRXQWLHV ZHUH
KLJKHUWKDQRWKHUV7KHVHGDWDZLOOEHXVHIXODQGYDO
XDEOHLQHYDOXDWLQJSRWHQWLDO136SROOXWLRQORDGIRU
WKHFRQWURORIZDWHUVKHGSROOXWLRQLQWKHIXWXUHDQG
XQGHUVWDQGLQJLWVPLJUDWLRQDQGWUDQVIRUPDWLRQLQD
ODUJHVFDOHZDWHUVKHGZKHUHPHWHRURORJLFDODQGK\
GURORJLFDOGDWDDUHPXWDWLYH
.(<:25'6
1RQSRLQW VRXUFH SROOXWLRQ LPSURYHG H[SRUW FRHIILFLHQW
PRGHOGLIIHUHQWK\GURORJLFDO\HDUV0L\XQUHVHUYRLUZD
WHUVKHG

INTRODUCTION
5HFHQWUHVHDUFKVXJJHVWVWKDWWKHDOWHUDWLRQRI
VSDWLDODQGWHPSRUDOSDWWHUQVRISUHFLSLWDWLRQFRXOG
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FKDUDFWHUL]HWKHLPSDFWRIUDLQIDOODQGWKHKHWHURJH
QHLW\ RI WRSRJUDSK\ RQ 136 SROOXWLRQ VLPXODWLRQ
>@7KHUHIRUHLQDODUJHVFDOHZDWHUVKHGZLWKLQ
VXI¿FLHQWGDWDDSSO\LQJLPSURYHGH[SRUWFRHI¿FLHQW
PRGHOFRPELQHGZLWK*,6WHFKQRORJ\LQWKHHQWLUH
UHJLRQ IRU &6$V LGHQWL¿FDWLRQ DQG ORDG HVWLPDWLRQ
IURPGU\\HDUWRZHW\HDULVDSUDFWLFDOZD\RIGHOLQ
HDWLQJ DQG HYDOXDWLQJ WKH SULRULW\ QRQSRLQW VRXUFH
DUHD LGHQWLILFDWLRQ ZKLFK ZLOO SURYLGH IXUWKHU VXS
SRUWIRU%03VVHOHFWLRQ
7KHREMHFWLYHRIWKLVVWXG\LVWR (VWLPDWHWKH
UHVRXUFH ORDGLQJ DQG GLVWULEXWLRQ RI DJULFXOWXUDO
136SROOXWLRQLQWKHSDSHUEDVHGRQUHPRWLQJVHQVH
DQGJHRJUDSKLFLQIRUPDWLRQV\VWHPE\LPSURYHGH[
SRUWFRHIILFLHQW PRGHO $VVHVVPHQWDQGDQDO\VLV
WKH LPSDFWV RI GLIIHUHQW UDLQIDOO FDSDFLW\ GU\ \HDU
QRUPDO\HDUDQGZHW\HDU RQWKH
ORVV RI QRQSRLQW VRXUFH QLWURJHQ DQG SKRVSKRUXV
IURPDODUJHVFDOHPRXQWDLQFDWFKPHQWWRLWVGUDLQ
DJH V\VWHP DLPHG WR SURYLGH UHIHUHQFHV IRU ZDWHU
HQYLURQPHQWDOSURWHFWLRQDQGZDWHUUHVRXUFHVPDQ
DJHPHQWLQWKHXSSHUZDWHUVKHGRI0L\XQ5HVHUYRLU

),*85(
0DSRIVWXG\DUHD

Improved Export Coefficient Model
(IECM). Considering the effect of the nonuniformities of precipitation and terrain on NPS pollution, the
improved ECM (IECM) was modified as equation
(1) [21]. The results from the work by [25] indicated
that the IECM had fairly good applicability in upper
watershed of Miyun reservoir, the IECM was used to
estimate the NPS loads from this area, and the model
was calibrated and validated based on the daily discharge data from river gauging stations located at the
outlet of watershed (Xiahui and Zhang Jiafen hydrological station):

METHODS AND MATERIALS
,QWKLVVWXG\ZHDUHEDVHGRQWKHUHODWLRQVKLS
EHWZHHQDQQXDOUDLQIDOODQGUXQRIIGHYHORSHGE\6XQ
HW DO   DQG /L HW DO   LQ ZKLFK WKH\ ZHUH
XVHGWKHPHWHRURORJLFDOGDWDVHWLQWKHIRXUZHDWKHU
VWDWLRQVZLWKLQWKH0L\XQUHVHUYRLUEDVLQIURP
WRDQGEDVHGRQWKH0DWODESODWIRUPWRGH
YHORSHGWKHUHODWLRQVKLSEHWZHHQDQQXDOUXQRIIDQG
UXQRII > @ DQG WKHQ XVHG IUHTXHQF\ DQDO\VLV
PHWKRGWRSUHGLFWWKHSUHFLSLWDWLRQFKDQJHWUHQGVDQG
GHWHUPLQHGWKHFOLPDWHVFHQDULRVIURPDQ\VFHQDULR
VHWWLQJVDQGDORQJVHULHVRIKLVWRULFDOGDWD7KHUH
VXOWV LQGLFDWHG WKDW    ZHUH UHSUH
VHQWHGDVGU\\HDUQRUPDO\HDUDQGZHW\HDUUHVSHF
WLYHO\

n

L

¦ DE E ª¬ A
i

i 1

i

I i º¼  p  

ZKHUHĮLVWKHSUHFLSLWDWLRQLPSDFWIDFWRUȕLVWKHWHU
UDLQLPSDFWIDFWRUDQGĮDQGȕDUHFRUUHODWHGZLWKWKH
VSDWLDO XQLW JULG FHOO  ZKLFK ZDV VHW WR EH 
Pî P EDVHG RQ WKH GLJLWDO HOHYDWLRQ PRGHO
'(0 DQGODQGXVHPDSXVLQJ$UF*,6VRIWZDUH
>@/LVORVVRIQXWULHQWV NJ  (LLVH[SRUWFRHIIL
FLHQWIRUQXWULHQWVRXUFHL NJāFDāDRUNJāNPāD 
$LLVDUHDRIWKHZDWHUVKHGRFFXSLHGE\ODQGXVHW\SH
L NP RUQXPEHURIOLYHVWRFNW\SHLRURISHRSOH
,LLVWKHLQSXWRIQXWULHQWVWRVRXUFHL NJ DQGSLVWKH
LQSXWRIQXWULHQWVIURPSUHFLSLWDWLRQ NJ 

6WXG\DUHD7KH0L\XQ5HVHUYRLULVWKHPRVW
LPSRUWDQWVRXUFHRIGULQNLQJZDWHUVXSSO\IRU%HL
MLQJ,WLVVLWXDWHGLQ0L\XQ&RXQW\FRYHUVDGUDLQ
DJHDUHDRINP )LJ 5HFHQWWZRGHFDGHV
EHFDXVHRIDJULFXOWXUDODFWLYLWLHVDQGLQFUHDVLQJUXUDO
SRSXODWLRQ$JULFXOWXUDO136SROOXWLRQKDVEHFRPH
WKH GRPLQDQW IDFWRU DIIHFWLQJ ZDWHU TXDOLW\ RI WKH
0L\XQ5HVHUYRLU,QWKLVDUHDQLWURJHQDQGSKRVSKR
UXVDUHWKHPDLQOLPLWLQJIDFWRUVWRHXWURSKLFDWLRQIRU
ZDWHUERGLHV>@ZKLFKFDQLQGXFHHXWURSKLFDWLRQ
LQWKHUHFHLYLQJZDWHUDQGORVVRIELRGLYHUVLW\LQWKH
DTXDWLFHFRV\VWHP7KHUHIRUHWRFDUU\RXWIRUHFDVW
LQJ136QLWURJHQDQGSKRVSKRUXVSROOXWLRQORDGLV
JUHDWVLJQLILFDQFHIRUWKHSURWHFWLRQRIWKHZDWHUHQ
YLURQPHQWVDIHW\LQWKLVDUHDDQGIRUWKHSURPRWLRQ
RI WKH VXVWDLQDEOH GHYHORSPHQW RI HFRORJLFDO HQYL
URQPHQWLQWKHUHVHUYRLUDUHD

6RXUFH DQG 3URFHVVLQJ RI GDWD $V 7DEOH 
VKRZVWKHVWXG\XVHGGDWDLQFOXGHVGLJLWDOHOHYDWLRQ
PRGHO '(0  ODQG XVH PDS ZHDWKHU GDWD K\GUR
ORJLFDOGDWDVRFLDOHFRQRPLFGDWDRIWKHVWXG\DUHD
DQGVRRQ7KH136RIWKHVWXG\ZDWHUVKHGZDVFDW
HJRUL]HGLQWRWKUHHW\SHUXUDOOLYLQJOLYHVWRFNDQG
ODQGXVH>@7KHODQGXVHVZHUHFODVVLILHGLQWRILYH
W\SHV IDUPODQG JUDVVODQG IRUHVW UHVLGHQWLDO ODQG
DQGXQXVHGODQG7KHH[SRUWFRHIILFLHQWVRIWKHODQG
XVHV ZHUH FDOFXODWHG XVLQJ K\GURORJLFDO DQG ZDWHU
TXDOLW\GDWDEDVHGRQWKHPDVVEDODQFHRIWKHQRQ
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ZDV.UDVVRYVN\RQHDQGWKHXQLWZDVPHWHU

SRLQW VRXUFH SROOXWDQWV 7KH H[SRUW FRHIILFLHQWV RI
UXUDOOLYLQJDQGOLYHVWRFNZHUHGHWHUPLQHGEDVHGRQ
DOLWHUDWXUHUHYLHZ>@
6DWHOOLWH UHPRWH VHQVLQJ LPDJHV ZHUH LQWHU
SUHWHGWRDFTXLUHWKHODQGXVHGDWDEDVLQERXQGDU\
ULYHU PDS ZDWHUVKHG PDS ZHUH WKHQ REWDLQHG DF
FRUGLQJWR'(0PDSWKURXJK$UF*,6GLVWULFWERXQG
DWODV RI WKH VWXG\ DUHD EDVHG RQ QDWLRQDO GLVWULFW
ERXQGDWODVDQGEDVLQERXQGDU\RIWKHVWXG\DUHDZDV
VXEVHTXHQWO\JHQHUDWHGDQGXQGHUWKH*,6SODWIRUP
DVZHOODVORDGLQJVDQGVSDWLRWHPSRUDOGLVWULEXWLRQV
RI71DQG73LQWKHVWXG\DUHDZHUHVLPXODWHGXVLQJ
LPSRUWLQJEDVLFGDWDDQGH[SRUWFRHIILFLHQWV$OOGLJ
LWDOPDSVZHUHSURMHFWHGLQ$OEHUVFRQLFDOHTXDODUHD
$QGWKHGXDOVWDQGDUGODWLWXGHZHUHDQGGHJUHH
UHVSHFWLYHO\WKHFHQWUDOORQJLWXGHZDV(WKHFR
RUGLQDWHRULJLQODWLWXGHZDV]HURGHJUHHWKHVSKHURLG

RESULTS
&DOFXODWLRQ RI 3UHFLSLWDWLRQ LPSDFW IDFWRU
Į  7KH WHPSRUDO XQHYHQQHVV DQG VSDWLDO XQHYHQ
QHVVZHUHWZRDVSHFWVIRUGHWHUPLQDWLRQWKHSUHFLSL
WDWLRQ LPSDFW IDFWRU Į 7KH FDOFXODWHG SUHFLSLWDWLRQ
LPSDFWIDFWRUĮ71YDOXHVUDQJHGIURPWRLQ
GU\ \HDU   IURP  WR  LQ QRUPDO \HDU
  DQG IURP  WR  LQ ZHW \HDU  
ZKLOH7KHĮ73YDOXHVUDQJHGIURPWRLQGU\
\HDU  IURPWRLQQRUPDO\HDU  
DQGIURPWRLQZHW\HDU   )LJ 

7$%/(
6RXUFHDQGGHVFULSWLRQRIEDVLFGDWD
7\SH

6FDOH

5HVROXWLRQ

/DQGXVH



îP

'(0



îP

$GPLQLVWUDWLYH
GLYLVLRQ



îP

:HDWKHUGDWD

a

'DLO\VWHS

+\GURORJLFDO
GDWD

a

PRQWKO\VWHS

6RFLDO
HFRQRPLFV

(DFKWRZQ

7RZQVKLS
OHYHO

7KHH[SRUW
FRHIILFLHQW

'LIIHUHQW
VRXUFHV

'HVFULSWLRQ

6RXUFH
,QVWLWXWHRI*HRJUDSKLFDODQG1DWXUDO
/DQGXVHFODVVLILFDWLRQV
5HVRXUFHV5HVHDUFK&KLQHVH
$FDGHP\RI6FLHQFHV
(OHYDWLRQ RYHUODQG DQG 1DWLRQDO*HRPDWLFV
FKDQQHOVORSHVDQGOHQJWKV &HQWHURI&KLQD
7RZQV DQG PXQLFLSDOLWLHV 1DWLRQDO*HRPDWLFV
RIVWXG\DUHD
&HQWHURI&KLQD
2YHU  VWDWLRQV LQ WKH
&KLQD0HWHRURORJLFDO$GPLQLVWUDWLRQ
VWXG\DUHD
&DOLEUDWLRQDQGYDOLGDWLRQ &KLQD0HWHRURORJLFDO$GPLQLVWUDWLRQ
RI,(&0
DQGILHOGPRQLWRULQJ
3RSXODWLRQOLYHVWRFNUHDU
)LHOG LQYHVWLJDWLRQ 6WDWLVWLFV \HDU
LQJ
ERRN
IHUWLOL]HUDSSOLFDWLRQ
/RVVHVRIYDULRXVQXWULHQW
6WDWLVWLFDOGDWDDQGILHOGPRQLWRULQJ
VRXUFHV

),*85(
3UHFLSLWDWLRQLPSDFWIDFWRUYDOXHVIRU71DQG73IURPGU\\HDUWRZHW\HDU
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),*85(
3HUFHQWDJHRI71DQG73PHDQORDGVRIGLIIHUHQWVRXUFHV
3ROOXWLRQ VRXUFH DQDO\VLV 7KH LPSDFW RI
FKDQJHG SUHFLSLWDWLRQ RQ 71 DQG 73 ORDGV LQ WKH
&KDREDL ULYHU ZDWHUVKHG ZDV REWDLQHG E\ DSSO\LQJ
WKHLPSURYHGFRHIILFLHQWPRGHODWWKH*,6SODWIRUP
$QQXDO SUHFLSLWDWLRQ LPSDFW IDFWRU ZHUH VLPXODWHG
E\$UF*,6IRUWKHGU\\HDUQRUPDO\HDUDQGZHW
\HDUZDVXVHGDVLQSXW7KHGLIIHUHQFHVLQDQQXDO71
DQG73ORVVHVDUHVKRZQLQ7DEOH7KH136SROOX
WLRQORDGRI71DQG73LVFORVHO\UHODWHGWRFKDQJHV
RIUDLQIDOOIURPGU\\HDUWRZHW\HDU)URPGU\\HDU
WRZHW\HDU DQG 71ORDGZHUH
t·a-1t·a-1DQGt·a-1UHVSHF
WLYHO\ 73 ORDG ZHUH  t·a-1  t·a-1 DQG
t·a-1UHVSHFWLYHO\/LYHVWRFNDQGUXUDOOLYLQJ
DUHVWLOODVWKHPDMRUVRXUFHVRI71DQG73XQGHUDQ\
UDLQIDOO FRQGLWLRQ WKH SROOXWLRQ ORDG RI 71 ZHUH
 t·a-1, 3447.15 t·a-1, 4646.8 t·a-1, For TP, the
pollution load were  t·a-1, 748.7 t·a-1, 753.1t·a1
, respectively. :LWKWKHLQFUHDVHRIUDLQIDOO71DQG
73ORDGSURGXFHGE\OLYHVWRFNZHUHLQFUHDVHVIURP
t·a-1WRt·a-1DQGt·a-1WR
t·a-1ZKLOHWKH71DQG73ORDGIURPODQGXVHVRXUFH
ZHUHLQFUHDVHIURPt·a-1WRt·a-1DQG
t·a-1 WRt·a-1:KLOHWKHFRQWULEXWLRQUDWHRI
71 DQG73 ZHUH GHFOLQHG  DQG  IURP ZHW
\HDUWRGU\\HDUUHVSHFWLYHO\$VFDQEHVHHQWKDWWKH
SUHFLSLWDWLRQDPRXQWDIIHFWVWURQJO\WR71ORDGWKDQ
737KH QXWULHQW SROOXWLRQ IURP UXUDO OLYH IDLOHG WR
UHVSRQGWRSUHFLSLWDWLRQWKHLQFUHDVLQJH[WHQWRI71
DQG73ORDGLQWRWDOSROOXWLRQZHUHDOVREHORZ
7KHODQGXVHDQGOLYHVWRFNVRXUFHVZHUHDOVRVHQVL
WLYHWRSUHFLSLWDWLRQFKDQJH$OWKRXJKVRXUFHFRQWUL
EXWLRQ UDWHV RI 71 DQG 73 ORDG ZDV GLIIHUHQW WKH
PDLQVRXUFHVRI71DQG73ORDGZHUHERWKUXUDOOLY
LQJ DQG DQGOLYHVWRFN DQG
  LQ GU\ \HDU ZKLOH ODQG XVH  DQG
  DQG OLYHVWRFN  DQG   ZHUH
PDLQO\FRQWULEXWRULQZHW\HDU VHH)LJXUH 
)URP WKH SHUVSHFWLYH RI QRQSRLQW VRXUFHV
FDXVHVLQGLIIHUHQWK\GURORJLFDO\HDUVWKH71DQG73
ORDGVRIOLYHVWRFNUXUDOOLYHDQGIDUPODQGZHUHSUR
GXFHGE\DQWKURSRJHQLFDFWLYLWLHV)URPGU\\HDUWR

&RPPRQIHDWXUHVRISROOXWLRQORDGV7KH71
DQG73ORDGVIURP136 IRUWKH UHVHDUFKDUHD IURP
WRZHUHREWDLQHGXVLQJWKHH[SRUWFRHIIL
FLHQWYDOXHVODQGXVHSRSXODWLRQGRPHVWLFDQLPDO
QXPEHUV3UHFLSLWDWLRQIDFWRU )LJ DQGWHUUDLQLP
SDFWIDFWRULQWKHXSSHU ZDWHUVKHGRI0L\XQUHVHU
YRLU>@7KHFDOFXODWHG71DQG73PHDQYDOXHVLQ
aZHUHSUHVHQWHGLQ)LJ7KHUHVXOWVRI
VLPXODWLRQ FDOFXODWLRQ LQGLFDWHG WKDW 71 ORDG ZDV
PXFK KLJKHU WKDQ WKH WRWDO73 ORDG,W FDQ EH VHHQ
WKDWWKH71ORDGZDVWDQGWKHQ73ORDGZDV
W)RUGLIIHUHQWSROOXWLRQVRXUFHVWKHSROOX
WLRQ ORDG RI 71 ZHUH  WāD  WāD
 t·a-1 produced by livestock, rural living and
land use, respectively. $PRQJ WKRVH IRXU OLYHVWRFN
W\SHVSRXOWU\LVWKHPDMRUFRQWULEXWRU t·a1
)RUWKHHFRQRPLF\LHOGLPSURYHGIURPOLYHVWRFN
WKHDPRXQWRIOLYHVWRFNPD\KDYHLQFUHDVHGDQGWKHQ
OHDGWRWKHHQYLURQPHQWDOFRQWDPLQDWLRQUDLVHG)XU
WKHUPRUHGXHWRDQLPDOIHHGDQGOLYHVWRFNPDQXUH
ZKLFK LV QRW V\VWHPDWLFDOO\ PDQDJHG LV DQ 1ULFK
SROOXWLRQVRXUFH:KHDWZDVWKHPRVWLPSRUWDQWFURS
LQIDUPODQG,WLVPDLQO\EHFDXVHRIWKHXQUHDVRQDEOH
IHUWLOL]HUVXVHUDWHDQGWKHFRQYHQWLRQDOWLOODJHIRUD
ORQJWLPH ZKLFK PD\LQFUHDVH WKH QLWURJHQ ORVVLQ
WKLVDUHD$PRQJWKRVHILYHODQGXVHW\SHVIDUPODQG
LVWKHPDMRUFRQWULEXWRUIRU71ORDG t·a-1 
7KH PDMRU VRXUFHV RI 73 UDQNHG GLIIHUHQWO\ IURP
WKRVHRI71ZLWKUXUDOOLYLQJILUVW t·a-1 IRO
ORZHGE\OLYHVWRFN t·a-1 DQGODQGXVH 
t·a-1 3RXOWU\ZDVVWLOODVWKHPDMRUFRQWULEXWRUIRU
OLYHVWRFN VRXUFH$QG WKH FRQWULEXWLRQ RI ODQG XVH
VKRZHGODUJHGLIIHUHQFHEHWZHHQWKHVHWZRQXWULHQWV
,W LV PDLQO\ EHFDXVH RI WKH GRPHVWLF VHZDJH WUHDW
PHQWV\VWHPDUHQRWSHUIHFWDQGWKHVODWKHURI3KRV
SKRUXV&RQWDLQLQJGHWHUJHQWLQWKLVDUHDWKHVHWZR
DVSHFWZLOOOHDGJUHDWO\ORVVRISKRVSKRUXV$OWKRXJK
OLYHVWRFNDFFRXQWHGIRUDVHFRQGSRUWLRQLQ73ORDG
SRXOWU\ZDVVWLOOLGHQWLILHGDVWKHGRPLQDQWFRQWULEX
WRUDPRQJWKRVHIRXUOLYHVWRFNW\SHV
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&KDRKH ULYHU ZDWHUVKHG DQG WKH PRVW RI WKH &6$V
ZHUHORFDWHVEHVLGHWKHPDLQVWUHDP7KHGLIIHUHQFHV
RI WRWDO QLWURJHQ DQG WRWDO SKRVSKRUXV ORDGV ZHUH
JUHDWDPRQJYDULRXVGLVWULFWVFRXQWLHVLQWKLVVWXG\
DUHD7RWDOQLWURJHQDQGWRWDOSKRVSKRURXVORDGSHU
XQLWDUHDLQ0L\XQ&KLFKHQJDQG)HQJQLQJFRXQWLHV
ZHUHKLJKHUWKDQRWKHUV,QDGGLWLRQ'DJHLVRQHRI
WKHLPSRUWDQWOLYHVWRFNDQGSRXOWU\EUHHGLQJEDVHVLQ
&KLFKHQJFLW\WKXVWKHIUHTXHQWDQGLQWHQVLYHOLYH
VWRFNDQGDJULFXOWXUDODFWLYLWLHVZLOOOHGWRLQFUHDVHG
136SROOXWLRQLQGLIIHUHQWK\GURORJLFDO\HDU$QGWKH
KLJKULVN DUHDV ZHUH GLVWULEXWHG DFFRUGLQJ WR WKH
DPRXQWRISUHFLSLWDWLRQIURPGU\\HDUWRZHW\HDU,Q
GU\\HDUWKHGLVWULEXWLRQRIORDGLQWHQVLW\RI71DQG
73ZHUHYDULHGEHWZHHQWKHZHVWHUQSDUWDQGHDVWHUQ
SDUWRI&KDREDLULYHUZDWHUVKHGLQQRUPDO\HDUDQG
ZHW\HDUWKHGLVWULEXWLRQRIORDGLQWHQVLW\RI71DQG
73ZHUHPDLQO\ORFDWHGLQ&KDRKH5LYHUZDWHUVKHG

ZHW\HDUWKHDPRXQWRISRSXODWLRQ&DWWOH3LJ*RDW
DQG 3RXOWU\ ZHUH LQFUHDVHG E\  
  DQG  UHVSHFWLYHO\ :KLOH WKH
71DQG73ORDGVIURPDQWKURSRJHQLFDFWLYLWLHVZHUH
LQFUHDVHVIURPWWRWDQGW
WR   W WKH SHUFHQWDJH LQFUHDVHV RI71 DQG73
ZHUH  DQG  DFFRXQWLQJ IRU H[FHHGHG 
DQGRIWKHWRWDO71DQG73UHVSHFWLYHO\$QWKUR
SRJHQLFIDFWRULVWKHNH\RIQRQSRLQWVRXUFH71DQG
73 LQ XSSHU ZDWHUVKHG RI 0L\XQ UHVHUYRLU QDWXUDO
FDXVHVVKRXOGQRWEHLJQRUHGDVZHOO
3ULRULW\QRQSRLQWVRXUFHDUHDLGHQWLILFDWLRQ
7KH VLPXODWHG VSDWLDO GLVWULEXWLRQ RI 71 DQG 73
ORDGVLQGLIIHUHQWK\GURORJLFDO\HDUVLVVKRZQLQ)LJ
UHVSHFWLYHO\7KHEDUJUDSKV LQ)LJ UHSUHVHQW
71DQG73ORDGVIURP136IURPGLIIHUHQWWRZQVKLS
LQ UHVHDUFK DUHD )URP WKH ZKROH ZDWHUVKHG WKH
KLJKULVN DUHDV DUH PDLQO\ FRQFHQWUDWHG LQ WKH

7$%/(
136SROOXWLRQORDGIURPYDULRXVVRXUFHVLQGLIIHUHQWK\GURORJLFDO\HDUV
6RXUFH
5XUDOOLYLQJ
/LYHVWRFN

/DQGXVH

&DWWOH
3LJ
*RDW
3RXOWU\
)DUPODQG
)RUHVW
*UDVVODQG
XQXVHGODQG
UHVLGHQWLDOODQG
7RWDO

'U\\HDU 
71WāD
73WāD
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),*85(
6LPXODWHGVSDWLDOGLVWULEXWLRQRI71DQG73ORDGVLQGLIIHUHQWK\GURORJLFDO\HDUV
YDVWPRXQWDLQRXVDUHD>@EXWFRQYHQWLRQDOWLOO
DJHLVMXVWWKHSULPDU\WLOODJHSDWWHUQLQWKHXSSHUZD
WHUVKHGRI0L\XQUHVHUYRLU,WZLOOSURPRWHVRLOHUR
VLRQDQGQXWULHQWORVVHVLQUHVSRQVHWRHYHU\UDLQIDOO
HYHQW GXULQJ WKH JURZLQJ VHDVRQ$GGLWLRQDOO\ WKH
WRSRJUDSK\RI&KDREDLULYHUZDWHUVKHGLVGRPLQDWHG
E\ PRXQWDLQV DQG KLOOV DQG WKH UDLQ LV SOHQWLIXO LQ
UDLQ\VHDVRQ$VDUHVXOW136LQFOXGHVVDQGDQGVLOW
QXWULHQW VDOWV SHVWLFLGHV DQG RWKHU FRQWDPLQDQWV
IURPDJULFXOWXUDOILHOGVLQZKLFK1DQG3DUHWUDQV
SRUWHGWRVXUIDFHZDWHUDQGZDWHUERGLHVXQGHUWKH
DFWLRQRIUDLQIDOODQGLUULJDWLRQDORQJZLWKZDWHUDQG
VRLOHURVLRQE\PHDQVRIVXUIDFHUXQRIIVXEVXUIDFH
IORZIDUPGUDLQDJHVHHSDJHDQGVRRQ7KHWLPHGLV
WULEXWLRQRISRWHQWLDO71DQG73ORDGVVKRZVWKDWWKH
136SROOXWLRQRIWKHVWXG\DUHDVKDVVRPHUHODWLRQ
VKLSVZLWKKXPDQIDUPLQJSUDFWLFHUHVHWWOHPHQWDQG
YDULRXV GHYHORSPHQW DQG FRQVWUXFWLRQ DFWLYLWLHV
7KHUHIRUHIXUWKHUVWUHQJWKHQLQJWKHGHYHORSPHQWRI
HFRORJLFDODJULFXOWXUHDQGWKHLPSOHPHQWDWLRQRIHQ
YLURQPHQWDO FRQVHUYDWLRQ PHDVXUHV LV XUJHQWO\ UH
TXLUHG DQG LPSHUDWLYH IRU WKH FRQWURO DQG PDQDJH
PHQWRI136SROOXWLRQLQWKHXSSHUZDWHUVKHGRI0L
\XQUHVHUYRLU

DISCUSSIONS
5DLQIDOOFKDQJHLPSDFWRQSROOXWLRQORDGV,Q
WHUPV RI WKH K\GURORJLFDO \HDU VFDOH DJULFXOWXUDO
136SROOXWLRQORDGVYDU\HYLGHQWO\LQGLIIHUHQW\HDU
VHH)LJXUH 3ROOXWLRQRFFXUVXQGHUWKHFRQGLWLRQ
RIVWRUPZDWHUUXQRIIZKLFKFKDQJHVZLGHO\LQGLI
IHUHQWK\GURORJLF\HDU$JULFXOWXUDO136SROOXWLRQRI
WKHZHW\HDULVVHULRXVDQGLQFRQWUDVWORDGLQJRIGU\
\HDULVVPDOO7KHORVVRIDJULFXOWXUDO136SROOXWLRQ
LVSRVLWLYHFRUUHODWLRQZLWKWKHUDLQIDOOZKLFKLQGL
FDWHVWKDWDJULFXOWXUDO136SROOXWLRQDFFXPXODWHVLQ
WKHGU\VHDVRQDQGRFFXUVLQZHWRQH ZLWKUDLQIDOO
DQG VRLO HURVLRQ 0DQ\ VWXG\ LQGLFDWHG WKDW ZDWHU
VKHGV ZLWK JUHDWHU SUHFLSLWDWLRQ DQG GLVFKDUJH ZLOO
WHQGWRKDYH KLJKHUHURVLRQUDWHV DQGWKLVOHDGVWR
KLJKHU IOX[HV RI SKRVSKRUXV IURP WKH ODQGVFDSH
VLQFHPRVWRIWKHSKRVSKRUXVLQODUJHULYHUVLVSDUWL
FOHERXQG>@1LWURJHQPRYHVWKURXJKWKHODQG
VFDSH SULPDULO\ LQ GLVVROYHG IRUPV DQG QLWURJHQ
IOX[HVVHHPWREHSULPDULO\FRQWUROOHGE\WKHVRXUFHV
DQGVLQNVRIQLWURJHQLQWKHODQGVFDSH>@
:LWK WKH GHYHORSPHQW RI DJULFXOWXUDO SURGXF
WLRQDQGUXUDOHFRQRP\LQWKH&KDREDLULYHUZDWHU
VKHGWKHSUREOHPZLWKH[FHVVLYHIHUWLOL]HUXVHLVLQ
FUHDVLQJO\DFXWH7KHGHFOLQLQJPRLVWXUHDQGIHUWLOLW\
LQWKHVRLORI&KDREDLULYHUZDWHUVKHGOHDGWRFRUUH
VSRQGLQJO\KLJKOHYHOVRIZDWHUSROOXWLRQ,QIDFWWKH
SROOXWDQWVIURPIDUPLQJDFWLYLW\PDLQO\LQFOXGHWKH
QXWULHQWORVVRIIDUPODQGDQGWKHZDVWHORVVRIOLYH
VWRFNIDUPLQJV\VWHPVEHFDXVHRIZDWHUDQGVRLOHUR
VLRQDQGLWKDVEHHQGRFXPHQWHGWKDWFRQYHQWLRQDO
WLOODJHLVOHVVHIIHFWLYHIRUUHGXFLQJQLWURJHQLQVXU
IDFHZDWHUDQGVHGLPHQWVWKDQQRWLOOV\VWHPVLQWKH

5DLQIDOO FKDQJH LPSDFW RQ GLVWULEXWLRQ RI
KLJKULVNDUHD7KHFRQFHSWRIQXWULHQWVORVVULVNDV
VHVVPHQWLVEDVHGRQWKHSUHPLVHWKDWPRVWQXWULHQWV
H[SRUWHGIURPD ZDWHUVKHGRULJLQDWHV IURPDVPDOO
SDUW RI WKH ODQGVFDSH FORVH WR WKH VWUHDP FKDQQHO
ZKLFK FDQ EH DFWLYDWHG E\ IUHTXHQW VWRUP HYHQWV
7KHVH K\GURORJLFDOO\ DFWLYH DUHDV FRQWULEXWLQJ VXU
IDFHUXQRIIRUHURVLRQWRVWUHDPIORZ LHWUDQVSRUW
IDFWRUV FDQEHODUJHVRXUFHVRIQXWULHQWVZKHQWKH\
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FRQVLGHUHGGXULQJVLPXODWLRQDQGZKLOHWKHVHDGDS
WDWLRQV ZLOOJHQHUDWLRQRID PDFURVFRSLFWHPSRUDO±
VSDWLDOVFDOHPRGHOIRUXVHLQQRQSRLQWVRXUFHSRO
OXWLRQUHVHDUFK
 5HVXOWVRIWKLVVWXG\VKRZWKDWSUHFLSLWDWLRQ
SOD\VDGRPLQDQWUROHLQFKDQJLQJEDVLQK\GURORJ\
DQG QXWULHQWV H[SRUW LQ WKH &KDREDL 5LYHU EDVLQ RI
WKH 0L\XQ UHVHUYRLU 7KH DQDO\VLV UHVXOWV RI QRQ
SRLQWVRXUFHSROOXWLRQFKDUDFWHULVWLFVKRZVWKDWWKH
PDMRUVRXUFHRI71ZDVOLYHVWRFNIROORZHGE\UXUDO
OLYLQJDQGODQGXVH7KHPDMRUVRXUFHVRI73UDQNHG
GLIIHUHQWO\IURPWKRVHRI71ZLWKUXUDOOLYLQJILUVW
IROORZHG E\ OLYHVWRFN DQG ODQG XVH )URP WKH SHU
VSHFWLYHRIQRQSRLQWVRXUFHVWRI71ORDGV
DQGWRI73ORDGVZHUHFDXVHGE\DQWKURSR
JHQLFDFWLYLWLHVWKDWLQFOXGHIDUPODQGOLYHVWRFNDQG
UXUDOOLYLQJDFFRXQWLQJIRUDQGRIWKH
WRWDO71DQG73UHVSHFWLYHO\$QWKURSRJHQLFIDFWRU
LVWKHNH\RIQRQSRLQWVRXUFH71DQG73RIWKHXS
SHU ZDWHUVKHG RI 0L\XQ UHVHUYRLU QDWXUDO FDXVHV
VKRXOGQRWEHLJQRUHGDVZHOO
 7KHUHVXOWVVKRZDJHQHUDOO\LQFUHDVLQJWUHQG
LQ71DQG73ORDGVIURPGU\\HDUWRZHW\HDU$QQXDO
FKDQJHVLQ71DQG73ORDGVPD\DOVREHSRVVLEOH
ZLWKDVLJQLILFDQWLQFUHDVHRFFXUULQJGXULQJGU\\HDU
WRZHW\HDU3UHFLSLWDWLRQDPRXQWFKDQJHDQGKXPDQ
DFWLYLWLHVDUHWKHWZRPRVWLPSRUWDQWIDFWRUVLPSDFW
LQJSROOXWLRQORDGLQWKLVSDSHUDQGWKH\LQWHUDFWZLWK
HDFKRWKHU$QLPSRUWDQWLPSOLFDWLRQRIWKHVH ILQG
LQJVLVWKDWLWFRXOGEHSRVVLEOHWRPLWLJDWHXQGHVLUHG
SUHFLSLWDWLRQFKDQJHHIIHFWVRQHQYLURQPHQWDQGZD
WHU UHVRXUFHV E\ SODQQLQJ ODQGXVH WR DFKLHYH VSH
FLILFK\GURORJLFDOHIIHFWVRIODQGFRYHULQWKHEDVLQ
 7KHKLJKULVNDUHDVRI71DQG73ORDGZHUH
GLVWULEXWHGDFFRUGLQJWRWKHDPRXQWRISUHFLSLWDWLRQ
LQ GLIIHUHQW K\GURORJLFDO \HDUV DQG WKH PRVW RI WKH
&6$V ZHUH ORFDWHV EHVLGH WKH PDLQ VWUHDP ,Q GU\
\HDUWKHGLVWULEXWLRQRI71DQG73YDULHGPXFKEH
WZHHQ WKH ZHVWHUQ SDUW DQG HDVWHUQ SDUW RI WKH
&KDREDLULYHUZDWHUVKHGH[KLELWLQJDURXJKERXQG
DU\,QZHW\HDUWKHGLVWULEXWLRQRI71DQG73ZHUH
UHODWLYHO\ FRQFHQWUDWHG LQ &KDRKH 5LYHU ZDWHUVKHG
DORQJZLWKWKHFKDQJHRISUHFLSLWDWLRQ:KLOHWKHIR
FXVRIWKLVVWXG\KDVEHHQRQWKH&KDREDL5LYHUZD
WHUVKHGLQ0L\XQUHVHUYRLUUHVXOWVRIWKHVWXG\FDQ
UHSUHVHQWWKHVLWXDWLRQLQWKHXSSHUZDWHUVKHGRI0L
\XQUHVHUYRLUDVDZKROH7KXVWKHUHVXOWVKDYHDS
SOLFDELOLW\WRWKLVDUHDIRUPDQDJHPHQWRIWKHODQG
YHJHWDWLRQOLYHVWRFNDQGZDWHUUHVRXUFHVLQRUGHUWR
VXVWDLQWKHUHVRXUFHVDQGHQYLURQPHQWDVZHOODVWKH
UHJLRQ¶VHFRQRPLFJURZWK

DUHFRLQFLGHQWZLWKDUHDVRIKLJKVRLOQXWULHQWVRUUH
FHQWPDQXUHDSSOLFDWLRQV>@)LJVKRZVORFDWLRQ
RIWKH PRVWWRSFULWLFDOWRZQVKLSVLQ&KDREDLULYHU
ZDWHUVKHG DFFRUGLQJ WR WKH LPSURYHG FRHIILFLHQW
PRGHOUHVXOWV,QGU\\HDUDQGQRUPDO\HDUWKHVSD
WLDOGLVWULEXWLRQRIKLJKULVNDUHDVZHUHDJJUHJDWHG
EXWLQZHW\HDULWGLVWULEXWHGDVVFDWWHUHGIRUP7KH
UHDVRQVIRUWKLVSKHQRPHQRQ ZHUH FRQFOXGHGWKUHH
SRLQW   WKH FRPPRQ SK\VLRJQRP\ RI WKLV VWXG\
DUHD LV YDOOH\ DQG WKH ODQG LV VWHHS $GGLWLRQDOO\
PRVWRIWKHUXUDOSRSXODWLRQOLYHVDGMDFHQWWRZDWHU
FRXUVHV DQG WKH UXUDO OLYHVWRFN DQG SRXOWU\ ZHUH
UDLVHG LQ VFDWWHUHG FRPPXQLWLHV 7KH DQLPDOV  PD
QXUHLVQRWUHF\FOHGWRWKHODQG WKHVSDWLDOGLVWUL
EXWLRQRIUDLQIDOOVKRZVWKHLQFUHDVLQJWUHQGIURPWKH
ZHVWWRWKHHDVWLQWKHXSSHUZDWHUVKHGRI0L\XQUHV
HUYRLU DQG UDLQIDOO LV MXVW WKH PDLQ G\QDPLF IDFWRU
WKDW FDXVHV VRLO ORVV DQG QXWULHQWV ORVV 2X HW DO
 WKHQWKH&6$VPRUHFRQFHQWUDWHRQWKHHDVW
HUQSDUWRIWKLVVWXG\LQQRUPDODQGZHW\HDUV 2Z
LQJWRWKHKLJKHUDOWLWXGHWKHSROOXWDQWVZRXOGLQHY
LWDEO\ DFFXPXODWH LQ WKH HDVWHUQ SDUW ZKHUH WKH
ORZHU 'DJH 'RQJ ;LQJEDR %D .HVKL\LQJ DQG
/RQJ*XDQLVORFDWHG,QDOOUHJLRQVWKDW KDYHUHOD
WLYHO\KLJKHUSROOXWDQWORDGVLQWKLVDUHD )LJ +X
PDQ DFWLYLW\ DQG OLYHVWRFN LV WKH PDLQVWD\ RI WKDW
DUHD DQG WKH OLYHVWRFN \LHOG DFFRXQWV IRU DSSUR[L
PDWH  RI ILVFDO UHYHQXH LQ WKHLU DIILOLDWHG DUHD
&KLFKHQJ)HQJQLQJDQG0L\XQFLW\ 7KXVWKHLQ
WHQVLYH KXPDQ DFWLYLW\ DQG OLYHVWRFN DQG SRXOWU\
EUHHGLQJUDLVHGWKHVHYHUHFRQWDPLQDWLRQ
7KHUHIRUH ZH QHHG WR IXUWKHU VWUHQJWKHQ WKH
LPSOHPHQWDWLRQ RI µµHFRORJLFDO HQYLURQPHQW
PHDVXUHV¶¶ DQG µµVRLO DQG ZDWHU FRQVHUYDWLRQ¶¶ WKH
LPSOHPHQWDWLRQVRIDJULFXOWXUDOWHUUDFLQJODQGFRQ
WRXUIDUPLQJWLPHO\DQGUHDVRQDEOHIHUWLOL]DWLRQDQG
RWKHUVFLHQWLILFWHFKQLTXHVDUHQHFHVVDU\WRLPSURYH
IHUWLOL]HUXVHHIILFLHQF\DQGWRUHGXFHVRLOORVVWKH
PDQXUHIURPOLYHVWRFNDQGSRXOWU\EUHHGLQJVKRXOG
EHUHVRXUFHXWLOL]DWLRQDQGEHXVHGDVPHWKDQHIHU
PHQWDWLRQ RU IHUWLOL]HU UHWXUQLQJ WR ILHOGV DQG WKH
H[FUHWD DQG VHZDJH IURP ODUJHVFDOH OLYHVWRFN DQG
SRXOWU\ EUHHGLQJ VKRXOG EH GLVFKDUJHG DIWHU WUHDW
PHQWWKURXJKWKHHVWDEOLVKPHQWRIZDVWHZDWHUWUHDW
PHQWSODQWV

CONCLUSIONS
 ,QWKLVVWXG\WKH(&0ZDVPRGLILHGWKURXJK
LQWURGXFHGWZRLPSRUWDQWLPSDFWIDFWRUVWRVLPXODWH
WKH QXWULHQW ORDGV RI WKH &KDREDL 5LYHU ZDWHUVKHG
7KH UHVXOWV VKRZHG WKDW WKH UHODWLYH HUURU EHWZHHQ
VLPXODWHG YDOXH DQG WKH REVHUYHG YDOXH ZDV HIIHF
WLYHO\UHGXFHGDVFRPSDUHGWRWKDWREWDLQHGIURPWKH
RULJLQDO PRGHO >@ 7KH UHVXOWV IXUWKHU GHPRQ
VWUDWHGWKDWWKHWHPSRUDO±VSDWLDOKHWHURJHQHLW\RIWKH
SUHFLSLWDWLRQDQGWHUUDLQDUHLPSRUWDQWLPSDFWIDFWRUV
RI QRQSRLQW VRXUFH SROOXWLRQ WKDW VKRXOG EH IXOO\
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DJULFXOWXUDO VPDOO ZDWHUVKHG XVLQJ DUWLILFLDO
QHXUDO QHWZRUN -RXUQDO RI (QYLURQPHQWDO
6FLHQFHV  
[13] .RYDFV$DQG&OHPHQW$  ,PSDFWVRI
WKH FOLPDWH FKDQJH RQ UXQRII DQG GLIIXVH
SKRVSKRUXV ORDG WR /DNH %DODWRQ +XQJDU\ 
:DWHU6FLHQFH 7HFKQRORJ\  
[14] $QGHUVHQ +( HW DO   &OLPDWHFKDQJH
LPSDFWVRQK\GURORJ\DQGQXWULHQWVLQD'DQLVK
ORZODQG ULYHU EDVLQ 6FLHQFH RI WKH 7RWDO
(QYLURQPHQW  
[15] +RZDUWK5'36ZDQH\(:%R\HU50D
ULQR1-DZRUVNL$QG&*RRGDOH  7KH
LQIOXHQFHRIFOLPDWHRQDYHUDJHQLWURJHQH[SRUW
IURP ODUJH ZDWHUVKHGV LQ WKH 1RUWKHDVWHUQ
8QLWHG 6WDWHV %LRJHRFKHPLVWU\    

[16] 6LQJK - + 9HUQRQ .QDSS -*$UQROG DQG
0LVJDQDZ 'HPLVVLH   +\GURORJLFDO
PRGHOLQJRIWKHLURTXRLVULYHUZDWHUVKHGXVLQJ
+63) DQG 6:$7 -$:5$ -RXUQDO RI WKH
$PHULFDQ:DWHU5HVRXUFHV$VVRFLDWLRQ   

[17] 6KHQ = /LDR 4 +RQJ 4 DQG  *RQJ< 
 $QRYHUYLHZRIUHVHDUFKRQDJULFXOWXUDO
QRQSRLQWVRXUFHSROOXWLRQPRGHOOLQJLQ&KLQD
6HSDUDWLRQ DQG 3XULILFDWLRQ 7HFKQRORJ\ 

[18] $OH[DQGHU 5% $OH[DQGHU + (OOLRWW 8GH
6KDQNDU DQG *UDKDP % 0F%ULGH  
(VWLPDWLQJWKHVRXUFHVDQGWUDQVSRUWRIQXWULHQWV
LQWKH:DLNDWR5LYHU%DVLQ1HZ=HDODQG:DWHU
5HVRXUFHV5HVHDUFK  
[19] &DL 0 /L + DQG =KXDQJ <  
$SSOLFDWLRQ RI PRGLILHG H[SRUW FRHIILFLHQW
PHWKRG LQ SROOXWLQJ ORDG HVWLPDWLRQ RI QRQ
SRLQW VRXUFH SROOXWLRQ -RXUQDO RI +\GUDXOLF
(QJLQHHULQJ ,QFKLQHVH 
[20] 'D\\DQL 6 6KLY 23UDVKHU$OL0DGDQL DQG
&KDQGUD$0DGUDPRRWRR  'HYHORSPHQW
RI '5$,1±:$50) PRGHO WR VLPXODWH IORZ
DQG QLWURJHQ WUDQVSRUW LQ D WLOHGUDLQHG
DJULFXOWXUDO ZDWHUVKHG LQ (DVWHUQ &DQDGD
$JULFXOWXUDO:DWHU0DQDJHPHQW  
[21] 'LQJ;6KHQ=+RQJ4<DQJ=:X;
DQG/LX5  'HYHORSPHQWDQGWHVWRIWKH
H[SRUW FRHIILFLHQW PRGHO LQ WKH XSSHU UHDFK RI
WKH<DQJW]H5LYHU-RXUQDORI+\GURORJ\  

[22] 6XQ1/L;DQG/L=  6LPXODWLRQRI
LPSDFWV RI FKDQJHV LQ ODQG XVH DQG FRYHU RQ
DQQXDOVWUHDPIORZLQWKHXSSHUUHDFKRI&KDRKH
5LYHU %DVLQ -RXUQDO RI %HLMLQJ )RUHVWU\
8QLYHUVLW\ 6  ,QFKLQHVH 
[23] /L=/L;DQG<X;  ,PSDFWVRIVRLO
DQG ZDWHU FRQVHUYDWLRQ PHDVXUHV RQ DQQXDO
UXQRII LQ WKH XSSHU &KDRKH 5LYHU %DVLQ LQ
QRUWKHUQ &KLQD EDVHG RQ K\GURORJLFDO DQDO\VLV
PHWKRG-RXUQDORI%HLMLQJ)RUHVWU\8QLYHUVLW\
 6  ,QFKLQHVH 
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WKH PRVW VXLWDEOH LQH[ VLWX WHFKQLTXHV IRU WKH UH
PRYDO RI KHDY\ PHWDOV IURP WKH HFRV\VWHP >@
7KH PRVW FRPPRQ FKHODWLQJ DJHQWV HWK\OHQHGLD
PLQHWHWUDDFHWLFDFLGDQGLWVVDOWV ('7$ FDQDSSUH
FLDEO\ LQFUHDVH WKH GLVVROXWLRQ DQG PRELOL]DWLRQ RI
KHDY\PHWDOVE\IRUPVWDEOHDQGVROXEOHFRPSOH[HV
ZLWKKHDY\PHWDOV>@+RZHYHUWKHORZVHOHFWLY
LW\ RI ('7$ FDXVHV LQFUHDVHG FRQVXPSWLRQ RI WKLV
DJHQW>@DQGH[WHQVLYHGLVVROXWLRQRIVRLOPLQ
HUDOVGXHWRFRPSOH[DWLRQZLWKPDFURHOHPHQWVSUH
VHQWLQVRLO>@,QDGGLWLRQ('7$SRVVHVVHVDORZ
GHJUHH RI ELRGHJUDGDELOLW\ DQG LV DEVRUEHG RQ VRLO
SDUWLFOHVZKLFKFRXOGUHQGHUWKHWUHDWHGVRLOVXQILW
IRU IXWXUH XVH IRU YHJHWDWLRQ >@7KHUHIRUH RWKHU
ELRGHJUDGDEOH FKHODWLQJ DJHQWV VXFK DV 66HWK
\OHQHGLDPLQHGLVXFFLQLFDFLG 66(''6 DQGFLWULF
DFLGZHUHHPSOR\HGLQVRLOZDVKLQJWRH[WUDFWKHDY\
PHWDOV >@ ('7$ VWUXFWXUH ZDV HYHU PRGLILHG
WRLPSURYHLWVVHOHFWLYLW\LQFKHODWLQJWDUJHWPHWDOVLQ
VRPHVWXGLHV>@
,QSUHYLRXVVWXGLHV('7$DOVRKDVEHHQPRGL
ILHG WR V\QWKHVL]H FKHODWLQJ VXUIDFWDQWV ZLWK LP
SURYHGVWDELOLW\LQKDUGZDWHU>@7KHXVHRIFKH
ODWLQJVXUIDFWDQWVFRXOGGLPLQLVKHQYLURQPHQWDOHX
WURSKLFDWLRQSUREOHPVUHVXOWLQJIURPWKHDGGLWLRQRI
VRGLXPWULSRO\SKRVSKDWHWRDQLRQLFVXUIDFWDQWV7KH
VRGLXP 1ODXUR\O HWK\OHQHGLDPLQH WULDFHWDWH (NLED3A) VXUIDFWDQW LV V\QWKHVL]HG E\ VXEVWLWXWLQJ
RQHRI('7$¶VDFHWLFJURXSVZLWKODXUR\OJURXS>@
N-LED3Aconsists of a hydrophilic polycarboxylic
moiety and a hydrophobic lauroyl group.&RPSDUHG
ZLWK('7$, N-LED3A exhibits PHWDOELQGLQJFDSD
ELOLW\DQGVXUIDFHDFWLYLW\ LHPLFHOOL]DWLRQ DQGLV
D ELRGHJUDGDEOH DJHQW 7KH PLFURELDO GHJUDGDWLRQ
SHUFHQWDJHIRU1/('$ZDVZLWKLQGD\V
>@ 6RLO ZDVKLQJ FDQ EH XVHG IRU UHPRYLQJ ERWK
PHWDOVDQGRUJDQLFFRPSRXQGVFRQWDPLQDWLRQVLID
VXLWDEOHVLQJOHUHDJHQWRUFRPELQDWLRQDOUHDJHQWVFDQ
EHLGHQWLILHG>@7KHUHIRUHN-LED3ALVD
SURPLVLQJZDVKLQJDJHQWIRUVRLOVFRQWDPLQDWHGZLWK
KHDY\ PHWDOV DQG RUJDQLF FRPSRXQGV VLPXOWDQH
RXVO\ EHFDXVH RI LWV DELOLW\ WR IRUP FKHODWHV ZLWK
PHWDOV FRXSOHG ZLWK WKH FDSDFLW\ WR HQKDQFH WKH
DTXHRXV VROXELOLW\ RI K\GURSKRELF RUJDQLF FRP
SRXQGV +2&V  2XU SUHYLRXV VWXGLHV KDYH VKRZQ
WKDW1/('$FDQHIIHFWLYHO\HQKDQFHWKHZDWHUVRO
XELOLW\RISKHQDQWKUHQH>@7KHIRFXVRIWKLVVWXG\

ABSTRACT
7KHFKHODWLRQSHUIRUPDQFHRIDQRYHOFKHODWLQJ
VXUIDFWDQW LH VRGLXP 1ODXUR\O HWK\OHQHGLDPLQH
WULDFHWDWH (N-LED3A)) was evaluated by dissolving
&X 2+  in this VXUIDFWDQW7KHRSWLPXPGLVVROXWLRQ
HTXLOLEULXPWLPHZDVGHWHUPLQHGWREHPLQXWHV
7KH HIIHFWV RI WKH LQLWLDO N-LED3A concentration,
WHPSHUDWXUHS+DQGFRH[LVWLQJLRQV LH&D ,, DQG
0J ,, on &X 2+  GLVVROXWLRQ by N-LED3A were
investigated. The 1/('$ VROXWLRQ VLJQLILFDQWO\
HQKDQFHGWKHZDWHUVROXELOLW\RI&X 2+  YLDDOLJ
DQGSURPRWHG K\GUR[LGH GLVVROXWLRQ PHFKDQLVP WR
IRUP D ZDWHUVROXEOH FKHODWH FRPSOH[ N-LED3A&X 7KH PHFKDQLVP RI LQWHUDFWLRQ EHWZHHQ &X ,, 
DQG N-LED3A was further confirmed by Fourier
transform infrared spectroscopy (FTIR) 7KH GLV
VROYHG &X ,,  FRQFHQWUDWLRQ LQ WKH 1/('$ VROX
WLRQZDVSURPRWHGE\LQFUHDVLQJWKHWHPSHUDWXUHRU
1/('$FRQFHQWUDWLRQ7KH FKHODWLRQFDSDFLW\RI
1/('$PLFHOOHVZDVVWURQJHUWKDQWKDWRIPRQR
PHUV7KHGLVVROYHG&X ,, FRQFHQWUDWLRQZDVKLJKO\
GHSHQGHQWRQWKHLQLWLDOS+RI1/('$&RH[LVWLQJ
&D ,,  RU 0J ,,  ZHDNHQHG WKH GLVVROXWLRQ RI
&X 2+  GXH WR FRPSHWLWLRQ IRU 1/('$ 7KHVH
UHVXOWVLQGLFDWHWKDW1/('$KDVDVWURQJDELOLW\WR
FKHODWHZLWKKHDY\PHWDOVDQGIRUPVWDEOHZDWHUVRO
XEOH FRPSOH[HV 7KH UHVXOWV LPSO\ WKDW 1/('$
ZDVDSRWHQWLDOZDVKLQJDJHQWIRUKHDY\PHWDOFRQ
WDPLQDWHGVRLOV
.(<:25'6
FKHODWLQJVXUIDFWDQWGLVVROXWLRQ&X 2+ &X ,, FKHOD
WLRQ

INTRODUCTION
7KHQRWGHJUDGDEOHDQGWR[LFKHDY\PHWDOVLQ
VRLOVKDYHEHFRPHDZRUOGZLGHHQYLURQPHQWDOSURE
OHP >@ +HDY\ PHWDO FRQWDPLQDQWV DUH W\SLFDOO\ D
UHVXOW RI YDULRXV LQGXVWULDO DFWLYLWLHV DJULFXOWXUDO
SUDFWLFHV YHKLFOH HPLVVLRQ GLVFKDUJH DQG LQDSSUR
SULDWH ZDVWH GLVSRVDO PHWKRGV >@ 6RLO ZDVK
LQJIOXVKLQJZLWKFKHODWRUVLVFRQVLGHUHGWREHRQHRI

4817

© by PSP

Volume 26 ± No. 7/2017 pages 4817-4824

LVWRJDLQDGGLWLRQDOLQVLJKWLQWRWKHFRRUGLQDWLQJFD
SDFLW\RIN-LED3AIRUKHDY\PHWDOV
,Q WKLV VWXG\ N-LED3A ZDV XVHG WR GLVVROYH
&X 2+  WR HYDOXDWH LWV FRRUGLQDWLQJ FDSDFLW\ DV D
FKHODWLQJDJHQW %DWFKHTXLOLEULXPH[SHULPHQWVZHUH
FRQGXFWHG WR GHWHUPLQH LWV HIILFDF\ LQ GLVVROYLQJ
&X 2+ DQGWRLQYHVWLJDWH WKHSRWHQWLDOH[WUDFWLRQ
PHFKDQLVPV 7KH HIIHFWV RI VHYHUDO LPSRUWDQW SD
UDPHWHUVZHUHLQYHVWLJDWHGDQGGLVFXVVHG7KHFRQ
FOXVLRQVZRXOGIXUWKHUSURYLGHUHIHUHQFHIRUVLPXO
WDQHRXVO\UHPRYLQJKHDY\PHWDOVDQGRUJDQLFVIURP
FRQWDPLQDWHGVRLOVE\XVLQJN-LED3A

Fresenius Environmental Bulletin

Test of N-LED3A-Cu chelateFTIR was used
to test chelation structure of N-LED3A-Cu. The VX
SHUQDWDQWIURPWKHVDPSOHVDIWHUGLVVROXWLRQequilibrium of Cu(OH)2 XVLQJPJā/ 1/('$was
carefully withdrawn and added to a glass beaker.
Then, the VXSHUQDWDQW in the beaker was evaporated
in a water bath at 50 & for 24 h following by drying
in a vacuum oven at 50 & for 24 h. The characteristics of N-LED3A and &X ,, chelate complex (NLED3A-Cu) were analyzed using a Fourier transform infrared spectrometer (FTIR) (,)696, Germany). 1 mg of dried N-LED3A-Cu or N-LED3A
was mixed with 200 mg of potassium bromide.
These materials were ground together in a mortar
and pressed into a translucent disk. The recovered
pellet was immediately analyzed in a range from
4000 to 400 cm-1 with a resolution of 1 cm-1.

MATERIALS AND METHODS
&KHPLFDOV N-LED3A
(C20H33N2O7Na3,
482.46 gāmol-1) with a purity of 95% was purchased
from Hangzhou Biotechnology Co., Ltd., China.
&RSSHUK\GUR[LGH &X 2+ , 97.56 gāmol-1) with a
purity of 97% was obtained from Shanghai Biological Technology Co., Ltd., China. 7KHFULWLFDOPLFHOOH
FRQFHQWUDWLRQ &0& ZDVPJā/>@Calcium
chloride, magnesium chloride, sodium hydroxide
and hydrochloric acid were supplied by the Tianjin
Chemical Reagent Factory, China. All of the reagents were of analytical grade and were used as received without further purification. Deionized water
was used throughout the experimental process.
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3URFHGXUH IRU VWXG\LQJ WKH GLVVROXWLRQ RI
&X 2+ Batch equilibrium experiments were conducted to investigate the dissolution of Cu(OH)2 by
the N-LED3A solution. Cu(OH)2 samples (0.0300 g)
were weighed into 50 mL conical flasks with stoppers, and 25.0 mL 3000or 6000 PJā/ N-LED3A
solutions were added in them. Then, these samples
were shaken on an SHZ-82A reciprocating shaker
(Jiangsu Danyang Experimental Instrument Plant,
China) at 150 rpm within the range of reaction time
from 0 to 180 min at 25 °C. At the end of the dissolution experiment, the samples were transferred into
10 mL centrifuge tubes and centrifuged for 30 min
at 25 °C in a TD6 centrifuge (Changsha Instrument
Co., Ltd., China) at 4000 rpm to separate the undissolved solute. Then, the supernatant was filtered
through a 0.45 μm membrane for heavy metal analysis. The &X ,, concentration in the supernatant was
determined using an atomic absorption spectrophotometer (Varian 220FS, USA) in accordance with the
Standard Method. A series of experiments using this
method were used to study the effects of used to
study the effects of N-LED3A concentration (from 0
to 3000 PJā/ , temperature (15 °C, 25 °C and
35 °C), initial pH values (from 5 to 12 and coexisting inorganic cations &D ,, RU0J ,, on the dissolution of Cu(OH)2. The optimum reaction time was
determined by kinetic experiments. All of the tests
were performed in triplicate, and the results are reported as average values.

FIGURE 1
Dissolution kinetics of Cu(OH)2 by N-LED3A

RESULTS AND DISCUSSION
'LVVROXWLRQ NLQHWLF 7KH GLVVROXWLRQ NLQHWLF
H[SHULPHQWVIRU&X 2+ DW&ZHUHconducted
XVLQJ 1/('$ VROXWLRQ ZLWK LQLWLDO FRQFHQWUDWLRQ
RIDQGPJā/DERYHLWV&0&7KHUHVXOWV
DUH VKRZQ LQ )LJ  7KH FXUYHV LQGLFDWH WKDW
&X 2+ FDQEHTXLFNO\GLVVROYHGE\1/('$DQG
WKH FRQFHQWUDWLRQ RI &X ,,  LQFUHDVHG VXEVWDQWLDOO\
ZLWKLQPLQ7KHQWKHGLVVROXWLRQUDWHGHFUHDVHG
DQGWKH &X ,, FRQFHQWUDWLRQJUDGXDOO\EHFDPHVWD
EOHDIWHUPLQ7KHUHIRUHPLQZDVVHOHFWHGDV
WKHRSWLPXPGLVVROXWLRQHTXLOLEULXPWLPHIRUXVHLQ
VXEVHTXHQWH[SHULPHQWV7KHHTXLOLEULXPFRQFHQWUD
WLRQ RI &X ,,  LQ WKH  DQG  PJā/ 1
/('$ VROXWLRQ ZDV  DQG  PJā/ UHVSHF
WLYHO\7KHHTXLOLEULXP&X ,, FRQFHQWUDWLRQLQ
PJā/1/('$VROXWLRQ ZDVDSSUR[LPDWHO\
WLPHVWKDQWKDWLQWKHPJā/1/('$VROX
WLRQ7KLVUHVXOWLQGLFDWHGWKDWWKHGLVVROYHGVWUHQJWK
RI&X 2+  LQFUHDVHGDVWKH1/('$PLFHOOHVLQ
FUHDVHG
7KH FRPSOH[DWLRQ EHWZHHQ 1/('$ DQG
&X 2+ ZDVDSVHXGRILUVWRUGHUUHDFWLRQ>@NL
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QHWLFVGDWDZHUHILWWHGWRWKHSVHXGRILUVWRUGHUHTXD
WLRQ ZLWK WKH REWDLQHG FRUUHODWLRQ FRHIILFLHQWV DQG
FRQVWDQWV IURPWKH HTXDWLRQV OLVWHGLQ7DEOH7KH
NLQHWLFVUDWHHTXDWLRQFRXOGEHH[SUHVVHGDV(T  

ln 1  St / Se
kt  a
 

:KHUH6W PJā/ LVWKHFKHODWHGFRQFHQWUDWLRQRI
&X ,, E\1/('$DWWLPHW PLQ 6H PJā/ UHS
UHVHQWV WKH HTXLOLEULXP FKHODWHG FRQFHQWUDWLRQ RI
&X ,, E\1/('$W PLQ ZDVWKHFRQWDFWWLPHN
PLQ LVUDWHFRQVWDQWDLVDFRQVWDQW
7DEOHVKRZWKHSDUDPHWHUNRI&X 2+ GLV
VROYHG E\  DQG  PJā/ 1/('$ ZHUH
DQGPLQUHVSHFWLYHO\7KHUHVXOWLQ
GLFDWHWKDWWKHYDOXHRINZDVDDSSUR[LPDWHFRQVWDQW
DQGZDVXQFRUUHODWHGZLWK1/('$FRQFHQWUDWLRQ
&X 2+  LV D SRRUO\ VROXEOH PHWDO K\GUR[LGH
ZLWK D VROXELOLW\ SURGXFW .VS  RI  î  >@

+RZHYHUWKHZDWHUVROXELOLW\RI&X 2+ FDQEHVLJ
QLILFDQWO\HQKDQFHGE\1/('$GXHWRWKHDELOLW\
RI 1/('$ WR FKHODWH ZLWK WKH PHWDO LRQV 1
/('$LVDSHQWDGHQWDWHDPLQR[DW\OOLJDQG7KH1
/('$ PROHFXOH FRQWDLQV WKUHH FDUER[\O JURXSV
DQGRQHHWK\OHQHGLDPLQRJURXS7KHFDUER[\OR[\
JHQDQGDPLQRQLWURJHQDWRPVFDQFRRUGLQDWHZLWKD
PHWDODWRPDQGDFWDVDEULGJHFRQQHFWLQJWKHFHQWUDO
PHWDOLRQVDQGOLJDQGV&XLVDWUDQVLWLRQPHWDOLRQ
ZLWKDFRRUGLQDWHQXPEHURI VSGK\EULGL]DWLRQ 
RU  GVS K\EULGL]DWLRQ  >@ 1/('$ FDQ IRUP
FRPSOH[HV ZLWK &X ,,  DQG WKH UHVXOWLQJ VKLIW LQ
HOHFWURQGHQVLW\WRZDUGWKHFHQWUDOLRQZHDNHQVWKH
OLQNEHWZHHQ&XDQGWKHK\GUR[LGHLRQVSURPRWLQJ
GHWDFKPHQWRI &XLQWRVROXWLRQ>@7KHUHIRUH 1
/('$ FDQ DWWDFN &X 2+  WKURXJK D OLJDQGSUR
PRWHG K\GUR[LGH GLVVROXWLRQ PHFKDQLVP 7KH 1
/('$FKHODWLRQIRU&X ,, FDQWDNHSODFHWKURXJK
IROORZLQJUHDFWLRQVRI  DQG  

7$%/(
'LVVROXWLRQNLQHWLFVparameters calculated from pseudo-first order model
F PJā/
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FIGURE 2
FTIR spectra of N-LED3A(a) and N-LED3A-Cu chelate (b)
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Effects of temperature on dissolution of Cu(OH) 2 by N-LED3A
V\PPHWULF VWUHWFKLQJ YLEUDWLRQV RI FDUER[\ODWH
JURXSV>@ZHUHVKLIWHGWRORZHUZDYHQXPEHUV LH
DQGFPUHVSHFWLYHO\ LQWKHVSHFWUDRI
1/('$&X,QDGGLWLRQWKHDEVRUSWLRQEDQGVOR
FDWHGDWFPDQGFPZHUHVLJQLILFDQWO\
ZLGHU7KHVHGLIIHUHQFHVLQGLFDWHGWKDWFKHODWLRQRF
FXUUHGEHWZHHQ&X ,, DQGWKHK\GURSKLOLFJURXSVRI
1/('$ E 7KHDEVRUSWLRQEDQGVORFDWHGDW
FPDQGFPZKLFKFRUUHVSRQGWRDV\PPHWULF
VWUHWFKLQJYLEUDWLRQVDQGV\PPHWULFVWUHWFKLQJYLEUD
WLRQVRIWKHˉ&+ˉERQG>@LQWKHHWK\OEULGJH
ˉ&+ˉ&+ˉ  ZHUH VKLIWHG WR  FP DQG
FPUHVSHFWLYHO\ZKLFKLQGLFDWHGWKDWWKHWHU
WLDU\ DPLQH FRQQHFWHG WR WKH HWK\O EULGJH SDUWLFL
SDWHG LQ WKH FKHODWLRQ UHDFWLRQ F  7KH DEVRUSWLRQ
SHDNDWFPZKLFKZDVGXHWRVWUHWFKLQJYL
EUDWLRQEDQGVRIWKHˉ2+JURXSV>@VKLIWHGWR
FPDQGEHFDPHZLGHUZKLFKZDVGXHWRWKH
LRQ H[FKDQJH EHWZHHQ + RI WKH ˉ&22+ JURXSV
DQG&X ,, UHOHDVHGIURP&X 2+ 7KH)7,5VSHF
WUDODQDO\VLVFRQILUPHGWKDWWKHFKHODWLRQUHDFWLRQRF
FXUUHGEHWZHHQ&X ,, DQGWKH1/('$PROHFXOH
7KLVUHVXOWIXUWKHUGHPRQVWUDWHGWKDW1/('$FDQ
DWWDFN &X 2+  YLD D OLJDQGSURPRWHG K\GUR[LGH
GLVVROXWLRQ PHFKDQLVP WR IRUP D VWDEOH VROXEOH 1
/('$&XFRPSOH[

7KH1/('$&XFRPSOH[ZDVDPHPEHUHG
ULQJFRRUGLQDWLRQFRPSOH[RUFKHODWH&KHPLFDO(T
 LQGLFDWHVWKDWWKHFRSSHUDWRPRI1/('$&X
FRPSOH[LVVXUURXQGHGE\VL[FRRUGLQDWLRQDWRPVLQ
FOXGLQJWZRQLWURJHQDWRPVWKUHHR[\JHQDWRPVLQ
1/('$ PROHFXOH DQG DQ R[\JHQ DWRP LQ ZDWHU
PROHFXOH1/('$&XKDVD³SHQWDGHQWDWHWHWUDF\
FOLF VLQJOH K\GUDWLRQ´ RFWDKHGURQ VKDSH &KHPLFDO
(T  LQGLFDWHVWKDWWKHFRSSHUDWRPLVVXUURXQGHG
E\ IRXU DWRPV DQG WKH R[\JHQ DWRP LQ UHPDLQLQJ
IUHHFDUER[\ODUPZDVQRWSDUWLFLSDWHLQWKHFRRUGL
QDWLRQZLWKFRSSHUDWRP7KHVSDWLDOVWUXFWXUHRI1
/('$&X ZDV ³WHWUDGHQWDWH WULF\FOLF´ SODQDU
VTXDUH$FFRUGLQJWRWKHVRIWDQGKDUGDFLGVDQGED
VHV +6$% WKHRU\&X ,, FRUUHVSRQGVWRDMXQFWLRQ
DFLGDQG1/('$FRUUHVSRQGVWR DMXQFWLRQEDVH
>@7KHUHIRUH1/('$&XZKLFKIRUPHGYLDFR
RUGLQDWLRQ ERQGV EHWZHHQ WKH PXOWLGHQWDWH RUJDQLF
OLJDQGDQGWKHFHQWUDOPHWDOLRQVVKRXOGH[KLELWJRRG
VWDELOLW\ ZLWK WKH VWDELOLW\ FRQVWDQW .ĬI RI  î
>@
'XH WR LWV VWURQJ FRRUGLQDWLQJ FDSDFLW\ 1
/('$FDQVHL]HPHWDOLRQVIURPDPHWDOK\GUR[LGH
WRIRUPDQDPLQR[DW\OFRPSOH[ZKLFKUHVXOWVLQWKH
SUHFLSLWDWLRQGLVVROXWLRQ HTXLOLEULXP RI WKH PHWDO
K\GUR[LGHWRVKLIWWRZDUGGLVVROXWLRQ7KH1/('$
GLVVROXWLRQRI&X 2+ LVDGXDOHTXLOLEULXPV\VWHP
FRQVLVWLQJRIDSUHFLSLWDWLRQGLVVROXWLRQHTXLOLEULXP
DQG D FKHODWLRQ HTXLOLEULXP 7KH FRQFHQWUDWLRQ RI
VROXEOH1/('$&XFDQFRQWLQXRXVO\LQFUHDVHDV
&X ,, LVUHOHDVHGXQWLOWKHFKHODWLRQUHDFWLRQUHDFKHV
HTXLOLEULXP

(IIHFW RI WHPSHUDWXUH DQG FRQFHQWUDWLRQ
7KH GLVVROXWLRQ LVRWKHUPV RI &X 2+  DW GLIIHUHQW
WHPSHUDWXUHVRIDQG&DUHVKRZQLQ)LJ
 D  7KH UHODWLRQVKLS EHWZHHQ FKHODWH PRODU UDWLR
1/('$&X ,,  QQ  ZKLFK ZDV FDOFXODWHG DF
FRUGLQJ WR WKH GDWD RI )LJ  D  DQG WKH LQLWLDO 1
/('$ FRQFHQWUDWLRQ LV VKRZQ LQ )LJ  E  $V
VKRZQLQ)LJ D DQLQFUHDVHLQWKHWHPSHUDWXUHRU
LQLWLDO FRQFHQWUDWLRQ RI 1/('$ FDQ LPSURYH WKH
GLVVROXWLRQRI&X 2+ )LJ E LQGLFDWHGWKDWWKH
FKHODWHPRODUUDWLRZDVQRWEHWZHHQ 1/('$
DQG&X 2+ DVH[SUHVVHGLQ(T  RU  7KLVH[
SHULPHQWDOUHVXOWPD\EHDWWULEXWHGWRWKHIROORZLQJ
UHDVRQV  7KHSXULW\RI1/('$ZDVQRWHQRXJK
VRPH LQVROXEOHLPSXULWLHV ZDVREVHUYHGGXULQJWKH
SUHSDUDWLRQRI1/('$VROXWLRQ   1/('$LV

1/('$&X FKDUDFWHUL]DWLRQ 7KH )7,5
VSHFWUDRI1/('$DQG1/('$&XFKHODWHDUH
VKRZQLQ)LJ
7KH VSHFWUD H[KLELWHG VRPH FKDQJHV DIWHU 1
/('$FKHODWLRQZLWK&X ,, 7KHWKUHHPDMRUGLI
IHUHQFHV DUH DV IROORZV D  ,Q WKH VSHFWUD RI 1
/('$WKHDEVRUSWLRQEDQGVORFDWHGDWFP
DQGFPZKLFKZHUHDVVRFLDWHGZLWKLQWHQVH
DV\PPHWULFVWUHWFKLQJYLEUDWLRQVRIWKHFDUER[\ODWH
JURXSVDQGFPZKLFKZHUHDVVRFLDWHGZLWK
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/('$ exists in a monomeric stateZKHQLWVFRQFHQ
WUDWLRQLVEHORZWKH &0&7KH VSDFH VWUXFWXUH DQG
K\GURSKRELFLQWHUDFWLRQRIDF\OFKDLQPD\VXSSUHVV
WKHIRUPDWLRQRIFRRUGLQDWLRQERQGZLWKFHQWUDOPHW
DOV7KHODXUR\OFKDLQFDQLPSDUW1/('$VXUIDF
WDQWSURSHUWLHVWRIRUPPLFHOOHVDWLWVFRQFHQWUDWLRQ
DERYH&0&ZLWKK\GURSKRELFJURXSVLQWKHLULQWH
ULRUVDQGK\GURSKLOLFJURXSVUHJXODUO\DUUD\HGRQWKH
VXUIDFH RI PLFHOOHV > @ DQG WKDW VWUXFWXUH
ZRXOGEXIIHUWKHVXSSUHVVRIK\GURSKRELFJURXSVRQ
LWV FKHODWLQJ DELOLW\ [32] 7KHUHIRUH PLFHOODU 1
/('$ H[KLELWHG D VWURQJHU FRRUGLQDWLQJ FDSDFLW\
WKDQmonomeric1/('$

DQ('7$GHULYDWLYHZKLFKFRQWDLQVDFKHODWLQJK\
GURSKLOLF SRO\FDUER[\OLF KHDG DQG D K\GURSKRELF
ODXUR\OWDLO7KHFKHODWLQJDELOLW\RIK\GURSKLOLFKHDG
ZRXOGEHZHDNHQHGE\WKHK\GURSKRELFHIIHFWRI1
/('$ PRQRPHUV ZKHQ FRQFHQWUDWLRQ ZDV EHORZ
WKH &0& [32]   1/('$&X FKHODWH KDV WKH
VWUXFWXUHRIRFWDKHGURQ7KHVWHULFKLQGUDQFHHIIHFW
DQGFRPSDFWRULHQWDWLRQDUUD\RI1/('$&XPL
FHOOHV ZRXOG KLQGHU WKH VXIILFLHQW LQWHUDFWLRQV EH
WZHHQK\GURSKLOLFJURXSDQG&X ,, WKXVUHVXOWLQJLQ
WKH UHGXFHG FKHODWLQJ HIILFLHQF\ RI 1/('$ IRU
&X ,,    1/('$ FRRUGLQDWHG ZLWK &X ,,  E\
VHL]LQJWKHPIURP&X 2+ 7KHFKHODWLRQPRODUUD
WLR ZDV DOVR UHVWULFWHG E\ SUHFLSLWDWLRQGLVVROXWLRQ
HTXLOLEULXPRI&X 2+ LQWKHV\VWHP
$VIRUFKHODWHDELOLW\RIWKH 1/('$PRQR
PHU ZDV LQIHULRU WR WKDW RI WKH 1/('$ micelle,
VKRZQLQ)LJ E WKHOLQHDUUHJUHVVLRQRIWKHGLV
VROXWLRQLVRWKHUPVZHUHGLYLGHGLQWRWZRVHFWLRQVDF
FRUGLQJWR1/('$FRQFHQWUDWLRQEHORZRUDERYH
WKH &0&  PJā/ 7KH UHJUHVVLRQ UHVXOWV LQGL
FDWHGWKDWWKH SORWRIFKHODWHG&X ,, FRQFHQWUDWLRQ
DJDLQVW 1/('$ FRQFHQWUDWLRQ ZDV ELOLQHDU UHOD
WLRQVKLSGLVVROXWLRQHTXLOLEULXPFRQVWDQW.DQG.
ZHUHWKHVORSHRIWKHSORWVEHORZRUDERYHWKH&0&
7KH REWDLQHGFRUUHODWLRQFRHIILFLHQWVDQGFRQVWDQWV
DWGLIIHUHQWWHPSHUDWXUHVDUHVKRZQLQ7DEOH
,Q JHQHUDO HTXLOLEULXP FRQVWDQW FRXOG UHIOHFW
WKH FKHPLFDO UHDFWLRQ OLPLW DW JLYHQ FRQGLWLRQV $W
&&DQG&.IRU1/('$FRQFHQWUD
WLRQEHORZWKH&0&ZHUHDQG
UHVSHFWLYHO\ . IRU 1/('$ FRQFHQWUDWLRQ DERYH
WKH &0& ZHUH  DQGUHVSHF
WLYHO\ 7KH YDOXH RI . ZDV ODUJHU WKDQ . DW HDFK
FRUUHVSRQGLQJ WHPSHUDWXUH7KLV UHVXOW SURYHG WKDW
WKHFKHODWHDELOLW\RI1/('$PLFHOOHZDVVWURQJHU
WKDQWKDWRIWKH1/('$PRQRPHU7KLVSKHQRPH
QRQLVLQOLQHZLWKWKHSUHYLRXVUHSRUWV>@1

(IIHFW RI S+ YDOXH 7KH GLVVROXWLRQ H[SHUL
PHQWVZHUHSHUIRUPHGXVLQJDUDQJHS+YDOXHVIURP
 WR  ZLWK WKH  DQG  PJā/ 1/('$
VROXWLRQV7KHSUHOLPLQDU\H[SHULPHQWLQGLFDWHGWKDW
1/('$ZDVSUHFLSLWDWHGIURPWKHVROXWLRQZKHQ
S+ZDVOHVVWKDQ7RDYRLGDGYHUVHFKDQJHVLQWKH
VWUXFWXUHRI1/('$GXHWRDVWURQJO\DFLGLFVROX
WLRQWKHHYDOXDWHGS+ZDVFRQWUROOHGZLWKLQDUDQJH
RI7KHUHVXOWVDUHVKRZQLQ)LJ1/('$
LVDVWURQJDONDOLZHDNDFLGVDOWZKLFKFRQWDLQVWKUHH
FDUER[\ODWHV DQG LV VHQVLWLYH WR WKH S+ YDOXH 7KH
DFLGEDVHSURSHUWLHVZHUHDIIHFWHGE\WKHS+YDOXH
DQG WKHVH SURSHUWLHV GHWHUPLQH WKH VSHFLHV WKDW DUH
SUHVHQW LQ WKH VROXWLRQ DW YDULRXV S+ YDOXHV 1
/('$KDVILYHSRWHQWLDOVLWHVWKDWFDQELQGWRDSUR
WRQLQFOXGLQJWKHWZRQLWURJHQDWRPVRIWKHHWK\OHQH
GLDPLQRJURXSVDQGWKHWKUHHFDUER[\OJURXSV+RZ
HYHUWKHUHDUHIRXUVSHFLHVLQFOXGLQJ+/+/+/
DQG/LQWKH1/('$VROXWLRQDWS+YDOXHVRI
7KHVSHFLHVDQGIUDFWLRQLQWKH1/('$VROX
WLRQ YDULHG ZLWK WKH S+ YDOXHV 7KH GLVVRFLDWLRQ
HTXLOLEULXPRI1/('$XQGHUDFLGRUDONDOLQHFRQ
GLWLRQVLVVKRZQDV(T  

TABLE 2
/LQHDUUHJUHVVLRQGDWDRIGLVVROXWLRQRI&X 2+ by N-LED3A at different temperatures
and their corresponding ..YDOXHV
7.
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FIGURE 4
Effects of S+ YDOXHon dissolution of Cu(OH)2 by N-LED3A
TABLE 3
Effects of inorganic cations on dissolution of Cu(OH) 2 by N-LED3A
&D
&DWLRQVPPROā/
6HPJā/
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6HHTXLOLEULXPFKHODWHGFRQFHQWUDWLRQRI&X ,, E\1/('$
+RZHYHU ZKHQ WKH LQLWLDO S+ YDOXH ZDV LQ
FUHDVHGIURPWRWKHFRQFHQWUDWLRQRIFKHODWHG
&X ,,  GHFUHDVHG JUDGXDOO\ 7KH PDMRU IRUP RI 1
/('$ XQGHUWKHVH VWURQJDONDOLQH FRQGLWLRQV ZDV
/$OWKRXJK WKH LQFUHDVHG QHJDWLYH FKDUJHV FRXOG
HQKDQFH WKH DWWUDFWLRQ EHWZHHQ WKH OLJDQGV DQG WKH
FHQWUDOLRQVWKHVHFKDUJHVFRXOGHQKDQFHWKHUHSXO
VLRQDPRQJOLJDQGVZKLFKZDVDGYHUVHO\DIIHFWWKH
IRUPDWLRQRIPLFHOOHV7KHFRPSUHKHQVLYHHIIHFWRI
WKHWZRIDFWRUVUHVXOWHGLQDGHFUHDVHLQWKHFRRUGL
QDWLRQ FDSDFLW\ DQG WKHUHIRUH WKH GLVVROXWLRQ HIIL
FLHQF\RI&X 2+ E\1/('$ZDVZHDNHQHG,Q
DGGLWLRQPRUHDONDOLQHFRQGLWLRQVZRXOGLQKLELWWKH
GLVVROXWLRQRI&X 2+ E\1/('$7KHJUDGXDOO\
LQFUHDVLQJK\GUR[\OFRQFHQWUDWLRQDWWKHVHS+YDOXHV
FRXOGHYHQUHSODFH/IURPWKH1/('$&XFRP
SOH[WRIRUP&X 2+ DJDLQ>@

7KHUHVXOWVVKRZQLQ)LJLQGLFDWHWKDWWKHGLV
VROXWLRQGHJUHHRI&X 2+ LQWKH 1/('$VROX
WLRQZDVDIIHFWHGE\WKHS+YDOXH7KHSURWRQDWLRQ
GHJUHHRI1/('$ZKLFKLVUHODWHGWRWKHS+YDOXH
LQIOXHQFHGWKHFRRUGLQDWLRQDELOLW\QXPEHURIFRRU
GLQDWLQJ DWRPV DQG VWUXFWXUH RI WKH FRPSOH[ >@
7KHGLIIHUHQWVSHFLHVRI1/('$H[KLELWGLIIHUHQW
FRRUGLQDWLRQ FDSDFLWLHV IRU &X ,,  7KHUHIRUH WKH
&X ,, FRQFHQWUDWLRQFDSWXUHGIURP&X 2+ E\WKH
FKHODWLQJ UHDFWLRQ YDULHG DFFRUGLQJO\ 1/('$
OLNHO\ H[LVWHG DV +/ VSHFLHV ZKHQ WKH LQLWLDO S+
YDOXHZDVHTXDOWR7KHSURWRQDWLRQRI1/('$
ZRXOGZHDNHQWKHFRRUGLQDWLQJFDSDFLW\RIWKHOLJ
DQGV DQG GLVVROXWLRQ HIILFLHQF\ RI &X 2+  GXH WR
FRPSHWLWLRQEHWZHHQWKHSURWRQVDQG&X ,, IRUWKH
FDUER[\ODWHRIOLJDQGV
7KH LQFUHDVH LQWKH LQLWLDOS+YDOXH RIWKH 1
/('$ VROXWLRQ ZRXOG VKLIW WKH HTXLOLEULXP H[
SUHVVHGLQ(T  WRWKHULJKW:KHQWKHLQLWLDOS+RI
WKH 1/('$ VROXWLRQ LQFUHDVHG IURP  WR  1
/('$ H[KLELWHG EHWWHU GLVVROXWLRQ HIILFLHQF\ DQG
KLJKHU &X ,,  FRQFHQWUDWLRQV ZHUH GHWHFWHG LQ WKH
GLVVROXWLRQHTXLOLEULXPV\VWHP1/('$ZDVSUH
VHQWDV+/DQG/XQGHUWKHVHS+FRQGLWLRQVDQG
WKHVHWZRVSHFLHVH[KLELWHGDVWURQJHUFRRUGLQDWLQJ
FDSDFLW\ 7KH FRQFHQWUDWLRQ RI WKH 1/('$&X
FRPSOH[LPSURYHGVLJQLILFDQWO\FRPSDUHGZLWKWKDW
REVHUYHG DW S+  %HFDXVH WKH SURSRUWLRQ RI +/
DQG/LQWKHV\VWHPYDULHGZLWKWKHS+YDOXHWKH
GLVVROXWLRQGHJUHHRI&X 2+ YDULHG7KHRSWLPXP
GHJUHHZDVREVHUYHGDWDS+RIIRUERWKWKH
DQGPJā/1/('$VROXWLRQVDQGWKHPD[L
PXP&X ,, FRQFHQWUDWLRQZDVDQGPJā/
UHVSHFWLYHO\

Effects of LQRUJDQLFFDWLRQV7KHHIIHFWVRIWKH
FRH[LVWLQJGLYDOHQWLQRUJDQLFFDWLRQV LH0J ,, RU
&D ,, RQWKHGLVVROXWLRQRI&X 2+ E\PJā/

1/('$DWS+RIZHUHFRPSDUHG
$VVKRZQLQ7DEOHFRH[LVWLQJ0J ,, RU&D ,, 
LQKLELWHG WKH GLVVROXWLRQ RI &X 2+  ,W VHHPV WKDW
WKHGLVVROXWLRQYDOXHVRI&X 2+ GHFUHDVHGVKDUSO\
DWORZFRQFHQWUDWLRQRI0J ,, RU&D ,, :KHQIUHH
0J ,, RU&D ,, ZHUHSUHVHQW LQWKH1/('$VROX
WLRQ1/('$ZRXOGSUHIHUWRFKHODWHGZLWKWKHP
WRIRUP1/('$0JRU1/('$&DFRPSOH[HV
7KHUHIRUHWKHFDSDELOLW\RI1/('$IRUFKHODWLQJ
DQGVHL]LQJ&X ,, IURP&X 2+ ZDVUHGXFHG7KH
UHVXOWVLQ7DEOHDOVRLQGLFDWHWKDWDQLQFUHDVHLQWKH
0J ,,  RU &D ,,  FRQFHQWUDWLRQ IURP  WR 
PPROā/SURGXFHGDVPDOOYDULDWLRQLQWKHGLVVROYHG
&X ,,  FRQFHQWUDWLRQ %HFDXVH 0J ,,  RU &D ,,  DUH
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FRSSHUVPHOWHUDQGVXUURXQGLQJLQGXVWULDOFRP
SOH[RI3RUW.HPEOD16:$XVWUDOLD6FL7RWDO
(QYLURQ±
[4] 7VDQJ '&: =KDQJ :+ DQG /R ,0&
 &RSSHUH[WUDFWLRQHIIHFWLYHQHVVDQGVRLO
GLVVROXWLRQ LVVXHV RI ('7$IOXVKLQJ RI DUWLIL
FLDOO\ FRQWDPLQDWHG VRLOV &KHPRVSKHUH 
±
[5] 'HUPRQW * %HUJHURQ 0 0HUFLHU * DQG
5LFKHU/DIOHFKH 0   6RLO ZDVKLQJ IRU
PHWDO UHPRYDO D UHYLHZ RI SK\VLFDOFKHPLFDO
WHFKQRORJLHV DQG ILHOG DSSOLFDWLRQV - +D]DUG
0DWHU±
[6] =KDQJ :+ DQG /R ,0&   ('7$
HQKDQFHGZDVKLQJIRUUHPHGLDWLRQRI3EDQGRU
=QFRQWDPLQDWHG VRLOV - (QYLURQ (QJ 
±
[7] ;LD :% *DR + :DQJ ;+ =KRX &+
/LX <* )DQ 7 DQG :DQJ ;  
$SSOLFDWLRQRI('7$GHFRQWDPLQDWLRQRQVRLOV
DIIHFWHG E\ PLQLQJ DFWLYLWLHV DQG LPSDFW RI
WUHDWPHQWRQWKHJHRFKHPLFDOSDUWLWLRQRIPHWDO
FRQWDPLQDQWV-+D]DUG0DWHU±
[8] =KDQJ :+ 7RQJ /= <XDQ < /LX =<
+XDQJ + 7DQ )) DQG 4LX 5/  
,QIOXHQFH RI VRLO ZDVKLQJ ZLWK D FKHODWRUV RQ
VXEVHTXHQW FKHPLFDO LPPRELOL]DWLRQ RI KHDY\
PHWDOVLQDFRQWDPLQDWHGVRLO-+D]DUG0DWHU
±
[9] 1LHVLREĊG]ND .   7UDQVIHU RI FRSSHU
OHDGDQG]LQFLQVRLOJUDVVHFRV\VWHPLQDVSHFW
RIVRLOVSURSHUWLHVLQ3RODQG%(QYLURQ&RQ
WDP7R[±
[10] .HG]LRUHN0$0DQG%RXUJ$&0  
6ROXELOL]DWLRQRIOHDGDQGFDGPLXPGXULQJWKH
SHUFRODWLRQRI('7$WKURXJKDVRLOSROOXWHGE\
VPHOWLQJDFWLYLWLHV-&RQWDP+\GURO±

[11] 3DOPD /' DQG )HUUDQWHOOL 3   &RSSHU
OHDFKLQJIURPDVDQG\VRLOPHFKDQLVPDQGSD
UDPHWHUVDIIHFWLQJ('7$H[WUDFWLRQ-+D]DUG
0DWHU±
[12] =KDQJ7/LX-0+XDQJ;);LD%6X
&</XR*);X<::X<;0DR=:
DQG 4LX 5/   &KHODQW H[WUDFWLRQ RI
KHDY\ PHWDOV IURP FRQWDPLQDWHG VRLOV XVLQJ
QHZ VHOHFWLYH ('7$ GHULYDWLYHV - +D]DUG
0DWHU±
[13] :DVD\ 6$ %DUULQJWRQ 6 DQG 7RNXQDJD 6
 2UJDQLFDFLGVIRUWKHLQVLWXUHPHGLDWLRQ
RIVRLOVSROOXWHGE\KHDY\PHWDOVVRLOIOXVKLQJ
LQFROXPQV:DWHU$LU6RLO3ROOXW±
[14] 6FKRZDQHN ' )HLMWHO 7&- 3HUNLQV &0
+DUWPDQ )$ )HGHUOH7: DQG /DUVRQ 5-
  %LRGHJUDGDWLRQ RI >66@ >55@ DQG
PL[HGVWHUHRLVRPHUVRIHWK\OHQHGLDPLQHGLVXF
FLQLFDFLG (''6 D WUDQVLWLRQ PHWDO FKHODWRU
&KHPRVSKHUH±
[15] 3DOPD/'DQG0HFR]]L5  +HDY\PHW
DOV PRELOL]DWLRQ IURPKDUERXUVHGLPHQWVXVLQJ

DONDOLQHHDUWKPHWDOVDQGKDUGDFLGVWKHVWDELOLW\RI
WKH 1/('$&D RU 1/('$0J FRPSOH[ ZDV
ORZHUWKDQWKDWRIWKH1/('$&XFRPSOH[0J ,, 
RU&D ,, FDQEHSDUWLDOO\UHSODFHGE\&X ,, ZKLFK
LVUHOHDVHGIURP&X 2+ WRIRUPWKHPRUHVWDEOH1
/('$&X FRPSOH[ ,Q FRPSDULVRQ WKH HIIHFW RI
0J ,, RQWKHGLVVROXWLRQRI&X 2+  E\ 1/('$
ZDVJUHDWHUWKDQWKDWRI&D ,, 

CONCLUSIONS
7KHUHVXOWVIURPWKLVVWXG\LQGLFDWHGWKDWWKH1
/('$VROXWLRQFRXOGVLJQLILFDQWO\HQKDQFHWKHZD
WHU VROXELOLW\ RI &X 2+  1/('$ FRXOG VHL]H
&X ,, IURP&X 2+ YLDDOLJDQGSURPRWHGK\GUR[
LGH GLVVROXWLRQ PHFKDQLVP WRIRUPD VWDEOH ZDWHU
VROXEOH 1/('$&X FRPSOH[ 7KH FRRUGLQDWLQJ
FDSDFLW\RI1/('$PLFHOOHLVVWURQJHUWKDQWKDWRI
WKH1/('$PRQRPHU)7,5VSHFWUDODQDO\VLVFRQ
ILUPHG WKDW D FKHODWLQJ UHDFWLRQ RFFXUV EHWZHHQ
&X ,, DQG1/('$
$QLQFUHDVHGLQWKH WHPSHUDWXUH RU 1/('$
FRQFHQWUDWLRQ FRXOG SURPRWH WKH GLVVROXWLRQ RI
&X 2+  7KH GLVVROYHG FRQFHQWUDWLRQ RI &X ,, 
IURP &X 2+  ZDV KLJKO\ GHSHQGHQW RQ WKH S+$
VLJQLILFDQWGLVVROXWLRQFDSDFLW\IRU&X 2+ ZDVRE
VHUYHGLQDS+UDQJHIURPWRZLWKDQRSWLPXP
S+ YDOXH RI  &RH[LVWLQJ &D ,,  RU 0J ,,  FDQ
ZHDNHQ WKH GLVVROXWLRQ FDSDFLW\ RI 1/('$ IRU
&X 2+ 
,Q FRPELQDWLRQ ZLWK WKH UHVXOWV IRU FKHODWLQJ
KHDY\PHWDOVDQGWKHSUHYLRXVUHVXOWVIRUVROXELOL]
LQJ RUJDQLF FRPSRXQGV N-LED3A is potentially a
practical washing agentIRUVRLOVFRQWDPLQDWHGZLWK
KHDY\ PHWDOV DQG RUJDQLF FRPSRXQGV VLPXOWDQH
RXVO\
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REMOVAL OF NITRATE AND PHOSPHATE BY
IMMOBILIZED BIOCHARS PREPARED FROM REEDS AND
HEMATITE
Bo Wang*, Deng-Yue Yang, Fa-Yun Li
Institute of Eco-Environmental Sciences, Liaoning Shihua University, Fushun 113001, China

and litter disposal. The utilization of plant wastes
for the preparation of biochars was studied[7, 8]. A
biochar is one class of carbon-rich solid mixture
obtained through the pyrolysis of biological
residues at the high temperature under the
conditions of limited oxygen[9]. It is a new
inexpensive adsorbent material[10]. However,
biochars were negatively charged groups and that
cation exchange capacity was higher than anion
exchange capacity[11, 12]. It was believed that
biochars mainly adsorbed cations other than anions
and that the adsorption capacity of nitrate and
phosphate by biochars itself was very limited[12].
Several methods have thus been developed to
modify biochar to enhance its adsorption of nitrate
and phosphate [13]. For example, biochar composites prepared by pyrolyzing FeCl3 greatly
enhanced nitrate and phosphate adsorption ability
of the biochars[7, 14].
However, the methods used to create these
biochar are relatively complex and costly. Thus,
additional investigations thus are needed to develop
simple and cost-effective methods to modify
biochars with iron, particularly with natural iron
minerals.
Hematite is one of the most abundant natural
iron oxide minerals and shows good phosphate
adsorption ability[7, 15]. In addition, thermal
WUHDWPHQW KDV DOVR EHHQ XVHG WR µDFWLYDWH¶ KHPDWLWH
to enhance its adsorption ability [7, 16].
The study aims to develop a new method to
prepare iron-oxide biochar composites with aquatic
plant and natural hematite, study its adsorption
capability for nitrate and phosphate and establish
dynamic adsorption model. Hematite-treated reed
was used as the feedstock to produce the biochar
through pyrolysis. Adsorption ability of hematitePRGL¿HG ELRFKDU +0%  WR QLWUDWH DQG SKRVSKDWH
was assessed through batch adsorption experiments
in laboratory. Moreover, in order to further enhance
the application of composite materials in natural
waters, to solve the problem that powdered biochar
is easily removed with water, we prepared
immobilized HMB, which might be applied in
nitrate and phosphate treatment in eutrophic water
bodies and resource utilization of aquatic litters.

ABSTRACT
The decomposition of aquatic plants in the
autumn and winter results in secondary pollution in
water bodies and biochars prepared from aquatic
plants show the limited adsorption capacity of
nitrate and phosphate. In the study, we prepared
hematite-PRGL¿HG biochar (HMB) with reeds and
hematite. Moreover, we studied the adsorption
properties of nitrate and phosphate by HMB
through batch adsorption experiments and explored
adsorption mechanisms. In order to further enhance
the application of HMB in natural waters and solve
the problem that powdered biochar is easily
removed with water, we explored the
immobilization of HMB. The experimental results
showed that the negative charge on the surface of
HMB was reduced and the positive charge
increased. Through electrostatic interaction and
precipitation mechanism, HMB could effectively
remove nitrate and phosphate in aqueous solution.
Immobilized HMB microspheres could efficiently
remove nitrate and phosphate from eutrophic water,
and promote the utilization of aquatic plants.

KEYWORDS:
biochar;
hematite;
immobilization

reed;

nitrate;

phosphate;

INTRODUCTION
With the rapid development of social economy,
a large quantity of wastewater and agricultural
runoff is discharged into natural water bodies,
leading to the rising nitrate and phosphate content
in water bodies as well as serious water
eutrophication problems[1, 2]. Among many nitrate
and phosphate removal methods, currently widely
recognized more effective method is the aquatic
plant restoration method[3, 4]. However, the
decomposition of aquatic plants in the autumn and
winter will result in secondary pollution in water
bodies[5, 6]. The treatment and utilization of the
decomposition litters of aquatic plants is one of the
hotspots and difficulties in aquatic plant restoration
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0.2 g of HMB was respectively weighed into a
series of centrifuge tubes. Then, 10 mL of 5, 10, 20,
40, 80, 160, and 320 mg·L-1 KNO3 solution was
added into different centrifuge tubes. Three
duplicates were arranged for each KNO3
concentration. Centrifuge tubes were vibrated for 2
h on the shaking table under the conditions of (20 ±
0.5) qC and 150 rpm. The tubes were taken out and
the solution in the tubes was filtered through the
membrane with the pore size of 0 ȝP 7KH
concentration of nitrate in the filtered solution from
each tube was measured.
Adsorption
isotherm
experiments
of
phosphate was designed as above. The difference
was that K3PO4 solution was added into different
centrifuge tubes.

MATERIALS AND METHODS
Preparation and modification of biochars.
Stalks of reeds were acquired from Panshan County,
Panjin City, Liaoning Province, China. Then stalks
were washed with deionized water and dried. After
crushing with plant crusher (FW177, Gongxing
Corporation), the crushed stalks passed through a
100-mesh sieve and then collected.
Natural hematite was acquired from Anshan
mine area, Liaoning Province, China. To determine
the content of iron oxide is 90% by titration.
Hematite was crushed with ground with a mortar
and sieved to through a 100-mesh sieve and then
collected
The method of preparing HMB was similar to
that used by Wang. (2015)[7]. A hematite
suspension was prepared by mixing 4 g of crushed
mineral particles in 100 mL of deionized water. The
suspension was stirred and sonicated for 1 h with an
ultrasonicator (PS-20A, Jiehui Corporation) to form
a stable suspension. About 40 g of the feedstock
was well mixed with the suspension for 2 h and was
then oven-dried at 80 qC.
The collected particles were put into a tubular
resistance furnace. Nitrogen flow was purged into
the furnace according to the flow rate of 400
mL/min in order to maintain the low oxygen
content in the furnace. The temperature in the
furnace was in-creased to 700 qC according to the
program-control-led heating rate of 10 qC/min and
then maintained for 20-min pyrolysis. After the
pyrolysis process, biochars were naturally cooled to
room temperature and then removed from the
furnace. Then biochars were washed with deionized
water to neutral pH and dried at 105 qC. Finally,
modified biochar from reeds and hematite (HMB)
was obtained.

(3) Immobilized HMB microspheres. HMB
was mixed with 20 mL of 2% sodium alginate
solution. After thoroughly mixing, the mixture
solution was extruded into 4% CaCl2solution to
form microspheres. After standing for 1 h,
microspheres were washed with distilled water.
Then microspheres were immersed in CaCl2
solution for 2 h crossing at 4 °C.According to
subsection 1.2.2, nitrate and phosphate adsorption
isotherms of immobilized HMBmicrospheres were
experiment-tally studied.
(4) Removal efficiency of nitrate and
phosphate from eutrophic water. Eutrophic water
was acquired in October 2015 from Suzi river,
Fushun City, Liaoning Province, China. Firstly, 0.2
g of immobilized HMB microspheres were respecttively weighed into a series of centrifuge tubes.
Then, 20 mL of eutrophic water (nitrate: 4.1 mg·L-1,
phosphate: 2.2 mg·L-1, COD: 8.5 mg·L-1, ammonia
nitrogen: 4.6 mg·L-1) was added into each
centrifuge tube, which was put on the shaking table
under the conditions of (20 ± 0.5) qC and 150 rpm.
The tubes were taken out respectively after 5, 10,
20, 40, 80, 160, and 320 min. Then eutrophic water
in the tubes was filtered through the membrane with
WKH SRUH VL]H RI  ȝP WKH FRQFHQWUDWLRQ RI
nitrate and phosphate in the filtered solution from
each tube was measured in 3 replicates. The
measurement results were averaged.

Adsorption experiments and sample
analysis.(1) Adsorption kinetics of HMB. Firstly,
0.2 g of HMB was respectively weighed into a
series of centrifuge tubes. Then, 10 mL of 20 mg·L1
KNO3 solution was added into each centrifuge
tube, which was put on the shaking table under the
conditions of (20 ± 0.5) qC and 150 rpm. The tubes
were taken out respectively after 5, 10, 20, 40, 80,
160, and 320 min. Then the solution in the tubes
was filtered through the membrane with the pore
VL]H RIȝPDQGWKHFRQFHQWUDWLRQRI QLWrate in
the filtered solution from each tube was measured
in 3 replicates. The measurement results were
averaged.
Adsorption kinetics experiments of phosphate
was designed as above. The difference was that
K3PO4 solution was added into each centrifuge tube.

(5) Analysis. The concentration of nitrate was
determined with UV spectrophotometry. The
concentration of phosphate was determined with
molybdenum antimony spectrophotometry. Zeta
potential analyzer (ZEN360, Brookhaven Corporation) was used to determine surface potentials of
HMB. The surface morphology of HMB (JSM6360LA, JEOL Corporation) was characterized by
using microscope.
(6) Data processing. Experimental data were
processed with SPSS 19.0 and Excel software and

(2) Adsorption isotherms of HMB. Firstly,
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the curves were plotted with Origin 8.0 software.

FIGURE 1
SEM of HMB

After 160 min, the adsorption capacity was slowly
increased and tended to be stable after adsorption.
The high adsorption rate is of great significance to
practical applications because rapid adsorption rate
FDQ HQVXUH WKH KLJK UHPRYDO HIILFLHQF\ 7KH ¿UVW
phase could be ascribed to rapid occupation of
easily accessible external surface adsorption sites
such as outer sphere complexation [7, 20]. The slow
phase could be related to the formation of inner
layer complexes [7, 20].
The study of adsorption kinetics can enhance
the understanding of the adsorption mechanism.
Adsorption kinetics mainly involves the adsorption
rate of solute by adsorbents from the solution [21,
22]. In order to study the control mechanism of the
adsorption process, in the study, pseudo first-order
equation, pseudo-second-order equation, and intraparticle diffusion equation were adopted to fit the
experimental results.
Pseudo-first-order equation is

RESULTS AND DISCUSSION
Surface Zeta points. There were hydroxyl,
phenolic hydroxyl group, cyclic lactone peroxide,
and other oxygen-containing groups on the surface
of modified biochars [17]. Due to the presence of
these surface groups, biochars had different surface
hydrophilicities and surface acidities, thus resulting
in different surface charges (positive or negative)
[18, 19]. It was determined that biochar of reeds
was negatively charged with the Zeta potentials of 28.81 mV. HMB was positively charged with Zeta
poten-tials of +2.55 mV. HMB reduced negative
charges on biochar surface and increased positive
charges. The modification of the biochars was
conducive to the adsorption of negatively charged
nitrate and phos-phate. Moreover, immobilized
HMB was positively charged with Zeta potentials
of +2.18 mV.

q

Surface morphology. In the SEM images (Fig.
1), HMB show thesurfaces containing many irregular cavities. Due to the decomposition of lots of
cellulose during the pyrolysis at 700 qC, the surface
sediments were decreased and micropores were
formed on the surfaces of the biochars. High temperature and acid activation greatly increased the surface area of all biochars, which is more conducive
to provide more adsorption sites for HMB.

qt

-k t

qe (1 - e 1 )

;
(1)
Pseudo-second-order equation is

K 2 qt
1  K 2 qe t ;

(2)
Intra-diffusion equation is
qt
qit 1/2  C ;
(3)
Where qt and qe are respectively the nitrate and
phosphate adsorption at the moment t and after
reaching adsorption equilibrium, mg·g-1; t is
adsorp-tion time, min; k1, k2, and qi are the rate
constants of pseudo first-order equation, pseudosecond-order equation, and intra-particle diffusion
equation and the units were respectively min-1,
g·mg-1·min-1, and mg·g-1·min-0.5.
The fitting results are shown in Table 1 and
fitting curves of 3 equations are plotted in Figs. 1

Adsorption kinetics. As shown in Figs. 2 and
3, the adsorption effects of nitrate and phosphate by
HMB is significant. The adsorption of nitrate by
HMB was fast in the initial 10 min. After 80 min,
the adsorption capacity was slowly increased and
tended to be stable after adsorption. The adsorption
of phosphate by HMB was fast in the initial 80 min.
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the process of chemical adsorption [23]. It showed
that the adsorption process of nitrate and phosphate
were mainly chemical process.
In intra-diffusion equation, if the fitted curve
passed through the origin of coordinates, the intradiffusion would be the control step of the
adsorption rate [24]. However, the fitted curve for
nitrate and phosphate adsorption experimental did
not pass through the origin of coordinates in the
experiment, indicating that the intra-diffusion was
not the only control step in the adsorption process
for nitrate and phosphate adsorption experimental.

and 2. In Table 1, Fig. 2 and Fig. 3, the fitting
correlation coefficient for the nitrate and phosphate
adsorption experimental results of HMB with
pseudo-second-order equation was higher than that
of pseudo-first-order equation. In addition, the
theoretical values of adsorption of nitrate and
phosphate onto HMB calculated with pseudosecond-order equation (qe) was closer to the
measured values, indicating that the pseudo-second
kinetic model can better describe the adsorption
process of nitrate and phosphate by HMB. The
pseudo-second-order equation was used to describe

FIGURE 2
Kinetics of nitrate sorption onto HMB

FIGURE 3
Kinetics of phosphate sorption onto HMB
TABLE 1
Kinetic parameters for nitrate and phosphate sorption onto HMB
Kinetic model
pseudo-first-order

pseudo-second-order

NO-3
0.8092
0.9391
0.8832
11.7401
0.9421
0.9491

Parameter
k1/miní1
qe/mg·L-1
R2
k2/g·mgí1·miní1
qe/mg·gí1
R2

4828

PO3-4
0.8822
0.3656
0.5193
0.9636
0.9101
0.8805
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qi/mg·gí1·miní0.5
R2

0.0007
0.2419

0.0101
0.7892

FIGURE 4
Sorption isotherm of nitrate onto HMB

FIGURE 5
Sorption isotherm of phosphate onto HMB

Adsorption isotherms. The adsorption
capacity of nitrate and phosphate by biochars itself
was very limited [11, 12]. As shown in Figs. 4 and
5, with the increase in the initial concentration of
nitrate and phosphate, the adsorption amounts of
HMB also increase. Further suggesting the iron
oxide particles serve as adsorption sites with higher
capacity for nitrate and phosphate in aqueous
solution [7].

qe

qe

bQm ce ;
1  bc e

(4)

Freundlich Equation:
(5)
K f c1/n ;
e

Where qe is the equilibrium adsorption capacity,
mg·g-1; ce is the equilibrium concentration, mg·L-1;
b is the Langmuir equilibrium constant, L·mg-1; Qm
is maximum theoretical adsorption capacity, mg·g-1;
Kf is the Freundlich constant, mg-1/n·g-1·L-1/n; 1/n is
the Freundlich exponent.
Data fitting results are provided in Table 2 and
fitting curves of two models are plotted in Figs. 4
and 5. Freundlich Equation showed the better fitting
results for nitrate and phosphate adsorption isotherms of HMB with the correlation coefficient (R2)
larger than 0.96.

The adsorption isotherms were fitted with
Langmuir Equation and Freundlich Equation, which
were often used to describe the adsorption process
of ions onto the adsorbent as follows:
Langmuir Equation:
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adsorption of HMB on nitrate and phosphate was
Freundlich Equation belongs to the multilayer
mainly based on multi molecular layer and
adsorption theory, which is more close to the
pratical experience[25]. It showed that the
heterogeneous adsorption model.
TABLE 2
Constants and correlation coefficient of Langmuir and Freundlich models for nitrate and phosphate
sorption onto HMB
adsorbed ions
3
34

NO
PO

Langmuir model
Qm/mg·gí1
3.0736
2.8152

b/L·mgí1
0.0241
0.0178

R2
0.8618
0.9548

FIGURE 6a
Immobilized HMB microspheres

Kf/mg1-1/n·gí1·Lí1/n
0.3223
0.2146

Freundlich model
1/n
0.3841
0.4336

R2
0.9819
0.9659

FIGURE 6b
Immobilized HMB microspheres

According to the Freundlich exponent of 1/n,
if 0.1<1/n<1, the abadsorption process is easy; the
smaller 1/n indicates the better abadsorption effect
[26]. HMB showed the better adsorption effects of
nitrate and phosphate.
According to the maximum adsorption
capacity of Qm, nitrate and phosphate adsorption
capacity of Qm were 3.0736 mg·gí1 and 2.8152
mg·gí1.
The adsorption of nitrate and phosphate onto
HMB could be controlled by multiple processes
associated with both carbonaceous and iron oxide
surfaces. Previous studies have suggested that biochar of iron loaded can encourage the formation of
precipitates which can then remove phosphate from
aqueous solutions [7, 27, 28].
The adsorption of nitrate and phosphate onto a
solid surface is most likely controlled by the
positive charge of the sorbent surface [29].They
were pre-dominantly positively charged under the
experi-mental conditions. As a result, both the iron
particles and surface functional groups of the HMB
can serve as the adsorption site for nitrate and
phosphate through electrostatic attractions and
precipitates in aqueous solution.

mechanical, physical and chemical stability and
does not interfere with the growth of
microorganisms [30, 31]. More-over, sodium
alginate is environmentally friendly and cheap [32,
33]. Therefore, this study utilized sodium alginate
as embedding agent for HMB. After immobilization,
we obtained the micro-spheres with the diameter of
2-3 mm as well as the complete spherical shape
(Fig. 6a). HMB showed good settling
characteristics (Fig. 6b).
The adsorption isotherms were fitted with
Langmuir Equation and Freundlich Equation (Table
3). The maximum adsorption capacity of Qm for
nitrate and phosphate were 2.9667 mg·gí1 and
2.3301 mg·gí1. Immobilization did not significantly
reduce the adsorption effect of HMB (nitrate and
phosphate adsorption capacity of Qm were 3.0736
mg·gí1 and 2.8152 mg·gí1). The immobilized HMB
microspheresprepared with sodium alginate showed
the high adsorption capacity, certain mechanical
strength and good settling performance.
Removal efficiency of nitrate and
phosphate from eutrophic water. In the eutrophic
water, the nitrate and phosphate content decreased
rapidly. After 5 min, the nitrate removal rate
reached 65.03%. After 20 min, the removal
efficiency was slowly increased and tended to be
stable after sorption. After 320 min, the removal
rate was the highest and reached 84.31%. After 5

Immobilized HMBmicrospheres. Biochar is
powder and easily lost in water. In order to solve
this problem, the modified biochar was
immobilized. Naturalsodium alginate has enough
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reached 82.06% (Fig. 7). Immobilized HMB
min, the phos-phate removal rate reached 61.81%.
microspheres could effi-ciently remove nitrate and
After 80 min, the removal efficiency was slowly
increased and tended to be stable after sorption.
phosphate from eutrophic water, and promote the
utilization of aquatic plants.
After 320 min, the removal rate was the highest and
TABLE 3
Constants and correlation coefficient of Langmuir and Freundlich models for nitrate and phosphate
sorption onto immobilized HMB
adsorbed ions
3
34

NO
PO

Langmuir model
Qm/mg·gí1
2.9667
2.3301

b/L·mgí1
0.0158
0.0128

Kf/mg1-1/n·gí1·Lí1/n
0.3092
0.1705

R2
0.9648
0.9456

Freundlich model
1/n
0.3864
0.4239

R2
0.9685
0.9869

FIGURE 7
Removal efficiency of nitrate and phosphate from eutrophic water
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and animals through entanglements, captures and entanglement from ghost nets, physical damage and ingestion including uptake of microparticles, mainly
microplastics and the release of associated chemicals, facilitating the invasion of alien species, and altering the benthic community structure) [7].
Using figures from the North Sea and the waters around Australia, as well as from other locations,
it has been estimated that up to 70% of the marine
litter that enters the sea ends up on the seabed,
whereas half of the remaining amount (i.e., 15%) is
found on beaches and the remainder (another 15%)
floats on the water surface [10]. Furthermore, it has
been estimated that the weight of rubbish dumped
into the world's oceans annually is 3 times the weight
of caught fish [5]. From a situation that started as an
aesthetic problem of littering (first of all on the
beaches and floating), the number of potentially
harmful implications of debris that have been identified has escalated and include the transport of persistent organic pollutants (POPs), the release of toxic
compounds, the assistance of non-indigenous species transportation, the entanglement and mortality
of many marine species, altering the structure of benthic communities, and socioeconomic impacts such
as the threat of floating debris to navigation, reduction of the recreational value of beaches, the loss of
income to the tourism industry and damage to fishing gear [5-7, 11].
Numerous international organisations, conventions, agreements and global activities have been set
in place with the aim of evaluating the current state,
gaps in the knowledge and priority measures. The
importance of the marine litter issue is also recognised in the EU Marine Strategy Framework Directive (MSFD) [12] where, to define Good Environmental Status (GES), descriptor 10 is defined as folORZV³3URSHUWLHVDQGTXDQWLWLHVRI PDULQH OLWWHUGR
not cause harm to the coastal and marine environPHQW´ [13]. This is obligatory only for European
countries, but as Montenegro is an EU candidate
country, guidance on the monitoring of marine litter
in European Seas [8] was consulted in this first assessment of the distribution, typology and quantity
of the marine litter in shallow coastal areas in Montenegro (South-East Adriatic Sea).

ABSTRACT
The typology and quantity of the marine litter
was investigated in the shallow coastal area of southeast Adriatic Sea (Montenegro). Surveys were performed during the period 2012-2014 and 47 sites
were analysed during underwater visual surveys by
SCUBA diving. Litter items were classified in seven
categories (plastic, metal, rubber, paper, clothing,
glass and others) according to the nature of the material. Plastic litter was dominant (54%) followed by
metal items (23%), and the density of marine litter
was from 0 to 16.6/1000m2 with an average of
2.49/1000m2. As expected, a greater abundance of
marine litter was found in the Boka Kotorska Bay
and close to urbanised areas.

KEYWORDS:
litter, Adriatic Sea, shallow coastal area, pollution,
SCUBA, seabed

INTRODUCTION
The marine environment faces a growing number of threats, of which four are currently considered
to be the most important ones: pollution, habitat destruction, overfishing and invasive species [1]. As
part of the pollution issue, various studies have dealt
with marine litter (also called marine debris) over the
last 50 years, but only in the last few decades serious
attention has been paid to this topic [2-6]. Marine litter is any persistent, manufactured or processed solid
material that is discarded, disposed of or abandoned
in the marine and coastal environment [7]. Unfortunately, it is commonly observed everywhere in the
oceans, drastically impacting the Mediterranean Sea,
which is now one of the most affected areas [8] [9].
Harm caused by marine litter can be divided into
three general categories: social (reduction in aesthetic value and public safety), economic (e.g. cost
to tourism, damage to vessels, fishing gear and facilities, losses to fishery operations, cleaning costs) and
ecological (mortality or sublethal effects on plants
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TABLE 1
Surveyed locations and sampling period
Location
iza Orahovca
Inst. of marine biology
iza Strpa
Perast ponta
Perast parking
Ljuta
Risan
6Y'RUÿH
Verige
iza Perasta
Morinj
Prcanj
Canj pecina
.DWLþ
Pristan (kod Kumbora)
Miriste
Mogren
Jaz pecurke
Ponta Veslo
Trsteno
cape Jaz
cape Arza
Nerin
Plava spilja
cape Macka
cape Meret
Kalafat
cape Ceran
Stari Ulcinj
inlet Velika (Ulcinj)
Velika Krekavica
Zlatna vala
Oblatno
o. Sv. Nikola
Galiola
U Ploca (Dobrec)
Platamuni
Sv. Nedjelja
Opatovo
Lipci
Kostanjica
Sv. Nikola (Platamuni)
Zli potok
cape Zukovica
inlet Zukovica
Durdeva vala
Mikovica pecina

North

East

42.489295°
42.436545°
42.503114°
42.484027°
42.483694°
42.483519°
42.510139°
42.485295°
42.477485°
42.494485°
42.488617°
42.464945°
42.162484°
42.194790°
42.426926°
42.394816°
42.274195°
42.277914°
42.365024°
42.279534°
42.273355°
42.390285°
42.306482°
42.373797°
42.361599°
42.018137°
42.328011°
41.906307°
41991775°
41.926337°
42.290564°
42.381013°
42.378659°
42.269632°
42.269906°
42.411694°
42.267017°
42.459214°
42.461512°
42.494953°
42.482008°
42.273540°
42.313241°
42.322461°
42.328115°
42.309874°
42.072087°

18.752637°
18.764025°
18.667054°
18.705976°
18.708496°
18.764417°
18.695790°
18.691213°
18.690571°
18.691026°
18.651571°
18.734818°
18.985576°
18.9366365°
18.597047°
18.578376°
18.830054°
18.820781°
18.612230°
18.786392°
18.802062°
18.571502°
18.732574°
18.596999°
18.630454°
19.142085°
18.699792°
19.234770°
19.139377°
19.196555°
18.750254°
18.591764°
18.653801°
18.850721°
18.855894°
18.556714°
18.780903°
18.675039°
18.682693°
18.654502°
18.679894°
18.769822°
18.719180°
18.706758°
18.713633°
18.724010°
18.088532°

Inside the Boka Kotorska
bay






Outside the Boka Kotorska
bay

plastic





plastic

paper



rubber


cloths


paper



rubber
metal



Year of Survey
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014

metal
cloths

glass

FIGURE 1
Percentage composition of the different marine litter materials inside and outside
the Boka Kotorska Bay
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Metal items were almost only registered inside
the Boka Kotorska Bay (Figure 2B). The only location at the open part of the Montenegrin coast that
had more than 5 items of metal debris was Kalafat.
However, it is important to underline that at this location, metal debris appeared to originate from a few
ship wrecks and one mine from the beginning of the
20th century. For all other locations, metal items
were mostly aluminium beverage cans, followed by
pots, cans, cars, anchors, domestic machines and
other.
Again, the bay was the area with the highest
amount of rubber items, more than 90% of which
were car tires (Figure 2C). Glass items were concentrated in the inner part of the Bay and they were almost always in the form of different bottles (Figure
2D). In Figure 2E, the locations where paper items
were found are shown (only inside the bay of Boka
Kotorska). This type of marine litter was represented
by newspapers and other small, light paper items.
Cloth items, as expected, were found close to inhabited and tourist areas, mostly inside the bay, along
with some other materials (Figure 2E).
According to the Principal Component Analysis (PCA), it can be seen that plastic and metal predominantly influence the position of sites in the resulting diagram (Figure 3).
Furthermore, the distribution of the marine litter items not on the basis of material category, but on
the basis of fishery activity is shown in Figure 4.
Here, locations with different types of nets and fishing lines (plastic), pots and anchors (metal) and
ropes (other) are presented.

MATERIALS AND METHODS
In the period from 2012-2014, the Institute of
Marine Biology Kotor participated in different projects focused on habitat or protected species mapping and monitoring, but this was not particularly focused on marine litter monitoring. Because of the
awareness of the importance of this topic, during underwater visual surveys by SCUBA diving we took
the opportunity to also collect data about marine litter.
Benthic marine litter was recorded in 47 sites
in Montenegro coastal waters, at depths between 0
and 40m. Names of locations, coordinates and sampling period is indicated in the Table 1. During each
dive, two parallel, vertical transects 200m long and
together 25m wide were checked by four divers, during a 1h dive. All found marine debris (bigger than
2.5 x 2.5cm) inside the checked area was photographed and classified into seven categories (plastic,
metal, rubber, paper, clothing, glass and others) according to the nature of the material >8, 14@. Furthermore, all locations were mapped by Quantum GIS
>15@ and statistical Principal Component Analysis
(PCA) was performed with PRIMER >16@.

RESULTS
During the research period, a total of 585 items
of marine litter were observed and the mean density
of marine litter ranged from 0 to 16.6/1000m2 with
an average of 2.49/1000m2. The large majority and
practically more than half of the items of marine litter found (54%) were plastic materials. The second
major class was belonging to metal items (23%), followed by glass (9%), rubber (8%) and cloth, paper
and others (all by 2%). Comparing data for the locations inside the Boka Kotorska Bay and outside the
bay (Figure 1) there is a significant difference in the
percentage of the plastic, metal and rubber litter.
Plastic litter was main component of the litter found
outside of the bay (79%), while in the Boka Kotorska
Bay it was almost half (47%). But, in the Boka Kotorska Bay percentage of metal (26%) and rubber litter (10%) was higher than on the open sea (9% and
2% consecutively).
The analysis of distribution for different categories of marine litter has shown characteristics as
follows. Most of the plastic marine litter items were
found in the Bay of Boka Kotorska (average 2.2
items/1000m2) and a maximum concentration of
11.6 items/1000m2 was also registered in the same
area. On the open sea, Budva town was also one of
the hot spots (Figure 2A). In the most southern part
of the coast, at two locations, we also registered a
high quantity of marine litter items, some of which
were in Albanian language.

DISCUSSION
The highest quantity of marine litter in the area
of research was in the form of plastic materials
(54%). This is not only characteristic for the shallow
coast of Montenegro, but is also reported for the
Mediterranean Sea and other seas worldwide [17,
18]. Research carried out in the northern and central
Adriatic Sea also indicates the dominance of plastic
litter (34%) compared to the total amount of collected items >19@. Although plastics have only existed for just over a century, they have rapidly moved
into all aspects of everyday life over the last few decades; however, unfortunately, the relevant literature
leaves no doubt that plastics make up most of the
marine debris worldwide. Furthermore, because of
its floating properties, it is a principal component of
floating marine debris or debris stranded on beaches,
but not of marine debris on the sea bottom [5, 11, 17,
20]. Regardless, when plastic marine litter arrives at
the sea bottom, because of its very long period of decomposition, it can persist there for decades and also
accumulate in some locations, with unpredictable
consequences on the marine ecosystem >5@. This is
of special importance for those marine bays where,
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and currents of the sea has contributed to this situation.
Close to locations where tourist facilities or settlements are located on the coast besides the "usual"
plastic and metal debris (bottles, cans, food packages, etc.), a certain number of cloth items, newspapers, etc. were also found. Locations with no infrastructure on the coast were litter free in most cases,
and when we found some marine debris it was from
the fishery sector or composed of plastic materials.
Regarding marine litter related to fishery activities, the most diverse marine debris was found in the
Boka Kotorska Bay (Fig 4). Because of the long tradition and higher intensity of fishery in this area, this
result was expected.

because of low hydrodynamism, marine litter can accumulate and drastically increase quantities on the
sea floor over time [14, 17]. Data from this research
indicates the same situation on the coast of Montenegro. In the Bay of Boka Kotorska, we found several locations with significantly higher concentrations of marine litter than in the open sea. However,
in bays, marine litter does not move far from the
point of disposal, contrary to marine litter in the open
sea. Close to the town of Ulcinj and the border with
Albania, many, especially plastic, items of marine
litter have been found with labels in Albanian language. We suppose that the transportation of marine
litter by the River Bojana and also by wave action

FIGURE 2
Spatial distribution of the A) plastic, B) metal, C) rubber, D) glass and E) cloths and paper litter
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FIGURE 3
Principal Component Analysis (PCA) based on litter items category and stations

FIGURE 4
Distribution and type of marine litter items from fishery activity

and penalties, also contributed to the high quantities
of glass (bottles) and rubber (tires) on the sea floor.
In general, the concentration of marine litter in
the shallow coastal sea of Montenegro was lower
than in some other locations of the Mediterranean
and different regions of the world's oceans, but it was
also higher than on the deep sea floor [5, 21]. Although scuba diving surveys were performed in different projects focused on habitat or protected species mapping and collecting of marine litter data was
a secondary objective, presented information are valuable because of two main reasons. First of all these

Along with the expected results, such as the
higher concentration of marine litter in the Boka Kotorska Bay and the dominance of plastic materials,
an unexpected result was the high quantity of metal
and rubber marine debris items in a few locations in
the Boka Kotorska Bay. These locations are practically small underwater areas where different materials were previously dumped illegally on the coast,
close to the road, and later on, because of irresponsible individuals they were dumped in the sea. The
lack of appropriate measures for recycling and slow
decomposition, together with a lack of awareness
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results are first overview of the typology and quantity of the marine litter in South-East Adriatic Sea
down to 40m depth. Furthermore, scuba dives were
performed in all types of bottoms and on locations
where bottom trawl net can not be used, while ROV,
sonar and submersible are much more expensive.
Another advantage of the scuba diving method is that
marine litter is observed in situ without disturbing
environment, but the limits are that only small areas
can be surveyed at the time and use is restricted to
shallow depths [22]. That is also the main reason
why there are just a small number of such studies
around the world and the most common method applied in the studies of benthic marine debris is bottom trawl net [5, 18, 21-23].
Taking into account the fact that quantities of
marine litter continuously and exponentially increase the effect of marine litter on marine life and
human economy, this is expected to become a more
prominent issue in the future, and therefore deserves
our attention and immediate action [5, 6, 17]. Many
initiatives for the development of the criteria and international methodologies for the monitoring of marine litter (on the sea floor, floating, on the beaches,
ingested or entanglements of animals) have been developed [6, 13, 24-26]. Furthermore, there are many
other initiatives for cleaning beaches and coastal
seas, testifying to the increased problems and consequently also about increased awareness. We think
that additional initiatives for increasing awareness
are necessary, together with the prevention of sea
pollution and regional approaches, to deal with the
problem of marine litter.
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There are lots of studies on feeding habits on
Pike [6-16], however, early larval feeding habits are
still obscure [17, 18]. As well known, carnivorous
fish species fed mainly on live preys after yolk sac
absorptions. To make clear of feeding protocols of a
candidate fish species for culture, prey selection
should be revealed substantially. The main aim of
this study is to present of prey preference of pike larvae in nature by geometric importance and selectivity index analyzes. By this means, growing performance and survival rates will be raised before artificial feeding under culture conditions.

ABSTRACT
,QWKLVVWXG\1RUWKHUQ3LNHODUYDH¶VGLJHVWLYH
tract contents were examined inhabiting in Isaszeg
reservoir lake, Hungary. In totally 19 thousand varieties of nutrients were found out, 12 of them derived
from zooplankton and 7 of them from phytoplankton. 1RUWKHUQ 3LNH ODUYDH¶V FRQVWLWXWLYH QXWULPHQW
sources were zoological originated. Geometric Importance Index (GII) were highest for Bosmina sp.
ZLWK  LQ WKLV VSHFLH¶V ODUYDO QXWULWLRQ 7KLV
was followed by Chydorus sp. (503.836) and Thermocyclops sp. (493.299) respectively. Pike starts to
exogenous feeding at 12 mm length. In contrast to
GII, Selectivity index (SI) were revealed that Thermocyclops sp. were preferred by pike larvae as the
main food organism.

MATERIALS AND METHODS
Source of pike larvae and plankton. Pike larvae were obtained from broodstock in Isaszeg, Hungary (Fig. 1). Standard production procedures were
applied for production [19-21]. Fertilized eggs were
hatched on 9th day and yolk sac was totally absorbed
on DAH 10 at 10° C (Day after hatching, DAH). After incubation, larvae were transferred for study to
the research unit of Szent Istvan University Aquaculture Department in oxygen supplied plastic bags.
Plankton was harvested daily by vertically in a reservoir lake in Isaszeg, Hungary. Its mean depth is approximately 2 meters (Fig. 1).

KEYWORDS:
Larval Pike, Esox lucius, Diet Composition, Geometric Index of Importance (GII) Selectivity Index (SI)

INTRODUCTION
Pike (Esox lucius L., 1758) is an economically
important fish species not only as food but also for
angling. It is mostly found in freshwater lakes, rivers
and estuarine regions in Northern hemisphere [1,2].
Recently, a significant decrease in its population has
been observed in Europe. Over exploitation and diminishment of natural breeding sites are directly correlated to decreasing of the pike populations [3]. To
protect natural stocks, recruitment should be supported in the future [4].
There is also inseparable correlation between
sustainable freshwater fish populations and adequate
natural foods in rivers and lakes. Especially, freshwater fish need to have a regular nourishment period
in order to keep healthy ontogenic development in
early stages. The availability of natural nutrients directly affects not only to the fish growing performance and health but also to population dynamics.
Thus, digestive tract content and selectivity analyzes
are very important to get information about ontogeny
of species [5].

FIGURE 1
Study Area (Isaszeg, Hungary)
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According to Fig.2, the main nutriments of pike
were zooplankton and the phytoplankton were
scarcely any in the diet of larvae. Bosmina sp. was
the most preferred group (GII: 1097.49), and this
was followed by Chydorus sp. (503.84), Thermocyclops sp. (493.30), Filinia sp. (440.66), Keratella sp.
(438.93), Brachionus sp. (318.57), Asplanchna sp.
 7KHRWKHUJURXS¶V*,,ZDVGUDPDWLFDOO\GH
creased. Although Bosmina sp. and Chydorus sp.
were the first two highest GII values, the SI values
were determined as negative. In spite of that, Thermocyclops sp. were the most favored zooplankton
group according to SII (+1). On the other hand, the
phytoplankton were ranged as Pediastrum sp., Navicula sp., Cymbella sp., Fragilaria sp., Synedra sp.,
Coelastrum sp. and Chlorococcum sp. according to
GII values.
[18] reported that almost 60% of samples
which were including 12.3-PPVL]HJURXS¶VGL
gestive tract were empty. In this study, in contradistinction to previous study, the same empty digestive
system ratio was obtained in the smallest length
group (10.0-10.9 mm). Nevertheless, the percentage
of full filled digestive tract samples were 46% in
12.0-12.9 mm length group.

Experimental design and sampling. Larvae
were stocked to 100 L aerated tank with 50 individuals/L. Larvae were fed 8 times a day and plankton
were supplied to the tank in each feeding time. At
least 12 larvae were sampled for ten days half an
hour later after feeding activity once a day. Samples
were collected into 3 ml Eppendorf tubes with 4%
formaldehyde till the analyse day.
Geometric index of importance and selectivity index analyses. Totally 193 samples were examined and samples were classified according to length
groups by using calliper gage. Larvae were dissected
under stereo microscope and previous diagnostic
keys were used to identification of organisms [2226]. Then, semi or non-digested organisms were
counted under inverted microscope by using Thoma
slide.
Geometric Index of Importance (GII) and Selectivity index (SI) were performed to estimate the
frequency of occurrence of food item and prey selection for this species [27, 28]. The formulas are below;
GII= (F+N+V).n-1
Where; F: Percentage of frequency of occurrence
for food items
N: Percentage of quantity
V: Percentage of volume
n: number of full of digestive tract
SI = (r ± p) / (r + p)
Where; r: the share of eaten by predator preys (%)
p: the share of the left uneaten preys (%)

RESULTS AND DISCUSSION
Number of samples and the ratio of empty/full
of digestive tracts, GII and Selectivity index results
were given in Table 1, Fig. 2 and Fig. 3, respectively.

TABLE 1
'LJHVWLYHWUDFW¶VFRQGLWLRQRIVDPSOHVDFFRUGLQJ
to size groups.
Total Length
(mm)
11
12
13
14
Total

N
44
85
41
23
193

Digestive system
Empty
Filled
42
2
55
30
19
22
4
19
120
73

Ratio (%)
95.45
64.71
46.34
17.39
62.18

Samples were classified four length groups.
The digestive tracts were almost empty in the smallest group (95.45%). By increasing of size classes, the
full filled digestive tract rate of incidence was increased.

FIGURE 2
Geometric Index of Importance (GII) of
Pike larvae.
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and Chydorus sp. were highly existed in digestive
tract of pike larvae, in contrast to [18], pike preferred
Thermocyclops sp.

According to Fig. 3, Pike larvae consumed Bosmina sp., Chydorus sp. and Thermocyclops sp. as
main nutriment plankton groups. The results were
showed similarity with [18]. The authors were stated
that pike particularly feed with Ceriodaphnia sp. and
Thermocyclops sp. Furthermore, Filinia sp.,
Keratella sp., Brachionus sp., Asplanchna sp., Colurella sp. and Euchlanis sp. follow the formerly
group as minor nutrients. On the other hand, phytoplankton were existed in biggest length group¶s digestive system, however the GII values were very
low. This situation may be caused that phytoplankton were swallowed during feeding activity of main
courses.
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EVALUATION OF POLLUTION FROM RIVERS IN
NORTHEASTERN MEDITERRANEAN REGION:
HEAVY METALS
Meltem Dural Eken*, Besir Akman
Iskenderun Technical University Marine Sciences and Technology Faculty, 31200, Iskenderun, Hatay, Turkey

The sediment layer is a reservoir for pollutants.
Persistent inorganic and organic contaminants can
accumulate in the sediment, and for many years can
be the result of accumulation, aquatic organisms and
toxic effects for human health. The preservation of
sediment quality, together with the protection of
aquatic life, human life, and ecological balance, is
important in the biological preservation and rehabilitation of water bodies on national borders. Sediment
pollutants can either eliminate or reduce species that
are recreational, general, or ecologically important,
either directly or by affecting the food chains that
sustainable populations need. Furthermore, some
sediment pollutants can be bioaccumulated throughout the food chain as a consequence of physical,
chemical and biological processes, or can migrate
freely into the water layer on the sediment [2].
Urban streams having distinctive catchment
territories and properties are examined to surmise
their substantial metal commitment to the Iskenderun Bay. Particularly, there are numerous settlements through the Ceyhan River. Ceyhan is an essential town in the review territory and one of the
critical mechanical communities for materials,
maize drying, sustenance and refreshment, agrarian
apparatus and oil preparing, and cotton-handling areas [3]. Baku-Ceyhan Unrefined petroleum Pipeline
will likewise add to the key and industrial criticalness of the Ceyhan region. Though heavy metal contamination of the lower Ceyhan River catchment
(Adana-Turkey) was studied [4], there is no
knowledge about surface water pollution in the upper and middle basin of the Ceyhan River. These stations were detected, primarily the most polluting
freshwater resources of the Gulf of Iskenderun
which is Arsuz Brook, Payas Stream, and Ceyhan
River.
The aim of this study was to describe the differences of Zn, Cd, Pb, Cu, Fe, Cr concentrations in
the sediments of different discharge point (Ceyhan
river, Payas stream, Arsuz brook) spilled into the Iskenderun Bay.

ABSTRACT
Samples of sediment were collected from 3 different discharge point (Ceyhan River, Payas Stream,
$UVX] %URRN  VSLOOHG LQWR WKH *XOI RI øVNHQGHUXQ
The concentrations of heavy metals (Zn, Cd, Pb, Cu,
Fe, Cr) were determined by using Microwave
Plasma-Atomic Emission Spectrometry (MP-AES)
AGILENT 4100 after applying the appropriate
method based on heavy metals.
As a result of the analyses physicochemical Arsuz Brook, Payas Stream and Ceyhan River water
temperature 12,15-26,00 o& VDOLQLW\ Å-1,80
dissolved oxygen 5,40-10,75 mgl-1, electrical conductivity 316-742 PS/cm, pH 6,00-8,15 were fastened down. Heavy metal accumulation levels in the
sediment were determined Fe>Cr>Zn>Cu>Pb>Cd
in Arsuz brook, Fe>Zn>Pb>Cr>Cu>Cd in Payas
stream and Fe>Cr>Zn>Cu>Pb>Cd Ceyhan river.
The results of this study showed that high accumulation levels in sediment were determined Fe while
low accumulation levels Cd.

KEYWORDS:
Heavy Metals, North Eastern Mediterranean, Iskenderun
Bay, freshwater, sediment,

INTRODUCTION
Freshwater is fundamental to human life and
monetary prosperity and social orders separate endless amounts of water from streams, lakes, wetlands,
and underground aquifers to supply the necessities
of urban areas, homesteads, and enterprises. Our requirement for freshwater has since quite a while ago
made us disregard similarly key advantages of water
that remaining parts the stream to maintain solid
aquatic biological systems. Water is either polluted
by humans or naturally. In recently recovered terrains, the rural and industrial activity may make diverse wellsprings of contamination. Expanding water contamination causes the decay of water quality
as well as undermines human well-being and the adjust of aquatic ecosystems, financial improvement,
and social thriving [1].
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of sediment measured on an inductively coupled
plasma atomic emission spectrometry (ICP-AES)
(Varian model, Liberty Series II) and metal concenWUDWLRQLQWKHWLVVXHZDVSUHVHQWHGDVȝJJ)RUFDOL
bration ICP-AES was used as a High Purity MultiStandard. All digested samples were analyzed three
times for the each metal. In the study, Mustafa Kemal University Faculty of Marine Sciences and
Technology Basic Sciences Laboratory and Margem
is used. Data were analyzed statistically by a series
of Duncan multiple range tests to identify any differences among seasons using SPSS statistical package
program (a, b and c). Data shown in different letters
are significant at the 0.05 level.

RESULTS AND DISCUSSION

FIGURE 1
Sampling Stations
(Station I: Arsuz Brook, Station II: Payas
Stream and Station III: Ceyhan River)

In the study, some seasonal averages and annual averages of physicochemical parameters and
heavy metals in sediment samples of some freshwater sources poured into Iskenderun Bay have been
determined (Table 1, 4, 5, 6).
Water quality classes were determined according to the seasonal averages of the physicochemical
parameters measured in the Arsuz Brook, Payas
Stream, and Ceyhan River. Color codes are created
according to water quality classes. The characteristics of the specified water quality classes have been
determined (Table 2, 3).
According to the evaluation result in Table 3,
Arsuz Brook, Payas Stream, and Ceyhan River have
been determined as Class III- Contaminated water
according to the temperature parameter in summer.
Payas Stream has been determined to be Class III Polluted water according to pH parameters during
the summer season. Ceyhan River was found to be
Class III- Contaminated water according to the dissolved oxygen parameter in the autumn season. Arsuz brook, Payas Stream, and Ceyhan river in other
seasons, Class I-High quality water or Class II-Less
contaminated water.
One of the most important elements in the river
systems is sediments. Sediment is the field of harvesting, breeding, and nutrition for the survivors of
the life in the aquatic system. Heavy metal contents
accumulate in the sediment by sedimentation of micro-sized particles in the aquatic system. Sediments
have direct and indirect effects on water quality and
aquatic life. Therefore, sediment quality is an important determinant of biodiversity and water quality
[8]. Sediment pollution is particularly affecting the
continuity of aquatic life. The heavy metals accumulated in the sediment structure lead to changes in
aquatic life and environmental conditions. With bioaccumulation, these pollution and changes extend to
the upper rings of the ecological chain [9].

MATERIALS AND METHODS
Sample Procedures. Iskenderun Bay as a result of rapid population growth and the booming industrial sector has been an area of considerable pollution problems in recent years. The development of
the industry has increased ship traffic and unplanned
urbanization in this area. With the opening of the Yumurtalik oil terminal for the export of Iraqi oil and
the iron and steel industry in addition to this, the
sewage discharged Adana to untreated Seyhan River
affects the bay's water quality in a negative way [5].
These stations were detected, primarily the most polluting freshwater resources of the Gulf of Iskenderun
is selected (Figure 1).
Experimental Procedures. Sampling February 2014 - is carried out between January 2015 has
worked on a total of 24 sediment samples with seasonal 3-month intervals, including 2 from each station. Physicochemical parameters were measured at
the stations with YSI brand devices. The sediment
samples were taken from 0-10 cm layer of surface
sediment at the stations. If necessary until the analysis is stored in a freezer at -18 °C. Then the collected
VDPSOHVZHUHVFUHHQHGIURPWKHȝPPHVKSODVWLF
VLHYH 6DPSOHV DUH VPDOOHU WKDQ ȝP GULHG LQ DQ
oven at 102 0C for 12 hours. After removal from the
oven-dry samples were weighed 1 g of sample and
Aqua-Regia (HCl: HNO3 (3: 1)) was added and
waited 24 hours in acids. The samples were then
placed on the heater block was evaporated at 120 0C
until white smoke. The clarified samples after cooling filtered through a blue band paper filter completed to 50 ml with bidistilled water and made ready
for measurement [6]. After dilution, metal contents
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TABLE 1
Seasonal measurement of physicochemical parameters
Parameters
T (oC)
D.O (mgl-1)
E.C (μS/cm)
pH

A
23,75
9,00
573
8,00

Spring
P
20,25
9,00
316
7,50

C
23,15
7,60
531
7,70

A
26,00
7,90
588
6,70

Summer
P
25,50
7,92
348
6,00

C
25,75
6,10
535
6,50

A
23,00
8,61
721
7,95

Autumn
P
19,55
6,41
494
8,00

C
24,60
5,40
742
8,15

A
17,10
10,20
637
7,80

Winter
P
12,15
10,75
383
7,80

C
13,75
8,50
689
7,72

A: Arsuz Brook, P: Payas Stream ve C: Ceyhan River
T: Temperature, S: Salinity, D.O: Dissolved oxygen, E.C: conductivity
TABLE 2
Quality Criteria of Classes of Continuous Surface Water Resources [7]
Parameters
Temperature(oC)
Dissolved Oxygen (mgl-1)
Conductivity (μS/cm)
pH

I

>8
< 400
6,5-8,5

Water Quality Class
II
III


6-8
3-6
400-1000
1001-3000
6,5-8,5
6,0-9,0

IV
> 30
<3
> 3000
Outside 6,0-9,0

TABLE 3
Characteristics of Waters According to Quality Classes and Water Quality Class Color Codes ([7]
Water Quality
Class I
ClassII
Class III
Class IV

Characteristic
High-quality water
Less contaminated water
Contaminated water
Highly contaminated water

Color
Blue
Green
Yellow
Red

TABLE 4
Pgg-1wet weight) in sediments of Arsuz brook
Seasonal metal concentrations (P
Metals
Fe
Zn
Cd
Cu
Pb
Cr

Spring

Summer

Autumn

Winter

Average Annual

X ±Sx
6366.1±4315.3ab
38.10±0.78a
0.12±0.12
3.73±1.70ab
2.75±0.35ab
45.03±32.47

X ±Sx
9060.1±2256.2ab
19.77±8.91b
0.36±0.21
11.43±3.69a
3.90±1.60ab
63.85±15.91

X ±Sx
17215.2±3237.9b
14.66±2.15b
0.21±0.01
6.65±1.53ab
5.50±0.17a
97.45±12.91

X ±Sx
3079.8±1549.0a
2.92±1.03b
0.08±0.08
1.12±0.41b
0.83±0.36b
18.97±9.84

X ±Sx
8930.3±2283.9
18.86±5.10
0.19±0.06
5.73±1.66
3.24±0.71
56.32±13.14

TABLE 5
Seasonal metal concentrations (Pgg-1wet weight) in sediments of Payas Stream
Metals
Fe
Zn
Cd
Cu
Pb
Cr

Spring

Summer

Autumn

Winter

Average Annual

X ±Sx
13211.2±811.1a
805.19±61.19a
5.18±0.73a
35.50±2.76a
116.75±10.24a
112.23±9.54a

X ±Sx
4899.5±1960.3b
27.77±15.53b
0.24±0.12b
14.13±6.79b
5.47±2.90b
23.54±10.85b

X ±Sx
1657.9±938.9b
6.43±1.07b
0.99±0.08b
1.69±0.35b
1.67±0.60b
17.45±8.06b

X ±Sx
24395.6±2259.8c
1083.94±16.83c
3.95±0.52a
73.32±2.06c
202.12±9.96c
106.76±14.03a

X ±Sx
11041.1±3376.9
480.83±179.63
2.59±0.78
31.16±10.37
81.50±31.71
64.99±17.34

The present study shows that metal concentrations in the sediments tended to vary among seasons,
and stations displayed particularly high levels. This

variation may be due to the differences in the sources
of metal pollution and physical±chemical conditions
favoring sediment contamination.
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The determination of the environmental hazard
dimension of the sediment layer and the establishment of standard or quality criteria for the sediment
quality can be understood by comparison of the concentrations of pollutants by the toxicity and chemical
analysis of the species in the sediment, the substances on these species [10].
The annual average of heavy metals in the Arsuz, Payas and Ceyhan River sediments was evaluated according to EPA (Environmental Protection
Agency) Sediment quality directive. EPA (Environmental Protection Agency) Sediment quality directive is given in Table 7.
The evaluation was made on a dry weight basis.
As a result of the evaluation, the accumulation of Fe,
Zn, Cd, Cu, Pb in the Arsuz Brook sediment was
found to be at the lowest effective concentration levels according to EPA (Environmental Protection
Agency) Sediment quality directive and Cr was
found above the lowest effective concentration levels. Fe accumulation in the Payas Stream sediment
was above the lowest effective concentrations of Zn,
Cd, Cu, Pb and Cr at low effective concentrations.
The precipitation of Fe, Zn, Cd, Cu, Pb in the Ceyhan
River sediment was found to be at the lowest effective concentration levels and Cr was above the lowest effective concentration levels.
Pollutants entering the stream and estuaries,
particularly those in mechanical and populace focuses, has prompted to a critical increment in metal
sullying. Many reviews in various districts of the
world have utilized the sediment of stream and estuaries as markers for heavy metals [12, 13, 14, 15,
16].

Seasonal averages and annual averages of
heavy metals determined in the Arsuz brook, Payas
VWUHDP DQG &H\KDQ ULYHU¶V VHGLPHQW according to
Duncan test results are given in Table 4, 5, 6 respectively.
According to the Duncan test results in Table
4, there is no statistical difference between Cd and
Cr averages in the sediment samples taken from Arsuz Brook; Fe, Cu, and Pb were found in autumn and
summer and Zn in summer and spring in higher
amounts than the other seasons (p <0.05). In the Arsuz Brook sediment, Fe is measured with the highest
amount of 8930.3 ± 2283.9 Pgg-1 in the highest
amount and the heavy metals are classified as Fe>
Cr> Zn> Cu> Pb> Cd.
According to Duncan test results in Table 5, Fe,
Zn, Cd, Cu, Pb, and Cr were found to be higher in
winter and spring than the other seasons in sediment
samples taken from Payas Stream (p <0,05). It was
determined that the highest amount of Fe in the
Payas Stream sediment was measured with 11041,1
± 3376,9 Pgg-1and the heavy metals were classified
as Fe> Zn> Pb> Cr> Cu> Cd.
According to the Duncan test results in Table
6, Fe, Cu and Cr were found in spring and autumn,
Pb in spring and winter, and Zn in the spring and the
other seasons, respectively, while there was no statistical difference between seasons in terms of Cd averages in sediment samples taken from Ceyhan River
(p <0.05). Ceyhan River sediment was measured
with Fe at 10998,0 ± 1581,6 Pgg-1at the highest annual average and it was determined that heavy metals were classified as Fe> Cr> Zn> Cu> Pb> Cd.

TABLE 6
Seasonal metal concentrations (P
Pgg-1wet weight) in sediments of Ceyhan River
Metals
Fe
Zn
Cd
Cu
Pb
Cr

Spring

Summer

Autumn

Winter

Average Annual

X ±Sx
13914.2±539.9a
42.92±3.04a
0.32±0.14
12.11±0.17ab
3.44±0.61
44.54±1.80a

X ±Sx
10781.3±2252.1a
23.96±6.66ab
0.12±0.05
10.11±0.72ab
1.65±1.34
30.13±6.65ab

X ±Sx
14652.7±656.7a
19.69±3.09b
0.10±0.02
15.10±1.39a
1.66±0.59
43.82±3.01a

X ±Sx
4643.7±1401.6b
22.88±5.63b
0.08±0.08
7.86±2.31b
3.47±0.93
18.19±5.57b

X ±Sx
10998.0±1581.6
27.36±3.90
0.15±0.04
11.29±1.13
2.56±0.48
34.17±4.47

TABLE 7
The sediment quality guidelines (mg/kg dryweight) [11]
Metals
Fe
Zn
Cd
Cu
Pb
Cr

Lowest Effective Concentration
20000
120
0,60
16
31
26

4848

High Effective Concentration
40000
820
10
110
250
110
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A number of studies on the metal distributions
in river sediments and suspended particles, and on
speciation of metals have been performed. Heavy
metals entering the water body would be absorbed in
sediments, and subsequently might migrate as a result of exchanges between water, sediment, and biota, through biological and chemical process. According to [17] concentrated the substantial metal
fixations in suspended matter of a few streams in the
USA, for example, the Mississippi, Susquehanna
and Skunk waterways. Numerous heavy metals, for
example, Cu and Pb, are involved with the sediment
at Waihou Stream in Newzealand [18]. In a study on
the Ceyhan river, suspended matters have high concentrations of Zn, Pb, and Cd heavy-metals, and
have clues of anthropogenic pollution. Order of the
heavy
metals
is
suspended
matter
is
Al>Mn>Ni>Cr>Pb>Zn>Co>Cu>Cd. Possible reasons for pollution are vehicle fuel remains and phosphate fertilizers. They examined water contamination by substantial metals in the Ceyhan Stream in
Turkey and demonstrated the more noteworthy estimations of these metals found in the particulate stage
and they expressed that waterway water could be
delegated polluted with iron (Fe), aluminum (Al),
and nickel (Ni), and unnecessarily sullied with lead
(Pb), and cadmium (Cd) components [4]. In another
review, [19] appeared there was no relationship between the increment of substantial metals and aggregate include of microbes a waterway.
In a study on agricultural land near Kosovo
power plant, the heavy metal level in the agricultural
soil was investigated. The results show that the content of some heavy metals (Pb, Zn, Cd, As, Cu) in
the area close to the power plants is very high and
often exceeds the target and even the intervention
limits [20]. It has also been observed that the Payas
Stream, which is close to the Demirçelik plant, has
similarities with the yearly average. In another study
in the same region, potato crops were examined this
time. The results of this study show that the concentration of heavy metals in potato samples are from
0.78 to 32.25 mg kg-1 for zinc, copper as of 2.34 to
7.55 mg kg-1 and lead from 0.34 to 1.84 mg kg-1. On
the other hand, cadmium was below the minimal detectable value. As a result, agricultural areas near the
power plant were found to be at risk for the health of
local consumers [21].
+HDY\PHWDOVFRQWHQWRIULYHU¶VFDWFKPHQWDUHD
relies on upon industrial and household waste contributions as well as on the geochemical structure of
the region. High convergences of Cr is thought to
have come about because of anthropogenic impacts,
for all intents and purposes from industry and pesticides utilized as a part of horticulture, and are found
to show a contamination hazard. Fe focuses in the
Payas stream rely on upon the geochemical structure
of the basin, which comprises of Fe-rich metamorphic rocks.

Fresenius Environmental Bulletin

CONCLUSION
Iskenderun Bay is one of the settlement areas
around the industrial establishments and areas under
intense pollution due to the sea traffic that arises
from it and also one of the regions where the terrestrial inputs are most concentrated in the northeastern
Mediterranean. It is thought that the pollution load
that will be formed in the freshwater sources pouring
into Iskenderun Bay will cause pollution in the Gulf.
Industrial Establishments should take the necessary
precautions to comply with the Water Pollution Control Regulation and legal regulations. Otherwise, we
think that it is inevitable to pollute water resources.
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EFFECTS OF BRASSINOLIDE ON PHYSIOLOGICAL
PARAMETERS OF ROBINIA PSEUDOACACIA SEEDLINGS
IN CRUDE OIL CONTAMINATED SOIL
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ABSTRACT

INTRODUCTION

We conducted pot experiments to investigate
the physiological effects of brassinolide on oneyear-old Robinia pseudoacacia seedlings planted in
crude oil contaminated soil. In the experiment, the
oil concentration in soil of the pots was regulated to
10, 15 and 20 g/kg. The roots of seedlings were
soaked in different concentrations of brassinolide (0,
0.1, 0.3 and 0.5 mg/L) before planting followed by a
foliar application of brassinolide when the seedlings
leafed out. After the seedlings were established,
some physiological parameters were measured. The
results showed that application of brassinolide significantly increased the contents of leaf osmotic regulation substances such as proline, soluble sugar and
soluble protein of seedlings in different levels of
crude oil contaminated soil during main growth period, simultaneously increased the activities of leaf
enzymatic antioxidants including superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase
(APX) and glutathione reductase (GR), as well as the
contents of leaf non-enzymatic antioxidants as
ascorbic acid (AsA) and glutathione (GSH), however decreased the content of leaf malondialdehyde
(MDA). The best results were observed in 0.3 mg/L
brassinolide treatment. The results indicate that
brassinolide could alleviate the adverse effects of dehydration and toxicity of crude oil pollution on R.
pseudoacacia seedlings by improving the osmotic
regulation and antioxidant defense abilities of seedlings. Consequently, it enhances crude oil resistance
of seedlings. In conclusion, treatment of seedlings
with brassinolide may be a useful management tool
for phytoremediation in oil contaminated areas.

Brassinosteroids are natural substances which
are essential for plant growth and development. It is
well documented that brassinosteroids can induce a
broad spectrum of responses among plants, including stem elongation, pollen tube growth, leaf growth
and yield increase [1-4].
Many researchers have investigated the effects
of brassinosteroids on stressed plants. Epibrassinolide treatment enhanced tolerance of tomato and
brome grass to high temperature [5-6]. Application
of brassinosteroids also increased in SOD and POD
activities in tomato under high temperature conditions [7].
Brassinosteroids were shown to have positive
effects on maize under chilling stress [8]. In rice,
brassinosteroids increased seedling resistance to
chilling injury [9] and increased the height, root
length, root biomass, and total biomass of rice under
low temperature conditions [10-11]. Wang and Zeng
[9] also reported that treatment with 24-epibrassinolide reduced the MDA content, slowed the decrease
in SOD activity, and increased the proline content of
rice under chilling stress. The increase in chilling resistance was attributed to brassinolide-induced effects on membrane stability and osmoregulation.
Under saline conditions, 24-epibrassinolide
prevented nucleus and chloroplast degradation in
wheat by producing a protective effect on leaf cell
ultrastructure [12]. Treatment of rice seeds with 24epibrassinolide or 28-homobrassinolide promoted
germination under salt stress. Moreover, the length,
fresh and dry weights, and soluble protein content of
the seedlings were enhanced. Sasse et al. [13] reported the ability of 24-epibrassinolide to activate
the germination of Eucalyptus camaldulensis seeds
under saline stress. Application of brassinosteroids
increased the salinity tolerance in rice, tomato and
chickpea [14-15].
Several studies have investigated the effect of
brassinosteroids on water-stressed plants. Sairam
[16] found that homobrassinolide significantly increased the relative water content, chlorophyll a con-

KEYWORDS
Robinia pseudoacacia seedling; plant physiology; crude
oil contaminated soil; brassinolide
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FUXGHRLOLVH[WUDFWHGIURPWKHVDPHSODFH7KHVRLO
ZDV JDWKHUHG IURP XQFRQWDPLQDWHG VRLO OD\HU LQ
ZDVWHJUDVVODQG FP ZKLFKFRQWDLQVJNJ
RUJDQLFPDWWHUJNJIXOO1PJNJDYDLODEOH
3DQGPJNJDYDLODEOH17KHFRQFHQWUDWLRQRI
SHWUROHXP LQ PRVW RI WKH FRQWDPLQDWHG VRLO ZDV
ORZHUWKDQJNJ
7KH H[SHULPHQW GHVLJQV  OHYHOV RI FUXGH RLO
FRQFHQWUDWLRQVDQGJNJ$GGFUXGHRLOWR
WKHVRLOLQDFRPSOHWHPL[LQJZD\UHDFKWKHGHVLJQHG
FRQFHQWUDWLRQV 7KH VRLO DQG RLO DUH HYHQO\ PL[HG
ZLWKQRRUJDQLFVROYHQWDGGHGZDWHULQJWKHPL[WXUH
DQGOHWLWVWDQG>@
,Q ODWH 0DUFK RI  VHHGOLQJ URRWV ZHUH
VRDNHGIRUILYHPLQXWHVLQVROXWLRQVFRQWDLQLQJ
DQGPJOEUDVVLQROLGHDQGWKHQWKHVHHGOLQJV
ZHUHSODQWHGLQFPîFPîFPSRWVZKHUHVRLO
ZDVWUHDWHGE\GLIIHUHQWFUXGHRLOFRQFHQWUDWLRQVDV
DERYH$IWHUSODQWLQJDOOSRWVZHUHZDWHUHGWRNHHS
WKH VRLO PRLVWXUH DW  RI VRLO ILHOG FDSDFLW\ E\
ZHLJKLQJ PHWKRGVRWKDWWKH KDQGOHGVHHGOLQJVDUH
DOODWRSWLPXPZDWHUFRQGLWLRQ(DFKSRWFRQWDLQHG
WKUHH VHHGOLQJV (DFK WUHDWPHQW KDV  UHSOLFDWLRQV
7KHSRWVZHUHSODFHGLQDUDLQRXWVKHOWHU
The seedlings were sprayed with brassinolide
solution when they leafed out in late April. The
brassinolide concentration in the foliar spray was
different for each treatment. Specifically, the
brassinolide concentration in the spray was the same
as the concentration that the roots had been dipped
in at the beginning of the experiment.
At 9: 00 a.m. on the second day of each month
from July to October respectively, the functional
leaves from the middle part of the seedlings were
collected and used for the determination of physiological parameters, including (1) the contents of proline, malondialdehyde, soluble sugar and soluble
protein, (2) the activities of superoxide dismutase,
catalase, ascorbate peroxidase and glutathione reductase and (3) the contents of ascorbic acid and glutathione. The specific methods for the determination
were suggested by Li et al. [31].

tent, photosynthetic rate, leaf area and biomass production of wheat under moisture stress. Brassinolide
was also applied as plant regulator on maize to increase tolerance to drought stress [17].
Some other studies demonstrated that the
brassinosteroids improved the shoot and root length,
fresh and dry mass of Brassica juncea under copper
stress [18-19]. Application of brassinosteroids reduced the impact of heavy metals stress on growth
of Chlorella vulgaris cultures, prevented chlorophyll,
sugar and protein loss [20-21]. Brassinosteroids also
modified antioxidant enzyme activity in maize under
heavy metals stress [22].
Many researches showed that oil pollution in
soil impacted plant growth [23-26]. Xu [27] found
that low concentration of oil promoted sorghum and
maize growth, but high concentration of oil pollution
inhibited the growth of the plant and decreased the
plant biomass, especially the higher oil concentration cause irreversible damage to plants, and even
lead to death of plants. In addition, the oil pollution
in the soil also changes the physiological metabolism
of plants. As the oil concentration increased, the soluble protein and starch content of alfalfa were decreased [28]. Soluble protein content and SOD activity of soybean were significantly decreased when the
oil concentration reached 10 g/kg [29]. Song et al.
[30] also found that wheat seedlings CAT activity
was decreased with the increase of the concentration
of active diesel pollution.
North Shaanxi is an important oil production
area in China. The distribution of oil well is located
at the top, slope and gully bottom of the hills in loess
plateau. Crude oil contamination of soil is more serious. Robinia pseudoacacia is one of the species in
the local area. It has developed roots and large biomass to repair oil-contaminated soil. The objective
of this study was to investigate the effects of
brassinolide on some important physiological parameters of R. pseudoacacia seedlings in crude oil
contaminated soil. The results could provide an effective approach to strengthen the results of phytoremediation.

Statistical analysis. Analysis of variance
(GLM Univariate) was performed using SPSS software (17  'XQFDQ¶V WHVW ZDV XVHG WR GHWHUPLQH
differences among treatment means at a significance
level of P˘0.05. Origin 9.0 was used for drawing.

MATERIALS AND METHODS
([SHULPHQWDO ILHOG FRQGLWLRQV 7KH H[SHUL
PHQWZDVFRQGXFWHGLQWKHQXUVHU\RIWKH1RUWKZHVW
$ )8QLYHUVLW\LQ6KDDQ[L&KLQD7KHFOLPDWHKHUH
LVFODVVLILHGDVFRQWLQHQWDOPRQVRRQFOLPDWHRIPH
GLXPODWLWXGHVDQGWKHDOWLWXGHLVP7KHDYHU
DJH DQQXDO VXQVKLQH KRXUV DUH  7KH DYHUDJH
WHPSHUDWXUH LV &7KH WHPSHUDWXUH RYHU &
DFFXPXODWHV WR & IURVWIUHH SHULRG UHDFKHV
GDQGWKHDYHUDJHDQQXDOUDLQIDOOLVPP

RESULTS AND DISCUSSION
Effects of brassinolide on osmotic regulation
substances and MDA contents of seedlings. Under
various crude oil contamination levels, the leaf proline, soluble sugar and protein contents of seedlings
treated with brassinolide were significantly (P < 0.05)
higher than the controls during growth period (Fig.
1). Their highest values were nearly observed in the
0.3 mg/l brassinolide treatment. However, the leaf

3ODQWPDWHULDOVDQGWUHDWPHQWV ,QWKHH[SHU
LPHQWRQH\HDUROG5SVHXGRDFDFLDVHHGOLQJVZHUH
IURP +XD]LSLQJ WRZQ $QVDL &RXQW\ &KLQD 7KH
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fects of the stress on the biochemical processes. Under crude oil pollution stress, brassinolide treatment
increased the contents of proline, soluble sugar and
protein to protect plants from damage due to oil pollution stress.
The observation that the MDA content in untreated plants increased as water stress increased
agrees with the studies of bean by Zlatev et al. [38].
Temperature, drought, or salinity stress can result in
oxidative damage to plant cell membranes. MDA is
one of the end products of lipid peroxidation. MDA
content is also a useful index to evaluate pollution
levels and judge toxic effects of pollutants [39]. Increase in MDA content strengthened the idea of reactive oxygen species generation and subsequent oxidative stress by these pollutants [31]. Treatment
with brassinolide resulted in a decrease in MDA of
the seedling in oil contaminated soil. This suggests
that brassinolide may reduce damage of plant cell
membranes due to lipid peroxidation under oil contamination stress.
Bars represent ± SE (n = 5). A, B and C represent 10, 15 and 20 g/kg crude oil concentration
groups. Bars within the same oil concentration group
followed by the different letters are significantly different at P˘DFFRUGLQJWR'XQFDQ¶VWHVW

MDA contents of brassinolide treated seedlings were
significantly (P < 0.05) lower compared to the controls and the lowest MDA content were almost all
observed in 0.3 mg/l brassinolide treatment (Fig.1).
Petroleum can hinder water uptake of plants.
This can be attributed to the hydrophobic properties
of petroleum which has altered water infiltration and
humidity of the soil [32]. The accumulation of osmotic regulation substances is an important mechanism of plants to survive in adversity. Several researchers have found that increased proline levels
can protect plants from damage due to water stress.
Lansac et al. [33] reported that proline, an osmoregulatory agent, rapidly accumulated in the leaves of
water stressed plants. More importantly, proline
seems to have a protective effect on plants under severe water stress [34]. Saradhi et al. [35] reported
that proline protects protein structure and membranes from damage and reduces enzyme denaturation; this would minimize damage caused by dehydration [36]. A decrease in protein content in tomato
plants grown under water stress was reported by
Rahman et al. [37]. They postulated that water stress
reduces the synthesis of protein, because of a possible suppression of the energy supply owing to reductions in photosynthesis and the overall adverse ef-

FIGURE 1
Effect of brassinolide (BL) on proline, soluble sugar and protein and MDA contents of
Robinia pseudoacacia seedlings in crude oil contaminated soil.
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FIGURE 2
Effects of brassinolide (BL) on SOD, CAT, APX and GR activities of Robinia pseudoacacia seedlings in
crude oil contaminated soil.

FIGURE 3
Effect of brassinolide (BL) on ASA and GSH contents of Robinia pseudoacacia seedlings in crude oil
contaminated soil.
(Fig.2). The highest SOD, CAT, APX and GR activities were also observed in 0.3 mg/l brassinolide
treatment.
Bars represent ± SE (n = 5). A, B and C represent 10, 15 and 20g/kg crude oil concentration
groups. Bars within the same oil concentration group

Effects of brassinolide on enzymatic antioxidants activities and non-enzymatic antioxidants
contents of seedlings. Under various crude oil contamination levels, the leaf SOD, CAT, APX and GR
activities of seedlings treated with brassinolide were
significantly (P < 0.05) greater than the controls
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followed by the different letters are significantly different at P˘DFFRUGLQJWR'XQFDQ¶VWHVW
The leaf AsA and GSH contents in brassinolide
treatments under various crude oil contaminated levels were significantly greater compared to the controls (Fig.3). The AsA and GSH contents of seedlings in the 0.1 or 0.3 mg/l brassinolide treatments
were significantly greater than that of 0.5 mg/l
brassinolide treatments under crude oil pollution in
soil.
Bars represent ± SE (n = 5). A, B and C represent 10g/kg, 15g/kg and 20g/kg crude oil concentration groups. Bars within the same oil concentration
group followed by the different letters are significantly different at P˘ DFFRUGLQJ WR 'XQFDQ¶V
test.
Plants have antioxidant enzymes to scavenge
active oxygen species, these enzymes are postulated
to be involved in the stress tolerance of plants. SOD,
POD, CAT and APX are the major antioxidant enzymes associated with scavenging free oxygen radicals. SOD may be central in defending cells against
toxic active oxygen species, however, SOD detoxifies superoxide anion free radicals by forming H2O2,
which is harmful to the chloroplast, nuclei acids and
proteins [40]. Elstner and Osswald [41] reported that
H2O2 can be eliminated by CAT and POD. Furthermore, the induction of SOD activity has been shown
to coincide with an increase in POD and CAT activity [42]. Bowler et al. [44] and Scandalios [43] indicated that coordination between SOD, POD, and
CAT played an important role in resisting environmental stress. APX is crucial for the removal of H2O2
in the cytosol and chloroplast. Inactivation of CAT
and APX could result in an increase in levels of H2O2
inside leaf cells. Plant tissues also contain substantial
amounts of carotenoids that serve as non-enzymatic
oxygen radical scavengers. In addition, ascorbate
can act directly as a free-radical scavenger [43].
Thus, changes in enzymatic and non-enzymatic antioxidative systems may be used to assess effects of
stresses. Previous reports showed that application of
brassinosteroids had a significant effect on antioxidant enzyme activity [17, 45]. Chen et al. [46] found
that treatment with homobrassinolide increased SOD
and POD activity in rice. Vardhini and Rao [47] reported that treatment with brassinosteroids increased
CAT activity in sorghum seedlings and may have resulted in an increase in the oxidation of harmful substrates. Our research [29] found that treatment of
brassinolide significantly increased POD, CAT and
APX activities of R. pseudoacacia seedlings under
mild water stress. Treatment with brassinolide significantly increased SOD, POD, CAT and APX activities in seedlings under severe water stress. The
increase in SOD, POD, CAT and APX activities after treatment with brassinolide should significantly
increase the tolerance of the seedlings to drought
stress. In this study, Treatment with brassinolide sig-

nificantly increased SOD, CAT, APX and GR activity of R. pseudoacacia seedlings under oil pollution
stress. ASA and GSH content were also significantly
increased. The increases in these enzyme activity
and antioxidant content show that brassinolide
should significantly improve cell protection of the
seedlings, maintain the balance of active oxygen in
the plant, scavenge excessive production of active
oxygen species in order to prevent possible cell damage, and significantly increase the tolerance of the
seedlings to oil contaminated stress.
Our previous research discovered that under oil
pollution stress, the soluble sugar content, soluble
protein content, free proline content, ascorbic acid
content and glutathione content as well as SOD,
CAT, APX and GR activity were decreased, and
MDA content was increased. The lower osmotic adjustment substances and antioxidant enzymes activity from the seedlings revealed that excessive reactive oxygen species cannot be eliminated, the normal
growth of the plants were inhibited [48]. The study
results showed that application of brassinolide
caused a number of physiological changes in R.
pseudoacacia seedlings. These changes included increases in soluble sugar content, soluble protein content, free proline content, ascorbic acid content and
glutathione content as well as SOD, CAT, APX and
GR activity, and decrease in MDA. It is suggested
that brassinolide induced the tolerance by adjusting
physiological process of the seedlings against crude
oil pollution which was reflected by their increased
growth and biomass production. The best result was
obtained in the 0.3 mg/l brassinolide treatment.
Overall, the results indicate that treatment with
brassinolide can reduce the effects of crude oil pollution stress on R. pseudoacacia seedlings. Treatment of seedlings with brassinolide may be a useful
management tool for phytoremediation in oil contaminated areas.
(IIHFWRIEUDVVLQROLGH RQWKH JURZWKRI 5R
ELQLD SVHXGRDFDFLD VHHGOLQJV The growth of R.
pseudoacacia seedlings are shown in Table 1. The
height, root collar diameter and dry weight of the
seedling grown in crude oil contaminated soil decreased with increased oil concentrations. Seedling
growth in the 0.1-0.5mg/l brassinolide treatments
was significantly different compared to the control
under oil contamination. The height and root collar
diameter of treated seedling grown in crude oil contaminated soil were significantly increased compared to the control. The dry weight of seedlings
treated with brassinolide was significantly greater
than untreated plants. A best effect was observed in
0.3 mg/l brassinolide treatment. The results indicated that brassinolide treatment improved the
growth of R. pseudoacacia seedlings under oil pollution stress, which are in line with the positive effects of brassinolide on osmotic regulation and antioxidant defense abilities of seedlings.
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Some research show that effect of lower concentration of oil pollution on plants is not significant.
When oil pollution concentration reached 10g/kg,
some wood plant growth was inhibited [49], the
height, root collar diameter and biomass of Caragana korshinskii seedlings significantly decreased
[50]. The inhibitory effect of high oil pollution on
plant growth was observed in other researches [31,
51-52]. Brassinosteroids can participate in the whole
process of regulating the growth and development of
plants, and alleviate the damages caused by poor environmental stresses. Han et al. [53] reported that
brassinolide could improve the growth of Hippophae
rhamnoides seedlings, promote the aboveground and
underground dry weight accumulation under drought
conditions. In this research under oil pollution,
brassinolide can promote the growth of Robinia
pseudoacacia seedlings, and effectively alleviate the
damage of oil pollution stress on the seedling.
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A diverse group of pathogens including fungi,
viruses, bacteria, and nematodes may attack wheat
and cause significant yield losses. Among the fungal
diseases of wheat, rusts are major disease-causing
pathogens.
Turkey is the 10th largest wheat-producing
country in the world with an average of 20 million
tonnes per year and the economic damage caused by
yellow rust as yield losses is quite serious. Puccinia
striiformis f. sp. tritici is the fungal pathogen of
wheat results in yellow rust disease. This pathogen
also effects barley, rye and other types of cereals.
Yellow rust is most frequently affecting rust disease
rather than other rust diseases. In our country, inefficient seed production may cause yield loss up to
100%. Nevertheless, the yield loss caused by all
types of rust diseases varying from 12-80%, while
the yield loss caused by yellow rust reaches up to
100% in conditions where susceptible lines were cultivated. Fungicides are being used by most of the
farmers to prevent from yield loss in wheat production. However, usage of fungicides is not an effective
way to fight with the yellow rust disease because of
the sharp changes at the virulence for yellow rust
pathogen, also resulted in economic losses up to multimillion dollars, and it is dangerous to apply for users because of its toxic nature. The importance of the
production of yellow rust resistant cultivars led scientists to determine the disease resistance genes.
Currently, nearly 61 Yr genes were determined [17]
and Yr10 is the first race specific yellow rust resistance gene whose presence was determined in
PI178383 bread wheat genotype [13]. The product of
this gene is known as a protein which has a structure
like NBS-LRR protein (R gene product). The Yr10
gene is conserved CC-NBS-LRR coding gene [7].
The gain of durable disease resistance to plants
should be the main objective of gene expression
studies in pathogen-host interactions [9]. In a recent
study, Dobon [1] was used RNA-seq technology to
understand the gene expression profile of yellow rust
in winter cultivar Vuka and an Avocet introgression
line containing the resistance gene Yr5, were infected with Puccinia striiformis f. sp. tritici isolate
87/66.

ABSTRACT
Yellow rust the destructive fungal disease of
wheat (Triticum aestivum L.), caused by Puccinia
striiformis f. sp. tritici (PST) results in high yield
losses especially in the areas of epidemics frequently
occurred in wheat all over the world. In this study,
expression pattern of a yellow rust disease resistance
gene (Yr10) in yellow rust resistant winter type bread
wheat (Triticum aestivum L.) gene pool were investigated. Yr10 gene real-time gene expression profile
of Yr10 gene was performed in Türkmen, Gerek79
and Avocet Yr10 as a positive control at 7 different
time points (0 hour - MOCK, 15 minutes, 12 hours,
24 hours, 48 hours, 72 hours, 96 hours) after inoculation. It was observed that the most dramatic downregulation time point was 24 hpi for Yr10 gene expression in all genotypes. After 24 hpi, expression
pattern was followed by upregulation in all genotypes at 48 phi. Avocet Yr10 genotype had downregulation pattern at 72 hpi while Türkmen and Gerek79
continue having the upregulation pattern till 96 hpi.
In conclusion, expression of Yr10 gene was fluctuated depends on short-range time scale among 3 genotypes. In the future, the increased time points for
expression profiling are required for more effective
evaluation of stripe rust resistance response in wheat.
For better evaluations of the plant response to yellow
rust attack can be done via connecting interactions
among cellular responses at different molecular levels for all special crops. Our study is a good model
to move forward the studies at RNA level for yellow
rust resistance.

KEYWORDS:
Bread wheat, yellow rust, gene expression, real-time PCR,
Yr10 gene, inoculation.

INTRODUCTION
Wheat (Triticum aestivum L.) is the most important crop for Turkey, where Cafer Hoyuk,
Cayonu, Can Hasan and Mersin regions were the
main origins of wheat domestication [11].
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TABLE 1
Primers used in this study to prove the presence of Yr10 gene.
Sequence
Tm (oC)
F
¶&77J&7JJ&J$&&7J&77$¶
70
R ¶7J777&J&7&&$&J&7J$&7¶
70
F
¶7JJ7$J7$J$J7$$7&J&$$&$¶
68
R ¶7JJ7$J7$J$J7$$7&J&$$&$¶
66

Ta (oC)
64,5
62

FIGURE 1
Plant material used for gene expression analysis of Yr10

FIGURE 2
Schematic Illustration of Yr10 Gene
for two hours at 200V. UVIproMW Software (Version 11.02) belong to Uvitec Capturing System was
used to visualize band pattern on agarose gel.

For those kinds of RNA analyses, Real-time PCR
technology is also a strong tool to quantify RNA levels of the specific gene or genes at the same time with
a simple polymerase chain reaction. In this study,
Yr10 yellow rust resistance gene expression profile
was analyzed in bread wheat cultivars (Türkmen,
Gerek79 and Avocet Yr10) at seedling stage in seven
different time points. This study is significant being
the first study investigating Yr10 gene expression
profile in hours-post-inoculation at seedling stage of
bread wheat.

PST Supply. Puccinia striiformis f. sp. tritici
was used as pathogen material for spray inoculation.
Growing of plant material and spreading the inoculum of yellow rust pathogen (Puccinia striiformis f.
sp. tritici) was performed at the greenhouse of the
Central Research Institute for Field Crops (CRIFC),
Republic of Turkey Ministry of Food, Agriculture
and Livestock, Ankara.

MATERIALS AND METHODS
PST Inoculation. Genotypes carrying Yr10
gene (Türkmen and Gerek 79) confirmed by the analyses) were planted in soil and grown up till they became two weeks old. A yellow rust resistant genotype that carries Yr10 yellow rust resistance gene,
µ$YRFHWYr10¶ZDVXVHGDVDSRVLWLYHFRQWURORIWKH
experiment and Little Cub genotype which is susceptible for yellow rust used as negative control to verify
the success of the inoculations. Uredospores were
grown on a winter wheat at its early life stage by covering with a nylon bag to avoid from any contamination of other isolates of rust fungus. The uredospores
collected from the experimental research sites of
CRIFC mixed with the simple oil used for spray inoculation (Fig. 3). As a negative control, mock samples were sprayed with only oil. Mock and pathogen
inoculated samples were

Selection of genotypes carrying Yr10 gene.
Genotypes carrying Yr10 gene (Türkmen, Gerek 79,
and Avocet Yr10) obtained from Turkish Ministry of
Food, Agriculture and Livestock, The Central Research Institute for Field Crops (CRIFC), Ankara
(Fig. 1). To monitorize the expression pattern of
seedling-stage yellow rust resistance gene Yr10, initially its presence in those genotypes was investigated by PCR analysis. The isolated DNAs were
screened by specific Yr10 JHQH¶VH[RQDQGH[RQ
primers (Fig. 2, Table 1) [12]. Exon 1 and exon 2
amplicons of Yr10 gene were separated on 2% agarose gel for analysis of PCR products. GeneRulerTm
1 kb DNA ladder (Fermentas) was used to estimate
the amplicon size. Electrophoresis was performed
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TABLE 2
Resistance to susceptibility scale for pathogen infection
Infection type

Resistance

Susceptiblity

0-6

7-9

0
1
2

Host response
Immune
Very resistant
Resistant

3-4

Resistant

5-6

Moderately resistant

7-8
9

Moderately susceptible
Susceptible

collected at 7 different time points: 0 Hpi ± mock,
fifteen mpi, 12 hpi, 24 hpi, 48 hpi, 72 hpi, 96 hpi
(mpi: minutes post inoculation; hpi: hours post inoculation). The first leaves of all tagged samples were
collected and stored at -86oC freezer following treatment with liquid nitrogen (-196oC). Before beginning to total RNA isolations from samples, the success of inoculation was proved by phenotypic selection according to 0-9 scale given in Table 2 [10].

Sporulation with chlorosis
Abundant sporulation without chlorosis

agarose gel stained by RedSafe (Intron Biotechnology, Catalog No: 21141) and visualized under UV
light by MiniBIS Pro Visualizing System (DNr BioImaging Systems). RNA samples were treated with
DNase to avoid from DNA contamination. RNA dilutions were prepared for each sample in total volume of 15.5 μl for final 10 μg/μl RNA concentration.
1.5 μl of DNase (Promega) and 3 μl of DNase Reaction Buffer were dissolved in 10 μl dH2O. Following,
10 μg/μl RNA samples were combined with DNase;
then the mixture was incubated at 37oC for 10
minutes for DNase activation. RNA samples were
used as template for 18S ribosomal DNA PCR to
evaluate if there is any DNA contamination or not.
With this aim; a PCR reaction was conducted at 25
μl volume in an Applied Biosystem GeneAmp®
9700 PCR System. 18S rDNA PCR products were
loaded to 1.5% agarose gel and electrophoresis was
run at 150V and a 100 bp marker (New England Biolabs) was used as marker. RNA samples (10μg/μl)
were diluted (1/5) and RNA template (2 μg/μl) were
used for first chain synthesis as complementary
DNA. As biological control; three replicates of RNA
samples per each genotype for each time point was
pooled.
cDNA Synthesis. The RT-PCR (cDNA syntheVLV ZDVSHUIRUPHGXVLQJµ+LJK&DSDFLW\F'1$5H
YHUVH 7UDQVFULSWLRQ .LW $%,¶ &DWDORJ 1R
4368814). 10 μl of 2X master mix and 10 μl of diluted RNA were mixed to total volume at 20 μl at
reverse transcriptase PCR. PCR reaction was performed at Applied Biosystem GeneAmp® 9700 PCR
System.

FIGURE 3
Inoculation of yellow rust uredospores and sampling. A: Plant material used for gene expression
analysis of Yr10; B: Collected uredospores mixed
with the simple oil used for spray inoculation; C,
D: Negative control (Mock samples sprayed with
only oil) and yellow rust inoculated plant material; E: All inoculated samples were kept at
greenhouse; F, G: Primary leaf tissues from two
leaf stage plants were taken to aluminum foils
and kept at liquid nitrogen; H: All samples per
each time point were kept at -86oC for further
expressional studies.

Real Time PCR (Q-PCR). The RNAs which
converted into cDNA by previous RT-PCR analyses
were used as template for the Yr10 gene expression
analyses. The analyses were performed at
StepOneTm Software (v2.2.2) at Real-Time PCR
System, ABI (Catalog No: 4376600). Actin Beta and
GAPDH (Glyceraldehyde-3-Phosphate Dehydrogenase) genes were used as multiple controls. Power
Sybr® Green Master Mix, ABI (Catalog No:
4367659) was used for the detection of the amplification.

RNA Isolation. The collected leaf samples
ZHUH LVRODWHG IROORZLQJ 5RFKH¶V 3URWRFRO E\ XVLQJ
³7UL]RO5HDJHQW´7RWDO51$VZHUHVHSDUDWHGRQ
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Symptoms
No visible uredia
Necrotic flecks
Necrotic areas without sporulation
Necrotic and chlorotic areas with restricted
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RESULTS
Presence of Yr10 gene in wheat gene pool.
PCR analyses by Yr10 gene-specific primers showed
that there were exon 1 and exon 2 amplifications
only in Türkmen and Gerek 79 genotypes from our
gene pool as shown in Figure 4 and Figure 5. Türkmen, Gerek 79 and µ$YRFHW Yr10¶ JHQRW\SHV ZHUH
used as plant material both for validation and realtime PCR studies.

FIGURE 5
A single band obtained from PCR reaction by
using exon 2 primer pairs of Yr10 gene at 2%
agarose gel. Türkmen; Gerek 79; M: GeneRulerTM 1 Kb DNA Ladder (Fermentas); NC: Negative control.
Validation of inoculation. After sampling, the
accuracy of the infections were monitored and
scored according to 0-9 scale given in Table 2. The
scoring results were given in Table 3, 4, and 5. µ/LWWOH
&XE¶JHQRW\SHZHUHXVHGDSRVLWLYHFRQWURORIWKHLQ
fections because of its susceptible nature to yellow
rust. The infected plant leaves were screened and
shown in Figure 6.

FIGURE 4
A single band at the band size of 754 (bp) obtained from PCR reaction by using exon 1 primer pair of Yr10 gene at 2% agarose gel. Türkmen; Gerek 79; M: GeneRulerTM 1 Kb DNA
Ladder (Fermentas); NC: Negative control.

FIGURE 6
The inoculation results on infected leaves at 12, 24, 48, 72 and 96 hpi
(Hypersensitive response was observed at Avocet Yr10 genotype at all-time points)
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TABLE 3
Inoculation scores of Türkmen genotype
TÜRKMEN
N 0 hpi o
Mock
1
0
2
0
3
0

00:15
mpi
7
7
7

12
hpi
8
8
8

24
hpi
8
8
8

48
hpi
8
8
8

72
hpi
8
8
7

96
hpi
7
7
8

TABLE 4
Inoculation scores of Gerek 79 genotype
GEREK 79
N 0 hpi o
Mock
1
0
2
0
3
0

00:15
mpi
8
8
8

12
hpi
8
8
7

24
hpi
7
7
8

48
hpi
8
7
7

72
hpi
7
8
7

FIGURE 8
Yr10 gene expression in Türkmen genotype in
seven time points: 0 hpi - mock, 00:15 mpi, 12
hpi, 24 hpi, 48 hpi, 72 hpi, 96 hpi (lnRQ: logarithmic Relative Quantification)

96
hpi
7
7
7

TABLE 5
Inoculation scores of Avocet Yr10 genotype
AVOCET 'Yr10'
N 0 hpi - 00:15
o
Mock
mpi
1
0
1
2
0
0
3
0
1

12
hpi
1
1
1

24
hpi
1
1
1

48
hpi
1
1
1

72
hpi
1
1
1

96
hpi
1
1
1

Total RNA isolation. DNase-treated RNAs of
samples were loaded on 1.5% DEPC-treated agarose
gel (Fig. 7).
FIGURE 9
Yr10 gene expression in Gerek 79 genotype in
seven time points: 0 hpi - mock, 00:15 mpi, 12
hpi, 24 hpi, 48 hpi, 72 hpi, 96 hpi. (lnRQ: logarithmic Relative Quantification)

FIGURE 7
RNA samples after DNase treatment on 1.5%
agarose gel. 1: Türkmen-0 hpi - mock, 2: Türkmen-15 mpi, 3:Türkmen-12 hpi, 4: Gerek 79-0
hpi mock, 5: Gerek 79-15 mpi, 6: Gerek 79-12
hpi, 7: Avocet Yr10-0 hpi - mock, 8: Avocet Yr1015 mpi, 9: Avocet Yr10-12 hpi, 10: Türkmen-24
hpi.
FIGURE 10
Yr10 gene expression in Avocet Yr10 genotype
in seven time points: 0 hpi - mock, 00:15 mpi, 12
hpi, 24 hpi, 48 hpi, 72 hpi, 96 hpi. (lnRQ: logarithmic Relative Quantification)

Real-time PCR (Q-PCR) analysis. Gene expression analyses were conducted using Yr10 genespecific primers in Türkmen, Gerek 79 and Avocet
Yr10 genotypes at 7 different time points (0 hpi mock, 15 mpi, 12 hpi, 24 hpi, 48 hpi, 72 hpi, 96 hpi).
Three biological replicates of each genotype at each
WLPH SRLQW ZHUH SRROHG 7KHVH SRROHG µF'1$¶V RI
each Türkmen, Gerek 79 and Avocet Yr10 genotypes
were used as template for cDNA synthesis for realtime PCR reaction. As a result of real-time PCR reactions, Yr10 gene expression graphs of each genotype were obtained (Fig. 8 - 10)µ0RFN¶VDPSOHVIRU
Türkmen, Gerek 79 and Avocet Yr10 genotypes
were assumed as biological control of the reaction.

Amplifications obtained by ACBT and
GAPDH primer pairs were used as multiplex endogenous control for the normalization of the Yr10 gene
expression for each reaction. The Yr10 gene expression at Gerek 79 genotype was slightly up-regulated.
Following this increase at gene expression, there was
a significant increase at up-regulation of Yr10 gene
at 12 hpi. Conversely, there was a sharp down-regulation at 24 hpi. At 48 hpi, there was an increase at
up-regulation of Yr10 gene. The up-regulation was
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incompatible interaction between wheat and Puccinia striiformis f. sp. tritici at 12, 18, 24, 48, 72 and
120 hpi. According to their study, the most of defense-related genes were reached their maximum
level at 24 hpi [15]. Similarly, Xingquan [13] were
used wheat (Triticum aestivum L.) - Secale cereale
alien disomic subsititution NR1121 line as plant material and used CYR32 as pathogen for yellow rust
disease inoculation at 0, 24, 48, 72, 96, 168, 240, and
336 hpi. As a result of their study, expression of six
genes (AcsA, GST, LTP2, UPL2, CP450, and SPKSNT7) transcripts were stimulated and up-regulated
to their highest levels at 24 hpi, while that of two
genes (SHMT and SAMDC) were significantly expressed at 48 hpi.
In our study, we investigated Yr10 gene expression pattern assuming as responsible for seedlingstage yellow rust resistance as a major gene. Yet, to
obtain more precise pattern of gene expression for
yellow rust resistance at early stage of the infection,
there should be additional study including various
time points and different cultivars to elucidate this
complex response. Furthermore, our results demonstrated that Yr10 gene was induced after 24 hpi in
Türkmen and Gerek 79, suggesting it is transcriptionally activated for the host defense response because the pathogen tries to mediate host cell expression by down regulating some genes so that plant can
feed itself or suppress host defense mechanism
thereby it can propagate.
Investigation of PST-wheat interaction at transcriptomic level is currently more environmentally
friendly method to fight with yellow rust disease rather than using fungicides. Since we targeted Yr10
gene which is already known as related to NBS-LRR
family of plant defense genes. To examine the main
role of this gene in yellow rust resistance pathway, it
is important to represent the regulatory arrangements
via exemplified RNA-based studies at transcriptome
level in further investigation. Our study is a guide for
studying yellow rust seedling-resistance at RNAlevel. Wider-ranges of time points and additional
studies (RNA-DNA interaction /or RNA-RNA interaction that targeted the Yr10 gene) are necessity for
a better understanding of Yr10 JHQH¶VUROHLQVHHGOLQJ
resistance.
Zhang [16] indicated that there is a relation between NBS-LRR family defense genes and miRNAs.
They investigated miRNAs across 70 land plant genomes and they pointed out a spectacular result. The
Poaceae has the highest rate of heterogeneity among
70 plant species. They evidentially stated that there
is a predominant effect of lncRNAs rather than miRNAs for NBS-LRR gene regulation in Poaceae too.
They concluded that there is a higher rate of diversiILFDWLRQ E\ ³ORFDO´ UHDUUDQJHPHQWV RI NBS-LRR
genes by wobble positioning in this family containing T. aestivum. The hexaploid structure of bread
wheat may be the inducement of that much defense
gene diversity. They stated that they concluded the

continued to increase at 72 and 96 hpi. The Yr10
gene gene expression of Avocet Yr10 genotype was
down-regulated at 15 mpi. Following, the down-regulation was increased at 12 hpi. Similar to other 24
hpi gene expression profiles of Türkmen and Gerek
79 genotypes; the down-regulation of Yr10 gene at
Avocet Yr10 genotype was sharply increased at 24
hpi. But, the Yr10 gene expression was up-regulated
at 48 hpi. In contrast; there was an increase at the
down-regulation of Yr10 gene at 72 and 96 hpi.

DISCUSSION
Utilization of disease resistant varieties has
proved to be the safest, most economical, and effective method to fight with yellow rust disease [3]. The
danger caused by the use of limited resistance
sources is becoming a great concern for breeders or
pathologists [6]. The key problem is that there are
breakdown of widely-used resistance genes occurs
caused by the rapid improvement of PST pathogen
isolates [3]. There are only three yellow rust disease
resistance genes were cloned: Yr10 [5], Yr18 [4] and
Yr36 [2]. Yr10 gene, responsible for yellow rust resistance at seedling-stage, was selected and used to
investigate gene expression pattern by real-time PCR
in this study. Expression profiling of Yr10 in Türkmen and Gerek 79 genotypes after yellow rust attack
at six different time points (15 min., 12 hours, 24
hours, 48 hours, 72 hours, 96 hours) at seedling stage
was investigated by real time PCR which is one of
the most widely-used techniques for gene expression
profiling [8]. Real-time PCR results showed that
Yr10 gene was not expressed at basal level before
PST infection (mock inoculated plants) in all genotypes. In contrast to our results Xingquan [14] reported the expression of eight candidate genes related with yellow rust resistance was observed at basal levels before infection of wheat plants. Expression profile of Yr10 was down regulated at all six
time points in Türkmen while Gerek 79 showed upregulation at 15 mpi and 12 hpi in our study. The 24
hpi was critical for all genotypes because of the highest down regulation of Yr10. The lnRQ values for 24
hpi were ranged between (-1.30) ± (-1.60). After 24
hpi, it was observed that lnRQ values were fluctuated
and reached to almost basal level significantly in Türkmen and Gerek 79 suggesting that this gene may
participate in plant defense response through different regulatory mechanisms. The fluctuations of expression levels of Yr10 in Türkmen and Gerek 79 as
well as positive control Avocet Yr10 between different time points can be attributed short term effects of
pathogen on plant after inoculation. It is also obvious that genes involved in stress response and signaling pathways are also down regulated in virulent infections. On the other hand, Yu [15] investigated the
expression patterns of twelve genes involved in the
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conditions or humidity; differ from region to region.
With respect to these requirements, breeders should
take the data obtained from geographical regions into
account for wheat improvement studies against yellow rust. It is needed breeders to monitorize their
fields consistently for yellow rust resistance due to
the unstable yellow rust epidemics. The combination
of recent RNA-based analyses in both wheat host and
PST pathogen may lead breeders to estimate the further selection of cultivars to develop elite breeding
lines resistant to fungal epidemics.

increased diversification of NBS-LRR families is
raised by several kinds of different pathogen attack
to different plant species. As a consequence, all the
statements above can carry an explanation of our
fluctuating real-time PCR results. In other words, the
background behind sharp downregulations could be
related to small RNAs (miRNA /or lncRNAs) - Yr10
gene interactions. Recently, Dobon [1] showed
global PST-wheat interaction at RNA level at 8 different time points. They stated that may pathogens
suppress NLR expression to successfully penetrate
and diffuse over the leaf tissues. They stated that this
hypothesis require evidences supported by expanded-range of study of PST-wheat interactions.
Our genotypes gave response to an admixed PST isolate while other studies are focused on one PST
strain. This can also explain the fluctuated pattern of
Yr10 gene expression at seedling stage of bread
wheat since several pathogen has various miRNAs
and infection types. We recommend more studies on
worldwide wheat gene pools with specific strain of
PST in every step of the experiments since PST virulence and NBS-LRR families are in an ongoing
change.
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SELECTION OF OPTIMAL PARAMETERS FOR FUTURE
RESEARCH MONITORING PROGRAMMES ON
MSW LANDFILL IN NOVI SAD, SERBIA
Maja Djogo*, Jelena Radonic, Ivana Mihajlovic, Boris Obrovski, Dejan Ubavin,
Maja Turk Sekulic, Mirjana Vojinovic Miloradov
University of Novi Sad, Faculty of Technical Sciences, Department of Environmental Engineering, Novi Sad, Serbia

method [1]. Separation of the mixed municipal waste
containing different materials, at the source of production, is very significant [2]. In many countries including Serbia, it is not conducted properly. Waste
management practice in Serbia could be described as
undeveloped, consisting of only two operations, collection and land disposal [3]. The unlined landfills
where potentially hazardous waste is disposed together with municipal waste, still exist in many parts
of the world, particularly in the underdeveloped and
developing countries [4], such as Serbia. These landfills can be harmful to the environment, in the terms
of odor diffusion, methane emissions, leachate generation, contamination of groundwater nearby [5]
and therefore, an appropriate monitoring programmes are needed.
Nowadays, a large number of landfills have established their monitoring programmes for leachate
and groundwater. The parameters included in monitoring programmes of landfill sites vary not only between developed and undeveloped countries, but
also within one country [6]. In most cases, these programmes propose the minimum number of physicochemical parameters, including those suggested by
the provincial and regional regulations. On the other
hand, some programmes also comprise the observation of variables that are not of interest for specific
landfill site. The composition of leachate and
groundwater systems is mainly influenced by the
composition and solubility of waste components,
followed by annual precipitation, surface runoff, infiltration processes, average ambient temperature,
depth of landfill [7] and external climate and hydrological characteristics. In most developing countries,
the cost of laboratory analysis may affect the limitation of the number of physico-chemical parameters
in the monitoring programmes. Therefore, it is necessary to determine the parameters of interest for individual sampling location on each landfill site, in
order to optimize their number. It is possible to optimise the number of analysis included in large scale
monitoring programmes using Multivariate Data
Analysis (MVDA) [8].
In this study, one year monitoring programme
was conducted on unsanitary municipal solid waste
(MSW) landfill in Novi Sad, Serbia. The aims of the

ABSTRACT
Leachate and groundwater samples were collected during quarterly sampling campaign, on unsanitary municipal solid waste (MSW) landfill in
Novi Sad, Serbia, from April 2014. to February
2015. Determination of T, pH, EC, DO, BOD 5,
COD, nitrite nitrogen (NO2-N), nitrate nitrogen
(NO3-N), ammonia nitrogen (NH4-N), total nitrogen
(Tot N), total phosphorus (Tot P), boron (B), sulphate (SO42-), permanganate index (KMnO4), and
cations of metals (Ca, Mg, Na, K, B, Cr, Ni, Zn, Fe,
Cd, Pb and Al), was performed. The comparison of
the results obtained for leachate and groundwater
samples and the limit values from laws and bylaws,
literature, and the WHO guidelines, was performed.
Principal component analysis (PCA) as a multivariate statistical method was later used for data filtering
in order to classificate the potential sources of pollution. Four principal components (PCs) were identified, explaining 93,802 % of the total variance. Cluster analysis (CA) was applied for grouping the sampling locations on MSW landfill in Novi Sad in accordance with the obtained values of physico-chemical parameters. Information obtained by CA has enabled the developing of future research monitoring
programme, for each sampling location on the landfill in Novi Sad. The results obtained from this study
could be very useful for planning of monitoring programmes on the landfills with similar structure and
waste management practice.

KEYWORDS:
Landfill, Novi Sad, pollution, leachate, groundwater,
PCA, CA

INTRODUCTION
The trend of population growth, high level of
industrial activities and up-to-date technology continuous generate waste amounts. Sustainable municipal solid waste (MSW) management presents a significant social and environmental concern since the
landfilling is the oldest and the most used disposing
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study were: to assess the quality status of leachate
and groundwater by analysing the large scale of
physico-chemical parameters; to compare the results
with the requirements of national laws and bylaws,
as well as with the results reported in previous studies; to determine phase of the decomposition process
of the landfill according to the concentration levels
of selected parameters; and to define the optimal
number of parameters which should be monitored in
leachate and groundwater within the future research
monitoring programmes.

below the surface. Groundwater samples were collected from four piezometers (P2, P3, P4, P6) and
well (B1), at a depth of 5-6 m, all located on the body
of landfill, at a depth of 5-6 m (Fig. 1).
Four sampling campaigns were performed,
quarterly, during the 2014. and 2015.: April 2014.,
September 2014., November 2014. and December
2015., according to the methods ISO 5667-11:2009
and ISO 5667-10:1992, for groundwater and leachate samples, respectively. Measurements of conductivity (EC), pH values and dissolved oxygen (DO)
were performed insitu.

MATERIALS AND METHODS

Laboratory analyses. The following parameters were determined in accredited Laboratory for
monitoring of landfills, wastewater and air, University of Novi Sad, Faculty of Technical Sciences, Department of Environmental Engineering: biological
oxygen demand (BOD5), chemical oxygen demand
(COD), nitrite nitrogen (NO2-N), nitrate nitrogen
(NO3-N), ammonia nitrogen (NH4-N), total nitrogen
(Tot N), total phosphorus (Tot P), boron (B), sulphate (SO42-), permanganate index (KMnO4), and
cations of metals (Ca, Mg, Na, K, B, Cr, Ni, Zn, Fe,
Cd, Pb and Al). BOD5 was determined using the
%2'7UDNPHWKRGEDVHGRQWKHPDQRPHWULFSULQ
ciple of operation. The COD, NO2-N, NO3-N, NH4N, and Tot P concentrations were measured with
UV/VIS spectrophotometer (DR 5000, HACH, Germany). Precision and accuracy of the methods were
verified with the certified reference materials Demand WP, Simple nutrients WP, Complex nutrients
WP (RTC, UK). For the determination of metals cations, the wastewater samples were spiked with 5 ml
of HNO3 and digested using the microwave assisted
digestion system MWS-3+ (Berghof, Germany). The
analysis was done on Thermo flame atomic absorption spectrometer and the accuracy of the methods
was tested using certified reference material
LGC6175 (LGC, UK) and SPS-WW2 Batch 110
(SPS, Norway). The recoveries ranged from 89 % to
97 %.

Landfill in Novi Sad. Unsanitary MSW landfill in Novi Sad was opened in 1963, but systematic
landfilling has begun in 1980. The landfill is still in
its operative status. Before the renovation in 2002,
the landfill had the characteristics of wild dump such
as inadequate disposing of waste, frequent fires,
opened access of humans and animals, and poor control of leachate and groundwater quality. Fence and
gate with a weight bridge were set up in order to prevent the entry of people and animals and to provide
the weighting of disposed waste.
The landfill has a simple drainage system that
collects leachate and storm water in the peripheral
landfill canals. The canals are connected to a small
stream that flows into the Danube-Tisa-Danube canal, and ultimately, into the river Danube.
The size of the landfill is 56 ha, the landfill
body occupies 22 ha and is divided into 3 fields that
are still in use. The city of Novi Sad generates about
2300 tonnes of waste per week with the higher rate
during summer period. Organic waste (garden and
biodegradable) is the dominant one (40-60%), plastic (10%), and paper, glass and cardboard are present
in smaller amounts (2-10%) [9].
Sampling. Leachate samples were collected
from the peripheral canals, SK1 and SK2, about 1 m

FIGURE 1
Sampling locations on MSW landfill in Novi Sad
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TABLE 1
Physico-chemical composition of leachate from MSW landfill in Novi Sad (April 2014 ± February 2015)
Parameter

Tw
pH
EC
DO
NO2-N
NO3-N
NH4-N
Tot P
KMnO4
COD
BOD5
SO42Tot N
B
Ca
Mg
Na
K
Fe
Zn

Unit

Û&
mS/cm
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

SK1
Range
8.4-19.4
7.6-7.7
1.53-2.62
0.3-2.7
0.05-1.3
0.005-0.005
17.3-45.5
0.1-3
19.6-44.8
77-316
56-102
21-102
5.7-47.6
0.2-0.5
70.5-147.8
48.6-116.6
180.7-427.6
31.8-52.3
0.6-1.1
0.025-0.6

Literature
data [17-18]

SK2
Average
14.12
7.65
1.855
1.8
0.7625
0.005
28.1
1.625
27.5
163.75
80.25
45.75
23.6
0.35
117.175
67.35
273.45
45.725
0.875
0.1875

Range
3.9-21.7
7.6-7.8
1.56-1.76
1-4.8
0.2-1.6
0.005-0.2
22.9-37
0.1-6.3
17.7-51.1
62-383
45-266
86-96
1.2-33.9
0.2-0.4
76.1-138.9
67-110.1
124.8-365.1
26.7-75.3
0.6-3
0.025-0.2

Average
14
7.72
1.67
2.3
0.75
0.10125
30.75
2.925
26.6
189.75
117.25
90
19.375
0.325
113.225
92.4
206.9
42.45
1.3
0.0875

4.5-9

Requirements
for discharge of
leachate [26]
30
6.5-9

Acid phase
[27]

Methanogenic
phase [27]

4.5-7.5

7.5-9

6000-60000
4000-40000
70-1750

500-4500
20-550
10-420

10-2500
50-1150

20-600
40-350

20-2100

3-280

2

0.1-23

3

140-152000
20-57000
8-7750

200
20

10-7200
30-15000
70-7700
50-3700
3-5500
0.03-1000

2

monitoring period, satisfying the limit values prescribed by Serbian regulation and ranges by previous
studies [17-18].
The BOD5 results, from the canals SK1 and
SK2, were within the range that is characterized for
mature landfill sites according to [19] and were
greater than Serbian limit value of 20 mg/L, during
whole sampling period. The COD values for leachate at SK1 and SK2 varied from 77-316 and 62-383
mg/L, respectively, and they exceeded the limit
value (200 mg/L), issued in Serbian regulation, during April (SK1), September (SK2), and November
(SK2). The values of BOD5 and COD are lower by
aging of landfill, due to dilution and catalytic process
of methanogenesis [20]. Even though that results obtained for BOD5 and COD are corresponding to the
literature results [17-18], they indicate the need for
leachate treatment.
The average BOD5/N-NH4 ratios were 3.04
and 3.78 for SK1 and SK2, respectively, which classifies leachate as young one (>1) [21]. This could be
explained by continues occurrence of fresh leachate.
The average values of BOD5/COD ratios were
0.57 and 0.63 for SK1 and SK2, respectively which
are the characteristic values for landfills that are exploited less than five years [22]. Since the MSW
landfill in Novi Sad operates more than five years
these values could be explained by the continuous
non-sanitary exploitation conditions and disposing
of waste of different origin [16].
Concentration levels of SO42- from SK1 and
SK2 are consequent with the results obtained earlier
[17-18] and are in the range of values which are characterised for mature landfills [19]. Sulphate anions
are lower in the methanogenic phase due to redox
conditions of SO42- ĺ62-, by microbiological processes [17].

Statistical methods. To evaluate the results of
one year monitoring programme, principal component analysis (PCA) and cluster analysis (CA) were
performed. PCA is a suitable statistical tool that explains the variance of the intercorrelated variables,
transferring them into smaller groups of independent
variables, principal components (PCs) [12-14]. In
this study, PCA was proceeded on the physicochemical parameters in order to extract significant
PCs and to reduce the variables with low significance. CA is a suitable chemometric tool for compiling the objects according to their characteristics [15].
,Q WKLV VWXG\ KLHUDUFKLFDO FOXVWHULQJ XVLQJ :DUG¶V
method was performed on obtained dataset, in order
to optimise the future research monitoring programme on each sampling spot.

RESULTS AND DISCUSSION
Leachate samples. The results obtained for
leachate water samples collected during the four
sampling campaigns (April 2014 ± February 2015)
on unsanitary MSW landfill in Novi Sad are presented in Table 1.
Different fields of the landfill might be in different phases of the transformation and decomposition processes at the same time, depending on the
time and spatial coordinates of waste disposing in
each area. Obtained results indicate that all 3 fields
on landfill in Novi Sad are in low level of non-oxic
sfere, i.e. in methanogenic phase, which is characterised by relatively slow dynamic biological degradation processes of organic substances and relatively
low BOD5 and COD values [16].
pH values in leachate samples showed nearly
constant state varying from 7.6 to 7.7 and 7.6 to 7.8,
for SK1 and SK2, respectively, during the whole
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and groundwater) and to identify the intercorrelated
factors, experimental data were processed using the
PCA. Four principal components were revealed, explaining 93,802 % of the total variance. Principal
component loadings of these variables with the variances are presented in Table 3.
PC1, which represents the higher percentage of
variability, had high significant loadings for pH,
conductivity, NH4-N, Tot P, KMnO4, COD, BOD,
Na and K, accounting for 38,842% of the total variance. Strong loading of EC could be explained by
soluble binary ionic salts (NaCl, NaHCO3 and KCl),
dominantly contained in food waste. According to
[28], NH4-N has significant positive correlation with
phosphorus nutrients (Tot P) as the main components of the garden waste. The occurrence of these
nutrients could be responsible for the higher values
of BOD5 and COD. Elevated values obtained for Na
and K could be explained by the presence of food
waste which contain significant amounts of highly
soluble salts. Hence, PC1 could be defined as decomposition of biodegradable waste.
The second component, PC2, is dominated by
Tot P, SO42-, Mg, K and Zn, accounting for 20.076%
of the total variance. The dominance of SO42- could
be explained by the oxidation of sulphite minerals,
industrial waste loaded by sulphur, or by decomposition of proteins. Sulphate anions are one of the major dissolved components of acid rain [29] and other
atmospheric weathering precipitation. Although old
landfills are anaerobic systems, oxygen input occur
from heterogeneous mixture of new waste and rainwater [30]. Zn suggests the presence of toxic fractions of municipal solid waste coming, with high
probability, from battery cells, used cans and aerosol
cans, fluorescent tubes and other materials [31].
Therefore, PC2 could be defined as precipitation
processes and degradation of waste containing toxic
materials.

Cations of metals can be detected in leachates
due to the metal based materials in waste streams,
paints, pigment colours, polishing agent, electrical
equipment and others [23]. The determined values
for Mg, Ca Fe and Zn, were significantly lower than
those from earlier literature [17-18] due to the higher
pH value in methanogenic phase.
Groundwater samples. Groundwater physicochemical characteristics from five sampling locations on MSW landfill in Novi Sad are shown in Table 2. Since the groundwater is a major source of
drinking water, in general, the obtained results were
compared to guideline values defined by World
Health Organization (WHO). pH in groundwater
samples showed nearly constant values varying from
7.3-7.5, 7.3-7.6, 7.3-7.7, 7.1-7.6 and 7.4-7.7, for P2,
P3, P4, P6 and B1, respectively, during the whole
monitoring period and were within guideline values
according to the WHO. Average values for NO3-N
(B1) and total Fe and NH4-N (P2, P3, P4, P6, B1)
were higher than WHO standards for drinking water.
The high concentration level of NO3-N was obtained
just in the case of well B1 during February 2015
(23.4 mg/L) which could suggest the potential impact of leachate on groundwater quality, in that period. Elevated values of total Fe and NH4-N in all
observed piezometers and well, during the whole
monitoring programme, could be explained by the
leaching of water containing toxic compounds and
the aging of piezometers and well. Other observed
parameters were within the limits prescribed in
WHO guideline.
Concentration levels for Cr, Pb, Cd, Ni and Al
in leachate and groundwater samples were under the
limit of detection, <0.5, <1, <0.05, <0.3 and <1
mg/L, respectively.
PCA. In order to compare the compositional
patterns between observed water systems (leachate

TABLE 2
Physico-chemical quality of groundwater from MSW landfill in Novi Sad (April 2014 ± February 2015)
P2
Tw
pH
EC
DO
NO2-N
NO3-N
NH4-N
Tot P
KMnO4
COD
BOD5
SO42Tot N
B
Ca
Mg
Na
K
Fe
Zn

a

Û&
mS/cm
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Range
11.7-19.1
7.3-7.5
1.52-2.02
1-2.7
0.05-2
0.005-0.1
9.7-14.8
0.1-0.3
3.2-18.3
81-147
52-105
1-1
6.4-68.9
0.2-3.4
50.3-229.6
34.1-70.4
28.5-259.2
5.9-18.9
1.4-5
0.3-2.1

P3
Average
15.525
7.425
1.65
2.1
0.9375
0.02875
12.45
0.175
10.65
114.3
68.25
1
38.475
1.3
167.4
54.6
168.95
13.75
3.6
1.4

Range
9.6-17.6
7.3-7.6
1.06-1.16
2.1-3.5
0.5-1.4
0.005-0.5
1.25-2.1
0.1-0.2
6.2-9.8
20-41.8
8-38
1-1
6.2-67.5
0.05-0.4
80.9-128.5
28.7-48.6
47-359.9
5.8-36.2
2.4-6.4
0.1-0.9

P4
Average
14.225
7.5
1.1125
2.9
0.85
0.1525
1.7625
0.125
7.875
28.7
23
1
35.5
0.2625
107.475
37.1
168.125
14.35
4.825
0.5

Range
9.9-18.8
7.3-7.7
1.36-1.78
2.6-3.3
0.05-1.9
0.005-0.5
4.1-5.9
0.2-0.4
14.3-21.4
61-80
2-64
1-3
8.9-26.9
0.05-0.5
78.5-126-2
44.2-85.7
156.4-254.4
19.7-32.2
2.7-9.2
0.1-0.5

WHO (2011), bWHO (2003)
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P6
Average
14.875
7.525
1.5375
3
0.7875
0.12625
4.95
0.3
17.025
71.475
33.75
1.5
20.225
0.3375
99.95
59.425
193.275
24.85
4.975
0.2

Range
13.2-16.1
7.1-7.6
0.83-1.38
0.2-3.4
0.3-1.1
0.005-0.1
1-19.1
0.1-1.6
3.9-15.2
13-131.9
3-48
96-97
7.1-43.9
0.1-1
96.3-207.7
55.4-94.4
55.4-217.3
5.9-37.4
0.15-3.6
0.025-0.1

B1
Average
15.15
7.375
1.16
2.025
0.7
0.07625
7.2625
0.8
9.075
62.225
21.75
96.5
23.475
0.4
175.725
72.45
98.175
22.55
2.3375
0.04375

Range
4.5-17.6
7.4-7.7
0.86-1.55
1.1-3.8
0.05-23.4
0.005-0.1
0.3-1.9
0.1-0.3
3.8-12.2
16-61
1-24
1-101
4.9-20.7
0.1-0.7
69.7-213.6
39.7-68.2
9.5-259.2
1.1-33.8
0.15-1.4
0.025-0.3

WHO
Average
13.025
7.525
1.1175
2.95
6.3625
0.07625
1.1125
0.2
8.975
40.725
11.75
38
8.975
0.35
123.875
51.2
133.1
15.175
0.6125
0.18125

/
6.5-8.5a
/
/
3a
10a
1.5b
/
/
/
/
200b
/
2.4a
/
/
200a
/
0.3a
3a
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TABLE 3
PCA loadings of significant principal component variables
Parameters
Temperature
pH
EC
DO
NO2-N
NO3-N
NH4- N
Tot P
KMnO4
COD
BOD5
SO42Tot N
B
Ca
Mg
Na
K
Fe
Zn
Eigen value
% of variance
Cumulative %

Rotated Component Matrix
PC2
PC3
-.016
.380
.119
-.340
-.056
.292
-.465
-.680
-.159
.046
-.083
-.838
.376
.206
-.067
.617
.275
-.100
.300
.270
.201
.204
.115
.957
-.397
.291
-.390
.821
.318
.802
.090
.772
-.217
-.100
-.180
.600
-.510
-.333
-.658
.613
4.015
3.634
20.076
18.171
58.919
77.090

PC1
-.099
.850
.901
-.404
-.380
-.344
.896
.736
.940
.902
.892
.083
.015
-.017
-.434
.522
.924
.748
-.280
-.036
7.768
38.842
38.842

PC4
.879
-.344
.161
-.239
-.898
.213
.024
-.062
-.074
.045
.135
-.237
.773
.302
.258
.028
-.016
.139
.730
.350
3.342
16.712
93.802

PCA loadings which are higher than 0.6 are marked

NH4-N which exceeded the guideline value defined
by WHO, in all piezometers and well. This could be
explained by the percolation of water through the
significant amounts of biodegradable waste which is
disposed on daily basis at all three fields of landfill
site. The higher concentration levels of all parameters from PC1, in piezometers P2 and P4 could be
explained by the groundwater flow direction caused
by position and slope of terrain (Fig.1). Canals SK1
and SK2, partially surrounding landfill body, were
the most polluted during whole sampling campaign.
The average values of NH4-N in both canals were
much higher than the values obtained in piezometers
and well from clusters 1 and 2, and one of the main
reasons for these results could be the large amount
of biodegradable waste with the highest volume at
the edges of the landfill site (Fig. 1). On the other
hand, the vicinity of a highway and arable land, as
well as precipitation, could contribute to the significant pollution of leachate from these canals.
The second dendogram which is compared to
the second factor, PC2 is presented in Figure 2b.
Four clusters have been allocated whereby fourth
cluster contains just one location, SK2, and was the
most loaded one. Since the PC2 is defined as precipitation processes and degradation of waste containing toxic materials, it can be concluded that leachate
water from this canal is highly influenced by the percolation of water through the heterogenic mixture of
disposed waste and precipitation. Additionally, SK2
is located downstream from canal 1 (Fig. 1) and
could suffer the pollution from this site. It should be
noted that piezometer P2, from the second cluster, is
the most loaded by Zn (Field I). As the field I is the

Component 3, PC3, explaining 18.171% of the
total variance, has strong positive loading on DO,
NO3-N, B, Ca and Zn. Cinders, slag, and plastic were
reported as waste with positive correlation with boron levels in the water streams from landfills [32].
Consequently, PC3 could be defined as decomposition of plastic and mineral waste.
The fourth component, PC4, explains 16.712%
of the total variance by positive loading for temperature, NO2-N, Tot N and Fe. The appearance of iron
in water streams of landfills can be explained by the
presence of waste containing iron based materials
such as construction waste, paints, pigments, polishing agents, electrical appliances and others [33]. The
main source of Tot N in landfill water streams is
waste containing proteins. The kinetics of large proteins (high molecular mass) hydrolysis is slow which
may be the reason for elevated values of ammonia in
mature water from landfill sites [34]. Therefore, PC4
could be defined as the influence of destruction processes of construction waste, paints, chemical agents
and electrical appliances, as well as the decomposition of waste containing proteins.
CA. +LHUDUFKLFDO FOXVWHULQJ XVLQJ :DUG¶V
method was applied on obtained dataset and dendograms are presented in Figure 2.
The first dendogram (Fig. 2a) suggests three
clusters which have similar characteristic features.
Cluster 1 consists of sampling locations P3, B1, and
P6, cluster 2 comprises locations P2 and P4 while
cluster 3 covers locations SK1 and SK2. Both, clusters 1 and 2, are characterised by similar trends of
variation of all parameters from PC1, except for
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cluster 1 (SK1, SK2), cluster 2 (P4, P6), cluster 3
(P2, P3) and cluster 4 (B1). B1 is the most loaded by
the NO2-N, which is in correspondence with the
NO3-N concentration levels determined in groundwater sample, in the last campaign. It could be assumed that the percolation of leachate had the negative impact on the quality of groundwater from the
well, in winter period. Average concentration levels
of Tot N and Fe in cluster 3 (P2 and P3) should be
highlighted, as they were much higher compared to
the other sampling points. This could be explained
by the migration of water contaminated by the food
waste, construction waste, paints, chemical agents
and electrical appliances. Since the examined piezometers are old, they could contribute to the occurrence of elevated levels of Fe, as well.

oldest one, it could be assumed that groundwater
from P2 is contaminated by migration and percolation of water through the old deposits of waste containing toxic materials.
The third dendogram which is compared to the
PC3 has been defined as decomposition of plastic
and mineral waste (Fig. 2c). Four clusters have been
separated, cluster 1 containing P3 and P4, cluster 2
containing B1 and SK2, cluster 3 including P6 and
SK1 and cluster 4 which includes just one location,
P2. At location P2, the dominant occurrence of B and
Zn was observed, which could be explained by the
flow stream of contaminated liquids from landfill
site. The vehicular emissions and agricultural activities in the vicinity of P2 could also contribute to the
pollution of groundwater.
The forth dendogram was obtained by comparison with the PC4 (Fig. 2d). Dendogram separates

(a)

(b)

(c)

(d)
FIGURE 2
The CA dendograms of sampling locations compared to principal components
a) PC1, b) PC2, c) PC3 and d) PC4
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TABLE 4
Selection of parameters that should be included in future research monitoring programmes on the MSW
landfill in Novi Sad

P2
P3
P4
P6
B1
SK1
SK2
P2
P3
P4
P6
B1
SK1
SK2

Tw
x
x
x
x
x
x
x
BOD5
x
x
x
x
x
x
x

pH
x
x
x
x
x
x
x
SO42x
x
x
x
x
/
/

EC
x
x
x
x
x
x
x
Tot N
x
x
/
/
/
x
x

DO
/
/
/
/
/
/
/
B
x
/
/
x
/
/
/

NO2-N
x
x
x
x
x
x
x
Ca
/
/
/
/
/
/
/

Serbian bylaws prescribe the limit values of
physico chemical parameters that should be monitored in leachate water samples on the place of discharge, 4 times a year. Some of the parameters were
not examined (total suspended solids, hydrocarbon
index, toxicity to fish) since the study was conducted
before the Regulation on emission limit values of
waster pollutants and deadlines for their achievement (Off. Gazette of Republic of Serbia, no. 1/16)
was adopted. In order to create the comprehensive
research monitoring programmes, some additional
inorganic parameters were analyzed (KMnO4, SO42, B, Ca, Mg, Na, K, Fe, Zn, Pb, Cd, Ni, Al and Cr).
The selection of the physico chemical parameters
that should be included in the future research monitoring programmes was conducted according to the
data obtained using PCA and CA (Table 4).

NO3-N
x
x
x
x
x
x
x
Mg
/
/
/
/
/
/
/

NH4-N
x
x
x
x
x
x
x
Na
x
x
x
x
x
/
/

Tot P
x
x
x
x
x
x
x
K
/
/
/
/
/
/
/

KMnO4
/
/
/
/
/
/
/
Fe
x
x
x
x
x
/
x

COD
x
x
x
x
x
x
x
Zn
x
/
/
/
/
x
/

taminants above the WHO guideline values in samples from piezometers and well, indicate the potential threat of leachate on the quality of groundwater.
Application of PCA and CA appeared to be the
good statistical approaches for interpretation of
physico-chemical results of leachate and groundwater samples and significant tools for selection of the
optimal parameters for future research monitoring
programmes. Obtained results could be very useful
for developing of monitoring programme plans, for
the landfills with similar structure and waste management practice and could contribute in strengthening the capacity of national legislation.
Landfill environment is high loaded heterogeneous system and, there is a need for extension of the
number of parameters by persistent organic pollutants and emerging substances in order to obtain
more comprehensive research monitoring programmes and more realistic feature on the environment of MSW landfill sites.

CONCLUSION
This type of research monitoring programme is
scars and has been realized for the first time in Novi
Sad, Serbia. Leachate and groundwater samples
were collected during one year sampling campaign,
on MSW landfill in Novi Sad. The study was focused
on determination of the following parameters: T, pH,
EC, DO, BOD5, COD, (NO2-N), NO3-N, NH4-N, Tot
N, Tot P, B, SO42, KMnO4, Ca, Mg, Na, K, B, Cr,
Ni, Zn, Fe, Cd, Pb and Al. Results indicate that all 3
fields on MSW landfill in Novi Sad are in methanogenic phase of decomposition with continuous generation of fresh leachate. The results obtained for
leachate samples are consequent with the results
from earlier literature and they indicate the need for
leachate treatment. The presence of particular con-
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BIOCHEMICAL PARAMETERS IN ERYTHROCYTES AND
SERUM OF STREPTOZOTOCIN INDUCED DIABETIC RATS
Fazilet Erman1, Tubay Kaya2, Okkes Yilmaz2, Orhan Erman2, Ayse Dilek Ozsahin3,*
1
Firat University, Faculty of Health Sciences, 23169, Elazig, Turkey
Firat University, Faculty of Science, Biology Department, 23169, Elazig, Turkey
3
Bitlis Eren University, Faculty of Science, Biology Department, 13000, Bitlis, Turkey
2

altered cellular homeostasis that produces diffuse
vascular damage and multi-organ dysfunction. Diabetes is a metabolic disorder of multiple etiologies
characterized by chronic hyperglycemia with disturbance of carbohydrate, fat and protein metabolism
resulting from defects in insulin secretion, insulin
action or both [2]. There are two types of diabetes
mellitus: Type 1, insulin dependent diabetes mellitus, is hereditary and is treated by insulin, and type
2, non-insulin dependent diabetes mellitus is age-associtiated which occurs in eldery people and is
treated by controlling the diet and oral hypoglycemic
drugs [3]. Many oral antihyperglycemic agents, such
as sulfonylurea and biguanides are available along
with insulin for the treatment of diabetes, but these
agents have significant side effects and some of them
could be ineffective in chronic diabetic patients [4].
Thus, there is an increasing need for new, natural and
more effective anti-hyperglycemic products especially nutraceuticals with less side effects, safe and
high anti-hyperglycemic potential. There are known
plants and secondary metabolites that are effective in
management and control of diabetes.
Recently, Physalis peruviana and Lupinus
albus are very much appreciated by researchers
worldwide for their effect as hypoglycemic agents.
Medically, Physalis peruviana and Lupinus albus
have been used as a medicinal herb against to cancer,
leukemia, asthma, hepatitis and diabetes[5-8]. The
present study was conducted to determine the antidiabetic effects and biochemical activities of
Physalis peruviana and Lupinus albus fruit extracts
in erythrocytes and serum of diabetic rats.

ABSTRACT
In this study, the effects of goldenberry and lupin on some biochemical parameters in erythrocytes
and serum of streptozotocin-induced diabetic rats
were investigated. Type II diabetes was produced in
rats by the streptozotocin injection.
Rats were divided into four groups, each one
containing 10 rats: non-diabetic control group, STZDiabetes type II group, STZ-Diabetes type
II+goldenberry group, and STZ-Diabetes type
II+lupin group. After one week from the injection,
goldenberry and lupin were administered to rats for
2 months. Malondialdehyde, glutathione and fatty
acid levels, which are signs of lipid peroxidation,
were measured in erythrocytes and serum.
At the beginning and end of the study,
postprandial blood glucose levels of the rats were
measured. In type II diabetes, malondialdehyde level
was increased when compared to control group. Glutathione level was decreased in the erythrocytes and
all of the STZ-induced diabetic groups. It has been
determined that the treatment with similar doses of
goldenberry and lupin significantly reduced
postprandial hyperglycemia, oxidative stress and
augmented antioxidant system. The results of the
present study showed that the plant extracts exerted
anti-hyperglycemic effects and consequently may
alleviative tissue damage caused by streptozotocininduced diabetes.

KEYWORDS:
Diabetes, Erythrocytes, Goldenberry, Lipid peroxidation,
Lupin, Serum

MATERIALS AND METHODS
INTRODUCTION

Animals. Animals, experimental design, and
experimental protocols were approved by the
Committee on the Ethics of Laboratory Animal
Experiments of Firat University (Elazig, Turkey).
Animal care and experimental protocols were
compatible with the NIH Guide for the Care and Use
of Laboratory Animals (NIH publication no.

Chronic non-communicable diseases such as
diabetes are increasing public health problems
worldwide [1]. Diabetes mellitus is characterized by
chronic high glucose levels in the blood due to irregularities in insulin levels; further, patients have an
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centrifuged at 9000 rpm for 20 min at 4°C. Supernatants were collected, aliquoted, and stored at ±70°C
until use. The supernatant obtained from the
TBARS, reduced glutathione and total protein analysis, fatty acid analysis of the pellets were performed.

30.06.2011/2011/7/101). Thirty-seven healthy adult
male Wistar albino rats, aged 8±10 weeks were
obtained from Firat University Experimental
Research Centre. The animals were housed in the
polycarbonate cages in a room with a 12-h day-night
cycle, temperature of 24 ± 3°C, and humidity of 45%
to 65%. During the whole experimental period, the
animals were fed with a balanced commercial diet
(Elazig Food Company, Elazig, Turkey) ad libitum.

Chemical
Analyses.
Lipid
peroxides
(TBARS) in blood samples homogenate were estimated using thiobarbituric acid reactive substances
by the method of Ohkawa et al. [9] the resulting
nmol/g tissue was calculated. The glutathione (GSH)
contents of the erythrocytes and serum were measured at 412 nm by the method of Ellman [10]. Extraction of lipids from the tissue specimens was performed according to the method of Hara and Radin
[11]. Preparation of fatty acid methyl esters was analyzed according to the method of Christie [12]. The
fatty acid methyl esters were analyzed in a gas chromatograph with a Macherey-Nagel capillary column. During the analysis, column heat was maintained at 120±220 °C, injection heat was maintained
at 240 °C, and detector heat was maintained at
280°C. The column heat program was regulated to
220°C from 120 °C; the heat increase was set to 5
°C/min until reaching 200 °C and to 4 °C min from
200 to 220 °C, and it was then held at 220 °C for 8
min. Nitrogen was the carrier gas and the detector
was a flame-ionization detector. Total protein contents in erythrocytes and serum were determined as
/RZU\¶VPHWKRGGHVFULEHG7KHSURFHGXUHIRUPHDV
uring protein was followed according to Lowry et al.
[13] using BSA (Bovin serum albumin) as standard.

Experimental Design. The first group was
used as the control group (n=7) and the others were
as follows: second group, Diabetes (n=10); third
group, Diabetes+ Physalis peruviana group (D+PP)
(n=10); fourth group, Diabetes+ Lupinus albus
group (D+LA) (n=10). Groups were made diabetic
by a single intraperitoneal injection of 40mg/kg
streptozotocin (STZ) solved in citrate buffer (pH
4.5). Control group rats were injected
intraperitoneally with buffer alone. One week after
administration of STZ, the tail vein blood glucose
levels of all the animals were measured. Blood
glucose levels of 140-200 mg/dl were considered as
diabetic. The rats in D+PP group were injected
intraperitoneally with 1 mL/kg P. peruviana fruit
extract. Also the addition of 2 gr P. peruviana extract
added to 500 mL drinking water was administered to
the rats two times per week. The rats in D+LA group
were injected intraperitoneally with 1 mL/kg L.
albus fruit extract. Also the addition of 2 gr L. albus
extract added to 500 mL drinking water was
administered to the rats two times per week. These
treatments continued for 8 weeks and after this
period, each experimental rat was anesthetized with
ether. Blood from rats was taken into EDTA vacutainer tubes. Erythrocyte pellets were separated from
plasma by centrifugation in 4,000 rpm. Then, erythrocyte pellets were washed three times with cold (4
°C) phosphate-buffered saline (pH 7.4). Blood
samples were dissected and stored at -85 °C prior to
biochemical analysis.

Statistical Analysis. One-way analysis of variance (ANOVA) and Post Hoc Tukey-HSD test were
used to determine differences between groups. Results are presented as mean ± S.E.M. Values were
considered statistically significant if p<0.05. The
SPSS/PC program (Version 15.0; SPSS, Chicago,
IL) was used for the statistical analysis.

Homogenate Preparation. Blood samples
were homogenized in Tris-HCl buffer (pH 7.5) and

TABLE 1
The blood glucose concentration changes in all groups
Blood Glucose Levels
2 Weeks
3 Weeks
4 Weeks
5 Weeks
6 Weeks
End Applications

C
61.83±3.86
66.83±2.61
67.00±8.11
96.50±12.34
106.50±15.17
108.00±10.34
109.33±2.58

D
138.17±29.46
141.42±13.63
144.17±19.24
152.75±19.38
155.00±23.94
211.75±43.33
249.00±28.31

4877

D+PP
162.55±27.15
138.91±8.51
132.73±7.21
129.27±9.45
124.82±9.54
121.00±15.53
113.73±17.65

D+LA
153.80±29.96
150.00±15.13
149.40±9.12
144.90±7.41
136.20±3.40
135.80±7.06
124.20±5.61
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significant decreasing difference was determined
between both groups (p<0.001).
GSH level in the diabetic group was
significantly decreased as compared to control group
(p<0.001) (Table 2). GSH amount were observed to
partially decrease in plant extract groups when
compared with the control group (p<0.05).
Significant differences in increasing tendency
between diabetic group and D+PP and D+LA groups
were observed (p<0.001) (Table 2).
Protein levels were significantly decreased in
the all groups as compared to control group (p<0.01,
p<0.001). When diabetic group was compared to
D+PP and D+LA groups, a partial decrease was
determined between both groups (p<0.01) (Table 2).

RESULTS AND DISCUSSION
Changes in Blood Glucose Levels. Even
though fasting blood glucose levels measured at the
1st, 4th, and 7th (at the end of study) weeks were
within normal limits in the control group during the
study, a continuous increase was observed in the
diabetic group (Table 1). A decrease was determined
in time in D+PP and D+LA groups (Table 1).
In the last few years, the use of traditional
medicine has increased. Epidemiological studies and
in vitro and in vivo tests in animals and humans show
that diets based on the consumption of vegetables
may have a hypoglycemic effect and reduce the risk
of chronic diseases [14-16]. In the present study, we
showed that P. peruviana and L. albus could prevent
development of STZ-induced type-2 diabetes in the
rat erythrocytes and serum. The pancreas plays an
important role in glucose homeostasis[17]. The role
of oxidative stress is implicated in the decline of
pancreatic function in diabetes mellitus. The diabetic
effect of STZ is due to an excess in the production of
reactive oxygen species (ROS). This excess leads to
toxicity in pancreatic cells, which, in turn, reduces
the synthesis and release of insulin while
concurrently affecting other organs [18]. In the
present study, blood glucose levelswere observed to
be increased in diabetic groups, however, blood
glucose levels were observed to be reduced again
with goldenberry and lupin extracts administration.
In the study conducted with goldenberry, it was
shown that it controlled glucose level by absorbing
carbohydrates owing to its fibrous structure [19, 20].
Blood glucose level was also observed to decrease
after lupin was given to diabetic rats [20]. The
polyphenols content of the fresh Physalis is juice
70mg/100mL [21, 22]. Physalis polyphenols may,
therefore, prevent the damage and death of
pancreatic-cells and/or stimulate the regeneration of
this type of cells in diabetic rats. The obtained results
of Physalis were agreed with Estakhr and Javdan
[23] who recorded that oral administration of
ethanolic extract of Physalis normalized the levels of
blood glucose. The presence of potent anti-diabetic
active principles as physalin, citric acid and vitamin
C in the extract inhibits glycogen phosphorylase
enzyme that catalyzes the process of glycogenolysis
thereby inhibiting glucagon on feedback inhibition
in the production of insulin.

TABLE 2
The MDA, GSH and protein levels of
erythrocytes in all groups
Groups
C
D
D+PP
D+LA

MDA (nmol/g)
2.62±0.14
4.55±0.11d
3.25±0.17c
1.92±0.09d

GSH (μg/g)
446.96±18.25
249.01±2.25d
359.56±1.05b
349.88±1.91b

Protein (μg/g)
11.17±0.29
5.91±0.18c
5.19±0.18d
5.28±0.13d

b: p<0.05, c: p<0.01, d: p<0.001


Table 3 shows fatty acid levels in erythrocytes
of type-2 diabetic rats. Compared to control group,
there were a significant decrease in 16:0 (Palmitic
acid), 20:4 n-6 (Arachidonic acid) and 22:6 n-6
(Docosahexaenoic
acid)
levels
(p<0.001).
Furthermore, 18:0 (Stearic acid), 18:1 n-9 (Oleic
acid) and 18:2 n-6 (Linoleic acid) levels (p<0.05)
were decreased relatively in the diabetic group. In
D+PP group, an evident decrease in 16:0, 18:1 n-9
and 22:6 levels was observed (p<0.001); whereas a
significant difference was determined in 18:2 n-6
and 20:4 n-6 levels (p<0.01). A partial decrease was
found in 18:0 level (p<0.05). Compared to diabetic
group, a significant difference in 16:0, 20:4 n-6 and
22:6 n-6 levels (p<0,01) and an evident difference in
18:0, 18:1 n-9 and 18:2 n-6 levels (p<0,001) were
observed in D+PP group. In D+LA group, 16:0, 20:4
n-6 and 22:6 n-3 levels increased significantly
(p<0,01); whereas, significant decreases were
determined in 18:0, 18:1 n-9 and18:2 n-6 levels
(p<0.001).
The levels of MDA and total protein in the serum of control and diabetic rats are presented in the
Table 4. Compared to control group, a significant
increase was observed in MDA level in the diabetic
group (p<0.01). While a partial decrease was found
LQ '33 JURXS S  DQ\ GLIIHUHQFH ZDVQ¶W
observed in D+LA group (p>0.05). As diabetic
group was compared with D+PP and D+LA groups,
a significant decreasing difference was determined
between both groups (p<0.001).

Values of Erythrocytes and Serum in Type2 Diabetes. The levels of MDA, GSH and total protein in the erythrocytes of control and diabetic rats
are presented in the Table 2. Compared to control
group, a significant increase was observed in MDA
level in the diabetic group (p<0.001). A significant
increase was observed in the D+PP group (p<0.01)
and partial decreases were observed in D+LA group
as compared to the control group. As diabetic group
was compared with D+PP and D+LA groups, a
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TABLE 3
The fatty acids levels of erythrocytes in all groups (mg/g)


Fatty Acids
C
16:0
172.14±31.90
18:0
74.22±12.55
6)$
246.36±44.45
18:1, n-9
53.80±1.88
08)$
53.80±1.88
18:2, n-6
71.35±14.79
20:4, n-6
154.34±14.35
22:6, n-3
82.98±2.35
38)$
308.67±31.49
b: p<0.05, c: p<0.01, d: p<0.001

D
49.19±0.35d
46.23±24.41b
95.42±24.76
31.53±1.22b
31.53±1.22
48.07±24.58b
63.20±1.17d
26.42±0.71d
137.69±26.46

D+PP
76.06±1.64c
41.85±14.07c
117.91±15.71
21.51±5.41d
21.51±5.41
34.86±0.66c
93.52±0.60b
34.92±10.31b
163.30±11.57

D+LA
67.25±1.33b
32.09±12.46d
99.34±13.79
24.13±7.69c
24.13±7.69
27.92±0.62d
78.06±0.62c
31.211±7.61c
137.19±8.85

TABLE 4
The MDA and protein levels of serum in all groups
Groups
C
D
D+PP
D+LA
a: p>0.05, c: p<0.01, d: p<0.001

MDA (nmol/g)
2.67±0.69
4.76±0.13d
3.54±0.21c
2.59±0.10a

Protein (μg/g)
2.67±0.69
4.76±0.13d
3.54±0.21c
2.59±0.10a

TABLE 5
The fatty acids levels of serum in all groups (mg/g)
Fatty Acids
C
16:0
244.58±13.92
18:0
67.93±1.50
6)$
312.51±15.42
16:1, n-7
49.00±0.27
18:1, n-9
246.89±13.03
08)$
295.89±13.30
18:2, n-6
243.12±13.37
20:4, n-6
164.38±15.95
22:6, n-3
42.95±0.24
38)$
450.45±29.56
a: p>0.05, b: p<0.05, c: p<0.01, d: p<0.001

D
214.55±16.54c
109.48±3.92d
324.03±20.46
49.09±0.27a
188.11±18.32b
237.2±18.59
203.41±9.97b
180.38±12.48d
48.75±9.89c
432.54±32.34

D+PP
220.74±15.89b
107.25±7.88d
327.99±23.77
33.85±1.22c
167.31±15.84d
201.16±17.06
195.21±15.34c
179.32±16.64d
48.19±0.95c
422.72±32.93

D+LA
156.67±12.35d
69.93±0.24a
226.6±12.59
36.87±1.73b
174.72±20.66c
211.59±22.39
175.93±15.40d
151.07±6.54b
60.81±0.79d
387.81±22.73

group. In D+PP group, an evident increase in 18:0
level was observed (p<0.001); whereas, a significant
decrease was determined in 16:1 n-7, 18:1 n-9, 18:2
n-6, 20:4 n-6 levels (p<0.001). A partial decrease
was found in 16:0 level (p<0.05). 22:6 n-6 level was
determined to get close to C group (p>0.05). While
16:0, 16:1 n-7, 18:1 n-9, 18:2 n-6, 20:4 n-6 levels
significantly decreased in D+LA group (p<0.001),
18:0 level got close to C group (p>0.05). Compared
to diabetic group, a partial differences in 16:0, 18:0
and 20:4 n-6 levels (p<0.05) and evident differences
in 16:1 n-7, 18:1 n-9, and 18:2 n-6 levels (p<0.001)
were observed in D+PP group. In D+LA group, 22:6
n-6 level increased significantly (p<0.01); whereas,
an evident decrease was found in 16:0, 16:1 n-7,
18:0, 18:1 n-9, 18:2 n-6, 20:3 n-6 and 20:4 n-6 levels
(p<0.001, p<0.01, respectively).

It was found that protein levels significantly
increased in the diabetic and D+LA groups
compared to control group (p<0.001, p<0.01,
respectively). When compared to control group, no
significant difference was seen in total protein level
in D+PP group (p>0.05). When diabetic group was
compared to D+PP and D+LA groups, a distinct
decrease was determined between both groups
(p<0.001) (Table 4).
Table 5 shows fatty acid levels in serum of
type-2 diabetic rats. Compared to control group,
there were an evident increase in 18:0 (Stearic acid),
20:4 n-6 (Arachidonic acid) and 22:6 n-6
(Docosahexaenoic acid) levels (p<0.001) and 16:0
(Palmitic acid), (p<0.01), 18:1 n-9 (Oleic acid) and
18:2 n-6 (Linoleic acid) levels (p<0.01, p<0.05,
respectively), while relative decrease in the diabetic
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diabetic and D+LA groups were lower than the
control group. In mammalian cells, palmitic acid is
the major products of de novo synthesis by the
activity of cytoplasmic FA synthase [33]. The
present study showed that the level of 18:1 n-9 in
fatty acid composition of erythrocyte and serum was
low in the diabetic group. Desaturases are key
enzymes in the biosynthesis of the monounsaturated
and polyunsaturated fatty acids and thereby
contribute to the control of the fatty acid-dependent
structure and disorder of the membrane. A
relationship has been observed between the
16:0/16:1 and 18:0/18:1 ratios usually used as an
index of in vivo ǻ9-desaturase activity. Brenner et
al. [34] have stressed that the activities of fatty acid
desaturases, such as delta 9, delta 6 and delta 5 were
depressed in STZ induced diabetic rats. Changes in
the fatty acid composition of rat liver, heart, kidney,
testis, spleen, and brain phospholipids were
examined at various stages of STZ-induced diabetes.
Brenner [35] reported that STZ-induced diabetes
GHSUHVVHG ¨- ¨- DQG ¨-5 fatty acid desaturases,
decreased arachidonic and increased linoleic acid
OHYHOV'HVDWXUDVHDFWLYLWLHVLQ¨-6 pathway may be
increased by insulin and diet restriction [36].

The erythrocyte was an early model of
oxidative stress studies [24]. It should be prone to
oxidative reactions, because of relatively high
oxygen tensions, presence of hemoglobin, and a
plasma membrane rich in PUFAs. The present study
revealed that while a distinct increase in MDA was
determined in diabetic groups as compared to control
group, it generally decreased in blood samples.
Additionally, it was observed that MDA levels in
D+PP and D+LA groups had a value close to control
group and a decrease compared to diabetic group
after the administration. We suggest that the
induction of antioxidant enzymatic and nonenzymatic defense systems and suppression of MDA
by Physalis could be effective in preventing
apoptosis activation which might be supported by
previous findings [25, 26]. In a study conducted on
goldenberry, malondialdehyde (MDA) levels of
diabetics were examined and positive outcomes
were obtained as a result of administration. The
effect of Physalis was shown upon effect of anti-free
radicals in pancreatic beta cells [6].
In erythrocyte, GSH antioxidant systems is
very important and plays a fundamental role in
cellular defense against reactive free radicals and
other oxidant species [27]. GSH is the most
prevalent low molecular weight antioxidant within
cells and protects cellular constituents from
oxidative damage by reacting directly with oxidants
or acting as the substrate for glutathione peroxidase
to scavenge peroxides [28]. When the GSH molecule
neutralizes the free radicals, the GSH molecule is
converted to oxide form (GSSG). The GSSG is again
converted to GSH use to NADPH by the GSH
reductase enzyme. The conservation and formation
of NADPH in the cells are realized by the activity of
pentose-phosphate pathway and malic enzyme [29].
With an insufficient insulin level, the activities of
glucose-6-phosphate dehydrogenase in pentose
phosphate shunt decreased and glutathione reductase
led to impairment of GSH regeneration and
increased the level of GSSG. Declined GSH level in
the diabetic group may be associated with the lack of
insulin. The results of the present study revealed that
the level of GSH in diabetic group was lower than
the control group. However, GSH level was higher
in the plant extract groups. The progression of
variable measurements in STZ-diabetic rats after
plant extracts treatment might offer a protective
influence of Physalis and Lupinus against STZ
action that could be induced through suppression of
oxygen free radicals mediated by STZ.
Lipid profile abnormalities form 40% of cases
of diabetes and diabetic complications are one of the
most common. Fatty acid is required for both the
structure and function of every cell in the body and
forms an important component of cell membranes
[30]. Fatty acid composition is changed in humans
[31] and animals with diabetes [32]. In the FA
composition of blood samples, palmitic acid level in

CONCLUSION
Consequently, the possible effects of diabetes
on various tissues and protective and therapeutic
properties of goldenberry and lupin in these tissues
were investigated in this study. It can be asserted that
goldenberry and lupin decreased blood glucose and
lipid peroxidation levels and increased glutathione
level. However, it was observed that they were not
sufficiently effective on especially enzyme activities
at molecular level. As a result of the obtained results,
it is concluded that these plants can be used for
diabetic patient follow-up and recovery process.
This will be important as an indication of the
potentially medicinal and economical utility of P.
peruviana and L. albus as new sources of bioactive
phytochemicals and functional foods.

ACKNOWLEDGEMENTS
This study was supported by the project
FF.11.40 FUBAP, Firat University.

REFERENCES
[1] Cuevas, A., Alvarez, V. and Carrasco, F. (2011)
Epidemic of metabolic syndrome in Latin
America. Current Opinion in Endocrinology,
Diabetes and Obesity, 18, 134-138.
[2] Nayak, B.S. and Roberts L. (2006) Relationship
between inflammatory markers, metabolic and

4880

© by PSP

Volume 26 ± No. 7/2017 pages 4876-4882

Fresenius Environmental Bulletin

(Thunb.) valh (fruit) in streptozotocin induced
diabetes mice. Journal of Ethnopharmacology,
192, 256-263.
[16] Poodineh, J. and Nakhaee, A. (2016) Hypoglycemic and hypolipidemic effects of Caralluma
tuberculate and its safety on liver and kidneys
of diabetic rats. Turkish Journal of Biochemistry, 41, 136-143.
[17] Klip, A. and Vranic, M. (2006) Muscle, liver
and pancreas: three musketeers fighting to control glycemia. American Journal of Physiology:
Endocrinology and Metabolism, 291, 11411143.
[18] Richmond, N. (1973) Colorimetric method of
determination of total cholesterol and high density lipoprotein cholesterol. Clinical Chemistry,
19, 1350-1356.
[19] Bornet, F.R.J., Billaux, M.S. and Messing, B.
(1997) Glycemic index concept and metabolic
diseases. International Journal of Biological
Macromolecules, 21, 207±219.
[20] Garzon-de la Mora, P., Moreno-Sandoval, L.E.,
Villafan-Bernal, J.R., Avalos-Alcantara, G.,
Gurrola-Diaz, C. and Garcia-Lopez, P.M.
(2008) Lupinus albus seed globulins induce hypoglycaemia and hypotriglyceridemia in wistar
rats. Lupins for Health and Wealth Proceedings
of the 12th International Lupin Conference Canterbury, 469-472.
[21] Dahech, I., Belghith, K.S., Hamden, K., Feki,
A., Belghith, H. and Mejdoub, H. (2011) Antidiabetic activity of levan polysaccharide in
alloxan-induced diabetic rats. International
Journal of Biological Macromolecules, 49(4),
742-746.
[22] El-Sheikha, A.F., Riberye, F., Larroque, M. and
Reynes, M. (2010) Quality of Physalis juice
packaged in glass bottles and flexible laminated
packs during storage at 5 °C. Fruit, 6, 13881405.
[23] Estakhr, J. and Javdan, N. (2011) The Effects of
Hydroalcoholic Extract of Physalis alkekegi in
Alloxan Induced Diabetic Rats. Pharmacology&Therapeutics, 2, 874-878.
[24] Yilmaz O, Ozkan Y, Yildirim M, Ozturk, A.I.
and Ersan, Y. (2002) Effects of alpha lipoic
acid, ascorbic acid-6-palmitata and fish oil on
the glutathione, malonaldehyde and fatty acids
levels in erythrocytes of streptozotocin induced
diabetic male rats. Journal of Cell Biochemistry,
86, 530-539.
[25] Pari, L. and Murugan, P. (2005) Effect of tetrahydrocurcumin on blood glucose, plasma insulin and hepatic key enzymes in streptozotocin
induced diabetic rats. Journal of Basic Clinical
Physiology and Pharmacology,16, 257-274.
[26] El-Mahdy, M.A., Zhu, Q., Wang, Q.E., Wani,
G., Patnaik, S., Zhao, Q., Arafa, E.L., Barakat,
B., Mir, S.N. and Wani, A.A. (2008) Naringenin
protects hacat human keratinocytes against uvb-

anthropometric variables in the Caribbean type
2 diabetic patients with and without microvascular complications. Journal of Inflammation, 3,
17.
[3] Warjeet, S.L. (2011) Traditional medicinal
plants of Manipur as antidiabetics. Journal of
Medicinal Plant Research, 5, 677-687.
[4] Pari, L. and Suman, S. (2010) Antihyperglycemic and antilipidperoxidative effects of flavanoid naringin in streptozotocin-nicotinamide
induced diabetic rats. International Journal of
Biological and Medical Research, 1(4), 206210.
[5] Kasali, F.M., Kadima, J.N., Mpiana, P.T.,
Ngbolua, K. and Tshibangu, D.S. (2013) Assessment of antidiabetic activity and acute toxicity of leaf extracts from Physalis peruviana L.
in guinea-pig. Asian Pacific Journal of Tropical
Biomedicine, 3(11), 841-846.
[6] Hassan, A.I., and Ghoneim, M.A.M. (2013) A
possible inhibitory effect of Physalis (Physalis
pubescens L.) on diabetes in male rats. World
Appl Sci J, 21(5), 681-688.
[7] Garcia Lopez, P.M., De La Mora, P.G.,
Wysocka, W., Maiztegui, B., Alzugaray, M.E.,
Del Zotto, H. and Borelli, M.I. (2004) Quinolizidine alkaloids isolated from Lupinus species
enhance insulin secretion. European Journal of
Pharmacology, 504, 139-142.
[8] Eskander, E.F. and Won Jun, H. (1995) Hypoglicemic and hyperinslinemic effects of some
egyptian herbs used for the treatment of diabetes
mellitus in rats. Egyptian Journal of Pharmacology Science, 36(1-6), 331-342.
[9] Ohkawa, H., Ohishi, N. and Yagi, K. (1979) Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction. Analytical Biochemistry, 95, 351-358.
[10] Elman, G.I. (1958) Tissue sulfhydryl groups.
Archives of Biochemtry and Biophysics, 82, 7077.
[11] Hara, A. and Radin, N.S. (1978) Lipid extraction of tissues with a lowtoxicity solvent. Analytical Biochemistry, 90, 420-426.
[12] Christie, W.W. (1999) Gas chromatography and
lipids: A Practical Guide. The Oily Press, Ayr,
Scotland.
[13] Lowry, O.H., Rosebrough, N.J., Farr, A.L. and
Randall, R.J. (1951) Protein measurement with
the folin phenol reagent. The Journal of Biological Chemistry, 193(1), 265-275.
[14] Emordi, J.E., Agbaje, E.O., Oreagba, I.A. and
Iribhogbe, O.I. (2016) Antidiabetic and hypolipidemic activities of hydroethanolic root extract
of Uvaria chamae in streptozotocin induced diabetic albino rats. BMC Complementary and
Alternative Medicine, 16, 1-8.
[15] Zhang, Y., Feng, F., Chen, T., Li, Z. and Shen,
Q.W. (2016) Antidiabetic and antihyperlipidemic activities of Forsythia suspensa

4881

© by PSP

Volume 26 ± No. 7/2017 pages 4876-4882

Fresenius Environmental Bulletin

fatty acids. Progress in Lipid Research, 43, 36±
54.
[34] Brenner, R.R., Bernasconi, A.M. and Garda,
H.A. (2000) Effect of experimental diabetes on
the fatty acid composition, moleculer species of
phosphatidyl-choline and physical properties of
hepatic microsomal membranes. Prostaglandins, Leukotrienes & Essetial Fatty Acid, 63(3),
167-176.
[35] Brenner, R.R. (2003) Hormonal modilation of
D6 and D5 desaturases: case of diabetes. Prostaglandins, Leukotrienes & Essetial Fatty Acid,
68 (2), 151-162.
[36] Frenkel, A.L., Canetti, L. and Halpern, Z.
(2004) Effects of nutritional lipids on diabetic
manifestations and D6 desaturase mRNA level
in streptozotocin treated mice. Nutrition Research, 24, 303-312.

induced apoptosis and enhances the removal of
cyclobutane pyrimidine dimers from the genome. Photochemistry and Photobiology, 84,
307-316.
[27] Giron, M.D., Salto, R., Gonzales, Y., Giron
J.A., Suarez, D. and Hortelano, P. (1999)
Modulation of hepatic and intestinal glutathione
S transferases and other antioxidant enzymes by
dietary lipids in streptozotocin induced diabetic
rats. Chemosphere, 38(13), 3003-3013.
[28] Beutler, E. (1989) Nutritional and metabolic aspects of glutathione. Annual Review Nutrition,
9, 287-302.
[29] Sies, H. (1990) Glutathione and its role in cellular functions. Free Radical Biology Medicine,
27, 916±921.
[30] Kirecci, O.A., Ozsahin, A.D., Yilmaz, O., Erdem, F. and Sarigul H. (2017) Heavy metals
(Chromium, copper, lead, and aluminum) on
some biochemical parameters in Saccharomyces cerevisiae culture medium. Fresen. Environ.
Bull., 26(3), 2177-2187.
[31] Ruiz-Gutierrez, V., Stiefel, P., Villar, J., GarciaDonas, M.A., Acosta, D. and Carneado, J.
(1993) Cell membrane fatty acid composition in
type 1 (insulin dependent) diabetic patients: Relationship with sodium transport abnormalities
and metabolic control. Diabetol, 6, 850-856.
[32] Holman, R.T., Johnson, S.B., Gerrard, J.M.,
Mauer, S.M., Kupcho-Sandberg, S. and Brown,
D.M. (1983) Arachidonic acid deficiency in
streptozotocin-induced diabetes. Proceedings of
National Academy of Sciences of The United
States of America, 80, 2375-2379.
[33] Leonardo, A.E., Pereiraa, S.L., Sprecherb, H.,
Huangam, Y.S. (2004) Elongation of long-chain

Received:
Accepted:

18.04.2017
09.06.2017

CORRESPONDING AUTHOR
Ayse Dilek Ozsahin
Bitlis Eren University,
Faculty of Science Biology Department
13000, Bitlis ± TURKEY
E-mail: molekuler@gmail.com

4882

© by PSP

Volume 26 ± No. 7/2017 pages 4883-4889

Fresenius Environmental Bulletin

BIOCHEMICAL AND HISTOPATHOLOGICAL CHANGES
OF BABESIOSIS IN NATURALLY INFECTED SHEEP IN
GAZIANTEP REGION
Haci Ahmet Deveci1, Gokhan Nur1,*, Abdulsamed Kukurt2
1
Gaziantep University, Vocational School of Higher Education in Islahiye, Gaziantep, Turkey.
Kafkas University, Faculty of Veterinary Medicine, Department of Biochemistry, Kars, Turkey.

2

causes numerous diseases to be seen. Tick-borne
diseases are more common in sheep and goats, ands
show their effect in tropical and subtropical zones
further. Babesiosis is among the most important ones
of these diseases and frequently seen in summer
months when ticks are active in Turkey [1-3]. Sheep
babesiosis is the most critical tick-borne
hemoparasitpic disease of small ruminants caused by
Babesia ovis, Babesia motasi, and Babesia crassa.
Sheep Babesiosis caused by Babesia ovis, is an
important seasonal disease observed in sheep and
goats in all geographical regions of Turkey. Babesia
ovis, which is extremely pathogenic particularly in
sheep, causes an infection associated with symptoms
such as fever, hemoglobinuria, icterus, and anemia
[4-7].
In Babesiosis, membrane permeability and
phagocytosis of erythrocytes is increased by
activated macrophages and erythrocytes break down
[8]. As a result of invasion of erythrocytes by species
of Babesia, important changes occur in their
antioxidant potential. These parasites settling in
erythrocyte lead to cellular degradation and
eventually lipid peroxidation by causing anemia [911]. Increased reactive oxygen species (ROS) and
reactive nitrogen species (NOS) cause oxidative
stress. As is in several diseases, oxidative stress has
a crucial role in pathogenesis of parasitic infections.
These reactive species are produced to attack
invasive microorganisms in the organism in the first
place via nitration and oxidation reactions. Nitric
oxide mediates host defense mechanism against
numerous intracellular parasites. In addition,
excessive amount of ROS and RNS may lead to host
cell injury and tissue damage [12-14]. In Babesiosis,
oxidative stress and lipid peroxidation have an
important role in pathogenesis of anemia.
Antioxidant system of the organism weakens and
oxidative stress occurs as a result of excessive
accumulation of many reactive oxygen species
(ROS) such as superoxide, hydrogen peroxide, and
hydroxyl radical [15-17].
Paraoxonase enzyme (PON1) is a 43-45 kDa
glycoprotein esterase of 354 amino acids. This
enzyme,
which
catalyzes
hydrolysis
of
organophosphates, is associated with HDL in liver,
kidney, intestine, and serum [18, 19]. Even though

ABSTRACT
The aim of this study is to determine the
changes occurring in serum paraoxonase (PON)
activity, high density lipoprotein (HDL), total
antioxidant / oxidant status (TAS/TOS), nitric oxide
(NO), and whole blood glutathione (GSH) levels in
sheep with Babesiosis (pre-treatment and posttreatment) compared to healthy sheep. 24 adult
awassi sheep with Babesiosis (pre-treatment and
post- treatment) that had a weight of 25-35 kg, were
3-5 years old, and were clinically suspicious (body
temperature of 39±42°C, icterus, anemia, hematuria)
as well as 20 healthy adult awassi sheep were used
in the study. PON activity, HDL, TAS/TOS, NO,
and whole blood GSH levels were measured in
complete blood and serum samples obtained from
blood samples taken from animals. Compared to
healthy sheep, PON activity, TAS, HDL, and whole
blood GSH levels of sheep naturally infected with
Babesia ovis decreased, their TOS and NO levels
increased. After the treatment, biochemical
parameters of sheep with Babesiosis were
determined to become closer to values of healthy
sheep. Cholangiohepatitis, hyperemia in central and
portal vein, lymphohistiocytic, areas of focal
necrosis, and leukocyte cell infiltration in
perivascular/parenchymal areas were observed in
histopathological examination of liver cross sections
from animals with Babesiosis. Consequently, it was
determined that in sheep with Babesiosis parasites
caused a shift in oxidant/antioxidant balance of host
organism in favor of oxidants and this caused
negative conditions to occur in development of
animal by creating oxidative stress.

KEYWORDS:
Babesia
ovis,
glutathion,
liver
histopatology,
oxidant/antioksidant status, paraoxonase activity

INTRODUCTION
Even though geography in which Turkey is
located is quite convenient in terms of sheep
breeding, its location in subtropical climate zone
4883



© by PSP

Volume 26 ± No. 7/2017 pages 4883-4889

onto microscope slides that were previously coated
with chrome alum gelatin (CAG) from blocks.
Histopathological changes were examined at the
light microscopic level by applying hematoxylineosin staining, one of histological staining methods,
to the cross-sections [22].

there are numerous medical studies on paraoxonase
enzyme, there is very limited number of studies in
veterinary medicine. Limited number of studies [20,
21]. on Paraoxonase activity in Babesiosis, which is
an important disease in livestock industry, was found
in literature reviews. Therefore, the aim of this study
was to determine paraoxonase activity and
oxidant/antioxidant balance in sheep naturally
infected with Babesia ovis in Gaziantep region.

Biochemical Analysis. Measurement of
Paraoxonase (PON1) activity: PON1 activity was
measured according to methods of Eckerson et al.,
[23]. and Gülcü and Gürsu [24]. PON1 activity was
determined by measuring spectrophotometrically
absorbance of colorful product by 4-nitrophenol,
resulting from enzymatic hydrolysis of paraoxon
(Sigma Co, Lon-don, UK), used as substrate, at 25°C
and by using 412 nanometer. The unit for
paraoxonase activity was described as enzyme
activity of enzyme in 1 ml serum converting 1 nmol
paraoxon into 4-nitrophenol within 1 minute and the
results were given in U/L.
Measurement of total oxidant status (TOS):
TOS was measured by using automated measuring
method [25]. Oxidants in the sample had tasks of
transferring ferrous ion complex into ferric ion.
Ferric ion (Fe +3) forming by oxidation of iron (Fe +2)
into more stabile form (Fe2O3) formed color reaction
with xylenol orange in the acidic media. Density of
the spectrophotometrically measured color was
associated with total amount of oxidant molecules
found in the sample. The measurement was
calibrated with hydrogen peroxide (H2O2) and the
results were given in micromolar H2O2 equivalent
ȝPRO+2O2 equiv./L) per liter.
Measurement of total antioxidant status (TAS):
TAS was measured by using the automated
measuring method based on bleaching of the
FKDUDFWHULVWLF FRORU RI ¶-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) radical by
antioxidants of sample added in the medium [26].
The results were given in mmol Trolox equivalent/L.
Measurement of Nitric Oxide: Serum NO
levels were measured in spectrophotometer
according to method reported by Miranda et al., [27].
In this method, nitrate was transformed into nitrite
via Vanadium (III) chloride. Complex diazonium
compound formed as a result of the reaction of nitrite
and sulphanilamide with N-(1- Naphthyl)
ethylenediamine dihydrochloride in acidic medium.
This resultant colorful complex was measured at 540
nm. Levels of nitrate and nitrite were determined
separately and then sum of these two indicated the
amount of NO.
Measurement of whole blood Glutathion
(GSH): Whole blood GSH level was analyzed
according to the method reported by [28]. In
hemolysis of EDTA containing blood prepared with

MATERIALS AND METHODS
Experimental Design. 29 adult awassi sheep
with Babesiosis (pre-treatment and post- treatment)
that were raised in a farm located in Islahiye district
of Gaziantep, had a weight of 25-35 kg, were 3-5
years old, and were clinically suspicious (body
temperature of 39±42°C, icterus, anemia, hematuria)
as well as 20 healthy adult awassi sheep were used
in the study. Blood smear staining was performed
with 5% Giemsa stain by taking blood samples from
Vena jugularis of the animals. Piroplasma forms
were found in erythrocytes of 24 sheep out of 29
clinically suspicious sheep in microscopic
examination performed under immersion objective
(X100). 20 healthy sheep and 24 sheep with
Babesiosis which were definitively diagnosed with
disease were included in the study. After separating
some of blood samples, which were taken from Vena
jugularis of sheep with Babesiosis for biochemical
measurements before the treatment, as complete
blood into tubes containing anticoagulant (EDTA),
serums of blood samples were obtained by
centrifuging them in tubes without anticoagulant at
3000 rpm for 15 minutes. While whole blood GSH
level was measured in the same day, serums were
kept at -20 °C until the analysis. 3 doses (0.5 ml/50
kg b.w., 1.2 mg/kg b.w.) of the drug Imicarp
(imidokarp dipropiyonat), which is used for
treatment, were administered to sheep with
Babesiosis. Also, Beforvel vitamin complex was
administered for 3 days in addition to the treatment.
PON activity, HDL, TAS/TOS, NO, and GSH levels
were measured in complete blood and serum
samples taken from sheep, which showed recovery
in clinical symptoms of disease 1 week after the
treatment, by using the same method.
Histopathological Analysis. Liver tissue taken
from animals was dissected in appropriate sizes and
fixed in formol solution containing 10% buffer.
Tissues taken after routine tissue processing (grade
alcohols, methyl benzoate, and benzol processing)
following the fixation were embedded into paraffine,
5-μm serial cross-sections were taken via microtome
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FIGURE 1
Images of liver cross-sections of animals with Babesiosis: sinusoidal, central and portal veins congestion
(asterisks), cell infiltrations (arrows), areas of focal necrosis (split arrows), ihc: irregularity hepatic cords,
cv:central veins, vp: portal veins.
TABLE 1
PON activity, HDL, TAS, TOS, NO, and GSH levels of all three groups.

distilled water, all proteins not carrying sulfhydryl (SH) groups were precipitated. GSH levels are
obtained by spectrophotometric measurement of
yellow complexes, formed by -SH groups with
DTNB (5,5'-2-ditiobis nitrobenzoic acid) in clear
liquid, at 412 nm wave length.
Measurement of high density lipoprotein
(HDL): HDL level was examined in the autoanalyzer
using a commercial kit and given in mg/dl.

RESULTS
Histopathological findings. In examinations
of liver tissues obtained from animals with
Babesiosis
under
light
microscope;
cholangiohepatitis, irregularity in hepatic cords,
congestion in central and interlobular vein,
lymphohistiocytic, areas of focal necrosis, and
leukocyte cell infiltration in perivascular/
parenchymal area were observed. There was an
indicator for strong inflammation in liver (Figure 1).

Statistical Analysis. The data obtained from
the study were statistically analyzed by using IBM
SPSS statistical 22 program. One way analysis of
variance (ANOVA) was used to determine whether
or not there was a difference between means of
experimental group and if there was a difference
EHWZHHQ PHDQV RI H[SHULPHQWDO JURXSV µ$QRYD'XQFDQ¶WHVWZDVDSSOLHGRQPHDQVFRUHVRIJURXSV
to determine which group or groups caused this
difference and the value of p<0.05 was accepted to
be statistically significant. The results were given in
mean ± standard deviation (X±SD).

Biochemical findings. Table 1 shows PON
activity, HDL, TAS, TOS, NO, and GSH levels
based on the data obtained from this study conducted
to
determine
paraoxonase
activity
and
oxidant/antioxidant balance in sheep with
Babesiosis, one of the tick-borne diseases causing
major economic losses for animal husbandry in
Turkey.
Accordingly, when control group and the
groups with Babesiosis (pre-treatment and posttreatment) were compared in terms of PON1 activity
and GSH level, the difference between all
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FIGURE 2
Statistical box plot display of biochemical parameters in control and babesiosis groups
(pre-treatment and post-treatment).
three groups was found to be statistically significant
(p<0.001). Compared to control group, PON1
activity and GSH levels decreased significantly in
group
with
Babesiosis
(pre-treatment);
whereas,values were observed to increase in the
post- treatment group. Similarly, when control group
and the groups with Babesiosis (pre-treatment and
post- treatment) were compared in terms of
TAS/TOS, HDL, and NO levels (p<0.01), the
statistically difference between all groups was found
to be significant (p<0.01). When groups with
Babesiosis were compared with control group, it was
determined that while TAS and HDL levels
significantly decreased in pre-treatment group with
Babesiosis, TOS and NO levels increased
significantly. Additionally, TAS/TOS, HDL, and
NO levels in the post-treatment group became closer
to values of control group.

DISCUSSION AND CONCLUSION
Tick-borne diseases are prevalent in Turkey
due to the convenience of climate conditions.
Babesiosis, among these diseases, is frequently seen
particularly in sheep, causes great losses in terms of
animal-based economy in Turkey. Factors causing
Babesiosis lead to major changes in biochemical
parameters of its host [20, 29, 30]. Babesia species
cause both anemia by hemolyzing erythrocytes and
damage in erythrocytes. Thus, lipid peroxidation
occurs as a result of oxidative stress developing
based on damage in erythrocytes and antioxidant
system which is responsible for protecting cells
declines [3, 20, 30].
Under normal physiological conditions, free
radicals and antioxidant mechanisms in the organism
are in a balance. It is vital for these substances to be
in balance for an effective immune system and
prevention of tissue damage in living organism.
Increased reactive oxygen species in the cells cause
oxidative damage in protein, lipid, and DNA. This
4886
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production in sheep macrophages and increases
release of NO.
Paraoxonase enzyme is an antioxidant enzyme
found in various tissues particularly liver, kidney,
intestine, and serum. PON1, which is associated with
HDL in plasma, acts as target for lipid peroxides.
Due to the ability of hydrolyzing lipid peroxides,
PON also has an important role for elimination of
potential oxidants. A decrease in serum PON1
activity is accepted as an inflammatory response and
also as an indicator of increased oxidative damage
[18, 45-48]. In limited number of studies [20, 21] on
animals with Babesiosis, PON activity was reported
to decrease and the decreased PON activity could
cause HDL levels to decrease as well. In another
study, Mrljak et al. [49] determined that HLD levels
decreased in dogs infected with babesiosis and HDL
levels increased again after the treatment. In the
present study, PON activity and HDL levels were
detected to decrease significantly in sheep with
Babesiosis compared to healthy sheep and became
closer to values of healthy sheep after the treatment.
The decreased PON activity in sheep with
Babesiosis made us think that this could be
associated with increased free radical and lipid
peroxidation caused by Babesia parasites; on the
other hand, decreased HDL level might be associated
with the decreased in PON activity as well as LDL
oxidation.
Consequently, decreased whole blood GSH,
serum PON activity, TAS and HDL levels and
increased TOS and NO levels in sheep naturally
infected with Babesia ovis is an indicator for a shift
in favor of oxidants in oxidant/antioxidant balance of
host organism of parasites in tick-borne diseases. In
addition, the fact that the same parameters became
closer to values of healthy sheep in the posttreatment period reveals consideration of oxidative
stress in fighting against d animal diseases and
importance of the use of vitamin complexes along
with anti-parasitic medication.

results in inhibition of antioxidant enzyme activity
and protein synthesis, DNA damage, and cell death
[16, 31, 42]. Because oxidant and antioxidant agents
will have antagonistic and synergistic effect with
each other in the blood, it has been reported to be
more beneficial to measure TOS and TAS instead of
measuring oxidants and antioxidants individually in
order to determine total oxidant/antioxidant balance
[25, 26]. It was determined in the present study that
TAS values decreased but TOS values increased in
sheep with Babesiosis compared to control group.
Post-treatment TAS and TOS values in sheep with
Babesiosis became closer to those in control group.
It was thought that TAS values were low and TOS
values were high in sheep with Babesiosis because
parasites settling in erythrocyte cause lipid
peroxidation and accordingly they may create
oxidative stress in animals by weakening antioxidant
defense system.
Glutathione (GSH) is a strong antioxidant
taking part in elimination of oxidants, which form as
a result of increased free radical and lipid
peroxidation, from the medium by easily reacting
with these substances that are harmful for
metabolism [33]. Babesia species leads GSH levels
to decrease in erythrocytes and other cells in which
they settled. Therefore, the decrease in GSH content
indicates that excessive amount of reactive oxygen
species forms in these cells [34]. In studies on
various species of Babesia, it was reported that GSH
levels decreased and lipid peroxidation elevated in
Babesiosis [3, 35]. In the present study, compared to
control group, whole blood GSH levels decreased
significantly in the group with Babesiosis (pretretment); whereas, GSH levels of post-treatment
group became closer to control group. Low GSH
level in sheep with Babesiosis was associated with
the fact that Babesia ovis parasites developing in
erythrocytes and causing erythrocyte degradation
could cause a decrease in GSH levels, which has an
important task in antioxidant defense system, by
causing oxidative damage in erythrocytes.
Nitric oxide (NO) is a molecule synthesized
from L-arginin by means of nitric oxide synthase
enzyme and has a role in many physiological and
pathophysiological processes [36]. In addition to its
inflammatory characteristic, nitric oxide is
transformed into peroxynitrite which is considerably
harmful for many pathogens merous organs and
tissues. Nitric oxide transforming into peroxynitrite
inhibits enzyme of many pathogens such as bacteria,
virus, and parasite and takes part in defense of
organism against bacteria, virus, and parasite [3740]. Several studies [41-44] reported that NO level
increased in Babesiosis. It was determined in the
present study that NO levels increased significantly
in sheep with Babesiosis and became closer to values
of health sheep after the treatment. The reason
behind why NO levels increased in sheep with
Babesiosis could be that Babesia ovis stimulates NO
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many problems such as; distractions, bothering,
tiredness, decrease of efficiency, sleep disturbance,
and also irritation and stress [3, 4]. The important
point beside the physical problems is the psychological problems [5].
The dormitory as a place for students reside,
can play a significant role during a students` educational period. All the different circumferential aspects have effects on popularity living condition in
dormitories [6]. One of these aspects is the problem
of noise in dormitories that can be mentioned as an
important factor influencing sleep, study, and psychological situation in students. In addition to this
important part, libraries are also one of the important
places that noise controls in them needed an especial
attention [7]. That is due to noise pollution and insecurity of the desire situation of noises in these places,
can be excluded as one of the physical risk factors
[8, 9].
The maximum acceptable level of noise is established by the federal or local rules. This maximum level according to the federal rules in libraries
is 40-45 dB and for dormitories is 45 dB [10]. Also
the permitted limitations acoustic pressure balance in
libraries and bedroom according to national residential rules of Iran is between 35-40 dB and 30-35 dB
respectively [11]. Considering that existence of a
calm and quiet element in libraries` spaces can affect
study efficiency significantly [12]. This study aimed
to measuring this physically parameter in reading
rooms (study hall) and dormitories of KUMS in
comparison with standard scales.

INTRODUCTION

MATERIAL AND METHODS

Sound shows a sine variation of air pressure
with a defined frequency that is being transferred
through the air with variable velocity. The noise
composed of a combination of several sounds. These
sounds can damage the hearing [1]. The sound waves
circulate in a wide limitation but only in 20-20000
Hz can stimulate the human ear for hearing [2].
Noise exposure in addition to hearing drop creates

This study is a descriptive-analytical, cross sectional study which is done in 2016 spring, in libraries
of faculties and boys dormitories of KUMS and
overall five book reservoir, five IT lounges, five
study halls, two study halls in dormitories and also
13 halls of dormitories including: student's rooms,
hall ways and kitchens. For measuring sounds and
noises, we used the 5969Casella-BS phonometer

ABSTRACT
The stress driving from noise is one of the important reasons that endanger health. The extra noise
causes hearing damage, sleep disorders, and release
of the stress hormone (Cortisol) that can influence
the immune system and body metabolism. This study
aimed to assess the noise level in libraries and dormitories of Kermanshah University of Medical Sciences (KUMS) in Iran, 2016.
This study is a descriptive-analytic, cross sectional study that assessed the noise level in different
part of libraries of five faculties including: pharmacy, dentistry, medical, paramedical, and health
schools in KUMS and two dormitories of this university. For this aim we used 5969 Casella phonometer and finally the obtained data were compared
with the Iranian and USA federal standards.
According to the results, all of the assessed dormitories and libraries had a noise level higher than
the Iranian standards and 46% of dormitories and
41% of libraries had a noise level higher than the
USA standard.
This condition causes physical and psychological harms to students and it reduces the students` attention and effectiveness; so reduction of these distractive noises is essential for raising the libraries
and dormitories qualification.
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TABLE 1
The noise level in libraries of KUMS
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Location
Book reservoir of medical school
IT lounge of medical school
Study hall of dentistry school
Study hall of Boostan dormitory
Study hall of Mofatteh dormitory
Book reservoir of dentistry school
Study hall of paramedical school
Study hall of pharmacy school
Book reservoir of pharmacy school
IT lounge of pharmacy school
Book reservoir of health school
IT lounge of health school
Book reservoir of paramedical school
Study hall of health school
Study hall of medical school
IT lounge of paramedical school
IT lounge of dentistry school

Min.(dB)
30.12
35.60
39.00
31.70
44.00
38.00
42.30
33.60
37.50
43.00
34.80
47.00
45.60
48.00
32.00
38.80
36.00

Max.(dB)
44.20
46.00
49.50
41.20
54.00
46.50
54.90
38.00
44.00
48.60
42.50
54.90
55.00
51.00
37.80
51.00
43.70

Mean (dB)
39.40
42.25
45.00
39.55
47.13
43.36
49.83
35.03
42.50
47.14
37.66
52.74
47.97
50.13
36.98
48.58
40.70

Standard deviation
2.64
1.82
2.34
2.32
2.02
1.12
1.75
1.05
1.56
1.25
2.25
1.75
1.25
0.28
1.71
1.25
1.04

TABLE 2
Noise level in dormitories of KUMS
No.
1
2
3
4
5
6
7
8
9
10
11
12
13

Location
Boostan dormitory block 1, 1st floor
Boostan dormitory block 1, 2nd floor
Boostan dormitory block 1, 3rd floor
Boostan dormitory block 2, floor 1
Boostan dormitory block 2, floor 2
Boostan dormitory block 2, floor 3
Boostan dormitory block 3, floor 1
Boostan dormitory block 3, floor 2
Boostan dormitory block 3, floor 3
Mofatteh dormitory floor 1
Mofatteh dormitory floor 2
Mofatteh dormitory floor 3
Mofatteh dormitory floor 4

Min.(dB) Max.(dB)
35
49
37.7
50
37.8
47
35
45
40
56.9
43.7
59
30.1
43.3
37.2
52.3
35.8
48.5
39
51.9
36.8
50
42.5
49
40
50

higher than the national residential standards of Iran
(35-40dB). However, the resulting data are more
than the USA standards (40-45dB) in 41% of cases
and in 35% cases were in the standard range and in
24% cases were less than standards.
According to the results from table 2 all of the
assessed dormitories had a noise level higher than
the national residential standards of Iran (30-35 dB).
However the resulting data compared to the USA
standards (45 dB) were less than standards, in 54%
of cases.

made in England. To ensure the accuracy of measurements by the phonometer we had to calibrate it
with a standard sound generator. This device produces certain frequencies equal to 94 to 114 dB and
the calibration was done in the laboratory by this device. The measurements were done at the height of
one and half meters above the ground. During all
measurements the device range was on A-Lo (30100 dB) and the measure speed was on fast and there
was a sponge protector on the device`s microphone
to reduce the effects of air current to the minimum
level. To determine stations, the surface was divided
into 3×3 squares. In this way the measurement stations were determined. All measurements in centers
of determined stations, in decibels, were read from
the device and recorded in special forms. All samplings were done without attracting the attention of
people at the library and the mean level of measured
noise was reported.
Research findings. A summary result of measured noise in investigated libraries and dormitories
is listed in Tables 1 and 2 and figures 1and 2.
According to the results those are given in table
1 100% of the assessed libraries had the noise level

FIGURE 1
Comparison of the measured noise intensity in
libraries
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Mean (dB) Standard deviation
40.05
2.35
46.13
3.25
43.78
2.75
39.28
1.85
44.2
2.25
47.49
1.56
38.5
2.24
41.67
1.25
39.85
1.63
48.8
2.56
46.2
2.56
48
1.36
47.5
1.45
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spaces sounds, voice of vehicle traffic, student commuter, ventilation systems, the sound of moving
chairs and other furniture.

CONCLUSION
Generally based on the results and assessments,
the balance of noise pressure in libraries and dormitories, is more than the standard level of Iran and
USA. This causes physical and psychological harm
in students and decreases attention and efficiency.
So, reduction of the disturbing noises is essential for
promotion the qualification of libraries and dormitories. Corrective action, including double glazed windows, using rubber at the end of the seats, using carpet as a floor covering and also keeping and on time
repair of all electronic equipment is recommended.

FIGURE 2
Comparison of the measured noise intensity in
dormitories (dB)

DISCUSSION
According to the results from the Fig 1 among
assessed libraries, the paramedical study hall with
the mean of 48.79 dB had the highest level and the
medical library with the mean of 39.54 dB had the
lowest level. Among boys dormitories which were
assessed in this study according to the Fig 2 the
Mofatteh dormitory with the mean of 47.62 dB had
the highest level and the Boostan dormitory block 3
(3rd block) with the mean of 40.00 dB had the lowest
level.
In another classification of the resulting data
from libraries, it was estimated that, the highest level
with the mean of 52.74 dB for the IT lounge of the
health school and the lowest level was for the study
hall of pharmacy school with the mean of 35.03 dB.
Also among the data resulting from boys dormitories
the highest level was for the first floor in Mofatteh
dormitory with the mean level of 48.80 dB and the
lowest level was for the first floor of Boostan dormitory block 3 (3rd Block) with the mean of 38.50 dB.
In the research of Tajic et al. in 2008, in a metal
industry in Arak city of Iran revealed that in some
working units of this factory noise pollution and
hearing loss have a high prevalence [13]. Asgharnia
et al. (2012) in Babol city, Iran, stated that in their
assessed hospitals the balance of noise intensity, on
ordinary days and holidays in all three time interval;
morning, afternoon and visiting hours, has been
more than the specified level by WHO guidelines
[14]. In Muasheri et al. research in 2010 in Birjand,
Iran the mean balance noise of the morning and night
in all the stations of crowded places were significantly more than the allowable limit [15]. The results
of Juang et al. (2010) showed that in every day as an
average the level of noise in hospital during day had
been between 52.6 - 64.6 dB, and the high level of
noise in this hospital has a direct effect on physical
and psychological health of personnel and patients
[16].Among the levels of noise in libraries and student dormitories can be mentioned to the adjacent
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4650
4704
4656
4495
4663
4350
4697
4338
4568
4616
4588
4734
4555

4704
4350
4783
4637, 4774
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Size of manuscript
Review articles should not exceed 30 typewritten
pages. In addition up to 5 figures may be included.
Original papers must not exceed 14 typewritten
pages. In addition up to 5 figures may be included.
Short-Communications should be limited to 4
typewritten pages plus not more than 1 illustration.
Short descriptions of the authors, presentation of
their groups and their research activities (with
photo) should together not exceed I typewritten
page. Short research abstracts should report in a

Thank you very much!

4902

© by PSP

Volume 26 ± No. 7/2017,

Fresenius Environmental Bulletin


STRUCTURE OF THE MANUSCRIPT
ORIGINALPAPERS:
l. Author, N.N. and Author, N.N. (Year) Full title of
the article. Journal and Volume, first and last page.
BOOK OR PROCEEDING:
2. Author, N.N. and Author, N.N. (Year) Title of
the contribution.
In: Title of the book or proceeding. Volume
(Edition
of klitor-s, ed-s) Publisher, City, first and last page

Title page: The first page of the manuscript should
contain the following items in the sequence given:
A concise title of the paper (no abbreviations). The
names of all authors with at least one first name
spelled out for every author. The names of
Universities with Faculty, City and Country of all
authors.
Abstracts: The second page of the manuscript
should start with an abstract that summarizes
briefly the contents of the paper (except short
communications). Its length should not exceed 150200 words. The abstract should be as informative as
possible. An extended repetition of the paper's title
is not considered to be an abstract.

DOCTORALTHESIS:
3. Author, N.N. (Year) Title of the thesis,
University and
Faculty, City
UNPUBLISHED WORK:
Papers that are unpublished but have been
submitted to a journal may be cited with the
journal's name followed by "in press". However,
this practice is acceptable only if the author has at
least received galley proofs of his paper. In all other
FDVHV UHIHUHQFH PXVW EH PDGH WR ³XQSXEOLVKHG
work" or "personal communication".

Keywords: Below the Summary up to 6 key words
have to be provided which will assist indexers in
cross-indexing your article.
Introduction: This should define the problem and,
if possible, the frame of existing knowledge. Please
ensure that people not working in that particular
field will be able to understand the intention. The
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