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ABSTRACT 
 
The present study was conducted to determine 

the amount of heavy metalloids/metals in the vege-
table and soil supplied with domestic wastewater. 
Advanced techniques to calculate the enrichment co-
efficient, 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 absorp-
tion spectrophotometer. The concentrations of all 
heavy metals determined in the soil were considera-
bly 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, re-
spectively. 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 inap-
propriate 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 coun-
tries. Pakistani crops are under serious water stress 
due to the threat of changing climatic conditions [1-
2]. In Pakistan, sewage waste water is also used for 
irrigation of crops or as supplemental irrigation, par-
ticularly when there is a shortage of water. Due to 
high accumulation of heavy metals, there is a possi-
bility of contamination in the soil to plant continuum 
[3]. Use of contaminated fruits and vegetables ad-
versely affects health of living organisms [4]. A ram-
pant increase of heavy metal toxicity increases the 
awareness about risks linked with heavy metal accu-

mulation not only in soil but also in water and differ-
ent 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 concen-
tration 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, head-
ache and cough [10]. It is observed that after 3-12 h 
after ingestion of zinc, mass poisoning, nausea, 
stomach cramp, fever, vomiting, diarrhea and bleed-
ing have been reported. High intake of zinc, more 
than 500 mg, may cause vomiting [11]. High con-
centration of chromium (Cr) is also toxic for the 
growth and development of number of plants. How-
ever, inter- or intra-specific responses have been ob-
served 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) con-
centration in the soil interferes with plant growth 
[13]. 

Bitter gourd (Momordica charantia) is an im-
portant medicinal plant which is usually referred to 
the patients suffering in diabetes or microbial infec-
tions [14] hepatitis, parasitic diseases and fevers 
[15]. Fresh vegetables contain heavy metals contam-
ination in their tissues due to Pb, Cu, Cr, Cd, Se, Ni 
and Co [16]. Of different metals, Pb mostly accumu-
lates 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 accumu-
late in the edible parts of vegetables which are fre-
quently irrigated with sewage water. Enrichment co-
efficients (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 



© by PSP  Volume 26  No. 7/2017 pages 4332-4337   Fresenius Environmental Bulletin 

4333 

 

the levels of different heavy metalloids and metals 
not only in the soil but also in the edible part of veg-
etable of two study sites in District Jhang, Punjab, 
Pakistan. In this study it was also determined the 
health risks, pollution load index, enrichment coeffi-
cient for vegetable-soil, and correlation between 
concentrations of different metals. 

 
 

MATERIALS AND METHODS 
 
The present study was conducted in District 

Jhang, Punjab, Pakistan. Two sites treated with sew-
age 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. 

 
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 col-
lected. 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 sam-
ples were kept in the digestion chamber at same tem-
perature till discoloration. Then, after cooling at 
room temperature, volume upto 50 ml using distilled 
water was made. 

 
Collection and processing of vegetable sam-

ples. Vegetable samples (edible part) were also col-
lected 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 diges-
tion chamber for 30 minutes for wet acid digestion.  

 
Metal analyses. The digested samples (soil and 

vegetable) were run on an atomic absorption spec-
trophotometer (Perkin-Elmer Corp., 1980). The met-
als and metalloids under study were arsenic (As), 
cadmium (Cd), chromium (Cr), copper (Cu), iron 
(Fe), manganese (Mn), nickel (Ni), lead (Pb), sele-
nium (Se), and zinc (Zn). An atomic absorption spec-
trophotometer 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 Tech-
nology, Standard Reference Material (SRM 1570) 
for all the metals and metalloids 

 
Statistical analyses. Normality of the data was 

checked before analyzing the data statistically. Para-
metric 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 

orrelation was em-
ployed to find out the relationship of metal concen-
tration 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. 

 
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 Allo-
way [20] procedure, a quantitative analysis of the in-
teraction between corresponding soils and metal lev-
els 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 

 
Health risk index (HRI). Health risk index 

(HRI) was obtained using the following formula: 
HRI = DIM/RDf 
Daily intake of metal (DIM) = Cmetal × Dfood 

rage 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). 
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TABLE 1 
Comparison of metals in soil collected from two different sites. 

Metals and metal-
loids (mg/kg) 

                      Sampling sites Permissible maxi-
mum limit(PML) 

  t-value P-value 
        Site I 
(Means ±SE) 

       Site II 
(Means ±SE) 

 Mn   14.51±0.39 15.96±0.26 80 -1.55 0.19 
 Zn 8.06±1.12 4.61±0.22 200 21.77 < 0.001 
 Se 1.79±0.21 1.80±0.23 3 -3.34 0.05 
 As 27.04±0.66 30.94±2.22 40 -10.98 < 0.001 
 Co 15.70±0.46 13.57±0.22 65 10.10 0.001 
  Fe 21.27±1.44 23.90±1.77 21000 -2.51 0.05 
Cd 15.60±0.36 12.60±0.58 3 21.79 < 0.001 
Cr 0.17±0.02 0.15±0.02 400 1.96 0.10 
Ni 2.85±0.22 2.62±0.21 50 1.87 0.11 
Cu 13.38±0.72 14.57±0.50 50 1.51 4.30 
Mo 9.38±0.58 10.98±0.35 40 -0.96 0.40 
Pb 13.84±0.81 16.65±0.79 300 9.01 < 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 

 
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 per-
missible 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. char-
antia available at site-I, while the concentrations of 

Mn, Mo and Cu in that obtained from site-II (Figure 
1). However, the levels of Se, As, Cd and Ni re-
mained almost unchanged between both locations 
(Figure 1). The levels of Mo, Mn, Ni, As and Zn 
were greater than MPL. 

 
High enrichment coefficient was obtained for 

Cr (Table 2), however, highest transfer coefficient 
was recorded for Cd (Table 3). There was a non-sig-
nificant positive correlation between Pb, Se, Co, Mn, 
Zn, Ni, As and Mo of soil and those of vegetable (Ta-
ble 4). However, a non-significant negative correla-
tion 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 
Sam-
pling 
area 

                                             Metal elements 
Mn Zn Se As Co Fe Cd Cr Ni Cu Mo Pb 

Site I 4.23 5.67 0.54 0.51 0.039 1.96 0.016 73.44 1.24 1.45 3.45 0.127 
Site II 4.20 13.45 0.243 0.332 0.056 1.64 0.017 80.9 1.54 1.37 4.76 0.133 
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TABLE 3 
Transfer coefficient (TC) of each metal in Momordica charantia from roots to vegetables 

Sampling 
area 

Metal elements 

 Mn Zn Se As Co Fe Cd Cr Ni Cu Mo Pb 
Site I 1.062 0.989 0.587 1.134 1.155 1.055 1.2822 0.977 1.45 0.765 0.667 1.132 
Site II 1.341 0.976 1.1891 1.412 0.755 0.976 1.755 0.765 1.187 1.087 1.178 0.87 

 
TABLE 4 

Relationship between soil and bittergourd elements levels 
Metal ele-
ments 

Mn Zn Se As Co Fe Cd Cr Ni Cu Mo Pb 

Soil-vegetable 
(r) 

0.564 0.532 0.643 0.477 0.080 0.244 0.179 0.344 0.512 0.486 0.488 0.157 

Note: Correlation is significant at 0.05. 
 

TABLE 5 
Pollution Load Index for elements (mg/kg) in soil with vegetable 

Sampling 
area 

                                             Metal elements 

 Mn Zn Se As Co Fe Cd Cr Ni Cu Mo Pb 
Site I 0.310 0.182 2.557 0.932 1.725 0.379 10.469 0.016 0.314 1.6004 3.126 1.698 
Site II 0.341 0.104 2.571 1.066 1.491 0.4261 8.456 0.014 0.289 1.742 3.666 2.042 

 
TABLE 6 

Healthiness hazard ingestion of metals via intake of vegetablefrom waste water irrigated sites 
Sam-
pling 
area 

                                             Metal elements 

 Mn Zn Se As Co Fe Cd Cr Ni Cu Mo Pb 
Site I 7.616 1.009 55.64 22.11 0.092 0.3382 2.1275 0.040 1.506 0.0076 5.130 2.957 
Site II 8.714 0.927 0.552 23.21 0.053 0.2922 2.2425 0.031 1.414 0.0093 8.005 0.328 

 
Variations in pollution load index of metal elements 
between the two study sites were observed, but these 
were statistically non-significant for all metals (Ta-
ble 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 ex-
planation 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 ecologi-
cal 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 de-
pend on a variety of factors [22] including the depo-
sition of nutrients from the atmosphere, the concen-
tration present in the parent rocks that change into 

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 pos-
sessed 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 concentra-
tions of metals in the vegetable tissues could be re-
lated 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 environ-
mental factors including soil reactions, redox poten-
tial, physiochemical properties, soil type and or-
ganic-matter affect the accumulation of metal ele-
ments 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. 
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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 coef-
ficient (TC) above 1.0 shows better ability of a plant 
to transfer metals from root to upper parts. The con-
centrations of all metals were less in shoots as com-
pared to those in roots of the vegetable. Table 3 in-
dicated that the range for all metals was observed to 
be 0.572-1.688 mg/kg TC in the present study. High-
est 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 be-
tween 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 de-
termine the level of metal in soil. Values of PLI sug-
gest us whether or not the soil condition is favorable 
for agricultural purposes including for growth of 
crops and vegetables. In this study we recoded high-
est 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 ac-
cumulator 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 hap-
pening due to increased rate of irrigation of the study 
area with non-treated industrial or sewage waste wa-
ter. 

In this study we found that health risk index 
(HRI) of heavy metals due to excessive intake of bit-
ter gourd varied from 0.0076-55.64. According to 
USEPA [32], HRI greater than 1 can cause health 
problems for humans. Normally heavy metal accu-
mulation 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 ele-
ments are lethal. 
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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, car-
bonate 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 induc-
tively coupled plasma-optical emission spectrome-
try (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 sam-
ples 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 anthropo-
genic activities as effluents and emissions from 
mines and smelters often contain elevated concen-
trations of toxic metals including cadmium (Cd) 
and lead (Pb). Heavy metals seem as a key marker 
because they are not degradable by natural process-
es unlike organic pollutants. Soil pollution is a 
result of many factors including atmospheric depo-
sition 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 in-

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 bio-
accessible 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 environmen-
tal pollution [11-16]. National and international 
authorities setted maximum allowable concentra-
tions (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 concen-
trations in soil is not providing sufficient infor-
mation to characterize the behavior of heavy metals 
in soils because these values do not represent mo-
bile 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 
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is available for plants or is accessible to the envi-
ronment [9, 22-26]. Thus, in all sequential extrac-
tion 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 Fe-
Mn oxides, organically bounded, and residual frac-
tions [22]. In 1987, a project by EC (European 
Community) Standards, Measurement and Testing 
Program, formerly Commission of the European 
Communities Bureau of Reference (BCR), harmo-
nized 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 regulari-
ties governing the state of Cd in soil [9]. In addi-
tion, there are many methods presented for sequen-
tial extraction modified or direct BCR [9, 21, 28-
34]. The chemical reagents used in steps of sequen-
tial extraction processes were discussed and re-
viewed 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 anthropo-
genic 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 in-
creased. Further, the results obtained from this 
study will contribute to evaluate the rate of pollu-
tion in the study area, in the future. Use of sequen-
tial extraction procedures may provide useful in-
formation for both short-term and long-term biolog-
ical toxicity of trace metals because biological up-
take is related more closely to the concentrations of 
a particular physico-chemical form. Five-step se-
quential extraction procedure modified from Tessier 
et al. (1979) [22] and Miller and McFee (1983) [43] 
was employed for fractionation of phases: ex-
changeable, organically bounded, bound to car-
bonate, adsorbed to Fe Mn oxides, and residual soil 
except in silicates. The soil samples were also di-
gested 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 ha been report-
ed in this area. 

MATERIALS AND METHODS 
 
Apparatus. Perkin-Elmer Optima 2100 DV 

ICP-OES (Perkin-Elmer California, USA) was used 
to measurement of Cd and Pb concentrations. In-
strumental 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 op-
eration 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 stand-
ards. All chemicals used were of analytical reagent 
grade. Doubly distilled water was used in experi-
ments. All glass materials were kept permanently 
full of 1.0 M nitric acid when not in use. Concen-
trated nitric acid (65%), hydrogen peroxide (30%) 
and hydrochloric acid (37%) were used to digest the 
samples (Sigma St. Loius, MO, USA). In the se-
quential extraction procedure, 1.0 mol L 1 of calci-
um chloride (CaCl2) for exchangeable and weakly 
adsorbed fraction; 1.0 mol L 1 of sodium pyrophos-
phate (Na4P2O7) for organically bound fraction, 1.0 
mol L 1 of ethylenediamine tetra acetic acid disodi-
um salt (Na2EDTA) for carbonate bound fractions, 
0.1 mol L 1 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 Altino-

va/Uluova (named as gold-lowland) region where a 
large amount of vegetables consumed in Elazig-
Turkey 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
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TABLE 1 
Variations in Cd concentrations of soil fractions (n=3) 

Sample 
no 

Cd mg/kg  
Step 1 Step 2 Step 3 Step 4 Step 5 Sum Total by aqua regia* 

1 <d.l. 0.05±0.02 0.21±0.06 0.35±0.06 0.20±0.05 0.81±0.11 0.63±0.07(0.59±0.07) 
2 <d.l. 0.05±0.01 0.23±0.02 0.37±0.05 0.22±0.03 0.87±0.13 0.65±0.07 
3 <d.l. 0.09±0.02 0.26±0.14 0.30±0.06 0.23±0.04 0.88±0.12 0.58±0.06 
4 <d.l. 0.08±0.02 0.27±0.03 0.34±0.06 0.19±0.03 0.88±0.10 0.36±0.04(0.33±0.04) 
5 <d.l. 0.10±0.02 0.10±0.03 0.18±0.03 0.08±0.02 0.46±0.05 0.33±0.03 
6 <d.l. 0.08±0.02 0.11±0.05 0.15±0.02 0.10±0.02 0.44±0.05 0.24±0.03 
7 <d.l. 0.13±0.03 0.21±0.02 0.34±0.07 0.22±0.03 0.90±0.11 0.76±0.07 
8 <d.l. 0.12±0.03 0.13±0.03 0.36±0.05 0.18±0.03 0.79±0.09 0.44±0.05 
9 <d.l. 0.08±0.02 0.14±0.02 0.32±0.05 0.15±0.02 0.69±0.09 0.55±0.05 
10 <d.l. 0.09±0.02 0.11±0.03 0.34±0.04 0.14±0.03 0.68±0.08 0.58±0.05 
11 <d.l. 0.06±0.01 0.11±0.03 0.35±0.04 0.10±0.03 0.62±0.07 0.57±0.06(0.60±0.07) 
12 <d.l. 0.12±0.02 0.13±0.03 0.40±0.07 0.21±0.03 0.86±0.11 0.45±0.06 

  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 

Pb mg/kg 
Step 1 Step 2 Step 3 Step 4 Step 5 Sum Total by aqua regia* 

1 <d.l. 0.26±0.04 2.21±0.27 4.13±0.47 9.5±1.1 16.1±1.8 13.6±1.5(13.2±1.4) 
2 <d.l. 0.47±0.06 2.76±0.24 4.06±0.47 10.8±1.3 17.4±1.9 25.7±3.3 
3 <d.l. 0.15±0.03 2.41±0.25 3.14±0.35 8.1±1.2 13.8±1.4 22.4±2.7 
4 <d.l. 0.17±0.03 2.36±0.27 2.96±0.33 3.9±0.5 9.4±1.5 9.4±1.2(9.0±1.1) 
5 <d.l. 0.25±0.04 4.68±0.49 3.34±0.39 4.3±0.5 12.6±1.6 19.8±2.3 
6 <d.l. 0.19±0.04 3.52±0.32 3.02±0.37 2.6±0.3 10.3±1.4 19.8±2.6 
7 <d.l. 0.32±0.04 5.51±0.58 13.40±1.69 4.5±0.6 23.7±2.6 40.9±5.1 
8 <d.l. 0.14±0.03 2.11±0.24 3.18±0.44 3.3±0.3 9.7±1.3 16.7±2.0 
9 <d.l. 0.23±0.03 2.01±0.22 3.67±0.39 2.4±0.3 8.3±0.9 12.6±1.9 
10 <d.l. 0.30±0.04 1.93±0.20 3.73±0.40 3.6±0.4 9.6±1.0 15.8±2.2 
11 <d.l. 0.30±0.04 10.92±1.12 6.12±0.72 4.5±0.4 21.4±2.6 21.2±2.4(21.4±2.3) 
12 <d.l. 0.34±0.04 2.07±0.21 6.27±0.72 4.5±0.6 13.2±1.6 22.0±2.7 

 d.l.: limit of detection  
 * The results in parenthesis were obtained by ICP-MS 
 
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 re-
leased by adding 3 mL of 1.0 mol L 1 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 volatiliza-
tion near to dryness, 2.0 mL of 0.5 M HNO3 was 

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

 
Digestion of soil samples by aqua regia. To-

tal concentrations (except in silicate minerals) of Cd 
and Pb in soil samples using aqua regia were de-
termined 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 micro-
wave 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, One-
Way Analyses of Variance (ANOVA) were con-
ducted 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 de-
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pending on extraction step. SPSS (version 15) sta-
tistical program was used for all statistical computa-
tions. 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 devia-
tion 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, ICP-
OES used in this study has better sensitivity than 
FAAS, particularly for Pb. Blank digests were pre-
pared and analyzed in the same way. All of the 
experiments were performed three times and stand-
ard 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 ICP-
OES 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 di-

gesting 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, respec-
tively. 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 at-
tributed 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 five-

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 organi-
cally 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 unexpect-
edly found below the levels in step 4. This can be 
attributed to most of the Cd in the studied soil sam-
ples 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 pro-
cedures 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 x-
It was more effective 

than Mg2+ and NH4
+ in view of ion exchange capa-

bility [26]. In Ca exchangeable fractions, metals 
bound to surface are released and replaced by calci-
um 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. Alt-
hough 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 
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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 coat-
ings on mineral particles [25].   

In step 3, EDTA (ethylenediaminetetraacetic 
acid) was used for extraction of metals from car-
bonate species in soil. It was reported that EDTA 
was generally preferred instead of DTPA (diethy-
lenetriaminepentaacetic acid) because of its extrac-
tion 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 spe-
cies 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, con-
centrations 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 con-
centrations 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 mech-
anism 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 mobili-
ty 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 mo-
bile forms (up to 72% in exchangeable and reduci-
ble 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 litera-
ture [28,42]. The study area is significant agricul-
tural lowland that its area is about 325 km2. In re-
cent years, intensive industrial establishments as 
well as aircraft mobility in the airport located in the 
middle of this plain were considerably increased. 

Finally, the results obtained in this study will con-
tribute 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 sim-
ultaneously measurement by ICP-OES. The sequen-
tial extraction was modified from Tessier (1979) 
and Miller (1983) [22, 43], and applied for the frac-
tionation of agricultural soils sampled from Elazig-
Turkey 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. Howev-
er, total concentrations of Cd and Pb were not ex-
ceeded the permitted limit values.  Finally, it could 
be concluded that all the reagents used in the vari-
ous schemes have advantages and disadvantages, 
and there is not an ideal reagent or an ideal proce-
dure for general use. Therefore, the choice of pro-
cedure must be related to a definite objective, tak-
ing into account the nature of the sample including 
sediment, soil, sludge or industrially-polluted soil. 
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ABSTRACT 
 
Coriander is an important leafy vegetable 

widely used in Pakistan for flavoring purpose. Due 
to scarcity of clean water, the coriander fields are ir-
rigated with waste-water. The present study revealed 
the accumulation of different metals in coriander ir-
rigated with wastewater in big cities such as Sargo-
dha, Pakistan. The bioavailability of heavy metal 
from soil to plant was evaluated. Seven heavy metals 
were determined by using Atomic absorption spec-
trometer. The findings showed high level of arsenic 
as well as Pb, Cd, and Ni in coriander irrigated with 
waste-water. Regular monitoring of the contami-
nated area is recommended in order to reduce the 
health hazard. 
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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 impos-
sible to meet the irrigational requirements of Paki-
stan [1-2]. The area of vegetable cultivation in Paki-
stan 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-ur-
ban and adjacent areas. The total irrigational water 
availability is shrinking due to excessive use, in-
creased cropping intensity and increased heat and 

temperature situation [4].Due to high shortage of ir-
rigation 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 accumu-
late 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 opti-
mum level by the continuous irrigation with waste-
water. 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 is-
sue, present study was initiated to get insight and 
out-reach the public awareness.  

 
 

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. Corian-
der, 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 contamina-
tion the proper precautions were taken. 

 
Pretreatment. Washing, Drying, Digestion 

and determination of the samples. Properly col-
lected 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 sam-
ples, 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 pre-
treatment procedure for estimation of heavy metals 
in the coriander. 

 
Methodology Employed. 

      Leaf samples (1 gm) were digested using analyt-
ical grade H2SO4 (10 ml) and HClO4 (4 ml). Contin-
ual 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. Sim-
ilar method was used for digestion of soil samples; 
only the quantity of acids differed (HClO4: 5 ml and 

H2SO4: 8 ml).  
 
Instrumental analysis. Last step was the esti-

mation 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. 

 
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/con-
centration 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 contam-
ination. 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 pop-
ulation pressure and increased cropping intensity is 
the main cause for heavy metal intake. Some of the 
heavy metals like (copper, chromium and zinc) are 

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 rel-
evant information that could be used to initiate 
measures to eliminate heavy metals from soil and 
vegetables. 

 
Soil Analysis. Concentration of heavy metals 

in soil. The soil samples at experimental site were 
collected and subjected to calculate the concentra-
tion 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. 

 
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 con-
tamination. Acute exposure to lead is the major rea-
son to cause proximal renal tubular damage [13]. It 
is also noted that long-term lead exposure is damag-
ing kidney, in a study conducted to check the Egyp-
tian policemen health, the urinary excretion was 
found positively correlated with the duration of ex-
posure 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 irri-
gation, the lead concentration was more than permit-
ted 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 accu-
mulate the lead concentration [15]. 

 
Cadmium. Cadmium compounds are currently 

used in re-chargeable nickel cadmium batteries 
mainly. Cadmium emissions have increased dramat-
ically 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 16.36±4 0.547±0.03 10.06±0.7 10.86±1.9 24.31±1.8 17.18±1.9 0.073±0.01 
Permissible 
Values 

5 0.2 20 2 60 40 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 

Pd Cd Cr Ni Zn Cu As 
35.66±3.91 0.408±0.6 65.29±6.4 31.6±6.5 55.31±10.3 22.67±2.1 0.035±0.01 

USEPA* 300 3 400 50 200 50 0.07 
BIS**-1991 250 3-6 - 50 300 135-270 - 

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 

Heavy metals 
Pb Cd Cr Ni Zn Cu As 

Coriander 0.46s 1.34 0.154 0.343 0.44 0.757 2.07 

 
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 ef-
fects 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 in-
gestion, it enters the human food chain. Current 
study showed the higher concentrations of Cd simi-
lar to previous work [18-19-20]. 

 
Chromium. Chromium is one of the most im-

portant metals having serious concerns due to its ex-
posure. 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 dam-
age of an organism [21]. It may occur through 
breathing air, contaminated food items and drinking 
water or even through skin contact. Chromium con-
centrations 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 un-
der essential metal limits for the carbohydrate and li-
pid metabolism within a certain range of concentra-
tions (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 sam-
ples (Tab-1). 

 
Nickel. It is often said that the excess of every-

thing is bad, the same is true for the prolonged expo-
sure of heavy metals like nickel, zinc, copper and ar-

senic that can cause deleterious health effects in hu-
mans [24]. Nickel contents from soil as well as grow-
ing plant on contaminated water can easily be ex-
tracted [25]. In present study, the data revealed that 
the value of nickel was exceeding the maximum per-
missible limits (Table 1).  

 
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 metabo-
lism as well as the catalytic activity of enzymes. 
Among all metals, Zinc (Zn) is least toxic and an es-
sential element in the human diet because it enhances 
the immune function, protein synthesis and wound 
healing. Zinc deficiency in the diet may be more det-
rimental to human health than its abundance. The av-
erage 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 veg-
etables 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 Cori-
ander was under the limit (Table 1). 

 
Copper. Like Zn, if copper exceeds its permis-

sible range, it is considered as a hazardous metal. 
High concentrations of Cu cause hypertension, spo-
radic fever, uremias, coma, [27-28]. The recom-
mended daily intake of Cu for human consumption 

1.Present results revealed that the Cu 
concentration range in coriander is less than the safe 
limits prescribed for human health and hygiene (Ta-
ble 1). 
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Arsenic. WHO [29] evaluation concluded that 
arsenic exposure via drinking water is causally re-
lated 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 ex-
posure 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 Met-

alsfrom 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 conse-
quences 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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ABSTRACT 
 

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

Natural disturbances are one of the most im-
portant 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 eco-
system function. The Wenchuan Earthquake, with a 
magnitude of 8.0, occurred on May 12, 2008 in 

Southwest China, disturbing a mountainous area of 
about 20 000 km2 along the fault zone in the Long-
men Mountains, damaging 17.3 × 104 hm2 forests 
with the volume losses up to 1030.4 × 104 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 re-
sponses, 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, Crypto-
meria fortunei) have been dying after the earthquake, 
which would weaken ecosystem functions such as 
water regulation, soil erosion control, climate stabil-
ity and may even transform this region from a net C 
sink to a net C source in a short term [7]. 

The main causes of 
tree deaths in our study sites include the great rock-
ing 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.  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.  
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ANOVA was used to examine 
the effects of landslide, tree species, soil depth and 
their interaction on soil water properties. 

 SPSS 10.0 statistical software (SPSS Inc., Chi-
cago, USA) was used for all analyses. 
 
 
RESULTS  
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ABSTRACT 
 

Sediment samples were collected from along 
the Melen River. Those sediments have been af-
fected municipal and industrial discharges that gen-
erated 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 eco-
system. 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. Ac-
cording 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, ac-
cording to high values of Eri, PCA, and SQG in be-
tween DM9 to DM15 locations, studied sediments 
have under the moderate toxicity risk for Ni, Cd, As, 
and Cu. 
 
 
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 weather-
ing or through the discharge of agricultural, munici-
pal, 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 en-
vironment because of their toxicity and bioaccumu-
lation problems [6, 7, 8, 9]. At higher concentrations, 
they become dangerous and have toxic effects on liv-

ing organisms and humans. They may affect the eco-
system at several levels beginning with small organ-
isms and ending with larger animals and humans 
[10]. The major problem encountered in the exami-
nation 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 pol-
lution [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 hu-
man pollution in river sediments using geochemical 
approaches, (2) distribution of heavy metal contam-
ination in sediments, and (3) to evaluate the relation-
ship between heavy metals and estimate the associ-
ated ecological risk by considering different indexes.  

 
 

MATERIALS AND METHODS 
 
Study area. The study area is located in the 

western Black Sea region (40o -40o N; 30o -
31o 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 urbaniza-
tion and migration on last two decades. The Melen 
River is located in the province of Duzce and its wa-
ter 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 Ugur-
suyu, Kucukmelen and Aksu River. All these tribu-
taries, with the initial force provided by steep slopes, 
carry their erosion products into the Duzce plain. 
The Melen watershed should been regarded as a 
sensitive 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].  
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FIGURE 1 

Locations of the sampling stations in Melen River, Duzce, Turkey 
 
 

Sediment Sampling and Preparation. In the 
present study, total fifteen sites, located in different 
points along the Melen River and branches were se-
lected (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 pow-
ered 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 (DU-
BIT). Trace elements were determined using high-
resolution inductively coupled plasma mass spec-
trometer (ICP-MS) using aqua regia at the Bureau 
VERITAS Analytical Laboratories, Canada.  

 
Assessment of sediment contamination. En-

richment factor was used to assess the level of pollu-
tion and the probable anthropogenic effect in sedi-
ments. We prefer to express the metal contamination 
with respect to the Upper Continental Crust (UCC) 
[15] to quantify the extent and degree of metal pol-
lution [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 concen-
trations of the heavy metal and Al, while Mx and Alx 
are their concentrations in UCC. 

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]. 
enrichment; EF 2  5 Moderate enrichment; EF 5  
20 Significant enrichment; EF > 20 Extremely high 
enrichment [8, 21]. 

 
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 concen-
tration of the elements [17]. The contamination fac-
tor for any element is given by the following equa-
tion; 
CF = Cm/Cb  
Where CF = contamination factor, Cm= mean con-
tent of metals in sediment, and Cb= background con-
centration of the metal. According to the equation: 
CF < 1 Low contamination, F < 3 Moderate 
contamination, F < 6 Considerable contamina-
tion, 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 exam-
ined substances. The degree of contamination de-
fines 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]. 
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TABLE 1 
Mean concentrations (mg/kg dry weight) of heavy metals in sediment samples 

 
Sample No Longitude Latitude Al Cr Cu Zn Cd Pb Ni As P OC 
DM 1 31o  40o  1.94 32.9 18.3 51.6 0.11 12.05 50.7 2.5 0.05 1.25 
DM 2 31o  40o  1.19 17 17. 33.8 0.05 5.96 19.6 3.2 0.04 0.23 
DM 3 31o  40o  1.52 31.5 22.3 41.9 0.14 10.42 44.7 4.2 0.04 1.55 
DM 4 31o  40o  2.04 47.2 37.3 73.3 0.22 15.11 55.3 8.0 0.05 2.25 
DM 5 31o  40o  1.35 34.5 19 49.3 0.05 6.36 36.4 2.7 0.04 1.15 
DM 6 31o  40o  1.32 23.3 20.2 45.3 0.07 6.68 25.2 3.4 0.05 0.53 
DM 7 31o  40o  1.74 40.4 32.3 61.4 0.11 11.82 41.1 5.5 0.08 1.00 
DM 8 31o  40o  1.80 33.3 31.9 55.2 0.12 9.93 39 6.2 0.06 0.89 
DM 9 30o  40o  2.13 95.1 34.7 65.2 0.10 10.59 113.6 4.4 0.06 1.97 
DM 10 30o  40o  2.41 68.7 37.4 68 0.17 11.85 83.1 4.3 0.06 3.19 
DM 11 31o  40o  1.98 72 38 71.4 0.14 11.22 88.1 5.2 0.07 1.16 
DM 12 31o  40o  1.94 80.2 37.1 70.2 0.15 11.44 87.1 6.4 0.07 1.41 
DM 13 30o  40o  2.54 80.2 54.3 104.7 0.21 15.06 96.7 7.9 0.09 2.17 
DM 14 30o  40o  2.02 74.1 36.1 73.9 0.14 10.25 94.7 5.8 0.06 3.30 
DM 15 30o  40o  1.72 58.3 26.1 57 0.08 7.72 79.2 4.6 0.06 2.55 

OC; Organic Carbon 
 

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

 
 Al Cr Cu Zn Cd Pb Ni As Org C 
Al 1.00         

Cr 0.78 1.00        

Cu 0.86 0.77 1.00       

Zn 0.87 0.77 0.95 1.00      

Cd 0.79 0.48 0.80 0.77 1.00     

Pb 0.82 0.48 0.76 0.76 0.92 1.00    

Ni 0.80 0.98 0.72 0.74 0.48 0.48 1.00   

As 0.59 0.59 0.81 0.77 0.84 0.76 0.56 1.00  

Org C 0.69 0.64 0.52 0.57 0.54 0.43 0.71 0.36 1.00 

 
 

Ecological risk index. Identification and eval-
uation of ecological risk have very important signif-
icances for strengthening regional ecological disas-
ter preventing and protecting the regional ecological 
security [24]. Ecological risk index displays the po-
tential risks of single heavy metal on the human and 
ecosystem and reflects the level of heavy metal tox-
icity and ecological sensitivity to the heavy metal 
pollution [22]. This method is able to reflect the ef-
fects of various contaminants and reveal the compre-
hensive influence of multiple contaminants in a par-
ticular environment [25]. 
Eri = Tri x CF 
Where Eri is the single heavy metal potential ecolog-
ical risk factor, Tri is the response coefficient for the 
toxicity of the single heavy metal, and CF is contam-
ination factor.  

A toxic factor has been defined in the following 
way for the act

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 

Eri Eri <160 Con-
 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 stud-
ied heavy metals for a given sediments [26]. RI 150 
Low ecological risk, 150 RI 300 Moderate ecolog-
ical risk, 300 RI 600 Considerable ecological risk, 
and RI 600 Very high ecological risk [27]. 

 
Pollution load index (PLI). That index is ob-

tained 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]. 

  
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 mul-

tivariate 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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the analysis was performed using the "XLSTAT" 
(software package).  

PCAS1, that was proposed to assess the pollu-
tion level of sediments by Zhiyuan et al., (2011) [32], 
was applied to assess the contamination levels of 
heavy metals in stream sediments. PCAS1 is com-
puted 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 compo-
nents 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]. 

 
 

RESULT AND DISCUSSION 
 
Heavy metal concentrations and distribu-

tion. The concentrations of heavy metals were deter-
mined in the bulk sediments. The results of trace el-
ement analysis in Melen River sediments are pre-
sented 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 (aver-
age 61.48), Ni: 131.9 - 19.6 (average 63.63), As: 8.4-
2.5 (average 4.95), Cr: 105.5-17 (average 52.58), 
Cd: 0.22-0.05 (average 0.12), and Al: 2.59-1.19 (av-
erage 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 (sig-
nificant 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 sig-
nificant correlation with Cr (r = 0.77, 0.77, and 0.98 
respectively), probably indicating common influen-
tial factors on concentration of these heavy metals. 
There is a highly or moderately positive relation be-
tween Al, Cu, Ni, Cr, and Zn with Organic Carbon 
(Org C) (r=0.69, 0.52, 0.71, 0.64, and 0.57 respec-
tively). As and Pb are moderately/low moderately 
correlated with Org C (r=0.36 and 0.43 respec-
tively). 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 sig-
nificant correlation between Cr, Cu, Ni, As, Al, and 
Zn, could be exhausted to anthropogenic inputs of 

these heavy metals. The correlation results show that 
heavy metals of the sampling sediments significantly 
and positively correlated with each other, demon-
strating a collective trend of concentration variation. 

 
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 Duzce-
Istanbul (D-100) road (location DM4). Nickel, cad-
mium, and cupper have the other highest EF with av-
erage value of 6.07, 5.37, and 5.29 respectively. 
Overall, the average EF values of these metals fol-
lowed the sequence As Ni Cd Cu Zn Cr Pb. 
From the pollution point of view, DM4 location is 
highly polluted and showed extremely high enrich-
ment 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. 

 
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 in-
dustrial area. (location DM4). The average CF val-
ues 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 con-
tamination for Zn, Cd, Cu, and Ni and low contami-
nation for Cr and Pb. Contamination degree same as 
contamination factor for study area. 73% sediment 
sampling location fall in moderate contamination de-
gree area and only 27 % samples fall low contami-
nation 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 eco-
logical 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 lo-
cations with light ecological hazards and nine loca-
tions 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 moder-
ate 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 contam-
ination 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 ap-
pear 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 sedi-
ment samples locations are 203.58 in DM 4, and the 
lowest RI value are 25.75 in the DM2 location (Fig-
ure 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 

the other 11 locations have low potential ecological 

risk levels with RI < 150. RI could characterize sen-
sitivity of local ecosystem to the toxic metals and 
represent ecological risk resulted from the overall 
contamination [32]. As and Cd have a high ecologi-
cal 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 Fig-

ure 5, the mean PLI value is 6.59, indicating pollu-
tants. 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 loca-
tion 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 fac-
tors and further determine the common pollution 
sources [33]. Results of the studied sediment sam-
ples 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 var-
iances. 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).  
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TABLE 3 
The results of Principal component analysis (PCA) 

 
Eigenvalue Proportion Cumulative Element Component matrix 

    F1 F2 
6.14 76.70 90.79 Al 0.38 0.10 
1.13 14.09 96.03 Cr 0.33 0.52 
0.42 5.24 98.01 Cu 0.39 -0.03 
0.16 1.99 98.86 Zn 0.38 0.02 
0.07 0.85 99.50 Cd 0.35 -0.39 
0.05 0.64 99.89 Pb 0.35 -0.35 
0.03 0.39 100.00 Ni 0.32 0.55 
0.01 0.11 100.00 As 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 50th percentile value in effects [37, 39]. 
 

  Cr Cu Zn Cd Pb Ni As 
TEL  52.3 18.7 124 0.68 30.24 15.9 7.24 
PEL  160 108 271 4.21 112.18 42.8 41.6 
ERL  81 34 150 1.2 46.70 20.9 8.2 
ERM  370 270 410 9.6 218 51.6 70 
Compared with TEL and PEL % of samples <TEL 53.3 13.3 100 100 100 0 86.7 
% of sample between TEL and PEL 46.7 86.7 0 0 0 33.3 13.3 
% of samples >PEL 0 0 0 0 0 66.7 0 
Compared with ERL and ERM % of samples <ERL 93.3 53.3 100 100 100 6.7 100 
% of sample between ERL and ERM 6.7 46.7 0 0 0 40 0 
% of samples >ERM 0 0 0 0 0 53.3 0 

 
 

High metal concentrations in the region, could 
have been related to heavy traffic, industrial and do-
mestic 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 con-
sist of high level Cr and Ni. Unfortunately, these 
rocks are almost non-outcrop in background area of 
Duzce plain. Wastewater and sludge from metal-
lurgy industries, metal refining, and smelting are the 
probably sources of chromium and nickel pollutions. 

The method of PCAs determine the compre-
hensive pollution level; while the technique of Eri 
and RI are mainly show the ecological risk levels of 
elements, that have higher potential toxicity re-
sponse 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 pol-
lution levels of heavy metals in DM1, DM2, and 
DM3 locations are relatively lower than other sam-
ple locations. All these locations are located up-
stream part of the Melen River. Especially, in the up-
stream 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.  

Sediment quality guidelines (SQG). Sedi-
ment quality guidelines are important tool for assess-
ment 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 re-
quired for normal and healthy body growth and func-
tions 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 biolog-
ical 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 me-
dian (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 concen-
tration at DM9, DM10, DM11, DM12, DM13, 
DM14, and DM15 locations is slightly higher than 
TEL value (Table 4). Cu concentration at DM2 loca-
tion 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 be-
tween TEL and PEL value in 86.7% of the locations. 
Cr, Ni, and As are fall between TEL and PEL param-
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eters that its ratio in 46.7, 33.3, and 13.3 % (respec-
tively) 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). 

 
 

CONCLUSIONS 
 
The effect of anthropogenic heavy metal pollu-

tion in Melen River sediments were evaluated using 
enrichment factor, contamination factor, contamina-
tion degree, potential ecological risk index, and pol-
lution load index for Cu, Cd, Cr, Zn, Pb, As, and Ni 
in bulk sediments in fifteen locations. Melen River 
sediments have mean concentrations of Cu, Cd, Cr, 
Zn, Pb, As, and Ni that exceed background metal 
values for the study area. EF results demonstrate al-
most all samples have Cu, Ni, and As significant en-
richment. Contamination factor and contamination 
degree index indicated that the overall pollution in 
the reclaimed sediment sampling location fall in 
moderate contamination degree. Ecological risk for 
Cd above 80 (97.21) and As was near 80 (76.99), in-
dicating that this heavy metals posed moderate, 
moderate/high risk to the local ecosystem. Espe-
cially, DM4, DM13 and DM14 locations have mod-
erate toxicity risk. Concentrations of metals in sedi-
ment increased in Duzce (DM4) and Golyaka 
(DM13 and DM14) areas. These results show an an-
thropogenic source of heavy metals that mainly de-
rived from activities such as industrialization, urban-
ization, industrial and domestic wastewater, and oth-
ers. 66.7% samples for Ni exceed PEL value. Fur-
thermore, nickel concentration is almost two times 
more than ERM value in the DM-9 location. In sum-
mary, all of the data indicate that the pollution pa-
rameters (especially for Cu, Ni, Cd, and As) have be-
come an environmental problem in Melen River 
aquatic ecosystems. 
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ABSTRACT 
 

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 ter-
ritory 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 moni-

 MP-1 (upper river) 
and MP-2 (middle course of the river). The samples 
were taken in June and August 2014 and 31 physico-
chemical and microbiological parameters were 
screened. Water sampling and preparation were per-
formed 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 Bulgar-
ian standard for irrigation water with respect to: tem-
perature, pH, electrical conductivity, total hardness, 
Ca, Mg, dissolved oxygen, BOD5, COD, N-NH4 (ex-
cept for June), N-NO3, Cl-, SO4

2-, 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 pa-
rameters at both MPs. The metal concentrations de-
crease in the order of 
Fe>Zn>Ni>Pb>Cr>Cu>As>Mn>Cd. Many signifi-
cant correlations were revealed between controlled 
water parameters.  
 
 
KEYWORDS:  
Maritsa River, physicochemical parameters, heavy me-
tals, microbiological parameters, assessment, water qua-
lity   
 
 
 
 
 

INTRODUCTION 
 

Traditionally, irrigation water is grouped into 
various quality classes in order to guide the user to 
the potential advantages as well as problems associ-
ated with its use and to achieve optimum crop pro-
duction. 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 prac-
tices [1, 2, 3, 4, 5]. The economic impact resulting 
from improving irrigation performance is not suffi-
ciently investigated in Mediterranean region since a 
great number of factors influence them [6]. One of 
the main factors is the level of irrigation, which di-
rectly 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 deter-
mine the suitability of water for irrigation are salin-
ity, specific ion toxicity, trace elements, nutrients 
and pathogens [10, 11, 12]. These parameters are in-
troduced 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 to-
wards global warming and drought, the role of man-
agement 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 Penin-
sula (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 pur-
poses are used about 15.4% (1201.8 million m3/y) 
[20]. The river is strongly impacted by anthropo-
genic activities as it passes through plenty of settle-
ments, 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 
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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): MP-
1 (upper course of the river) at Belovo town (N 
42.12830 E 24.01544 ), 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 
42.09548 E 25.07365 ), type of water body R12 - 
big plane rivers type, poor ecological and chemical 
condition of the water body (Figure 1).  
 

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 fre-
quency 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 contain-
ers (3 L) and for microbiological analysis in steri-
lized 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 col-
lection. 

 
Parameters of water and methods for analy-

sis. The following 31 parameters, characterizing ir-
rigation water quality [17] were determined: physi-
cochemical parameters  temperature (T oC), pH, 

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, SO4

2  by BSS 3588 
and P-PO4 by EN 6878-1, using UV-VIS Spectro-
photometer JENWAY 6705; suspended solids (SS) 
by BSS 17.1.4.04; COD by ISO 6060 with a spectro-
photometer; BOD5 by EN 1899-1, 2; manganese 
(Mn), iron (Fe), copper (Cu), zinc (Zn), lead (Pb), 
nickel (Ni), cadmium (Cd), chromium (Cr) and arse-
nic (As) contents by ISO 15586 with an AAS 
(AAnalyst/800 Perkin-Elmer); microbiological pa-
rameters  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/Coli-
form; Rida®Count Salmonella/Enterobacteriaceae, 
R-Biopharm AG, Germany). The sheets were inocu-
lated 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 trans-
formed into total coli titer and E. coli titer, according 
to the requirements of the standard [17].  

 
Water quality assessment. Assessment of 

Maritsa River water quality was carried out by com-
paring the results obtained for the investigated pa-
rameters with the standard limit values [17], sepa-
rated 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  san-
itary quality indices (total coli titer, E. coli titer, En-
terobacteriaceae and Salmonella spp.), Group E  
Miscellaneous (T oC, pH, TH, DO, SS, COD, BOD5, 
N-NH4,  N-NO3, SO4

2 , P-PO4, Cl-). 
 
Statistical analysis. All data were analyzed by 

STATISTICA 6.1 (Statsoft. Inc., Tulsa, OK, USA, 
1984-2002). 
 
 
RESULTS AND DISCUSSION  

 
Parameters characterizing the water salin-

ity. The basic parameter, characterizing the water sa-
linity 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 con-
centration. 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 



© by PSP  Volume 26  No. 7/2017 pages 4367-4374   Fresenius Environmental Bulletin 

 
 

 

4369 

[1]. It is argued that low salinity water decrease wa-
ter infiltration rate [24]. 

 
Parameters characterizing the water infil-

tration rate. The two commonest water quality fac-
tors 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] - 

61.7 times (Table 1).  
Despite the fact that the water meets the re-

quirements 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 ac-
ceptable, because they reduce soil fertility [13].   

 
Parameters characterizing the water toxi-

city. 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 

the order: Fe>Zn>Ni>Pb>Cr>Cu> As>Mn>Cd, 
which is similar with the results for Erzeni River wa-
ter, 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 biologi-
cal 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 con-
centrations 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 (Ta-
ble 1).  

Although the content of trace elements in Ma-
ritsa River water is well below permissible thresh-
olds, it should be mentioned that during the hot sea-
sons the accumulation of minerals from the crops is 
more rapid than in cooler seasons [24]. Those find-
ings are important for the countries in Maritsa River 
basin, because the irrigation of crops in them is car-
ried out in the summer, i.e. during the hot part of the 
year.   

 
 

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

toxicity 
 

Parameters Unit Month -1* MP-2 Standard Limit [17] 
Salinity 

EC μS/cm 
June 

August 
229.0 
223.0 

296.0 
378.0 

2000 

Water Infiltration Rate 

Ca mg/L 
June 

August 
21.6 
22.4 

28.9 
23.2 

400 

Mg mg/L 
June 

August 
10.7 
4.86 

9.73 
18.5 

300 

Toxicity 

Mn mg/L 
June 

August 
0.008 
0.005 

0.018 
0.009 

0.2 

Fe mg/L 
June 

August 
0.087 
0.081 

0.294 
0.068 

5.0 

Cu mg/L 
June 

August 
0.015 
0.015 

0.016 
0.019 

0.2 

Zn mg/L 
June 

August 
0.066 
0.088 

0.044 
0.098 

2.0 
 

Pb mg/L 
June 

August 
0.007 
0.002 

0.004 
0.002 

0.05 
 

Ni mg/L 
June 

August 
0.005 
0.004 

0.004 
0.009 

0.2 
 

Cd mg/L 
June 

August 
<0.001 
<0.001 

<0.001 
<0.001 

0.01 
 

Cr mg/L 
June 

August 
0.003 
0.001 

0.004 
0.001 

0.1 

As mg/L 
June 

August 
<0.001 
<0.001 

<0.003 
<0.003 

0.1 
 

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



© by PSP  Volume 26  No. 7/2017 pages 4367-4374   Fresenius Environmental Bulletin 

 
 

 

4370 

TABLE 2 
Maritsa River water quality in the investigated monitoring points by sanitary-indicator microorganisms 

 
Parameters Unit Month MP-1* MP-2 Standard Limit [17] 

Aerobic mesophilic microorganisms CFU/mL 
June 

August 
63 
18 

138 
74 

- 

Coliforms  
 

CFU/mL 
June 

August 
340 
155 

224 
157 

- 

E.coli  CFU/mL 
June 

August 
122 
94 

71 
19 

- 

Total coli titer 
 

mL 
June 

August 
0.001 
0.001 

0.001 
0.001 

< 0.1 

E.coli titer 
 

mL 
June 

August 
0.001 
0.01 

0.01 
0.01 

< 1.0 

Salmonella spp.  CFU/mL 
June 

August 
60 
21 

66 
35 

Not allowed 

Enterobacteriaceae  CFU/mL 
June 

August 
445 
112 

430 
132 

Not allowed 

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

Parameters characterizing the water qua-
lity by sanitary-indicator microorganisms. Re-
garding 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 MP-
1 in both months from 1.10 to 4.11 times. For coli-
forms and Enterobacteriaceae counts, this relation-
ship 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 num-
ber of E.coli that in both months was higher in MP-
1 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 sub-
stances, from a large number of settlements (includ-
ing the largest city  Plovdiv town with 338 000 res-
idents), animal farms and enterprises of food indus-
try, compared to MP-1, situated in an area with less 
pollution sources. For that reason microbial contam-
ination of river water was stronger in PM-2 than in 
PM-1.   

Quality assessment of river water as a source 
for irrigation showed that the values of all microbio-
logical parameters did not meet the requirements of 
Bulgarian standard [17]. The established values ex-
ceeded 100 times the permissible limits for total coli 
titer and 100 to 1000 times for E.coli titer. Salmo-
nella spp. and Enterobacteriaceae, which are intes-
tinal pathogens and are not allowed in irrigation wa-
ter, 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 wa-
ter for irrigation only after decontamination which is 
not always possible and economically justified. 

 
Miscellaneous parameters characterizing 

the water quality. The maximum values of that 
group of parameters were below the permissible lim-
its set by irrigation water quality standard [17], as 
followed: N-NH4 < 1.09, N-NO3 < 12.7, SO4

2  < 
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-PO4

3- 
content 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, ex-

pressed 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 parame-
ters (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): Enter-
obacteriaceae   Salmonella spp. (r = 0.962), Enter-
obacteriaceae - total coli titer (r = -0.986) and Sal-
monella spp. - total coli titer (r = -0.969); all param-
eters: As  SO4

2- (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 = 0.987-
0.996), 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 nitro-
gen organic compounds), DO  P-PO4

 (higher con-
tent of phosphates, lower content of DO), etc. Other 
relationships, as SS  N-NH4, BOD5  Cl-, SO4

2-  
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 Month MP-1* MP-2 Standard Limit [17] 

N-NH4 mg/L 
June 

August 
1.25 
0.25 

18.6 
4.57 

5.0 
 

N-NO3 mg/L 
June 

August 
1.12 
0.43 

1.42 
1.58 

20 
 

SO4
2- mg/L 

June 
August 

1.25 
1.13 

2.29 
2.26 

300 

P-PO4 mg/L 
June 

August 
1.44 
1.40 

2.68 
3.45 

3.0 
 

Cl- mg/L 
June 

August 
9.91 
10.5 

11.2 
17.4 

300 

  
June 

August 
7.28 
7.96 

7.04 
7.47 

6  9 
 

COD  mg/L 
June 

August 
14.0 
36.0 

20.0 
40.0 

100 

BOD5 mg/L 
June 

August 
7.00 
7.00 

9.00 
15.0 

25 
 

T o  
June 

August 
21.7 
17.3 

24.1 
23.6 

28 
 

DO mg/L June 
August 

7.62 
7.29 

6.51 
6.21 

 

TH mgeqv/L June 
August 

1.96 
1.55 

2.24 
2.73 

14 
 

SS mg/L June 
August 

34.0 
18.0 

140.0 
43.0 

50 

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

TABLE 4 
 the mineral concentrations 

  EC Ca Mg Mn Fe Cu Zn Pb Ni Cd Cr As 
EC 1.000            
Ca 0.297 1.000           
Mg 0.882 -0.030 1.000          
Mn 0.343 0.948 0.144 1.000         
Fe 0.065 0.964* -0.196 0.940 1.000        
Cu 0.975* 0.084 0.904 0.126 -0.157 1.000       
Zn 0.284 -0.708 0.330 -0.787 -0.866 0.483 1.000      
Pb -0.455 -0.101 -0.092 0.151 0.125 -0.503 -0.586 1.000     
Ni 0.832 -0.277 0.930 -0.175 -0.477 0.925 0.652 -0.326 1.000    
Cd 0.539 0.327 0.719 0.595 0.318 0.440 -0.388 0.494 0.420 1.000   
Cr -0.189 0.655 -0.163 0.794 0.810 -0.382 -0.979* 0.682 -0.513 0.556 1.000  
As 0.839 0.760 0.611 0.793 0.597 0.697 -0.252 -0.278 0.412 0.625 0.302 1.000 

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



© by PSP  Volume 26  No. 7/2017 pages 4367-4374   Fresenius Environmental Bulletin 

 
 

 

4372 

TABLE 5 
 

  N-NH4 N-NO3 SO4
2- P-PO4 Cl-  COD BOD5 T oC DO TH SS 

N-NH4 1.000            
N-NO3 0.546 1.000           
SO4

2- 0.751 0.861 1.000          
P-PO4 0.488 0.830 0.941 1.000         
Cl- 0.007 0.615 0.659 0.874 1.000        

 -0.735 -0.780 -0.602 -0.383 0.010 1.000       
COD -0.306 -0.124 0.162 0.413 0.685 0.682 1.000      
BOD5 0.125 0.710 0.747 0.927 0.991* -0.121 0.600 1.000     
T oC 0.670 0.981* 0.856 0.759 0.464 -0.881 -0.273 0.576 1.000    
DO -0.572 -0.701 -0.938 -0.967* -0.804 0.289 -0.492 -0.853 -0.649 1.000   
TH 0.370 0.938 0.866 0.939 0.850 -0.518 0.218 0.909 0.860 -0.823 1.000  
SS 0.995* 0.538 0.707 0.427 -0.065 -0.778 -0.397 0.058 0.673 -0.501 0.333 1.000 

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

TABLE 6 
 

  
Aerobic mesophilic 

microorganisms 
Coliforms E.coli 

Total 
coli titer 

E.coli titer 
Salmonella 

spp. 
Enterobacte-ri-

aceae 
Aerobic mesophilic  
microorganisms 

1.000       

Coliforms 0.200 1.000      
E.coli -0.283 0.697 1.000     
Total coli titer -0.722 -0.760 -0.444 1.000    
E.coli titer 0.083 -0.538 -0.929 0.532 1.000   
Salmonella spp. 0.804 0.740 0.261 -0.969* -0.315 1.000  
Enterobacteriaceae 0.635 0.855 0.513 -0.986* -0.540 0.962* 1.000 

*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 

 
  SS Degree of Freedom MS F p % 
MP 30 1 30 0.00818 0.928115 0.0047 
Month 22728.9 1 22728.9 6.20352 0.014272 3.59 
Group compounds 179129.2 2 89564.6 24.44535 0.00000 28.28 
MP*Month 96.7 1 96.7 0.02639 0.871243 0.02 
MP*Group compounds 908.7 2 454.4 0.12401 0.883496 0.14 
Month*Group compounds 34262.4 2 17131.2 4.67571 0.011285 5.41 
MP*Month*Group compounds 607 2 303.5 0.08283 0.920566 0.10 
Error 395697.9 108 3663.9   62.47 

 
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 re-
gard to the microbiological parameters PCA showed 
that the total coli titer was the only parameter influ-
enced positively by the two factors (Figure 3). AMO, 
Salmonella spp. and Enterobacteriaceae were nega-
tively 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 varia-
tions. PCA for physicochemical parameters revealed 
that only pH was a positive parameter for both fac-
tors (Figure 4). SO4

2-, TH, PO4, BOD5, Cl- and COD 
were positive by F2, describing 27.14 % of the vari-
ations. SS, N-NH4, T oC, N-NO3 were negative pa-
rameters by the two factors.  

The dendrogram of hierarchical cluster ana-
lysis 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. 
 
 
 
 

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 re-
quirements of Bulgarian standard with respect to 24 
physicochemical parameters: T oC, pH, EC, TH, Ca, 
Mg, DO, N-NH4 (except for June), N-NO3, SO4

2-, P-
PO4 (except for August), Cl-, COD, BOD5, SS (ex-
cept 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 ti-
ter, E.coli titer, Salmonella spp. and Enterobacteri-
aceae). The metal concentrations decrease in the or-
der 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 con-
trolled water parameters. Generally, the Maritsa wa-
ter quality did not meet the requirements for irriga-
tion of crops, which was confirmed by the PCA.  
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ABSTRACT 
 

Background and Aim. Hepatic ischemia 
reperfusion (I/R) injury is located between compli-
cations 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 in-
jury 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 in-
traperitoneally 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 de-
creased 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 antiapop-
totic activities. 
 
 
KEYWORDS:  
Hepatic ischemia reperfusion injury; liver; naringin; 
ozone. 
 
 
 
 

INTRODUCTION 
 

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 ped-
icle clamping during liver surgery [2, 3]. The under-
standing as complete the damaging mechanisms of 
hepatic I/R is quite complex process but it has fo-
cused to explain this situation may lead to high post-
operative morbidity and mortality rates, on produc-
tion of oxygen radicals, intracellular calcium over-
load, an accumulation of inflammatory cells and me-
diators, activation of Kupffer cells and neutrophils or 
induce further cell death [4-6]. Reactive oxygen rad-
icals are released by I/R injury and can directly dam-
age 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 pe-
roxidation of the cellular and membrane lipids have 
increased by ROS [8]. Antioxidant enzymes such as 
superoxide dismutase (SOD), catalase (CAT), gluta-
thione reductase (GR) protects from harmful effect 
of the ROS. But these enzymes are inadequate in 
pathologic conditions like ischemic reperfusion pro-
cess [9]. For this reason it has been investigated var-
ious agents and drugs have anti-oxidative, anti-apop-
totic, and anti-inflammatory effects for suppression 
or prevention against hepatic I/R injury in previous 
studies [10-12]. Also many studies have demon-
strated 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 suppress-
ing the formation of free oxygen radicals [12, 15]. 

Naringin -trihydroxyflavanone 7-rham-
noglucoside) is a bioflavonoid, polyphenolic com-
pound in various fruits such as grapefruit and citrus 
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fruits. When naringin is administered orally and hy-
drolyzed -
trihydroxyflavone) is efficiency and absorbable 
great metabolite of the naringin [16] and possess sev-
eral pharmacologic features anti-oxidant, anti-in-
flammatory, anti-ulcer, anti-diabetic and neuropro-
tective properties [17-19]. Lately, there are numer-
ous 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 oxi-
dant 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 dis-
eases 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 - Turkey). 

 
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 ap-
proved by the Local Ethics Committee of Experi-
mental 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 la-
boratory 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 

i.p) and the dose of anesthesia was repeated as re-
quired.  The abdominal region was cleaned and ster-
ilized with povidone iodine solution. A midline inci-
sion was made and liver were isolated.  All of the 
hepatic artery, portal vein and bile duct (all struc-
tures 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. Reper-
fusion was started, and later the region incision 
closed.  

In our study, groups were prepared as follows; 
sham-operated group (Sham group): Only ab-
dominal incision, without hepatic ischemia was per-
formed, 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 intraperito-
neally 30 minutes before the surgical procedures. 
Additional treatment was not given to this group. Is-
chemia 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 is-
chemia process and liver was reperfused for 120 
minutes. Ischemia reperfusion+ozone group 
(I/R+Ozone): Ozone (0.5 mg/kg dose i.p) was pre-
pared into serum physiologic and given before 30 
minutes from the ischemia reperfusion period, later 
was performed in the hepatic artery occlusion as de-
scribed in the I/R group. Ischemia reperfusion+com-
bined with naringin and ozone group 
(I/R+NAR+Ozone): Naringin and ozone were given 
before 30 minutes from the ischemia reperfusion pe-
riod as described in the I/R+NAR and I/R+Ozone 
groups, subsequently the hepatic ischemia reperfu-
sion model has been created. At the end of the this 
processes, liver was removed for examined the he-
patic tissue damage. Afterwards, rats were sacrifized 
by exsanguination through the abdominal aorta.  

 
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 en-
zyme 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) mix-
ture. A UV-Shimadzu 1600 (Shimadzu, Kyoto, Ja-
pan) has been used for the spectrophotometric meas-
urements. We have measured the amount of thiobar-
bituric acid-reactive substances (TBARS) in the 
sample spectrophotometrically at 532 nm by as-
sessing the reactivity of thiobarbituric acid in the 
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acidic medium at 90 95°C based on the method de-
scribed by Esterbauer and Cheeseman [28]. The re-
sults have been calculated according to the standard 
and expressed as nmol/g wet tissue. We have ana-
lyzed the protein for supernatant and extracted sam-
ples using the method of Lowry et al [29]. We have 
examined catalase (CAT, EC 1.11.1.6) enzyme ac-
tivity 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 den-
sity (OD) of 0.500 by adding H2O2 to a 50 mM phos-
phate 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 ex-
pressed 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 O2

- 
with nitroblue tetrazolium (NBT). Enzyme activity 
has been assessed based on the activity of the en-
zyme inhibiting 50.0% NBT reduction and ex-
pressed as U/mg of protein (% enzyme inhibition = 

[31]. 
Glutathione reductase (EC 1.8.1.7) catalyzes the re-
duction of glutathione disulfide to the sulfhydryl 
form glutathione. We have measured the enzyme ac-
tivity 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 as-
say conditions (25 °C, pH 8.0) [32]. GR has been ex-
pressed as U/mg protein. 

 
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 sta-
tistical 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 ho-
mogeneous distributed of variances. P < 0.05 were 
considered as statistically significant difference for 

comparisons of the binary group. Results were ex-
 

 
 

RESULTS  
 

Hepatic tissue MDA levels were increased in 
sham-operated group rats compared to IR group (Ta-
ble 1), The naringin-treated, ozone-treated, and nar-
ingin+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 de-
clined 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-oper-
ated group. There is statistically significant differ-
ence 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 in-
duced by hepatic damage and sham-operated groups. 
However, these increases were not statistically sig-
nificant. A decrease has been viewed in the I/R group 
related to GR activity. But statistically significant in-
crease 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. 

 
 

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 ex-
amined 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. 
 MDA (nmol/g protein) CAT (k/g protein) GR (U/mg) SOD (U/mg) 
Sham-operated (n=7) 3,832±0,234 4,992±0,332# 0,667±0,002 0,524±0,002* 

I/R (n=7) 4,973±0,602 3,187±0,295 0,743±0,004## 0,355±0,003** 
I/R+NAR (n=7) 4,033±0,241 4,009±0,303 0,628±0,003 0,469±0,002 
I/R+Ozone (n=7) 3,890±0,183 4,349±0,207 0,649±0,003 0,442±0,001 
I/R+NAR+Ozone (n=7) 3,936±0,261 3,966±0,267 0,580±0,002 0,426±0,002 

*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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ROS normally is relased as a product of the aer-
obic 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]. Oxi-
dative stress leads to peroxidation of the cellular li-
pids and generates MDA as a product. For this rea-
son, 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-re-
ducing, and anticarcinogenic [40, 41]. Also, antioxi-
dant 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, acetamino-
phen-induced liver injury, and caustic esophageal 
burn in experimental studies [45-48]. It was also in-
dicated that ozone increased antioxidant enzyme ac-
tivities, such as GPx, SOD and CAT, under patho-
physiological 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 reperfu-
sion 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, 
52]. However, we have found increase in the levels 
of MDA in I/R group according to Sham-operated 
group. This case can be explained as an indicator of 
lipid peroxidation or tissue damage in liver depend 
on I/R. But tissue damage can be reduced by various 
antioxidant therapies. Protective effect of intraperi-
toneal ozone therapy has been shown by reducing 

level of the MDA against ovarian ischemia reperfu-
sion injury [26]. Koca et al. assessed effects of the 
treatment hyperbaric oxygen and ozone in the in-
duced tourniquet ischemia reperfusion and showed 
that the levels of MDA increased by I/R but the lev-
els of MDA reduced effectively by ozone [24]. Singh 
and Chopra have reported that naringin shows anti-
oxidant 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, effective-
ness of naringin and ozone is similar to results of pre-
vious studies. MDA level markedly reduced in the 
naringin and ozone groups. At the same time, com-
bined ozone and naringin treatment had synergetic 
effects and had contribution by reducing the lipid pe-
roxidation level. 

Glutathione is one of the endogenous antioxi-
dant defense system which protects cell from free 
radicalic damage. GSH metabolism is strongly ar-
ranges, 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 regu-
lated back from GSSG within the cells in a reaction 
catalyzed by the glutathione reductase as a flavoen-
zyme [55]. The glutathione and its related enzymes 
attend in the continue of oxidant metabolism in aer-
obic cells [56]. In the experimental study, it has been 
demonstrated that GR activities elevate in the ozone, 
naringin and ozone+naringin groups on intestinal is-
chemia reperfusion injury [52]. Similar to the results 
of Isik et al. 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 ca-
talyses 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 supplementa-
tion 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 kg 1 dose, p.o), a bioflavonoid, increases 
SOD activity against renal ischemia reperfusion in-
jury (45 min;24 h) [19]. Our results have been re-
vealed separately or together of the naringin and 
ozone treatment have potent effects against hepatic 
injury induced by I/R. These treatments have a con-
siderable achievement in naringin, ozone, and nar-
ingin+ozone groups compared to I/R group by in-
creasing of the SOD activity. CAT is a strong scav-
enger of hydrogen peroxide and supplies a potent an-
tioxidant defense. It intercepts the generation of the 
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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 is-
chemia reperfusion study [52]. Our results are in the 
same direction with previous studies. CAT activity 
increased depending on naringin, ozone, and nar-
ingin+ozone. 

The results of our research study have been re-
vealed that liver damage depend on I/R originates by 
lipid peroxidation generating free radicals. Sepa-
rately and/or together of the naringin and ozone ap-
plication 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, be-
cause of their protective effects. 
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ABSTRACT 
 
Researchers developed many methods and ex-

traction protocols to determine the antioxidant prop-
erties 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 deter-
mine radical scavenging activity, total phenolics and 
flavonoids. Significant differences were found in the 
extracting abilities of the solvents to determine radi-
cal scavenging inhibition percentages of Cruciferous 
genus except cauliflower. Ethanolic extract worked 
well for cabbage, acetonic extract and ethanolic ex-
tract work well respectively for red cabbages and ac-
etonic extract worked well for both cauliflower and 
broccoli in the determination of DPPH radical scav-
enging activity. Ethanolic extract of cabbage gave 
the highest total phenolic content (TPC). No signifi-
cant 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. 
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Radical scavenging, Phenolics, Flavonoids, Extraction, 
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INTRODUCTION 
 
Fruits and vegetables are rich sources of vita-

mins, mostly vitamins A and C. They are also excel-
lent sources of fibre, contain some calories and are 
naturally low in fat [1]. Cruciferous vegetables in-
clude different types of cabbages, cauliflower, broc-
coli, kale, and Brussel sprouts and possess antioxi-
dant and anticarcinogenic properties because of vit-
amins, carotenoids and polyphenols contents [2,3,4]. 
Antioxidant potential of Cruciferous vegetables is 

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 possi-
bility of phytochemicals such as phenolics and fla-
vonoids in vegetables [7]. Flavonoids are large com-
pounds ubiquitously in plant derived foods. Many 
flavonoids are reported to be strong free radical scav-
engers and antioxidants and food-derived flavonoids 
have been reported to reduce risk of cancer [8]. An-
tioxidant contents of cruciferous vegetables are af-
fected by various factors such as maturity at the har-
vest time, growing conditions, soil and storage con-
ditions [9]. Several methods have been developed to 
measure the radical scavenging capacity (RSC) of 
food products [10, 11, 12]. On the other hand, extrac-
tion part of the methods was generally a mystery be-
cause of modifications on experiments and plant or-
gan sample that used in the assays. Although meth-
ods were argumentative in some cases, many of them 
were widely used and accepted such as DPPH Radi-
cal Scavenging Capacity Assay described and re-
ported by Brand-Williams et al. [13]. 

Antioxidative capacity and substances of the 
plant derived foods can be determined by different 
extraction protocols. Researchers investigate differ-
ent extracting solvents such as water, acetone, meth-
anol or ethanol. Bidchol et al. [14], investigated 
aqueous and ethanolic extracts of broccoli and re-
ported 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 aque-
ous 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 activ-
ities of cabbage and cauliflower were higher in etha-
nolic extract than aqueous extract. Llorach et al. [17] 
investigated the phenolics and antioxidative proper-
ties 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 
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DPPH and ABTS have been found in ethanolic ex-
tract. Anwar et al. [18] also investigated volumetric 
ratios of ethanolic and methanolic extracts of cauli-
flower to determine antioxidant activity and phenol-
ics. They reported that DPPH radical scavenging ac-
tivity varied considerably in relation to both the ex-
tracting solvents and drying processes. They also 
stated that 80 % ethanolic extract worked well to de-
termine total phenolic of cauliflowers. 

This paper discusses the DPPH radical scav-
enging activity, flavonoid and phenolic contents of 
the aqueous, ethanolic and acetonic extracts of four 
different Cruciferous species.  

 
 

MATERIALS AND METHODS 
 
Plant material and preparation of samples. 

A replicated pot trial was conducted in research 
fields of Faculty of Agriculture at Çanakkale On-
sekiz 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 transi-
tion 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 char-
acteristics  Study was planned ac-
cording to randomized block design with 4 repeti-
tions and 4 plants in each repetition. Standard cul-
tural 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 cau-
liflower (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 homogeni-
zation. 

 
Chemicals and extraction methods. All 

chemicals were purchased from Sigma-Aldrich 
(USA), SPA (Milan, Italy), Merck (Germany), and 
Fluka Chemica (Switzerland) companies. Three dif-
ferent extraction solvent and four different Crucifer-
ous 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 ace-
tone separately. After 4 hours of extraction, samples 
were centrifuged for 10 minutes at 4000 rpm. Super-
natant of each sample were collected and filtered 
through 0.45 μm pore sized filter.  

Determination of DPPH free radical-scav-
enging activity. Extracts on 1.1-diphenyl-2-pic-
rylhydrazyl (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 Aqua-
mate). The percentage of DPPH radical scavenging 
activity was calculated by using the following equa-
tion; 

 

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 inhibi-
tion values (defined as the concentration of the com-
pounds that was able to inhibit 50% of the total 
DPPH radicals) were calculated from graph plotting 
using nonlinear regression and expressed in mi-
crogram material equivalents per millilitre for sam-
ple extracts. Butylated hydroxytoluene (BHT) was 
used as a positive control. A lower value of IC50 in-
dicates a higher antioxidant activity and vice versa. 

 
Analysis of total phenolic content. The 

amount of total phenolics was determined spectro-
photometrically using Folin-Ciocalteu reagent 
method described by Singleton et al. [19] with mod-
ifications [20]. Half ml distilled water and 0.5 ml Fo-
lin Ciocalteu reagent was added to the test tube con-
taining 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 spectrophotom-
eter (Thermo Aquamate). Total phenolic content of 
the extracts were expressed as gallic acid equivalents 
(GAE) in milligram per gram fresh weight. Each ex-
tract of samples were analysed in triplicate. 

 
Analysis of total flavonoids content. The total 

flavonoid content was determined spectrophotomet-
rically described by Oomah & Mazza [21] using ru-
tin as a standard. The total flavonoid content was ex-
pressed as rutin equivalents in milligram per gram 
fresh fruit. Three replicates were used for the deter-
mination of the mean total flavonoid values of the 
fruit samples. General linear model (GLM) analyses 
of variance were evaluated using Minitab v.13 soft-
ware with significant level for LSD means of p=0.05. 

 
 
 
 



© by PSP  Volume 26  No. 7/2017 pages 4383-4389   Fresenius Environmental Bulletin 

4385 
 

 

RESULTS AND DISCUSSION 
 
Effects of extracts on DPPH radical scaveng-

ing 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. Regard-
ing to the solvent to be used DPPH method works 
well equally with methanol and ethanol compared to 
acetone and water [15,23]. Additionally Kaur & Ka-
poor [16] reported that antioxidant activity of etha-
nolic 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]. How-
ever, 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 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, ex-
traction with water separated from the rest statisti-
cally with the lowest inhibition percentage (Figure 2). 
It seems that acetonic extract and ethanolic extract 
work well while determining DPPH radical scaveng-
ing activity of red cabbages compared to aqueous ex-
tract. Inhibition percentage was also affected by the 
extraction solvents. Pliszka et al. [24] reported that 

DPPH radical scavenging activity of red head cab-
bages depended on cabbage cultivar. Also research-
ers stated that they had determined higher inhibition 
rates between 82.24% and 85.50% in red head cab-
bages with ethanolic extracts. We also determined 
the inhibition rates of 88.31%, 90.26% and 90.45% 
with the acetonic, ethanolic and aqueous extracts re-
spectively (Figure 2). As stated before the use of 
aqueous extracts gave low values for the extent of 
reduction [15,22]. 

 

 
FIGURE 2 

Inhibition (%) rates of aqueous, ethanolic and 
acetonic extracts of four different Cruciferous 

species (EAq: Aqueous extract; EAc: Acetonic ex-
tract; EEt: Ethanolic extract) 

 
According to the results obtained from broccoli 

florets extracted with different solvents, highest 
DPPH radical scavenging inhibition rates were de-
termined from acetonic extract (92.42%) and this 
value was followed by ethanolic (92.10%) and aque-
ous (91.23%) extracts respectively. While there is no 
significant difference between acetonic and etha-
nolic extractions of broccoli florets, aqueous extrac-
tion involved in a different group statistically. Ac-
cording 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 etha-
nolic extracts of broccoli. Authors reported that eth-
anolic extract was more active than the aqueous ex-
tract. Controversially, Guo et al. [15] suggested that 
methanolic extract of broccoli had given the highest 
DPPH FRSA followed by aqueous and acetone ex-
tracts. Also they reported that acetonic extract 
showed the least FRSA lower than 20%. Our results 
with ethanolic and aqueous extract are consistent 
with the but are not with ace-
tonic 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 
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determined from acetonic extract (82.92%) and this 
value was followed by ethanolic (82.79%) and aque-
ous (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 cau-
liflower extracts respectively. These researchers also 
stated that DPPH FRSA varied considerably in rela-
tion to both the extracting solvents and drying pro-
cesses. Llorach et al. [17] stated that ethanolic ex-
tracts of cauliflower florets had given higher results 
compared to the aqueous extract. Anwar et al. [18] 
investigated the effects of aqueous-ethanol and aque-
ous-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 de-
termine DPPH FRSC of cauliflower. Results in the 
present study consistent with the results of given lit-
erature. 

As seen on figure 1 and 2 extraction solvents 
effects on DPPH radical scavenging inhibition per-
centage 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 no-
ticed that ethanolic extract works well for white cab-
bage and red cabbage. However, when the florets are 
concerned like broccoli or cauliflower we can state 
that acetonic extraction works better both than etha-
nolic 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 g-

1 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 cab-
bages. 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 tem-
peratures of water and reported that they had the 
highest results from methanolic extracts both for 
green and red cabbages. Besides, researchers sug-
gested that total antioxidant content decreased be-
cause of deterioration of antioxidants at higher tem-
peratures. 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 influ-
enced by the extraction solvent and long-time extrac-
tion (4 hours) of the samples in our study. Research-
ers determined various TPC of cabbages with differ-
ent extraction methods. For instance, Ismail et al. 

[29] determined 1107.57 mg ferulic acid 100 g-1 by 
ethanolic extract and Kaur & Kapoor [16] deter-
mined 92.5 mg catechol 100 g-1 with ethanolic ex-
tract.  

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 ex-
traction, 313.71 mg GAE 100 g-1 with aqueous ex-
traction and 144.60 mg GAE 100 g-1 with acetonic 
extraction, respectively (Figure 3). No statistical sig-
nificance was found among extraction solvent was 
determined. According to the results obtained etha-
nolic 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 g-

1for red cabbages grown in Turkey with 70% aque-
ous 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 cab-
bages ranged between 43.3-248.8 mg 100 g-1 with 
methanolic extraction method. Jacob et al. [27] re-
ported that extraction method effects on TPC and fla-
vonoid contents of cruciferous vegetables. Our re-
sults showed that ethanolic extracts work well to de-
termine the TPC of red cabbages compared to aque-
ous and acetonic extracts. 

 

 
FIGURE 3 

Total phenolic contents (TPC) of Cruciferous 
species by aqueous, ethanolic and acetonic ex-
tracts (EAq: Aqueous extract; EAc: Acetonic ex-

tract; EEt: Ethanolic extract) 
 
The highest amount of total phenolic contents 

in broccoli was determined to be 320.52 mg GAE g-

1 with acetonic extraction, 281.42 mg GAE 100 g-1 
with aqueous extraction and 258.84 mg GAE 100 g-

1 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 ex-
tract 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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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 ex-
tract gave better results than ethanolic extract be-
cause 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 ace-
tone as broccoli. The highest amount of total phe-
nolic 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 ex-
traction protocols. Singh et al. [33] noticed that total 
phenolic contents of cabbages of 18 different culti-
vars ranged 34.41 mg g-1 to 12.58 mg g-1. Köksal & 
Gülçin [25] reported that aqueous extract is more ef-
fective for cauliflower than extraction with ethanol. 
Llorach et al. [17] reported that aqueous extract of 
cauliflower gave higher TPC than ethanolic extrac-
tion. This result is consistent with our findings. This 
might be due to the extraction of salts and other wa-
ter 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 ac-
etonic extraction works better both than ethanolic 
and aqueous extracts for broccoli and cauliflower. 

 
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 differ-
ences were determined from the results obtained by 
the different extraction protocols of flavonoid con-
tents of white cabbage (Figure 4). The lowest flavo-
noid content was obtained from aqueous extract and 
it seems that ethonolic extract work well while deter-
mining flavonoid content of white cabbages. Heim-
ler 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] in-
vestigated phenolic and antioxidant activities of dif-
ferent raw vegetables and stated that white cabbages 
have 1.67 catechin (CE) mg g-1 flavonoid contents 

extracted with 50% methanol/water. Additionally re-
searchers reported that white cabbages have 3.22 cat-
echin (CE) mg g-1 flavonoid contents extracted with 
1.2 M 50% methanol/water. These results proved 
that flavonoid contents were affected by the extrac-
tion 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 ex-
traction 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 extrac-
tion 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.  

 

 
FIGURE 4 

Flavonoid content of Cruciferous species by 
aqueous, ethanolic and acetonic extracts 

(EAq: Aqueous extract; EAc: Acetonic extract; 
EEt: Ethanolic extract) 

 
The highest amount of total flavonoids in broc-

coli 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, re-
spectively (Figure 4). Results show that different ex-
traction solvents effected flavonoid contents of broc-
coli florets statistically. It seems acetonic extraction 
works better than both aqueous and ethanolic ex-
tracts for broccoli. Sun et al. [35] compared the ef-
fects of acetonic, methanolic and aqueous extracts of 
broccoli and asparagus juice and reported that ace-
tonic 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 ac-
etonic extraction, 0.682 mg 100 g-1 with aqueous ex-
traction and 0.674 mg 100 g-1 with ethanolic extrac-
tion, 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 cru-
ciferous 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. 

 
 

CONCLUSIONS 
 
In this study it was aimed to determine the 

amount of change of DPPH radical scavenging ac-
tivity, antioxidant capacity and total flavonoid con-
tents of 4 different cruciferous species extracted by 
3 different solvents in the study. According to the re-
sults the highest DPPH radical scavenging activity 
was determined by ethanol extraction for cabbage 
and red cabbage and by acetone extraction for broc-
coli and cauliflower. Concerning with the total fla-
vonoid 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 inter-
esting results are obtained from DPPH radical scav-
enging 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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Kinetic models Parameters 
RSB SSB 

5.0mg/L 10.0mg/L 5.0mg/L 10.0mg/L 
 qe(exp) (mg/g) 2.940 4.261 0.419 0.653 

Pseudo-first-order 
k1 (min-1) 0.000265 0.000116 0.000019 0.000005 
qe(calc) (mg/g) 2.218 5.201 3.932 7.770 
R2 0.762 0.485 0.918 0.376 

Pseudo-second-order 
k2 (g/(mg min)) 0.0061 0.0083 0.0201 0.0867 
qe(calc) (mg/g) 2.952 4.301 0.424 0.649 
R2 0.999 0.999 0.990 0.999 

Intra-particle diffusion 
kid (mg/(g min)) 0.029 0.038 0.004 0.002 
R2 0.878 0.688 0.977 0.483 

Elovich 
(mg/(g min)) 38.993 66.304 233.105 8.996×1010 

 (g/mg) 0.288 0.4 0.038 0.022 
R2 0.988 0.923 0.849 0.468 
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und to be 31.341 and 
27.034 KJ/mol respectively, which illustrate that the 
adsorption on two biochars is chemical adsorption. 

CAP on the biochars is an endothermic process . 
Positive values of 

 

 
 

 

isotherms models Parameters 
RSB SSB 

288.15K 298.15K 308.15K 288.15K 298.15K 308.15K 

Langmuir 
Kl (L/mg) 0.323 0.403 0.511    
qm (mg/g) 8.476 8.298 8.533    
R2 0.907 0.933 0.989    

Freundlich 
Kf (mg1-1/n L1/n /g) 2.083 2.359 2.792 0.054 0.06 0.074 
1/n 0.607 0.579 0.563 1.116 1.128 1.058 
R2 0.841 0.878 0.953 0.932 0.978 0.98 

Sips 

Ks (L/mg) 0.630 0.836 0.809 0.012 0.024 0.032 
qm (mg/g) 4.792 5.209 6.586 0.697 1.055 1.171 
1/n 2.582 2.063 1.347 2.809 1.987 1.810 
R2 0.996 0.983 0.996 0.999 0.999 0.998 

 
 

 
 

Adsorbent 
T 

(K) 
ln K 

(L/mg) 
 

(KJ/mol) 
 

(KJ/mol) 
 

(J/(mol K)) 

RSB 
288.15 0.630 -1.509 

31.341 0.113 298.15 0.968 -2.399 
308.15 1.477 -3.784 

SSB 
288.15 -3.485 8.349 

27.034 0.065 298.15 -2.988 7.407 
308.15 -2.750 7.045 
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FIGURE 5 

Effect of pH for the adsorption of CAP on RSB and SSB 
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 interaction 

Biochars surface were rich in 

-acceptor (Table 
1). Therefore, the molecule structure of CAP might 
interact with biochars via the 

 

illustrated that the ad-
sorption of CAP on two biochars tended to chemical 
adsorption, this demonstrated that there was a chem-
ical bond between CAP with two biochars, so 

 
 
 

CONCLUSIONS 
 

The pseudo second order 
kinetic model was appropriate for describing 

maximum 
adsorption amount increased with the raising of tem-
perature.

indicated 
that the adsorption of CAP on two biochars squinted 
towards chemical adsorption. The adsorption iso-
therms both fitted the Sips model well. The H-bond-
ing and  the 
adsorption of CAP on biochars, while the 

played an important role in the adsorption
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ABSTRACT 
 
This research was conducted to investigate ef-

fects of crude oil contamination stress on soil chem-
ical properties and actinomycete diversity based on 
molecular approaches. In this study, there was a 
higher contamination level of petroleum hydrocar-
bon 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 conven-
tional cultivation and real-time quantitative PCR 
analysis. Furthermore, the actinomycete structure 
showed a significant difference in the two soils. Con-
structing 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 identi-
fied in oil-contaminated soil, which were Streptomy-
ces (31.9%), Mycobacterium (20.9%), Nocardioides 
(19.8%), Microbacterium(9.9%), Leifsonia(2.2%), 
Blastococcus (2.2%), Georgenia (2.2%), Marmori-
cola (2.2%) and some other unidentified genera 
(8.8%), respectively. Moreover, it is interesting that 
genera of Mycobacterium, Nocardioides and Micro-
bacterium with a potential for hydrocarbon degrada-
tion have higher abundance in the oil-contaminated 
soil. Those findings suggested oil contamination se-
riously influences soil ecosystem, while give an in-
sight into actinomycete structure and provide effec-
tive 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 de-
velopment. It mainly consists of saturated and aro-
matic hydrocarbons, resins and asphaltenes, which 
are considered as serious contaminants for natural 
ecosystem [1]. Oil contamination occurs frequently 

during all processes of crude oil recovery, transpor-
tation, 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 migrat-
ing 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 ni-
trogen, 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, ar-
chaea and fungi in soil and their functional genes 
such as pgl, rbcL and nifH, along the increasing con-
taminated gradient based on the GeoChip analysis 
[7].  

Microbial communities are given more atten-
tion in the soil remediation of crude oil contaminated 
environmental matrices due to their potential to in-
habit adverse habitats and degrading hydrocarbon 
contaminants [9]. When soil ecosystem is contami-
nated by crude oil, the microbial communities are 
quickly responded. Due to the natural selecting pres-
sure of oil contaminants, it is interesting that parts of 
hydrocarbon-degrading microorganisms could dom-
inate in the overall microbial community. Especially 
to various specific bacterial communities, there are 
tremendous systematical studies of their characteri-
zations and hydrocarbon-degrading mechanisms. 
For example, genus Acinetobacter[10], genus Pseu-
domonas[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 , re-
sponses of bacterial communities in oil-impacted en-
vironments have been investigated widely using 
DGGE fingerprinting, terminal restriction fragment 
length polymorphism analysis (T-RFLP), construc-
tion of 16S rRNA clone library and microarray anal-
ysis [14, 15, 16].  

However, due to the complicated composition 
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of crude oil and severe limitations of single popula-
tions, synergistic effect among different kinds of mi-
croorganism should be an effective strategy for hy-
drocarbon degradation in oil contaminated habitats. 
As one of the important member of the soil micro-
flora, actinomycete is a special subdivision of gram-
positive bacteria based on the high guanine and cy-
tosine in their DNA structures [17]. Furthermore, 
these taxa belong to chemoorgano-trophic microor-
ganisms 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 ac-
tinomycete 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 diver-
sity 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 chemi-
cal and biological analysis. The total petroleum hy-
drocarbon (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, re-
spectively [20]. The abundance of culturable actino-
mycetes in soils was estimated using the spread plate 

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 

and checked by running a 1% agarose gel electropho-
resis for actinomycete diversity analysis. The abun-
dance of soil actinomycete community was quanti-
fied using real-time quantitative PCR analysis (Fast 
7500 instrument, USA -
GGATGAGCCCGCGGCCTA-

-CGGCCGCGGCTGCTGGCACGTA- [18]. 
 of SYBR mix-

ture, 1.0 l of template DNA, 0.1 l of each primer 
and 8.8 l of sterile deionized water. The amplifica-
tion protocol was as follows: initial denaturation for 

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 per-
formed in triplicate. Standard curves for calculating 
the abundance of actinomycete were established as 
the previous method [21].  

Amplification was carried out with initial dena-
turation 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 exten-
sion for 10 min at 72 oC. The reaction was conducted 
in a total volume of 25 l. 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 over-
night 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 g/ml) at 37 
oC. One hundred clones were chosen and verified us-
ing PCR amplification. Thus culturablepositive 
clones in liquid LB medium with ampicillin were 
sequenced andconstructed the 16S rRNA clone li-
braries 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. 
 
 
RESULTS AND DISCUSSION 

 
The biogeochemical parameters were measured 

to show the real inhabiting condition of the actino-
mycete community in the oil contaminated soils as 
summarized in table 1. It found that the total petro-
leum hydrocarbon was up to 26.6 mg g-1 nearby the 
selected oil production well. Furthermore, the or-
ganic matter of oil contaminated soil reached to 57.2 
mg g-1due to the crude oil contamination, and it ap-
parently indicated a higher increase compared with 
the negative control. Other geochemical values such 
as total nitrogen, phosphorus, potassium, pH and wa-
ter content also varied considerably between the in-
vestigated two samples. These objective changes of 
all those geochemical values suggested that oil con-
tamination 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 micro-
bial activity at
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TABLE 1 
Biogeochemical parameters of soil samples from Dagang oilfield 

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

 
more than 10 mg g-1 of the petroleum hydrocarbon. 
In this study, the abundance of actinomycete com-
munities was numbered with the conventional culti-
vation 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-con-
taminated 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 con-
tamination 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 unculti-
vable parts of actinomycete communities in soil. As 
a sensitive and active molecular technique, real-time 
quantitative PCR could offers qualitative infor-
mation of actinomycete in the complicated ecologi-
cal environment.  

Actinomycete communities play an important 
role in the material cycling and energy transfor-

trinsic contaminants will better understand the envi-
ronmental behaviors of those contaminants and pos-
sess 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 enhanc-
ing 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 re-
mediate the heavy metal contaminated environments 
[23, 24]. However, it is clear that the previous studies 
have mainly focused on the abundance variation, es-
pecially based on the conventional cultivation 
method, or on some special functional microorgan-
isms. Therefore there is a scarcity of relevant infor-
mation in the existing literature on systematic inves-
tigation of microbial community structures in the 
complicated soil ecosystems. Thus to better under-

stand the populations community structure of the ac-
tinomycete community in different types of environ-
ments, some molecular approaches such as real-time 
quantitative PCR, T-RRLP and denaturing gradient 
gel electrophoresis (DGGE) were extensively ap-
plied. Those molecular approaches were more fast 
and effective than the conventional cultivation ones, 
and able to investigate unculturable parts of actino-
mycete 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-con-
taminated soils: (a) 16S rRNA gene amplifica-
tion 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 num-
bers were 97 and 91 in clone libraries of the pris-

tine and crude oil-contaminated soils, respec-
tively. 

 

 TPH 
mg g-1 

OM 
mg g-1 

pH Water 
% 

TN 
mg kg-1 

P 
mg kg-1 

K 
mg kg-1 

Actinomycetea 
cfu/g 

Actinomyceteb 
copies/g 

Control 0.0±0.0 3.5±0.2 7.7±0.2 18.2±0.6 440.6±16.7 25.6±2.8 54.4±3.1 (2.1±0.4)×104 (2.0±0.1)×107 
Contaminated 26.6±1.3 57.2±2.5 7.3±0.3 10.3±0.4 590.3±19.6 14.3±1.6 65.6±2.5 (1.6±0.3)×103 (1.1±0.1)×106 
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Many studies have shown that all sorts of con-
taminants might disturb metabolic activities of acti-
nomycetes, especially such as heavy metals. Never-
theless, the impact on them from crude oil contami-
nants 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 degra-
dation of alkane and aromatic hydrocarbon. Hence, 
they are vitally important in the remediation of hy-
drocarbon-contaminated environments. However, 
high contamination levels of hydrocarbon have 
demonstrated the negative influence on ecosystems. 
As Liang et al. reported an apparent decrease in acti-
nomycete abundance with a high oil contamination 
level from the angle of microbial functional genes 
using the microarray-based analysis [14]. Thus sys-
tematic study on the behaviors of actinomycetes in 
hydrocarbons contaminated soil ecosystems will be 
highly propose an effective remedying tactics for pe-
troleum 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 

 

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 exhib-
ited in Fig. 1(b).The results revealed that most acti-
nomycete communities of the pristine and oil con-
taminated soils were co-existing in both clone librar-
ies at the hydrocarbon level of 26.6 mg g-1, which 

seem to indicate that most actinomycetes have a po-
tential of hydrocarbon resistance to a certain degree. 
However, it was interesting that the ratio of opera-
tional taxonomic units still emerged an apparent di-
versity 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 actino-
bacteria using the conserved primers. The co-exist-
ing orders were Streptomycetales, Corynebacteriales, 
Propionibacteriales, Geodermatophilales and Micro-
coccales, while the co-existing families were Strep-
tomycetaceae, Mycobacteriaceae, Nocardioidaceae, 
Geodermatophilaceae and Microbacteriaceae, re-
spectively. Although there were the same co-existing 
orders and families in the two subjects investigated 
of the pristine and oil-contaminated soils, actinomy-
cete communities in both appeared divergent par-
tially based on the common OTUs analysis. The non-
homogeneity of co-existing OTUs in the clone librar-
ies indicated that hydrocarbon contamination could 
influence the actinomycete diversity. Especially, 
there was no trace of genus Arthrobacter in oil-con-
taminated soil.  

As drawn in Fig. 1(b), the findings revealed that 
the identified genera had a basic similarity including 
of Streptomyces, Mycobacterium, Nocardioides, Mi-
crobacterium, Leifsonia, Blastococcus, Georgenia 
andMarmoricolain the two studied soil samples. In 
both clone libraries, it was found that genus Strepto-
myces has the highest proportion in soils, and they 
were 44.3% and 31.9% in pristine and oil contami-
nated soils, respectively. This result has a sealed ac-
cordance with a fact that actinomycetales contains 
more than eighty genera identified, and dominant ge-
nus Streptomyces has a widespread distribution. Ge-
nus Streptomyces is part of the family Streptomy-
cetaceae, and it has been thoroughly explored in de-
tail for its bioactive metabolites. Meanwhile, it is in-
teresting that numbers of genus Streptomyceshave 
the potential of degrading hydrocarbons such as al-
kane, nitroalkane,polyester and naphthalene [29]. 
But at the same time, genus Streptomyces emerged 
an apparent inhibition from oil contamination com-
paring oil-contaminated and pristine soils, indicating 
that crude oil contamination will cause the physio-
logical toxicity to this specific microorganism to a 
certain extent. Furthermore, it found that the relative 
abundance of genus Mycobacteriumincreased signif-
icantly in the oil-contaminated soil, and which has 
reported with a great potential of hydrocarbon deg-
radation such as pyrene and benzo[a] pyrene [7, 30]. 
Genus Mycobacterium is from the family Mycobac-
teriaceae, and they are usually aerobic and non-mo-
tile bacteria. The relative abundance of this popula-
tion was 8.2% in pristine and 20.9% in oil-contami-
nated soils, indicating the potential of this genus to 
survive in the extreme condition with a higher crude 
oil concentration.Previous studies reported that

Co-exist-
ing Or-
der 

Co-existing Fam-
ily 

Relative abundance Co-exist-
ing OTUs Pristine 

(OTUs) 
Contaminated 
(OTUs) 

Strepto-
my-

Streptomyceta-
ceae 

   

 streptomyces 22.6%(7) 18.2% (4) 3 

Coryne- Mycobacteri-    
 Mycobacterium 12.9% 4) 13.6% (3) 3 
Propion-
ibacte-

Nocardioidaceae    

 Nocardioides 25.8% 8) 27.3% (6) 5 

Ge-
odermat

Geodermatophi-
laceae 

   

 Blastococcus  3.2% (1)  4.5% (1) 1 

Micro-
coccales 

Microbacteri-
aceae 

   

 Georgenia  6.5% (2)  4.5% (1) 1 

 Microbacterium  3.2% (1)  4.5% (1) 1 

 Leifsonia  3.2% (1)  4.5% (1) 1 

 Arthrobacter  3.2% (1) 0 0 

Uniden-
tified 

unidentified 19.4%(6) 22.7% (5)  
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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-hy-
droxylating dioxygenase [31] and genes nidA and 
nidB for subunits of a pyrene dioxygenase [32] were 

discovered from genus Mycobacterium, which con-
structed a basic foundation for their survival in oil-
contaminated environments. As an important popu-
lation in soil ecosystems, genus Nocardioidesalso 

OTU-17 (2.2%) 

 Uncultured Marmoricola sp. clone Jb59 (JQ071651) 
Nocardioidaceae 

OTU-5 (8.8%) 

 Uncultured Nocardioides sp. CM24C3 (AM936824) 

Nocardioides kribbensis strain DS4-2B (KM891548) 
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Geodermatophilaceae
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 Uncultured actinomycete clone Z2-4 (KJ834282) 

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

OTU-19 (1.1%) 

 Uncultured actinobacterium clone EK Ca811 (JN038311) 

 Uncultured Actinomycetales bacterium clone MLS182 (JX240866) 

OTU-22(1.1%) 

 Uncultured actinomycete clone B-46 (JX242660) 
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showed a higher relative abundance of 19.8% in the 
contaminated soil, which belongs to the family No-
cardioidaceae as depicted in Fig. 2. Some bacteria 
such as Nocardioides sp. KP7 and Nocardioides sp. 
DF412 have the ability to phenanthrene and diben-
zofuran due to their own dioxygenases [33, 34]. 
Meanwhile, strain Nocardioides sp. JS1661 plays an 
important role in the mineralization of 2,4-dinitroan-
isole via the 2,4-dinitrophenol pathway [35]. Fur-
thermore, genus Microbacterium had a widespread 
distribution with a higher ratio of 9.9% in the oil-
contaminated soil, which is from the family Micro-
bacteriaceae 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 de-
grade oxyethylated fatty alcohols, which was iso-
lated from crude oil contaminated soil [37]. Moreo-
ver, the ratio of genus Leifsonia from the family Mi-
crobacteriaceae, genus Blastococcus from the fam-
ily Geodermatophilaceae, genus Georgenia from the 
family Bogoriellaceae and genus Marmoricola from 
the family Nocardioidaceae was all 2.2% in the oil-
contaminated soil based on the 16S rRNA clone li-
brary analysis, and genusArthrobacterfrom the fam-
ily 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 struc-
ture will help us for achieving available species re-
sources and carrying out bioremediation of contami-
nated environments. However, there were some bac-
teria 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 oil-
contaminated soils, respectively.  

Constructed clone libraries were evaluated us-
ing 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 se-
quencing analysis. The number of positive clones 
was N=97 in pristine sample and N=91 in the oil-
contaminated 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-con-
taminated sample as depicted in Fig. 3. Evenness of 
both actinomycetes clone libraries was also calcu-
lated 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 environ-
ments. Furthermore, the trend of both rarefaction 
curves nearly reached to the saturation condition 

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 oil-
contaminated soils, clone library analysis of actino-
mycetes 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 rela-
tively less abundant or non-homologous ones may 
not be visible. Thus in order to investigate or exploit 
actinomycetes resources in complex soils, a com-
bined approach of biological methods should be con-
sidered carefully. For instance, Heuer et al. detected 
actinomycetes in environments using PCR-DGGE 
analysis combined with a nested PCR served as tem-
plate 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].  

 
(a) 

 
(b) 

FIGURE 3 
Rarefaction curves (a) and shannon index curves 
(b) of 16S rRNA gene positive clones for actino-
mycete clone libraries in pristine (N=97) and oil-
contaminated 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 phys-
ico-chemical properties in soil, but also influenced 
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on the actinomycetes community. Molecular ap-
proaches of the real-time PCR and clone library anal-
ysis showed that crude oil contamination cause ap-
parent 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 My-
cobacterium reportedwith a potential of hydrocarbon 
degradation survive in oil-contaminated condition. 
This study will give us an insight into the actinomy-
cetes structure in oil-contaminated soil and provide 
valuable information for the bioremediation of hy-
drocarbon contaminated sites.  
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ABSTRACT 
 
Agricultural plastic films are widely used as an 

important measure to promote peanut yield; how-
ever, pollution by phthalate esters (PAEs) subse-
quently 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 re-
cycled plastic film) as well as the absorption and ac-
cumulation 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 in-
creased 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 sig-
nificantly with time in all treatments except for the 
control. 

The proportion of DBP accumulated by two 
peanut varieties relative to the total amount DBP ap-
plied 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 ab-
sorption by roots, but not pods, was an important 
mechanism in determining PAE accumulation. 
 
 
KEYWORDS:  
phthalate esters (PAEs); plastic films; migration; accumu-
lation; peanut 
 
 
INTRODUCTION 

 
Phthalate esters (PAEs) are widely used in the 

manufacture and the processing of plastics as plasti-
cizers to improve the softness and flexibility of plas-
tic 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]. 

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 ag-
riculture 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 in-
creased 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 va-
rieties in pot-culture experiments. This study pro-
vides reliable data for risk assessment of PAE pollu-
tion in peanut crops via the application of agricul-
tural plastic films, which are of great significance in 
agricultural production. 

 
 

MATERIALS AND METHODS 

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·kg 1 
of cation exchange capacity, 8.0 mg·kg 1 of total ni-
trogen (N), 9.0 mg·kg 1 of Olsen-phosphorus (P) and 
61.4 mg·kg 1 of NH4OAc-potassium (K). 

 
Agricultural films. Two kinds of agricultural 

plastic films, white polyethylene film (white film) 
and black recycled plastic film (black film), were 
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chosen to evaluate the migration of PAEs. Both films 
are widely used for increasing agricultural produc-
tion and for the covering crops and greenhouse veg-
etables 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. 

TABLE 1 
Concentration of six PAEs in two agricultural 

films (mg·kg 1) 
Film 
type 

DBP DEHP BBP DOP DMP DEP 

White 
film 

80.04 3.08 1.85 0.71 0.68 ND 

Black 
film 

653.41 17.39 ND 1.82 8.82 ND 

DBP-di-n-butyl-phthalate; DEHP-di-(2-ethylhexyl) phthalate; 
BBP-benzyl butyl phthalate; DOP- di-n-octyl-phthalate; DMP- 
dimethyl 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 accu-
mulated heavy metals such as cadmium, and its root 
length, biomass, total surface area and total absorp-
tion area exceeded those of Fenghua-3. 

 
Experiment design. The pot experiment con-

sisted 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 pe-
riod 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 ca-
pacity (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 sep-
arately. After harvest, soil samples were dried, 

sieved and stored at 4°C. 
 
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 super-
natants were all filtered into a round bottom flask af-
ter another three extractions with 60 ml of acetoni-
trile. 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  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. 

 
High performance liquid chromatography 

(HPLC) analysis. Analysis of individual PAEs was 
performed using an Inertsil HPLC system (LC-20AT 
with UV detector, Shimadzu Corporation, Chiyoda-
ku, Tokyo, Japan) with an Inertsil ODS-SP column 

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 sol-
vent 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 detec-
tor was 228 nm. 

 
Control and guarantee of quality. The detec-

tion limits of DBP and DEHP were 4.868 and 4.100 
1, respectively. The specific measures of quality 

control during the experiment process were previ-
ously 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 deter-
mined 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 Adding Level Root Vine Pod Kernel 
DBP DEHP DBP DEHP DBP DEHP DBP DEHP 

Fenghua-3 0 1.76c 0.94c 1.67b 1.67c 1.25b 1.08c 0.23c 0.24c 
12.5 4.42b 3.39b 1.63b 2.14a 2.67a 1.97b 0.50b 0.55b 
25 4.59b 3.36b 1.76b 1.85b 2.70a 2.14ab 0.57b 0.60b 
50 6.58a 13.4a 2.40a 2.52a 2.91a 2.28a 1.22a 4.34a 

Baisha-
1016 

0 4.84c 3.36d 1.84b 1.13c 0.61d 0.59c 0.39c 0.66d 
12.5 5.32c 4.71c 2.35a 1.88b 1.14c 1.00b 1.09b 1.74c 
25 8.14b 8.41b 2.19ab 2.13b 1.44b 1.39a 1.25b 2.72b 
50 15.1a 20.4a 2.38a 3.32a 1.94a 1.43a 2.09a 4.49a 

 
FIGURE 1 

Migration of DBP and DEHP from two kinds of agricultural plastic films. 
 

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 con-
centrations of DBP and DEHP in soils increased af-
ter 90 d with the increase in amount of agricultural 
plastic films applied to soils. The residual concentra-
tions of DBP and DEHP in soils with black film ap-
plied were significantly (p < 0.05) more than for 
white film. There were significant correlations be-
tween soil DBP and DEHP concentrations and the 
amounts of white film (R2 = 0.991 and 0.999, respec-
tively) and of black film (R2 = 0.973 and 0.993, re-
spectively) (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 treat-
ments except for level I after 180 d, with orders of 

DBP and DEHP concentrations in the soils with 
white film, respectively; for black film the corre-

DBP was 0.879 and 0.799 mg·kg 1 in soils with 

white and black film under level IV treatment, re-
spectively; 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, re-
spectively. 

 
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 concentra-
tions were 20.4 and 15.1 mg·kg 1 in the root of Bai-
sha-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  

(-- -- Baisha-1016;  Fenghua-3; * p < 0.05; ** p < 0.01; ns p > 0.05). 
 

TABLE 3 
Accumulative Amounts of DBP/DEHP in Different Parts of Peanut Plants mg·pot-1  

Variety Adding Level Root Vine Pod Kernel 
DBP DEHP DBP DEHP DBP DEHP DBP DEHP 

Fenghua-3 

0 0.015c 0.008c 0.067b 0.067c 0.021c 0.018b 0.008b 0.009c 
12.5 0.027b 0.021b 0.073b 0.096ab 0.053a 0.039a 0.020a 0.022b 
25 0.028ab 0.021b 0.075ab 0.079bc 0.047ab 0.038a 0.025a 0.026b 
50 0.035a 0.071a 0.096a 0.101a 0.037b 0.030a 0.027a 0.098a 

Baisha-1016 

0 0.023c 0.016d 0.078ab 0.048c 0.011c 0.010c 0.013c 0.022c 
12.5 0.030bc 0.028c 0.104a 0.083b 0.009c 0.008c 0.015c 0.025c 
25 0.048b 0.052b 0.067b 0.065bc 0.023b 0.021b 0.038b 0.082b 
50 0.099a 0.073a 0.108a 0.151a 0.042a 0.031a 0.078a 0.169a 

          Different small letters in same variety of the same column meant significant difference at 0.05 level. 

 
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 (-- -- Baisha-1016;  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. In-
creasing 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 concentra-
tions 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 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 har-
vest decreased significantly in soils with DBP and 
DEHP applied, compared with the initial concentra-
tions (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 pre-
sent 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, respec-
tively. 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 

in 2007: 4.35 and 50 mg·kg 1, respectively. How-
ever, 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, respec-
tively; 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). Inter-
estingly, the average daily decrease rates of DBP and 
DEHP were 0.71% and 0.67% during the plant 
growth process, respectively (Fig. 4). Further analy-
sis 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 in-
dicated that there was no obvious effect on PAE deg-
radation by peanut plants. Previous studies demon-
strated that microbial and chemical processes were 
the principal mechanisms for degradation of DBP 
and DEHP in the environment [12][13]. It can be in-
ferred 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 environ-
mental 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), alt-
hough 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 deter-
mining PAE accumulation in peanuts. The root sys-
tem, 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 propor-
tion 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 rela-
tively easy for the crop to take up and accumulate; 
however, the higher octanol water partition coeffi-
cient, stability and lipophilicity of DEHP causes a 
higher accumulation level of DEHP compared with 
DBP. 
 
 
 



© by PSP  Volume 26  No. 7/2017 pages 4409-4415   Fresenius Environmental Bulletin 

4414

 

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 ap-
plied 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 re-
vealed no obvious effect on PAE degradation by pea-
nut plants, indicating that the main mechanism of 
rapid reduction of PAE levels in soil was not absorp-
tion by peanut, but photochemical and microbial 
degradation. The DBP and DEHP concentrations in 
peanut plants increased with increases in concentra-
tions 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 accumu-
lation in peanuts. Compared with Fenghua-3, Bai-
sha-1016 had a stronger root system and higher root 
biomass, thus exhibiting a higher risk for PAE pollu-
tion. 
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ABSTRACT 
 
The properties of the clay kaolinite as a support 

for enzyme immobilization were studied using the 
enzyme lipase. Lipases are biocatalysts of great im-
portance due to their ability to catalyze diverse reac-
tions. 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 

0), Gibbs free en-
0 0) were ther-

modynamics parameters. These studies indicate that 
kaolinite is a valuable support for the simple adsorp-
tion of enzymes. 

 
 

KEYWORDS: 
Kaolinite, lipase enzyme, immobilization, adsorption, ki-
netic. 

 
 

INTRODUCTION 
 
Kaolinite is a clay which has the highest absor-

bent 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 immobi-
lized state in order to ease separation of the catalyst 
from the product stream [5]. Lipases have been im-
mobilized on various supports either by physical ad-
sorption, covalent binding, ionic interactions or by 
entrapment [6]. Lipases remain active in slightly hy-
drated organic solvents, enabling them to be used as 

biocatalysts in organic synthesis [7]. Lipases prefer-
ably hydrolyze insoluble triglycerides, while ester-
ases usually hydrolyze water-soluble esters. Since li-
pases 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 bleach-
ing, bio-diesel and bio lubricants [10], the food in-
dustry 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 ac-
tivity in kaolinite. 
 
 
MATERIALS AND METHODS 

 
Solid support. Kaolinite used in this study as 

key. In order to prepare the support, the kaolinite was 
dispersed, by vigorous stirring for 60 min, in an equi-
libration 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 re-
moved by centrifugation at 3500 g for 15 min and 
then washed 4 times with 5 ml of phosphate buffer. 

 
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 

linite-supported lipase and (  ) free Lipase. 
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Lipase assay. Kaolinite 0,1g was weighed into 
polypropylene centrifuge tubes mixed with 5 ml 100 
mM NaH2PO4/NaOH buffer, pH 7,25 and pre-
warmed at 300C in a water bath for 10 min. Then 50 
μl of substrate solution (100 mM pNPB diluted in 2-
propanol and stored -200C) were added. The contents 
were mixed and the tubes were incubated in the wa-
ter 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].  

 
 

RESULT AND DISCUSSION 
 
Optimum pH stability was continued with p-ni-

trophenyl 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.  

 

 
FIGURE 2 

linite-supported lipase and ( ) free lipase. 
 
Thermal stability studies of free and immobi-

lized lipase were performed by measuring the resid-
ual activity of the enzyme after exposure to three dif-
ferent temperatures (20-800C) in 0,1 M phosphate 
buffer (pH 7,25) for 2 and 5h. Over 400C, the absorb-
ance values of lipase assay fluctuated and enzyme 
lost its activity. Optimum temperature value pro-
motes binding potential of enzyme and substrates. 

 
Substrate concentration. Varying the sub-

strate 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 indi-
cated 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-

strates [15]. The enzyme activity was determined us-
ing substrate solutions in different concentrations to 
obtain the 1/S and 1/V values. The Km and Vmax val-
ues were determined by means of the Lineweaver-
Burk plot. The Michaelis-Menten equation is written 
and correlated to determine the Km and Vmax  

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

a) 

 
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]. 

 
TABLE 1 

For immobilized enzymes ln(qe-qt)-t 
t (min)   10 20 30 40 50 
ln (qe-
qt)        

-1.7147 -1.8388 -1.9105 -2.7333 -3.5065 

En-
zyme 
unit    

0.267 0.288 0.299 0.382 0.417 

 

 
FIGURE 4 

Enzyme adsorption related Lagergren pseudo-
first-order equation 
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The first order equation is described by Lager-
gren 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 con-
stant (k1) can be calculated from the plot of     log(qe-
qt) versus t. Table 1. displayed the first order param-
eters 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 k1(1/min) linear equation R2 
37.2 0.088 y=-0.0383  

X-1.5708 
0.9012 

 
Thermodynamic Studies. The type of adsorp-

tion can be determined through the quantities of ther-
modynamic parameters such as Gibss free energy 

0 0 0 
for the adsorption of lipase enzyme onto the of kao-

0 was 
calculated using the following equation 

 
               0 = -RTlnK1 

Where, K is equilibrium constant, R is ideal gas 
   

is in J/molK were calculated respectively from the 
slop and intercept of the plots of 1/T versus lnK us-

 
                

0 /R- 0 /RT 
 

0) is computed as 
follows:              

 G0 0- 0 

 
TABLE 3 

Kaolinite and of lipase different concentrations 
0 0 0,R2 values 

Con-
centra-
tion(M)    

0.05 0.1 0.25 0.5 1 

Equa-
tion   

y=-
.8276x+
10.293 

y=-
6.8829x
+13.91 

y=-
4.6078x
+7.4936 

y=-
3.1911x
+3.7131 

y=-
2.8077
x+2.77
44 

R2             0.9537 0.9723 0.9855 0.9934 0.9470 
0          48.45 57.22ö

mm 
38.30 26.53 23.27 

0           85.57 115.64 62.30 30.87 29.06 
0 313     -26763 -36140 -19461 -9635 -7199 
0 323     -27590 -37281 -20084 -9944 -7406 
0 333     -28446 -38450 -20707 -10253 -7636 
0 343     -29302 -39388 -21330 -10561 -7866 
0 353    -30157 -40763 -21953 -10870 -8096 

 
0 showed that, the ad-

sorption process was spontaneous thermodynami-
0 

with increase temperatures [18]. 
Proved that, the adsorption was not favorable at 

higher 0 indi-

cated the endothermic nature of the adsorption pro-
cess. The S0 take the positive values of entropy 
change may be due to some structural changes be-
tween adsorbent and adsorbed substance [19].  

 

 
FIGURE 5 

Kaolinite-lipase enzyme different concentration  
( lnkd/T - 1/T) 
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ABSTRACT 
 
This study evaluates wound healing activities 

of n-hexane and acetone extracts, as well as the es-
sential 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-inflamma-
tory activity method based on the inhibition of the 
increase in vascular permeability was used to deter-
mine the anti-inflammatory effect of the extracts and 

also determined. Volatile oil, obtained from M. com-
munis 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 circu-
lar excision wound model with a ratio of 49.2%. 
However, it did not provide a significant increase in 

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 Heal-
ing, 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 hemo-
static, in the synthesis of perfum components and fla-

voring additives, and to treat common cold and dia-
betes mellitus. However, an overdose essential oil 
can cause an irritation in the respiratory system as 
well as abortus due to the induction of uterine con-
traction [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-cine-

- -pinene, myrcene, sabinene, eugenol, 
- -caryophyllene, p-cymene, 3-carene, 

phellandrene, limonene, linalool and myrtenol. Ber-
ries were reported to contain resin, tannin, sugars, 
flavonoids, anthocyanin, quercetin, myricetin-3-O-
glucoside, caffeic acid, hesperetin-7-O-rhamnoglu-
coside, [10-14]. Leaves contain tannins, flavonoids, 
coumarins, myrtucommulone, galloyl-glucosides, 
caffeic, gallic and ellagic acids. Finally, the roots 
contain tannins, alkaloids, glycosides, reducing sug-
ars, gallic acids, phenolic acids, quercetin and patu-
letin [15].   

Several studies have been conducted on the bi-
ological activity of M. communis, including its anti-
fungal and antibacterial effects on Escherichia coli, 
Pseudomonas aeruginosa and Candida lipolytica 
[16-20], as well as its antimolluscicidal [21], insecti-
cidal [22,23], narcotic analgesic [24], anti-inflamma-
tory [25], antioxidant [13], antidiabetic [26-28], an-
timutagenic [7,29], antiulcerogenic [30] and choles-
terol [31]. In the light of the ethnobotanical data, this 
study was designed to reveal the wound healing ac-
tivity potential of Myrtus communis through in vivo 
bioassays.  
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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. Bar-
baros 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]. 

 
GC and GC-MS analysis. The EO samples 

were analyzed using an HP 6890-5973 GC-MSD in-
strument (Agilent Technologies Canada Inc., Missis-
sauga, 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 pro-
grammed 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, re-
spectively. The MSD was operated in electron im-
pact ionization mode at 70 eV electron energy. Sam-
ples 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 in-
dex (RI) values of components with literature data 
[35]. The quantitative area-percent measurements 
were based on peak-areas from the GC-MS data [33]. 

 
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 revolver-
type 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 

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]. 

 
Biological activity tests. Animals. Male, Spra-

gue 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 per-
formed pursuant to the international rules on animal 
experiments and biodiversity right. 

 
Preparation of test samples for bioassay. 

Test samples were prepared in an ointment base con-
sisting 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.  

 
Wound healing activity. Circular excision 

wound model. The animals were anaesthetized with 
0.02 cc Xylazine (%2 Alfazyne®) and 0.08 cc Keta-
min (%10 Ketasol®)
depilated and a circular wound was created on the 
dorsal interscapular region of each animal by excis-
ing the skin with a 5-mm biopsy punch (Nopa instru-
ments, Germany). The wounds were left open [37]. 
Test samples, the reference drug (Madecassol®, 
Bayer) and the vehicle ointments were topically ap-
plied daily until the wound completely healed. The 
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progressive changes in the wound area were moni-
tored by a camera (Fuji, S20 Pro, Japan) every two 
days, and the wound evaluated using AutoCAD pro-
gram. Wound contraction was calculated in propor-
tion 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]. 

 
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 linear-
paravertebral 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 su-
tures were placed at 1 cm intervals. The ointments 
were topically applied on the wounds daily through-
out 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].  

 
Histopathology. Skin specimens were col-

lected 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 at-
tached Kameram® Digital Image Analyze System) 
and graded as mild (+), moderate (++) and severe 
(+++) for epidermal or dermal re-modeling. Re-epi-
thelization or ulcus in epidermis, fibroblast prolifer-
ation, mononuclear and/or polymorphonuclear cells, 
and neo-vascularization and collagen depositions in 
dermis were analyzed for epidermal or dermal re-
modeling. Van Gieson-stained sections were ana-
lyzed for collagen deposition. At the end of the ex-
amination, all the wound healing processes were 
combined and staged for wound healing phases as 
inflammation, proliferation, and re-modeling in all 
groups. 

 
Anti-inflammatory activity. Acetic acid-in-

duced increase in capillary permeability. The ef-
fect of the test samples on the increased vascular per-
meability induced by acetic acid in mice was deter-
mined using Whittle method [43], with some modi-
fications [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 disloca-
tion of the neck, and their viscera were exposed to 
and irrigated with distilled water. 0.1 N NaOH solu-
tion was added and absorption of the final solution 

was measured at 590 nm (Beckmann Dual Spectrom-
eter; 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 de-
scribed above. 

 
Statistical data analysis. The data were ana-

lyzed using the one-way analysis of variance 
(ANOVA). The significance threshold was deter-
mined to be p
formed for the histopathologic data since they were 
nonparametric. 

 
 

RESULTS 
 
Table 1 volumetrically and gravimetrically 

shows the essential oil yields of M. communis ob-
tained 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 
( mL/100 

g) 

Gravimetric 
( w/w ) 

M. com-
munis L. 

Berries 0.55 0.29 

M. com-
munis L. 

Leaves 0.36 0.34 

 
Table 2 shows the composition of the essential 

oil obtained from myrtle berries and leaves using hy-
dro-distillation. The main compounds were -pi-
nene, -myrcene, limonene, eucalyptol, linalool, -
terpineol and geranyl acetate. A major compound, -
Pinene, 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 -pinene 
(5.64%), eucalyptol (35.73%), linalool (20.20%) and 

-terpineol (20.93%). Table 2 lists the characteris-
tics of 34 compounds, constituting between 92.50% 
and 95.87% of the chromatogram area. Chromato-
grams areas of the unidentified compounds were be-
tween 4.13% and 7.50%. 

Table 3 shows the total composition of the es-
sential oils found in the berries and the leaves of M. 
communis -

-myrcene, 3-carene, cymene, limonene, 
- -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 -
pinene was higher in the berries (24.24%) than in the 
leaves (13.31%). A total of 43 compounds were 
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identfied during SPME. The total amount of the un-
characterized compounds varied between 2.82% and 
6.86%. 

TABLE 2 
Composition1) rates of essential oils of M. com-

munis obtained by the hydrodistillation method 
Nr. RI Compounds2) Berries Leaves 

1 918 isobutyl isobutanoate 0.26 0.71 
2 926 -thujene - 0.17 
3 936 -pinene 5.64 34.85 
4 948 -fenchene - 0.03 
5 949 camphene - 0.05 
6 978 -pinene - 0.19 
7 989 -myrcene 0.48 1.42 
8 999 -phellandrene  - 0.16 
9 1010 3-carene 0.22 0.27 
10 1019 -terpinene 0.35 0.14 
11 1021 cymene 0.23 0.28 
12 1029 limonene 1.16 9.76 
13 1031 eucalyptol  35.73 5.94 
14 1039 -ocimene - 0.51 
15 1045 Phenylacetaldehyde2) 2.51 - 
16 1046 -ocimene 1.06 1.28 
17 1056 -terpinene 0.47 0.40 
18 1087 -terpinolene 0.79 0.88 
19 1088 cymenene 0.51 - 
20 1099 linalool  20.20 18.47 
21 1177 4-terpineol 1.27 0.10 
22 1190 -terpineol 20.93 3.33 
23 1193 estragole - 0.47 
24 1263 linalyl acetate 0.64 3.55 
25 1290 anethole - 0.06 
26 1332 myrtenyl acetate  - 0.12 
27 1334 methyl geranate - 0.19 

28 1349 2-hydroxycineole ac-
etate - 0.05 

29 1356 -terpinyl acetate 0.55 0.83 
30 1371 neryl acetate - 1.44 
31 1391 geranyl acetate 1.26 5.87 
32 1413 methyl eugenol 0.28 0.36 
33 1420 caryophyllene 0.53 0.30 
34 1448 -caryophyllene3) 0.22 0.32 

    
Total identified com-
pounds 95.87 92.50 

  Total unidentified 
compounds 4.13 7.50 

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 ac-
tivity of the n-hexane and acetone extracts and essen-
tial 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 Ta-
ble 4, a significant wound healing activity was ob-
served in the group of animals treated with the n-hex-
ane extract and essential oil of the fruit of M. com-

munis in the circular excision wound model. The clo-
sure 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. RI Compounds2) Berries Leaves 
1 779 Toluene - 0.07 
2 800 hexanal - 0.28 
3 844 2-hexenal 0.14 2.71 
4 848 3-hexen-1-ol 0.42 0.75 
5 858 2-hexen-1-ol 0.65 0.93 
6 861 1-hexanol 1.08 0.68 
7 918 isobutyl isobutanoate 0.93 0.97 
8 926 -thujene 0.31 0.15 
9 936 -pinene 24.24 13.31 
10 949 camphene 0.44 0.05 
11 961 benzaldehyde - 0.05 
12 978 -pinene 0.32 0.11 

13 985 
2,2,4,6,6-pentame-
thylheptane  0.29 0.53 

14 988 -myrcene - 0.10 
15 989 -myrcene 4.71 8.00 
16 999 -phellandrene 0.45 0.42 
17 1010 3-carene 1.29 0.25 
18 1019 -terpinene 0.54 0.49 
19 1021 cymene 3.85 1.30 
20 1029 d-limonene 7.97 13.74 
21 1031 eucalyptol 30.79 6.16 
22 1039 -ocimene 1.45 2.92 
23 1045 benzeneacetaldehyde 0.18 - 
24 1046 -ocimene 2.55 4.90 
25 1056 -terpinene 0.74 0.49 
26 1087 -terpinolene 1.28 1.33 
27 1088 isoprlopenyl toluene 0.46 - 
28 1099 linalool 4.33 13.12 
29 1109 1,3,8-p-menthatriene - 0.06 
30 1141 allo-ocimene - 0.7 
31 1177 4-terpineol 0.34 - 
32 1190 -terpineol 0.89 0.61 
33 1193 estragol 0.34 1.92 
34 1263 linalyl acetate 0.68 15.69 
35 1290 anethole - 0.11 
36 1332 myrtenyl acetate - 0.09 
37 1334 methyl geranate - 0.17 
38 1356 -terpinenyl acetate 0.26 0.30 
39 1371 neryl acetate 0.15 0.69 
40 1391 geranyl acetate 0.67 2.26 
41 1413 methyleugenol 0.12 0.31 
42 1420 caryophyllene 0.33 0.25 
43 1448 -caryophyllene 3) 0.18 0.21 

  Total identified com-
pounds 

93.14 97.18 

   Total unidentified 
compounds 

6.86 2.82 

1) peak area percents from total eluted compo-
nents on GC-MS 

2) identified by MS and retention index (RI) data 
from the literature [35] 

3) identification was based on MS-data only 
 
The increase in wound tensile strengh reveals 
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an enhanced healing by indicating the collagen con-
tent deposition [45]. The tensile strength of the in-
cised wound was remarkably increased in the ani-
mals treated with the ointment prepared with the es-
sential oil of M. communis berries. A moderate but 
insignificant enhancement was observed in tensile 

strength of the animals treated with the fruit-n-hex-
ane 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 ref-
erence drug Madecassol® demonstrated an increase 
by 50.3%.

 
TABLE 4 

The effect of the extracts and essential oils from M. communis on circular excision wound model 

Material 
Wound area  S.E.M. (Contraction %) 
0 2 4 6 8 10 

Vehicle 21.03 ± 2.43 19.62 ±2.43 
- 

15.82 ± 1.89 
(0.6) 

11.27 ± 1.74 
(8.5) 

7.39± 1.35 
(7.9) 

4.96 ± 0.49 
(4.8) 

Negative Control 20.86  ± 2.29 19.35 ± 2.08 15.91 ± 1.93 12.31 ± 1.44 8.02 ± 1.55 5.21 ± 1.06 

Fruit 

n-Hexane 
20.45± 2.35 

18.49 ± 2.27 
(5.8) 

13.96 ± 2.05 
(11.8) 

9.06 ± 1.65 
(19.6) 

5.23 ±  1.48 
(29.2) 

2.52 ± 0.63 
(49.2)* 

Acetone 
20.36 ± 2.49 

18.45 ± 1.80 
(5.9) 

14.25 ± 1.95 
(9.9) 

9.23 ± 1.88 
(18.0) 

5.82 ± 1.74 
(21.2) 

3.97 ± 0.72 
(19.9) 

Essential oil 
20.53 ± 2.27 

17.48 ±  1.46 
(10.9) 

13.38 ± 1.74 
(15.4) 

8.97 ± 1.27 
(20.4) 

4.99 ± 1.18 
(32.5)* 

1.98 ± 0.41 
(60.1)** 

Leaf 

n-Hexane 20.26 ± 2.50 19.75 ± 2.52 
- 

14.17 ± 2.14 
(10.4) 

9.89 ± 1.81 
(12.2) 

6.38 ± 1.46 
(13.7) 

4.06 ± 0.56 
(18.2) 

Acetone 20.37 ± 2.39 19.71 ± 2.43 
- 

15.09 ± 2.21 
(4.6) 

10.16 ± 1.68 
(9.9) 

6.73 ± 1.40 
(8.9) 

4.64 ± 0.33 
(6.5) 

Essential oil 20.19 ± 2.41 18.64 ± 2.16 
(4.9) 

14.07 ± 1.92 
(11.1) 

9.71 ± 1.81 
(13.8) 

5.74 ± 1.44 
(22.3) 

3.72 ± 0.38 
(25.0) 

Madecassol® 20.49 ± 2.23 
16.43 ± 1.28 
(16.3) 

10.21 ± 0.96 
(35.5)* 

4.02 ± 0.63 
(64.3)** 

1.50 ± 0.51 
(79.7)*** 

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 
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Figure 1 shows the results of the histopatholog-
ical 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, con-
gestion 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 ex-
tracts 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. com-
munis, with the highest inhibitory value of 28.5%. 

 
TABLE 5 

Effect of the extracts and essential oils from M. 
communis on linear incision wound model 

Material Statistical 
Mean ± S.E.M. 

(Tensile 
strength %) 

Vehicle 10.13 ± 1.91 8.2 
Negative Control 11.04 ± 2.17 - 

Fruit 
n-Hexane 12.97 ± 2.09 28.0 
Acetone 12.53 ± 2.18 23.7 
Essential oil 14.09 ± 1.77 39.1*** 

Leaf 
n-Hexane 12.18 ± 2.25 20.2 
Acetone 12.11 ± 2.16 19.5 
Essential oil 12.30 ± 2.15 21.4 

Madecassol® 15.23 ± 1.45 50.3*** 

* : p < 0.05; ** : p < 0.01; *** : p < 0.001; S.E.M.: Stand-
ard 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 Dose 
(mg/ 
kg) 

Evans blue con-

centration ( g/ml) 

 S.E.M. 

Inhibition 
(%) 

Control  12.28  1.36 - 

Fruit 

n-Hex-
ane 

100 10.61  1.51 13.6 

Acetone 100 10.17  1.24 17.2 

Essen-
tial oil 

100 8.78  1.08 28.5* 

Leaf 

n-Hex-
ane 

100 11.13  1.29 9.4 

Acetone 100 10.40  1.48 15.3 

Essen-
tial oil 

100 9.96  1.19 18.9 

Indometasin 10 7.17  0.81 41.6*** 

  * : 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 der-
mis stained with Van Gieson (VG) in B. The original 
magnification was x 100 and the scale bars represent 

120 μm for figures in A, and the original magnifica-
tion was x 400 and the scale bars represent 40 μm for 
B. The data represent 6 animals per group: 1) Vehi-
cle group, 2) Negative Control group, 3) M. com-
munis 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. 

 
 

DISCUSSION AND CONCLUSIONS 

 
Maxia et al. [46], reported the topical anti-

inflammatory effect of M. communis essential oil.  
They indicated that essential oil acted as an anti-
inflammatory 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. com-
munis essential oil was an effective antimicrobial 
agent against persistent endodontic microorganisms 
[48]. Anitimicrobial activity is very important to pre-
vent microbial infections in the wound healing 
phases. The essential oil of M. communis can have 
an antimicrobial effect on the wound area and con-
tribute to a proper healing. Eucalyptol, the major 
compound of the essetial oil in the berries of M. com-
munis 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 adaman-
tinus Müll. Arg., which is traditionally used as 
wound healing agent in Brazil [49]. A more recent 
study on eucalyptol demonstrated its anti-inflamma-
tory and antioxidant activities, indicating its preven-
tive effects on chronic inflammatory diseases [50].  

The previously published articles emphasized 
the roles of monoterpenoid compounds such as -pi-

-terpineol, regarding their 
wound healing potential [36,51,52]. In this study, the 

-Terpineol showed wound healing [53] and anti-in-
flammatory activities by inhibiting the COX enzyme 
and IL production [54] and NF-
down-regulation of IL- -6 
formation [56] and decreasing the TNF-
production [57]. This study revealed that the terpe-
noid compounds in the essential oil of M. communis 
can accelerate the wound healing process. 
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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 neg-
ligible 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 parti-
cles of the pulverized material, synthetic and natural 
iron oxides. 
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Fixed-bed column sorption; Antimony (III); Biomorph-ge-
netic magnetic composite; Iron oxide; Carbon; Eucalyptus 
wood microstructure  

 
 

 
 

Antimony (Sb) is an important industrial mate-
rial and is widely used as additives in the manufac-
ture 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 over-
use [5, 6]. It exists widely in environment due to di-
verse 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 tox-
icity of Sb3+ is ten times bigger than that of Sb5+ [4, 
9]. Some compounds of antimony are harmful to hu-
man body and long-term exposure to such antimony 
compounds can stimulate respiratory tract then cause 

pneumoconiosis [1-3]
antimony and its compounds have been listed as pri-

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 Organi-
zations (WHO) [8, 12].  

For centuries, the largest emission source into 
the environment is the antimony mining and smelt-
ing. China is one of the biggest country in the anti-
mony reserves and production in the world [5, 6], 
and large amount of antimony has been discharged 
into the environment as a consequence of inappro-
priate 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 an-
timony pollution control are also very lack [7].  

Different technologies, such as sorption, sorp-
tion in a xed-bed column, ion exchange, reduction 
and precipitation, membrane ltration, reverse os-
mosis, etc., have been developed to treat antimony-
containing wastewaters [4, 7, 13-20]. Due to its sim-
plicity 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 dif-
ficulties faced by the sorption technique is to develop 
effective and low cost sorbents that could remove an-
timony 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, ex-
tremely fine particles of sorbents are not applicable 
to be used in column sorption. Therefore, an objec-
tive of many researches is to find the optimal sorbent 
that can be packed in column to remove toxic metals 
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[41-44].  
The porous composite of Fe3O4/Fe2O3/C (PC-

Fe/C) has been developed using eucalyptus wood as 
microstructural biotemplate and confirmed to be ef-
fective for sorption of antimony through batch ex-
periments [45]. Nevertheless, the sorption parame-
ters 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 an-
timony(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.  

 

 
 

(30×10×3 mm3) as 

precursor so-
lution of 1.2 mol/L 

pre-
cursor This -
drying process was repeated three times. 

 were heated in a 
muffle furnace gradually to  at 

 kept at  for 3 hours. After cooling 

 
was obtained. 

An Element Analyzer (EA2400II, Perki-
nElmer) was used to determine the chemical compo-
sition of the prepared Fe3O4/Fe2O3/C sorbent (PC-
Fe/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 pat-
tern 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.). Addi-
tionally, the morphology of the prepared PC-Fe/C 
sorbent was observed by using a scanning electron 

microscopy (Jeol JSM-6380LV, Japan Electron Op-
tics Ltd.).  

 

 

 (20 min) in all the sorption

 
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 capac-
ity. 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 ac-
cording 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. 

 
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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(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 desorp-
tion solvent was chosen for further column investi-
gation. In each stage, the liquid was decanted from 
the settled solid material and analyzed for Sb(III). 
Three sorption desorption cycles were accom-
plished 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 peri-
staltic pump. At the time interval of 20min, the ef-
fluent was also collected, filtered and analyzed. The 
effect of desorption solvent concentration, influent 
rate and temperature was studied.  

 

 

qtotal (mg) = total

0 adC
1000

Q

1000

QA tt

t
dt   (1)   

The total amount of Sb(III) flowing through the 
column (mtotal) can be calculated with Eq.(2). 

mtotal (mg) = 
1000

QC totalo t
                    (2)   

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 ex-
pressed in Eq.(3). 

Total removal percentage (Y) = 100
m

q

total

total      (3)   

The column maximum sorption capacity, also 
known as the equilibrium metal ion uptake (qe), is 
calculated using Eq.(4). 

qe (mg/g) = 
x

totalq
    (4)   

in which, x is the unit mass of sorbent packed 
in the column. 

 

 
The Thomas model is among the models com-

monly selected to conduct prediction of the break-
through results [49]. The Thomas model has the fol-
lowing linearized form: 

1
C

C
ln

t

o = tCk
mqk

oTh
eTh

Q
      (5)  

where kTh is the Thomas rate constant 
(mL/min·mg) and qe is the column maximum sorp-
tion capacity (mg/g), which can be determined from 
a plot of ln[(Co/Ct  

The Yoon Nelson model is known to be a sim-
ple 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: 

to

t

C-C

C
ln = YNYNt kk                     (6)  

in which, kYN is the rate constant (1/min) and  
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: 

1)
C

C
(ln 1

o

t n
= lnA -rt   (7)  
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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 un-
der different conditions. 

Operating condition Thomas model Yoon Nelson model 

R2 

In-
flu-
ent 
con-
centr. 
Co 

Flow 
rate Q 

Sorbent 
mass x 

Sorbent 
grain 
size 

Op-
erat-
ing 
temp. 
T 

In-
flu-
ent 
pH 

kTh qe,calc qe,exp Y  kYN calc exp / exp t1,calc t1,exp t2,calc t2,exp 

mg/L mL/min g mesh °C  mg/g mg/g % min-1 min min % min min min min 

10 5.136 2 <100 35 8 0.00203 11.38 11.33 80.96 0.0203 442 449 1.49 298 312 551 531 0.9785 

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 

30 5.136 2 <100 35 8 0.00094 19.92 19.13 68.03 0.0283 259 238 8.67 115 106 336 346 0.9584 

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 85 287 289 0.9798 

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 5.136 3 <100 35 8 0.00097 16.45 16.12 77.82 0.0193 480 463 3.76 291 293 594 600 0.9768 

20 5.136 4 <100 35 8 0.00079 14.56 14.29 76.74 0.0158 567 545 4.02 335 372 706 701 0.9889 

20 5.136 2 20-40 35 8 0.00151 8.66 8.30 60.98 0.0302 169 146 15.53 47 42 241 249 0.9649 

20 5.136 2 40-60 35 8 0.00125 10.74 10.13 60.69 0.0250 209 192 8.91 63 66 297 310 0.9455 

20 5.136 2 60-80 35 8 0.00125 12.09 11.73 66.20 0.0250 235 212 11.06 89 87 323 330 0.9767 

20 5.136 2 80-100 35 8 0.00107 15.72 15.10 66.07 0.0213 306 289 5.89 134 127 409 433 0.9677 

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 5.136 2 <100 25 8 0.00096 19.51 18.83 69.84 0.0192 380 341 11.42 188 198 495 502 0.9779 

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 5.136 2 <100 45 8 0.00091 18.99 18.67 71.98 0.0180 370 355 4.16 167 184 491 483 0.9857 

20 5.136 2 <100 35 2 0.00096 17.96 17.79 74.49 0.0192 350 365 4.22 159 161 464 453 0.9596 

20 5.136 2 <100 35 5 0.00099 19.00 18.59 71.68 0.0198 370 365 1.35 185 175 481 489 0.9807 

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 

Not  

 
FIGURE 1 

XRD patterns of the PC-Fe/C sorbent prepared with eucalyptus wood biotemplate. 
 

where n is the Freundlich constant, A is the 
constant of the Clark model (min) and r is the sorp-
tion 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 de-
scribed as Eq.(8):  

o

t

C

C
ln = 

o
oABoAB U

Z
NC ktk    (8)   

where the kAB represents the Adams Bohart ki-
netic constant (L/mg min). The Z and No are the bed 
depth of column (cm) and the saturation concentra-
tion (mg/L), respectively. The Uo is the linear veloc-
ity (cm/min) determined from the calculation of vol-
umetric flow rate over the bed section area.  
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The Wolborska model can also be used to de-
scribe the breakthrough for the initial part of the 
sorption dynamics with Eq.(9): 

o

t

C

C
ln = 

o

a

o

oa

U

Z

N

C
t    (9)  

a is the kinetic coefficient of the exter-
nal mass transfer (1/min). The Wolborska expression 
is the same as the Adams Bohart equation when 
kAB= a/No.  

 
 

 
 

The ele-
mental compositions of Fe, O, C and H for the pre-
pared  (PC-Fe/C) material were deter-
mined 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 of was 
determined to be 59.2 m2/g, which 

. 

 
 

 
FIGURE 2 

SEM result of the PC-Fe/C sorbent prepared 
with eucalyptus wood biotemplate. 

 
The PC-Fe/C sorbent preserved the microstruc-

ture of eucalyptus wood perfectly (Figure 2). Pores 
of three different sizes were retained from the wood 
biotemplate, i.e., macropores, mesopores and mi-
cropores, which originated from vessels (widths 
70~120 , fibre pores (widths 4.1~6.4  and 
pits on the walls of the vessels and fibre pores 

(widths 0.1~1.3 , respectively (Figure 2). The 
extracting pre-treatment could obviously increase 
the interpore connectivity.  

 

 
The breakthrough happened gradually and the 

breakthrough curves were dispersed at smaller influ-
ent Sb(III) concentrations. The sharper breakthrough 
curves appeared as the influent Sb(III) concentra-
tions 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 ap-
peared after 312min (1602.43mL of effluent solu-
tion) (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) con-
centration caused an early breakpoint time and the 
treated volume was the smallest at the highest influ-
ent Sb(III) concentration because the higher concen-
tration gradient resulted in a faster transport as a con-
sequence 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 differ-
ence gives a larger driving force for sorption and re-
sults 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 to-
tal Sb(III) removal percentage (Y) are also showed 
in Table 1. The initial Sb(III) concentration in the in-
fluent 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% 
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to 58.19% with the increasing influent Sb(III) con-
centration 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 influ-
ent Sb(III) concentration from 10 to 30 mg/L. While 
a further increase of the influent Sb(III) concentra-
tion to 50mg/L negatively affected the sorption ca-
pacity. 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 re-
searchers to overcome mass transfer resistance as 
well as increasing the sorption capacity [52, 53]. 

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].  

 
Effect of influent flow rate. The flow rate of 

metal solution into the column is among the param-
eters 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) up-
take (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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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 in-
crease 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) con-
centrations were seen to be high and increased ac-
cording to the flow rates. The influent flow rate sig-
nificantly influenced the contact time between the 
sorbate and sorbent, which was comparatively long 

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 low-
est flow rate of 3.434mL/min, comparatively the 
larger equilibrium Sb(III) uptake value (qe) was ob-
served for Sb(III) sorption to the PC-Fe/C at the be-
ginning of operation. However, as the operation pro-
cessed, 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 in-
creasing flow rate. Much sharper breakthrough

 

 
FIGURE 5 

Effect of influent pH on breakthrough curve for Sb(III) sorption removal by the PC-Fe/C sorbent pre-
pared 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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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 in-
creasing from 3.434mL/min to 15.41mL/min, be-
cause the total Sb(III) influent volume at the exhaust-
ing 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 em-
anating from higher flow rate. So lower flow rate 
would enhance the sorption of Sb(III) on the PC-
Fe/C bed and slower the breakthrough, i.e., a de-
crease 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 re-
moval 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 re-
moval 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 rea-
son is that the contact time between the sorbate and 
the sorbent was decreased and the rate of mass trans-
fer 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 effec-
tively [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 oper-
ation [54, 55].  

 
Effect of influent pH. The influent pH is one 

of the most important parameters affecting the sorp-
tion capacity and efficiency. The sorption mecha-
nism from aqueous solution onto the sorbent surface 
is related to the solution pH, which reflects the char-
acter 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 

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 in-
fluent pH obtained from the column system re-
searches were also given in Table 1. The sorption re-
moval 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 ( exp) 
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 influ-
ent pH, i.e., the breakthrough curves shifted not ob-
viously with an increasing influent pH in the present 
work.  

The sorption of Sb(III) ions was greatly de-
pendent on the solution pH because it can affect not 
only the solubility of the metal ions, but also the ion-
ization 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., HSbO2

0 and Sb(OH)3
0 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 antimo-
nite ions [H2SbO3

- or Sb(OH)4
-] [31, 38]. Addition-

ally, 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 de-
creased as the concentration of ion hydroxides de-
creased, which is also one reason for the low sorption 
capacity at pH 2 [38]. The competition for the sorp-
tion 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]. 
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Speciation of antimony in solution showed that it ex-
isted as oxyanions like Sb(OH)3

0 in the pH range of 
2~12. Surface charge of Fe3O4 powder became pos-
itive under such pH. Sorption of oxyanions on ox-
ide/hydroxide surfaces in acidic aqueous environ-
ment is primarily driven by columbic attraction be-
tween positively charged surface of oxides/hydrox-
ides and negatively charged oxyanions.  

Clearly, the solution pH of 3~10 had negligible 

influence on the removal of Sb(III). Previous re-
searches also indicated that the uptake of Sb(III) by 
hydroxyapatite (at pH from 5 to 10) [28] or by goe-
thite (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]. 

 

 
FIGURE 7 

Effect of sorbent mass on breakthrough curve for Sb(III) sorption removal by the PC-Fe/C sorbent pre-
pared 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). 
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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 col-
umn reactor varies, though the flow rates of the in-
fluents 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 de-
creasing 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 with-
out 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 re-
sulting in a broadened mass transfer zone [46]. 

The sorption data were evaluated and the equi-
librium Sb(III) uptake (qe) and the total Sb(III) re-
moval 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 simul-
taneously improved the column operation and con-
tinued 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 de-
crease 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 subse-
quent 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 inter-
esting to note that enlarged service area increased the 

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

 
Effect of sorbent grain size. Effect of sorbent 

grain size was investigated with various sorbent 
grain sizes, while the other conditions were kept con-
stant (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), re-
spectively. The total Sb(III) removal percentages in-
creased from 60.98% to 74.16% with the decreasing 
sorbent grain sizes. As the sorbent grain sizes de-
creased, flatter breakthrough curves were obtained. 
A decreased sorbent grain size resulted a later break-
through time and the influent volume treated was the 
largest for the smallest grain size (<100mesh or 
<0.149mm). The breakpoint time increased with de-
creasing 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 re-
quired for 50% Sb(III) breakthrough ( exp) 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 break-

through curves for the Sb(III) sorption by PC-Fe/C 
at different temperatures and their sorption capaci-
ties 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 ( exp) were 341 min, 366 min and 355 
min at the temperatures of 25, 35 and 45°C, respec-
tively. This means that the breakthrough curves were 
not significantly affected by the operating tempera-
ture, i.e., the breakthrough curve shifted not obvi-
ously 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.  

 

Along with the experimental data points, the 
curves predicted by the Thomas equation under dif-
ferent experimental conditions are also illustrated in



© by PSP  Volume 26  No. 7/2017 pages 4429-4445   Fresenius Environmental Bulletin 

4439

 

Figure , respectively. 

he increase in the influent concentration and 
 tended to decrease 

. flow rates 
were lower than 10.27 mL/min flow rates had no 
effect on , while 

flow rates when they 
were >10.27 mL/min. 

The increase in the sorbent mass in the col-
umn identically increased the bed depth. 

 It 
was obvious that the predicted and the experimental 
data were plotted with great consistency 
Figure The Thomas model is appropriate to de-
scribe 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 con-
stants (kYN) and the times required for 50% Sb(III) 
breakthro 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  values increased while the rate constants (kYN) 
decreased. Additionally, the rate constants (kYN) in-
creased with the increase in the sorbent grain size. 
The results show that the 50% breakthrough time ( ) 
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 calculated  values ( calc) were close to the ex-
perimental results ( exp). calc from 

exp ( / exp) 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 Nel-
son 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 influ-
ent 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 fit-
ted 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 de-
scribe the process of morph-genetic composite ma-
terials 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) de-
creased with the increase of the sorbent mass. Be-
cause of the high values of linear regression coeffi-
cients for the plotted curves of the influent flow rate 
or sorbent mass (x) versus the Yoon-Nelson model 
parameters [ Theo, 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 aris-
ing 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.  

 
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 con-
stant 1/n (0.5359, 35°C) determined in the batch ex-
periments. 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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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 regres-
sion 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 meas-
ured ones. 

The Adams Bohart model and the Wol-
borska 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 
10 mg/L to 50 mg/L, the kinetic constants kAB of the 
Adams Bohart model decreased from 0.001470 
L/mg·min to 0.000452 L/mg·min and the kinetic co-
efficients a) of the 
Wolborska model decreased from 0.0178 to 0.0077 
1/min. As the sorbent mass (bed depth) increased 
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 co-
efficients a) of the 

Wolborska model decreased from 0.0268 to 0.0093 
1/min. The kinetic constants (kAB) increased with the 
increasing influent pH. The kinetic coefficients a) 
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 sorp-
tion in the column system. The corresponding exper-
imental 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 Wol-
borska models were valid only for the relative con-
centration up to 60% breakthrough. 

 
Comparison of the five models. Among the five 
models, the correlation coefficients (R2) for the 
Thomas model were the same as those for the Yoon
Nelson model and the correlation coefficients (R2) 
for the Adams Bohart model were the same as those 
for the Wolborska model. In a comparison of the ex-
perimental data and the predicted curves, 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. 

Surface 
area 
(m2/g) 

Grain size  T (°C) 
Capacity 
(mg/g) 

Ref. 
 

(mg/L)  

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 Zhao et al., 2014 [39] 

MnOOH <7 0.12~1.58 - - 25 19.48 
Thanabalasingam and Pick-
ering, 1990 

[26] 

Al(OH)3 6~7 0.12~1.58 - - 25 5.48 
Thanabalasingam and Pick-
ering, 1990 

[26] 

FeOOH 6~7 0.12~1.58 - - 25 4.02 
Thanabalasingam and Pick-
ering, 1990 

[26] 

Bentonite (Sigma-Aldrich, USA) 6 0.05~ 4 99 - 15~35 0.37~0.56 Xi et al., 2011 [61] 

Kaolinite (Sigma-Aldrich, USA) 6.0±0.1 0.5~3 15.8 - 5~45 0.13~0.22 Xi et al., 2016 [40] 

Fe Mn Binary Oxide (FMBO) 3.0±0.1 24.35~243.52 231 <50 nm 20 ± 1 237.43 Xu et al., 2011 [63] 

FeOOH 3.0±0.1 24.35~243.52 261 <50 nm 20 ± 1 96.19 Xu et al., 2011 [63] 

MnO2 3.0±0.1 24.35~243.52 117 <50 nm 20 ± 1 93.76 Xu et al., 2011 [63] 

Graphene 3~4 1~10 154.43  30 10.919 Leng et al., 2012 [32] 

G -FeOOH) 7.0±0.3 0.05~15 106  25 7.05~20.68 Xi et al., 2013 [62] 

G -FeOOH) 3.94±0.6 4.79~47.93 40.1  25 53.0~70.1 Watkins et al., 2006 [29] 
G -FeOOH) 9 1.22~36.53 27.39  20.5 53.45 Guo et al., 2014 [36] 

A -FeOOH) 9 1.22~36.53 32.79  20.5 34.09 Guo et al., 2014 [36] 

H -Fe2O3 9 1.22~36.53 19.89  20.5 31.41 Guo et al., 2014 [36] 

MNP@hematite 7±0.1 1~20  10~30 nm 25 36.7 Shan et al., 2014 [35] 
Fe3O4 7±0.1 1~20  < 50 nm 25 19.9 Shan et al., 2014 [35] 

MWCNTs 7 4 89.2 20~40 nm 25 0.33 Salam and Mohamed, 2013 [7] 
Fe2O3-modified carbon nanotubes 7 1.5 90.4 10~20 nm 25 6.23 Yu et al., 2013 [37] 
Carbon nanotubes (CNTs) 7 1.5 101.7 10~20 nm 25 3.01 Yu et al., 2013 [37] 
Pyrogallol bonded sorbent (ICAA-
PPG) 

6.2 192.8   ~20 21.60 Deorkar and Tavlarides, 1997 [27] 

Diatomite (SiO2·nH2O) 6 10~500   20 35.2  [31] 
Freshwater cyanobacteria 4 10~500  powder 25 4.88 Wu et al., 2012 [33] 

Grey and red Erzurum clay 
natural 

10~50  500 mesh 25~40 8.58~9.15 Targan et al., 2013 [34] 

GAC 7.03 0.91~3.74 940.00 0.5~0.8 25 0.54 Yu et al., 2014 [38] 

FAC-0.02 7.03 0.91~3.74 940.38 0.5~0.8 25 2.44 Yu et al., 2014 [38] 

FAC-0.05 7.03 0.91~3.74 940.03 0.5~0.8 25 2.64 Yu et al., 2014 [38] 

Hydroxyapatite 5~8    room 17.05 Leyva et al., 2001 [28] 
Iron oxide composite [>70% Fe2O3 

-FeOOH] 
6.0~8.0 0.065 120-200 0.5-2 room 0.0278 Ilavský, 2008 [30] 

Granulated ferric hydroxide [52-
57% Fe(OH)3 -FeOOH] 

5.5~9.0 0.065 250-300 0.32-2 room 0.0850 Ilavský, 2008 [30] 
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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 ex-
perimental conditions. 
 

Table 2

 
Sb(III) removal from water has been reported 

in only a few researches, and for the antimony sorp-
tion 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 

mg/g) [26], bentonite (0.37~0.56 mg/g) [61], kaolin-
ite (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  and 
the filtration rate of 5.3 m/h, the sorption capacities 
of the iron oxide composite [>70% Fe2O3 and 90.1% 

-FeOOH] and granulated ferric hydroxide [52-57% 
Fe(OH)3 -FeOOH] were observed to be 

30].  
The PC-Fe/C had a same sorption capacity as 

hydrous oxide of Mn (MnOOH, 19.48 mg/g) [26], 
-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 hydrox-
yapatite (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], -FeOOH, 96.19 mg/g) [63], goethite 

-FeOOH, 53.0~70.1 mg/g) [29], goethite -
FeOOH, 53.45 mg/g) [36], -FeOOH, 
34.09 mg/g) [36], hematite ( -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 par-
ticle can clump together. Hence, the hierarchical po-
rous microstructure of the PC-Fe/C prepared with

 

 
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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eucalyptus wood template can have a beneficial ef-
fect on the overall sorption when the sorbent is used 
without additional grinding to nanoparticles. 

 

Elution of the Sb(III) (sorbate) 
from the  sorbent was done using four dif-
ferent eluents, i.e., 0.1mol/L 0.1mol/L

0.1mol/L 0.1mol/L The re-
sults obtained with four different eluents indicated 
that the use of 0.1mol/L  appeared to be more 
effective than others. 

0.1mol/L 0.1mol/L 0.1mol/L
0.1mol/L Of the reagents 

tested in the batch study to desorb Sb(III) that was 
already sorbed on the  sorbent, 0.1 M NaOH 
was found to be the most suitable one. The high ef-
fectiveness 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 . 

(Figure 6)

the  sorbent formed at the same time, 
which resulted in a desorption of the 

 sorbent.

 
 
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 identi-
cal 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 oper-
ating for 90, 85 and 65 min, respectively. From com-
parison 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 con-
centration. 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. 

 
Effect of flow rate. The column elution of 

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 efflu-
ent solution appeared to be 72.29 mg/L at the influ-
ent 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 re-
generation efficiencies decrease with the increasing 
eluent flow rates, while a longer desorption time was 
also needed at lower flow rate. 

 
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 concen-
tration 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 regen-
eration 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). 

 
 
The PC-Fe/C sorbent can be employed to re-

move Sb(III) from wastewater efficiently. The in-
crease in sorbent mass (bed depth) and the decrease 
in sorbent grain size considerably affected the col-
umn performance by decelerating the exhaustion 
time and improved the column quality. The total re-
moval 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) con-
centration tended to accelerate the column exhaus-
tion. 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) exper-
imental data (R2>0.9), which shows that the models 
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can accurately forecast the operation status of the 
sorbing poles under the conditions of different initial 
concentration, flow rate, sorbent mass and tempera-
ture. The trends of both the experimental and theo-
retical data were strongly and significantly corre-
lated involving the column parameters qe, 1 and t2. 
The time required for 50% breakthrough ( ) de-
creased with increase in flow rate, sorbent mass (bed 
depth) and initial Sb(III) ion concentration. The Ad-
ams Bohart and Wolborska models were found only 
suitable to describe the initial part of the break-
through curves. Under the condition of the influent 
flow rate of 5.136 mL/min, the influent Sb(III) con-
centration 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 tem-
perature had negligible effect on the desorption. The 
sorbed Sb(III) ion could be effectively eluted by us-
ing 1M NaOH at inflow rate of 5.136 mL/min with 
the regeneration efficiency >99% after the desorp-
tion operating for 200min. 
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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 recip-
rocally. 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 ex-
amined on the partially purified enzyme it was deter-
mined 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 considera-
bly inhibited the enzyme activity.  
 
 
KEYWORDS:  
Bacillus simplex; -amylase; isolation; production; partial 
purification; characterization 

 
 

INTRODUCTION 
 
Microorganisms in particular have been re-

garded 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 microor-
ganisms, mostly, some Bacillus species and subspe-
cies that can be found widely in the nature are used. 

-Amylase, -amylase, xylanase, alkaline phospha-
tase, -glucanase (cellulase), glucose isomerase, -
lactamase, 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 

modern biotechnology [5,6]. The first enzyme pro-
duced industrially was -amylase that was used for 
medicinal purposes. -Amylase (EC 3.2.1.1,1,4- -
D-glucan-glucanohydrolase) is an extracellular en-
zyme that hydrolyzes starch and glycogen molecules 
[7]. It breaks the -1,4 bonds in starch molecule into 
glucose, maltose, maltotriose and -limit dextrine. It 
is primarily used in food industry for preparation of 
maltose syrup, purification and clarification of vari-
ous drinks and production of bread and beer. Be-
sides, it has a wide area of usage like paper, detergent 
and textile industries and pharmaceutics [8,9,10,11]. 

-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.  

 
 

MATERIAL AND METHODS 
 
Microorganism and Culture Conditions. Ba-

cillus simplex, isolated from the soil was produced in 
120 rpm, pH 7.0 37ºC and NB environment for 72 
hours. 

 
Morphological and Biochemical Tests. A test 

for the morphological and physiological identifica-
tion 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, gela-
tin and casein hydrolysis, catalase, urease and lipase 
activities, etc.) some characteristics of the isolates 
were determined and comparison was made. 

 
-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 



© by PSP  Volume 26  No. 7/2017 pages 4446-4455   Fresenius Environmental Bulletin 

4447 
 

 

Time on Microorganism and Amylase Produc-
tion. 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 produc-
tion; 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 -amylase in the obtained superna-
tant; enzyme activity was measured with the usage 
of substrate prepared in 0.1 M citric acid (pH 4.0-
6.0), 0.1 M Tris-HCI buffer (pH 7.0-9.0) and 0.1 M 
carbonate/bicarbonate (pH 10.0-11.0) buffers. Be-
sides, the effect of temperature on amylase activity 
was investigated with enzyme activity measurement 
in various temperatures from 25ºC to 55ºC at 5ºC in-
tervals.  

 
Effect of Carbon and Nitrogen Sources on 

Enzyme and Bacteria Production. Glucose, galac-
tose, 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 erlenmey-
ers. The effect of carbon sources on enzyme and bac-
teria production was determined by incubation in op-
timal conditions with spectrophotometric measure-
ments.  

After adding peptone, tryptone, urea, ammo-
nium sulfate, ammonium chloride, ammonium ni-
trate, sodium nitrate, beef extract, yeast extract, it 
was incubated in optimal conditions and measured in 
spectrophotometer.  

 
Partial Purification of -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 fol-
lowing processes were applied in the partial purifi-
cation of the enzyme. The processes were precipi-
tated with ammonium sulfate and dialysis.  

 
Ammonium Sulfate Precipitation. Ammo-

nium sulfate [(NH4)2SO4] of 40% and 70% respec-
tively added to the supernatant in a sterile beaker. 
Afterwards, the mixture was centrifuged in a frigo-
rific centrifuge in 10 000 rpm for 15 minutes. 

 
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 over-
night.   

Determination of Thermal Stability and pH 

Stability. For the determination of pH stability of -
amylase enzyme, 0.1 M citric, 0.1 M. Tris- HCI, 0.1 
M carbonate / bicarbonate (10.0 and 11.0) were pre-
pared. 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 -amylase enzyme, en-
zyme alone was pre-incubated in 30oC, 40oC and 
50oC temperature values for 15-120 minutes. After 
pre-incubation, enzyme activity specification was 
made.  

 
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 

-amylase activity was tested. 
  
Effect of Some Detergents on Enzyme Activ-

ity. 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 -am-
ylase activity.  

 
TABLE 1 

Morphological, Physological and Biochemical 
Tests 

Characteristics       Bacillus simplex  

Gram painting                    +              
Cell form                    rod shape  
Temperature  
range (oC)                       20-45 
Optimum  
temperature (oC)                35               
pH range                        5.0-10.0 
Optimum pH                     7.0 
Hemolysis                           + 
Motility                                - 
Hydrolysis of:   
Starch                                ++ 
Activity of:   
Urease                                 + 
Catalase                              + 

 

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

 
 
RESULTS AND DISCUSSION 

 
In this study, Bacillus simplex was isolated 

from the soil obtained from Ergani Makam Moun-
tain and -amylase production, partial purification 
and characterization were performed. 
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FIGURE 1 

Effect of temperature on bacterial growth and enzyme activity 
 

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

AGGGTTTCCGCCCTTTAGTGCTGCAGCTAAC
GCATTAAGCACTCCGCCTGGGGAGTACGGC
CGCAAGGCTGAAACTCAAAGGAATTGACGG
GGGCCCGCACAAGCGGTTGGAGCATGGTGG
ATTTAATTCGAAGCAACGCGAAGAACCTTA
CAGGTCTTGACATCCTCTGACAACCCTAGA
GATAGGCTTTCCCTTCGGGGACAGAGTGAC
AGGTGGTGCATGTTGTCGTCAGCTCTGTTCT
GGAATGTTGGGTTAAGTCCCCACGAGCCAC
CTTGATCTTAGTTGCAACATTCAGTTGGCAC
TCTAAGGTGACTGGCTGTGACAACGGAGAA
AGGTGGATAGACGTCAATCTTCATGCCTTT
GACTGGCTAACACGGTCTAATGATGTTAAA
GGTTGCAACCTGCAGTAGGATCCTTAAGCA
C 

 
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 deter-
mined that maximum bacteria reproduction and en-
zyme production were observed at 37oC (Fig.1).  

Temperature is related with microorganism 
growth and therefore, -amylase production. Wide 
temperature range (35-80oC) was given for the opti-
mum bacterial growth and -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 phys-
ical parameters has an important role for the mor-
phological 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 microor-
ganism development and enzyme production, a sam-
ple 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 thermo-
philic Bacillus subtilis JS-2004. 

 
Effect of Temperature and pH on Enzyme 

Activity. To investigate the effect of temperature on 
-amylase enzyme secreted by Bacillus simplex; 

bacteria were incubated in NB (pH 7.0) at 37oC that 

was the optimum incubation temperature for 72 
hours that was the optimum incubation time. -Am-
ylase activity was measured with temperature in-
crease in the obtained supernatant from 25 ºC to 
55ºC, according to Bernfeld method [12]. The high-
est -amylase activity of Bacillus simplex was deter-
mined between 35ºC and 40ºC, the optimum temper-
ature 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 de-
termined up to 7.0. As seen in the Figure 5, the opti-
mum pH of -amylase enzyme was determined to be 
7.0.  
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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 purifi-
cation of -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 gar-
bage, analyzed the effects of temperature and pH fac-
tors psychically and stated that the maximum en-
zyme activity was observed at pH 7.0 and 37°C. 

The optimum pH of extracellular -amylases 
varies between 3.0 and 10. In many studies, the op-
timum pH of -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 -amylase of Bacil-
lus simplex exhibit maximum activity in neutral con-
ditions that means it is usable in industrial processes. 

 
Effect of Carbon and Nitrogen Sources on 

Enzyme and Bacteria Production. In the con-
ducted 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 com-
pared with other nitrogen sources, lower amylase ac-
tivity was obtained in all nitrogen sources than con-
trol. 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 -amylase from Ba-

cillus sp. AB 04 in nutrient media that has 1% fruc-
tose of carbon sources and %1 beef extract of nitro-
gen 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. SMIA-
2 in nutrient media with peptone as the nitrogen 
source and soluble starch as the carbon source. Pra-
kash et al. [21] determined the best -amylase pro-
duction from halophilic Chromohalobacter sp. 
TVSP 101 bacteria in the media with tripton as the 
nitrogen source.  

 

Partial Purification of Amylase. After the de-
termination of optimum conditions of Bacillus sim-
plex -amylase, enzyme was partially purified. Bac-
teria 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 met-

als on partially purified enzyme activity was ana-
lyzed, 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).  

 
TABLE 2 

Effect of cations on -amylase activity 
Effectors (1,5 

mM) 
Relative enzyme activity 

(%) 
Control 100 
Mn+2 100 
Fe+2 61 
Zn+2 24 
Mg+2 92 
Hg+2 16 
Cu+2 22 
Ca+2 113 

 
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 am-
ylase, but Ca2+, Ba2+, Sr2+ and K+ ions increased it. 
The results obtained from conducted studies support 
the findings we obtained from our study.  

 
Effect of Detergents. To investigate the effect 

of some detergents on partially purified -amylase 
enzyme activity, SDS in the ratio of 0.5%, Tween-
40, Tween-80 and TritonX-100 were used. Rest of 
the enzymes were compared with the control and 
their relative activities were calculated. According to 

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 deter-
gents. 

Asoodeh et al. [24] determined that -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 oxi-
dation 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 af-
fected 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. 

 
pH and Temperature Stability. 25  enzyme 

and various buffers prepared in 50  were left and 
pre-incubation was done for 60 minutes. -Amylase 
activity specification was made with substrate add-
ing after pre-incubation. It was observed that pH sta-
bility 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 spec-
ification was made. Partially purified enzyme was 
determined to be stable in 30oC, 40oC and 50oC after 
2 hours (Fig.10).  
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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, be-
tween 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 am-
ylase's pH stability was between 6.0 and 11.0 and its 
temperature stability was under 60oC  

 
 

CONCLUSION 
 
Studies about industrial enzymes are becoming 

more important since the enzyme technology is de-
veloping. Therefore, in our study, amylase which has 
a great industrial importance was produced easily 
and economic processes and was partially purified in 
optimum conditions.  
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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 Brae-
burn) cultivars were tested for determination of pol-
len 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 deter-
mined by TTC test. The pollen germination experi-
ments 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 sensitiv-
ity 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 via-
bility 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 ox-
ygen species (ROS), which may result in damage the 

proteins and lipids membrane are indicators of oxi-
dative stress in plant [2, 3, 4, 5]. Pollens are male re-
productive cells and travel through air for pollina-
tion. Industrial development and consumption of pe-
troleum products leads to increase air pollution lev-
els 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 de-
tect pollution such as air pollution, pesticides, heavy 
metals and acid rain [6, 7]. During pollinations pol-
lens 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 fertil-
ity. 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 trans-
ferred to the stigma when it is receptive [10].The vi-
ability, tube growth and morphological homogeneity 
related to pollen quality are the most important prop-
erties in fruit trees. These properties are useful for 
plant breeders, geneticists, and growers [11]. There-
fore, many researchers studied on inhibition of via-
bility, tube growth and pollen morphology such as, 
effect of methyl jasmonat in apricot by 
et. al., [12], bioregulators (brassinolide, gibberellic 
acids and kinetin) in almond by Maita and Sotomo-
yar [13], jasmonic acid, ACC and ethephon in straw-

 [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 con-
ducted on physiological and biochemical processes 
in plants. But the effects of heavy metal toxicity on 
sexual reproduction and their physiological and bio-
chemical 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. 
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MATERIALS AND METHODS 
 
This study was undertaken in the Lake Van re-

gion of Eastern Turkey on cultivars of Gala, Fuji and 
Braeburn grafted onto M9 rootstocks. The study con-
ducted at an altitude of 1675 m, with 377 mm pre-
cipitation, 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-tri-
phenyl 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 

heavy metals solutions and were dripped on to slides. 
Heavy metals solutions prepared with distilled water 

Cd 
(CdSo4*8 H20), Co (CoCl2-6H20) and Pb [Pb 
(No3)2]. Also for Hg (HgCl2) and Zn (ZnCl2), 25, 50, 

metal solutions. Pollens were shed in this liquid cul-
ture 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 hu-
midity chamber. Then, the petri dishes were settled 
in incubator at 22±2°C for 3 hours under dark condi-
tions. 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. 

 
 

STATISTICAL ANALYSIS  
 
The experiment was designed as a complete 

random block design and all measurements were rep-
licated four times. The statistical analysis of the data 
was performed using SPSS (22.0) program. The re-
sults were statistically evaluated by ANOVA using 
and error bars in table shows ±standard error. 
 
 
RESULTS AND DISCUSSION  

 
Pollen viability and germination is very signif-

icant in fruit trees for regular and quality yield. En-

vironmental conditions such as acid rain, tempera-
ture, heavy metals, medium culture, precipitation 
and heavy wind negatively affect pollination. The vi-
ability, germination and tube length of apple culti-
vars is investigated in this study. The results of TTC 
test for pollen viability are shown Figure 1. Compar-
ison 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 cul-
tivars was recorded between 52.55 and 89.92%. Sim-
ilar 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 pomegran-
ate cultivars changed between 68.61 and 75.24% us-
ing T rlak [11] re-
ported 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. 

 

 
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 in-
dicated pollen germination and tube growth was sig-
nificantly inhibited by increasing heavy metal con-
centration (Table 1). In control, both pollen germina-
tion 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-

[15] they have shown pollen germi-
nation 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. 
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TABLE 1 
The effect of Cadmium (Cd) treatment on pollen germination rates (%)  

and tube length (μ) in apple cultivars 
 Apple cultivars 

Treathments 
(μM) 

Gala  Fuji  Braeburn 

PG PTL  PG PTL  PG PTL 

Control 66.13±4.67 487.20±34.19  64.20±3,53 327.39±14.74  73.23±3.11 524.93±22.37 
Cd50 73.28±4.05 256.16±19.54  63.98±3.45 274.39±10.16  76.66±3.13 318.09±19.13 
Cd100 67.98±3.11 157.89±6.85  56.11±2.82 225.49±10.26  67.98±3.10 283.21±19.52 
Cd250 46.66±3.56 102.72±9.29  41.43±2.68 157.74±9.73  39.70±2.63 69.46±9.74 
Cd300 41.29±2.84 79.17±5.11  38.52±2.80 114.67±7.09  32.73±2.56 37.50±8.78 
Cd400 37.63±3.43 65.07±5.56  23.58±2.36 84.13±8.55  11.16±1.92 15.47±6.72 
Cd500 27.08±2.85 36.46±6.71  17.76±1.89 56.88±4.51  6.72±1.81 6.52±3.31 

TABLE 2 
The effect of Lead (Pb) treatment on pollen germination (%) and tube length (μ) in apple cultivars 

 Apple cultivars 
Treathments 
(μM) 

Gala  Fuji  Braeburn 
PG PTL  PG PTL  PG PTL 

Control 66.13±4.67 487.20±34.19  64.20±3,53 327.39±14.74  73.23±3.11 524.93±22.37 
Pb50 59.63±3.73 386.36±22.28  58.19±3.69 288.89±13.83  63.80±3.47 354.21±22.32 
Pb100 48.81±5.76 316.36±20.34  53,31±3.26 227.62±12.69  55.87±2.78 232.30±18.32 
Pb250 25.24±3.22 78.98±12.44  33.97±2.66 148.20±11.68  45.60±2.69 103.22±10.77 
Pb300 18.76±3.07 48.71±12.14  28.35±2.61 129.75±10.94  38.72±2.31 83.62±8.42 
Pb400 9.33±2.96 31.75±7.98  14.39±2.80 112.65±6.57  33.87±2.08 70.11±5.35 
Pb500 1.32±0.53 15.39±4.21  10.411.89 89.98±6.23  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 

 Apple cultivars 
Treathments 
(μM) 

Gala  Fuji  Braeburn 
PG PTL  PG PTL  PG PTL 

Control 66.13±4.67 487.20±34.19  64.20±3,53 327.39±14.74  73.23±3.11 524.93±22.37 
Co50 79.14±4.40 430.29±31.92  63.15±4.72 355.16±16.59  77.20±4.00 540.66±24.84 
Co100 70.34±3.21 406.04±28.28  59.92±3.21 336.38±16.63  75.57±3.32 468.40±21.33 
Co250 68.77±4.44 389.14±26.50  56.52±3.91 312.49±12.83  74.78±2.98 454.71±17.63 
Co300 56.94±4.45 303.62±24.80  54.13±2.96 232.52±11.34  70.71±2.15 409.97±14.94 
Co400 53.85±4.62 258.80±23.35  50.94±2.42 215.61±9.93  69.60±2.08 306.15±13.22 
Co500 46.16±4.53 237.90±22.83  46.56±1.90 211.72±8.39  68.22±1.90 225.01±12.00 

 
In exposed to cadmium (Cd), the lowest treat-

ment seem to have no significant effect on pollen 
germination rate but both pollen germination and 
tube length was inhibited with increase of Cd treat-
ment. In cultivars, the high inhibition of pollen ger-
mination 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 germi-
nation and tube length of three cultivars were de-
creased 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 

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 ger-
mination 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 de-
creased about 51.17% in Gala, 35.33% in Fuji and 
57.14% in Braeburn under 500 μM treatment of co-
balt.  

As shown in Table 4. In Fuji cultivars, increas-
ing zinc (Zn) treatments were increased pollen ger-
mination 3.18% up to 50 μM and tube length
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TABLE 4 
The effect of Zinc (Zn) treatment on pollen germination (%) and tube length (μ) in apple cultivars 

 Apple cultivars 
Treathments 
(μM) 

Gala  Fuji  Braeburn 
PG PTL  PG PTL  PG PTL 

Control 66.13±4.67 487.20±34.19  64.20±3,53 327.39±14.74  73.21±3.11 524.93±22.37 
ZN25 62.21±3.32 407.19±25.09  66.24±3.53 500.94±30.31  74.10±3.16 440.53±19.80 
ZN50 54.06±3.48 296.71±11.82  63.90±3.89 442.75±24.17  73.15±2.43 405.76±17.47 
ZN75 41.80±2.99 238.04±11.02  53.63±3.72 405.67±23.34  72.25±2.60 399.81±16.41 
ZN100 39.18±1.02 199.37±10.90  49.12±3.14 312.95±15.81  70.21±2.61 285.41±16.41 
ZN125 35.70±1.29 187.61±9.74  38.97±2.89 263.42±14.16  65.40±2.54 265.17±12.48 
ZN150 31.84±1.70 143.53±6.96  30.63±1.96 223.13±12.88  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 

 Apple cultivars 
Treathments 
(μM) 

Gala  Fuji  Braeburn 
PG PTL  PG PTL  PG PTL 

Control 66.13±4.67 487.20±34.19  64.20±3,53 327.39±14.74  73.23±3.11 524.93±22.37 
Hg25 49.81±5.70 412.36±29.24  62.26±2.67 287.43±17.16  70.56±3.65 259.32±21.72 
Hg50 40,46±4,49 379.83±23.96  57.82±2.53 216.42±15.47  56.68±3.15 231.79±17.08 
HG75 19,76±4.89 185.72±21.36  52.11±3.06 208.03±14.46  31.54±2.82 168.75±15.50 
HG100 9.50±2.49 123.89±11.44  23.62±2.15 111.68±10.78  20.77±2.42 41.76±13.43 
HG125 5.67±0.76 49.83±7.66  9.49±2.46 64.59±10.90  5.81±1.22 22.51±10.09 
HG150 2.42±0.22 23.73±4.06  4.13±1.68 26.37±7.82  2.20±1.00 10.57±5.91 

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 treat-
ments that this decline was higher than the control by 
31.85% in Fuji cultivars. Conversely of Fuji culti-
vars, Zn treatments were inhibited pollen germina-
tion and tube length approximately 51.85% and 
70.54% (in Gala) and 16.38% and 52.35% (in Brae-
burn) 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 effec-
tive in inhibiting pollen growth and tube length in 
different rates. Gala cultivar was found very sensi-
tive 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 re-
sults of this study Munzur  and Gür [15], re-
ported 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 germina-
tion and tube length have been reported by Sabrina 
et al., [3] in pea (Pisum sativum L.) found that pollen 

germination inhibited by Cd 78% and Cu 72%. Pre-
vious report indicated that in M. sylvester and C. Vul-
garis plant, pollen germination and tube length 
strongly inhibited by Cd and Cu [25]. According to 
Cox [6] Pollen germination and tube length are con-
sidered to be among sensitive botanical indicators of 
air pollution. Pollen is considered to be more sensi-
tive to pollutants than the vegetative parts of plant. 
In plant, pollen germination and pollen tube growth 
depend on various factors such as pollen species, nu-
trition conditions, and air pollutants as well as on the 
pollutants and their concentration, the exposure time, 
relative humidity, light, temperature, pH, storage, bi-
ochemical 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 treat-
ments which can be used for further studies. In con-
clusion, 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, bio-
chemical and cytological aspects of heavy metal 
stress in new apple cultivars. 
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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. 

 
 

KEYWORDS:  
Lead, growth, mineral nutrients, Mirabilis jalapa  

 
 

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 

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 

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 medici-
nal 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. 

 
 

MATERIALS AND METHODS 
 
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 

- 3BO3

MnSO4 4 4
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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 

-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. 

 
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]:  

 

Tolerance 
index = 

 
Dry weight of Pb applied plant part 
(g) 

x 100 - 100 

Dry weight of Pb unapplied plant part 
(g) 

 

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. 

 
Bioconcentration factor (BCF) was calculated 

as follows [15]: 
 

BCF  = 
 

Average Pb accumulation in plant tissues 
(root+stem+leaf) 

Pb concentration added in solution 

 
Transportation index of stem and leaf (BCF) 

was calculated as follows [16]: 
 

Transportation 
index = 

Pb accumulation stem or 
leaves x 100 
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. 

 
FIGURE 1 

Growth of M. jalapa after 25-days Pb 
applications. 

 
TABLE 1 

Lead accumulation of different parts of M. 
jalapa after 25-days Pb applications 

Pb 
concentration 
(mg/L) 

Pb contents (mg/kg d wt.) 

Root Stem Leaf 

0 82.5±10.4a, x 48.2±8.0a,x 30.3±3.2a,x 
10 1075.4±150.8a,x 1711.0±46.6b,y 204.6±14.0b,z 
100 22078.6±1543.8b,x 3551.8±185.1c,y 973.3±32.1c,z 
1000 12842.6±675.4c,x 898.7±124.9d,y 549.1±40.9d,y 

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). 

 
TABLE 2 

Bioconcentarion factor and transportation 
factors of M. jalapa after 25 days Pb applications 

Pb concentration 
(mg/L) 

BCF 
Transportation factor 
Stem Leaf 

10 299.1 159.1 19.0 
100 266.0 16.1 4.4 
1000 14.3 7.0 4.3 

 
 

RESULTS AND DISCUSSION 
 
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 
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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.  
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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). 

 
TABLE 3 

Tolerance index of different parts of M. jalapa 
after 25 days Pb applications 

 
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 

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.  
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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). 

 
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%

Pb concentration(mg/L) 
Tolerance index 

Root Stem Leaf 
10 -1.0 -16.8 -14.6 

100 -15.8 -21.4 -17.3 
1000 -24.9 -24.4 -30.1 
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TABLE 4 
Nutrient accumulations of M. jalapa after 25 days Pb applications 

Nutrient Plant part Pb concentrations (mg/L) 
  Control 10 100 1000 

Fe 
(mg/kg d.wt.) 

Root 619.3±22.2ac 445.1±13.9bd 570.4±35.9c 502.9±6.9d 
Stem 111.9±12.9a 102.0±5.6ab 82.6±6.5bc 73.2±7.4c 
Leaf 320.6±26.3a 311.1±16.9 a 287.9±14.0ab 241.0±8.5b 

Zn 
(mg/kg d.wt.) 

Root 673.6±12.2ad 477.5±24.7b 802.9±49.3cd 723.6±17.8d 
Stem 455.9±17.2a 424.5±10.6a 437.4±23.2a 408.9±14.0a 
Leaf 324.7±11.7a 316.6±9.3a 248.2±23.8bc 234.2±15.3c 

Cu 
(mg/kg d.wt.) 

Root 140.8±4.5a 138.8±4.5 a 152.3±10.3a 107.2±5.6b 
Stem 126.1±8.3acd 175.2±10. b 146.3±6.7cd 129.7±12.3d 
Leaf 70.5±4.9a 58.7±4.7bc  53.2±2.6c 42.7±1.9d 

Mn 
(mg/kg d.wt.) 

Root 43.8±2.6a 38.4±3.6ab 43.5±2.1a 33.3±1.1b 
Stem 30.0±2.8a 26.2±4.1a 26.1±2.9a  29.0±4.2a 
Leaf 92.7±5.3 a 73.9±5.8bc 70.0±2.9c 26.6±7.6d 

Ca 
(%) 

Root 7.32±0.13 a 6.68±0.14bc 6.42±0.07c 4.21±0.14d 
Stem 7.63±0.07ab 7.45±0.32ab 9.13±1.44a 6.87±0.27b 
Leaf 5.54±0.20 a 4.62±0.23b 3.87±0.21c 3.03±0.13d 

K 
(%) 

Root 2.02±0.04ac 1.96±0.19ac 2.72±0.26b 2.21±0.02c 
Stem 2.27±0.08a 2.49±0.09b 2.79±0.05cd 2.88±0.07d 
Leaf 1.26±0.04a 1.39±0.03a 1.28±0.06a 0.83±0.07b 

Mg 
(%) 

Root 1.21±0.04a 1.16±0.23a 1.32±0.18a 1.01±0.14a 
Stem 1.22±0.14a 1.17±0.02a 1.16±0.04a 1.13±0.01a 
Leaf 0.87±0.08a 0.89±0.01a 0.59±0.25ab 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 Fe Zn Cu Mn Ca K Mg 
Pb 1        
Fe 0.13 1       
Zn 0.79 * 0.65* 1      
Cu 0.07 0.40 0.04 1     
Mn -0.02 0.60 0.18 0.80** 1    
Ca -0.44 0.38 -0.29 0.83** 0.83** 1   
K 0.90** 0.35 0.79** 0.38 0.27 -0.14 1  
Mg 0.15 0.28 0.14 0.64* 0.84**  0.57 0.34 1 
Relations in stem 
Pb 1        
Fe -0.40 1       
Zn -0.09 0.72* 1      
Cu 0.42 0.23 -0.17 1     
Mn -0.54 0.18 0.28 -0.34 1    
Ca 0.70* 0.08 0.54  0.09 -0.43 1   
K  0.53 -0.86** -0.59 -0.05 -0.28 0.13 1  
Mg -0.23 0.65 0.54  0.08 0.45 -0.01 -0.39 1 
Relations in leaf 
Pb 1        
Fe -0.51 1       
Zn -0.80** 0.72* 1      
Cu -0.63* 0.80** 0.86** 1     
Mn -0.42 0.92** 0.77** 0.91** 1    
Ca -0.70* 0.85** 0.91** 0.99** 0.92** 1   
K -0.21 0.80** 0.67* 0.68** 0.85** 0.70* 1  
Mg -0.64* 0.83** 0.80** 0.78** 0.81** 0.82** 0.82** 1 

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

(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 

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 
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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 

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.  

 
 

REFERENCES 
 

[1] Ross, S.M. (1994) Toxic Metals in Soil-Plant 
Systems, John Wiley and Sons, Chichester, 469 
pp. 

[2] Eick,, M.J., Peak, J.D., Brady, P.V. and Pesek 
J.D. (1999) Kinetics of lead absorption/ 
desorption on goethite: residence time effect. 
Soil Sci. 164, 28-39. 

[3] Kosobrukhov, A., Knyazeva, I. and Mudrik, V. 
(2004) Plantago major plants responses to 
increase content of lead in soil: growth and 
photosynthesis. Plant Growth Regul. 42, 145-
151. 

[4] Fargasova, A. (1994) Effect of Pb, Cd, Hg, As 



© by PSP  Volume 26  No. 7/2017 pages 4470-4476      Fresenius Environmental Bulletin 

 

4475 
 

 

and Cr on germination and root growth of 
Sinapis alba seeds. Bull. Environ. Contam. 
Toxicol. 52, 452-456. 

[5] Dogan, M. and Colak, U (2009) Triticum 
aestivum -

 Fizyolojik Özelliklere Etkisi. Ekoloji 
19, 73, 98-104. 

[6] Miranda, M.G. and Ilangovan, K. (1996) 
Uptake of lead by Lemna gibba L. influnce on 
spesific growth rate and basic biochemical 
changes. Bull. Environ. Contam. Toxicol. 56, 
1000-1007. 

[7] Dogan M., Akgul, H. and Tozcu, I. (2013) 
Lead Accumulation and toxicity in peanut 
(Arachis hypogaea L.) seedlings. Fresen. 
Environ. Bull., 22, 2350-2356. 

[8] Van Assche, F. and Clijsters, H. (1990) Effects 
of metal on enzyme activity in plants. Plant 
Cell Environ. 13, 195-206.   

[9]  and Dogan, 
M. (2013) Effects of lead on chlorophyll 
content, total nitrogen, and antioxidant enzyme 
activities in duckweed (Lemna minor). 
International Journal of Agricultre and 
Biology, 15, 145-148. 

[10] Sobolev, I., Weintraub, P.G., Gera, A., Tam, Y. 
and Spiegel, S. (2007) Phytoplasma infection 

Mirabilis jalapa). 
Bulletin of Insectology 60, 281-282. 

[11] Le Duc, A. (1986) A revision of Mirabilis 
section Mirabilis (Nyctaginaceae). Sida 
Contrib. Bot., 16, 613-648. 

[12] Carucci, A., Cao, A., Fois G. and Muntoni, A. 
(2005) Phytoremediation of lead and zinc 
contaminated soils using Mirabilis Jalapa. In 
Contaminated Soils, Sediments and Water: 
Science in the Real World, Vol. 9, chapter 21, 
pp. 329-338, Springer Science, USA. 

[13] Yu, Z. and Zhou, Q. (2009) Growth responses 
and cadmium accumulation of Mirabilis jalapa 
L. under interaction between cadmium and 
phosphorus. Journal of Hazardous Materials, 
167, 38-43. 

[14] Hund, A., Fracheboud, Y., Soldati, A. and 
Stamp, P. (2008) Cold tolerance of maize 
seedlings as determined by root morphology 
and photosynthetic traits. Europ. J. Agronomy 
28, 178-185. 

[15] Zayed, A., Gowthaman, S. and Terry, N. 
(1998) Phytoaccumulation of trace elements by 
wetland plants: I. Duckweed. J. Environ. Qual. 
27, 715-721. 

[16] Ghosh, M. and Singh, S.P. (2005) Comparative 
uptake and phytoextraction study of Soil 

biomass weed species. Appl. Ecol. Environ. 
Res. 3, 67-79. 

[17] Sayyad, G., Afyuni, M., Mousavi, S.F., 
Abbaspour, K.C., Hajabbasi, M.A., Richards, 
B.K. and Schulin, R. (2009) Effects of 

cadmium, copper, lead, and zinc contamination 
on metal accumulation by safflower and wheat. 
Soil Sediment Contamin., 18, 216-228. 

[18] Marschner, H. (1995) Mineral Nutrition of 
Higher Plants. 2nd Edn., Academic Press, New 
York. 

[19] Dogan, , S. and 
Colak, U. (2009) Effect of lead toxicity on 
aquatic macrophyte Elodea canadensis Michx. 
Bull. Environ. Contam. Toxicol. 83, 249-254. 

[20] Kibria, M.G., Islam, M.S. and Osman, K.T. 
(2009) Effects of lead on growth and mineral 
nutrition of Amaranthus gangeticus L. and 
Amaranthus oleracea L. Soil and Environment 
28, 1-6. 

[21] Azhar, N., Ashraf, M., Hussain M. and Arshad, 
M. (2011) Influence of lead on growth and 
nutrient accumulation in canola (Brassica 
napus L.) cultivars. J. Environ. Biol. 32, 659-
666. 

[22] Lopez, M.L., Peralta-Videa, J.R., Benitez, T., 
Duarte-Gardea, M. and Gardea-Torresdey, J.L. 
(2007) Effects of lead, EDTA, and IAA on 
nutrient uptake by alfalfa plants. J. Plant Nutr. 
30, 1247-1261. 

[23] Huang, J.W., and Cunningham, S.D. (1996) 
Lead phytoextraction: species variation in lead 
uptake and translocation. New Phytol. 134, 75-
84. 

[24] Chatterjee, C., Dube, B.K., Sinha, P. and 
Srivastava, P. (2004) Detrimental effects of 
lead phytotoxicity on growth, yield and 
metabolism of rice. Commun. Soil Sci. Plant 
Anal. 35, 255-265. 

[25] Seregin, I.V., Shpigun, L.K. and Ivanov, V.B. 
(2004) Distribution and toxic effects of 
cadmium and lead on maize roots. Russ. J. 
Plant Physiol. 51, 525-533. 

[26] Gopal, R. and Rizvi, A.H. (2008) Excess lead 
alters growth, metabolism and translocation of 
certain nutrients in radish. Chemosphere 70, 
1539-1544. 

[27] Kopittke, P.M., Asher, C.J., Kopittke, R.A. and 
Menzies, N.W. (2007) Toxic effects of Pb2+ on 
growth of cowpea (Vigna unguiculata). 
Environ. Pollut 150, 280-287. 

[28] Pourrut, B., Shahid, M., Dumat, C., Winterton, 
P. and Pinelli, E. (2011) Lead uptake, toxicity, 
and detoxification in plants. Rev. Environ. 
Contam. Toxicol.213, 113-136. 
 
 
 
 
 
 
 

 
 
 



© by PSP  Volume 26  No. 7/2017 pages 4470-4476      Fresenius Environmental Bulletin 

 

4476 
 

 

 

 
Received: 17.10.2016 
Accepted: 09.06.2017 
 
 
CORRESPONDING AUTHOR 
 
Mustafa Pehlivan 

Nurda -Gaziantep-Turkey 
 
e-mail: mphelivan@gantep.edu.tr 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



© by PSP  Volume 26  No. 7/2017 pages 4477-4483      Fresenius Environmental Bulletin 

4477 
 

 

 
YIELD AND FIBER TECHNOLOGICAL TRAITS OF  

ADVANCED COTTON LINES DEVELOPED BY LINE  
TESTER MATING DESIGN 

 
Cetin Karademir1,*, Emine Karademir1, Ugur Sevilmis2 

 
1Siirt University, Agriculture Faculty, Field Crops Department, Siirt, Turkey 

2Eastern Mediterranean Agricultural Research Institute, Adana, Turkey 
 
 

ABSTRACT 
 
The purpose of this study was to determine 

yield and fiber technological characteristics of ad-
vanced cotton lines developed by crossing parents 
which were selected in terms of their genetic diver-
sity and genetic distances and comparing them with 
controls. The research has been carried out in GAP 
International Agricultural Research and Training 
Center  experimental area during 2013 and 2014 
cotton growing season. Developed 10 advanced 
lines and 2 cotton cultivars (GW Teks and Stone-
ville 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 characteris-
tics. The effect of year was significant for seed 
cotton yield, fiber yield, first picking percentage, 
ginning percentage, fiber fineness and fiber elonga-
tion. 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 fine-
ness 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 technologi-
cal 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 investi-
gation has been carried out in order to determine 
genetic differences among some registered cotton 

genotypes of Turkey, the results indicated that there 
were 8-26% genetic differences among genotypes, 
the highest differences (26%) were among 

[4]. Genetic differences among genotypes belong to 
Gossypium hirsutum L. species changed from 6-
34%, while it was 12-42% for Gossypium barba-
dense species. The highest genetic differences 
(42%) obtained between GB-4 and Bahar 2482 
genotypes, while the lowest genetic differences 
(12%) was between o-
types. 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 exam-
ined 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 tak-
ing into account 
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 culti-
vars of Turkey (G. hirsutum L.) [6]. The main hin-
drance for providing simultaneously genetic pro-
gress 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 
of fiber quality parameters and have superior char-
acteristics than present varieties by using cotton 
varieties which are genetically far from each other. 

 
 

MATERIALS AND METHODS 
 
The plant material used in this study was ob-

tained by Line x Tester crossing. Ten upland cotton 
genotypes (FiberMax 832, Tam 94 L 25, GW Teks, 

 
Stone  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 Salinity (%) PH CaCO3 (%) P2O5 (kg/da) Organic Mat. (%) Water Saturation (%) 
Clay- Loamy  0.013 7.03 9.57 2.48 1.57 74 

  
 

TABLE 2 
Climatic data of experimental area during two years (2013 and 2014) and long term period (1950-2013) . 

Turkish State Meteorological Service. 
TABLE 3 

Average values and statistical groups of seed cotton and fiber yields 

ns: non significant;  * and **, significantly different from zero at P  
 
as parents. According to this method, seven lines 
(
71, Giza 45, Bahar 14, Gedera 236) and three test-
ers ( ) were 
crossed as 21 combinations under field conditions, 
in GAP International Agricultural Research and 

, Turkey in 
2006. The seven cultivars used as lines were select-
ed due to different origin and genetically far from  
each other, and three testers were selected from 
prevalently planted Gossypium hirsutum L. culti-
vars of region. Within 21 combinations 8 combina-
tions (FiberMax 832 x Sayar 314, FiberMax 832 x 
Ston
Ston

eville 453 
and Giza 45 x Sayar 314) had high specific combin-
ing ability (SCA) effect, therefore, the breeding 
program for developing new varieties were contin-
ued with these hybrid combinations.   

Ten advanced cotton lines obtained by selec-
tion 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 car-
ried out in GAP International Agricultural Research 

and 2014 cotton growing seasons. The soil charac-
teristics of the experimental area are shown in Table 
1. 

 

Months Minimum 
Temperature (oC) 

Avarage Temp. 
(oC) 

Maximum Temp. 
 (oC) 

Rainfall  
(mm) 

2013 2014 Long 
Term 

2013 2014 Long 
Term 

2013 2014 Long 
Term 

2013 2014 Long 
Term 

April 6.9 6.9 7.1 14.4 14.7 13.9 21.9 22.0 20.3 39.4 39.9 73.5 
May 11.4 11.1 11.3 19.1 19.8 19.3 27.3 28.1 26.5 98.0 48.8 40.8 
June             17.1 17.6 16.4 26.8 26.6 25.9 34.9 34.1 33.2   2.8 21.4   8.2 
July 22.8 21.9 21.6 31.3 31.6 31.0 38.4 39.3 38.2 0.0 0.6 0.7 
August 21.4 21.2 20.9 30.5 31.1 30.3 38.1 39.6 38.0 0.0 0.0 0.6 
September 15.9 16.5 15.9 24.4 24.7 24.9 32.1 32.2 33.3 0.0 27.4 2.6 
October 9.0 11.0 9.8 16.9 17.5 17.1 25.0 24.2 25.2 0.0 34.2 30.8 

Variety/Line 
Seed Cotton Yield 
 (kg ha-1) 

Fiber Yield 
 (kg ha-1) 

 2013 2014 Mean 2013 2014 Mean 
1.FiberMax832 x Stv 453 3589.2  b-g 4071.4 a 3830.3 ab     1510.6 a-g 1708.8 a   1609.7 a   

2.FiberMax832 x Stv 453/2 3736.9  a-f   3989.9 ab       3863.4 a      1522.0 a-g  1653.8 a-c      1587.9 ab     
 3500.7  c-g  3661.4 a-g  3581.1 a-d   1434.1 d-g  1521.6 a-g  1477.9 a-d   

 3626.4  a-g  3840.4 a-d     3733.4 a-c    1476.8  b-g  1604.4 a-d     1540.6 a-c    
5.GW Teks x Stv 453 3296.1  fg  3569.9  b-g  3433.0 c-e  1344.3 g  1500.4  b-g  1422.4 c-e  
6.GW Teks x Stv 453/2 3401.0  d-g  3936.7 a-c      3668.8 a-c    1399.6 e-g  1673.5 ab       1536.6 a-c    
7.Tam 94 L 25 x Stv 453 3408.8  d-g  3462.4 d-g  3435.6 c-e  1452.3 d-g  1471.7 c-g  1462.0 b-d   
8.Tam 94 L 25 x Stv 453/2 2460.9  h 3800.9 a-e    3130.9 ef 1003.3  h 1595.2 a-e    1299.2  ef 

 3272.3  g  3281.2 fg  3276.7 de  1359.0  g  1384.2 fg  1371.6  de  
10.Giza 45 x Sayar 314 2272.3  h 3542.7 b-g  2907.5 f   920.0   h 1509.8 a-g  1214.9  f 
11.STV 468 (Kontrol) 3362.3  e-g  3566.9 b-g  3464.6 cd   1438.7  d-g  1574.6 a-f   1506.6 a-d   
12.GW Teks (Kontrol) 3375.0  e-g  3667.4 a-g  3521.2 b-d   1421.9  d-g  1559.7 a-f   1490.8 a-d   
Mean 3275.3 B 3699.3 A  1356.9 B 1563.2 A  
CV (%) 9.38 9.65 
LSD (0.05)   
Variety/Line  32.55** 14.02 ** 
Year  39.67* 15.68 * 
Variety x Year  46.04 ** 19.84 ** 
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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 sow-
ing-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 repli-
cations. 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 ap-
plied 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 varie-
ties 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 

rainfall amount of 
2014 is more than 2013 one reason of the difference 
can be that, the other reason can be due to the culti-
vation maintenance processes. Variety x year inter-
action 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 

in experiment can be changed year by years. The 
results of this study was compromised with previ-
ous researches. It was reported that the yield is 
affected from many factors such as, climate condi-
tions, plant vegetation period, high temperature, the 

 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 pro-
cess differences [12]. It was expressed that yield 
gain is found to be attributed by variety, i.e. genet-
ics 48% management 28% and cultivar × manage-
ment 24% [13].  

It can be seen that there were significant dif-
ferences 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, varie-
ty 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 re-
ported that lint percentage was impacted more by
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TABLE 4 
Average values and statistical groups of first picking percentage and ginning percentage 

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

TABLE 5 
Average values and statistical groups of fiber fineness and fiber length 

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

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

Variety/Line 
First Picking  
Percentage (%) 

Ginning  
Percentage ( %) 

 2013 2014 Mean 2013 2014 Mean 

1.FiberMax832 x Stv 453 88.23 91.10 89.66 a-c    42.06 41.99 42.02  bc 
2.FiberMax832 x Stv 453/2 86.03 91.63 88.82 a-d   40.78 41.52 41.14   c 

 86.50 83.01 84.75 f 40.94 41.59 41.26   c 
 89.00 91.38 90.19 ab     40.78 41.78 41.28   c 

5.GW Teks x Stv 453 87.81 90.51 89.15 a-d   40.77 42.02 41.39  bc 
6.GW Teks x Stv 453/2 86.63 92.60 89.61 a-c    41.16 42.49 41.82  bc 
7.Tam 94 L 25 x Stv 453 89.87 93.64 91.75 a      42.64 42.48 42.56 ab  
8.Tam 94 L 25 x Stv 453/2 91.42 91.79 91.60 a      40.75 41.95 41.35  bc 

 87.93 88.34 88.13 b-e  41.51 42.22 41.86  bc 
10.Giza 45 x Sayar 314 83.62 87.83 85.72 ef 40.49 42.70 41.59  bc 
11.STV 468 (Kontrol) 86.46 87.20 86.83 c-f 42.71 44.31 43.51 a   

12.GW Teks (Kontrol) 86.85 85.61 86.23 d-f 42.14 42.58 42.35 a-c 
Mean 87.53 B 89.55 A  41.39 B 42.30 A  
CV (%) 3.40 2.91 
LSD (0.05)   
Variety/Line 3.04 ** 1.21 ** 
Year  1.61 * 0.85 * 
Variety x Year  ns ns 

Variety/Line 
Fiber Fineness 
 (micronaire) 

Fiber Length 
 (mm) 

 2013 2014 Mean 2013 2014 Mean 
1.FiberMax832 x Stv453 4.35 4.76 4.55  b-d 27.52 28.89 28.20 ab 
2.FiberMax832 x Stv 453/2 4.94 5.13 5.03 a    26.35 26.55 26.45 de 

 4.28 4.45 4.36  cd 28.86 28.19 28.52 ab 
 4.46 4.66 4.55  b-d 28.58 28.05 28.32 ab 

5.GW Teks x Stv 453 4.26 4.85 4.55  b-d 27.73 28.17 27.95 a-c 
6.GW Teks x Stv 453/2 4.21 4.83 4.51  b-d 27.68 27.90 27.79 a-c 
7.Tam 94 L 25 x Stv 453 4.50 4.73 4.61  bc  27.44 27.38 27.41 b-d 
8.Tam 94 L 25 x Stv 453/2 3.99 4.64 4.31  d 28.72 29.02 28.87 a 

 4.29 4.78 4.53  b-d 26.41 27.62 27.01c-e 
10.Giza 45 x Sayar 314 4.08 4.60 4.33  d 28.68 27.79 28.23 ab 
11.STV 468 (Kontrol) 4.43 4.94 4.68  b   25.07 26.89 25.98 e 
12.GW Teks (Kontrol) 4.21 4.57 4.39  cd 28.45 28.94 28.70 a 
Mean 4.33 B 4.74 A  27.62 27.94  
CV (%) 5.73 4.21 
LSD (0.05)   
Variety/Line  0.25 ** 1.15 ** 
Year  0.34 * ns 
Variety x Year  ns ns 
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TABLE 6 
Average values and statistical groups of fiber strength and fiber elongation 

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

TABLE 7 
Average values and statistical groups of fiber uniformity and short fiber index 

  ns: non significant;  * and **, significantly different from zero at P  
 
 
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 non-
significant relations in terms of years and variety x 
year interaction. The fiber strength values of geno-
types 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 

Variety/Line 
Fiber Strength 
 (g tex-1) 

Fiber Elongation 
 (%) 

 2013 2014 Mean 2013 2014 Mean 
1.FiberMax832 x Stv453 32.73 31.70 32.21  bc  6.00 6.38 6.18  e 
2.FiberMax832 x Stv 453/2 31.03 31.00 31.01  cd 6.23 6.90 6.56  de 

 33.48 31.93 32.70  bc  6.70 7.08 6.88  b-d  
 32.83 32.00 32.41  bc  6.30 7.00 6.65  c-e 

5.GW Teks x Stv 453 34.00 32.95 33.47 ab   6.75 7.85 7.30 ab    
6.GW Teks x Stv 453/2 33.58 32.25 32.91  b   7.05 6.95 7.00  b-d  
7.Tam 94 L 25 x Stv 453 33.10 31.70 32.40  bc  6.70 6.83 6.76  b-d  
8.Tam 94 L 25 x Stv 453/2 29.63 28.83 29.22  d 6.70 7.15 6.92  b-d  

 30.33 29.65 29.99  d 7.47 7.80 7.63 a     
10.Giza 45 x Sayar 314 33.50 33.90 33.70  ab   6.68 7.13 6.90  b-d  
11.STV 468 (Kontrol) 30.25 29.95 30.10  d 7.03 7.28 7.15 a-c   
12.GW Teks (Kontrol) 35.83 34.45 35.13 a    6.38 7.08 6.72  c-e 

Mean 32.52 31.69  6.66 B 7.11 A  

CV (%) 5.57 7.98 
LSD (0.05)   
Variety/Line  1.77 ** 0.54 ** 
Year  ns 0.26 ** 
Variety x Year  ns ns 

Variety/Line 
Fiber Uniformity 
 (%) 

Short Fiber Index 
 (%) 

 2013 2014 Mean 2013 2014 Mean 
1.FiberMax832 x Stv453 81.70 c-f 82.82 c-e  82.26 cd 11.1 a-c    8.57   ef 9.83 a-d 
2.FiberMax832 x Stv 453/2 80.63 ef 81.82 c-f 81.22  d 11.4 a      7.67   f 9.55  b-d 

 82.72 c-f 82.82   c-e  82.77 b-d 9.45 a-f 8.25    f 8.85  cd 
 86.60 a      82.55   c-f 84.57 ab   8.76  d-f 10.7 a-e  9.77  b-d 

5.GW Teks x Stv 453 81.77 c-f 83.05  b-e  82.41 cd 10.7 a-e  9.40 a-f 10.0 a-d 
6.GW Teks x Stv 453/2 83.42 b-d   82.52   c-f 82.97 b-d 9.82 a-f 8.92  c-f 9.37  b-d 
7.Tam 94 L 25 x Stv 453 83.37 b-d   82.80   c-e  83.08 a-c  9.07  b-f 10.7 a-e  9.90 a-d 
8.Tam 94 L 25 x Stv 453/2 82.40 c-f 82.40   c-f 82.40 cd 10.6 a-e  11.0 a-d   10.8 ab   

 80.13 f 83.17  b-e  81.65 cd 11.5 a      11.2 ab     11.4 a    
10.Giza 45 x Sayar 314 83.30 b-d  83.02  b-e 83.16 a-c 9.45 a-f 10.9 a-d   10.1 a-c  
11.STV 468 (Kontrol) 81.10 d-f 83.62  b-d   82.38 cd 10.8 a-e  9.32 a-f 10.0 a-d 
12.GW Teks (Kontrol) 85.62 ab     84.17 a-c    84.90 a    9.32 a-f 7.62     f 8.47  d 
Mean 82.73 82.90  10.17 9.54  
CV (%) 2.24 16.24 
LSD (0.05)   
Variety/Line  1.85 ** 1.59 * 
Year  ns ns 
Variety x Year 2.60 * 2.24 ** 
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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 differ-
ences at 0.01 probability level between genotypes 
and years for fiber elongation, but the differences in 
terms of genotype x year interaction was non-
significant (Table 6). The elongation values 
changed from 6.18% to 7.63. The highest values 
obtained from  (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]. Elon-
gation was affected from night temperature, by 
decreasing the night temperature elongation de-
creased [23].  

showed that there were significant differences 
among varieties at 1% level and at %5 level in 
terms of variety x year interaction for fiber uni-
formity. On the other hand, year differences were 
non-significant for this trait (Table 7). The uni-
formity values changed from 81.22% to 84.90. The 
highest values obtained from GW Teks (84.90%) 
and %). For varieties 
x years the highest uniformity was obtained in 2013 

lowest value was obtained in 2013 as 80.13% from 
.  

From the Table 7, there were significant dif-
ferences 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 
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 
A kabat 71 x Stv 453 (11.5%). SFI was affected 
from genotype, management, harvesting, ginning 
and crop process [20].   

 
 

CONCLUSION 
 
In this breeding study different varieties came 

from different origin and genetically far from each 
other have been used as parent and the advanced 
lines obtained from this breeding program com-
pared with varieties which prevalently planted in 
the region during two years. It was determined that 
there were significant differences among varieties 
and advanced lines in terms of yield, first picking 
percentage, ginning percentage and all investigated 
quality parameters.  

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 deter-
mined 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. 
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ABSTRACT 
 
In this study, activated carbon was prepared 

from pumpkin seed shells by ZnCl2 (chemical) acti-
vation at an impregnation ratio of 3/1 and a carboni-
zation temperature of 500 oC. The prepared activated 
carbon was used to remove lead(II) ions from aque-
ous solutions. The BET surface area and micropore 
volume of the obtained activated carbon  was 1564 
m2/g and 0.526 cm3/g, respectively. Optimum ad-
sorption conditions were determined as a function of 
initial pH, contact time, temperature, adsorbent dos-
age and initial lead(II) concentration. Langmuir iso-
therm 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 Go, Ho  and So were calcu-
lated 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 dis-
charge of industrial waste water, without any treat-
ment, 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 organ-
isms [1]. 

Heavy metal contamination exists in aqueous 
wastes of many industries and these metal ions do 
not degrade into harmless end products. Heavy met-
als 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 environ-
ment 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 

wastewaters and bring them to allowable values. The 
allowable level for lead in drinking water is 0.05 mg 
L 1 according to the US Environmental Protection 
Agency (EPA) [5]. 

Manufacture of storage batteries, painting pig-
ments, ammunition, solder, plumbing fixtures, auto-
mobiles, cable coverings, radioactivity shields, bear-
ings and caulking are some of the lead pollution 
sources [6]. Lead ions are taken into body via inha-
lation, 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 sick-
ness and even death [7]. 

Oxidation, chemical coagulation, precipitation, 
flotation, solvent extraction, membrane filtration, re-
verse 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 wa-
ter 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 mate-
rial high in carbon content with low ash can be used 
as a raw material for the preparation of activated car-
bon. Several factors are considered when selecting 
an appropriate raw material. Industrially, an inex-
pensive material with high density and sufficient vol-
atiles, available in high amounts, is usually preferred 
[12]. Several studies have been reported on lead ad-
sorption with activated carbon produced from alter-
native 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 activa-
tion, a raw material is first carbonized and the car-
bonized material is secondarily activated by an acti-
vation agent such as steam or carbon dioxide. In the 
chemical activation, a raw material is impregnated 
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with an activating reagent and the impregnated ma-
terial 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 tem-
perature and shorter activation time and good devel-
opment 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 re-
move lead(II) ions from aqueous solutions by ad-
sorption. The effects of initial pH, contact time, tem-
perature, adsorbent dosage and initial concentration 
of the solution on the adsorption of lead ions were 
investigated. The equilibrium, kinetic and thermody-
namic data of the adsorption were studied to describe 
the adsorption process. 

 
 

MATERIALS AND METHODS 
 
Materials. The pumpkin seed shell used in this 

study was obtained from pumpkin seed process 
 

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 %, respec-
tively.  

 
Activated carbon preparation. The impreg-

nation 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 im-
pregnation 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 wa-
ter, 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 im-
pregnated sample was placed in a stainless steel boat 
and carbonized in a vertical furnace at desired tem-
peratures (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 

starting from room temperature until the desired tem-
perature 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. Subse-
quently, 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. 

 
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 pres-
sure of 0.995. The pore size distribution of the acti-
vated carbon was determined by DFT (Density Func-
tional Theory) method. 

 
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 adsorp-
tion 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. 

 
Effect of the initial pH. The study of the influ-

ence of the initial pH on the adsorption was carried 
out in a pH range of 2 6.  The solution pH was ad-
justed by the addition of HCl or NaOH solutions af-
ter 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 con-
stant. After adsorption, the solutions were centri-
fuged 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 peri-
ods. 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 param-
eters, the adsorption of lead from aqueous solutions 
by activated carbon was carried out at different tem-
peratures (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 de-
termined. 

 
 

RESULTS AND DISCUSSION 
 
Characterization of the activated carbon. 

The results of ultimate analysis and surface proper-
ties 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 indi-
cated 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]. 

 
TABLE 1 

Characteristics of the pumpkin seed shell and 
activated carbon 

Characteristics Pumpkin seed 
shell 

Activated car-
bon 

Ultimate analysis   
     Carbon 48.79 75.71 
     Hydrogen  7.52   3.07 

     Nitrogen  3.97   2.70 
     Oxygen (by differ- 39.72  18.52 
Surface properties   
BET surface area (m2/g) 7.96 1564 
Micropore area (m2/g) - 878 
Total pore volume 
(cm3/g) 

- 0.965 

Micropore volume 
(cm3/g) 

- 0.526 

Average pore diameter 
(nm) 

- 2.47 

 
The adsorption of N2 is essential for identifying 

the pore structure of adsorbents before liquid sorp-
tion 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 distri-
bution. 

 
FIGURE 1 

The adsorption-desorption isotherm of the pro-
duced activated carbon. 

 
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 ca-
pacity also increases. These surface areas are gener-
ated gradually during the activation processes [27]. 
The BET surface area of activated carbon is im-
portant because differences in the surface area and 
porosity within the material can greatly influence its 
performance characteristics in the purification pro-
cess. 

The high surface area is probably due to the 
opening of the restricted pores with the help of acti-
vating reagents. The BET surface area of the pump-
kin 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 activat-
ing agent is very efficient to produce activated car-
bon with high porosity and high surface area. It is 
well known that activation with zinc chloride pre-
vents the accumulation of tar on the carbon surface 
and provides further decompositions, and thus, de-
velops the microporosity when using cellulosic and 
lignocellulosic precursor in the manufacture of acti-
vated carbon [28]. 

The structural heterogeneity of a porous mate-
rial is generally characterized in terms of pore size 
distribution. The pore size distribution represents a 
model of a solid internal structure. The pore size dis-
tribution 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. 
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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 solu-
tion is one of the most important factors to determine 
the adsorption property of an adsorbent due to its ef-
fect not only on surface charge of the adsorbent, but 
also on the degree of ionization and speciation of ad-
sorbate [29].The effect of the initial pH on the ad-
sorption 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 mo-
bility compared to metal ions and the competition be-
tween H+ and metal ions decreases the adsorption of 
the metal ions. With an increase in the pH, the nega-
tive charge density on the activated carbon surface 
increases due to the deprotonation of the metal bind-
ing 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 OH  
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. 

 
Adsorption kinetics. Every adsorption process 

may follow one of the different patterns such as 
chemical reaction, diffusion control and mass trans-
fer or some combination of them. Analysis of the ex-
perimental data at various time intervals make possi-
ble to calculate the kinetic parameters and to get 
some information for designing and modelling the 
adsorption processes. In this study, pseudo- first or-
der, 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). 

 

 
FIGURE 3 

Effect of initial pH on adsorption of lead (II). 
 

 
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]: 

2.303

tk
logq)qlog(q 1

ete
 (1)  

in which qe and qt (mg/g) are the amounts of 
lead(II) adsorbed at equilibrium and at time t, respec-
tively, 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(qe  qt) 
against t (Figure 4). 

The linear pseudo-second order rate equation is 
expressed as follows [31-32]: 

e
2

e2t q

t

qk

1

q

t   (2)  

where k2 is the pseudo-second order rate con-
stant (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 calcu-
lated from the plot of t/qt against t (Figure5). 
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FIGURE 5 

Pseudo-second order kinetics plot for the re-
moval of lead(II). 

 
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 diffu-
sion model, based on the theory proposed by Weber 
and Morris, was used to identify the diffusion mech-
anisms [33].The intraparticle diffusion can be stated 
by the following equation [4, 33]: 

qt=kp t1/2+C   (3)  
 
where kp is the intraparticle rate constant (g mg-

1 min-0.5) and C is the constant that gives an idea 
about the boundary layer thickness (mg g 1). 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) ad-
sorption . 

 
To evaluate the fitness of kinetic and isotherm 

equations to the experimental data, the average rela-
tive error (ARE) calculated using Equation (4) was 
used to determine the kinetic and isotherm constants. 
ARE can be expressed as [34] 

     (4)

   

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 com-
paring the regression coefficients and the average 
relative error (ARE) for each expression. The rate 
constants, calculated equilibrium uptakes, the corre-
sponding correlation coefficients and average rela-
tive errors were given in Table 2. 

 
TABLE 2 

Kinetic parameters for the adsorption of lead(II) 
onto activated carbon 

Kinetic mod-
els 

Kinetic parameters  

Pseudo-
first order 

k1 (L min-

1) = 0.049 
qe (mg/g ) 
= 11.29 

R2 = 
0.97 

ARE (%) = 
26.14 

Pseudo-
second or-
der 

k2 (g mg-1 
min-1)  
= 0.005 

qe (mg/g ) 
= 15.24 

R2 = 
0.99 

ARE (%) = 
4.36 

Intraparti-
cle diffu-
sion 

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

 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 experi-
mental data (13.75 mg/g) indicated that Pb(II) ad-
sorption onto the produced activated carbon can be 
approximated more favourably by the pseudo-sec-
ond 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 co-
valent forces, and ion exchange. According to the ex-
perimental results, chemisorption is the predominant 
process in our system. Similar results were also re-
ported by other workers [30, 35]. 

Film diffusion, pore diffusion and intra-particle 
diffusion are the three steps of the adsorption mech-
anism. 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 pa-
rameter 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 fur-
ther 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 
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the trend did not pass through the origin which re-
vealed 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 adsorp-
tion data supported this assumption. 

 
Adsorption isotherms. The adsorption iso-

therm indicates how the molecules subjected to ad-
sorption 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 im-
portant step to find the suitable model that can be 
used for design purposes [37, 38]. Adsorption iso-
therm studies were carried out on three isotherm 
models such as Langmuir, Freundlich and Temkin. 

The Langmuir treatment is based on the as-
sumption that a maximum adsorption corresponds to 
a saturated monolayer of solute molecules on the ad-
sorbent surface, that the energy of adsorption is con-
stant, and that there is no transmigration of adsorbate 
in the plane of the surface [30]. The Langmuir iso-
therm model can be represented by the following 
equation [35, 39]: 

m

e

me

e

Q

C

bQ

1

q

C
  (5) 

      
where qe is the amount of lead(II) adsorbed on 

activated carbon (mg/g), Ce is the equilibrium con-
centration (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 pa-
rameter, RL, also known as the separation factor, is 
given by [40] 

       (6) 

      
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 con-
centrations 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]:

efe logC
n

1
k logq loq  (7) 

     

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 inten-
sity of adsorption, respectively. The Freundlich con-
stants were determined from the slope and intercept 
of a plot of log qe versus log Ce (Figure 8). 

 
FIGURE 7 

Langmuir isotherm model for lead(II) adsorp-
tion. 

 
FIGURE 8 

Freundlich isotherm model for lead(II) adsorp-
tion. 

 
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 ad-
sorption of all the molecules in the layer would de-
crease linearly with the coverage due to these inter-
actions. 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: 

 
qe=B ln Kt + B ln Ce  (8) 
where B=RT/b, Kt is the equilibrium binding 

constant (L/mg), and B is related to the heat of ad-
sorption. A plot of qe versus lnCe (Figure 9) enables 
the determination of the isotherm constants.
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TABLE 3 
Adsorption constants for the sorption of lead(II) at various temperatures 

Isotherms Temperature (K)   Constants 
  Qm(mg/g) b(L/mg) RL R2 ARE (%) 
 
Langmuir 

298 
308 
318 

33.01 
34.96 
36.33 

0.037 
0.039 
0.049 

0.26 
0.25 
0.21 

0.99 
0.99 
0.98 

5.34 
5.04 
7.84 

   kf (mg/g) n (L/mg) R2 ARE (%) 
 
Freundlich 
 

298 
308 
318 

 4.13 
4.54 
5.16 

2.50 
2.52 
2.55 

0.95 
0.93 
0.89 

6.17 
6.80 
11.35 

   B(mg/g) Kt (L/mg) R2 ARE (%) 
 
Temkin 

298 
308 
318 

 7.12 
7.46 
7.85 

0.38 
0.42 
0.49 

0.95 
0.93 
0.90 

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 Qm 
(mg/g) 

Fitted 
isotherm model 

Fitted  
kinetic model 

Reference 

Areca waste 6.6 3.37 Freundlich-Langmuir Pseudo-second order [31] 
Aspergillus versicolor 5 44.80 Redlich Peterson Pseudo-second order [42] 
Bentonite 5.5 142.9 Langmuir Pseudo-second order [6] 
Pine cone activated carbon 5 27.53 Langmuir Pseudo-second order [40] 
Cow bone activated carbon 4 47.61 Langmuir Pseudo-second order [43] 
Papaya peel activated carbon 6 38.31 Langmuir Pseudo-second order [44] 
Dinde stones activated carbon 6 30.37z Langmuir, Freundlich, Bangham model [13] 
Citrus limettioides peel carbon 6 166.6 Langmuir Pseudo-second order [30] 
Broadleaf hardwood 5 47.66 Langmuir Pseudo-second order [45] 
Cotton stalk activated carbon 6.5 119.95 Langmuir - [10] 
Pumpkin seed shell activated car-
bon 

5 36.33 Langmuir Pseudo-second order This study 

 

 
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 experi-
mental data with a high correlation coefficient. The 
Langmuir monolayer adsorption capacity (Qm) in-
creased from 33.01 to 36.33 mg/g as the temperature 
increased from 25 to 45 oC, indicating that the ad-
sorption is an endothermic process. According to the 

Langmuir isotherm, metal ions are chemically ad-
sorbed 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, ad-
sorption increases while the binding sites are not sat-
urated. 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 con-
cerned with the ability of the adsorbate to be ad-
sorbed. 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 ad-
sorption. 

According to the ARE and R2 values, the ad-
sorption of lead(II) ions on the activated carbon fol-
low Langmuir type adsorption isotherms. The Lang-
muir isotherm model describes quantitatively about 
the formation of a monolayer adsorbate on the outer 
surface of the adsorbent and after that no further ad-
sorption takes place. The Langmuir model represents 
the equilibrium distribution of adsorbate between the 
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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 en-
ergetically equivalent. Several studies have been car-
ried 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. 

 
Thermodynamic parameters. The changes in 

standard free energy ( ), standard enthalpy change 
( ) and standard entropy change ( ) were used to 
speculate on the adsorption mechanism. These ther-
modynamic parameters are determined by using the 
following equations [46-47]: 

e

A
c C

C
K    (9)    

c
o RTlnK   (10)

RT

o

R

o
cnKl   (11) 

where Kc is the equilibrium constant, CA is the 
solid phase concentration at equilibrium (mg/L) and 
Ce is the equilibrium concentration in solution 

o o values were ob-

Hoff plots of lnKc versus 1/T (figure not shown). Ta-
ble 5 shows the calculated values of the thermody-
namic parameters for the adsorption of lead on acti-
vated carbon. 

 
TABLE 5 

Thermodynamic parameters for the adsorption 
of lead(II). 

T (K) 

298 
308 
318 

-9.76 
-10.09 
-10.42 

 
26.26 

 
0.052 

 

ture of the adsorption process and give the infor-
mation about the type of adsorption. The increase in 

 showed that adsorp-
tion was favourable at high temperatures. The posi-
tive value of  suggests that the interaction of 
lead(II) ions adsorbed by activated carbon is an en-
dothermic process, which supported by the increas-
ing adsorption of lead(II) ions with the increase in 
temperature. 
there is an increase in the randomness in the system 
solid/solution interface during the adsorption pro-
cess. Similar results have been reported by other re-
searchers working on the removal of lead ions from 

aqueous solutions by activated carbon [4, 10]. 
 
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.  

 

 
FIGURE 10 

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

 
The removal efficiency of lead(II) was calcu-

lated 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 ad-
sorbent 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 re-
moval 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 in-
crease in the adsorbent dosage do not provide a 
higher uptake of lead(II) ions. 

 
 

CONCLUSION 
 
In this study activated carbon was produced 

from pumpkin seed shells by zinc chloride activa-
tion. 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 so-
lutions 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 iso-
therm 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 

a spontaneous and endothermic adsorption.  
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MATERIALS AND METHODS 
 

 

 
 

 

 
 

SRF and moisture con-
tent of the cake were selected as the evaluation pa-
rameters of sludge dewatering performance in this 
paper. SRF was calculated according to the follow-
ing equation:  

2 2

(1) 

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 con-
dition of constant pressure, m/s6;  is the viscosity of 
the filtrate, Pa·s and  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. 

 

 
 

 
 

 

Variables Code 
Level of the code 

-1 0 1 
A: Ultrasonic time (min) X1 1 3 5 
B: Ultrasonic density (W/mL) X2 0.15 0.30 0.45 
C: Calciumoxide dosage (g/100mL) X3 0.60 0.90 1.20 

 
 



© by PSP  Volume 26  No. 7/2017 pages 4495-4503      Fresenius Environmental Bulletin 

 

 

 

TABLE 2 
Response surface design and experimental results 

 

Number 
Ultrasonic 
time (min) 

Ultrasonic 
density 
(W/mL) 

Calciumoxide 
dosage 

(g/100mL) 

SRF (1012m/kg) 
Moisture content of the cake 

(%) 
Experimental 

value 
Predicted 

value 
Experimental 

value 
Predicted 

value 
1 1 0.15 0.9 6.79 6.97 75.07 74.10 
2 5 0.15 0.9 10.63 10.19 72.77 71.70 
3 1 0.45 0.9 6.15 6.59 66.37 67.44 
4 5 0.45 0.9 10.05 9.87 73.24 74.21 
5 1 0.3 0.6 6.35 6.58 72.82 73.03 
6 5 0.3 0.6 9.73 10.58 70.29 70.60 
7 1 0.3 1.2 6.97 6.12 67.03 66.73 
8 5 0.3 1.2 8.85 8.62 73.74 73.53 
9 3 0.15 0.6 4.16 3.75 77.67 78.44 

10 3 0.45 0.6 4.23 3.56 73.49 72.21 
11 3 0.15 1.2 2.04 2.71 71.32 72.60 
12 3 0.45 1.2 1.79 2.20 75.45 74.68 
13 3 0.3 0.9 6.70 7.88 77.85 75.26 
14 3 0.3 0.9 9.55 7.88 75.06 75.26 
15 3 0.3 0.9 7.32 7.88 75.07 75.26 
16 3 0.3 0.9 9.69 7.88 74.49 75.26 
17 3 0.3 0.9 6.14 7.88 73.85 75.26 

  
FIGURE 1 

Effect of ultrasonic treatment on sludge dewatering performance 
(a) ultrasonic time; (b) ultrasonic density 

 
RESULTS AND DISCUSSION 

 

Fig.1 illustrated the effects 
of ultrasonic treatment on sludge dewatering perfor-
mance. 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 pos-
sible 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, extracellu-
lar 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 mol-
ecules tightly adsorbed on the surface of particles 

and the dehydration performance reduced [24]. 
Fig.1(a) showed when the ultrasonic time was 

increased to 3 min, SRF gradually reduced from 
331.86  to 278.41 moisture 
content of the cake

 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 re-
sults showed that ultrasonic treatment could improve 
sludge dewatering performance effectively.  
 

Fig.2 showed the effect of 
Calcium oxide dosage (from 0.30 to 1.80 g/100 mL) 
on sludge dewatering performance. With the increas-
ing of Calcium oxide dosage, SRF decreased firstly 
and then increased. Moisture content of the cake de-
creased firstly, then increased gradually and 
achieved a smooth in the end. And there was a min-
imum 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 4.42
This result attributed to 

the presence of the ultrasonic and Calcium oxide. 
Firstly, ultrasonic treatment can adjust the sludge 
structure and improve sludge dewatering perfor-
mance at a certain extent. Secondly, Calcium oxide, 
a coagulant aid in the process of sludge dewatering, 
acts as filling material to improve the sludge struc-
ture. 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 

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, sludge 
dewatering performance was decreased.  

 

 

 
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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Source Sum of squares df Mean square F P (Prob>F)  
Model 102.48 9 11.39 5.69 0.0160 Significant 
A 21.13 1 21.13 10.55 0.0141  
B 0.24 1 0.24 0.12 0.7368  
C 2.90 1 2.90 1.45 0.2676  
AB 9.000E-004 1 9.000E-004 4.496E-004 0.9837  
AC 0.56 1 0.56 0.28 0.6125  
BC 0.026 1 0.026 0.013 0.9131  
A2 31.21 1 31.21 15.59 0.0055  
B2 20.33 1 20.33 10.16 0.0153  
C2 29.07 1 29.07 14.52 0.0066  
Residual 14.01 7 2.00    
Lack of Fit 3.22 3 1.07 0.40 0.7631 Not significant 
Pure Error 10.80 4 2.70    
Cor Total 116.50 16     

 
 
 

 
 

 
222

1 C63.2-B20.2-A72.2BC080.0-AC38.0-AB015.0C60.0-B17.0A63.188.7)Y(SRF
 

222 C16.4B06.5A54.1BC08.2AC31.2AB29.2C84.0-B03.1-A09.126.65MCC  
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Source Sum of squares df Mean square F P (Prob>F)  
Model 291.76 9 32.42 12.42 0.0016 Significant 
A 9.57 1 9.57 3.67 0.0971  
B 8.57 1 8.57 3.28 0.1129  
C 5.66 1 5.66 2.17 0.1843  
AB 21.02 1 21.02 8.05 0.0251  
AC 21.34 1 21.34 8.18 0.0244  
BC 17.26 1 17.26 6.61 0.0369  
A2 10.02 1 10.02 3.84 0.0909  
B2 107.61 1 107.61 41.22 0.0004  
C2 72.97 1 72.97 27.95 0.0011  
Residual 18.27 7 2.61    
Lack of Fit 8.91 3 2.97 1.27 0.3980 Not significant 
Pure Error 9.37 4 2.34    
Cor Total 310.03 16     
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ABSTRACT 
 

The development or expansion of marine fish-
ing ports is considered as a significant urban stress 
on the surrounding environment. Construction activ-
ities usually include dredging, filling, soil excava-
tion or replacement; whereas the operations phase 
involves anchoring, shading, as well as extensive hu-
man activity in a small scale area. These activities 
may impact the marine environment through physi-
cal 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 pro-
vides guidelines for conducting an EIA of a fishing 
port in a semi-enclosed water body, such as the Ara-
bian Gulf or the Red Sea. The purpose of the guide-
lines 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 fish-
ing ports is considered as a significant urban stress 
on the surrounding environment [e.g. 3]. Construc-

tion phase activities usually include dredging, fill-
ing, soil excavation or replacement; whereas the op-
erations 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 includ-
ing an increase in the rate of sedimentation, dis-
charge 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 develop-
ment project should ensure that the project is com-
patible with national economic, social and environ-
mental 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 fish-
ing 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 environmen-
tal 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 Com-
mission Environmental Regulations [4]. As environ-
mental regulation in Middle East, especially KSA, is 
still evolving, often guidelines are needed to assist 
environmental practitioners in addressing special-
ized topics. For example, the Saudi Geological Sur-
vey has issued EIA guidelines for mining activities 
in KSA. Similarly, Saudi Aramco has its own re-
quirements, in addition to the national regulations, 
for projects in the oil and gas industry. The authors 
of this paper have previously provided EIA guide-
lines 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 im-
pacts 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 de-
velopment and to identify important factors for con-
sideration in an EIA study.  
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MATERIALS AND METHODS 
 

The EIA would need to follow requirements set 
forth in the applicable national regulatory frame-
work. Steps recommended in the overall study are as 
follows: 

 
Document review Data collection. An exten-

sive literature review should be conducted to com-
pile information on the legislative requirements and 
environmental conditions at the project site. In addi-
tion, 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 recom-
mended to augment and validate any available base-
line data at the proposed marine site including phys-
iochemical and biological properties [5]. Field inves-
tigations may also include a terrestrial survey of the 
area where construction of support facilities will take 
place. 

 
Analysis of alternatives. An analysis of alter-

natives is an essential component of a comprehen-
sive EIA project. Alternatives considered can in-
clude: no project/action, site location, different de-
sign elements, etc. Elements to be considered in site 
location include elevation, existing land use, poten-
tially impacted habitats and existing infrastructure.  

 
Impact assessment. The environmental infor-

mation collected in the previous phases should be 
used to assess the potential impacts of the project ac-
tivities. Various predictive techniques can be used to 
determine the nature and extent of the impacts iden-
tified. The significance of each impact needs to be 
determined and rated taking into account the nature 
of the impact and the existing environmental condi-
tions. 

Legislative requirements need to be consulted 
to ensure that evaluated parameters comply with reg-
ulations. 

 
Development of environmental management 

and monitoring plan. Project specific environmen-
tal 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 moni-
toring program can help ensure proper implementa-
tion of the environmental management plan. 

 
Documentation. At the end of the assessment, 

a report should be prepared based on regulatory re-
quirements. This report will include the findings of 
the assessment, project impacts, and mitigation 

measures to be implemented during the execution of 
project activities. 
 
 
RESULTS AND DISCUSSION 

 
Potential Impact Evaluation. This section 

identifies the potential environmental impacts asso-
ciated with typical fishing port development in a 
semi-enclosed water body. 

 
(1) Construction Phase. (a) Water and Sedi-

ment. 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 qual-
ity 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 re-
leased into the seawater and seabed during construc-
tion activities near the coast. The sources of these 
compounds are mainly construction materials and 
filling activities at the bottom of the sea. Bottom sed-
iments are known to contain much higher concentra-
tions 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 sea-
water quality significantly as once released into the 
environment, they do not readily convert into harm-
less components and often tend to accumulate in the 
tissues of living organisms [8, 9]. Heavy metals in 
general, and lead, chromium, arsenic, zinc, cad-
mium, 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. Bacte-
rial breakdown of these organic materials may de-
plete dissolved oxygen from water leading to ad-
verse impacts on marine life. In oxygen depleted en-
vironments, non-aerobic process start taking place 
for the breakdown of organic matter that in turn re-
sults 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 con-
struction activities. This would impact the nutrient 
cycle and nutrient enhancement (eutrophication) 
may simulate growth of certain harmful algae e.g. di-
noflagellates, which can be toxic to marine organ-
isms 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-
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chemical oxidation is capable of transforming a va-
riety of oil components into oxygenated derivatives 
that are fairly water soluble and show significant tox-
icity 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 eco-
systems and poison marine animals that ingest or in-
hale 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 sedi-
mentation 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.  

 
(b) Marine Habitat. Excavation, transporta-

tion 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 set-
tlement of different marine organism including pol-
ychaetes, mollusks, shrimps, sea cucumbers, sea ur-
chins and even some species of fish. In addition, fill-
ing can cause temporal damage to sandy bottoms in 
the area, which can ultimately lead to the partial de-
struction of fauna and flora in the affected area. An 

indirect impact of filling is a possible rise in sus-
pended solids and floating particles in water, which 
can lead to an increase in turbidity and prevent sun-
light from reaching underwater plant life and thus af-
fecting the growth and productivity of seagrasses 
and other flora [22]. 

Accidental spillage of oil during construction 
works may lead to oil and petroleum compound de-
posits 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 construc-
tion 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. 

 
(c) Terrestrial Habitats. Terrestrial habitats 

may be disturbed due to land based construction in-
cluding direct disturbance or nuisance from in-
creased noise levels associated with various equip-
ment and machinery. 

 
(d) Solid Waste. An increase in solid waste 

generated by human activities and construction de-
bris such as plastics, metal, wood, rubber, and glass 
will occur. These substances may have adverse im-
pacts 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 eu-
trophication. 

 
 

TABLE 1 
Sedimentation rate and the degree of impact [19] 

 
1-10 (mg cm-2 d-1) 10-50 (mg cm-2 d-1) > 50 (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 

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  

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

 
(g) Noise and Vibration. The noise and vibra-

tion during excavation and filling will affect marine 
life, and many organisms including fish may get dis-
oriented in a noisy environment and move away 
from their preferred habitat to an area where they are 
exposed to various threats.  

 
(h) Traffic. An increase in the number of con-

struction vehicles and workers will have some influ-
ence on local traffic-related congestion, noise, and 
dust. However, heavy equipment use, such as that of 
cement and dump trucks, should be limited to day-
light hours. In the interest of safety, the ports will 
need to be closed to visitors during construction. 

 
(i) Health and Safety. Health and safety con-

cerns are mainly related to the accidental spillage of 
hazardous substances during construction or ma-
chinery 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. Dig-
ging 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 ham-
pered 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 employ-
ment opportunities for unskilled labor. This phase is 
likely to see the arrival of large number of construc-
tion workers, which can lead to stress on the existing 

public infrastructure. Adequate provisions will be re-
quired for the workers at the project site to minimize 
conflicts over resource sharing with the local com-
munity.   

 
(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.  

 
(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 en-
hanced circulation design. Hypoxia is defined as < 
2-3 mg l-1 of dissolved oxygen [25]. In confined ar-
eas much of the water body is stagnant as water mix-
ing 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-oxygen-
ated zone is usually found in bottom waters near sed-
iment, and if severe, is devoid of most life. Although 
fish probably leave dead zones, less mobile, bottom-
dwelling 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 poly-
chaetes 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 ecosys-
tems [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 bio-
accumulates in marine life [27]. 

Any discharge of heavy metals from construc-
tion activities such as filling may elevate levels of 
lead, mercury or copper in bivalves and fish, and in-
crease levels of cadmium, vanadium, and zinc in sed-
iments. Phytoplankton growth may be inhibited re-
sulting 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 indus-
trial and human activity. 

 
(b) Marine Habitat. A potential impact on ma-

rine habitats will be the shading of benthic habitats, 
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which will prevent sunlight from reaching the bot-
tom organisms and lead to reduced photosynthesis 
and growth rates for benthic flora in the impacted ar-
eas. This effect is mainly caused by the presence of 
jetties, floating jetties and boats moored for long pe-
riods of time during the day [e.g. 29].  

Operation of the ports may also increase the po-
tential for disruption of the life cycle pattern, spawn-
ing, and migration of various marine species includ-
ing marine birds. Artificial lights at ports, sometimes 
in operation for nearly twelve hours during the night, 
can also have negative effects on the wildlife includ-
ing 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" pollu-
tion 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 spill-
age 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 

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 in-
organic chemicals that can influence the benthic 
community in the sandy habitats.  

 
(c) Traffic. Post-construction traffic to the 

ports is expected to be higher than pre development 
conditions. Anticipated increases in total fish pro-
duction 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; pro-
vide more modern facilities to allow an increased 
number of boats to operate safely; improve the hy-
giene and thus health of fish catch by providing more 
modern offloading facilities.  

 
(e) Employment. The operations phase will 

also help provide employment opportunities for lo-
cal 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 signifi-
cance of the impacts during the construction phase, 
and Table 3 deals with the assessment for the opera-
tions phase.  

 
 

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

 

Impact Area Description of Impact Reversibility Duration 
Significance 

before 
mitigation 

 
Water and Sediment 

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  

   

Marine Habitat 

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    

Terrestrial Habitat 
Disturbance to habitat due to land based construction including nuisance 
from increased noise levels    

Socio-economic  

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 Description of Impact Reversibility Duration 
Significance 

before 
mitigation 

Water and Sediment 

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 eutroph-
ication 

   

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 

   

Marine Habitat 

Potential positive impact on certain fish species due to in-
creased 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 

   

Socio-economic  

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  
 
 

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 con-

tractor should ensure that health and safety proce-
dures are in place for all workers on site prior to the 
start of construction activities. Safe working prac-
tices should be adopted for all works and use of cor-
rect protective gear enforced. All personnel should 
be fully briefed on work site access procedures in-
cluding 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, se-
curity guards should be employed to ensure no un-
authorized persons gain entry. 

 
(b) Benthic Habitat. Construction activities 

can be carefully programmed and managed to pre-
vent significant deterioration of marine flora and 
fauna. Filling near sensitive habitats should be 
avoided and activities restricted to the immediate vi-
cinity of the construction sites.  

 

(c) Sediment Suspension and Dispersal. 
Dumping, filling and other construction activities 
will increase the rate of sedimentation and concen-
tration 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 de-
pendent photosynthetic organisms. The impacts can 
be reduced through the following measures: 

 Appropriate construction equipment of a 
high quality should be used along with techniques 
that minimize sediment suspension and dispersal. 

 Suction and confined equipments and bull-
dozers with turbidity reduction measures should be 
used for filling. Grab bulldozers should be avoided; 
instead screens with grab and backhoe bulldozers 
should be used. 

 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. 

 Tidal currents should be taken into consid-
eration during landfilling. Landfilling should not oc-
cur in open water if the currents are high enough to 
induce significant sediment transport away from the 
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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. 

 Installation of protective silt curtains or 
screens near and along the dredging and filling sites 
should be considered.  

 Environmental monitoring needs to be con-
ducted during the construction phase to make sure 
that mitigation measures are effective. 

 Exposed surfaces during site preparation 
and land excavation should be visibly moist in order 
to reduce the spread of dust and suspended solids. 

 Prior to landfilling, the relevant construc-
tion workers should be briefed on mitigation 
measures for reducing environmental impacts.   

 No landfilling at sea should be permitted 
without a license from the competent authority. 

 
(d) Air Quality & Dust Control. Dust is pro-

duced mainly during land excavation, filling, and 
transport of construction materials. The best achiev-
able control measures may include all of the follow-
ing as applicable to the project site:  

 Active construction areas should be wa-
tered daily;  

 All trucks hauling soil, sand, and other 
loose materials should be covered or required to 
maintain at least two feet of freeboard; 

 Non-toxic soil stabilizers should be applied 
on all unpaved access roads, parking areas and stag-
ing areas at construction sites;  

 The construction site entrance must be 
posted with visible speed limit signs; 

 All construction vehicles should enter the 
construction site through the graveled roadways, un-
less 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.  

 
(f) Oil Spills. Oil, paints and fuelling residues 

may be discharged into the water body during con-
struction activities. This can be avoided or mini-
mized by adopting the following measures: 

 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 ei-
ther incinerated on board the concerned vessel or in 

special furnaces or discharged to oil collecting facil-
ities; 

 All equipments and machinery need to be 
properly serviced and maintained in accordance with 

equipment breakdown or accidents that may cause 
hazardous material spills; 

 Equipment operators should follow proper 
safety procedures to avoid accidents and spills; 

 TBT based anti-fouling paints should not 
be used and boat maintenance needs be restricted to 
approved areas to prevent the accumulation of anti-
fouling agents that harm marine life.  

 
(g) Solid Waste and Garbage Disposal. Solid 

waste and various left over materials are expected to 
be thrown in the water body during construction ac-
tivities. The waste may accumulate over time or be 
driven to the deep sea by local currents and conse-
quently have adverse impacts on the environment. In 
order to reduce these impacts, the following actions 
are recommended: 

 Solid waste should be collected in dustbins 
and disposed in approved landfill sites. Under no cir-
cumstances should solid wastes be disposed in the 
water body;  

 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;  

 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 con-
struction site regularly. Scavenging service for col-
lecting any waste loss from the site into the sea 
should be provided as needed;  

 Notices should be posted at the construc-
tion sites to remind workers not to discharge any 
sewage and wastewater into the nearby environment; 

 Public awareness campaigns on proper dis-
posal of solid waste should be organized; 

 Cleanup diving campaigns should be con-
ducted periodically for cleaning inland and underwa-
ter.  
 

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

 
(i) Traffic. Construction access should be 

along the existing right-of-way via paved road con-
necting the project site to the main road. Construc-
tion should be generally conducted during daylight 
hours and water should be sprayed on access roads 
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to control dust. Adjacent landowners need to be in-
formed of the construction schedule to minimize 
traffic-related disturbances. Appropriate cautionary 
signs should be installed along the main road during 
the construction period. 

 
(2) Operations Phase. (a) Water Quality. Im-

pacts 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: 

 Use of external power such as 
pumps for improving circulation; 

 Provision of measures to clean the 
marine basin. These will include measures to skim 
the surface of the floating deposits, as well as equip-
ment to remove debris from the sea bed;   

 In the event of a spill, all fluids in the 
containment area should be removed and treated/dis-
posed in an appropriate manner according to appli-
cable regulations; 

 All workers and Coast Guards must 
be adequately trained to recognize the hazards asso-
ciated with accidental spills; 

 Facilities designs must include some 
controls and monitoring systems to minimize the po-
tentials for conditions in which accidental spills 
could occur.  

 
(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 man-
agement plan should include:  

 A description of each waste stream; 
 Handling, transport, treatment, and dis-

posal procedures for each waste; 
 Preparedness, prevention, contingency, and 

emergency procedures; 
 Personnel training especially for the Coast 

Guards; 
 Implementation of best practices for fuel-

ing and cleaning boats; 
 Public awareness of proper waste disposal 

measures; 
 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 dis-
posal 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. Re-
stricted regulations should be applied for boat clean-
ing, oil replacing, and maintenance of the boats. 

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.  

 
(d) Legislation Traffic. Increase in post con-

struction traffic can be managed by clearly mark-
ing 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 ef-
fectiveness of the mitigation measures proposed ear-
lier: 

 Enforcement by government through crim-
inal prosecution; and 

 Economic incentives or disincentives by 
government through charges and forfeits. 
 

Environmental Management and Monitor-
ing. 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) manage-
ment system to be implemented by the project con-
tractor. The ultimate responsibility for environmen-
tal management during all phases of the project rests 
with the Project Proponent. However, the contractor 
for the project also bears responsibility for the im-
plementation of the EMMP. A sample EMMP is 
shown in Table 4 and Table 5. 

The Project Proponent should have a repre-
sentative on site to ensure that the project activities 
are carried out in accordance with the work program. 

the sufficiency of equipment to carry out the work 
(pre-mobilization check), ensuring safety require-
ments are covered and auditing the operations. The 
representative can also perform the duties of an En-
vironmental Auditor (EA) during the construction 
activities. The EA would be familiar with construc-
tion 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 subse-
quent 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 en-
sure that all aspects of the construction are moni-
tored. The contractor should be prepared to provide 
method statements to the EA as required and make 
the construction program available to the auditor as 
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early as possible. The contractor should give ade-
quate warning to the auditor of any changes in the 
program. The EA must maintain good communica-
tion with local authorities and relevant interest 

groups. Reporting progress and environmental per-
formance and maintaining contact with the Project  

 
TABLE 4 

Environmental management for construction phase 
 

Area of 
Impact Activity Impact Proposed Control and Mitigation Measures Proposed Monitoring Plan 

Water 

Handling and dis-
posal of wastewater 

Seepage of 
wastewater dis-
charged on land 
into the sea 

 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. 

 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. 

 Monitoring should be per-
formed in compliance with na-
tional  
standards. 

Handling, storage 
and transportation 
of hazardous mate-
rial/waste 

Spills and leak-
ages (oil, hazard-
ous chemicals) 

 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 col-
lecting facilities. 

 Service all equipment and machinery in accordance with manu-

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 accumula-
tion of anti-fouling agents that harm marine life.  

Landfilling 
Sediment disturb-
ance causing tur-
bidity 

 Use appropriate equipment of a high quality along with tech-
niques 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 con-
struction site. 

 Carryout landfilling and other construction activities during low 
tide. 

Waste 

Generation of solid 
waste 

Increase in solid 
waste 

 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. 

 Visual inspection and monitoring 
of the storage materials to  
Check for any possible spillage 
or leakage. 
 Visual observations of waste 
management on site during con-
struction. 
 Solid waste monitoring for all 
waste materials in land and  
seawater.  
 Monitoring should be performed 
in compliance with national 
standards. 

Civil works 
Discharges form 
works, equipment  

 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. 

Marine 
Habitat 

Landfilling and pol-
lutant discharges 

Habitat damage 

 Avoid impacts to marine ecological resources as much as possi-
ble 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. 

Monitor sensitive habitats during 
the construction activities. 

Noise 
and Vi-
bration 

Onshore construc-
tion and offshore 
landfilling 

Disturbance of 
marine life 

 Use barriers to protect sensitive receivers from works. 
 Use silencers/mufflers on equipment. 
 Provide personal protective devices to workers in high noise ar-

eas. 

Monitor noise levels during con-
struction to ensure that they  
Comply with the international 
standards. 

Air Qual-
ity & 
Dust 
Control 

Onshore construc-
tion and landfilling 

Dust generation 

 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 ap-
proved for use by the local authorities.  

 Visual inspection of the con-
struction materials to determine if 
there are any conditions which 
would require further testing of the 
materials before disposal. 
 Visual monitoring of the sedi-

ment curtain at all times during  
construction; stop work if visible 
breaches of the curtain occur. 
 Water monitoring of pH, DO, 

TSS, turbidity, inorganic silicate, 
chlorophyll a, and heavy metals. 

Socio-
economic 

Construction works Restricted access   Provide alternative mooring facilities to the fishermen.   
Transport of con-
struction materials, 
labor 

Increased traffic 
 Provide access along the existing right-of-way via paved road. 
 Install appropriate cautionary signs along the road in the project 

vicinity during construction. 
Visual monitoring of traffic jams. 
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TABLE 5 
Environmental management for operations phase 

 
Area  Activity Description of 

Impact 
Proposed Control and Mitigation 
Measures Proposed Monitoring Plan 

Water 

Increased release of 
nutrients  

Eutrophication 

 Design some holes in the breaking 
water according to the dominant cur-
rent in order to increase the flow of 
water from inside to outside. 

 Provide means to clean the marine ba-
sin. These will include measures to 
skim the surface of the floating depos-
its, as well as means to remove debris 
from the sea bed.   

 Adequately train all workers and 
Coast Guards to recognize the hazards 
associated with accidental spills.  

 Provide controls and monitoring sys-
tems in facilities designs to minimize 
the potential for conditions in which 
accidental spills could occur.  

 Remove and treat all fluids in the con-
tainment area in an appropriate man-
ner in the event of a spill.  

 Conduct water monitoring including 
 pH, DO, TSS, turbidity, inorganic 
nutrients 
 (ammonium, nitrate, nitrite, phos-
phate, 
 and silicate), chlorophyll a, BOD,  
 COD, oil and grease, some heavy  
 metals, and bacterial enterococcus 
 measurements. 

 Carry out sediment monitoring once 
a  
year for the following parameters:  
TOC, TN, TP, H2S, oil and grease 
and some heavy metals 

 Monitoring should be performed in  
compliance national standards. 

Accidental spillage 
of oil or chemicals 

Deterioration in 
water quality  
 

Waste 
Solid waste genera-
tion 

Impact on water 
and habitat 

 Prepare a detailed waste manage-
ment 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, con-
tingency, and emergency pro-
cedures.  

 Personnel training.  
 Comply with all national and interna-

tional regulations. 
 Train all personnel/workers to avoid 

intentional discharges. 
 Review procedures to prevent acci-

dental discharge of pollution stream 
from vessel. 

 Visual inspection and monitoring of 
the storage materials to check for 
any possible spills or leakage. 

 Visual observations of waste man-
agement on site during operations. 

 Solid waste monitoring for all waste 
materials in land and seawater.  

 Monitoring should be performed in  
compliance with national standards. 

Ecology 
Oil and chemical 
spills, solid waste 
discharge   

Habitat disturb-
ance  

 Implement appropriate solid and liq-
uid waste management plan. 

 Conduct public awareness programs. 

 Monitor marine habitat once a year 
for seagrass, fish, other fauna (sea ur-
chin, sponges, etc.), and substrata 
(rocky, rubles and sandy). 
 Conduct a comprehensive study every 
year to compare between the results 
of the monitoring and to detect any 
change in marine habitat status. 

Socio- 
economic Increase in traffic Congestion 

Develop and implement a traffic manage-
ment plan. 

Monitor traffic changes and modify 
management plans to accommodate 
any changes.  

 
 

Proponent will also be an important part of the 

ing different phases of the project are explained in 
below. Areas to be considered for monitoring in-
clude health and safety, waste, dust, noise, water 
quality, sediment and marine habitat. 

 
(a) Health and Safety. Occupational safety of 

the workers at the construction site should be the re-
sponsibility of the contractor. A detailed Health, 
Safety and Environment (HSE) plan should be de-
veloped by the contractor, which should be approved 

by the Project Proponent. Moreover, reporting of any 
health and safety violations should be mandatory. 

 
(b) Waste Management. A detailed waste 

management plan should be prepared for construc-
tion and operations to ensure minimization, proper 
storage, and disposal of all wastes. 

 The contractor should remove all solid 
waste materials from the sea bed during the construc-
tion period. This should be inspected by divers or by 
visual checks by the Proponent; 
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 Visual inspection and monitoring of the 
storage materials should be carried out to check for 
any possible spillage or leakage; 

 Visual observations of waste management 
on site need to be made during construction; 

 Training programs should be conducted for 
the workers during construction and operations of 
the project; 

 Solid waste monitoring should be per-
formed during construction and operations on land 
and in seawater;  

 The monitoring should cover all the possi-
ble waste materials, such as bags, construction ma-
terials, floating materials, food residual, chemical 
spillage, etc.; and  

 The monitoring should be performed in 
compliance with national standards and guidelines. 

 
(c) Dust and Noise. Dust generation from con-

struction activities should be in compliance with na-
tional standards for the total suspended solids and 
turbidity or transparency. 

 Visual inspection of the construction mate-
rials should be carried out to determine if there are 
any conditions which would require further testing 
of the materials before disposal; 

 Visual monitoring of dust levels should be 
maintained at all times during construction and work 
stopped if visible breaches occur; and 

 Noise levels should be monitored during 
construction to ensure that they comply with interna-
tional standards and work stopped in case of viola-
tions of good practices. 

 
(d) Water Quality. 
 Seawater should be monitored during con-

struction and operations (once a month) for the fol-
lowing parameters; pH, DO, TSS, turbidity, inor-
ganic nutrients (ammonium, nitrate, nitrite, phos-
phate, and silicate), chlorophyll a, BOD, COD, oil 
and grease, some heavy metals, and bacterial enter-
ococcus.  

 The monitoring should be performed in 
compliance with national standards.  

 
Sediment. 
 Sediment should be monitored during con-

struction and operations (once a year) for the follow-
ing parameters: TOC, TN, TP, H2S, oil and grease 
and some heavy metals.  

 The monitoring should be performed in 
compliance with national standards. 

 
(e) Marine Habitat. If any rare or threatened 

fauna species are encountered within 50 m of works 
during the construction phase, all nearby construc-
tion activities should cease and the site supervisor 
should be notified. Work will only continue if either 

the threatened species leaves the site or the environ-
mental consultants can carry out an assessment and 
recommend a course of action.   

In the operations phase, the following measures 
are recommended: 

 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). 

 A comprehensive study should be done 
every year to compare between the results of the 
monitoring and to detect any change in marine habi-
tat status.  

 
(f) Inspections. Visual and operational inspec-

tions 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 en-
vironmental 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. 
 
 
CONCLUSIONS 
 

Overall, fishing port projects can help improve 
the socio-economic condition of fishermen by en-
hancing 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 con-
struction and operations of fishing port projects in a 
semi-enclosed water body include possible deterio-
ration in water quality, damage to some local benthic 
habitats, waste generation, dust, noise, health and 
safety concerns, and traffic congestion.  

An Environmental Management and Monitor-
ing Plan is proposed to minimize the adverse impacts 
associated through suggested mitigation measures 
and a monitoring program to oversee the implemen-
tation of the mitigation measures during the different 
phases of the development.  
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ABSTRACT 
 
Treatment efficiency was investigated for ad-

vanced treatment of coal chemical industry 
wastewater by expansive flow biological aerated fil-
ter. 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 de-
creased with the augment of HRT. Shorter HRT in-
duced 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 back-
washing 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 re-
covery time. 
 
 
KEYWORDS: 
Expansive flow biological aerated filter; Coal chemical in-
dustry 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 ad-
vantages 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 indus-
trial wastewater, the amount of which is less compar-
ing to domestic sewage[1]. BAF integrates the func-
tions of physical filtration and biodegradation, in-
cluding the effects of absorption and retention in fil-
ter, 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 

transfer and optimization of backwashing[6, 7]. The 
further study provides the basis for the wide applica-
tion 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 hy-
draulic 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 consid-
ered to be one kind of refractory industrial 
wastewater with poor biodegradability. The compo-
sition 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 cya-
nide and thiocyanate[9]. Traditional activated sludge 
process was widely used in coal chemical plants for 
wastewater treatment[10, 11]. However, the effec-
tiveness of traditional activated sludge process was 
unsatisfactory with the disadvantages of high energy 
consumption, poor removal efficiency[12, 13]. Bio-
film processes had been proved to be an available 
method to treat coal chemical industry effluent by 
overcoming some of the problems in traditional acti-
vated sludge process, especially in the treatment of 
wastewater with low concentrations of pollu-
tants[14]. The contents of contaminants in the efflu-
ent after traditional treatment were still high, a great 
distance between the requirement of zero emission 
of coal chemical industry wastewater. Therefore, ad-
vanced treatment was essential for coal chemical in-
dustry wastewater[15]. In this study, expansive flow 
BAF was adopted for the advanced treatment of coal 
chemical industry wastewater and the treatment per-
formance was investigated. Parameters of backwash-
ing were also optimized based on the amount of sus-
pended solid in backwashing effluent and recovery 
time. 

 
 

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 
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top diameter of 240 mm (Fig. 1). The effective vol-
ume 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 ele-
ment was about 1.46 g/cm3, and the bulk density was 
0.84 g/cm3, with the porosity of 42.5%. 

 
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 run-
ning for two years. The inoculum sludge was gray-
black with good settling characteristic, the SVI of 
which was 80. There was 30 days batch cultivation 
before experimental operation. The real coal chemi-
cal 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. 

 
TABLE 1 

Main characteristics of wastewater 
Item COD 

(mg/L) 
Total 
phenol 
(mg/L) 

NH4
+-

N 
(mg/L) 

pH Turbidity 
(NTU) 

Chroma 
(degree) 

Range 
80-150 10-50 15-60 

6.96-
7.97 

100-250 200-400 

Mean 122 34 28 7.82 185 314 

 
Analysis methods. During the experiment, 

samples were taken from the influent and effluent of 
the expansive flow BAF everyday and analyzed im-
mediately after filtered through filter paper of 0.45 

 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 
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 40 . The concentrated samples were 
used for GC-MS analysis. 
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FIGURE 2 

Performance of COD removal 
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FIGURE 3 

 
 

RESULTS AND DISCUSSION 
 
COD and total phenols removal. The evolu-

tions of COD and total phenols in influent and efflu-
ent 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 av-
erage removal efficiency of 56.3% (Fig. 2). COD av-
erage 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 simi-
lar to that of COD removal. The average total phe-
nols 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 re-
moval 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 deg-
radation of pollutants in the expansive flow BAF. 

 
Performance of total phenols removal. Pollu-

tants in the biologically pretreated coal chemical in-
dustry wastewater were refractory compounds, the 
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biodegradation rates of which were very low. In ad-
dition, 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 de-
tected that BOD5/COD in the effluent was less than 
0.1 when the HRT was 12 h, suggesting that pollu-
tants in the effluent could hardly be degraded in bio-
logical way. 

 
NH4+-N removal. NH4

+-N removal in expan-
sive 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 re-
sistances of oxygen and substrate were poor when 
hydraulic loading was low, and an uneven distribu-
tion of gas and wastewater would emerge in the re-
actor[18, 19]. The mass transfer resistance was larger 
when the NH4

+-N concentration was lower. High hy-
draulic loading rate promoted mass transfer and hy-
draulic condition[20]. Therefore, NH4

+-N removal 
efficiency declined with the augment of HRT in ex-
pansive flow BAF. 
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FIGURE 4 

Performance of NH4
+-N removal 

 
TABLE 2 

Turbidity and chroma removals in expansive 
flow BAF 

 Influent Effluent Removal 
efficiency 

Turbidity 
(NTU) 

185.58±12.16a 3.66±0.83 98.03% 

Chroma 
(Degree) 

314.95±24.38 26.22±1.63 91.67% 

a Values represent the average values ±standard deviation 
 

 
Turbidity and chroma removal. According to 

the effect of HRT on COD, total phenols and NH4
+-

N removals, turbidity and chroma removals were in-
spected at the HRT of 9 h. 

Table 2 shows the average turbidity and chroma 
concentrations in the influent and effluent of expan-
sive flow BAF. The average concentrations of tur-
bidity and chroma in effluent were 3.66 NTU and 
26.22, indicating expansive flow BAF was an avail-
able process to remove turbidity and chroma from 
coal chemical industry wastewater. 
 

TABLE 3 
Main organic composition in the influent and ef-

fluent by GC-MS analysis 

Organic 
compounds 

Influ-
ent 

Ef-
flu-
ent 

Organic 
compounds 

Influ-
ent 

Efflu-
ent 

Phenol 25.31a -b Pyridine 2.24 - 

Phenol, 2-
methyl- 

8.92 - 
Pyridine, 3-
methyl- 

1.94 + 

Phenol, 3-
methyl- 

30.26 - 
Quinoline 

6.54 - 

Phenol, 2,3-
dimethyl- 

5.49 - 
Isoquinoline 

0.84 + 

Phenol, 2,4-
dimethyl- 

2.16 - 
Quinoline, 2-
methyl- 

0.48 - 

Phenol, 3,4-
dimethyl- 

1.53 - 
Indole 

5.98 - 

Hydroqui-
none 

0.41 + 
Diethyl 
phthalate 

4.34 - 

Heptadeca-
noyl 

0.36 + 
Others 

2.63  

Eicosane 0.57 +    

 a Values represent the relative percentage of total peak 
area. 
 b +, detected. -, not detected. 

 
 
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 in-
cluded phenolic compounds such as phenol, 
methylphenol, dihydroxyhenzene, and nitrogen-con-
taining heterocyclic compounds such as pyridine, 
quinoline, indole and aromatic hydrocarbons. Phe-
nolic compounds were the main pollutants in the 
wastewater, accounting for about 73% of the total or-
ganic contaminant in the influent. Nitrogen-contain-
ing heterocyclic compounds (pyridine, quinoline and 
indole) constituted about 18%. A significant reduc-
tion was observed in terms of organic compound 
amount and kind in effluent by the treatment of ex-
pansive flow BAF. Phenols were almost completely 
degraded, while some nitrogen-containing heterocy-
clic compounds, aromatic hydrocarbons and long-
chain hydrocarbons were refractory to be degraded 
or removal in expansive flow BAF. Nitrogen-con-
taining heterocyclic compounds comprised the ma-
jority in the effluent. The results suggested that those 
compounds were recalcitrant to be removal by bio-
logical method, and the effect of absorption and in-
terception in expansive flow BAF had little effect on 
the removal of those compounds. 
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Backwashing. Backwashing was conducted af-
ter 96 hours operation of expansive flow BAF. Back-
washing 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 back-
washing. The air intensity was 8.0 L/(s·m2) and wa-
ter intensity was 2.5 L/(s·m2). 
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FIGURE 5 

Relation between backwashing time and accu-
mulative SS in backwashing liquor 

 
The accumulative suspended solids (SS) con-

tent 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 ob-
ject to be rinsed. The adhesion between inner active 
biofilm and filter media was firm, therefore inner ac-
tive 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 backwash-
ing was another item to evaluate the effect of back-
washing. 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 respec-
tively when backwashing time prolonged to 9 
minutes and 10 minutes. The appropriate backwash-
ing time was 6-8 minutes, according to the accumu-
lative SS content in backwashing liquor (Fig. 5), and 
the backwashing time was set to be 6 minutes in this 
study. 
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FIGURE 6 
Relation between COD removal and filter bed 

recovery time 
 
 

CONCLUSIONS 
 
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 avail-
able 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. 
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Adsorption of neutral red (NR) on the raw 

peanut shell (PS)  and NaOH modified peanut shell 
(NaOH PS)  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. 
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, 

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 pseudo-
second-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.  
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The objective of this study was to investigate 
the removal of NR onto NaOH modified peanut 
shell s of contact time and pH were 
analyzed. In addition, the kinetics, adsorption iso-
therms 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  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.  

 

 
FIGURE 1 

The chemical structures of  neutral red 
 

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 

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 pHi 

crossed the axis pHi=pHf. 
 

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 

asks containing 25 mL of NR solutions. After 

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.  
 

Adsorption Kinetics. The controlling mecha-
nism of the adsorption process was investigated 
using two kinetic models; which were pseudo
order and pseudo second order models, respect-
ively. The kinetic rate equations can be written as 
follow, 
                                                                           (1) 
                                     

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): 

n
te

t qq
dt

dq
)(
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(2) 
                                                            

            
(3) 

 
 

The straight line plots of Ln(qe qt) against t 
and of t/qt against t were used to determine the rate 

R2) for the 
rst and second order kinetic models, respectively. 

ting equation was selected based on both 
linear regression R2 and the calculated qe values. 

 
 

 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, 
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 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 

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.  
 

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.  

 

 
FIGURE 3 

Effect of adsorption time on NR adsorption on 
PS and NaOH PS 

 
The controlling mechanism of NR adsorption 

by PS and NaOH PS 
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 cons-
tants of NR on PS and NaOH PS are summarized in 
Table 2. The pseudo order model data do not 
fall on straight lines. Besides, the calculated qe 
values determined from the models differs subs-
tantially from those determined experimentally, 
suggest that the studied adsorption NR on PS and 
NaOH PS is not a pseudo order reaction. On 
the other hand, the R2 for the pseudo second order 
kinetic model are nearly equal to 1 (see Table 2), and 

eet q

t

qkq

t
2

2

1

tkqqq ete 1ln)ln(

TABLE 1

Physical and chemical properties of PS and NaOH PS

                                                        PS NaOH PS

Acidic functional groups (mmol/g)    2.18 0.44 

      carboxylic groups( COOH)          1.25 0.07 

      lactonic groups( COO )             0.43 0.18 

      phenolic groups ( OH)                 0.50 0.19 

Basic  functional groups (mmol/g)    1.88 3.26 

pH  value 6.99 11.75PZC
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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. 

 

 

 
FIGURE 4 

Pseudo second order kinetic plots of NR on PS 
and NaOH PS 

 
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%,  res-

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 

 the sur-face 
charges of PS and NaOH PS were positively, thus 
making H+ ions compete e ectively with posi-tive 
cations, which results in a decrease in the amount of 

NaOH PS were negatively charged, which enhances 
the positively charged NR cations with electrostatic 
attraction. 

 
Adsorption isotherm. Langmuir and Freund-

lich 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. 

          (4) 
 
 

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.  

  (5) 
 

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 

8. 

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.  

eL

eL
e CK

CKQ
q

1
0

neFe CKq
1

TABLE 2

Kinetic constants of NR on PS and NaOH PS at 25 C

Calculated Experience

 (1/min)  (mg/g) (mg/g) 

Pseudo-first-order model

PS 0.2674 48.56 0.9376 126.58 

NaOH PS 1.1866 63.84 0.9583 192.31 

Pseudo-second-order model (g/mg min)

PS 0.0100 129.85 0.9999 126.58 

NaOH PS 0.0480 196.26 1.0000 192.31 

k
R

q q  

k

1

e e

2 

2
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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). 

 
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. 
 

 
 
CONCLUSIONS 

 
We examined the adsorption capacity of neutral 

red from aqueous solution on PS and NaOH PS. The 
removal ratio of NR is increased by increasing the 
pH value. The removal ratios of NR (50 mg/L) on PS 
and NaOH PS after 2 h were 95.0 and 98.1%, 
respectively. 
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 or 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. 
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As can be seen from 
figure 4, the reaction temperature influenced the Hg0 
removal efficiency significantly. the reaction 
temperature increased from , the Hg0 
removal efficiency of the 

increased from 
Hg0 removal efficiency decreased 

from 

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]. Wa-
ter molecules also reacted from the increase, allow-
ing the oxygen functionalities to change, when the 
temperature exceeded a certain value. The H2O mol-
ecules on the surface of the sorbent evaporated, and 
some oxygen functionalities also decreased due to 

decomposition. Therefore, it is necessary to control 
the reaction temperature during the Hg0 adsorption 
process. 

 

Electing 1g PTFE as adsor-
bents, simulated flue gas temperature was 160 , 
flue gas flow rate was 3L / min, m

 

 
 

Hg0
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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, acid-
leaching and multiple-step nitric acid-water-
leaching 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 re-
move the heavy metal efficiency but changed the 
fraction distribution of heavy metals which activat-
ed the heavy metal. Multiple-step leaching process 
was the most efficient process to achieve double 
effect that reduced the content and potential availa-
bility of heavy metal in fly ash in the meantime. 

 
 
KEYWORDS: 
Heavy metal; Fly ash; Leach; Bioavailability. 

 
 

INTRODUCTION  
 
With such features as small floor area, harm-

lessness, 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[1-
3]. MSWI procedure produced two kinds of by-
product-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[5-
6]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 consid-
ered high potential risk to creature. 

MSWI fly ash has great harm to the environ-
ment and the treatment methods, utilization and the 
potential risk assessment of MSWI fly ash has been 
attracted more and more attention. To handle 

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, potassiumchlo-
ridefrom 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 
l 

behavior, the eco-environment risk was relied on 
the available forms of pollutant. The bioavailability 
of heavy metals is mainly due to the active chemi-
cal forms of metals. Researchers have found that 
significant positive correlations between the availa-
bility of heavy metals to creature and the chemical 
fraction of heavy metals. Speciation analysis is one 
of the most important methods to analysis the mo-
bility, toxicity and portability of heavy metals. 
Sequential extraction schemes such as Tessier ex-
traction, 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. There-
fore, the current study introduces the leaching char-
acteristics and change of bioavailability of heavy 
metals in MSWI fly ash during various washing 
processes. 
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MATERIALS AND METHODS 
 
Sample collection and preparation. Munici-

pal Solid Waste Incineration fly ash was sampled in 
a typical incineration plant in Chongqing, China. 
Fly ash was air dried and grinded into powder sam-
ples with particle size <150 . 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 ma-
jor elements composition of MSWI fly ash was 
carried out by using X-ray fluorescence spectropho-
tometer (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. 

 
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 de-
ionized water at an L/S ratio of 10/1 by magnetic 
stirring at the temperature of 25 . 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. 

 
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 25 . 
The leaching time was 5, 10, 20, 40, 
80min,respectively. The after leached fly ash was 
filtered and freeze dried to analysis the concentra-
tion and fraction of heavy metal quantitatively. 

 
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 temper-
ature of 25 . The leaching time was the same as 
the optimal water leaching time. The multiple-step 
leached fly ash was filtered and freeze dried to 

analysis the concentration and fraction of heavy 
metal quantitatively. Flowcharts for three different 
processes above are shown in Fig. 1. 

 

 
FIGURE 1 

(a) Flow charts for water leaching process; (b) 
Flow charts for acid leaching process; (c) Flow 

charts for multiple-step nitric acid-water-
leaching process; 

 
Sequential extraction procedures and bioa-

vailability index. Sequential extraction was per-
formed 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 frac-
tion(F4) and residual fraction(F5). The sequence 
extraction procedures were shown in Table 1: 

 
TABLE 1 

Sequence extraction procedures 
Extrac-
tion stage 

Tessier method 

F1 8 ml, 1 M MgCl2, pH 7 

F2 
8 ml, 1 M Sodium Acetate, pH 5 with25% v/v Acetic 
Acid 

F3 
20 ml, 0.04 M Hydroxyl ammonium chloride in 25% v/v 
acetic acid 

F4 
5 ml, 30% v/v H2O2 and 3 ml, 0.02 M HNO3. Extracted 
with 5 ml, 3.2 M ammonium acetate 

F5 
Conc. 15 ml, HF and 4 ml, HClO4. Repeated and residue 
taken up in 5 ml HNO3 

 
Bioavailability index (BI), which can be intro-

duced 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  
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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 per-

formed 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 main-
ly 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 outdis-
tances both the background value of soil and the 
value of the third level of National Soil Environ-
mental Quality Standard of China. Compared with 
previously reports, the heavy metal in this study had 
as close content with that in Taiwan and Korea[27-
28]. With the high content of chlorine from munici-
pal solid waste, the metal chloride such as PbCl2 
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  O Ca Cl Na K Si S 
Compo-
sition 

31.
18 

28 8.1
5 

5.3
3 

4.69 4.2
0 

3.54 

Element  Fe Mg Al Zn P Ti Pb 

Compo-
sition 

1.5
8 

1.5
1 

1.1
7 

0.7
1 

0.55 0.4
8 

0.21 

 
TABLE 3 

Contents of heavy metals in fly ash (mg/kg  
Heavy metal Cd Cu Pb Zn Hg 

Fly ash 
194.
33 

842.
80 

2130.
23 

7126.
5 

25.52 

Background 
value of soil 

0.13 
21.5
9 

17.93 73.39 
0.05 

GB15618-
1995 1.0 

40
0 

500 500 
0.5 

Notes: The background value of soil came from he Atlas of 
Soil Environmental Background Value in the People's Republic 

 and GB15618-1995 was the third level of National 
Soil Environmental Quality Standard[29]. 

 
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 frac-
tion and residual fraction while the main fraction of 
the other heavy metals was the residual fraction. 
The relative amounts of easily dissolved phase of 

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 high-
er toxicity and availability. 

 

 
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 
Heavy 
metal 

Pb Cd Zn Cu Hg 

BI 0.2926 0.6947 0.4993 0.6470 0.6180 

 
FIGURE4 

Remove ratio of heavy metals during  
the water leaching process 

 
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 met-
als 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 ex-
changeable 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 equi-
librium. 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 reac-
tion 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 pro-
cess 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 effi-
ciency 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 distri-
bution of heavy metals in fly ash. The ratio of ex-
changeable fraction increased rapidly while the 
fraction bounded to carbonates and fraction bound-
ed 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 crea-
ture. The effect of nitric acid to Cd fraction was 
more distinct than the other heavy metals, the pro-
portion 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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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 characteris-

tics and change of bioavailability of heavy metal. 
Multiple-step nitric acid-water-leaching process 
was a promotion of water-leaching and acid-
leaching process, acid-leaching can remove the 
heavy metal efficiently to reduce the total concen-
tration 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 
 Pb Cd Zn Cu Hg 
Water 
leaching 

8.69 6.60 0.28 0.26 1.20 

Acid 
leaching 

61.62 63.70 71.41 58.94 13.38 

Multi-
ple-step 
leaching 

63.51 67.33 71.94 59.63 13.78 

TABLE 6 
BI of heavy metals by different leaching process 
 Pb Cd Zn Cu Hg 
Raw fly ash 0.29 0.69 0.50 0.65 0.62 
Water-leached fly 
ash 

0.27 0.68 0.32 0.32 0.59 

Acid-leached fly 
ash 

0.32 2.52 0.39 0.71 0.63 

Multiple-step 
leached fly ash 

0.11 0.55 0.12 0.39 0.48 

 
As is seen in Table 5 and 6, the removal ca-

pacity of heavy metals was in the order of multiple-
step leaching, acid leaching and water leaching 
process, indicated that multiple-step leaching pro-
cess was the most efficiency wet-way to remove the 
heavy metals from MSWI fly ash. Compared to BI 
of heavy metals in raw fly ash, water-leaching pro-
cess removed the heavy metals in exchangeable 
fraction and reduced the availability of them. With 
the exception of Zn, acid-leaching process motivat-
ed the transformation to active fractions and raised 
the BI value, Zn dissolved into the liquid phase 
which led to the decreased the transferability. Mul-
tiple-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. 

 
 

CONCLUSION  
 
This study investigated the composition of 

heavy metal, the leaching characteristics and 
change of bioavailability during the leaching pro-
cess by water, nitric acid and multiple-step nitric 
acid-water, the research achievement was as fol-

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 leach-
ing 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 Fe-
Mn oxides transformed to more active fraction and 
dissolved out. Multiple-step leaching process 
achieved double effect that lowered the total con-
tent and potential availability of heavy metal in the 
meantime. 
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ABSTRACT  
 
Concentrations of copper, zinc, lead, cadmium, 

manganese, arsenic, and mercury were measured in 
the muscle, gill, liver, and kidney of Mystus macrop-
terus 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 relation-
ships 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 metal-
loids from natural and anthropogenic sources can en-
ter the freshwater ecosystems and cause threat be-
cause of their toxicity, long persistence, bioaccumu-
lation and biomagnification. Metals such as Cu, Zn, 
and Mn are biologically essential elements. How-
ever, 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 accu-
mulate 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 bioin-
dicator 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 

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 macrop-
terus and Cyprinus carpio from Chishui River, 
which located in the rare and endemic fish nature re-
serve 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 im-
portant 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 indus-
trial development [7]. Although the populations of 
fish species in this river are currently in rapid decline 
because of water environment degradation, overfish-
ing, laxity in law enforcement, mismanagement, and 
indifferent consciousness to environment, it appears 
that not much attention has been paid towards con-
tamination studies of fish inhabiting in this river. The 
data dealing with metal pollution in this area is ex-
tremely 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 ef-
fective monitoring of both environmental quality and 
the health of the organisms inhabiting in the river 
ecosystem. Also, Gaining information of metal lev-
els in tissues of fish is essential both respecting river 
management and fish conservation. 

 
 

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-

 



© by PSP  Volume 26  No. 7/2017 pages 4549-4554      Fresenius Environmental Bulletin 

4550

 

TABLE 1 
Number, length and weight ranges of the two fish species 

Fish Number Length ranges (cm) Weight ranges (g) 
M. macropterus 22 12.5 33.9 18.8 189.0 
C. carpio 20 14.4 21.7 40.8 153.2 

 
TABLE 2 

Measurements of standard sample of prawn constituent (mg/kg wet wt) 
 Cu Zn Pb Cd Mn As Hg  
Certified values 10.3 ± 0.7 76 ± 4 0.20 ± 0.05 0.039 ± 0.002 8.9 ± 0.3 1.4 ± 0.3 0.049 ± 0.008 
Measured values 10.7 ± 0.1 75 ± 2 0.17 ± 0.02 0.038 ± 0.001 9.0 ± 0.2 1.3 ± 0.1 0.053 ± 0.002 

 
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 HNO3-
HClO4 (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 quantita-
tively transferred to 25 mL glass tube with ultrapure 
water (Milli-

ter. 
 
 

 
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 (ICP-
AES; Thermo ICAP6300-duo, USA). The As and Hg 
concentrations were measured by the KCHG AFS-
230E atomic fluorophotometer. The detection limits 
of 

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 constit-
uent) 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). 

 
Statistical Analysis. All statistical calculations 

were performed using SPSS 19.0 for Windows. One-

Multiple Comparison Test (p = 0.05) were used to 
access whether metal concentrations varied signifi-
cantly between fish species. Two-way ANOVA was 
performed to test the effects of fish species and tissue 
on metal concentrations
ficient (r) was used to examine the relationship be-
tween 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. macrop-
terus 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 concentra-
tions were much higher than other metals in all tis-
sues. 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  
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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 Cu Zn Pb Cd Mn As Hg 

M. macropterus 
Mus-
cle 

0.35±0.06a 9.23±3.04a 0.41±0.38 0.03±0.03a 0.27±0.04a 0.09±0.01a 0.06±0.01 

 Gill 0.70±0.14ab 15.26±2.64b 0.53±0.23 0.05±0.03a 0.60±0.12b 0.10±0.01bc 0.06±0.01 
 Liver 2.73±1.25c 21.47±4.21c 0.43±0.23 0.29±0.19b 1.35±0.32c 0.10±0.01ab 0.07±0.02 
 Kid-

ney 
1.06±0.25b 27.56±5.39d 0.50±0.26 0.47±0.32c 0.58±0.17b 0.11±0.04c 0.07±0.02 

C. carpio 
Mus-
cle 

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 

 Gill 0.91±0.16a 20.49±3.11a 1.54±0.53c 0.14±0.05b 3.64±1.04d 0.13±0.03c 0.06±0.01 
 Liver 11.14±6.40b 118.75±45.53b 0.36±0.04ab 0.15±0.08b 1.55±0.36c 0.10±0.01ab 0.06±0.01 
 Kid-

ney 
1.90±0.57a 159.47±48.87c 0.47±0.11b 0.63±0.45c 0.97±0.20b 0.12±0.03bc 0.07±0.02 

Different letters indicate significant differences between different tissues (p< 0.05). 
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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 bioaccu-
mulation pattern was mainly associated with tissue 
and species [8]. Metal concentrations in fish tissues 
not only reflect exposure to elements but also the el-
emental excretion from various organs by metabolic 

processes [9]. Compared with the gill, liver, and kid-
ney, muscle typically contains low metal concentra-
tions. The muscle was not an active tissue for metal 
bioaccumulation [10]. Consistent with this hypothe-
sis, the lowest Cu, Zn, Pb, Cd, Mn, and As concen-
trations were found in muscle tissue of the two fish 
species. However, the Hg concentration showed no 
significant difference between muscle and other tis-
sues (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  r). 
Fish species Tissues Cu Zn Pb Cd Mn As Hg 
M. macropterus Muscle 0.11 -0.75** 0.66** 0.65** -0.30 -0.13 -0.32 
 Gill -0.22 0.00 0.16 -0.10 0.18 0.38 -0.37 
 Liver -0.20 -0.16 -0.04 0.06 0.11 -0.16 -0.07 
 Kidney 0.03 -0.16 -0.04 0.29 -0.18 -0.01 -0.03 
C. carpio Muscle -0.18 0.26 0.17 -0.30 -0.09 -0.13 -0.05 
 Gill -0.30 -0.32 -0.07 -0.01 0.26 0.04 0.47* 
 Liver -0.02 -0.20 0.12 -0.16 0.30 0.20 -0.36 
 Kidney -0.07 -0.15 -0.60** -0.54* -0.36 -0.20 -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-bind-
ing sites locate [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 ten-
dency 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 con-
centration 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 (Ta-
ble 3). According to these results, it could be con-
cluded 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 be-
tween fish species might be a result of different hab-
itat environment, diet, characteristic behavior, 
lifespan and metabolic activities [16, 17]. M. mac-
ropterus and C. carpio are both omnivorous fish 
feeding on mollusks, larva of aquatic insect, organ-
ism detritus, and some kinds of algae. M. macrop-
terus 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. car-
pio 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 ac-
cumulation abilities between them. Differences in 
geographic distribution of life stages could be addi-
tional possible explanations for the variation ob-
served in metal concentration between different fish 
species [20]. 

 

Relationships between Metal Concentra-
tions and Fish Length. The relationships between 
metal concentrations and fish length in different tis-
sues of M. macropterus and C. carpio are showed in 
Table 4. No identical relationships between metal 
concentrations and fish length were showed in pre-
sent 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 rela-
tionships might be explained by the fact that the 
smaller fish need more energy for growth, less en-
ergy 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 be-
tween 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 correla-
tions were observed between metal concentrations in 
some tissues and length of the species, metal concen-
trations in some other tissues showed no significant 
correlations with fish length [26], what is in agree-
ment with the results of present study where the con-
centrations 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 Consump-

tion. The muscle of fish is the main edible part that 
can directly affect human health if carries metals be-
yond 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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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) as-
signed by the Ministry of Health of China. The con-
centrations of Pb in some individuals, however, were 
above the tolerance limit level. The mean concentra-
tion of Pb in M. macropterus was also above the Eu-

(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 bi-
oaccumulation. 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 distribu-
tion of life stages. There were no identical relation-
ships 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 long-
term monitoring of metal pollution in this area are 
needed. 
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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 

organic dried apricot and this value is found as 

apricot. While variable costs per hectar in the 
s 

conventional dried apricot. Fixed costs per hectar in 
the organic and conventional apricot farms are found 

 

farms producing organic apricot and it is determined 

production. Net profit per hectar in the organic and 
06.04 

and  
 
 
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 

176,718 tons [1].  Apricot is produced mainly in the 
, 

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.  
 
 
MATERIALS AND METHODS 

 
In this research, the data was collected through 

face-to-face interviews with selected farmers from 
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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 (1-
p):0.50 
 = Variance of proportion 
 

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 

interest rate of 4% (annual savings deposits interest 

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 non-
parametric tests [23]. 

 
 

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). 
 

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 

Organic Farms 
(38 farms) 

Conventional Farms 
(40 farms) 

Age (year) 51.37 51.56 
Education level (year) 8.37 7.22 
Agricultural experience (year) 29.61 32.26 
Apricot production experience (year) 27.24 30.38 
Organic apricot production experience (year) 8.34 - 
Land (ha) 4.06 3.62 

 
 

TABLE 2 
Average variable costs of farms  

 

Variable Costs  
Organic Farms 

(38 farms) 
Conventional Farms 

(40 farms) 
Fertilizer costs 1,712.42 1,371.42 
Pesticide costs 1,026.93 592.48 
Fuel oil costs 2,040.82 2,038.27 
Labour costs 2,397.27 1,563.67 
Irrigation costs 258.55 258.35 
Electricity costs 1,842.40 738.78 
Total variable costs  9,278.39 6,562.97 
Total variable costs (per hectar) 2,285.32 1,812.97 

 
 

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. 

 
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 foun
producing organic dried apricot and it is found as 

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 

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 

average value of fixed costs per hectar at organic 
apricot farms ar 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). 

 
Gross production value. Gross production 

value consists of the monetary value of apricot 

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 

 

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. 
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TABLE 3 
Average fixed costs of farms  

 

Fixed Costs  
OrganicFarms 

(38 farms) 
Conventional Farms 

(40 farms) 
Administrative costs (3%) 2,783.52 1,968.89 
Annual depreciation costs (*) 7,877.86 7,595.21 
Rent equivalent of land (5%) 28,281.93 25,216.28 
Interest of variable costs (2%) 1,855.68 1,312.59 
Total fixed costs  40,798.99 36,092.97 
Total fixed costs (per hectar) 1,005.89 996.77 

(*) The economic life of plantations was estimated as 30 years. 
 

TABLE 4 
Gross production value of farms 

 

Items 
Organic Farms 
(38 farms) 

Conventional Farms 
(40 farms) 

Sold fresh apricots (kg) 6,656.67 5,066.10 
 0.64 0.62 

Dried apricot production (kg) 6,817.74 5,744.64 
 3.12 2.60 

Pit (kg) 2,124.07 1,272.22 
 0.59 0.58 

Total gross  26,784.82 18,814.93 
Gross production value (per hectar) 6,597.25 5,197.49 

 
 

apricot production in respect of gross production 
value per hectar had been found statistically 
significant 

Gross margin and net profit. Net profit and 
gross margin are being used in measuring the success 
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 
costs from the total gross production value. Gross 
production value, variable costs, gross margin and 
net profit of farms has shown in Table 5. While gross 
margin per hectar at farms producing organic dried 

conventional dried apricot. Net profit per hectar at 
farms producing organic dried apricot had been 

apricot. Due to provision of premium to organic 
products at organic farms, it can be said that gross 

margin per hectar is higher. The difference in 
between farms performing organic and conventional 
apricot production in respect of gross margin and net 
profit per hectar is found to be statistically 
significant according to the result of One-Way 
Anova test (p<0.05). 

 
 

CONCLUSION 
 

This research has been successful in 
determining profitable of organic and conventional 
dried apricot production. In apricot production, 
success depends on how well the farmer can manage 
the crop and make the right decisions. Usage of 
chemical fertilizer and pesticide is intense in the 
production of conventional cultivated dried apricot. 
On the contrary, pesticide usage is lower and 
fertilizer usage is higher at farms producing organic  

TABLE 5 
Net profit and gross margin per hectare of farms  

 

Items 
Organic Farms 
(38 farms) 

Conventional Farms 
(40 farms) 

Gross production value (1) 6,597.25 5,197.49 
Variable costs (2) 2,285.32 1,812.97 
Variable + fixed costs (3) 3,291.21 2,809.74 
Gross margin (4=1-2) 4,311.93 3,384.52 
Net profit (5=1-3) 3,306.04 2,387.75 
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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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ABSTRACT 
 
Recently, renewable energy with the ability to 

replace traditional energy such as fossil fuels, has at-
tracted the attention of many researchers. In this 
study, the amount of the produced electricity in the 
presence of modified graphite electrode with biolog-
ical 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 elec-
trodes 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 re-
sults 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 maxi-
mum power and current density for modified elec-
trode 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 re-

sources and the destructive effects of global warm-
ing, 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, consider-
ing the catabolic ability of microorganisms for gen-

erating electricity, is one of the  most optimal ap-
proaches which was introduced for first time by Pot-
ter in 1911[2]. MFC is a combination of microbiol-
ogy, electrochemistry and other compatible sciences 
such as nanotechnology that lead to transformation 
of chemical energy to electrical energy. In this sys-
tem 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 en-
zymes and participate in energy generation as ATP 
form. Then, after passing among the electrolyte in 
the cell, the electrons are transferred to electron ac-
ceptor (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 electro-
lyte and the other factor chemical can be involved in 
MFC performance[6]. However, one of these param-
eters that have a direct connection with the level and 
speed of electron transfer from microorganism to an-
ode and the transfer of electron in circuit, and in 
other words have a significant role in MFC perfor-
mance 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 charac-
teristics of Nps such as the increased surface to vol-
ume ratio are found in them that act in order to in-
creasing the performance of MFC. In this study, bio-
synthesized silver NPs were used for modifying elec-
trode to increase MFC performance. 
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FIGURE 1 

Microbial fuel cell system 
 
 

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 re-
spectively. Total volume of each chamber was 2 liter 
and the useful volume was 1.5 liter.  The used graph-
ite electrode was modified with biosynthesized silver 
Nps. In the anode chamber a small pump for circula-
tion 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. 

 
TABLE 1 

Properties of proton exchange membrane 
Nafion 117csUnitDescription

100cm2Average grain size
183μmWidth
83mS/cmProton conductivity

 
Preparation of microorganism and medium. 

In this study Saccharomyces cerevisiae PTCC 5269 
was used for electricity generation in MFC. This 

yeast was supplied by Centre for Scientific and In-
dustrial 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 L 1), NaH2PO4.H2O 
(7400 mg L 1), MnSO4 (50 mg L 1

   ) MgSO4 (20 mg 
L 1) glucose (500 mg L 1) and yeast extract (10 mg 
L 1). For the cathodic chamber, all the mentioned 
constituents except yeast extract and glucose were 
used [10]. 

 
Synthesis of silver NPs. In order to perform 

synthesizing procedure, the clinical isolates of Can-
dida 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 Can-
dida 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 cen-
trifugation 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 ni-
trate. This flask was kept in dark conditions in shak-
ing 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 sepa-
rated cell. In the next step, the separated cell biomass 
was centrifuged in 6000 rpm due to achieve the op-
timized condition for synthesizing of silver Nps. The 
yeast biomass that had ability to produce silver Nps 
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was isolated via centrifugation in 6000 rpm and was 
divided into three parts for the purpose of FTIR in-
vestigation, PSA analysis and UV-vis spectroscopy 
[11]. 

 
Characterization of silver NPs. UV-Vis spec-

troscopy. Ultraviolet visible spectroscopy was used 
to explore the absorption spectrum of the biosynthe-
sized Nps. For this purpose, 50 μl of obtained solu-
tion and 50 μl of distilled water were added and an-
alyzed with this technique at the wave length of 300-
800nm [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. 

 
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 wa-
ter) was analyzed by PSA.[12] 

 
Modifying graphite electrode. In this study 

two graphite electrode types were used. Bare graph-
ite electrode was provided through desired carbon 
powder and modified graphite electrode was pre-
pared 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 cal-
culated 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 

resistances were 
used for indicating the relation between power den-
sity and resistance in modified electrode state and 
basic electro state. [14] 

 
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 

solution. As shown in figure 2, after adding silver ni-
trate salt to the yeast cell biomass, the color of the 
reaction mixture was changed from white to reddish-
brown after 2 h. This change in color verifies the 
ability of Candida albicans in biosynthesizing of 
Nps.  

 
 

 
FIGURE 2 

The resulted change in color after biosynthesiz-
ing of Nps 

 
Study of UV-visible spectroscopy. Figure 3 

Shows the UV- visible spectrum of synthesized sil-
ver Nps by yeast; an absorption peak found in range 
of 800-300 nm that was related to silver Nps and in-
dicates shifts and surface plasmon at 420 nm. Previ-
ous researches showed that the peak absorption of 
silver Nps was in the range of 450-400 nm [11].  

 

 
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 
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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 distribu-

tion 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 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. 

 

 

 
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 elec-
trode 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. 

 
Current and power density. The data analyz-

ing 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 be-
tween the anode and cathode or applied type of elec-
trolyte 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 gen-
erated power and current density for the modified 
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electrode by biological silver NPs were 160 mW/m-

3 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 fac-
tors 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 re-
sistance of the electrolyte and other chemical factors 
[3]. Many studies have been conducted to improve 
the performance microbial fuel cell using metal ma-
terials [15]. Nanoparticles are useful materials that 
can have ameliorative impact on performance of a 
MFC [16]. Overall, the increasing  

 

 

 
FIGURE 7 

EDX spectrum. a: Basic electrode: b: Modified 
electrode with biosynthesized silver NPs 
 

 
FIGURE 8 

Voltage changes in designed MFC 

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 phenom-
enon 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 struc-
tures of electrodes. The efficiency of chemical cata-
lysts and electrodes can be effectively improved us-
ing this property [17]. 

This study has tried to improve the MFC per-
formance by modification of electrode with biosyn-
thesized 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, re-
ported output power of MFC was increased from 
0.65 mW/m-2 to 788 mW/m-2 in the yeast Saccharo-
myces and modified electrodes with Mn4+ [18]. In 
contrast to mentioned study, our results showed that 
output power of MFC in the presence of Saccharo-
myces and modified electrode with biosynthesed sil-
ver NPs increased from 82 to 160 mW/m-3. Our re-
sult 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 elec-
trode 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 in-
creased 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 
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Nps. Also, in the presented study, the using of mod-
ified 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 mi-
crobial biomass. Designing of fuel cell system is 
considered as one of the most important and hot ap-
proaches due to achieving to related advanced tech-
nology 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 modi-
fied graphite electrode against bare graphite elec-
trode, it can be concluded that silver Nps provide 
more surface for electron transfer from anode to 
cathode pole.  
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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 pharmaceuti-
cal 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 gen-
otypes is determined by the amount of genetic vari-
ability in the germplasm. In this study, genetic vari-
ation between most known twelve coriander geno-
types was investigated using two types of molecular 
markers; Sixteen iPBS primers and Eight SSR pri-
mers selected for polymorphism across the twelve 
coriander genotypes. The maximum PIC for a dom-
inant 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. 
 
 
KEYWORDS:  
Coriander, Genetic diversity, SSR, PBS-retrotransposon 
 
 
INTRODUCTION 
 

The aromatic plants and spices have been used 
in many different areas like food preservation, 
pharmaceuticals, folk medicine and natural thera-
pies, 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, Ma-
laysia, Indonesia, and the American Midwest and in 

the Near East [6, 7, 8]. The exception, of commer-
cial 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 mi-
crosatellites have been proven as valuable markers 
for various applications in numerous gene identifi-
cation, genetic mapping and genetic variability 
studies [10]. The long terminal repeat (LTR) re-
trotransposons are suitable to use as molecular 
markers [11, 12]. Inter primer binding site is an 
ideal marker system as a PCR-based method for 

and for the rapid isolation of retrotransposon termi-
ni 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.  
 
 
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 (Ta-
ble 1). 

 
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 va-
riety of coriander. The extraction procedure was the 
CTAB as reported by Doyle [16]. DNA was quanti-
fied using NanoDrop 2000 versions (Thermo Scien-
tific) by measuring A260/A280. 
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TABLE 1 
Coriander genotypes used in this study 

 
Genotype  Origin  
Pelmus Turkish certified 
Gurbuz Turkish certified 
Erba Turkish certified 
Arslan Turkish certified 
Kerkuk Turkish certified 
Kudret-K Turkish certified 
France-1 Gondiam 
France-2 Vilmorin 
France-3 Vilmorin 
Antakya Turkish mixed population 
Albania Koriander fura 
India Dubai 

 
 

SSR PCR amplification. Eight SSR primers 
were used that previously published from Gaters-
leben wheat microsatellite and Beltsvile agricultural 
research center and listed in table 3. The polymer-
ase 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 ex-
tension for 5 minutes before the program was ter-
minated by holding at 4 °C [18].The amplified 
products were analyzed by electrophoresis in capil-
lary system and results were screened by Qiaxcell 
Screengel 1.4 software.    

 
PBS PCR amplification. Sixteen primers 

were selected from 80 PBS 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 car-

ture containing 25 ng 
 for 12 13 nt primers and 0.6 

18 19 nt, primers, 0.2 mM dNTPs 
and 1 unit Taq DNA polymerase according to [11]. 
The PCR products were electrophoresis on 1.7% 

(w/v) of agrose gel containing 6-  ethidium bro-
mide, at 110 volts for 3 hours and screened using 
Vilber Lourmart Quantum ST4 system.    

 
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 ig-
nored. Bands that having the same size were as-
sumed to offer a single locus. For the presence of a 

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 sta-
tistics to occur with distance matrices and construc-
tion 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 mak-
ing hierarchical clustering employing agglomera-
tive, proximity matrix. The goodness of fit of the 
clustering compared with the basic data matrix was 
checked.    

 
 

RESULTS 
 
PBS marker system. Sixteen primers select-

ed 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 PBS pri-
mers for PCR amplifications. The number of poly-
morphic 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 Sequence (5 3 ) Ta(0C) 

Number of 
bands a 

Number of polymorphic 
bands 

Percentage of polymorphism 
(%) 

Mean PIC 
value 

2077 CTCACGATGCCA 46.1 8 6 75 0.4444 
2079 AGGTGGGCGCCCA 56.6 2 2 100 0.2778 
2085 ATGCCGATACCA 43.8 10 8 80 0.4911 
2095 GCTCGGATACCA 44.8 6 6 100 0.3457 
2232 ACTTGGATGCTGATACCA 56.6 6 6 100 0.4861 
2239 ACCTAGGCTCGGATGCCA 60.4 10 8 80 0.4911 
2242 GCCCCATGGTGGGCGCCA 69.2 4 4 100 0.3750 
2249 AACCGACCTCTGATACCA  54.7 12 10 83.3 0.4550 
2295 AGAACGGCTCTGATACCA  55.0 2 2 100 0.2778 
2298 AGAAGAGCTCTGATACCA 51.6 6 6 100 0.1975 
2375 TCGCATCAACCA  45.1 7 5 71 0.2133 
2377 ACGAAGGGACCA  47.2 8 8 100 0.4922 
2378 GGTCCTCATCCA 44.2 2 2 100 0.3750 
2394 GAGCCT AGGCCA  48.5 2 2 100 0.2778 
2395 TCCCCAGCGGAGTCGCCA  66.0 2 2 100 0.2778 
2415 CATCGTAGGTGGGCGCCA  62.5 4 4 100 0.2778 

a
Total accounted bands appearing in two or three times repeated experiments  
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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. 
 

SSR primer Forward primer Reverse primer 
Ta 
(°C) 

aAllelle
s 

Mean 
PIC value 

XBAC 137 AGAGGACGCTGAGAACTTTAGAGAA GCGATCTTTGTAATGCATGGTGAAC 53 17 0.4029 
XBARC186 GGAGTGTCGAGATGATGTGGAAAC CGCAGACGTCAGCAGCTCGAGAGG 68 17 0.3328 
XBARC187 GTGGTATTTCAGGTGGAGTTGTTTTA CGGAGGAGCAGTAAGGAAGG 63 14 0.3157 
XBARC263 GGAAGCGCGTCAGCACTAGGCAAC GGCTTCTAGGTGCTGCGGCTTTTGTC 70 13 0.2946 
XGWM113 ATTCGAGGTTAGGAGGAAGAGG GAGGGTCGGCCTATAAGACC 55 10 0.4266 
XGWM156 CCAACCGTGCTATTAGTCATT CAATGCAGGCCCTCCTAAC 60 17 0.3153 
XGWM257 AGAGTGCATGGTGGGACG CCAAGACGATGCTGAAGTCA 60 16 0.4132 
XGWM630 GTGCCTGTGCCATCGTC CGAAAGTAACAGCGCAGTGA 60 22 0.2778 

a Number of bands from two or three times repeated experiments.  
 
 

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 - 
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 infor-
mation content (PIC) values and band polymor-
phism is presented in Table 2. Primer 2249 pro-
duced the highest number of bands (12) and where-
as 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 geno-
types were imported into the NTSYS-pc v2.2 soft-
ware package and SPSS statistics [23] to take place 
with distance matrices and construction of dendro-
gram. The UPGMA dendrogram has set out in Fig. 
1. 

Figure 1 indicates that 12 genotypes distribut-
ed 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 de-
termining genetic diversity and relationships.  
 

SSR marker system. Six Turkish varieties, 1 
mixed population collected from Turkey, 3 geno-
types from France, 1 India and 1 from Albania gen-
otype to be totally 12 coriander genotypes, were 
used for SSR analysis. Eight primers were ampli-
fied to screen the 12 corianders for determining the 
genetic similarities and their alleles and mean PIC 
values are presented in Table 3. Significant molecu-
lar variability was detected among all genotypes.  

The unique banding patterns from these geno-
types 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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est number of bands (22) whereas Xgwm113 pri-
mer 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 as-
sessment 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 distribut-
ed themselves into two major groups that complete-
ly separated each other and these groups consisted 
of some subgroups. First group containing 4 cori-
ander varieties, second group had 8 coriander geno-

types. While Turkish coriander varieties were most-
ly placed in the same group, Antakya and Pelmus 
varieties were placed in the second group being 
separate from the other Turkish varieties. Accord-
ing to observation from different phylogenetic tree 

PBS and SSR) indicated that some of Turkish 
genotypes clearly separated from each other. An-
takya and Arslan varieties showed that more re-
sembles in both two dendrograms. Gurbuz and 
Kerkuk varieties had found the most similar varie-
ties 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 dendro-
gram to see the variations between two different 
dendrogram (Figure 3). 

 
 

 
 

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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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 va-
riety 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 dif-
ferent 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.  

 
 

DISCUSSION  
 
This research is vital to show the importance 

of investigation genetically relationships of the co-
riander 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 breed-
ing. In this study two different molecular markers 
were used to identifications of genetic similarities 
of some coriander varieties.  markers as a new 
universal method developed for DNA fingerprint-
ing by [11] that is based on location of specific inter 
primer-binding sites (iPBS) of the LTR retrotrans-
posons that they are found in all major eukaryotic 
divisions and comprise major fragments of the ge-
nomes of plants [25] and also simple sequence re-
peat (SSR) markers tested on coriander (Corian-
drum sativum L) that are valuable because of their 
higher level of transferability to related species, and 
they can be used as leading markers for compara-
tive mapping and evolutionary studies [26]. Pre-
ferred marker method should access a very large 
number of polymorphisms that are distributed with-
in 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 per-
form [27]. Most of researches on coriander varieties 

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 includ-
ing 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 

chance to compare two distinct marker molecular 
analyses on coriander for the first time. 
 
 
CONCLUSION 
 

The results obtained from this research indi-
cate that the marker-assisted characterization can be 
applied to develop the coriander breeding pro-
grams. I s obvious that genetic observations on 
coriander is limited, and applying molecular meth-
ods can offers opportunities to improve desirable 
selection of proper coriander genotypes and it may 
help to make appropriate choices for market de-
mands in the future.  
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ABSTRACT 
 

 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, 

 
 
 

 

 
 
 
INTRODUCTION 
 

 

One 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 
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MATERIAL AND METHOD 
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RESULTS AND DISCUSSION 
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grain yields rice yield potential rice 

yield 
higher aboveground 

biomass was obtained at 40cm-depth treatment than 
other treatment. 

Also the 
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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. 
 
 
CONCLUSION 
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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, 
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ABSTRACT 
 
A series of magnetically separable NiFe2O4-

CuFe2O4 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 nanocom-
posites. The prepared sample was characterized by 
X-ray diffraction (XRD), scanning electron micros-
copy (SEM), energy dispersive spectrometer (EDS), 
UV- a (DRS) and photo-
luminescence (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 com-
posite exhibited an enhanced photocatalytic perfor-
mance compared to the single NiFe2O4. The 

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 be-

come a green and potential method to degrade pollu-
tants due to its simplicity, low cost and high effi-
ciency. In the past decades, though a large number of 
photocatalysts have been investigated and show a 
good photocatalytic activity, most of them are ultra-
violet-light-driven photocatalysts, such as TiO2, 
SrTiO3, NaNbO3 [1-9], etc. As is known to all, visi-
ble 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 photocata-
lysts to achieve the effective degradation of Rhoda-
mine 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 mag-
netic properties [10-13]. And their narrow band gaps 

(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 pho-
togenerated electron-hole pairs, which lead to a poor 
photocatalytic performance. Thus, a large number of 
methods have been explored to improve their photo-
catalytic activities, such as adjusting morphologies 
[14-18], constructing heterojunctions [19-23], dop-
ing metal ions [24-29], etc. Jing synthesized new 
promising magnetic CuFe2O4 nanotubes via the elec-
trospinning technique, and the CuFe2O4 nanotubes 
showed a huge enhancement of photocatalytic deg-
radation 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 hydro-
thermal 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 in-
vestigated in this system. The possible mechanism 
for the enhancement of dye photocatalytic degrada-
tion on NiFe2O4-CuFe2O4 nanocomposite was also 
analyzed. 

 
 

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 add-
ing 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 -
lined stainless steel autoclave and heated in high 
temperature oven maintained at 220 o C for 24 h. Fi-
nally, the brown product was collected by centrifu-
gation, washed with distilled water and absolute eth-
anol three times and dried at 80 o C. 
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Synthesis of NiFe2O4-CuFe2O4. Firstly, the 
obtained NiFe2O4 precursor (0.2 g) and 
Cu(NO3)3·3H2O (0.02 g) were dissolved by ultra-
sound 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 continu-
ously stirred for 30 minutes. Next the mixture was 
transferred to a 50 mL -lined stainless steel au-
toclave 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-
and a scan rate of 7° min 1 
the range of 5 80 . The morphology of NiFe2O4-
CuFe2O4 samples were observed by scanning elec-
tronic microscopy (SEM) on an S-
sion SEM (SEM, Hitachi, Japan). The energy disper-
sive 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 spectropho-
tometer (UV-2450, Shimadzu, Japan). The photolu-
minescence (PL) spectra of samples were recorded 
on a Perkin-Elmer LS 55 at room temperature using 
a fluorescence spectrophotometer.   

 
Photocatalytic tests. The photocatalytic activ-

ities of the NiFe2O4-CuFe2O4 composites were eval-
uated by the degradation of RhB under visible-light 
irradiation. A 

> 420 nm) was used as a light source in this degra-
dation experiment. Typically, 50 mg NiFe2O4-
CuFe2O4 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, respec-
tively. Then, the above operation was repeated at 20-
minute intervals and degradation time was 3 hours 
until the degradation time reached 3 hours. Finally, 
the photocatalytic degradation rate (DR%) was esti-
mated by the following formula:  
DR% = [1-(C/C0)] ×100% =[1-(A/A0)] ×100%                (1) 

 
 

RESULTS AND DISCUSSION 
 
The crystal structure and phase purity of the as-

prepared samples were characterized by XRD analy-
sis. Fig 1 shows the XRD patterns of the pure 
NiFe2O4 (sample 1) and NiFe2O4-CuFe2O4 photo-
catalysts. It can be seen that all samples are indexed 
to cubic spinel structure of NiFe2O4 (JCPDS No. 03-
0875). The observed peaks at 18.41°, 30.31°, 35.71°, 
37.21°, 43.51°, 53.91°, 57.51° and 62.71° can be as-

 (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 struc-
ture similar to that of NiFe2O4, NiFe2O4-CuFe2O4 
composites maintain a good crystallinity.  

 

 
FIGURE 1 

XRD patterns of NiFe2O4-CuFe2O4 composite. 
 

 
FIGURE 2 

SEM images of (a) NiFe2O4 and (b)NiFe2O4-
CuFe2O4 composite and EDS spectrum of (c) 

NiFe2O4-CuFe2O4 composite. 
 

 
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 mor-
phology of the sample 1 is formed of NiFe2O4 con-
geries particles, every of which was about 50-150 
nm. And it can be seen from Fig 2b that the second 
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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. 
 
 

hydrothermal process has little effect on the mor-
phology of sample 5, which is prepared by the ion-
exchange with Cu2+. Moreover, the chemical compo-
sition 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 NiFe2O4-
CuFe2O4 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- a 
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 visible-
light 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.  

 -Eg)n/2                        (1) 
The , A and  are defined as absorption coef-

cient, transition constant and photon energy, re-
spectively. The value of n belonging to NiFe2O4 is 4, 
demonstrating that the transition of NiFe2O4 is a di-
rect transition, which is different from indirect tran-
sition (n=1). Fig 3b shows the extrapolation of the 
plots 2 vs , where the Eg of the four sam-
ples 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-ex-
change.  

The photocatalytic performance of NiFe2O4-
CuFe2O4 samples was assessed by the degradation of 
RhB with visible-light illumination. Apparently, due 
to the fast recombination of photoinduced electron-
hole 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 max-
imum degradation rate (68%), which is nearly ten 
times the efficiency of NiFe2O4. When the content of 

Cu2+ was excess, the degradation effectiveness be-
came worse. These results exhibited that the ion-ex-
change plays a significant role in the enhancement of 
photocatalytic performance for the single NiFe2O4 

[34-36]. 
 

 
FIGURE 4 

Photocatalytic performance of as-synthesized 
samples for Rh B degradation. 

 
The photocatalytic activity of the semiconduc-

tors is mainly handicapped by on separation and mi-
gration ability of photon-generated carrier. Because 
the main energy of fluorescence is from the recom-
bination 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, ex-
hibiting the enhanced photocatalytic ability. 

The major reactive species acting on the degra-
dation of RhB in this system were detected by the 
trapping experiments. The benzoquinone (BQ), eth-
ylene diamine tetraacetic acid (EDTA), and isopro-
panol (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 us-
ing BQ and the groups using EDTA and IPA still 
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maintained the considerable performance, suggest-
ing that ·O2

- played a key role in the degradation of 
RhB under visible light irradiation.  

 

 
FIGURE 5 

PL spectra of NiFe2O4 and NiFe2O4-CuFe2O4 
=300 nm). 

 

 
FIGURE 6 

(a) photodegradation of RhB on NiFe2O4-
CuFe2O4 composite with different scavengers; 

(b) the schematic diagram of separation and mi-
gration for electron-hole pairs in NiFe2O4-

CuFe2O4 composite 
 
Fig 6b shows the schematic diagram of separa-

tion and migration for electron-hole pairs in 
NiFe2O4-CuFe2O4 composite [37-38]. The conduc-
tion band (CB) potential and valence band (VB) po-
tential have been reported in previous literatures 
[18], which are -0.6 and 1.10 eV, respectively. And 
as is known to all, the reduction potential of O2/·O2

- 
is more negative than -0.33 eV and the oxidation po-
tential of ·OH/OH- is more positive than 2.4 eV. 

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, pol-
lutant 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. 

 
 

CONCLUSION 

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 di-
rectly affect the photocatalytic performance of 
NiFe2O4-CuFe2O4 composites. The NiFe2O4-
CuFe2O4 photocatalysts exhibited tremendous en-
hancements 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 for-
mation of NiFe2O4-CuFe2O4 heterojunction by ion 
exchange reduced the nickel ferrite band gap and ac-
celerated separation of photogenerated electron-hole 
pairs. This work showed great potential of ion-ex-
change in situ growth method in the field of structur-
ing ferrites heterogeneous. 
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ABSTRACT 
 
The increasing occurrence of algal blooms with 

harmful algae-derived organic matters as microcys-
tin-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 precur-
sor was studied for MC-LR degradation under visi-
ble light. The prepared photocatalysts were charac-
terized by scanning electron microscopy (SEM), X-
ray 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 degrada-
tion 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 g-
C3N4 for degrading microcystins 

 
 

KEYWORDS:  
precursor; visible light; MC-LR; degradation 
 

 
 

 
In recent years, with the development of indus-

try and agriculture, a large number of wastewater 
containing N, P drains into freshwater which result-
ing in the increasingly serious eutrophication in wa-
ter [1]. Especially in the summer, the cyanobacterial 
blooms will release microcystins (MCs) which dam-
ages 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-amin -linked erythro- -methylas-
partic -linked glutamic acid, the two unusual 
amino acids (N-methyldehydroalanine and 3-amino-
9-methoxy-10-phenyldeca-2,6,8-trimethy-4,6-
dienoic acid (Adda), and two L-amino acids). It is the 
special existence of Adda side chain in the structure 

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 preva-
lently 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 hy-
drolase [6]. From some studies can be found that the 
Adda side chain in the microcystin structure contains 

graded and biodegraded [7, 8]. Among the studies on 
photocatalytic degradation of microcystins a major-
ity of them are degraded under UV irradiation.  

Considering visible light accounting for about 
43% in solar radiation, the photocatalysts under vis-
ible light has great potential as a renewable and sus-
tainable water treatment technique [9]. To overcome 
this drawback, numerous studies have been per-
formed 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 at-
tracted 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 applica-
tion in practical treatment [10]. During the photo-
catalytic reaction, g-C3N4 is required to have good 
adsorption performance and proper energy band po-
sition for the degradation of target pollutants. There-
fore, the micro-morphology of g-C3N4 is also the im-
portant factor affecting the photocatalytic perfor-
mance. So far, it has been shown that the microstruc-
ture 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]. 
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Synthesis. After adequately grinding the mix-

ture 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 2.3 / min in a muffle furnace and maintained 
at 550  for 4h. After the reaction, the alumina cru-
cibles were cooled to room temperature. The result-
ant 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.  
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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). 
 

 
XRD was used to analyze the crystal structure 

and phase composition of the prepared photocata-
lysts. Fig. 2 (a) shows the XRD patterns of the pre-
pared 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 struc-
ture of g-C3N4 is well maintained. All the character-
istic peaks of the samples can be well indexed to the 
hexagonal phase of g-C3N4 (JCPDS 087-1526; lat-
tice parameters: a=b=4.74Å, c=6.72Å) [20]. The dif-

fraction peak at 13.1° indexed to (100) plane corre-
sponds to the in-plain structural packing motif of tri-
s-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 get-
ting loose.  

The chemical structure of the samples were fur-
ther 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 

(b) 

(c) (d) 

(f) (e) 

(g) 

(a) 
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peak at 3000-3600 cm-1 is derived from the stretch-
ing 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 

N heterocycles [22]. The peaks around 
1319 cm-1 and 1243 cm-1 correspond to the stretching 

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 pre-
pared with the mixture of urea and melamine did not 
change.  

 

 

 
FIGURE 2 

XRD patterns of g-C3N4 (a) and enlarged  
view of (002) peak (b). 

 

 
FIGURE 3 

FT-IR spectra of g-C3N4. 

 

 
FIGURE 4 

UV-vis DR spectra (a) and plots of ( )2 

 versus photon energy (b) of g-C3N4. 
 

The as-prepared g-C3N4 samples were optically 
absorbed by UV-Vis diffuse reflectance spectros-
copy to measure the optical properties of photocata-
lysts in Fig. 4. From Fig.4 (a), it can been seen that 
photo adsorption edge of g-C3N4 in visible light re-
gion 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 pre-
pared with mixture are stronger than CN(10). In ad-
dition, the absorbance edge of samples have took 
place distinct red-shift up to of 448 nm with the in-
creasing of the specific gravity of melamine in the 
precursor. The enhanced light absorption ability will 
enhance the photocatalytic activity [24]. The band-
gap energy of the semiconductors can be calculated 
from the relationship of 2 and  which is 
shown in the followed equation [25]: 

-Eg
n/2                              (1) 

Where , , , A and Eg represent the absorb-

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 



© by PSP  Volume 26  No. 7/2017 pages 4595-4601      Fresenius Environmental Bulletin 

4599

 

the indirect conductor is n = 4). The n value is 4 be-
cause 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 crystallin-
ity and the increase of lamellar thickness and the na-
noplates of CN (41) tends to be planarized causing 
the blocked transition of n  

 

 

 

 
FIGURE 5 

Photocatalytic activities (a) and (b) of samples 
for MC-LR degradation under visible light (c) 
the comparison of apparent rate constant k . 

 

 
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 concentra-

tions in solution at time 0 and t respectively, k is the 
apparent first-order rate constant, and t is the irradi-
ation time. Fig. 5 (b) shows the degradation of MC-
LR with different photocatalysts under the visible 
light accords with the pseudo first order kinetic equa-
tion. The results suggested that the photocatalytic 
degradation rate and apparent first-order rate con-
stant 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. How-
ever, at contents higher than 60 wt.%, photocatalytic 
activity of the g-C3N4 photocatalysts was declined as 
shown in Fig.5 (c). 

 
 

 
 
In this study, the effect of different precursors 

on the structure of g-C3N4 after calcination was ver-
ified. 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 photocata-
lysts, CN(32) with porous fluffy structure performs 
significant enhancement in the photocatalytic activ-
ity for MC-LR degradation under visible light irradi-
ation. The enhanced photocatalytic activity is closely 
associated with the surface of g-C3N4 which can pro-
mote 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 irradi-
ation and constructing other functionalized g-C3N4 
heterostructure to promote high performance photo-
catalysts for the degradation of microcystins. 
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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.    
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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 

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 non-
temperate 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.  

 
 

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 
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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]. 

 

 
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 

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.  

 
 

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 2014 2015 
  NORMAL LATE Red % H S I NORMAL LATE Red % H S I 
MEAN 0.92 0.55 40.66 1.02 0.93 0.41 54.20 0.97 
MAX. 1.30 1.09 82.50 2.06 1.51 0.85 83.93 1.50 
MIN.  0.09 0.07 1.18 0.03 0.57 0.15 1.16 0.02 
Range 1.21 1.03 81.32 2.03 0.94 0.70 82.76 1.48 
SD 0.23 0.24 19.99 0.50 0.21 0.15 17.77 0.32 
CV % 24.78 43.91 49.16 49.16 23.08 35.83 32.78 32.78 
SE 0.03 0.03 2.80 0.07 0.03 0.02 2.49 0.04 
GEN 
ID  

Mean 
HSI Parentage 

6702 0.26 1447/PASTOR//KRICHAUFF/5/2*SERI*3//RL6010/4*YR/3/PASTOR/4/BAV92 
6709 0.44 T.DICOCCON PI254157/AE.SQUARROSA (879)/4/MILAN/KAUZ//PRINIA/3/BAV92/5/2*SKAUZ/BAV92 
6717 0.60 KACHU/KINDE 
6720 0.61 ND643/2*TRCH//MUTUS/3/SUP152 
6740 0.64 DANPHE #1/3/HUW234+LR34/PRINIA//PFAU/WEAVER 
6714 0.65 BABAX/LR42//BABAX*2/3/KUKUNA/4/2*MUNAL #1 
6742 0.65 ATTILA/3*BCN//BAV92/3/PASTOR/4/TACUPETO F2001*2/BRAMBLING/5/PAURAQ 
6741 0.70 PBW65/2*PASTOR/3/KIRITATI//ATTILA*2/PASTOR/4/DANPHE #1 
6739 0.71 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 df MS F P 
Genotypes 50 0.072 0.036 1.000 
Year 1 0.201 0.100 0.753 
Treatments 1 9.928 4.968 0.030 
Genotype*Year 50 0.063 0.032 1.000 
Genotype*Treatments 50 0.026 0.013 1.000 
Year*Treatments 1 0.312 0.156 0.694 
Error 51 1.998   

  HSI(YIELD) 
Genotypes 50 0.218 0.002 1.000 
Year 1 0.061 0.001 0.984 
Genotype*Year 50 0.140 0.001 1.000 

p-value: <0.05 = significant 
 

 
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 2015 MEAN 
  NORMAL LATE RED % H S I NORMAL LATE RED % H S I H S I 
6702 0.97 0.85 12.89 0.32 0.69 0.61 11.59 0.21 0.26 
6709 1.11 1.09 1.18 0.03 0.64 0.33 47.81 0.85 0.44 
6717 1.11 0.59 47.06 1.18 0.86 0.85 1.16 0.02 0.60 
6720 1.17 0.95 18.89 0.47 1.35 0.78 42.22 0.75 0.61 
6740 0.91 0.60 34.29 0.86 0.59 0.45 24.07 0.43 0.64 
6714 0.91 0.72 21.43 0.54 0.92 0.53 42.61 0.76 0.65 
6742 0.85 0.68 20.00 0.50 1.15 0.63 45.03 0.80 0.65 
6741 1.11 0.86 22.35 0.56 0.67 0.36 46.57 0.83 0.70 
6739 1.04 0.90 13.75 0.34 0.75 0.30 60.27 1.08 0.71 

RED%: Percentage of reduction in yield due to heat stress. 
HSI: Heat susceptibility index for yield 
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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. 

 
 

CONCLUSION 
 

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. 
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ABSTRACT 
 

The effects of magnetic field (MF) applied 
with cold-wet pre-treatment on the chemical com-
ponents of the oriental beech seeds with physiolog-
ical deep dormancy are researched in this 
study. The seeds were subjected to various MF 
application periods (20, 60 and 120 min) and dif-
ferent MF intensities (200 and 400 mT). Total solu-
ble protein, lipid peroxidation level (malondialde-
hyde-MDA), total soluble sugars and starch quanti-
ties as well as antioxidants such as CAT, SOD, 
APX and GuPX -amylase activity of the seeds 
were examined. MF application affected protein, 
lipid, -amylase and sucrose values positive, starch, 
glucose and fructose values of the seed negative-
ly. 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 im-
portance 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. Howev-
er, enhancement of quality and quantity of oriental 
beech stands is basically possible through genera-
tive production. It will be possible to establish for-
ests 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, nee-

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. Further-
more, beech is beaten by the rhododendron in com-
petition 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 ex-
treme 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, devel-
op 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. Accord-
ingly, 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 appli-
cations affect, germination percentage and rate of 
plants; earliness; receipt and transport of mineral 
substances from the soil; seedling growth rate; -
amylase activity; amount of chlorophyll and total 
soluble protein content and enzyme activities such 
as ascorbate peroxidase, catalase, guaiacol peroxi-
dase and superoxide dismutase; increase the level 
of lipid peroxidation (MDA); and increase the di-
mensions of parenchymatic cells, transmission 
bundles and stoma cells in young plants respective-
ly. The responses of the plants to the MF may vary 
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according to the seed characteristics such as geno-
type, 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]. How-
ever, 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 suc-
cess 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 de-
pend on the chemical content of the seed in addition 
to genetic factors. The chemical content of the seed 
mainly comprises carbohydrates, fats and pro-
teins. Further, there are small amounts of com-
pounds such as hormones, alkaloids, lectins, pro-
teinase inhibitors, phytin and raffinose in the seeds 
[23]. The ratio of these compounds in the seed 
varies according to the plant species, age and nutri-
tional 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, deteriora-
tion of cellular integrity (lipid peroxidation), ascor-
bate peroxidase, guaiacol peroxidase, catalase and 
superoxide dismutase enzyme activities as well as 

-amylase enzyme activity are of great signifi-
cance. The effects of different MF applications 
made to the beech seeds showing different physio-
logical profound dormancy [26, 27, 28, 29] on 
chemical content of seed (Protein, starch, soluble 
sugar, etc.), lipid peroxidation level (malondialde-
hyde), ascorbate peroxidase, guaiacol peroxidase, 

-amylase 
enzyme activities are examined in this study.  
 
 
MATERIALS AND METHODS 
 

MA Application in Seeds. In the research, ori-
ental beech seeds of 2015 harvest year originated 
from Bartin-Devrek-Akcasu were utilized. Cold-
wet 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 

kept in a cold air storage at a temperature of 4 ± 1 
°C.  

The seeds were exposed to different applica-
tion periods (20, 60 and 120 min) and different MF 
intensities (200 and 400 mT) for magnetic field 
(MF) treatment of stratified seeds. 
 

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 sam-
ples were centrifuged for 15 min at 15000 g and + 
4° C, the enzyme activities in the resulting superna-
tant 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 meas-
ured 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]. -amylase activity 
was performed according to the method of Morais 
and Takaki [36]. The absorbance of the seed sam-
ples 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. -amylase activity was calculated accord-
ing 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 uti-
lized 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 fruc-
tose standard curve and sucrose amount was deter-
mined from sucrose standard curve (mg/g TA). 

 
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 
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20.0 Evaluation Version. Differences between con-
trol 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 
 
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 con-
tent, lipid peroxidation level (malondialdehyde-
MDA), glucose, fructose, sucrose and starch 

-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 chem-
ical components measured on seeds. 

 
Soluble Protein Content Changes. The total 

soluble protein content of the seeds increased com-
pared to the control depending on the increased 
duration and intensity of MF. Compared to the 
control, high protein was determined in MF appli-
cations with intensity dose of 400 mT in 60 min 
(16.49%) (P <0.05) (Table 1). 

 
Level Changes in Lipid Peroxidation. The 

concentration of lipid peroxidation (malondialde-
hyde-MDA) showed a statistically significant in-
crease 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  (5.04 
times more), at intensity of 400 mT in 20 min with 

/g (3.7 times more), at intensity of 200 
mT in 120 min with  /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 com-
pared to control was recorded as 120 min (16.4 
times more) and 20 min (6.3 times more) at intensi-
ty of 400 mT, 120 min (5.57 times more) at intensi-
ty of 200 mT, 60 min (4.66 times more) and 20 min 
(4.53 times more) in MF applications (P <0.05, 

Table 2). Fructose content also decreased signifi-
cantly compared to control. Especially 20 min at 
intensity of 400 mT (66.77%) and 60 min at intensi-
ty 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 com-
pared to control in 20 min and 120 min applications 
at intensity of 200 mT MF (Table 2). 

 
Changes in Starch Content. Changes in 

starch quantities were in parallel with glucose val-
ues. 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 applica-
tion (P <0.05, Table 2). 

 
Chan -amylase Enzyme Activity of 

Seeds. -amylase activity of seeds (EU/mg 
Protein) was significantly increased in all treatment 
groups compared to control. Compared to the con-
trol, process of 120 min at intensity of 400 mT MF 

-amylase activity by 38.60% (Table 
2, P <0.05). It can be said in line with current anal-
ysis that 400 m MF applications in general increase 
enzyme activity of the seeds more. 

 
Antioxidant Enzyme Activity Changes. Ap-

plied 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 treat-
ments, 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 appli-
cations. 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 (respec-
tively 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 ac-
tivity increases with increasing time (P <0.05, 
Table 3). In 400 mT application highest CAT activ-
ity compared to the control application was detect-
ed in 120 minutes (2 times more), 60 min (56.83%) 
and 20 min (19%) (P <0.05, Table 3). It was de-
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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). 

 
 

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 

known as free radicals or reactive oxygen deriva-
tives 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 clean-
ing 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]. 

 
 

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) MDA (nmol/g) 

 Control 96.65±0.12a 59.13±0.06a 

200 
20 111.59±0.18e 316.59±0.13g 
60 102.53±0.23c 120.58±0.12b 
120 97.66±0.16b 202.56±0.13d 

400 
20 102.53±0.19c 218.56±0.16e 
60 112.59±0.21f 187.41±0.13c 
120 104.57±0.12d 298.20±0.07f 

1Statistically 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 -amylase activity1. 
 

Intensity 
(mT) 

Exposure Period 
(min) 

Glucose 
mg/g 

Fructose 
mg/g 

Sucrose 
mg/g 

Starch 
mg/g 

-amylase 
EU/mg Protein 

Control 45.60±0.12g 2.33±0.01f 1.96±0.01ab 4.35±0.011g 38.75±0.12a 

200 
20 24.84±0.05e 1.35±0.03d 2.06±0.04bc 2.37±0.005e 48.77±0.13d 
60 9.79±0.06d 0.78±0.01a 1.90±0.01a 0.94±0.006d 39.36±0.21ab 

120 8.19±0.11c 1.01±0.01b 2.19±0.06c 0.78±0.011c 44.24±0.11c 

400 
20 7.25±0.11b 0.78±0.01a 2.52±0.01d 0.69±0.010b 39.63±0.15b 
60 28.91±0.20f 1.64±0.02e 2.76±0.03e 2.76±0.019f 48.67±0.05d 

120 2.78±0.02a 1.20±0.02c 2.87±0.03e 0.27±0.002a 53.70±0.13e 
1Statistically 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 

SOD 
EU/mg Protein 

Control  0.085±0.0003cd 0.054±0.0001g 0.082±0.001b 82.36±0.11a 

200 
20 0.063±0.0001bc 0.020±0.0001e 0.148±0.001e 108.50±0.17f 
60 0.090±0.0001cd 0.010±0.0001a 0.127±0.001d 125.64±0.09g 

120 0.019±0.0001a 0.015±0.0001d 0.070±0.001a 104.47±0.17d 

400 
20 0.110±0.0002d 0.011±0.0002b 0.093±0.001c 102.50±0.15c 
60 0.0133±0.0002a 0.013±0.0001c 0.128±0.001d 101.34±0.06b 

120 0.028±0.0002ab 0.031±0.0002f 0.165±0.001f 105.67±0.15e 
1Statistically p <0.05 significantly different confidence level 
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The seeds have two group proteins as "struc-
tural 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 pro-
teins" [43]. These proteins are not enzymatic and 
their task is to provide support as a source of nitro-
gen 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 intensi-
ty of 400 mT in 60 min and at intensity of 200 mT 
in 20 min MF with and the lowest protein was ob-
served in the control seed seeds (Table 1). Accord-
ing to the data; The MF application resulted in an 
increase in protein content in the beech seeds (Ta-
ble 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 in-
crease. Furthermore, researchers also report that the 
extent to which proteins are affected by stress con-
ditions can vary according to the amino acid con-
tent, and proteins are less sensitive to stress condi-
tions 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 tyro-
sine-rich proteins [54, 55]. Kristensen et al. [56] 
found that bean seeds are dominant in glu-
tamylphenylalanine and willardiinin, as well as 
being rich in amino acid fractions such as hydroxy-
proline, 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 mem-
brane integrity is lost in the seeds as a result of lipid 
peroxidation [57, 53] and electrolyte leakage from 

tissues and cells increase while, color, odor and 
appearance are deteriorated and chemical content is 
changed, and seed viability and strength are re-
duced because the aging is accelerated. MDA con-
centration 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 strati-
fication 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 compo-
nents 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 pre-
dominantly 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 peroxida-
tion 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, carbohy-
drates 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 mem-
brane 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 insolu-
ble form and as sucrose, glucose, fructose, myoino-
sitol and raffinose and sugars in the soluble form in 
the endosperm [67, 68]. These compounds work in 
important physiological processes such as regula-
tion of growth and development, maintenance of 
osmotic balance, maintenance of membrane integri-
ty, protection of protein, DNA and RNA structure, 
prevention of water loss, resistance to environmen-
tal factors such as low temperature, drought, germi-
nation 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 

to 
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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 transport-
ed 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 con-
tent 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 differ-
ent durations and severities of MF application dur-
ing the stratification, stimulates the enzymatic deg-
radation of starch in the beech seeds and also that 
glucose units are transported to scutellum and con-
verted to sucrose units. 

Slewinski and Braun [75], Aoki et al. [76], 
Bewley [46]; Jacobsen et.al. [77] reported that the 
activity o -amylase enzyme increased with the 
water intake of seed in their studies and that the 
respiratory substrate of starch converted into solu-
ble 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 ger-
mination. 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 de-
grading to hexoses such as glucose and fructose, -

-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 stratifica-
tion, stratification application and MF on increase 

-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 -amylase 
enzyme while Rochalska and Grabowska [84] ex-
pressed that there were - -
amylase and glutation S-transferase enzymes during 
germination of wheat seeds exposed to MA and 
Agustrina et al. [9] stated that low levels of MF 
incr -amylase activity in leguminous 
seeds, but did not affect soybeans and Rochalska 

and Grabowska [84] mentioned that MF -
amylase activity in wheat seeds while Turfan et al. 
[11] reported that MF applications reduced the a-
amylase 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 dam-
age 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 com-
pared 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 in-
creased in other treatment groups except con-
trol; CAT activity was adversely affected only at 
intensity 200 mT in 120 min. Based on these re-
sults, it was concluded that MF treatments stimulat-
ed 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 ef-
fects 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 in-
tensity 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 macromole-
cules are initiated in the seeds together with water 
intake and MF applications and the activity of anti-
oxidants such as SOD, CAT, APX and GuPX are 
stimulated and also lipid peroxidation in mem-
branes are effective in deterioration of seed viabil-
ity [40, 47, 85, 86, 91, 92, 93]. 
 
 
CONCLUSION 
 

It was concluded that MF application of dif-
ferent 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 pro-
vide more accurate and descriptive results to deter-
mine 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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ABSTRACT 
 

The present experiment was carried out during 
2011 - 2013 open-field cultivation in order to deter-
mine the effects of black plastic, agro-textile and 
sawdust mulches on ascorbic acid (AA), total phe-
nolic content (TPC) and antioxidant activity (DPPH 
test) of organically grown strawberries (Fragaria x 
ananassa Duch.) cv. Monterey, Albion, Aromas, Ca-
marosa 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 scaven-
ger (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. 
 
 
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 in-
creased 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 com-
pounds, 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 grow-
ing conditions [7, 8, 9, 10, 11]. The use of mulch is 
common in strawberry cultivation, as it keeps the 

fruit clean by preventing contact with the soil, con-
serves 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 ma-
terial 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]. An-
ticarcinogen [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 

 
day strawberry (Fragaria × ananassa Duch.) culti-

Anatolia conditions in summer growing season. 
 

 
MATERIALS AND METHODS 

 
Plant materials and experimental design. 

The experiment was conducted between 2011 - 2012 
and 2012 - 2013 growing seasons in Nevsehir (Tur-
key) 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 

-day strawberries 
(Fragaria × ananassa 

conditions. Mulch materials were black plastic 
mulch, agro-textile mulch and sawdust mulch. Seed-
lings 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 
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of 600 plants were used in experiment. Black plastic 
and agro-textile mulches were applied before seed-
ling and sawdust mulch was applied 15 days after the 
seedling as 10 cm's denseness.  

 
Chemicals. The list of chemicals used in ex-

periments are; oxalic acid, ascorbic acid, 2.6 dichlo-
rophenolyn, 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 experi-
mental period. Strawberry fruits were graded for 
size, external color and sorted to eliminate damaged 
fruits and transported under refrigeration to the la-
boratory. Post-harvest evaluations assessed 500 g 
randomly selected marketable fruits per replication. 
Samples, homogenized by food processor, were ex-
tracted. Samples, extracted with methanol, were cen-
trifuged and supernatants were subjected - 20 °C in a 
deep freezer to further analysis.  

 
Antioxidant characteristics. AA, TPC and 

DPPH were determined once every 15 days through 
the experiment. 

 
Ascorbic acid. Vitamin C content was deter-

mined by spectrophotometric method, according to 
Pearson [23]. The results are expressed as mg ascor-
bic acid/100 g of fresh weight. Cary 100 Bio UV/VIS 
spectrophotometer was used in the study. Interpreta-
tion was done in 15 seconds after samples were pre-
pared and dye solution was added. 

 
Total phenolic content. Total phenolic content 

concentration was measured by FCR as described by 
Singleton & Rossi [24]. The phenol content was rep-
resenting as kg of gallic acid equivalent per one kil-
ogram fresh weight tissue.  

Fruit samples were homogenized by food pro-
cessor. Homogenized fruit samples were added as 
3g's into a 70% methanol solution (29.5 ml pure wa-
ter + 70 ml methanol + 0.5 ml acetic acid) and ho-
mogenized for 5 minutes and preserved in a dark en-
vironment 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 tempera-
ture 6 - 8 minutes. Afterwards, 1.5 ml of 20% Na2Co3 
solution was added and incubated in room tempera-
ture for 2 hours. At the end of the process it was in-
terpreted in a spectrometer at 750 nm. 0, 50, 100, 
200, 400, 800 and 1600 mg/L of gallic acid concen-
trations were prepared and interpreted in a spectrom-
eter at 750 nm. Total phenolic concentration was 
measured by standard curve.  

 

Radical scavenging activity indication. For 
antioxidant activity measurement, a methanol solu-
ble free radical (DPPH; - 2,2 dipheyl-1-picrylhy-
drayl) was used [25]. Solvent (methanol) was lyoph-
ilized 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 sub-
stance. EC50 value was measured with a graphic that 
was formed by placing % radical scavenger activity 
values against concentrations and results were pre-
sented as EC50 = μg/mL. 

% DPPH radical scavenger activity was meas-
ured according to the formula given below.  
DPPH radical inhibition (%) = [(A1 - A2 / A1)]  
100 
A1: Absorbance of Control Sample (non-antioxi-
dant) at 515 nm. 
A2: Absorbance of sample (antioxidant) at 515 nm. 

 
Statistical analysis/ Data analyzes were per-

formed using SPSS software version 23. Mean val-
ues 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 con-
sidered significant. Correlations were obtained by 
Pearson correlation coefficient in bivariate correla-
tions. 

  
 

RESULTS AND DISCUSSION 
 
In strawberry plantation, plants may be influ-

enced by environmental conditions and thereby anti-
oxidant level of fruits may be influenced [8]. In this 
study, effects of different cultivars and mulching 
methods on antioxidant characteristics of strawber-
ries were determined by AA, TPC and DPPH meth-
ods. AA, TPC and DPPH methods, which were used 
in our study are in accordance with previous studies 
[26, 27, 28, 29]. 

 
Effects of cultivars. The study was conducted 

under certified organic agricultural practices. Al-
bion, Aromas, Camarosa and Sweet Charlie are com-
mon commercial strawberry cultivars grown in Tur-
key [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 character-
istics 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 high-
est 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 Al-
bion 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 ascor-
bic 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 con-
tent 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 con-
tent of Camarosa cultivar is higher than other culti-
vars [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 fad-
ing of compounds due to free radicals, were meas-
ured at 517 nm and EC50 values of these were meas-
ured according to the calibration graphic of DPPH 
radical scavenger. In this regard, the lower EC50 val-
ues, the higher antioxidant potential. Different culti-
vars DPPH scavenger, based on EC50 values, are pre-
sented 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 in-
fluence the fruit's AA, TPC, DPPH results [32, 36]. 
Considering the results, the highest data was ob-
tained by Camarosa cultivar compared to other cul-
tivars (Table 1). Similarly, Hernanz et al., [38] have 
also obtained higher values from Camarosa cultivar, 
compared to other cultivars. 

 

Effects of Mulches. Antioxidant characteris-
tics of strawberry fruits may get influenced by agro-
nomic 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 ob-
tained from sawdust mulch (1820.60 mg GAE/kg 
fw). The highest DPPH value (5.21 μg/mL) (the low-
est 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 straw-
berries grown with plastic mulch have higher antho-
cyanin 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 sum-
mer months and therefore sawdust mulched parcels 
were also highly temperature. 

 
Correlations. Extracts obtained from five dif-

ferent 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). More-
over 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 

Cultivar AA (mg/100 gr fw) TPC (mg GAE/kg fw) EC50 (DPPH) (μg/mL) 
Monterey 53.13 b 2109.06 c 4.32 b 
Abion 58.82 c 1864.20 b 4.68 c 
Aromas 53.51 b 1350.25 a 5.26 d 
Camarosa 61.49 d 2140.45 c 3.76 a 
Sweet Charlie 51.88 a 1306.33 a 6.87 e 
Mean 55.77 1754.06 4.98 

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 
 

Mulch type 
AA  

(mg/100 gr fw) 
TPC  

(mg GAE/kg fw) 
EC50  

(DPPH) (μg/mL) 
Black plastic 54.83a 1747.79b 5.16b 
Agro-textile 58.00b 1693.80a 5.21b 
Sawdust 54.46a 1820.60c 4.56a 

Values in the same column followed by a different small letter are significantly different (P < 0.05). 
 

TABLE 3 
Correlations between ascorbic acid (AA), total phenol contents (TPC) and antioxidant activity (DPPH) 

 

 AA  
(mg/100 gr fw) 

TPC  

(mg GAE/kg fw) 
EC50  

(DPPH) (μg/mL) 
AA 1 ,502** - ,547** 
TPC ,502** 1 - ,839** 
DPPH - ,547** - ,839** 1 

** Correlation is significant at the 0.01 level (2-tailed). 
 

TABLE 4 
Correlations between ascorbic acid (AA), total phenolic content (TPC) and antioxidant activity (DPPH) of 

different strawberry cultivars 
 

 Cultivar 
AA  

(mg/100 gr fw) 
TPC 

(mg GAE/kg fw) 
EC50 (DPPH) 

(μg/mL) 

AA 

Monterey 1 - ,627* ,757** 
Abion 1 - ,389 ,687* 
Aromas 1 - ,535 ,581* 
Camarosa 1 - ,446 ,166 
Sweet Charlie 1 - ,494 - ,203 

TPC 

Monterey - ,627* 1 - ,615* 
Abion - ,389 1 -,292 
Aromas - ,535 1 -,010 
Camarosa - ,446 1 - ,734** 
Sweet Charlie - ,494 1 - ,118 

DPPH 

Monterey ,757** - ,615* 1 
Abion ,687* - ,292 1 
Aromas ,581* - ,010 1 
Camarosa ,166 - ,734** 1 
Sweet Charlie - ,203 - ,118 1 

* Correlation is significant at the 0.05 level, ** 0.01 level. 
 

TABLE 5 
Correlations between ascorbic acid (AA), total phenol contents (TPC) and antioxidant capacity (DPPH) in 

different mulch types 
 

 Mulch type AA 
(mg/100 gr fw) 

TPC 

(mg GAE/kg fw) 
EC50 (DPPH) 

(μg/mL) 

AA 
Black plastic 1 ,651** - ,759** 
Agro-textile 1 ,537* - ,606** 
Sawdust 1 ,621** - ,690** 

TPC 
Black plastic ,651** 1 - ,766** 
Agro-textile ,537* 1 - ,842** 
Sawdust ,621** 1 - ,910** 

DPPH 
Black plastic - ,759** - ,766** 1 
Agro-textile - ,606** - ,842** 1 
Sawdust - ,690** - ,910** 1 

* Correlation is significant at the 0.05 level, ** 0.01 level. 
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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 differ-
ent 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) culti-
vars. Considering the correlation between TPC and 
DPPH test results, any significant negative correla-
tion 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 con-
tents in different mulch types and a negative correla-
tion 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 antiox-
idant 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 antiox-
idant 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 cor-
relation with TPC test results and a negative correla-
tion with DPPH test results. A negative correlation 
between TPC and DPPH test results was also deter-
mined. 
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ABSTRACT 
 
Endocrine disruption refers to the ability of 

chemicals or substances at a certain dose to inter-
fere 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, scien-
tists and standard organization across the globe on 
the possible health threat posed by endocrine dis-
rupting 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 re-
production and metabolism. Moreover, EDCs rep-
resent a broad class of molecules such as industrial 
chemicals and organo-chlorinated pesticides, plasti-
cizers and plastics, fuels, and many more chemicals 
that are present in the environment or are in exten-
sive 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 princi-
ple, 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 intro-

duction into the environment is turning out to be 

progressively on a worldwide premise because of 
urbanization and industrialization. Some of these 
chemicals act as endocrine disruptors as they dis-
turb endogenous hormone signaling pathways. 
Endocrine disruptors are chemicals that at a certain 

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 natu-
ral and man-made, are thought to cause endocrine 
disruption, including dioxin and dioxin-like com-
pounds, pharmaceuticals, polychlorinated biphen-
yls, organotin compounds, plasticizers such as bi-
sphenol, DDT and other pesticides. Endocrine dis-
ruptors 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 in-
cluding male and female lowered fertility and an 
increased incidence of endometriosis and some 
cancers [2]. Research shows that endocrine disrup-
tors 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 prod-
ucts. EDCs have been suspected to be associated 
with altered reproductive function in males and 
females; increased incidence of breast cancer, ab-



© by PSP  Volume 26  No. 7/2017 pages 4623-4636      Fresenius Environmental Bulletin 

4624 

 

normal growth patterns and neuro-development 
delays in children, as well as changes in immune 
function.  

 
 

HISTORY OF ENDOCRINE DISRUPTORS 
 
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 develop-
ment of the endocrine system, and that effects of 
exposure during development are often permanent. 
Although the endocrine disruption has been disput-
ed 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 

tion, breast development and cancer, prostate can-
cer, neuroendocrinology, thyroid, metabolism and 

showing how experimental and epidemiological 
studies converge with human clinical observations 

cern to pub-

show that endocrine disruptors cause human diseas-
es, and it recommended that the precautionary prin-
ciple should be followed [9]. A concurrent state-
ment expresses policy concerns [10]. 

Endocrine disrupting compounds encompass a 
variety of chemical classes, including drugs, pesti-
cides, compounds used in the plastics industry and 
in consumer products, industrial by-products and 
pollutants, and even some naturally produced bo-
tanical chemicals. Some are pervasive and widely 
dispersed in the environment and may bio-
accumulate. 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 prob-
lems (reduced fertility, male and female reproduc-
tive tract abnormalities, and skewed male/female 
sex ratios, loss of foetus, menstrual problems [13]; 

changes in hormone levels; early puberty; brain and 
behaviour problems; impaired immune functions; 
and various cancers.  

 
 

TYPES OF EDCS 
 
Endocrine disruptors are chemicals, or chemi-

cal 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 
 . 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 

 Synthetic chemicals used as industrial sol-
vents or lubricants and their by-products (e.g. poly-
chlorinated biphenyls(PCBs), polybrominated bi-
phenyls (PBBs), dioxins) 

 Plastics [e.g. bisphenol A (BPA), organ-
otin compounds] 

 Plasticizers Pesticides [e.g. dichlorodiphe-
nyltrichloroethane (DDT)] 

 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. fitoes-
trogens, 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-dichloro-
benzene 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 oc-
curring phytoestrogens such as genistein and my-
coestrogens 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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TABLE 1 
Some well-known EDCs and their uses 

adapted from [19] 
 

Category/Use Example EDCs 
Pesticides DDT, chlorpyrifos, atrazine, 

2,4-D, glyphosate, triphenyl-
tins (TPT) 

 Lead, phthalates, cadmium 
Food contact materi-
als 

BPA, phthalates, phenol, 
organotin 

Electronics and 
Building materials 

Brominated flame retardants, 
PCBs 

Personal care prod-
ucts, medical tubing 

Phthalates 

Antibacterial Triclosan 
Textiles, clothing Perfluorochemicals 

Product Cleaner Fragrances, cyclosiloxanes 
Surfactants-certain 
kinds of detergents 
used for removing oil 
and their metabolites 

Nonylphenol (alkylphenols) 

Contraceptive 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 inver-
tebrate and vertebrate development, disrupting the 
endocrine system, resulting in masculinization, 
lower survival rates, as well as many health prob-
lems 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]. Basi-
cally, 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 mor-
tality, growth impairment, developmental and re-
productive effects [1,17,22]. Among other effects of 
organotin compounds which includes immune tox-
icity, 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 endo-
crine disruption [23]. 

Recent studies have released a significant re-
duction 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 

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 repa-
rations 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 galloprovincial-
is), 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 expo-
sure groups. NRRT assay was found useful in this 
study for early warning and cellular biomarker of 
stress due to TBT exposure in Mytillus galloprovin-
cialisis [26], a similar trend was reported in Tapes 
phillipinarum and Mytilus galloprovincialis 
[27,28]. 

 
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 ty-
phus, dysentery, and typhoid fever led to its use 
against the mosquitoes, lice, and houseflies that 
carried these diseases [29]. It became used world-
wide 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 concentra-
tions 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 dis-
covered that DDT interfered with reproductive 
development [34,35]. Recent studies suggest DDT 
may inhibit the proper development of female re-
productive organs that adversely affects reproduc-
tion 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 quan-
tities. 
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Polychlorinated Biphenyls (PCBS). Poly-
chlorinated biphenyls (PCBs) are a class of chlorin-
ated 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 manu-
facturing facility in Alabama. In 1935, Monsanto 
acquired the company, taking over US production 
and licensing PCB manufacturing technology inter-
nationally. 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 environ-
ment 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 con-
tinue 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 Tai-
wan [46], leading to a worldwide ban on PCB use 
in 1977.  

Recent studies show the endocrine interfer-
ence 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]. 

 
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, elec-
tronics, carpets, lighting, bedding, clothing, car 
components, foam cushions and other textiles. Po-
tential health concern: PBDE's are structurally very 
similar to Polychlorinated biphenyls (PCBs), and 

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 sug-
gested 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 Ameri-
ca Burning. Most of the recommendations dealt 
with fire prevention education and improved build-
ing engineering, such as the installation of fire 
sprinklers and smoke detectors.  

The Commission expected that with the rec-
ommendations, 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 dur-
ing the polymerization reaction when it is formed. 
Organic compounds based on halogens like bro-
mine and chlorine are used as the flame retardant 
additive in plastics, and in fabric based textiles as 
well.  

The widespread use of brominated flame re-
tardants 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 pro-
duced 30% of the world supply [54]. PBDEs have 
the potential to disrupt thyroid hormone balance 
and contribute to a variety of neurological and de-
velopmental deficits, including low intelligence and 
learning disabilities [54]. Many of the most com-
mon PBDE's were banned in the European Union in 
2006 [54]. Studies with rodents have suggested that 
even brief exposure to PBDEs can cause develop-
mental and behaviour problems in juvenile rodents 
[55] and exposure interferes with proper thyroid 
hormone regulation [56]. 

 
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 implicat-
ed them in the rise of birth defects of the male re-
productive system [57-59]. Although an expert 
panel has concluded that there is "insufficient evi-
dence" that they can harm the reproductive system 
of infants [60], California [61] and Europe have 
banned them from toys. One phthalate, Bis(2-
ethylhexyl) 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 
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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 devel-
oping male to DEHP [62]. Similarly; phthalates 
may play a causal role in disrupting masculine 
neurological development when exposed [57].  

 
Perfluorooctanoic Acid. PFOA exerts hor-

monal effects including alteration of thyroid hor-
mone levels. Blood serum levels of PFOA were 
associated with an increased time to pregnancy or 
"infertility. PFOA exposure is associated with de-
creased 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 chemi-
cals (EDCs) during critical period in brain differen-
tiation (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 elimi-
nates or in some cases reverses sexually dimorphic 
behaviours observed in unexposed animals. 

 
Other Suspected Endocrine Disruptors. 

Some other examples of putative EDCs are poly-
chlorinated dibenzo-dioxins (PCDDs) and -furans 
(PCDFs), polycyclic aromatic hydrocarbons 
(PAHs), phenol derivatives and a number of pesti-
cides (most prominent being organochlorine insec-
ticides 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 mycoestro-
gens such as zearalenone. The molting in crusta-
ceans is an endocrine-controlled process. In the 
marine penaeid shrimp (Litopenaeus vannamei), 
exposure to endosulfan result increased susceptibil-
ity to acute toxicity and increased mortalities in the 
postmolt stage of the shrimp [64]. Many sunscreens 
contain oxybenzone, a chemical blocker that pro-
vides broad-spectrum UV coverage, yet is subject 
to a lot of controversy due its potential estrogenic 
effect in humans [18]. 

 

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 com-
pounds are fat soluble, it is likely they are accumu-
lating from the environment in the fatty tissue of 
animals which we eat. Some suspect fish consump-
tion 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 con-
taining pollutants and the decrease in the quality of 
building ventilation, indoor air has become a signif-
icant 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 inges-
tion 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 per-
sonal care products versus 43 "chemical free" prod-
ucts was performed by [74]. The products contained 
55 different chemical compounds: 50 were found in 
the 42 conventional samples representing 170 prod-
uct types, while 41 were detected in 43 "chemical 
free" samples representing 39 product types. Para-
bens, 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 chil-
dren. 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 condi-
tioner, facial cleanser and lotion, and toothpaste 
would potentially be exposed to at least 19 com-
pounds: 2 parabens, 3 phthalates, MEA, DEA, 5 
alkylphenols, and 7 fragrances [74]. An analysis of 
the endocrine disrupting chemicals in old Mennon-
ite women in mid-pregnancy determined that they 
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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 per-
fume 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 inte-
riors [75]. Additives added to plastics during manu-
facturing 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 sub-
stances of anthropogenic origin considered to be, or 
suspected of being, endocrine disruptors in the 
continental waters of the Antarctic Peninsula re-
gion. 

 
 

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 en-
zyme 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. 

From animal studies, researchers have learned 
much about the mechanisms through which endo-
crine disruptors influence the endocrine system and 
alter hormonal functions.  
 
HARMFUL EFFECTS OF ENDOCRINE DIS-
RUPTORS ON HUMAN HEALTH  

 
 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. 

 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 re-
spond properly. Examples of chemicals that block 
or antagonize hormones are anti-estrogens and anti-
androgens. 

 Fig. 1C explains the Interfering or block-
ing 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 dis-
ruptor can decrease or increase normal hormone 
levels (left), mimic the body's natural hormones 
(middle), or alter the natural production of hor-
mones (right).  

Many endocrine-related diseases and disorders 
are on the rise [80-82], For example: 

 Large proportions (up to 40%) of young 
men in some countries have low semen quality, 
which reduces their ability to father children. 

 The incidence of genital malformations, 
such as non-descending testes (cryptorchidisms) 
and penile malformations (hypospadias), in baby 
boys has increased over time. 

 Neurobehavioural disorders associated 
with thyroid disruption affect a high proportion of 
children in some countries. 

 Global rates of endocrine-related cancers 
(breast, endometrial, ovarian, prostate, testicular 
and thyroid) have been increasing in past decade. 

 The prevalence of obesity and type 2 dia-
betes 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 EDCs come from EDC example(s) 

Oral consumption of con-
taminated food or water 

Industrial waste/ pesticides contaminating soil/ groundwater PCBs, dioxins, perfluorinated 
compounds, DDT 

Oral consumption of con-
taminated food or water 

Leaching of chemicals from food/ beverage containers; pesticide resi-
dues in food/beverage 

BPA, phthalates, chlorpyri-
fos, DDT 

Contact with skin and/or 
inhalation 

Household furniture treated with flame retardants BFRs 

Contact with skin and/or 
inhalation 

Pesticides used in agriculture, homes/ for public disease vector control DDT, chlorpyrifos, vin-
clozolin, pyrethroids 

Intravenous Intravenous tubing Phthalates 
Application to skin Some cosmetics, personal care products, anti-bacterials, sunscreens, 

medications 
Phthalates, triclosan, Para-
bens, insect repellants 

Biological transfer from 
placenta 

Maternal body burden due to prior/current exposures Numerous EDCs can cross 
the placenta 

Biological transfer from 
 

Maternal body burden due to prior/current exposures Numerous EDCs are detected 
in milk 

KEY: BFR: brominated flame retardant; BPA: bisphenol A; PCBs: polychlorinated biphenyls 
 

EDCs are global and ubiquitous problem. 
People and animals are exposed to EDCs by a va-
riety of routes (Table 2), including consumption of 
food and water, through the skin, by inhalation, and 
by transfer from mother to fetus (across the placen-
ta) or mother to infant (via lactation) if a woman 
has EDCs in her body. Pregnant mothers and chil-
dren are the most vulnerable populations to be af-
fected by developmental exposures, and the effect 
of exposures to EDCs may not become evident until 
later in life. Research also shows that it may in-
crease the susceptibility to non-communicable 
diseases. It was observed that increasing chemical 
production and use is related to the growing inci-
dence of endocrine-associated paediatric disorders 
over the past 20 years, including male reproductive 
problems (cryptorchidism, hypospadias, and tes-
ticular cancer), early female puberty, leukaemia, 
brain cancer, and neurobehavioral disorders. Chem-
icals 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 expo-
sure 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 medi-
cation prior to 1947.  

It was discovered after the children went 
through puberty that DES affected the development 
of the reproductive system and caused vaginal can-
cer. 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 indi-
viduals than in those due to environmental expo-
sures [83]. Aquatic life subjected to endocrine dis-
ruptors in an urban effluent have experienced de-
creased levels of serotonin and increased feminiza-

tion [84]. 
Childhood neuropsychiatric disorders are in-

creasing in prevalence with as many as 1 in 6 chil-
dren in the US now diagnosed with at least one 
[85]. These disorders include attention deficit hy-
peractivity 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, polybromin-
ated 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 

Obesogens
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 expo-
sures to estrogenic EDCs [94,95]. Such estrogenic 
compounds are also associated with uterine fi-
broids, ovarian dysfunction, and subfertility in 
humans and in animal models [96-98]. Several 



© by PSP  Volume 26  No. 7/2017 pages 4623-4636      Fresenius Environmental Bulletin 

4630 

 

chemicals, most notably phthalates, are associated 
with a variety of adverse effects on the male uro-
genital tract, including cryptorchidism, hypospa-
dias, 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 pesti-
cides including those on the Stockholm Conven-

ants, 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 stimula-
tory 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 concentra-
tions of GEN and MEHP, the principal bioactive 
metabolite of DEHP. The results suggest a deregu-
lation 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 im-
pact 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 endo-
crine 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 validat-
ed estrogen RGA and perform an exposure and risk 
assessment for human health. Palanza and co 
worker [104] investigated the highest activity sam-
ples presented a potential to influence the human 
daily exposure to 17ß-estradiol like activity in vari-
ous risk groups with a predicted hormonal impact 
of greatest concern in young boys and postmeno-
pausal women. Thus in conclusion, consumers of 
sports supplements may be exposed to high levels 
of estrogenic EDs. 

Endocrine disruptors (EDs) are a class of envi-
ronmental 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 

worker [105] investigated three different EDs (al-
drin, 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 transi-
tion (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 expo-
sure 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 mi-
gration (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. How-
ever, 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 deci-
sion 2002/657/EC and allows simultaneous extrac-
tion, 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, hexachloro-
benzene 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 preco-
cious 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), diethylstil-
bestrol (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 
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several publications, including the latest infor-
mation 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 emerg-
ing issue under Strategic Approach to International 
Chemicals Management (SAICM) which was 
adopted in September 2012 by the third Internation-
al 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 Environmen-
tal Health Sciences).Since endocrine disrupting 
chemicals (EDCs) are substantially diverse in char-
acter, vary widely in physical and chemical proper-
ties, 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]. 

 
 

CONCLUSION AND RECOMMENDATIONS 
 
Daily use of chemicals is an essential part of 

modern society. Yet with the exponentially in-
creased production and release of synthetic chemi-
cals, an unwanted effect includes introduction of 
toxic and persistent substances into the environ-
ment. Today, humans and wildlife are constantly 
exposed to thousands of chemical residues, through 
air, food, and water. However, scientific infor-
mation regarding the long-term effects of this 
chronic, low-dose exposure to complex mixtures of 
chemicals is very limited. The literature provides 
highlights and insights to the fate, history and 
health impact of EDCs on both human and wildlife. 
The overview was not meant to be an exhaustive 
review of the evidence, but rather a synthesis of the 
current knowledge in an ever-changing field of 
inquiry and discovery. Although there is current 
scientific, public, and governmental interest in the 
potential health risks of exposure to EDCs, the 
human evidence of EDCs with altered human and 
wildlife health endpoints remains limited and, in 
certain instances, inconsistent across studies. This 
highlights the need for further research on these 
classes of EDCs, more comprehensive testing 
methods are required to identify other possible 
endocrine disruptors, their sources, and routes of 
exposure, more scientific evidence is needed to 
identify the effects of mixtures of EDCs on humans 
and wildlife (mainly from industrial by-products) to 
which humans and wildlife are increasingly ex-
posed, many sources of EDCs are not known be-
cause of insufficient reporting and information on 
chemicals in products, materials and goods, more 
data sharing between scientists and between coun-
tries can fill gaps in data, primarily in developing 
countries and emerging economies. 
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ABSTRACT 
 
This study analyzes the effectiveness of and 

confidence in pest management practices and sys-
tems in Turkish food processing facilities. Results 
suggest that most of the food facilities had suffi-
cient infrastructure, kept significantly reliable pest 
practices records, and were knowledgeable about 
pest applications.  However, when it came to sanita-
tion practices, some facilities had less hygienic pest 
management practices and development. Our find-
ings suggest that facility infrastructure and sanita-
tion practices, as well as employing pest manage-
ment operators, are important in the successful 
adoption and implementation of efficient pest man-
agement in food facilities. Accordingly, Turkish 
food safety management training programs, espe-
cially in different processing facilities, should max-
imize the efficacy of pest management practices. 
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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 bev-
erages each year [1]. Similarly, the US Department 
of Agriculture estimates that food-borne illnesses 
cost the US $10-83 billion each year [2,3]. Contam-
ination 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 pre-
ventative controls, as well as a rigorous pest man-
agement program with increased documentation [1]. 
Similarly, to address food safety concerns the Turk-
ish government has required food-processing facili-

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 en-
courages 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 re-
quirements 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 ulti-
mate responsibility for food safety lies with a busi-
ness. 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 Turk-
ish 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 

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-
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rial), equipment, geographic location, and surround-
ing landscape, among other factors. This makes 
generalizations about pest management difficult 
[10]. 

Pests can be kept out by using effective Inte-
grated Pest Management (IPM) as part of a food 

. IPM 
has basic rules designed to prevent  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 manage-
ment 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 effective-
ness of a facility's pest management program. Im-
proving this understanding may encourage facility 
managers to adopt sanitation and prerequisite pro-
grams. 

The aim of this study was to evaluate and de-
termine the level of general practice at different 
kinds of food facilities in western Turkey, including 
those focusing on dried vegetables & fruits, cater-
ing, table olive/vegetable oil, dairy, and baked 
goods, focusing on the professional pest manage-
ment 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 infor-
mation about what influences the effective imple-
mentation of a pest management and food safety 
program. 

 
 

MATERIALS AND METHODS 
 
Data collection. This study surveyed food 

processing facilities with current production licens-

Livestock Organization, all of which are located in 
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 man-

knowledge. Five-point Likert scales were 
used to score the answers: Strongly Agree = 5, 
Agree = 4, Neither Agree nor Disagree = 3, Disa-

gree = 2, and Strongly Disagree = 1 (for agree-
ments) 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 demographic structure, includ-
ing food safety certifications, number of employees, 
legal structure, and basic pest management data. 
The second section (13 questions) evaluated the 

documentation practices in pest manage-
ment. The third section (20 questions) related to 

structure which affect 
effective pest management. The fourth section (14 
questions) dealt with hygiene practices which could 
be im PRPs. 
These four g-
gestions. Finally, for the last question the observers 
asked facility managers about barriers they encoun-

e-
ment systems.   

 
TABLE 1 

Demographics of food facilities (n=112) 
Variables n % 
Age of facility (years) 

- 1-10                    
- 11-20 
- 20-30 
- More than 30 

 
66 
28 
10 
8 

 
58.9 
25.0 
8.9 
7.1 

 
- Joint-stock company 
- Limited 
- Private 

 
 
12 
34 
66 

 
 
10.7 
30.4 
58.9 

Food sector 
- Dried vegetables & fruits 
- Catering 
- Table olive/vegetable oil 
- Baked goods 
- Milk and milk products 

 
21 
30 
18 
37 
6 

 
18.8 
26.8 
16.1 
33.0 
5.4 

Number of employees 
- 1-50 
- 51-100 
- 101-150 
- More than 150 

 
101 
5 
1 
5 

 
90.2 
4.5 
0.9 
4.5 

Years of experience of interviewed 
personnel  
- 0-5 
- 6-10 
- 11-15 
- 16-20 
- More than 20 

 
59 
24 
14 
5 
10 

 
52.7 
21.4 
12.5 
4.5 
8.9 

FSMS Certificate 
- None 
- IS0 22000 
- ISO 9001 
- BRC 
- Other 

 
72 
28 
9 
2 
1 

 
64.3 
25.0 
8.0 
1.8 
0.9 

IPM application in facility 
- Yes 
- No 

 
82 
30 

 
73.2 
26.8 

Outsourced IPM service 
- Yes 
- No 

 
99 
13 

 
88 
11 

License 
- Yes 
- No 

 
99 
13 

 
88 
11 

 
Data analysis. All the data were analyzed 

with SPSS for Windows (Version 16.0, SPSS Inc, 
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Chicago, IL). Descriptive statistics were computed, 
including frequencies and standard deviations. 
Cronbach  alpha was used to determine construct 
validity [13], and a threshold of 0.70 was used to 
demonstrate consistency. 

 
 

RESULTS 
 
Characteristics of respondents. The demo-

graphic characteristics of the surveyed food pro-
cessing 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 sec-
tors: dried vegetables & fruits, catering, table ol-
ive/vegetable oil, baked goods, and dairies. While 
72 food facilities s-
tem 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.  

 
Pest management documentation and prac-

tices. Table 2 characterizes observations related to 
pest management documentation and practices at 
the surveyed facilities. Overall, most facilities 
scored above 70% (

on all the measures. Specifically, almost 90% of 
food facilities had detailed reporting, material safe-
ty data sheets (MSDS), and complete documenta-
tion 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 
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 

plans for pest infestations or pest findings.  
 
Facility infrastructure scores. Table 3 pre-

sents 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 in-
plant storage of pest chemicals.         

 
 

TABLE 2 
Observations regarding pest management documentation and practices (n=112). 

 

 
 
        Variable 
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1 Pest management operator has a license and it involves 
food facilities. 

0.85  
 
 
0.95 
 

2.7 1.8 1.8 27.7 66.1 

2 Material safety data sheet (MSDS) is sufficient.  0.87 3.6 0 3.6 32.1 60.7 

3 All traps are shown in monitoring maps. 1.24 6.3 7.1 15.2 19.6 51.8 
4 If pheromones and pest traps with lights are used in the 

facility, they are effectively controlled (e.g. date control) 
1.09 4.5 2.7 14.3 19.6 58.9 

5 Feeding traps (stations) are durable, resistant, and steady, 
and also located to protect food from contamination.  

1.02 4.5 1.8 10.7 26.8 56.3 

6 Responsible staff has sufficient experience in pest man-
agement. 

0.86 1.8 1.8 11.6 40.2 44.6 

7 Pest management practices are detailed in reports.  0.80 1.8 0.9 6.3 35.7 55.4 
8 Emergency plans are in place for pest infestation and pest 

findings. 
1.00 1.8 6.3 22.3 30.4 39.3 

9 The facility has sufficient training/information related to 
pest management.  

1.02 1.8 8.0 17.0 33.0 40.2 

1
0 

All corrective actions related to pest management are 
documented and recorded. 

0.85 1.8 1.8 8.9 38.4 49.1 

1
1 

Top management supports pest management. 
 

0.78 1.8 0 8.0 40.2 50.0 

1
2 

All pest activities are documented completely in the file. 0.75 1.8 0 5.4 37.5 55.4 

1
3 

Pest activities are monitored and pest management prac-
tices/activities are reported periodically to top manage-
ment.  

0.96 1.8 2.7 17.0 24.1 54.5 
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TABLE 3 
Observations related to facility infrastructure and pest management (n=112). 

 
 
Facility sanitation practices (Table 4). Most 

of the facilities scored highly on sanitation practices 

80%, 

However, 25% of facilities only sometimes per-

(e.g. closets, behind machines & stands) on a daily 
basis.  

 
 

TABLE 4 
Observations related to hygiene practices and pest management (n=112). 
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1 Pest chemicals are stored in warehouse in-plant. 0.79  
 
 
 
0.94 
 

2.7 1.8 5.4 51.8 38.4 
2 During pest management practices, preventative actions for food, 

food making surfaces and food packaging are adequate. 
0.74 1.8 0 6.3 52.7 39.3 

3 Pest chemicals are not stored appropriately in-plant. 1.49 32.1 16.1 8 18.8 25 
4 Insect screens on doors, windows, and ventilation are sufficient. 0.82 1.8 6.3 14.3 41.1 36.6 
5 Facilities are well kept and durable to prevent pest entry. 0.82 1.8 2.7 12.5 49.1 33.9 
6 Drainage and ports are insulated. 0.75 1.9 0.9 9.8 54.5 33.0 
7 Food in storage does not contact the floor or wall.  0.81 1.8 1.8 2.7 51.8 42.0 
8 Preventative actions are taken in-plant related to pest nidus/slots. 0.88 1.8 2.7 4.5 54.5 36.6 
9 All spaces 0.6 cm or wider are closed (e.g., door strips, ventilators) 0.81 1.8 0.9 12.5 48.2 36.6 
1
0 

Rodent climbing prevention actions are adequate.  0.93 1.8 1.8 26.8 36.6 33.0 

1
1 

When not in use, all doors and windows are closed. 0.92 4.5 1.8 2.7 33.9 57.1 

1
2 

If windows are open, they have swatters. 0.91 1.8 5.4 9.8 40.2 42.9 

1
3 

Door strips have skirts and combs. 1.24 4.5 18.8 .23.2 26.8 26.8 

1
4 

Entries to plants have PVC bands and/or air curtains. 1.13 3.6 15.2 10.7 34.8 35.7 

1
5 

All spaces, slots, and blanks are closed. 0.76 0 6.3 58.0 33.9 1.8 

1
6 

There are spaces between storage floor and wall, and there is a hole 
straight to the wall. 

0.79 1.8 0 8.9 44.6 44.6 

1
7 

There are no wreck yards or junk on the outdoor facility grounds.  1.06 7.1 5.4 2.7 35.7 49.1 

1
8 

Warehouses are clean and have no pests or animals. 1.02 4.5 4.5 4.5 49.1 37.5 

1
9 

Preventative actions to keep pests away from food preparation, 
handling, and storage places.  

0.82 1.8 0.9 3.6 32.1 61.6 

2
0 

If storage is outside the plant, materials are protected from weather 
conditions and pest infestation. 

0.81 2.7 0 10.7 41.1 45.5 
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1 Food particles cleaned off floor and floor mopped. 0.71  
 
 
0.89 
 

0.9 0.9 4.5 38.4 55.4 
2 Clean greasy surfaces.  0.73 0.9 0.9 7.1 46.4 44.6 
3 Invisible spots, closets, & areas behind machines and stands cleaned 

daily. 
0.94 0.9 5.4 25.0 34.8 33.9 

4 Deep cleaning is important. 0.93 0.9 3.6 25.0 33.0 37.5 
5 Outlets cleaned. 0.94 0.9 6.3 25.9 36.6 30.4 
6 Dead birds, mice, or rats thrown away.  1.17 3.6 11.6 4.5 24.1 56.3 
7 Residual dirtiness in equipment cleaned. 0.87 0.9 3.6 13.4 38.4 43.8 
8 Cleaning equipment (e.g. brooms, mops) left clean when not in use, and 

stored upside-down.  
0.85 0.9 1.8 14.3 33.0 50.0 

9 Trash bags used, and full bags thrown in a designated dumpster.  0.92 3.6 0 8.9 33.9 53.6 
1
0 

Dumpster emptied at least weekly.  0.70 0.9 0 6.3 35.7 57.1 

1
1 

Garbage containers are washed out and area around dumpsters are 
mopped during every cleaning session.  

1.09 2.7 6.3 23.2 23.2 44.6 

1
2 

External packaging, boxes, etc. removed directly from production area. 0.72 0.9 0 9.8 47.3 42.0 

1
3 

All outdoor areas cleaned. 0.94 2.7 4.5 13.4 47.3 32.1 

1
4 
 

When pests or infestations are found, all hygienic practices and opera-
tions used to eliminate the hazard are determined and recorded.  

1.07 2.7 8.9 11.6 35.7 41.1 
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Barriers to pest management. Table 5 char-
f-

fective 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 sys-
tems, according to facility managers(n=112). 

Variable Significance level 
(Mean±Std.Deviation) a 

Lack of knowledge of staff  2.63±1.0 
Lack of budget  2.59±1.1 
Lack of infrastructure in 
facility  

2.96±0.9 

Other reasons related to 
pest management operators   

1.83±1.2 

a Answer options range from 1 (not important) to 4 
(important).  

 
Limitations of the study. Because the popula-

tion of this study consisted of food facilities in 

food facilities in Turkey. Another limitation is re-
lated to study participation: some of the food pro-
cessing 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 pri-
vately owned, they typically had established inte-
grated 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 facili-
ties (82%) are related to Turkish governmental 
regulations, which require preventative pest infec-
tions to be effective during the food safety chain 
(8). Additionally, almost all facilities had out-
sourced 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 li-
cense 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 certi-
fication authorities to evaluate food safety in that 
business, which increases consumer and market 

[26]. Turkish 
Law 5996 stipulates that food facilities document 

their activities related to hygiene rules, risk assess-
ments, 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 recom-
mendations should be documented, especially in 
food facilities [17]. However, contrary to our find-
ings, 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 continu-
ous pest management monitoring, training, practic-
es, and documentation (Table 2). In another context, 
Kalmar et al. [19] reported a general lack of mana-
gerial 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 practic-
es 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, equipment-
maintenance, supplier selection, cleaning and sani-
tation programs, staff training, and specification 
programs (cross-contamination control) [7,20]. 
These programs ensure that the premises, equip-

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 facili-
ties. Therefore, effective pest control involves 

structures from doors, windows, screens and any 
other openings [17], along with other basic prereq-
uisite programs [22]. 

Food processing facilities face many challeng-
es while developing and implementing PRPs and 
risk-based HACCP systems in their facilities. A 
number of studies have identified these challenges 
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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 chal-
lenge [6, 18, 21, 29] . Moreover, some researchers 
[30, 31] have described sanitation as the first step of 
pest management in food processing facilities. Sani-
tation 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 pro-
cessing facilities have generally effective and high-
level (more than 80%) sanitation practices in pest 
management (Table 4). This may be why the man-
agers in our study believed that lack of sanitation is 
not the main barrier to pest management effective-
ness (Table 5). Similarly, facility sanitation may not 
be the sole factor influencing successful pest man-
agement [4]. 

Based on the existing literature, the main man-
agerial 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]. 
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 effec-
tive pest management. It is clear that the employ-
ment of experienced and technically qualified per-
sonnel or pest management operators is critical to 
effective pest practices, because of their practical 
responsibilities in the implementation and mainte-
nance of pest management systems. 

Although our findings are significant and con-
tribute to national discussions about food safety, 
certain parameters of this study limit the generali-
zability of its findings. First, only a modest number 
of food processing facilities were studied in 
province, so the data do not represent all the facili-
ties in Turkey. In addition, facility visits were made 

visit their indoor plants. Interviews with these man-
agers were therefore not included in the data analy-
sis. It is important that these limitations be consid-

results. Overall, this study explored the characteris-
tics 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 prac-
tice records and knew a lot about pest applications 
and good sanitation practices. They also suggest 
that effective facility infrastructure and sanitation 

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 documenta-
tion and record-keeping activities than other re-
searchers found.   

Based on these results, it is clear that out-
sourced license pest management operators are 
important in the successful adoption and implemen-
tation of an efficient pest management in food facil-
ities 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 

g 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 pro-
grams, as well as further research to maximize the 
efficacy of pest prevention practices in Turkey and  
as well as in other countries. 
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ABSTRACT 
 
Due to scarcity of water globally, wastewater 

has been become alternative source of water for irri-
gation to minimize the pressure of fresh water de-
mand. Therefore, aim of the present study was to in-
vestigate the influence of wastewater on the perfor-
mance of Melia azedarach L. grown for three con-
secutive 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 nutri-
ents (nitrogen, phosphorus and potassium). Alt-
hough, 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 in-

creasing with the increasing world  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 in-
creasing urban population [2]. Therefore, 
wastewater can be used in the alleviation of surface 
water contamination problem and not only help in 

the conservation of water resources but it also pro-
vides the nutrients and organic matters to grow agri-
cultural 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. 
land) has been used reclaimed wastewater for irriga-
tion [5]. Therefore, it is an important to overcome 
shortage of fresh water problem caused by urbaniza-
tion, agriculture industries by adopting sustainable 
alternative approach that can minimize the depend-
ency on surface fresh water resources.  

As we know that the demand of wood is in-
creased with increasing urbanization and demand of 
wood products, such as construction timber, ply-
wood, and furniture. According to Meyfroidt and 
Lambin [6] tropical deforestation is very critical is-
sue 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 prob-
lem, 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 con-
tent. 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 bio-
mass yields and nutrient content in Pennisetum pur-
pureum, Medicago sativa, Sinapis alba and Helian-
thus annuus.  

Melia azedarach L., belongs to Meliaceae fam-
ily, knows as bread tree. It has been used in the treat-
ment of various diseases, such as fungal infection, 
leprosy, cystitis, scrofula, ulcerative wounds, syphi-
litic 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 
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TABLE 1 
Average composition of water used in irrigation treatments in the experiment 

Limits of wastewater 
for agric. reuse (FAO, 

1992) 

Tap water Wastewater 
 

Parameter 
 

6.50  8.40 
3.00  7.00 

 
 

-- 
-- 
-- 
-- 
 
 

-- 
1.50  8.50 

-- 
 

-- 
40 - 500 
80 - 600 

-- 
 

-- 
-- 
 
 

0.01 
0.20 
5.00 

6.60 
0.48 

 
 

1.20 
1.80 
0.10 
3.60 

 
 
 

2.50 
3.92 

 
-- 
-- 
-- 
-- 
 

0.12 
0.01 

 
 

0.003 
0.001 
0.02 

6.62 
1.40 

 
 

2.73 
2.41 
0.33 
12.95 

 
 

-- 
4.93 
8.63 

 
0.00 
230 
422 

1035 
 

1.38 
0.41 

 
 

0.04 
0.03 
0.29 

pH 
E.C ds/m 
 
Soluble Cations (meq/L) 
Ca++ 
Mg++ 
K+ 
Na+ 

 
Soluble Anions (meq/L) 
CO3

-- 
HCO3

- 
Cl- 
 
DO    (mg/L) 
BOD5 (mg/L) 
COD (mg/L)  
TSS   (mg/L) 
 
Available N (ppm) 
Available P (ppm) 
 
Total heavy metals (ppm) 
Cd 
Ni 
Pb 

 
making of boxes, poles, and other tools [14]. There-
fore, keeping in view the use of alternative source of 
water for the irrigation of plants, the aim of the pre-
sent 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 De-
mand (COD) and Dissolved Oxygen (DO) were 
measured by the standard method of azide modifica-
tion of winkler and dichromate oxidation respec-
tively. 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 Alex-
andria, 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 opti-
mum water conditions.  

Sampling was done at every end of the year, 

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 pow-
dered to pass through a 2 mm sieve and digested with 
triacid mixture (HNO3 : H2SO4 :HClO4 in 10:4:1 ra-
tio) [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 met-
als [Cd, Pb and Ni (ppm)] was measured with the 
help of Atomic Absorption Spectrophotometer (Per-
kin Elmer, 3300, USA). 

 
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. 
 

 
TABLE 3 

Effect of wastewater on the growth performance of Melia azedarach L. 

  
TABLE 4 

Effect of wastewater on the nutrients and heavy metals content in Melia azedarach L. 

 
 
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 Ag-
riculture Organization of the United Nations [22] re-
ported that the acceptance limit of pH of waters for 
irrigation is ranged from 6.50 to 8.40. Also, accord-
ing to the FAO [22] the dissolve oxygen (DO), bio-
logical oxygen demand (BOD), chemical oxygen de-
mand (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 ac-
cumulation of heavy metals in plant by continuous 
irrigation of wastewater. This result agrees with the 
findings of Al-Mefarrej [23]. We found very inter-
esting from this study that wastewater irrigation was 
proved beneficial in enhancement of growth attrib-
utes 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 

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. Irri-
gation of wastewater also improves ecological bal-
ance and environmental quality. Improved uptake of 
nutrients could have enhanced biomass production 
(Tables 2 and 3). On the other hand, wastewater irri-
gation significantly increased heavy metals concen-
trations 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].  

 
 
 
 
 

 
Treatments 
 

Parameters 
Plant height (cm) Stem diameter (cm) Leaf area (cm2) Fiber length (mm) Specific gravity 

Tapwater 43.4 0.73 55.92 0.92 0.44 
Wastewater 152.8 2.44 74.28 0.95 0.36 

 
Treatments 

Parameters 
LFW (g) LDW (g) SFW (g) SDW (g)  RFW (g) RDW (g) 

Tapwater 80.47 13.58 89.66 43.87 75.24 38.21 
Wastewater 655.28 39.87  1755.24 1243.71 235.87 119.82 

 
Treatments 
 

Parameters 
N  
(g/Kg DM) 

P  
(g/Kg DM) 

K 
(g/Kg DM) 

Cd (mg/Kg 
DM) 

 Pb (mg/Kg 
DM) 

Ni (mg/Kg 
DM) 

Tapwater 22.74 0.40 19.81 0.01 4.75 2.01 
Wastewater 30.65 1.14 28.93 1.38 14.20 9.76 
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CONCLUSION 
 
It is concluded that the irrigation with 

wastewater exhibited beneficial effects on plant 
growth performance of Melia azedarach by improv-
ing 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. There-
fore, wastewater could be considered as an alterna-
tive source of water for irrigation for Melia azeda-
rach. Also, it may minimize the risk of public health 
and the ground water pollution by its safe disposal.  

  
 

REFERENCES 
 

[1] Gargosova, H.Z., Urminska B. (2017). Assess-
ment of the efficiency of wastewater treatment 
plant using ecotoxicity tests. Fresen. Environ. 
Bull., 26, 56-62.  

[2] Ali, H.M., Siddiqui, M.H., Khamis, M.H., Has-
san, F.A., Salem, M.Z.M. and El-Mahroukd 
E.M. (2013). Performance of forest tree Khaya 
senegalensis (Desr.) A. Juss. under sewage ef-
fluent irrigation. Ecological Engineering, 61, 
117-126. 

[3] Pescod, M.B. (1992). Wastewater treatment and 
use in agriculture. F.A.O. Irrigation and Drain-
age Paper 47. 

[4] Al Zabir, A., Zaman, M.W., Hossen, M.Z., Ud-
din, M.N., Biswas, M.J.H. and Al Asif A. 
(2016). Impact of wastewater irrigation on ma-
jor nutrient status in soil near Bhaluka industrial 
area of Bangladesh. Asian Journal of Medical 
and Biological Research, 2, 131-137. 

[5] Winpenny, J., Ingo H. and Sasha (2010). The 
Wealth of Waste: The Economics of 
Wastewater Use in Agriculture. FAO Water Re-
ports 35, Rome, Italy. 

[6] Meyfroidt, P. and Lambin, E.F. (2011). Global 
forest transition: Prospects for an end to defor-
estation. Annual Review of Environment and 
Resources, 36, 343-371.  

[7] Elias, P. and Boucher, D. (2014). Planting for 
the Future: How Demand for Wood Products 
Could Be Friendly to Tropical Forests. Union of 
Concerned Scientists: Science for a Healthy 
Planet and Safer World, October, 2014. 

[8] Seker, D.Z., Yucel, U. (2017). Gis based multi-
criteria decision analysis for site selection of a 
wastewater treatment plant. Fresen. Environ. 
Bull., 26, 399-404.   

[9] Yadav, R.K., Minhas, P.S., Khajanchi-Lal and 
Dagar J.C. (2016). Potential of Wastewater Dis-
posal Through Tree Plantations. In: Dagar, J.C. 
and Minhas, P.S. (eds.), Agroforestry for the 
Management of Waterlogged Saline Soils and 
Poor-quality Waters, Advances in Agroforestry 

Vol. 13, Springer, India.  
[10] Alghobar, M.A., Suresha, S. (2016). Effect of 

wastewater irrigation on growth and yield of 
rice crop and uptake and accumulation of nutri-
ent and heavy metals in soil. Applied Ecology 
and Environmental Sciences, 4, 53-60. 

[11] Matheyarasu, R., Bolan, N.S. and Naidu, R. 
(2016). Abattoir wastewater irrigation increases 
the availability of nutrients and influences on 
plant growth and development. Water, Air, & 
Soil Pollution, 227, 253. 

[12] AL-Rubae, A.Y. (2009). The potential uses of 
Melia azedarach L. as pesticidal and medicinal 
plant, review. Journal: American-Eurasian Jour-
nal of Sustainable Agriculture, 3, 185-194. 

[13] Khatoon, A., Mohapatra, A. and Satapathy, 
K.B. (2016). Studies on evaluation of in-vitro 
antfungal activities of Melia azedarach L. Bark. 
International Journal of Pharmaceutical Sci-
ences and Research, 7, 331-335. 

[14] Rind, N.A., Aksoy, O., Dahot, M.U., Dikilitas, 
S., Rafiq, M., T t noglu, B., (2016). Evaluation 
of genetic diversity among melia azedarach l. 
(meliaceae) with rapd markers. Fresen. Environ. 
Bull., 25, 2374-2382.  

[15] APHA-AWWA-WPCF (1995). Standard Meth-
ods for the Examination of Water and 
Wastewater, 19th ed. American Public Health 
Association, Washington, DC. 

[16] Smith, D.M. (1954). Maximum moisture con-
tent method for determining specific gravity of 
small wood samples. USDA Forest Prod. Lab. 
Rep. 2014:8. 

[17] Burley, J., Posner, T. and Waters, P. (1970). 
Sampling techniques for measurement of fiber 
length in Eucalyptus Species. Wood Science 
and Technology, 4, 240-245. 

[18] Jones, Jr., J.B. and Case, V.W. (1990). Sam-
pling, handling and analyzing plant tissue sam-
ples. In: Westerman, R.L. (Ed.), Soil testing and 
Plant Analysis, 3rd ed. Soil Science Society of 
America Inc, Madison, WI, pp. 389 427. 

[19] Jackson, M.L. (1973). Soil Chemical Analysis. 
Prentice-Hall of India, Private Limited, New 
Delhi, pp. 38 82. 

[20] Singh, G., Bhati, M., and Rathod, T. (2010). Use 
of tree seedlings for the phytoremediation of a 
municipal effluent used in dry areas of North-
Western India: plant growth and nutrient uptake. 
Ecological Engineering, 36, 1299 1306. 

[21] Page, A.L., Miller, R.H., and Keeny, D.R. 
(1982). Methods of Soil Analysis, Part II. In: 
Agron- omy Monogr., 2nd ed. ASA and SSSA, 
Madison, WI, pp. 539 579. 

[22] FAO (1992). Wastewater treatment and use in 
agriculture. Pescod M.B. Irrigation and Drain-
age. Paper 47. FAO, Rome. 

[23] Al-Mefarrej, H.A. (2013). Growth characteris-
tics and some wood quality of Tamarix aphylla 
seedlings irrigated with primary treated 



© by PSP  Volume 26  No. 7/2017 pages 4645-4649      Fresenius Environmental Bulletin 

4649 

 

wastewater under drought stress. Asian Journal 
of Plant Sciences, 12, 109-118. 

[24] Siddiqui, M.H., Khan, M.N., Mohammad, F. 
and Khan, M.M.A. (2008). Role of nitrogen and 
gibberellic acid (GA3) in the regulation of en-
zyme activities and in osmoprotectant accumu-
lation in Brassica juncea L. under salt stress. 
Journal of Agronomy and Crop Science, 194, 
214 224. 

[25] Maathuis, F. (2009). Physiological functions of 
mineral nutrients. Current Opinion in Plant Bi-
ology, 12, 250-258. 

[26] Marschner, H. (1995). Mineral Nutrition of 
Higher Plants, 2nd ed. Academic Press, London. 

[27] Karatas, M., Dursun, S., Guler, E., Ozdemir, C., 
Argun, M.E. (2006). Heavy metal accu- mula-
tion in wheat plants irrigated by waste water. 
Cellulose Chemistry and Technology, 40, 575
579. 

 

 
Received: 24.01.2017 
Accepted: 25.04.2017 
 
 
CORRESPONDING AUTHOR 
 
Manzer H Siddiqui
Department of Botany and Microbiology, College of 
Science, King Saud University, Riyadh, 2455, King-
dom of Saudi Arabia 

 
e-mail:manzerhs@yahoo.co.in 
 
 
 

 



© by PSP  Volume 26  No. 7/2017 pages 4650-4655      Fresenius Environmental Bulletin 

4650 

 

 
NEXT GENERATION SEQUENCING TECHNOLOGIES AND 

USAGE IN FORENSIC GENETICS 
 

E Hulya Yukseloglu1, Umut Kara2, S Sibel Ramadanoglu1, Faruk Asicioglu1 

 
1Institute of Forensic Sciences, Istanbul University, Istanbul 34098, Turkey 

2Department of Morgue Specialty, The Council of Forensic Medicine (ATK), Istanbul 34186, Turkey 

 
 

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 tech-
niques 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 tech-
nologies have brought great dynamism to the field. 
Once the foremost disadvantages of New Genera-
tion Sequencing methods situated as the cost that 
comes with high technology and analysis errors of 
high amounts of information produced are over-
come, a paradigm shift is inevitable in where 

 dominates the field of fo-
rensic genetics [2]. 
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INTRODUCTION 
 
DNA sequencing studies go a long way back 

in the field of forensic molecular biology and foren-
sic 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 encoun-
tered 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 

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 se-
quencing systems on the market after emphasizing 
the basics of sequence analysis and the innovations 
that new generation sequencing brought. 

 
 

SEQUENCE ANALYSIS METHOD FROM 
PAST TO PRESENT 

 
DNA sequence analysis is defined as deter-

mining 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 complimen-
tary DNA, and imprinting of zones that control 
gene activity with DNA sequence analysis. This 
method is also applied during recognition of evolu-
tionary 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 devel-
oped 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 

recently added to deox-
ynucleotide (dNTP), react to the last nucleo -
OH group at the end of the chain and forms a 

-  Thus, a nucleotidic exten-
sion is provided in the chain synthesized. If dideox-
ynucleotide (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 
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and fluorescence emissioning e 
visible depending on the terminal-base. Each base 
(A, T, G and C) have two axis similar to magnets 

one terminal can connect to another bases other 
terminal. 

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 apprehen-
sible 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 quali-
ty of the sequence goes below acceptable levels. 
The third point, the time required to read approxi-
mately 800 bases is too long; and the fourth point, 
consumables used per base is relatively expensive. 
It is a whole other story, especially when consider-
ing 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 improv-
ing the Sanger method before new generation se-
quencing 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 acceler-
ated 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 pro-
vided 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; se-
quencing 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 pyrose-
quencing technology. From that day forward a few 
different sequencing methods have been developed 
[8, 10]. New generation sequencing analysis tech-
nologies such as 454 GS20 pyrosequencing (Roche 
Applied Science), Solexa 1G (Illumina, Inc.), SOL-
ID (Applied Biosystems), Heliscope (Helicos, Inc.), 
Ion Torrent and The MiSeq FGx Forensic Ge-
nomics System (Illumina, Inc.) are commercially 
available [11]. 

 
 

NEW GENERATION SEQUENCING TECH-
NOLOGIES AND FORENSIC GENETICS 

 
There are many innovations brought to the 

field of forensic genetics by new generation se-
quencing 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 defi-
ciencies of the STR analysis that is a principal tech-
nique 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 se-
quence in question with a high accuracy rate and 
enables to separate alleles by revealing the varia-
tions between sequences even if they have the same 

this technology simplifies the analysis of mix sam-
ples 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 infor-
mation in a single analysis by using more than one 
genetic markers all together. New generation se-
quencing techniques can transform biological find-
ings obtained from the crime scene into hair or eye 
color or even into bio-geographical ancestry infor-
mation by SNP analysis along with the STR mark-
er. Arguments go on as to prove how this great 
advantage will be utilized, putting forward the ethi-
cal extent of the issue [13]. 

One other advantage of new generation se-
quencing technologies is that it lowers the DNA 
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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 se-
quence length necessary for the targeted DNA sec-
tion will decrease. However, as with any new tech-
nology, many parameters must be delicately fic-
tionalized 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 esti-
mations of mismatches detected among DNA pro-
files fit to be a data regarding whether it is a muta-
tion or a case of dismissal of mother-fatherhood 
[15]. 

Of course there are some disadvantages in 
question when it comes to new generation sequenc-
ing 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. Never-
theless, the most important advantage of new gen-
eration 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 mas-
sive knowledge generation as well. Forensic genet-
ics specialists may encounter some difficulties due 
to lack of experience while analyzing this infor-

o-
gy companies who are aware of this situation are 
eager to prepare software to help analyze this in-
formation, 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. 
where kit manufacturers bring into use the process 
steps c-
tion- so to speak 
reduced in , the effort of open source soft-
ware is nevertheless noteworthy. However this 
stance does not change the fact that there is a need 
for advanced computer software for the interpreta-
tion of the high amount of data acquired [16]. 

 
Systems in the Market. Few of the new gen-

eration sequencing systems used nowadays in fo-

rensic sciences and manufactured kits related to the 
field are mentioned below. 

 
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 gener-
ation sequencing technology. Pyrosequencing strat-
egy 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 sur-
face with the use of a complementary adaptor and 
synthesize complementary strings. Patterns are 
massive parallel-aligned using DNA synthesis-
sequencing approach, re-tachable fluorescent parts 
and special DNA polymerases with recyclable ter-
minals 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 (Person-

al Genome Machine) SNP applications for crim-
inal purpose. These came into effect in the follow-
ing fields: genetic identification, determination of 
kinship, phenotype specification, bio-geographical 
ancestry analysis and Mitochondrial DNA Identifi-
cation. 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 pur-
poses is the potential it carries to provide assistance 
to cases that cannot be cracked with traditional 
DNA sequencing technologies. Even though capil-
lary electrophoresis method may still be the golden 
standard for laboratories that work with STR, the 
Ion PGM System enhances the capability of labora-
tories 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 
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the sequence information acquired from any labora-
tory or research center. The system in question 
combines the semi conductive sequencing technol-
ogy 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-
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 Tor-

system [19, 21].  
 
Mitochondrial DNA Panel for PGM. 

unique to new generation sequence systems; is a 
product developed for the purpose of research on 
missing persons, mass grave cases and identifica-
tion of body parts of disaster victims. Mitochondrial 

m-
portant benefits in terms of genetic identification. 

Disaster Victim Identification expressed as 
DVI (Disaster Victim Identification), is imposed 
upon mitochondrial DNA analysis to match fami-
lies from combined body parts and residues ob-
tained from the scene of disaster. Meanwhile, Mito-
chondrial DNA enables the examination regarding 
origin in affinity-ancestry research due to its inher-
itance 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 se-
quence the whole gene in 2 multi analysis as MPX1 
and MPX2. As is known, the gene sequencing pro-
cess which takes too long with the Sanger method is 
possibly downhill all the way with the new genera-
tion sequencing system. 

 
New Generation Sequence Based Human 

Identification Kit: HID- i-
fication Panel. The SNP based identification kit 

-
, is especially de-

signed 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 

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 nucleo-
tides). 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]. 

 
Biogeographical Ancestry and Phenotype 

Indication Kit for the purpose of Human Identi-
fication: HID- . 

-
based biogeographical ancestry indication and phe-
notype identification kit specific for the new gener-
ation 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 sam-
ples with amplicon sizes of 122-133 nt. 123 of the 
165 SNPs are points that Dr. Michael Seldin devel-
oped. 53 of them are points developed by Dr. Ken-
neth Kidd. Software by the name of ALFRED (Al-
lele Frequency Database) is used along with the kit. 
This software has data specific to all populations, 
and determines what population the sample is statis-
tically near to in each dispatch for each sample. The 
SNP points that the kit contains have a resolution of 
99.77% [12, 20]. 

 
The MiSeq FGx (Forensic Genomics Sys-

tem). MiSeq FGX Forensic Genomics System is 
the first validated sequencing system that was de-
signed to be used in forensic genomic applications. 
This system uses specially designed library prepara-
tion kits, customized equipment control software 
and analytical software packages to carry on relia-
ble analysis of challenging forensic samples en-
countered 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]. 
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CONCLUSION 
 
DNA analysis has come into prominence with 

the rapid progress of molecular biology and genet-
driven by DNA 

sequencing techniques have come a long way in the 
past 10-15 years and is rapidly proceeding at pre-
sent. 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 Tur-
key, it will be possible to acquire profiles in chal-
lenging 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 da-
ta aside from the DNA profile of the suspect, phe-
notype attributes that may describe the suspect will 
be determined along with these systems. Thus the 
contribution of new generation sequencing tech-
niques on the provision of justice in the field of 
genetic identification will reach a new level and 
together with all these developments the new gen-
eration sequencing techniques will take its place 
among the essential methods in forensic genetic 
laboratories in the near future. 
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ABSTRACT 
 

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 choos-
ing the feasible skyline yarder that will best meet the 
wood extraction requirements of any particular for-
est 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 config-
uration is based on determining the technical speci-
fications (skyline cable length, max. cycle load ca-
pacity 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 specifi-
cations were evaluated by the cost of skyline yarder 
operation and the cost of the alternative extracting 
system by cost-effectiveness analysis method. The 

nical specification must have at least 700 m yarding 
distances, ten cycles per a working day and 2.2 t car-
riage load capacity per cycle. This skyline yarders 
can be operated at the cost of 16.70 m3 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 machin-
ery production is considered, this scientific data will 
be the starting point. 
 
 
KEYWORDS:  
Cable Extraction, Configuration, Cost-effectiveness, Fea-
sibility, Productivity, Skyline Yarder 
 
 
 
 
 

INTRODUCTION 
 

Timber extraction operation is one of the most 
dangerous, difficult and expensive logging opera-
tions. 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 tech-
nique 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 cate-
gory 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 tech-
nical specifications. Talbot and his friends used eco-
nomics, 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 vil-
lagers 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 log-
ging. For this reason, machines such as skylines 
yarders and skidders are purchased by the state and 
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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 accord-
ing 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 coun-
tries. Today, almost all of the machines have com-
pleted 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 ex-
periences, instead of purchasing or producing ma-
chines in many different types, it is necessary to de-
termine the feasible machine specifications accord-
ing to the local forestry needs and to act accordingly. 

It has been put forth that the cable systems de-
sign 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 sky-
line yarding efficiency, although none of them is for 
the choosing feasible skyline systems according to 
harvesting conditions. In many studies, the produc-
tivity 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 extrac-
tion is not always the cheapest. The feasible skyline 
yarders must be meet transportation needs and eco-
nomics. Those requirements may be fulfilled by the 
identification of the forestry operations, infrastruc-
ture 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 op-
tion for meeting a specific physical objective/out-
come [24-26]. Cost-effectiveness analysis can be a 
useful and powerful tool for resource allocation, de-
cisions, 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 re-
sources are [28, 29].  

The objective of this study is the configuration 
of the feasible skyline yarder by using the specifica-
tions of yarding distance, carriage payload capacity 
and cycle time deal with daily productivity and op-
erational costs for any specific forest region with ex-
amples of forestry and forest land conditions in East-
ern Black Sea region of Turkey.  

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), pro-
duction systems and logging data was handled pri-
marily. This was done by examining the records of 
forest operations in the forest enterprises. Then, ac-
cording to the obtained technical data, a cost-effec-
tiveness analysis based on efficiency and cost com-
parison was used to configure the most compatible 
skyline yarder. The manual gravity sliding method 
and the skyline yarder were compared in the cost-
effectiveness analysis due to the steepness of the for-
est 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 tech-
nical specifications, cutting quantities for extraction 
operations applied in the region were taken from log-
ging records and cost value records from forest of-
fices. Also, Google Earth software was used to meas-
ure the extraction distance and average slope for sky-
line 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 man-
ual 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 

The 
study area is cover 
est land [30]. This region has the most difficult trans-
portation 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
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. To-
tally 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 
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weighted average. The selection of the logging rec-
ords 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 com-
pare the above mentioned two data sets each other. 
The measurement of the extraction distance was 
realised at sampling points of the whole region ac-
cording 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 deter-
mined 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 measure-
ment. 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 ele-
vation 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.  

 
Determining of the Technical Specifications 

and Configuration. The setting-up and operation of 
skylines used in forest operations represent a com-
plex activity [32]. Log diameter, volumes cut per 
acre and average slope yarding distances have been 
used by LeDoux (1986) to simulate delay-free yard-
ing cost for uphill cable yarders.  

In this study, average yarding (extraction) dis-
tance, extraction direction according to the slope sur-
face, 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 

the skyline yarder technical specifications. Tech-
nical specifications are the skyline cable length, max 

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), cy-
cle weight (t), cycle time (hour), daily yarder volume 
(m3/day), average cutting unit volume (m3), machine 
workday, worker day, worker fee ( /day), machine 
amortization cost ( ), insurance costs ( ), mainte-
nance and spare parts costs ( ), daily fuel expenses 
(  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 configura-
tions are calculated according to daily productivity 
values according to max cycle load capacity and re-
lated 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 deter-
mined as the economic threshold point. The config-
uration has been carried out by using the economic 
threshold point level that showed the minimum car-
riage cycle load capacity according to log weight, 
daily productivity and skyline cable length. 

 
 
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 

ble 1). 

 
 

TABLE 1 
Logging sites harvesting data 

 
Regional  
Forest  
Headquarters 

Extraction system 
Cutting unit 

number 
Volume 

(m³) 
Total log pieces 

number (n) 
Site slope 

(%) 

Average 
extraction 

distance(m) 

Volume per 
piece (m³) 

Artvin 
Manual ground sliding 47 19 590 14 753 74 216.17 1.328 
Tractor winching  34 14 200 11 758 73 228 1.208 
Skyline yarding 39 22 549 15 557 79 534.1 1.449 

Giresun 
Manual ground sliding 28 2 119 1 801 73 168.2 1.177 
Tractor winching  55 19 717 15 914 74 367 1.239 
Skyline yarding 8 4 091 7 454 76 1385 0.549 

Trabzon 
Manual ground sliding 37 4 345 3 452 70 173.5 1.259 
Tractor winching  53 23 083 22 131 74 370.5 1.043 
Skyline yarding - - - - - - 

Total 301 109 695 92 820 - - - 
Average  364.44 308 74.1 334.9 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 Sample plot number Ave. site slope, % Maximum extraction distance, m Ave. extraction distance, m 
Artvin RFH 43 76 688 344 
Trabzon RFH 84 75 696 348 
Giresun RFH 56 72 724 362 
Average 74.33 703 351.5 

 
TABLE 3 

Skyline yarder cost analysis table (summarised) 
 

Yarding capacity per cycle 
(hardwood) Daily Productivity 

(m3) 
Work days 

(day) 
Worker costs 

3) 

Amortization +  
insurance costs  

3) 

Fuel, repair and 
maintain cost 

3) 

Total cost 
3) 

(m3) (t) 
1.042 0.7 10 36 21.28 8.37 11.28 40.93 
2.083 1.5 20 18 12.93 4.19 5.64 22.76 
3.125 2.2 30 12 10.15 2.79 3.76 16.70 
4.167 2.9 40 8 8.24 2.77 2.48 13.49 
5.208 3.6 50 7 7.92 2.21 2.26 12.39 
6.250 4.4 60 6 7.36 2.44 1.88 11.68 
7.292 5.1 70 5 6.87 2.09 1.55 10.51 

 
 

Eastern Black Sea region site slope range is 60-
90 %, 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 extrac-
tion distance. Skyline yarders usage gets importance 
for extraction of logs in this region. The extraction 

distance is one of the most important specifications 
of the yarder specifications. 

 
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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workmanship costs and skyline yarder operational 
costs paired each other according to the cost-effec-
tiveness threshold for determining economic skyline 
usage level and skyline yarder technical specifica-
tions.  

The cost of manual ground gravity sliding was 
3 where the conditions are in av-

erage maximum extraction distance 700 m (average 
extraction distance 351.5 m) and cutting unit average 
log volume 364.44 m3 
ging site data records. Daily extraction productivity 
is 9.508 m3 for five workers.  

Skyline yarder cost calculation was made tak-
ing into account operational cost components such 
as total work time according to the max yarding dis-
tance (700 m), yarding capacity per cycle (log vol-
ume (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 

nual maintenance and repair costs, fuel usage and to-
tal 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 pre-
sented in Table 3. Daily work productivity was as-
sumed from 10 to 70 m3 according to possible car-
riage cycle load capacity. 

Workmanship cost is one of the most effective 
factors in the cost components. The number of work-
ing days depends on the daily productivity due to cy-
cle yarding load capacity. Total cost decreases with 
daily productivity increasing. If the skyline yarder 
can be operated for 30 m3/day performance, the 

m3. If the daily produc-
tivity reaches to 70 m3/day, the yarding cost can be 
reduced m3. These performances are 
reachable values according to the carriage load ca-
pacity 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 var-
ied from 34.144 m³ to 62.976 m³ for different yard-
ing 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 m3 respectively at other 
studies were made on European countries [8, 32-42]. 
The results of the cost analysis show that the config-
uration gives average values according to the recent 
studies.  

Cost-effectiveness analysis of the manual grav-
ity 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 calcu-
lated 0.00 at the 30.5 m3/day productivity value. 
There is no obvious consensus about how small the 

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 
6.34 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. 

 
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 fea-
sible yarder are: 700 m yarding distance, 2.2 t car-
riage 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 re-
alized 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. The limited aver-
age extracted volume may have depended on the 
work method employed rather than the machine ca-
pacity. It is known that the preparation of loads has 
an important effect on the efficiency of load extrac-
tion  
 
 
CONCLUSION 
 

Many scientific studies were made about sky-
line yarders which have being used since 1970 in 
Turkey. These were the case studies about determin-
ing the productivity of skyline yarders. There was 
not any study about the configuration of feasible sky-
line yarder specifications in this region. Skyline 
yarders were not used feasibly because of the scien-
tific knowledge absence. 

Cost-effectiveness analysis was found capable 
of decision making about the evaluation of alterna-
tive extraction systems. Feasible skyline yarder daily 
productivity according to cycle payload, yarding cy-
cle time and extraction distance were determined for 
configuration of the feasible skyline yarder mini-
mum 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 re-
gion separately. Therefore, forest logging data, road 
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network and alternative transportation systems costs 
should be evaluated. Google Earth was found a use-
ful tool to measure derive terrain and road network 
data. 

This study results will be guidance to manufac-
turers and forest workers in sustainable timber ex-
traction operations. Until now there is not any sky-
line yarder procurement in Turkey. Configured sky-
line yarder technical specifications will make it pos-
sible 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 us-
age can be established even if the machines are being 
imported. 
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ABSTRACT 
 
The presented research was aimed at analysing 

the emission characteristics of a domestic heating 
boiler fed with Virginia mallow pellets (Sida her-
maphrodita 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  
outlet throughout the study. Analyses of mallow pel-
lets and wood pellets combustion in a boiler with au-
tomatic fuel load adapted to wood pellets combus-
tion 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 po-
tential 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 pel-
lets and briquettes [4]. 

The ecological aspects and threats of contami-
nation 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 inter-
est in agricultural biomass pellets as the fuel for low-
power boilers [5]. The acquisition of biomass from 

plantations of perennial native species and these in-
troduced 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 con-
trolled conduct of the process [8 11]. 

The process of biomass combustion is deter-
mined 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 independ-
ent, nevertheless, because of the complexity of the 
combustion processes, they are often subject to inter-
action, 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 mon-
oxide and soot, nitrogen oxides, sulphur oxides, hy-
drocarbons 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 low-
power 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 emis-
sion 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  outlet. 

 
 
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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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 pro-
grammed electronic controller. In the course of the 
tests, 28.9 kg of Virginia mallow pellets were used 
in a -1 stream of fuel weight and 44.8 kg of 
wood pellets in a -1 stream of fuel weight. 

The combustion tests were carried out in speci-
fied conditions of the boiler operation at rated set-
tings; the tests lasted 6 hours. Differences were ob-
served 
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 po-
tential 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 pel-
lets are presented in Table 1. 

 
TABLE 1 

Physical and chemical properties of Virginia 
mallow pellets and wood pellets 

Parameter Unit 
Virginia 
mallow 
pellets 

Wood 
pellets 

Total moisture 
content 

wt. [%] 7.7 5.7 

Ash wt. [%] 2.9 0.3 
Content of vol-
atile materials 

wt. [%] 82.68 84.45 

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-
bustion  

-1] 19 084 19 953 

Calorific value -1] 16 804 17 893 
 
The composition of emission at the 

outlet was measured the system of analysers manu-
factured by SIEMENS. The system included UL-
TRAMAT 23 analysers enabling measurements of 
CO concentrations within the ranges of 0-5% and 0-
50%, 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 

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 oper-
ating 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 continu-
ous 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 typ-
ical installation used for heating one-family houses 
and designed for the combustion of pellets. During 
the combustion tests, its rating settings were not in-
terfered. The study results are not strict data, but only 
examples of one-time measurements indicating the 
level of emission of particular compounds. 

 
 

RESEARCH FINDINGS AND DISCUSSION 
 
Figures from 1 to 6 present the results of meas-

urements of O2, CO2, CO, SO2, NO and NOX emis-
sions that accompany Virginia mallow pellets and 
wood pellets combustion. The average concentra-
tions of the measured exhaust components, calcu-
lated 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 com-
pared in Table 3. 

 
TABLE 2 

Average concentrations of the measured exhaust 
components. 

Specifica-
tion 

Unit 
Virginia 
mallow pel-
lets 

Wood pel-
lets 

O2  [%] 9.66 6.71 
CO2  [%] 10.7 13.73 
CO  [%] 0.21 0.00 
NO  [ppm] 324.81 256.24 
NOX  [ppm] 328.18 256.39 
SO2  [ppm] 0.33 0.00 

 
TABLE 3 

Emissions of the determined exhaust compo-
nents (converted per 10% O2 content) 

Specifica-
tion 

Unit 
Virginia 
mallow 
pellets 

Wood 
pellets 

ZCO2 [%] 10.41 10.57 
CCO n

-3] 2525.2 47.2 
CNO n

-3] 421.7 263.7 
CNOx n

-3] 664.8 519.4 
CSO2 n

-3] 0.9 0 
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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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Higher O2, CO, NO, NOX, SO2 concentrations 
were observed during Virginia mallow pellets com-
bustion when comparing the concentrations of each 
of the measured exhaust component presented in 
Figures from 1 to 6. High CO emission (2525.2 

n
-3) during Virginia mallow pellets combustion 

resulted from an incomplete combustion and a poor 
organization of the process. The higher CO concen-
tration was influenced by a reduction of the temper-
ature in the combustion chamber caused by difficul-
ties in supplying fuel. High dust content in the fuel 
hindered the movement of pellets in feeder contain-
ers, in addition, rough surface of Virginia mallow 
pellets caused blockages in the containers (despite 
the use of moving parts), which resulted in tempo-
rary interruptions in the feeding of the desired 
amount of pellets into the burner. This was not ob-
served 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 combus-
tion of the fuel fed in a periodic way, the CO concen-
tration was much higher in the setting with a long 
break in pellets feeding (from 312 n

-3 in a con-
tinuous fuel supply to 1604 n

-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 n

-3. 
The combustion process of incomplete-com-

bustion products is complex but it needs to be re-
solved 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 op-
timize 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 typ-
ical 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 ferti-
lizers 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 find-
ings of the energy and emission analyses (NO 421.7 

n
-3, NOX 664. n

-3) (Tab. 2-3, Fig. 4-5). In 
the above-mentioned publication, Juszczak [22] ob-
served an increase in the concentration of nitrogen 
oxides NO and NOx with an increase of oxygen con-
centration and a decrease of those concentrations 
with an increase of the temperature in the combus-
tion chamber. The NOx concentration determined by 

the author did not exceed 400 -3. If the temper-
ature in the furnace is relatively low, NO and NOx 
concentrations depend mainly on the stream of nitro-
gen fed to the furnace with the fuel, and nitrogen ox-
ides are formed from the nitrogen contained in the 
fuel [26]. In low-power boilers, the combustion tem-
perature often does not exceed 1300°C and no for-
mation of thermal NOx occurs (because of the oxida-
tion of atmospheric nitrogen) [27 29]. In such a case, 
NOx emissions should be directly connected with ni-
trogen 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 for-
mation of NOx during the combustion of this type of 
biomass. Different NOx emissions during the com-
bustion of pelleted agricultural biomass may result 
from the variable contents of nitrogen and ash, cata-
lysing the formation of NOx, in the biofuel [14]. 

SO2 emission was very low (0.9 n
-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 n

-3. Sulphur con-
tent 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 macro-
element 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 n

-3) and the highest 
one during straw pellets combustion (185.52-245.59 

n
-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 simi-
lar experiments can be found in publications [33,34]. 

The results of analysis of concentrations in 
fumes of air pollutants using a boiler with retort fur-
nace 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 sim-
ilar 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 concen-
tration was slightly lower, but still comparably high, 
during the combustion of wheat straw pellets (0.75-
1.2%), lower during the combustion of miscanthus 
pellets (0.18-0.3%) and the lowest during the com-
bustion of wood pellets, (0.1-0.16%). The concentra-
tion of NO was fluctuating within the range of 100-
200 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 
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and Wilk [36], who were burning standardized wood 
pellets, determined CO concentrations at 0.005-
0.02% (i.e. 57- -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 

-3 and n
-3). Literature data provide 

different concentrations of NOx in the exhaust gases, 
which range from 170 to 920 n

-3, as affected by 
the types of fuel and furnace [19]. 

The cutting-edge wood pellet furnaces with ox-
ygen probe and continuous fuel delivery are charac-
terised by CO concentrations from 10 to -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 n

-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 measure-
ment. 

Toscano et al. [42] conducted the stimulation of 
the real-life exploitation conditions of the boiler for 
burning pellets and made more representative meas-
urements of the actual impact exerted by these de-
vices on the environment. The maximum values of 
CO concentration have always been connected to the 
ignition phase and exceeded n

-3. 
In many countries, the residues from agricul-

tural and food production are used for the energy-re-
lated purposes, for example, the dried residues of to-
matoes [43], grapes [44], or olives [45]. However, 
the concentration of CO obtained from their combus-
tions often reaches n

-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 

n
-3 [2]. 

It is particularly important to consider the at-
tempt to determine the balance between NOx and CO 
using low-power boilers for gradual biomass com-
bustion in order to control the emission of NOx. It is 
considered that optimised designs of furnaces, boil-
ers and secondary air mixing and combustion prod-
ucts 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 pel-
lets from Virginia mallow. 

2. The increased emission of CO during the 
combustion of pellets produced from Virginia mal-
low resulted from incomplete combustion and poor 
organisation of the process due to the large heteroge-
neity of Virginia mallow pellets and the lack of ad-
aptation of the control system for this specific fuel.  

3. The adverse level of nitrogen oxides emis-
sion in the process of burning Virginia mallow pel-
lets was caused by the high content of nitrogen in the 
fuel. This may be related to the use of mineral ferti-
lizers containing nitrogen in growing Virginia mal-
low.  

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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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 

 
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 

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.   

 
 

MATERIALS AND METHODS 
 
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 
multiple range test (DMRT) at 0.05 level of 
significance. The treatments were arranged in a 
completely randomized design and data given in 
percenta
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) Shoots per 
explant 

Shoot 
length (cm) 

Control 5 4.95ab 1.03b 
 
KCl 

10 5.33a 0.95bc 
15 4.11bc 1.34a 
20 3.50c 0.70cd 

 
NaCl 

10 4.06bc 0.80bcd 
15 4.00bc 0.60de 
20 4.11bc 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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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.   

 
TABLE 2 

Effects of different IBA concentrations on 
rooting of in vitro regenerated shoots from 
preconditioned plumular apices of peanut 

IBA (mg l-1) Frequency of Rooting (%) 
0.25 56.67c 
0.50 63.33b 
1.00 78.67a 
2.00 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 (%) Frequency of Rooting (%) 
0.15 73.00 ns 
0.30 78.67 
0.45 73.33 
0.60 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 

10-12 days and rooted plantlets showed high 
survival rate and set seed in growth room 
conditions.  
 
  
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 



© by PSP   Volume 26  No. 7/2017 pages 4671-4676      Fresenius Environmental Bulletin 

4674 

 

similar fashion to different concentrations of NaCl 
and generated statistically similar number of shoots 
with stunted shoots compared to control (5 μS cm-

1). 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 

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 

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].  

 
 

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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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 us-
ing heat denaturation and 2',5'-ADP Sepharose 4B 
affinity chromatograph techniques from rainbow 
trout gill tissues. The purity and the monomer mo-
lecular weight of the enzyme were determined with 
SDS-PAGE. KM values for NADPH and 5,5'-Dithio-
bis (2-nitrobenzoic acid), the substrates of the en-
zyme were calculated by means of Lineweaver-Burk 
graphic. Optimal pH and optimal ionic strength val-
ues were determined as 7.75 and 300 mM, respec-
tively. 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 val-
ues 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, Inhibi-
tion 

 
 

INTRODUCTION 
 
The thioredoxin system consists of thioredoxin 

(Trx), NADPH, and thioredoxin reductase (TrxR). 
The TrxR enzyme belongs to the family of flavopro-
tein disulfide reductase that contains enzymes such 
as trypanothione reductase, lipoamide dehydrogen-
ase, 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 transcrip-
tion factors makes this molecule the key regulator of 
pro-inflammatory cytokine expression. Trx performs 
an important role in both reactive oxygen species 

(ROS) scavenger and cofactor of antioxidant en-
zymes. And, Trx functions in the reactivation of ox-
idatively 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 func-
tion [5].  

The definition of heavy metals refers to rela-
tively high density (3.5-7 g / cm3). These metals are 
widely found on the earth and do not undergo bio-
degradation 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].  

 
 

MATERIAL AND METHOD 
 
Chemicals. Sodium dodecyl sulfate (SDS), so-

dium chloride, sodium acetate, hydrochloric acid, 
phosphoric acid, ethanol, methanol, isopropanol, 
acetic acid, sodium acetate and potassium chloride 
were obtained from E. Merck AG, ethylenedia-
minetetraacetic acid -mercaptoethanol, 
silver nitrate and formaldehyde Fluka, and other 
chemicals used in the study were obtained from 
Sigma Chemical Co. 

 
Fish Samples. Rainbow trout was brought 

alive from the rainbow trout farm , then 
brought to the laboratory according to the cold chain 
principles. The fish brought to the laboratory was de-
capitated and the gill tissues were taken. 
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Lysate Preparation and Heat Denaturation. 
The gill tissues were washed with 10 mM Tris / HCl 
buffer (pH 7.5) containing 1 mM ethylenedia-
minetetraacetic 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 re-
sulting 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 re-
sulting supernatant was filtered using filter paper and 
then applied to the 2 ', 5'-ADP Sepharose 4B affinity 
column.  

 
2',5'-ADP Sepharose 4B affinity chromatog-

raphy. A column (1 × 10 cm) of 10 mL in bed vol-
ume was made using 2 g of dried 2',5'-ADP Se-
pharose 4B. The gel was washed with 300 mL of dis-
tilled water to remove foreign bodies and air, sus-
pended 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 en-
zyme, the sample -ADP Se-
pharose 4B affinity column and the column was 
washed with equilibration buffer and 0.15 M K-
phosphate 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.  

 
Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis. After the purification of TrxR en-
zyme, 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. 

 
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 deter-
mined separately in each buffer using an appropriate 
substrate solution. 

 
Optimal ionic strength studies. In order to de-

termine the optimal ionic strength of the TrxR, K-
phosphate buffers (pH 7.75) were prepared in differ-
ent ionic strength ranging from 50 mM to 550 mM. 
Enzyme activity was determined separately in each 
buffer and so, the optimal ionic strength was deter-
mined for the enzyme. 

 

Protein determination. The amount of quanti-
tative protein in the prepared homogenate and all pu-
rification steps was determined according to the 
Bradford method [10]. Bovine serum albumin was 
used as standard. 

 
Activity determination. TrxR activity was de-

termined 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 con-

NADPH, 
2 mM DTNB, and 1mM EDTA in 300mM K-phos-
phate buffer (pH 7.75). A value of 13.6 mM 1 cm 1 
for the extinction coefficient of DTNB was used in 
the calculations. 

 
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 calcu-
lated 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 con-
centrations 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 Cheng-
Prusoff equation [12]. 

 
 

RESULTS AND DISCUSSION 
 
Rapid urbanization and industrial develop-

ments in recent years have caused some environmen-
tal problems. Natural aquatic systems are subject to 
large-scale contamination due to household, indus-
trial and other man-made activities. Heavy metal 
contamination in rivers is one of these problems in 
rapidly growing cities. Current acute damage assess-
ment procedures for chemical contaminants are 
based on persistence, bioaccumulation and toxicity. 
However, it is difficult to determine the critical lev-
els of these values for metals. Because metals natu-
rally remain in the environment, both essential and 
non-essential metals naturally undergo bioaccumula-
tion. Furthermore, toxicities of metals are highly af-
fected by geochemical properties [13-15]. 
Heavy metal contamination has devastating effects 
on the ecological balance and diversity of aquatic or-
ganisms. Among animal species, fish are living crea-
tures which cannot escape the harmful effects of 
these pollutants. Studies on various fish species have 
shown that heavy metals could alter both biochemi-
cal parameters and physiological activities in both  
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TABLE 1 
Purification of Thioredoxin reductase from rainbow trout gill tissue. 

Fractions 
Activity 
(EU/ml) 

Volume 
(ml) 

Protein 
(mg/ml) 

Total Ac-
tivity 

Specific 
Activity 
(EU/mg) 

Recovery %  
Purification 
Fold 

Lysate  0.042 12 7.41 0.504 0.0057 100 1 
Heat Denaturation 0.04 10 1.27 0.4 0.0315 79.37 5.6 
2',5'-ADP Sepharose 
4B affinity 
chromatography 

0.024 5.5 0.023 0.132 1.0435 26.19 184.1 

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 deox-
yribonucleotides. It has also been reported to play a 
role in various physiological and pathological condi-
tions such as apoptosis, cancer, parasitoses, chronic 
inflammatory, autoimmune diseases and neuro-
degenerative 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 en-
zyme involved in detoxification was purified from 
the gill 
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 NADPH-
dependent enzymes, was purified from the liver tis-
sue 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 Oreo-
chromis 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 ex-
posed to in Cd2 + and Cr3 + [20].However, very lim-
ited information is available in the literature on the 
effects of heavy metals on thioredoxin reductase en-
zyme 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 tech-
niques (Table 1).  

The purity of the enzyme obtained from the af-
finity column was checked by SDS-PAGE and a sin-
gle band was observed (Figure 1). Using the Rf-log 
MW graph obtained using standard proteins, the 
monomer molecular weight of the enzyme was cal-

culated as ~ 64.1 kDa. In previous studies, the mito-
chondrial 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 lit-
erature. 

 
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 tri-
osephosphate isomerase from rabbit muscle 26.6 
kDa), Line 2 and Line 3 purified rainbow trout 
gill TrxR,. 

 
Activity measurements were performed to de-

termine optimum pH and optimal ionic strength for 
the purified enzyme. As a result of the studies con-
ducted, it was found that the enzyme retained its ac-
tivity 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 measure-
ments 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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activity measurements made in the K-posfat buffer at 
different concentrations (Figure 2B).  
 

 

 
FIGURE 2 

Effect of pH (A, the buffers used were 300 mM K-
phosphate, pH 6.5, 6.75, 7.0, 7.25, 7.5, 7.75, 8.0) 
and ionic strength (B, the buffers used were 50-
550 mM K-phosphate, pH 7.75) on activity of 
TrxR. 

 
However, the activity was found to be relatively 

stable up to a concentration of 550 mM after the con-
centration of 150 mM. In the previous study, the op-
timum 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 measure-
ments 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 en-
zyme for NADPH and DTNB were calculated to be 

tively [24], 3.9 mM for bovine adrenal cortex TrxR 
enzyme [24]
zyme, respectively [23]. Compared to these values, 
it can be said that the enzyme is similar to rat liver 

TrxR in terms of the affinity against its substrates. 
The TrxR enzyme is a component of the thiore-

doxin system, which has a key role in protecting 
against oxidative damage, cellular stress response 
and protein repair, and becomes susceptible to oxi-
dation due to the structural cysteine residues it con-
tains [26]. It has also been reported that due to sele-
nol and thiol groups, the enzyme may be inhibited by 
complexing with divalent metal ions [21]. For exam-
ple, it has been emphasized that the toxic effect of 
mercury can be demonstrated by inhibiting seleno-
enzymes 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 puri-
fied TrxR were investigated in order to determine 
how the thioredoxin system affected by heavy metals 
in fish gill tissues (Table 2).  

 
TABLE 2 

Inhibition data of the metal ions on TrxR activ-
ity. 

Metal 
Ion 

Concentration 
 

IC50  Ki  

Ag+ 0.0005-0.015 0.00582  0.000647  
Ni2+ 5-80  40  4.44  
Pb2+ 10-240  149 16.56 
Fe3+ 100-2000 561 62 
Cu2+ 100-1200 720 80 
Cr3+ 500-1500 871 97 
Cd2+  500-10000 Not inhibited  
Sr2+ 1000-15000 Not inhibited  
Zn2+ 500-5000 Not inhibited  
Mg2+ 500-20000 Not inhibited  
Al3+ 10-300 Not inhibited  

 
As a result of the measurements, it was deter-

mined that Ni2+, Cu2+, Pb2+, Cr3+, Fe3+, Ag+ ions in-
hibited TrxR. A graph of % Activity-metal ion con-
centration for each ion was drawn by using the re-
sults 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 strong-
est inhibitory effect among the other metals. How-
ever, Ni2+ 
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, Se4+ 
activated the enzyme activity, the other metal ions 
inhibited the enzyme activity in mM range [21]. It 
has also been reported that sodium selenitine in-
creases levels of antioxidant enzymes such as gluta-
thione peroxidase and superoxide dismutase in rain-
bow trout liver
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FIGURE 3 
% Activity [I] plots for metal ions having inhibition effect. 

 
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]. There-
fore, it can be said that the thioredoxin system in fish 
species exposed to heavy metals will affect this situ-
ation 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 cy-
tosolic TrxR enzyme contains three structural cyste-
ine 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 re-
gions have been reported to inhibit by forming mer-
captans via the -SH group with heavy metal ions 
such as Ag+ and Hg2+ [29]. 

 
 

CONCLUSION 
 
In conclusion, the TrxR enzyme, a component 

of the thioredoxin system involved in many physio-
logical events, was purified for the first time from the 

gill tissues of a fish species in electrophoretic purity. 
The monomer molecular mass of the enzyme was 
then determined by SDS-PAGE. In addition, opti-
mum 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 ef-
fects of some heavy metal ions on the enzyme activ-
ity were examined in vitro. It has been observed that 
Ni2+, Cu2+, Pb2+, Cr3+, Fe3+, Ag+ ions inhibited the 
enzyme, however, Ag+ possesses the strongest inhib-
itory properties. Considering that some salt forms of 
silver metal are used in the production of photo-
graphic 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.  
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ABSTRACT 
 

Intensive studies are being conducted to im-
prove alternative energy resources due to a signifi-
cant 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-pollut-
ing. 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 agricul-
tural land for the cultivation of oil crops rather than 
food production, to gain more profit. Therefore, mi-
croalgae, 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 spe-
cies belonging to the class Chlorophyceae were ex-
amined, suitability for biofuel production, large 
amount of oil, different temperature requirements. 
The effect of some growing parameters of this spe-
cies, 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 val-
ues, 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 pro-
tothecoides. 
 
 
INTRODUCTION 
 

The starvation problem keeps on making itself 
be felt increasingly every day thus forcing human-
kind 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 pe-
troleum derived fuels, the greenhouse effect and fur-
thermore, difficulties in supplying petroleum, has 

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 proper-
ties, 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 prod-
ucts, 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 biodiver-
sity 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 organ-
isms 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; how-
ever, 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 compet-
ing with agriculture. Some freshwater algae can be 
produced in wastewater and marine algae in a mix-
ture 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 bio-
diesel production. Microalgae are much more advan-
tageous 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 
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diesel. Unlike other oil crops, microalgae grow ex-
tremely 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 al-
gae 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 mi-
cro algal oil.  

Several different types of renewable biofuel 
can be obtained from microalgae. These are methane 
production by anaerobic degradation of algal bio-
mass, obtaining biodiesel from micro algal oil and 
photo biologically bio hydrogen production [11]. Bi-
odiesel is obtained by the transesterification of ani-
mal 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 poly-
unsaturated fatty acids; for example, eicosapentae-
noic 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 oxida-
tion 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].  

 
 

MATERIAL AND METHODS  
 
Chlorophyceae generally is well known to be 

one of the most promising candidates for commer-
cial lipid production [13, 14]. In the study, the Chlo-
rella 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 De-
partment of Agricultural Machine of Faculty of Ag-
riculture of Dicle University and cultivation param-

eters have been examined. The reason for the deter-
mination 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 lan-
tern. 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. 
 

 

 
FIGURE 1 

Chlorella protothecoides microscope image 
 

 
FIGURE 2 

Chlorella protothecoides growth medium 
 

TABLE 1 
Composition of Bold Basal Medium (BBM) 

 
Content Amount Amount 
NaNO3 30 ml / l 10 g / 400ml 
CaCl2·2H2O 10 ml / l 1 g / 400ml 
MgSO4·7H2O 10 ml / l 3 g / 400ml 
K2HPO4 10 ml / l 3 g / 400ml 
KH2PO4 10 ml / l 7 g / 400ml 
NaCl 10 ml / l 0.4 g / 400ml 
P-IV Metal Solution 6 ml / l 0,1 g / 400ml 
Soil water: GR+ Medium 40 ml / l 1,5 g / 400ml 
Vitamin B12 1 ml / l 2 g / 400ml 
Biotin Vitamin Solution 1 ml / l 0,9 g / 400ml 
Thiamine Vitamin Solution 1 ml / l 0,1 g / 400ml 

 
 

Experiments were planned in two different sec-
tions after the cultivation of algae. Since light inten-
sity and light cycle will be examined, a light-proof 
box made of polystyrene was made for each volu-
metric 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 spe-
cies were measured using White light under 24 

 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 inten-
sity provided by respectively 256 lux, 186 lux and 
172 lux light sources on the same parameters were 
determined by following the experiments, the ob-
tained data was evaluated in randomized blocks ac-
cording to experimental design and analysis of vari-
ance. Groupings were calculated according to the 
Duncan test. 

 
 

RESULTS AND DISCUSSION 
 
Statistical results belongs to different light 

intensity. Variance analysis results and average val-
ues regarding to salinity, conductivity, pH and cell 

numbers values obtained in the experiments under 
different light intensities in Chlorella protothe-
coides microalga species is given in Tables 2. As 
shown in Table 2, light intensity x day and light in-
tensity 15-day  
 
 

 
FIGURE 3 

Protective boxes 
 

 
 

TABLE 2 
Variance analysis results for pH, salinity, conductivity and cell numbers of different light intensity 

 
  pH Salinity (mg/L) Conductivity (μS/cm) Cell number (pcs/mm3) 

Variance 
source 

Degrees of 
Freedom 

Mean 
Square Probability Mean Square Probability Mean 

Square Probability Mean 
Square Probability 

Replication 2 0.06  697.874  242.985  1.265E10  
Light inten-
sity 

2 3.219 P<0.01 259627.941 P<0.01 24.763 P<0.05 2.763E12 P<0.01 

Error 4 0.002  270.163  2.430  1.720E9  
Day 14 0.637 P<0.01 23139.550 P<0.01 6621.347 P<0.01 5.981E11 P<0.01 
Intensity x 
day 

28 0.127 P<0.01 8168.568 P<0.01 101.144 P<0.01 9.018E10 P<0.01 

Error 84 0.001  6.146  1.996  1.435E9  
Cv (%)  0.32  0.63  0.22  3.60  

 
TABLE 3 

The values determined under 265 lux light intensity 
 

Days ph 
Salinity  
(mg/L) 

Conductivity  
(μS/cm) 

Cell number 
(pcs/mm3) 

1 8.338 302.3 597.7 1056000 
2 8.345 328.7 605.0 1112000 
3 8.404 356.7 607.3 1157000 
4 8.459 388.0 610.7 1225000 
5 8.561 415.0 615.7 1288000 
6 8.643 438.7 619.0 1407000 
7 8.706 456.3 626.3 1485000 
8 8.791 477.3 637.7 1576000 
9 8.843 503.7 645.7 1499000 
10 8.733 551.3 652.0 1392000 
11 8.583 556.3 660.3 1303000 
12 8.395 577.3 667.0 1205000 
13 8.337 600.7 676.3 1056000 
14 8.237 628.0 684.3 983300 
15 8.141 652.0 689.0 820000 

Mean 8.501a 482.2a 639.6a 1238000a 
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TABLE 4 
The values determined under 186 lux light intensity 

 
Days ph Salinity (mg/L) Conductivity (μS/cm) Cell number (pcs/mm3) 

1 8.382 325.3 597.0 1157000 
2 8.418 330.7 603.0 1197000 
3 8.455 329.7 607.0 1248000 
4 8.501 330.0 611.7 1309000 
5 8.538 337.3 614.3 1509000 
6 8.617 343.3 621.0 1537000 
7 8.658 351.0 626.7 1425000 
8 8.596 358.3 632.3 1368000 
9 8.504 365.3 642.3 1239000 

10 8.389 368.3 649.3 1104000 
11 8.304 369.7 657.7 1021000 
12 8.197 380.3 668.3 929300 
13 8.109 384.7 675.3 821300 
14 8.050 387.7 681.3 714700 
15 7.943 390.0 686.3 624700 

Mean 8.377b 356.b 638.2b 1147000b 

 
TABLE 5 

The values determined under 172 lux light intensity 
 

Days ph Salinity (mg/L) Conductivity (μS/cm) Cell number (pcs/mm3) 
1 8.303 314.3 608.0 1153000 
2 8.355 320.3 613.7 1153000 
3 8.438 325.3 619.3 1129000 
4 8.444 327.7 624.0 1110000 
5 8.365 331.7 626.0 1059000 
6 8.269 336.3 628.3 993300 
7 8.196 341.3 631.0 954700 
8 8.114 344.0 635.0 909300 
9 8.064 347.3 640.3 774700 

10 8.008 354.7 646.3 645300 
11 7.914 375.3 653.0 584000 
12 7.689 359.0 659.3 509300 
13 7.446 363.0 663.0 397300 
14 7.220 366.3 668.7 159300 
15 7.002 371.0 675.7 22930 

Mean 7.989c 345.2b 639.4a 770300c 

 
TABLE 6 

Variance analysis results for pH, salinity, conductivity and cell numbers of different light cycles 
 

  pH Salinity (mg/L) Conductivity ( μS/cm) Cell number (pcs/mm3) 
Variance 
source 

Degrees of 
Freedom 

Mean 
Square Probability Mean 

Square Probability Mean Square Probability Mean 
Square Probability 

Replication 2 0.007  42.022  67.606  7.851E9  
Light/dark 
time 

3 5.079 p<0.01 88001.354 p<0.01 113163.511 p<0.01 4.596E12 p<0.01 

Error 6 0.013  70.659  158.006  7.414E9  
Day 14 0.495 p<0.01 746.165 p<0.01 3965.006 p<0.01 4.667E11 p<0.01 
Light/dark 
time x day 

42 0.207 p<0.01 2090.278 p<0.01 5359.206 p<0.01 2.212E11 p<0.01 

Error 112 0.006  0.911  9.435  6.300E8  
Cv (%) 0.94   0.28  0.48  2.89  

 
 

The largest pH value was 8.8 at 265 lux on the 
9th 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 ex-
amined in terms of conductivity, the highest value 

obtained on the 15th day at 265 lux intensity and sim-
ilar trends emerged in pH and salinity. However, un-
like 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 inten-
sities, an increase was observed in pH values up to 
the 8th day with the highest pH value being deter-
mined as 8.65 on the 7th day. But, as the number of 
observation days increased, decreases were observed 
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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 in-
dicated 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 ob-
served in conductivity values at 186 lux, as the num-
ber of days increased. At the 1st day, it reached the 
highest conductivity level (597.0 μS/cm). An in-
crease 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 var-
ied 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 pa-
rameters 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 ex-

posure times. Variance analysis results of pH, salin-
ity, conductivity and cell number values obtained 

under different light cycles of Chlorella protothe-
coides microalga species are given in Table 6.  

In Table 7, while the highest pH value was ob-
tained 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 val-
ues 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 respec-
tively. The increase in the number of cells was di-
rectly 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 ob-
served 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 re-
ports of Wahidin et al. [16]. 

 
 

TABLE 7 
The values determined under 24 hours light cycles 

 
Days ph Salinity (mg/L) Conductivity (μS/cm) Cell number (pcs/mm3) 

1 8.125 342.7 612.0 1020000 
2 8.144 349.3 619.0 1064000 
3 8.186 356.3 625.3 1100000 
4 8.226 363.3 633.7 1133000 
5 8.265 366.3 642.3 1158000 
6 8.312 368.3 648.7 1212000 
7 8.338 371.7 655.0 1201000 
8 8.384 376.3 659.0 1257000 
9 8.425 379.7 668.7 1316000 
10 8.464 382.0 684.7 1366000 
11 8.505 386.7 715.0 1413000 
12 8.527 391.3 736.3 1488000 
13 8.543 396.7 774.7 1560000 
14 8.566 400.3 786.0 1589000 
15 8.600 406.3 796.3 1629000 

Mean 8.374a 375.8a 683.8a 1300000a 
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TABLE 8 
The values determined under 18 hours light / 6 hours dark light cycles 

 
Days ph Salinity (mg/L) Conductivity (μS/cm) Cell number (pcs/mm3) 

1 8.175 333.7 618.0 1144000 
2 8.132 336.7 623.0 1161000 
3 8.090 342.7 627.3 1161000 
4 8.010 346.7 630.7 1152000 
5 7.926 352.0 635.7 1127000 
6 8.192 359.0 637.7 1088000 
7 7.782 358.3 622.3 1021000 
8 7.689 370.3 633.7 960000 
9 7.582 373.3 644.7 856000 
10 7.507 377.3 651.7 677300 
11 7.409 381.7 668.7 570700 
12 7.320 388.0 677.3 434700 
13 7.175 393.3 683.7 377300 
14 6.983 399.3 689.7 310700 
15 6.828 403.7 693.3 250700 

Mean 7.653c 367.7b 649.2b 819500b 
 

TABLE 9 
The values determined under 12 hours light / 12 hours dark light cycles 

 
Days ph Salinity (mg/L) Conductivity (μS/cm) Cell number (pcs/mm3) 

1 8.178 332.3 627.3 1136000 
2 8.190 336.0 635.0 1168000 
3 8.184 340.0 640.0 1105000 
4 8.141 342.3 631.3 1075000 
5 8.081 346.7 634.0 1045000 
6 8.006 350.3 623.7 988000 
7 7.941 355.7 615.3 953300 
8 7.902 361.7 621.3 930700 
9 7.853 368.3 636.0 862700 
10 7.833 372.0 647.3 744000 
11 7.760 377.3 652.7 629300 
12 7.726 382.3 659.3 560700 
13 7.700 388.7 665.3 465300 
14 7.636 392.7 674.7 434700 
15 7.617 397.3 688.3 377300 

Mean 7.916b 362.9b 643.4b 831600b 
 

TABLE 10 
The values determined under 6 hours light / 18 hours dark light cycles 

 
Days ph Salinity (mg/L) Conductivity (μS/cm) Cell number (pcs/mm3) 

1 8.142 324.7 631.7 1056000 
2 8.076 319.7 621.0 1068000 
3 8.009 314.3 610.0 984700 
4 7.950 309.0 600.3 926700 
5 7.901 303.0 590.7 821300 
6 7.842 297.3 581.7 678700 
7 7.761 293.0 571.3 581300 
8 7.703 286.3 561.3 473300 
9 7.640 279.7 554.7 401300 
10 7.574 270.0 546.3 318700 
11 7.500 260.7 539.3 250700 
12 7.385 252.7 531.0 197300 
13 7.290 243.7 521.3 112000 
14 7.190 235.3 511.3 34670 
15 7.092 226.0 503.7 12270 

Mean 7.670c 281.0c 565.0c 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 imple-
mentation, 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 2nd day, subsequent de-
creases were recorded and the minimum value was 
determined on the 15th day by 377300 pcs/mm3 (Ta-
ble 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 sa-
linity 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 rec-
orded least on the 15th day by 503.7 μS/cm and high-
est on the first day by 631.7 μS/cm. Number of cells 
decreased with increasing number of days, the low-
est 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 ob-
served by Insel et al. [17]. 
 
 
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 conduc-
tivity decreases slightly with decreasing light inten-
sity and then increases again. As the number of days 
observed increased, pH, salinity and conductivity 
values also increased, but it was recorded that the 
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 Chlo-
rella 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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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 , hot-cold stratification and mechanical 
scarification was examined. Treated seeds were ex-
posed 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 stratifica-
tions decreased germination. The highest speed of 
germination index was obtained at giberellic acid 
(14.7). This study represents first report about ger-
mination characteristics of V. alyssifolium and will 
provide valuable data for ex situ conservation prac-
tices of this endemic plant. 

 
 

KEYWORDS:  
Verbascum alyssifolium, Scrophulariaceae, endemic, ger-
mination, 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) re-
gion. The species was first collected by Sintenis from 
Iliç (Hasanova village and Kuruçay)/Erzincan dis-
trict 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 extinc-
tion 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 urbanisa-
tion and intensive human activities causing high risk 
of threats [5].  

Seed germination is a feature of priory sub-
stance for the reproductive success of plants [6]. In-
formation on the reproductive success of rare and en-
dangered endemic species contributes to understand-
ing of the rarity. It also helps to improve conserva-
tion strategies [7, 8]. Seed germination is a critical 
step for the abiding conservation of plant 
germplasm. In recent years, seed germination has be-
come 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 favoura-
ble conditions develops for seedling growth [10]. 
Some pre-treatments such as sanding, boiling or cold 
stratification, and chemical applications such as po-
tassium nitrate, acid and gibberellic acid are used to 
break down seed dormancy under laboratory condi-
tions [11]. To date only morphological [5] and mo-
lecular studies [12] have been conducted with Ver-
bascum alyssifolium, but there is no information re-
garding seed germination characteristics and dor-
mancy 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 me-
chanical) on seed germination of Verbascum alyssi-
folium. The results obtained from this study could 
provide basic information to develop effective ex situ 
conservation strategies for this rare and endemic 
plant species. 

 
 

MATERIALS AND METHODS 
 
Seed collection. Plant samples of V. alyssifo-

lium were collected from Erzincan 
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 de-
termined 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 

s. 
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].  

 

 
FIGURE 1 

The general view of Verbascum alyssifolium 
 
 
Data analysis. Germination percentage (GP) 

was calculated using the equation: GP = 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). 

 

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, re-
spectively. The influence of treatments on germina-
tion showed that GA3 (56-57%) and mechanical 
scarification with sandpaper (63%) have increased 
germination percentage in V. alyssifolium seeds, 
while the HCl-100

 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 

at M-200 M and HCl (22%) at 
s. 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 de-
creased in all other treatments, the lowest T50 was 
5.5 in NaCl (100 μM) (Fig. 3).  
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TABLE 1 
Mean values of GP, SG, T50 for Verbascum alyssifolium under different treatments 

  
 

   

  (±2.3) (±0.51) (±1.2) 
  (±1.5) (±0.52) (±1.8) 
  (±3.4) (±0.52) (±0.9) 

  (±9.5) (±0.67) (±1.1) 
  (±8.0) (±0.40) (±0.8) 
  (±2.0) (±0.36) (±0.6) 
  (±5.0) (±0.51) (±1.2) 

  (±7.3) (±0.36) (±1.6) 
  (±2.3) (±0.52) (±0.9) 

  (±6.6) (±0.51) (±1.3) 
  (±4.3)   
  (±1.6)   
     

  (±3.0) (±0.62) (±1.0) 
  (±3.6) (±0.54) (±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 
 
 

DISCUSSION 
 
Information on seed germination behaviours of 

plants are very important to understand their repro-
ductive 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 col-
lect [18]. In this study, the seed germination charac-
teristics of endemic plant V. alyssifolium were de-
scribed. 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 

penetration. Similarly, eliminating the lignified layer 
below the seed coat by mechanic scarification with 
sandpaper was reported to be the best method to de-
feat 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 regu-
lators are known as the basic important implementa-
tion 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 in-
creased germination percentage and germination 
speed of V. alyssifolium seeds. Exposure to 200 μM 
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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 dor-
mancy [25]. GA3 supplementation appears to be the 
second successful treatment for stimulating germina-
tion in V. alyssifolium and this may be related to in-
termediate physiological dormancy characteristics of 
its seeds. 

On the other hand, germination levels de-
creased 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

 and control groups in terms of 
germination percentage. Seed germination percent-
age 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. alyssifo-
lium. 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 af-
fected 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 re-
sults, 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 sandpa-
per 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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ABSTRACT 
 
Bengbu higher education mega center was se-

lected as target area to study the accumulation of 
heavy metals based on the field investigation, sam-
pling, indoor test and statistical analysis. The results 
indicated that the mean concentrations of heavy met-
als (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 re-
spectively. Cd and Cu exceeded the soil background 
values of Anhui province by 11.86 and1.18 times, 
whereas the others were within their background val-
ues. Compared with Grade II criterion of national en-
vironmental quality standards for soils in China, Cd 
concentrations in all samples were obviously more 
than the corresponding limits, suggesting that the ac-
cumulation 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 com-
plex 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 re-
lated 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 characteris-
tics (e.g. wide range of sources, serious toxicities and 

difficulties of remediation) [2-3], they are easily ac-
cumulated in surface soils, and pose a threat to hu-
man 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 founda-
tion. 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, elec-
troplating 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 educa-
tion 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 surround-
ing 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 analy-
sis 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 ed-
ucation 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 develop-
ing effective measures to control the negative effect 
of heavy metals in future. 

 
 

MATERIALS AND METHODS 
 
Study area. There are five universities located 

in Bengbu higher education mega center (Fig.1): An-
hui university of finance & economics (VII), Anhui 
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science & technology university (II), Bengbu medi-
cal college (VIII), Bengbu university (I) and Anhui 
vocational college of electronics & information tech-
nology (IV). Longhu Chuntian business street (V) is 
located in the center of the area, which brings great 
convenience for the college students and surround-
ing 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). 

 

 
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 lo-
cation (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 ther-
mostat. The above step of acid digestion were re-

peated until the mixture was evaporated to semi-dry-
ness. All extracts were transferred to 50 mL volumet-
ric 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 ac-
ids 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 Instru-
ment 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. 

 
Potential ecological risk index. The potential 

ecological risk index was used to evaluate the poten-
tial 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:  

 

nC/CC if frr CTE rRI E     (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 com-
prehensive potential ecological risk index. The crite-
ria for ecological potential risk of heavy metals were 
presented in Table1 [13]. 

 
TABLE 1 

Criteria for ecological potential risk of heavy 
metals 

Ranges of Er Grades Ranges of RI Grades 
<40 Low <110 Low 

Er<80 Moderate RI<220 Moderate 
Er<160 Considera-

ble 
RI<440 High 

Er<320 High 440 Very high 
320 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) 

  Pb Zn Cr Cu Cd Ni 
Minimum 16.71 36.20 24.11 16.49 0.78 11.40 
Maximum 28.74 85.60 53.59 29.15 1.64 24.0 
Median 23.06 59.01 38.23 24.15 1.14 18.78 
Mean  23.04 60.69 37.79 24.06 1.15 18.67 
Coefficient of Variation(%) 12.1 16.4 18.0 12.0 19.1 15.1 
Background value of Anhui Privince 26.6 62 66.5 20.4 0.097 29.8 
Grade II criterion of soil quality standards  300 250 200 100 0.3 50 
Percentage of exceeding background value (%) 17.65 41.18 0 88.24 100 0 
Percentage of exceeding Grade II criterion (%) 0 0 0 0 100 0 

TABLE 3 
Er  value of heavy metals in Bengbu higher education mega center 

 Pb Zn Cr Cu Cd Ni 
Er 3.14~5.40 0.58~1.38 0.73~1.61 4.04~7.04 240.46~507.99 1.91~4.03 
Mean  4.33 0.98 1.14 5.90 354.49 3.13 

Grades Low Low Low Low 
High (29.4%) 
Very high (70.6%) 

Low 

 
TABLE 4 

RI value of Bengbu higher education mega center 

Minimum Maximum Mean 
Potential ecological risk 
Low Moderate High Very high 

256.33 524.19 369.96 0 0 85.29% 14.71% 

 
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 sig-
nificant 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 analy-
sis were conducted by SPSS 19.0. ArcGIS 10.1 was 
applied for spatial distribution. 

 
 

RESULTS AND DISCUSSION 
 
Descriptive statistics. All of the analytical re-

sults 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 16.71-
28.74, 36.20-85.60, 24.11-53.59, 16.49-29.15, 0.78-
1.64, 11.40-24.0 mg/kg, and with the mean concen-
trations 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 pol-
lution in study area. Additionally, among the six el-
ements, the contents of Cu, Zn and Pb in some sam-
ples 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 

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. 

 
Potential ecological risk assessment. The as-

sessment calculates the potential ecological coeffi-
cient (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 ex-
hibited 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 atten-
tion 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 An-
hui science & technology university, Longhu Chun-
tian business street, and Bengbu medical college, 
particularly in Longhu Chuntian 
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FIGURE 2

Spatial distribution of Er-Cd

 
FIGURE 3 

Spatial distribution of RI 
 

business street, which is usually characterized by 
prosperous business, high levels of population, and 
heavy traffic. In addition, Anhui science & technol-
ogy university and Bengbu medical college also need 
for attention. 

 
Correlation matrix and principal compo-

nent analysis. The pearson correlation coefficients 
between the six heavy metals are listed in Table 5. 
Inter-element relationships can provide important in-
formation 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 

level, which could indicate the similar geochemical 
properties and behaviors in these heavy metals. 
Whereas, the heavy metal (Cd) showed no signifi-
cant 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, Cd-
Pb and Cd-Zn pairs, suggesting that the sources of 
Cd may be different from the other five heavy met-
als. However, this method can not accurately inden-
tify 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 
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TABLE 5 
Correlation matrix between heavy metal concentrations 

 Pb Cu Cd Cr Ni Zn 
Pb 1      
Cu 0.593** 1     
Cd -0.106 0.039 1    
Cr 0.324 0.533** 0.193 1   
Ni 0.395* 0.817** 0.281 0.607** 1  
Zn 0.298 0.639** -0.152 0.329 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 
Principal components Rotated principal components 
PC1 PC2 PC1 PC2 

Pb 0.645 -0.309 0.699 -0.150 
Cu 0.935 -0.096 0.932 0.124 
Cd 0.122 0.919 -0.096 0.922 
Cr 0.723 0.275 0.639 0.436 
Ni 0.873 0.264 0.788 0.459 
Zn 0.680 -0.371 0.748 -0.202 
Eigenvalue 3.053 1.231 2.954 1.330 
Variance contribution rate (%) 50.833 20.520 49.240 22.164 
Cumulative contribution rate (%) 50.833 71.404 49.240 71.404 

Rotation method: varimax with kaiser normalization 
 

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 compo-
nent (PC1) accounted for 50.833% of the total vari-
ance and showed the positive and high loading for 
Pb, Cu, Cr, Ni and Zn. The second principal compo-
nent (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 re-
lated to transportation and geological weathering. 

the concentrations of Pb, Cu and Zn 
exceeded their background values, with the propor-
tion 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 men-
tioned 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 vicin-
ity. 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. Previ-
ous research results also indicated that Pb was 
mainly contributed by fuel combustion and automo-
bile exhaust [17-19], Zn originated from automo-
bile tire wear [20-21], Cr and Ni were usually in-
duced by natural activities such as geological weath-
ering [22-23]. Therefore, PC1 can be explained to be 

the sources related to vehicle traffic pollution and ge-
ological weathering. Pb, Cu and Zn has not bought 
significant harm to the environment, but the emis-
sion accumulation is worth regarding in the study 
area. 

The PC2 includes Cd only. This component is 
defined as anthropogenic factor and related to agri-
culture 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 anthro-
pogenic origin. Phosphate fertilizer was the main 
source of Cd in soils and the enrichment of Cd con-
tent was closely related to the time length of applying 
phosphate fertilizer [26]. According to the investiga-
tion, the study area were urban villages prior to the 
construction of Bengbu higher education maga cen-
ter, 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 cen-
ter is located in the south of old eastern industrial 
zone, atmospheric deposition of pollutant and sew-
age sludge also have contributions to the increased 
Cd content. Therefore, PC2 might originate from ag-
ricultural and industrial activities. 

 
 

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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(Pb, Zn, Cr, Cu, Cd and Ni). The results of the inves-
tigation provided integrated information about soil 
environment of this region. Potential ecological risk 
assessment indicated that Cd posed the highest eco-
logical risk among the six heavy metals, and the 
higher ecological risk were observed in Anhui sci-
ence & technology university, Longhu Chuntian 
business street, and Bengbu medical college, partic-
ularly in Longhu Chuntian business street influenced 
by human activities. The PCA together with CA in-
dicated 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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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 ad-
ministration of cypermethrin. Determination of se-
rum 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 
t , MRT and AUC0  were 7.35±0.91 hours, 
8.64±1.59 hours and 8741.98±1996.66 ng.h/ml, re-
spectively, after intravenous administration of cyper-
methrin. On the other hand, Cmax, tmax, t1/2a, t , MRT 
and AUC  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, re-
spectively. The systemic bioavailability of cyperme-
thrin 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 in-
dicator in the evaluation and treatment of cyperme-
thrin poisoning in broiler chickens.  
 
 
KEYWORDS:  
Cypermethrin, toxicokinetic, broiler chickens, single-dose, 
kinetic disposition    

 
 

INTRODUCTION 
 
Cypermethrin is a synthetic pyrethroid insecti-

cide 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 mech-
anism of action of this compound involves binding 

to voltage-gated sodium channel alpha subunit lo-
cated 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 ef-
fective than other insecticides in control of the ma-
laria 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 com-
mercial 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 cyperme-
thrin impregnated ear tags against the horne fly [12-
15].   

As mentioned above, most pyrethroid insecti-
cides are widely used for pest challenge in agricul-
ture [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. Cy-
permethrin 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 cy-
permethrin in living thinks [22-27]. Exposure to cy-
permethrin can be achieved either through direct in-
take of contaminants or disinfecting chicken pens, or 
by using acaricides in animals. While there is limited 
information on single-dose toxicokinetics of syn-
thetic pyrethroids in poultry [28, 29], a detailed study 
of the toxicokinetics profile of cypermethrin in poul-
try is not available. For this reason, this study is con-
sidered to be novel.  

 
 

MATERIAL AND METHODS 
 
Animals and Experimental Design: In order 

to carry out this toxicokinetic study, twenty-30-day- 
old 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. Ani-
mals 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 Eh-
renstorfer GmbH) at a single dose of 7.5 mg/kg b.w. 
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via wing vain, intravenously. To group 2 was admin-
istered 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 sulfox-
ide/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 experi-
ment for determination of a suitable dosage in chick-
ens have been taken into account, survival of animals 
and previous studies [28-30]. Research protocol re-
ceived the approval of Erciyes University experi-

 
 
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. Sub-
sequently, 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 ac-
cording 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. and capil-
lary column (HP-5MS, 30 m x 0.25 mm x 
film thickness, Agilent J & W) were used. The de-
tector temperature was set at 325 °C with makeup 
gas (N2) flowing at 60 ml/min. Injection volume was 

temperature 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 in-
creased by 8 °C/min to 280 °C. Flumethrin (Dr Eh-
renstorfer GmbH) was the internal standard for ana-
lytical 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 

analytical recovery of the method, neat serum sam-
ples were also used with the addition of cypermethrin 
to certain levels to prepare the standard curve (5-
8000 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 ra-
tio 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 fol-
lowing the extraction procedure, neat serum samples 
were supplemented with cypermethrin at three con-
centrations 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-compart-
mental 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 ad-
ministration (Cmax) and time needed to reach Cmax 
(tmax) values were calculated from the serum cyper-
methrin concentration versus time graph for each an-
imal. Other kinetic variables [A1, A2, A3 mathemati-
cal coefficients; ka, first order rate constant related to 
absorption; , first order rate constant related to dis-
tribution phases; , first order rate constant related to 
elimination phase; t1/2ab, absorption half-life; t1/2 , 
distribution half-life; t1/2 , elimination half-life; 
MRT, mean residence time; Vdarea, area volume of 
distribution; Vdss, steady-state volume of distribu-
tion; V1, volume of distribution of central compart-
ment; V2, volume of distribution of peripheral com-
partment; ClT, total body clearance; k12, first order 

rate constant of drug transfer from central to the pe-
ripheral compartment; k21, first order rate constant of 
drug transfer from peripheral to the central compart-
ment; k10 elimination rate constant; Cs

0, serum drug 
concentration at time zero after bolus intravenous ap-
plication] were calculated using PKCALC and GW-
BASIC pharmacokinetic software according to the 
equations presented by Shumaker [37] and Wagner 
[38]. The AUC /AUC parameters (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 bi-
oavailability (F). 

 
 
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 -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 cyper-
methrin to neat serum samples at selected concentra-
tions 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 quanti-
fication 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 corre-
sponding 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 ob-
served 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).  

 
TABLE 1 

Serum levels of cypermethrin in the blood collec-
tion periods after intravenous and intracrop ad-

ministration in broiler chickens 
Blood Sam-
pling Peri-
ods (h) 

Intravenous 
(ng/ml)  

Intacrop 
(ng/ml) 

0.083 5937.15±2216.14 135.29±44.12* 
0.25 2532.32±956.15 214.04±53.61* 
0.50 1994.55±780.48 295.72±60.58* 
0.75 1427.34±391.19 396.92±119.96* 
1 968.69±259.33 344.69±75.13* 
2 472.45±201.31 262.16±50.78* 
4 347.32±170.27 217.38±41.84* 
6 244.58±96.91 182.15±36.69 
8 188.19±74.73 148.98±30.86 
12 133.10±45.70 119.05±24.36 
18 93.76±16.30 93.66±21.58 
24 64.72±14.66 52.80±16.17 
36 36.41±10.92 - 

     *. p<0.05 

 
FIGURE 1 

Semilogarithmic serum cypermethrin concentra-
tion versus time curve after intravenous and in-

tracrop administration of cypermethrin in 
broiler chickens 

 
TABLE 2 

Some toxicokinetic parameters of cypermethrin 
after intravenous and intracrop administration 

in broiler chickens 
Parametersa Intravenous  Intracrop 
A1 (ng/ml) 8383.40±4384.86 263.80±152.50* 
A2 (ng/ml) 672.58±178.58 264.13±54.01* 
A3 (ng/ml) - -490.53±191.62 
ka (h-1) - 3.01±0.72 

-1) 5.47±2.73 0.99±0.60* 
-1) 0.09±0.01 0.06±0.01* 

t1/2a (h) - 0.24±0.05 
t (h) 0.18±0.13 0.93±0.50* 
t (h) 7.35±0.91 10.97±2.11* 
MRT (h) 8.64±1.59 15.39±2.66* 
Cmax (ng/ml) - 422.75±99.59 
tmax (h) - 0.80±0.15 
Vdarea (ml/kg) 9694.64±3219.32 13582.21±2623.31* 
Vdss (ml/kg)  7926.22±2940.89 64453.67±39065.13* 
V1 (ml/kg) 1052.99±588.78 8694.05±1602.74* 
V2 (ml/kg) 6873.23±2733.35 4258.10±2395.54* 
ClT (ml/h/kg) 902.29±219.29 937.75±303.49 
k12 (h-1) 4.01±2.27 0.32±0.26* 
k21 (h-1) 0.49±0.16 0.62±0.36 
k10 (h-1) 1.06±0.50 0.10±0.01* 
Cs

0 (ng/ml) 9055.99±4403.78 - 
AUC
(ng.h/L) 

8350.30±1971.18 3395.01±654.24* 

AUC
(ng.h/L) 

8741.98±1996.56 4266.51±967.65* 

F (%)  48.80 
a. A1, A2, A3 mathematical coefficients; ka, first order rate 
constant related to absorption; , first order rate constant 
related to distribution phases; , first order rate constant 
related to elimination phase; t1/2ab, absorption half-life; 
t1/2 , distribution half-life; t1/2 , elimination half-life; MRT, 
mean residence time; Cmax, maximum concentration in se-
rum after intracrop administration; tmax, time needed to 
reach Cmax; Vdarea, area volume of distribution; Vdss, 
steady-state volume of distribution; V1, volume of distribu-
tion 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; Cs

0, serum drug concentra-
tion at time zero after bolus intravenous application; 
AUC , area under the concentration-time curve from 
time zero to time t; AUC , area under the concentration-
time curve from time zero to infinity; F, systemic bioavail-
ability. *. p<0.05 
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An assessment of possible distribution models 
for the calculation of toxicokinetic variables re-
vealed 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 intrave-
nous and intracrop cypermethrin application for 
some parameters in the calculations made according 
to the analyzed distribution model. Significant 
changes in the values of A1, A2  t , t , MRT, 
Vdarea, Vdss, V1, V2, k12, k10, AUC t and AUC  
were observed among the groups within toxicoki-
netic parameters. Compared with the intravenous ad-
ministration group, it was found that there was a sig-
nificant decrease in the values of A1, A2 2, k12, 
k10, AUC t and AUC  in the intracrop admin-
istration group. On the other hand, t , t , MRT, 
Vdarea, Vdss and V1 values were significantly in-
creased in the intracrop group compared to the intra-
venous group. Cs

0 values were determined to be 
9055.99±4403.78 ng/ml for intravenous administra-
tion. 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 cen-
tral 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 com-
pletely disappeared in the time periods that contin-
ued in both experimental groups.  

 
 

DISCUSSION  
 
Assessment revealed that the distribution of cy-

permethrin in broiler chickens was more consistent 
distribution tendency with the two-compartment 
open model. For this reason, compartmental calcula-
tions have been done according to this distribution 
model. Pharmacokinetic/toxicokinetic studies previ-
ously performed with pyrethroids in some laboratory 
animals [39, 40] and broilers [28, 29] showed that 
these pyrethroids tend to have a more favorable dis-
tribution pattern in the two-compartment open 
model. The shortness of t  of cypermethrin was 
faster when administered intravenously. This was 

t  of 
cypermethrin is due to the high solubility of cyper-
methrin in fatty tissue [2, 6, 15]. Differences in t  

in the event of intravenous and intracrop administra-
tion 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 
t  and the MRT of cypermethrin in the intracrop 

route when compared to the intravenous route are as-
sociated with the likely continuation of the absorp-
tion of cypermethrin from the gastrointestinal tract 
during the period of drug excretion. The same con-
clusion is determined for the ClT. Compared to the 
results obtained in previous studies on pyrethroids in 
broilers [28, 29], t  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 distrib-
uted in the central compartment in the case of intra-
crop administration. The differences observed be-
tween the two groups in terms of Vdss and Vdarea val-
ues confirm this finding. Because V2 value is higher 
than V1 value in group 1, it suggests that when cy-
permethrin is administered, it tends to stay in the pe-
ripheral area for a longer time. In terms of intrave-
nous administration, the same situation exists in pre-
vious 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 differ-
ences observed within and between groups in distri-
bution volumes also support changes in the first-or-
der rate constants associated with transfer of un-
bound cypermethrin between the central and periph-
eral 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 short-
ness of t1/2a on the other side suggest that cyperme-
thrin is quickly and extensively absorbed from the 
digestive system after intracrop administration. An-
other indicator of rapid absorption of cypermethrin 
is tmax, which is also expressed as the time required 
for cypermethrin reaching Cmax. The calculated 
AUC t/AUC  value indicates that the cyperme-
thrin 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 cyperme-
thrin 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 lambda-
cyhalothrin [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 administra-
tion of cypermethrin were pertinent to the blood lev-
els of cypermethrin. Furthermore, the fact that these 
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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 symp-
toms 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, t , 
MRT, ClT and F were closely related to the severity 
and the indication of cypermethrin poisoning. Simi-
lar results were obtained in previously conducted 
toxicokinetic studies on pyrethroid insecticides in 
chickens [28, 29]. 

 
 

CONCLUSIONS  
 
In conclusion, when administered to broiler 

chickens by the intracrop route, although rapidly ab-
sorbed, the bioavailability of cypermethrin was 
found to be moderate. In the event of administration 
by both intracrop and intravenous route, the elimina-
tion half-life and mean residence time of the pesti-
cide was not too short. When the toxicity of cyper-
methrin is considered, its effects are evaluated as dis-
advantageous. 
is the first detailed study of concerned with toxicoki-
netics 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 tox-
icokinetics, toxicology and safe use of this pesticide.  
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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 den-
sity. The results showed that 21% of all samples con-
tained 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 res-
idue concentration and the highest percentage of pos-
itive samples were detected also in northern Shounah 
at 0.33 mg/kg milk fat and 40%, respectively. Aldrin, 

- - -en-
-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 regu-
lar studies on human breast milk pollution are 
needed. 

 
 

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 be-
tween 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 pro-
hibited 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 Agri-
culture 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 

tissues in the various biological systems through the 
food chain, reaching embryos and newborns through 
placenta and later across mother breast feeding caus-
ing 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 gover-
norates 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 environ-
ment. 

 
 

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-
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 labor-
atory, and stored at 20 °C until analysis. Data con-
cerning age, body weight, delivery number, last de-
livery 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 south-
ern northern Jordanian districts were proportional to 
the population density [9]. 

 
Chemicals, solvents and gases. The used sol-

vents (acetone, dichloromethane, petroleum ether 
(40-60°C)) were all of the p.a. quality, whereas n-
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hexane used was of GC-quality. Standards of the in-
dividual chlorinated pesticides were of purity be-
tween 99.5-99.9% and purchased from Dr. Ehren-
storfer 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% pu-
rity) and make-up gas argon/methane (95+5%; 
99.9% purity) were used. Elution mixture was petro-
leum ether + dichloromethane (80:20%, v/v) [9]. 

 
Methods and GC analysis. Extraction, 

cleanup and determination were carried out accord-
ing to DFG-method [11], with the following details. 

Glassware was dried at 110 ºC after washing 
with water, soap, distilled water, acetone and n-hex-
ane. 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
The GC was used under the following operating con-
ditions: 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 

 
 
Determination of fat content. The fat content 

(%) was determined according to [11, 12]. Ten g of 
each milk sample were weighed and mixed thor-
oughly in a separatory funnel with 2 ml of 25% am-
monia, 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 bot-
tomed 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 extraction. Twenty five grams Flo-

risil were added to chromatography column (50 x 2 
cm with Teflon stopcock) containing 100 ml petro-
leum ether. Ten g milk sample were mixed with 25 g 
Florisil (3% water), added to the column, and the ex-
cess solvent was collected in a 500-ml round bottom 
flask. The column was eluted with 300 ml of the elu-
tion 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 

in 2 ml n- as in-

were injected onto the GC column [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 ex-
perimentally found concentration was related to the 
theoretically added concentration, in order to calcu-
late the % recovery. The detection limit for each 

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. 

 
TABLE 1 

Average % recovery, and average detection lim-
its for the monitored chlorinated pesticides 

Pesticide Average % Re-
covery 

Average Detection  
Limits [ppm] 

HCB 81.8 0.005 
-HCH 92.6 0.005 
-HCH 92.0 0.005 
-HCH 94.0 0.005 

Heptachlor 99.7 0.005 
-Endosulfan 93.9 0.005 
-Endosulfan 99.0 0.005 

Aldrin 99.2 0.005 
Dieldrin 88.8 0.005 
Endrin 81.7 0.005 
p,p -DDT 90.1 0.005 
o,p -DDT 94.5 0.005 
p,p -DDD 90.9 0.005 
o,p -DDD 87.2 0.005 
p,p -DDE 98.0 0.005 
o,p -DDE 95.1 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, respec-
tively. 

Table 2 shows the average concentrations of 
pesticides residues and % positive samples of breast 
milk collected from Jarash in 2014 and 2015. Diel-
drin, 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 pos-
itive samples were 20, 10 5 and 5 10%, respectively. 
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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 
Range Average 

Concentration 
N% N Found Pesticide Total Analyzed 

Samples 
City 

Max. Min. 
0.05 0.02 0.03 12 3 Dieldrin  

25 
 

 
Irbid 

 
0.10 0.05 0.08 8 2 p,p -DDT 
0.19 0.02 0.08 16 4 p,p -DDE 
0.13 0.02 0.06 20 4 Dieldrin  

20 
 

Jarash 0.19 0.19 0.19 5 1 p,p -DDT 
0.03 0.01 0.02 10 2 p,p -DDE 
0.09 0.03 0.07 20 4 Dieldrin 20 Ajloun 
0.31 0.02 0.11 20 4 Dieldrin 

20 Mafraq 0.40 0.07 0.20 25 5 p,p -DDT 
0.91 0.03 0.33 40 6 Dieldrin 15 North Shounah 
0.29 0.03 0.13 27 4 p,p -DDE 

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. 

Jordan, 
2014/5 
North 
districts 
(n = 100) 
[ This study] 

Jordan, 
2006 
North districts 
(n = 80) 
[5] 

Jordan, 
2005 
North districts 
(n = 80) 
[9] 

Germany, 
2001/2 
(n = 39) 
[23] 

Turkey, 
2003 
(n = 37) 
[22] 

Indonesia, 
2000 
(n = 70) 
[21] 
 

 
 
Compound 
 

Nd* 0.03 0.25 0.04 0.02 0.03 HCB 
0.04 0.19 0.22 0.15 1.52 0.28 p,p'-DDE 
0.09 0.03 0.10 0.005 0.07 0.06 p,p'-DDT 
Nd Nd Nd <0.005 Nd Nd p,p'-DDD 
0.13 0.22 0.32 0.15 1.60 0.34 DDTs  
Nd 0.02 0.19 0.02 0.15 0.10  
0.12 Nd Nd Nd Nd Nd Dieldrin 

Nd = not detected 
 
In the mother milk samples which were col-

lected from Ajloun, only dieldrin was found at an av-
erage 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. Diel-
drin, 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 sam-
ples 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 av-
erage concentrations were 0.33, and 0.13 mg/kg milk 
fat, respectively. The percentages of positive sam-
ples were 40 and 27%, respectively. 

 
 

DISCUSSION 
 
Organochlorine pesticides might be accumu-

lated in the human body for long time as persistent 
and non polar organic pollutants [4]. These com-
pounds are able to enter human bodies through food 
chains. DDT members and cyclodiens such as diel-

drin might reach maternal body fat. Body fat move-
ment might be increased during lactation and fat sol-
uble 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 cy-
clodien organic pollutants, 10% contained p,p'-DDE 
and 8% contained p,p'-DDT. The highest concentra-
tion 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 ex-
posed to pesticides application more than in other 
districts in north Jordan. This is true since northern 
Shounah is located in the Jordan Valley where exten-
sive use of agriculture practices and pesticides spray-
ing [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] de-
tected p,p'- -HCH iso-
mer was the predominant pollutant in the breast milk 
samples from Bhopal, I - -
HCH, p,p -DDD, p,p -DDE, p,p -DDT and endrin in 



© by PSP   Volume 26  No. 7/2017 pages 4711-4715      Fresenius Environmental Bulletin 

4714

 

breast milk from Punjab, India [18], and p,p -DDE 
and p,p -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 

- -
- -endosulfan, o,p -

DDD, o,p -DDT, o,p -DDE and p,p -DDD. How-
ever, this study shows less concentrations and less 
number of detected compounds compared to previ-
ous studies conducted in Jordan as shown in Table 3, 
which allow the comparison with other countries [5, 
9].  

In conclusion, residue concentrations of orga-
nochlorine 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 rec-
ommended. 
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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 man-
hole geometry has distinctive role on the energy loss 
coefficients of manhole and water level in it. Nowa-
days, Computational Fluid Dynamic (CFD) pro-
grams and large computer capacity present opportu-
nities in accurately modeling water flows in the man-
holes 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 alterna-
tive 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 rainwa-

ter 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 perpen-
dicular 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 stand-
ards, and they are prefabricated. 

Complex flow conditions are observed in man-
holes where perpendicular inlet and outlet flows are 
passing through 5 . The inlet and outlet flows with 
different directions make surface wavy, undulating, 

and also vortex formation are observed in the some 
regions of the manhole. Moreover, generally transi-
tion 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 net-
work 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 obser-
vations and a hydraulic approach, the large data sets 
allowed to present modified and generalized design 
criteria for such hydraulic structures. One of the pri-
mary 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 lim-
ited with the flow velocity and the economic consid-
erations. As a result, the manholes are the bottleneck 
of the sewer and rainwater collection systems. 

Almost every city with incidents of overflow-
ing of manholes should encounter heavy rains or 
storm events. Overflowed manholes could result in 
serious problems such as the blowout of manhole co-

8, 9 . In 
the City of Calgary, Alberta, a manhole cover on Ed-
worthy Road was blown off, a fountain was formed 
during the storm, and large area is flooded. An ex-

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 an-

level in the 
surcharged chamber. A numerical modelling ap-
proach accounting for the energy losses in manholes 
is introduced by 7 . The resulting models are inves-

manhole on the network and displaying the total en-
ergy 7 . Yen and Akan 10  are discussed junctions 
as the most important auxiliary component in mod-
eling the sewer and rain water networks. For sewers 
pipes of common size and length, the head loss for 
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the flow through a sewer is usually two to five times 
the velocity head. Thus, the head loss through a junc-
tion 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 junc-
tion hydraulics is important in realistic simulation 
and reliable computation of the flow in a sewer sys-
tem 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 coeffi-
cients in T-junctions are used for manholes. Gener-
ally, free surface water flow studies comprise rectan-
gular sectioned open channels 14 . 

Complex water flow conditions do not allow 1-
D or 2-D numerical modeling of sewer or rainwater 
networks manholes. Physical representation of man-
hole CFD modelling might assure only 3 dimen-
sional geometrical modelling of the junction region. 
The implementation in the computer hardware tech-
nology makes 3-D modelling of manhole possible 
with even standard desktop computers. The benefits 
of CFD modelling of urban drainage and sewer sys-
tems are discussed with Jarman et al. 15  in details. 
Overflowing manholes and distributions of pollu-
tants are modeled with CFD by Chen et al. 16 . 
Moreover, specific structures that prevent separation 
of pollutants are designed by CFD solutions. Ben-
nett, et al. 17  modelled the overflowing manholes 
pollution propagation and compared the computa-
tion 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 ana-

lyzed the impact of the junction on the velocity dis-
tribution 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 

tion. The model was carefully assessed by compar-
ing 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  numeri-
cally 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 

the study are the effects of dimension variations, 
main and lateral pipe slope, angle and the joint posi-
tion of lateral pipe alongside the manhole, and ge-
ometry 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 ap-
proach. In this approach, surface location and the 
shape are predefined, and the flow boundary condi-
tions are directly assigned on relevant Computa-
tional 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 com-
pulsory 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 neces-
sary 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 investi-
gations. In their work, Bennet et al. 17  concluded 
that the k- realizable 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 nu-
merical 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 mecha-
nisms 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 coef-
ficients 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. Be-
side 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.  
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One of the most important design criteria for 
sewer and rain water collection networks is the oc-
currence 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 stud-
ied. All manholes have two inlets pipes and one out-
let pipe, one of the inlet pipes is positioned perpen-
dicular to the main flow direction. The first type bot-
tom geometry is defined by TS EN 1917/AC stand-
ard, and it has a perpendicular half bench on the bot-
tom. The second type has a full guided circular bench 
on the bottom. The third type has a flat bottom with-
out any bench on the bottom. The last type is ob-
tained with the modification of the third type. The 
circulation zones on the third type is filled with con-
crete, and an arrow shaped inner and bottom geome-
try is obtained. The flow conditions are simulated 
with the CFD. The energy loss coefficients are ex-
tracted from the CFD solution. The energy loss co-
efficients obtained from the CFD simulations are 
compared.  

 
 

MATERIALS AND METHODS 
 
Mathematical Model and Solution Equa-

tions. The CFD modelling is based on the solution 
by Reynolds Averaged Navier Stokes  equation. In 
Reynolds averaging, the solution variables in the in-
stantaneous Navier-Stokes equations are decom-
posed into the mean and fluctuating components. For 
the velocity components: ui=ui+ui  where ui and ui  
are the mean and fluctuating velocity components, 
respectively. Similarly, for pressure and other scalar 
quantities:  where  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 ensem-
ble-averaged equations. The continuity and momen-
tum equations can be written in the Cartesian tensor 
form as: 
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In Equation 2,  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 num-
ber flows. The basic approach for the modelling of 

turbulence shear stress based on the Boussinesq hy-
pothesis given with Equation 3. The shear stresses 
are defined with the gradient of the average velocity 
field with the hypothesis.  
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The Bossinesq hypothesis is the basic approach 

for many different turbulence modelling structures 
such as one equation model Spalart Almaras, two 
equation models k-  and k-  The term t 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 re-
sults in a system of coupled algebraic equations that 
requires simultaneous solution by means of a suita-
ble 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 Mal-
alasekera 22 . The transport equations are inte-
grated over each of control volumes by approximat-
ing the variation of the flow properties between mesh 
points with piecewise profiles. This integration en-
sures that the conservation laws used in the deriva-
tion of the transport equations are satisfied locally at 
each of the control volumes. The overall conserva-
tion 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. 

 
Discretization of Equations. Conservation 

equation is integrated over the control volume to 
yield the following discrete equation 
Nface

f
ff AJ 0                                                         (4) 

where Jf is the mass flux through face f, vn 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. Lin-
ear interpolation of cell-centered velocities to the 
face results in unphysical checker-boarding of pres-
sure. The Fluent uses a procedure similar to that out-
lined by Rhie and Chow 23  to prevent checker 
boarding. 

The momentum equations are discretized like a 
scalar equation such as the discretization of x-mo-
mentum equation: 

SiApuaua fab
ab

abP
                       (5) 

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 
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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 interpo-
lates the pressure values at the faces using momen-
tum equation coefficients  
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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 gra-
dient at the cell face, and cannot be interpolated us-
ing this scheme. The Fluent provides different seg-
regated types of algorithms for pressure velocity 
coupling. The Pressure-Implicit with Splitting of 
Operators (PISO) algorithm with neighbor correc-
tion is highly recommended for all transient flow cal-
culations 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 cor-
rections for pressure and velocity. One of the limita-
tions of the SIMPLE and SIMPLEC algorithms is 
that new velocities and corresponding fluxes do not 
satisfy the momentum balance after the pressure-
correction equation is solved. As a result, the calcu-
lation 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. 

 
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  two-equation model was 
used. To apply the k  model, the Reynolds number 

gh enough for an inertial 
subrange to exist. The model is proposed by Launder 
and Spalding 24  
simulations hence its robustness, economy, and rea-

Two differential equations were solved to represent 
transport parameter kinetic energy, k and dissipation 
rate of the kinetic energy, .  
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In these equations, Gk represents the generation 

of turbulence kinetic energy due to the mean velocity 
gradients, Gb is the generation of turbulence kinetic 

energy due to buoyancy, YM represents the contribu-

bulence to the overall dissipation rate. C1 , C2 , and 
C3 are constants. k and  are the turbulent Prandtl 
numbers for k and , respectively. Sk and S  are user-

of the constants in the equations are given in Fluent 
25 . 

 
FIGURE 1 

General flow chart of CFD 
 
 
Numerical model. All equations are solved se-

quentially (the segregated option in the Fluent), cou-
pled to a standard model with wall functions for tur-
bulence closure. The continuity equation was en-
forced using a body force weighted PISO algorithm, 
resulting in a Poisson equation for the pressure (Fig-
ure 1).  

 
Geometry, Boundary Conditions and Hy-

draulic Parameters. The present study has investi-

bines pipes connected as shown in Fig. 2, (for  = 
90°). The junction has three connecting pipes run-
ning full, and the lateral inlet pipe is laid out at q to 

Q1, 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 lo-
cated 0.1 m above the bottom for flat bottom man-

pec-

26, 27, 28 : 
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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  2, the sim-
ulation domain has two inlets (Q1 and Q2) for which 
mass flowrate is assigned, assuming a turbulent in-
tensity 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 

does not allow flow across the surface but freely 
moves to tangential direction domain. 
 
 
RESULTS AND DISCUSSIONS 
 

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 redi-
recting attachments to obtain a guided manhole 
structure from the type 3. 

 

 
FIGURE 2 

General hydraulic elements of manhole 
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TABLE 1 
Inflow, outflow and total discharges 

 

Q2/Q3 
Q2 

(l/s) 
Q1 

(l/s) 
Q3 

(l/s) 

0.2 16.152 64.608 80.76 
0.4 32.304 48.456 80.76 
0.5 40.38 40.38 80.76 
0.6 48.456 32.304 80.76 
0.8 64.608 16.152 80.76 

 
 

 

 
 

 
 

 
 

 
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 
Q2/Q3=0.2, 0.4, 0.5, 0.6 and 0.8 where 

Q1, Q2 

Q3 is calculated from 

the solution at the outflow cross-section and com-
pared with the inflow and is used as convergence cri-
teria.  

 
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.  

tures for all cases are the same, meaning that, for all 
types of cross- 2/Q3), 
a weak and thin vortex forms in the upper part of the 

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 

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 an-
gle 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.  

 
Energy Loss Coefficients. The pressure pro-

file 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 val-
ues 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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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 

 
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 coeffi-
cients K13 and K23 and K values are calculated from 
equation 7 and 8. The variation of main direction en-
ergy loss coefficients due to the flow 
ratio is given in figure 7, 8 and 9 respectively. 
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CONCLUSIONS 
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ABSTRACT 
 

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- -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. 
 
 
KEYWORDS:  
neurodegeneration, neurite outgrowth, epigallocatechin 
gallate, curcumin, PC-12 
 
 
 
 

INTRODUCTION 
 

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 non-
flavonoid 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 
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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 
multiple  epilepsy 
[7,8,9,10]. Curcumin is a highly lipophilic com-
pound 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 
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.  
 
 
MATERIALS AND METHODS 
 

Cell culture and treatment. The PC-12 Adh 
(CRL- ell 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 

group was prepared with medium containing 0.1% 
DMSO.  

 
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 ( , 
San Diego, CA) at a density of 2x103 cells per well 
in differentiation medium. 24 hours after plating, 
medium was replaced with 100 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. 

 
Immunoflorescence staining. After neurite 

outgrowth analysis, cells were fixated with 80% 
methanol for 5 minutes and rinsed twice with 1xPBS 
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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 non-
specific 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). 

 
Determination of Growth Associated 

Protein-43 (GAP-43) and Beta III-Tubulin 
(TUBB3) mRNA Expression Levels by Using RT-
PCR Method. Growth Associated Protein-43(GAP-
43) 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 

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 

-actin were used as an internal positive control. 
Expressions of GAP-43 and TUBB3 genes were 
determined by using SYBR® Green based RT-PCR 

-Rad) and 
LightCycler 480 (Roche).  Samples were tested in 
triplicate runs, and specific mRNA levels quantified 
and compared with -actin using Roche LC480 real-
time PCR analysis software (version 1.5.0). 

 
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***. 
 
 
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***). 

 
 

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). 

 
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 

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). 

 
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.  
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FIGURE 3 

Neurite outgrowth analysis. Comparison of average neurite lengths on 4th day. Data are mean ± SD 
values (p<0.01**, p<0.001***; compared to NGF (positive control). 

 

 
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. 
 
 
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 

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 PC-
12 Adh cells after 4 days of treatment [20]. It has 
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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 

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 

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 
blood brain 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 RTCA-
DP 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].  

 
 

 
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 system-
specific phosphoprotein that is specifically enriched 
in the membrane skeleton of growth cones. In 
primary neuronal cultures and in NGF induced PC-
12 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 GAP-
43.  

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 
 

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 calcula-
tions, land arrangement studies, etc. The volume cal-
culations 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, tun-
nels etc. Since the amount of the calculated vol-
ume burdened financially great expenses to em-
ployer, the calculations must be made in a precise 
manner. The aim of this study is to make and com-
pare 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 In-
verse Distance to a Power (k=1 and k=2), Point 
Kriging, Minimum Curvature, Modified Shepard's 
Method, Natural Neighbor, Nearest Neighbor, Poly-
nomial Regression (simple planar surface), Multi-
quadratic Radial Basis Function, Triangulation with 
Linear Interpolation. The volume calculation meth-
ods used are Trapezoidal rule, Simpson's rule, Simp-
son's 3/8 rule. The digital elevation models were pre-
pared in the "Surfer 8" program. The surface model-
ling 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. 
 
 
KEYWORDS:  
Digital elevation model, Interpolation methods, Volume 
calculation, Surfer Software 
 
 
 
 
 

INTRODUCTION 
 

The volume calculations are important require-
ment of the construction and mining industry. The 
accurate volume estimation is important in many ap-
plications, for example road project, mining enter-
prise, 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 appropri-
ate distribution and density. These methods need 
more mathematical processes and take more time. 
The difficulties have been overcome by develop-
ments in computer technologies. The corrections of 
volume is direct proportional with the presentations 
of land surface in a best representation of land sur-
face in best form is depend on the number of certain 
X, Y, Z coordinate points. The total station instru-
ment has been used to determine the certain coordi-
nate 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 is-
sues [2]. 

An elevation model can be represented as reg-
ular or irregular point clouds formed into a mathe-
matical 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 sur-
face. Both (ii) and (iii) are related to the field sam-
pling strategy and to the hardware used to collect the 
data [4]. 
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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]. 

 

 
FIGURE 2 

Voronoi diagram [10]. 
 

Surveys to collect data used to create DEMs 
can be airborne (e.g. photogrammetry, laser scan-
ning 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 IRREGULAR NETWORK 
(TIN)  

 
Triangular irregular network (TIN) and regular 

grid DEM are two commonly used terrain models. 
TIN can dynamically adjust storage terrain data ac-
cording to terrain fluctuation and address the terrain 
characteristic curve appropriately to reproduce the 
actual terrain. The topological relation of GRID ter-
rain 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 ter-
rain surface with more points in rugged terrain areas 
and fewer points in relatively flat areas. The TIN 
model suits visualization purposes because of the 

continuous nature that the triangular facets of the 
model add to the digital representation. Furthermore, 
not much information can be derived from TIN mod-
els because unlike the case for DEM's, a comprehen-
sive 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 con-
tinuous representation of the terrain surface. Creat-
ing a TIN, despite its simplicity, requires decisions 
about how to pick the sample points from the origi-
nal data set, and further how to triangulate them. 
When it comes to triangulating the sample points, a 
few triangulation methods are available for produc-
ing 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 hierar-
chical [8]. 
 
 
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. Delau-
nay triangulation has many applications such as 3D 
object modeling and scatter interpolation. 

Voronoi Diagram is a set of discrete points par-
titioning 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 ap-
proximate 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 Triangula-
tion can be constructed by joining the nodes which 
share a common edge in the Voronoi diagram. 
 
 
INTERPOLATION METHODS 
 

Data were analysed, interpolated and visual-
ized 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:  Rule, and 
 Mathematically, the volume un-

der a function f (x, y) is defined by a double integral 
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max max

min min

( , )
X Y

X Y

V f x y dxdy                                              (1) 

In Surfer, this is computed by first integrating 
over X (the columns) to get the areas under the indi-
vidual rows, and then integrating over Y (the rows) 
to get the final volume. 

Surfer approximates the necessary one-dimen-
sional integrals using three classical numerical inte-
gration algorithms: extended trapezoidal rule, ex-

x represents the grid 
y represents the grid row spacing 

and Hij represents the grid node value in row i and 
column j. 

Extended Trapezoidal Rule; 

,1 ,2 ,3 , 1 ,2 2 ... 2
2i i i i i ncol i ncol

x
A H H H H H  (2) 

1 2 3 12 2 ... 2
2 ncol ncol

y
V A A A A A           (3) 

The pattern of the coefficients is 
{1,2,2,2,...,2,2,1}. 

Extended Simpson's Rule; 

,1 ,2 ,3 ,4 , 1 ,4 2 4 ... 2
3i i i i i i ncol i ncol

x
A H H H H H H (4) 

1 2 3 3 14 2 4 ... 2
3 ncol ncol

y
V A A A A A A   (5) 

The pattern of the coefficients is 
{1,4,2,4,2,4,2,...,4,2,1}. 

Extended Simpson's 3/8 Rule; 

,1 ,2 ,3 ,4 , 1 ,

3
3 3 2 ... 2

8i i i i i i ncol i ncol

x
A H H H H H H (6) 

1 2 3 3 1

3
3 3 2 ... 2

8 ncol ncol

y
V A A A A A A    (7) 

The pattern of the coefficients is 
{1,3,3,2,3,3,2,...,3,3,2,1} [11, 17, 1].  

 
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 Grid ranges 
(m) 

Volume calculation methods 
Trapezoidal rule Simpson's rule Simpson 's 3/8 rule 

Inverse Distance to a Power (k=1) 

50 1873063892573.60 1873053304065.40 1873064832869.50 
100 1873059712549.10 1873031819106.40 1873063854823.70 
150 1873047910977.70 1873044834373.50 1873038277428.80 
200 1873118855689.20 1873077533053.40 1873075626208.90 

Inverse Distance to a Power (k=2) 

50 1874988732022.50 1874983517357.80 1874989438476.00 
100 1874983336793.00 1874968392886.10 1874983630882.30 
150 1874979095000.20 1874975664864.80 1874975645025.50 
200 1875021088515.50 1875008182482.70 1875012230840.70 

Kriging 

50 1890669126848.40 1890664648539.00 1890669499593.70 
100 1890660938849.80 1890665785794.20 1890658667976.40 
150 1890663981903.90 1890651355131.90 1890660994133.80 
200 1890656510689.50 1890650019559.00 1890637786303.80 

Minimum Curvature 

50 1887255486394.60 1887252201199.40 1887252202665.40 
100 1883970464527.90 1883963925645.10 1883963896059.80 
150 1876261658283.20 1876254349189.40 1876255619304.20 
200 1880519658141.10 1880506202368.30 1880504208000.60 

Modified Shepard's Method 

50 1695389648358.00 1695414183124.80 1695397784210.80 
100 1695419879930.40 1695457080993.70 1695419061048.00 
150 1695394176404.30 1695271395651.00 1695503792596.10 
200 1695347759194.40 1695585380221.40 1695293885257.30 

Natural Neighbor 

50 1431232295188.70 1431264700544.10 1431270420902.90 
100 1426287826183.50 1426384070515.50 1426252849094.70 
150 1421137309559.90 1421355816146.20 1421183594979.40 
200 1416440820929.10 1416514253713.80 1416561413218.10 

Nearest Neighbor 

50 1882348910460.40 1882347606946.50 1882348121508.00 
100 1882364418326.70 1882348305723.30 1882389499454.90 
150 1882351613301.90 1882435927709.10 1882371998262.00 
200 1882398585456.00 1882361662497.80 1882364937768.50 

Polynomial Regression 

50 1848148187924.90 1848148187924.90 1848148187924.90 
100 1848148187924.90 1848148187924.90 1848148187924.90 
150 1848148187924.90 1848148187924.90 1848148187924.90 
200 1848148187924.90 1848148187924.90 1848148187924.90 

Radial Basis Function 

50 1895047179544.60 1895038765860.20 1895046695774.50 
100 1895051043047.00 1895058190116.80 1895046343354.30 
150 1895046555132.40 1895019253479.40 1895047703609.50 
200 1895036682491.70 1895031171674.10 1895007245275.10 

Triangulation with Linear Interpolation 

50 1436555123600.20 1436634127195.00 1436616258308.90 
100 1436336475464.00 1436560750795.30 1436491325418.90 
150 1436145696855.70 1436454584369.30 1436620300762.60 
200 1435565412824.90 1436354350787.70 1436015289880.00 

 
 
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 maxi-
mum 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 sys-
tem coordinates of these reference points were deter-
mined as  

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 calcula-
tion made by using Delaunay triangles, since the vol-
ume was calculated directly by using the coordinates 
of the reference points without applying interpola-
tion, the result was accepted as the value of the actual 
volume. Real volume was determined as 
1436639831721.4 m3. 

 Then, without making any change in the 
standard settings of the Surfer program; 

 The grid ranges were selected as 50 m, 100 
m, 150 m and 200 m. 
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 Interpolation methods: The surface model-
ing was carried out within the limits we specified us-
ing the interpolation methods including Inverse Dis-
tance to a Power (k=1 and k=2), Point Kriging, Min-
imum Curvature, Modified Shepard's Method, Natu-
ral Neighbor, Nearest Neighbor, Polynomial Regres-
sion (simple planar surface), Multiquadratic Radial 
Basis Function, Triangulation with Linear Interpola-
tion and  .grid extended files of these resulting sur-
faces were created. The volume values of these sur-
faces, which were resulted by making surface mod-
eling, 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 dif-
ferent volume calculation methods depending on the 

different interpolation methods and grid ranges ap-
plied are given in Table 1, and the differences of 
these results from the actual volume and the calcu-
lated relative 
are given in Table 2. 

Relative Error is given by (8) 

estimated actual
relative

actual

V V
E

V
                                     (8) 

where Erelative is relative error; Vestimated is estimated 
volume; Vactual is actual volume. 

Relative errors regarding the differences be-
tween actual volume value and volume values ob-
tained with different volume calculation methods ac-
cording 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 de-

pending on the different interpolation methods and grid ranges, and the calculated relative 
respect to these differences 

 

Interpolation methods Grid ranges 
(m) 

Trapezoidal rule Simpson's rule Simpson 's 3/8 rule 
Differences  

(m3) 
Relative 

error 
Differences 

(m3) 
Relative 

error 
Differences 

(m3) 
Relative 

error 

Inverse Distance to a Power 
(k=1) 

50 436424060852.20 0.304 436413472344.00 0.304 436425001148.10 0.304 
100 436419880827.70 0.304 436391987385.00 0.304 436424023102.30 0.304 
150 436408079256.30 0.304 436405002652.10 0.304 436398445707.40 0.304 
200 436479023967.80 0.304 436437701332.00 0.304 436435794487.50 0.304 

Inverse Distance to a Power 
(k=2) 

50 438348900301.10 0.305 438343685636.40 0.305 438349606754.60 0.305 
100 438343505071.60 0.305 438328561164.70 0.305 438343799160.90 0.305 
150 438339263278.80 0.305 438335833143.40 0.305 438335813304.10 0.305 
200 438381256794.10 0.305 438368350761.30 0.305 438372399119.30 0.305 

Kriging 

50 454029295127.00 0.316 454024816817.60 0.316 454029667872.30 0.316 
100 454021107128.40 0.316 454025954072.80 0.316 454018836255.00 0.316 
150 454024150182.50 0.316 454011523410.50 0.316 454021162412.40 0.316 
200 454016678968.10 0.316 454010187837.60 0.316 453997954582.40 0.316 

Minimum Curvature 

50 450615654673.20 0.314 450612369478.00 0.314 450612370944.00 0.314 
100 447330632806.50 0.311 447324093923.70 0.311 447324064338.40 0.311 
150 439621826561.80 0.306 439614517468.00 0.306 439615787582.80 0.306 
200 443879826419.70 0.309 443866370646.90 0.309 443864376279.20 0.309 

Modified Shepard's Method 

50 258749816636.60 0.180 258774351403.40 0.180 258757952489.40 0.180 
100 258780048209.00 0.180 258817249272.30 0.180 258779229326.60 0.180 
150 258754344682.90 0.180 258631563929.60 0.180 258863960874.70 0.180 
200 258707927473.00 0.180 258945548500.00 0.180 258654053535.90 0.180 

Natural Neighbor 

50 -5407536532.70 -0.004 -5375131177.30 -0.004 -5369410818.50 -0.004 
100 -10352005537.90 -0.007 -10255761205.90 -0.007 -10386982626.70 -0.007 
150 -15502522161.50 -0.011 -15284015575.20 -0.011 -15456236742.00 -0.011 
200 -20199010792.30 -0.014 -20125578007.60 -0.014 -20078418503.30 -0.014 

Nearest Neighbor 

50 445709078739.00 0.310 445707775225.10 0.310 445708289786.60 0.310 
100 445724586605.30 0.310 445708474001.90 0.310 445749667733.50 0.310 
150 445711781580.50 0.310 445796095987.70 0.310 445732166540.60 0.310 
200 445758753734.60 0.310 445721830776.40 0.310 445725106047.10 0.310 

Polynomial Regression 

50 411508356203.50 0.286 411508356203.50 0.286 411508356203.50 0.286 
100 411508356203.50 0.286 411508356203.50 0.286 411508356203.50 0.286 
150 411508356203.50 0.286 411508356203.50 0.286 411508356203.50 0.286 
200 411508356203.50 0.286 411508356203.50 0.286 411508356203.50 0.286 

Radial Basis Function 

50 458407347823.20 0.319 458398934138.80 0.319 458406864053.10 0.319 
100 458411211325.60 0.319 458418358395.40 0.319 458406511632.90 0.319 
150 458406723411.00 0.319 458379421758.00 0.319 458407871888.10 0.319 
200 458396850770.30 0.319 458391339952.70 0.319 458367413553.70 0.319 

Triangulation with Linear  
Interpolation 

50 -84708121.20 0.000 -5704526.40 0.000 -23573412.50 0.000 
100 -303356257.40 0.000 -79080926.10 0.000 -148506302.50 0.000 
150 -494134865.70 0.000 -185247352.10 0.000 -19530958.80 0.000 
200 -1074418896.50 -0.001 -285480933.70 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 
 
 
CONCLUSIONS 

 
The volume calculations were made through 

Surfer8 program. The effects of the parameters such 
as, grid range, interpolation methods, volume calcu-
lation methods on the volume calculation was inves-
tigated in the study. Moreover, the discussions made 
taking into account the amount of relative errors are 
as follows:  

 When the relative errors examined (see Ta-
ble 2, Figure 5-6-7-8), it was seen that the most ap-
propriate 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 respec-
tively, from smaller to larger, Natural Neighbor, 
Modified Shepard's Method, Polynomial Regres-
sion, Inverse Distance to a Power (k=1), Inverse Dis-
tance to a Power (k=2), Nearest Neighbor, Kriging, 
Radial Basis Function. 

 It was seen in the interpolation methods 
used including minimum curvature, natural neighbor 
that the relative errors changed depending on the dif-
ferent grid ranges.  In other methods, the change in 

ect the relative error.  
 Changing the volume calculation methods 

of volume calculation. 
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LITERATURE REVIEW 
 

 

 
 
 

METHODOLOGY 
 

Based on Hosoe et al. [32], we constructed a 
recursive multi-sectoral dynamic CGE model, which 
comprises eight main parts: production activities (in-
cluding 8 energy sectors and 13 non-energy sectors, 
as shown in Table 1), commodities (21 types), input 
factors (including labor and capital), household (in-
cluding rural and urban residents), firms, govern-
ment, investment and savings, and foreign trade (be-
tween 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 re-
sults.), 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. 
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code sub-sectors 
sector 1 Agriculture, forestry, animal husbandry and fishery 
sector 2 Mining industry 
sector 3 Food manufacturing and tobacco processing industry 
sector 4 Textile and products industry 
sector 5 Wood-processing, paper, and printing industry 
sector 6 Chemical industry 
sector 7 Nonmetallic mineral production industry 
sector 8 Metal smelting and production industry 
sector 9 Machinery and equipment manufacturing 
sector 10 Communications, instrumentation and other equipment manufacturing 
sector 11 Construction 
sector 12 Transportation, storage, and post 
sector 13 Other services 
sector 14* Coal Mining and selection 
sector 15* Coking industry 
sector 16* Oil exploitation industry 
sector 17* Oil and nuclear fuel processing industry 
sector 18* Gas exploration industry 
sector 19* Gas production and supply 
sector 20* Thermal power 
sector 21* Clean energy 
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FIGURE 1 

Basic framework of the dynamic CGE model 
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Sector Region 2020 2022 2024 2026 2028 2030 

sector 1 

USA -0.2577 -0.2577 -0.2577 -0.2577 -0.2577 -0.2577 
JAP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
EU 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Rest 0.0161 0.0161 0.0161 0.0161 0.0161 0.0161 

sector 2 

USA -0.9314 -10.161 -11.008 -11.854 -12.701 -13.548 
JAP 0.1311 0.1311 0.1311 0.1311 0.1966 0.1966 
EU 0.1337 0.1337 0.1337 0.1337 0.1783 0.1783 
Rest 0.1386 0.1386 0.1584 0.1584 0.1782 0.1782 

sector 3 

USA -0.0652 -0.0652 -0.0652 -0.0652 -0.0652 -0.0652 
JAP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
EU 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Rest 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

sector 4 

USA 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
JAP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
EU 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Rest 0.0209 0.0209 0.0209 0.0209 0.0209 0.0209 

sector 5 

USA -0.0613 -0.0613 -0.0613 -0.0613 -0.0613 -0.0613 
JAP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
EU 0.0460 0.0460 0.0460 0.0460 0.0460 0.0460 
Rest 0.0268 0.0268 0.0268 0.0268 0.0268 0.0268 

sector 6 

USA -11.765 -12.325 -12.885 -13.445 -14.006 -14.566 
JAP 0.3212 0.3212 0.3212 0.3212 0.3212 0.3212 
EU 0.2350 0.2350 0.2350 0.2350 0.2938 0.2938 
Rest 0.2509 0.2689 0.2868 0.2868 0.3047 0.3226 

sector 7 

USA -0.9004 -0.9604 -10.204 -10.804 -11.405 -11.405 
JAP 0.1393 0.1393 0.1393 0.1393 0.1393 0.1393 
EU 0.1586 0.2114 0.2114 0.2114 0.2114 0.2114 
Rest 0.1922 0.1922 0.2096 0.2096 0.2271 0.2446 

sector 8 

USA -0.5908 -0.5908 -0.5908 -0.5908 -0.5908 -0.5908 
JAP 0.1538 0.1538 0.1538 0.1538 0.1538 0.1538 
EU 0.0569 0.0569 0.0569 0.0569 0.1138 0.1138 
Rest 0.0962 0.0962 0.0962 0.0962 0.0962 0.0962 

sector 9 

USA -0.0692 -0.0692 -0.0346 -0.0346 -0.0346 -0.0346 
JAP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
EU 0.0461 0.0461 0.0461 0.0461 0.0461 0.0461 
Rest 0.0240 0.0240 0.0240 0.0240 0.0240 0.0240 

sector 10 

USA -0.0408 0.0000 0.0000 0.0000 0.0000 0.0000 
JAP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
EU 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Rest 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

sector 11 

USA -0.2252 -0.2252 -0.2252 -0.2252 -0.2252 -0.2252 
JAP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
EU 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Rest 0.0000 0.0000 0.0000 0.0000 0.0204 0.0204 

sector 12 

USA -24.263 -25.130 -26.863 -27.730 -29.463 -30.329 
JAP 0.3295 0.3295 0.3295 0.4119 0.4119 0.4119 
EU 0.3230 0.3230 0.3523 0.3817 0.3817 0.4110 
Rest 0.3314 0.3550 0.3550 0.3787 0.4024 0.4260 

sector 13 

USA -0.1092 -0.1092 -0.1092 -0.1092 -0.1092 -0.1092 
JAP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
EU 0.0353 0.0353 0.0353 0.0353 0.0353 0.0353 
Rest 0.0219 0.0219 0.0219 0.0219 0.0219 0.0219 

sector 14 

USA 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
JAP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
EU 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Rest 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

sector 15 

USA -57.047 -60.403 -67.114 -73.826 -80.537 -87.248 
JAP 0.1969 0.1969 0.1969 0.1969 0.3937 0.3937 
EU 0.1235 0.1235 0.1235 0.1235 0.2469 0.2469 
Rest 0.1670 0.1908 0.2028 0.2266 0.2385 0.2624 

sector 16 

USA -0.3356 -0.3356 -0.3356 -0.3356 -0.3356 -0.3356 
JAP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
EU 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Rest 0.0119 0.0119 0.0119 0.0119 0.0119 0.0119 

sector 17 

USA -357.143 -424.370 -495.798 -579.832 -663.866 -752.101 
JAP 0.6993 0.6993 13.986 13.986 13.986 20.979 
EU 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Rest 0.8737 10.401 12.170 14.146 16.226 18.307 
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Sector Region 2020 2022 2024 2026 2028 2030 

sector 18 

USA -0.4170 -0.3890 -0.3643 -0.3421 -0.3217 -0.3030 
JAP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
EU 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Rest 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

sector 20 

USA -0.1587 0.0000 0.0000 0.0000 0.0000 0.0000 
JAP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
EU 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Rest 0.0133 0.0133 0.0133 0.0000 0.0000 0.0000 

sector 21 

USA -0.1587 0.0000 0.0000 0.0000 0.0000 0.0000 
JAP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
EU 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Rest 0.0133 0.0133 0.0133 0.0000 0.0000 0.0000 

 
Sector 19 is not displayed in the table because this sector has no foreign trade. 
 

 
 

 
 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

sector 1 0.0564 0.0570 -0.0579 -0.2749 -0.6222 -1.1841 -1.9525 -3.0629 -4.5325 -6.3926 -8.6967 
sector 2 0.1074 0.1351 -0.1248 -0.6055 -1.1631 -2.0435 -3.0682 -4.4739 -6.1575 -8.2197 -10.9084 
sector 3 0.0597 0.0607 -0.0309 -0.2216 -0.5202 -1.0054 -1.6657 -2.6461 -3.9361 -5.6481 -7.8745 
sector 4 0.0710 0.0617 0.0105 -0.1604 -0.3944 -0.8000 -1.3617 -2.2091 -3.3484 -4.8851 -6.9417 
sector 5 0.0637 0.0758 -0.0222 -0.2049 -0.4693 -0.9220 -1.5247 -2.4442 -3.6511 -5.2601 -7.4337 
sector 6 0.1842 0.1801 -0.0350 -0.4298 -0.9617 -1.7431 -2.6908 -4.0341 -5.6024 -7.6490 -10.2339 
sector 7 0.1506 0.1436 -0.0770 -0.5167 -1.0454 -1.8452 -2.8224 -4.1772 -5.7927 -7.8255 -10.4532 
sector 8 0.0996 0.1050 -0.0633 -0.4017 -0.8520 -1.5089 -2.3532 -3.5061 -4.9468 -6.8131 -9.2387 
sector 9 0.0654 0.0670 -0.0115 -0.2124 -0.4879 -0.9359 -1.5411 -2.4515 -3.6340 -5.2350 -7.4243 
sector 10 0.0657 0.0661 0.0381 -0.0580 -0.2162 -0.5318 -0.9778 -1.6757 -2.6593 -4.0321 -5.9608 
sector 11 0.0444 0.0469 -0.1322 -0.5072 -0.9835 -1.6966 -2.6299 -3.8920 -5.4374 -7.3833 -9.9122 
sector 12 0.2072 0.2040 0.0167 -0.3721 -0.8507 -1.5960 -2.5352 -3.7986 -5.3625 -7.3264 -9.9314 
sector 13 0.0683 0.0696 -0.0102 -0.2087 -0.4952 -0.9815 -1.6729 -2.6751 -3.9954 -5.7554 -8.1281 
sector 14 0.0324 0.0333 -0.0798 -0.3412 -0.6943 -1.2524 -1.9792 -3.0663 -4.4622 -6.2635 -8.6464 
sector 15 0.1421 0.1586 -0.2061 -0.8525 -1.6088 -2.7721 -4.1002 -5.8584 -7.8330 -10.2382 -13.2364 
sector 16 0.0523 0.0613 0.0529 0.0178 -0.0815 -0.2952 -0.6233 -1.1754 -1.9695 -3.1675 -4.9666 
sector 17 0.5206 0.5735 0.0625 -0.9716 -2.0609 -3.8585 -5.7841 -8.3205 -10.9462 -14.3177 -18.3784 
sector 18 0.0432 0.0433 0.0523 0.0088 -0.0714 -0.2817 -0.5950 -1.1465 -1.9257 -3.1208 -4.9061 
sector 19            
sector 20 0.0725 0.0787 0.3249 0.7295 1.1358 1.6436 2.0990 2.5630 2.8916 3.0505 2.9994 
sector 21 0.0725 0.0787 0.3249 0.7295 1.1358 1.6436 2.0990 2.5630 2.8916 3.0505 2.9994 
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FIGURE 2 

Impacts of carbon tariffs on the commodity export structure at $50/t CO2 from 2020 to 2030 
 

 
FIGURE 3 
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FIGURE 4 

Impacts of carbon tariffs  
 

 
FIGURE 5 

output structure (%) at $50/t CO2 between 2020 and 2030 
 

 
FIGURE 6 

Energy consumption structure at $50/t CO2 between 2020 and 2030 
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ABSTRACT 
 

The present study aimed to determine antioxi-
dant, antimicrobial activities and oxidative stress 
properties of the ethanol extracts of Mentha longifo-
lia L. Hudson subsp. longifolia. Antioxidant activity 
was determined with the DPPH method. Antimicro-
bial activity was tested on six different microorgan-
isms (Staphylococcus aureus, Enterococcus fae-
calis, Escherichia coli, Pseudomonas aeruginosa, 
Candida albicans, Candida tropicalis) using modi-
fied 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 loca-
tions they were collected. As a result, it was consid-
ered that plant samples could be used as natural an-
tioxidant and antimicrobial resources, but suitable 
regions for OSI values should be selected. 
 
 
KEYWORDS:  
Mentha longifolia subsp. longifolia, antioxidant, antimi-
crobial, 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 tradi-
tional herbal medicines [1]. At least 25% of pharma-
cological drugs are of herbal origin [2]. Several me-
dicinal and aromatic plants contain compounds with 
pharmacological activity [3, 4]. Recent studies deter-
mined that certain medicinal and aromatic plants 
have anti-septic, anti-carcinogenic, anti-viral, anti-
allergic, anti-inflammatory, analgesic, estrogen and 
immune system stimulating effects [3, 5]. The Lami-
aceae 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 

with economical benefits in food, medicine, cosmet-
ics and hygiene industries as well as anti-septic, anti-
carcinogenic, expectorant, calming, diuretic effects, 
and effects against common cold, indigestion, nau-
sea, and sore throat [8-10]. Depending on the in-
tended use of these plants, the determination of their 
potency and oxidative stress indices based on the ar-
eas 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, antimi-
crobial potential of several plant species against re-
sistant microorganisms and emerging diseases that 
are serious threats against human health, are also be-
ing investigated [13]. 

The aim of the present study was to investigate 
the antioxidant and antimicrobial activities and oxi-
dative stress status of Mentha longifolia (L.) Hudson 
subsp. longifolia specimens, collected from different 
habitats in Gaziantep Province (Sehitkamil and Sa-
hinbey). It was considered that antioxidant and anti-
microbial potentials of plant samples taken from 
habitats with different characteristics could provide 
better assessment. 

 
 

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.  



© by PSP   Volume 26  No. 7/2017 pages 4757-4763      Fresenius Environmental Bulletin 

 

 

 

4758 

 
FIGURE 1 

Localities of Collected of Plant Samples 
 
 

The muddy parts of the plant samples were 
cleaned with distilled water before the drying proce-
dure. After the samples were dried in the laboratory 
under adequate conditions and in the shade, over the 
ground sections of plant specimens (especially foli-
age and flowers) were pulverized by mechanical 
grinder. Then, the extraction process was conducted 
with 40 g plant material and ethanol in a soxhlet ap-
paratus. Obtained extracts were then concentrated 
under pressure in a rotary evaporator and stored at + 
4 ° C until the experiments were conducted. 

 
Determination of Plant Antioxidant Activ-

ity. Plant free radical scavenging activities were de-
termined 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 

bated for 30 minutes in the dark at room temperature 
.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 cal-
culated using the formula below: 
Scavenging Activity (%) = [(ADPPH-ASam-

ple)\ADPPH]x100  
 

Determination of Plant Sample TAS, TOS 
and OSI Values. Total antioxidant status (TAS) and 
total oxidant status (TOS) of plant samples were de-
termined using Rel Assay kit (Rel Assay Kit Diag-
nostics, Turkey). Trolox, a water-soluble compound 

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 2O2 
equiv./L [16]. The following formula was used when 
calculating the OSI, the ratio of the TOS values to 
the TAS values [16]. 

 
Determination of Plant Sample Antimicro-

bial Activity. Antimicrobial activities of plant spec-
imens were determined using the agar dilution 
method recommended by the Clinical and Labora-
tory 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 aeru-
ginosa 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-Al-
drich Chemie GmbH, Taufkirchen, Germany) me-
dium. Bacteria and fungi turbidity were prepared 
with Mcfarland no. 0.5 scale to obtain standard inoc-
ulum [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 
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and for bacteria, Ciprofloxacin were used as stand-
ard 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]. 

 
 

RESULTS AND DISCUSSION 
 
DPPH Activity. The % inhibition values for 

tracts of plant samples collected from different re-
gions are presented in Table 1. 

Based on the findings presented in Table 1, the 
DPPH free radical scavenging activities of the sam-
ples varied depending on the sample concentrations 
and localities. Although all samples demonstrated 
low activity compared to the control, it was deter-
mined that the antioxidant levels were high. Further-
more, it was observed that antioxidant activities in-
creased due to the increase in concentration. How-
ever, decreases were observed in the antioxidant ac-
tivities 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 set-
tlements area. 

In the present study, free radical scavenging ac-
tivities of different concentrations of Mentha longi-
folia subsp. longifolia ethanol extracts were tested 

with the DPPH method. Literature review demon-
strated that the methanol extracts of Mentha longifo-
lia subsp. longifolia also exhibited antioxidant activ-
ity [20]. Furthermore, DPPH free radical scavenging 
activity of methanol extracts of Mentha longifolia 
plant collected in Tunisia was investigated and it was 
determined as 
[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 dif-
ferences 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 ob-
tained. 

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 com-
pounds, 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 sub-
stances 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 vicin-
ity of the fields, and this was considered to be due to 
the increased phenolic substance amount as a result 
of the exposed stress. 

 
TABLE 1 

DPPH Free Radical Sweeping Activity Percentages of Samples 
 

Concentration 
 

Ascorbic 
Acid (%) 

1(%) 2(%) 3(%) 4(%) 5(%) 6(%) 7(%) 

25 64.38±0.69 53.58±1.50 56.14±1.21 56.36±1.88 49.15±1.55 48.46±1.32 54.22±2.33 52.65±1.94 
50 92.52±0.95 70.36±1.78 73.26±1.50 74.91±2.26 62.76±2.18 61.63±1.29 71.17±1.14 70.01±0.89 

100 95.42±0.71 87.52±0.39 90.68±1.46 92.94±1.83 79.64±1.95 76.67±2.61 89.36±2.26 80.94±2.27 
200 96.91±1.00 85.13±1.27 87.74±1.30 89.16±1.12 79.40±1.57 74.54±1.67 86.35±0.76 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 TAS 
(mmol/L) 

TOS 
(μmol/L) 

OSI 
(TOS/(TASx10)) Localities 

Localities-1 3.628 ± 0.234 4.046 ± 0.615 0.112 ± 0.025 Vicinity of agricultural area 
Localities-2 2.453 ± 0.322 13.698 ± 0.813 0.558 ± 0.115 Irrigation area near the highway 
Localities-3 2.244 ± 0.279 11.545 ± 0.327 0.514 ± 0.052 Creek bed near the highway 
Localities-4 1.856 ± 0.129 11.980 ± 0.652 0.645 ± 0.081 Mountain slope 
Localities-5 1.809 ± 0.075 11.058 ± 0.610 0.611 ± 0.008 Areas close to settlements 
Localities-6 1.862 ± 0.203 11.967 ± 0.690 0.643 ± 0.035 Agricultural land irrigation channel 
Localities-7 2.215 ± 0.242 14.077 ± 0.634 0.635 ± 0.102 Wetlands near the highway 

Values are presented as mean±S.D.; n=5 
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TABLE 3 
Minimal Inhibitor Concentration (MIC) Values of Samples 

 

Samples 
S. aureus 
(μg/mL) 

E. faecalis 
(μg/mL) 

E. coli 
(μg/mL) 

P. aeruginosa 
(μg/mL) 

C. albicans 
(μg/mL) 

C. tropicalis 
(μg/mL) 

Localities -1 100 100 50 100 50 50 
Localities -2 400 400 800 800 200 200 
Localities -3 200 200 400 400 200 200 
Localities -4 50 50 50 100 50 50 
Localities -5 200 200 100 100 100 100 
Localities -6 50 50 200 200 50 50 
Localities -7 50 50 100 100 50 50 
Flukonazole - - - - 1.56 3.12 
Ampicillin 3.12 1.56 3.12 - - - 
Ciprofloxacin 0.78 0.78 1.56 3.12 - - 

 
 
 

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 find-
ings 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 met-
abolic reactions and environmental factors are insuf-
ficient [23]. Oxidative stress causes lipid peroxida-
tion and oxidative DNA damage, and it can also lead 
to dangerous phenomena such as physiological ad-
aptation 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.
lected from the wetlands near the highway. The sam-
ples 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.
cinity of agricultural area. The lowest OSI value was 
determined in the samples obtained vicinity of agri-
cultural 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 de-
termined. Oxidative stress was observed in all plant 
samples obtained from each locality, and it was de-
termined 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 

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 ex-
posed 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 ex-
posed to environmental stressors. 

 
Antimicrobial Activity. Sample ethanol ex-

tracts were studied with the CLSI-recommended 
agar dilution method and the obtained results are pre-
sented 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 antimicro-
bial activity was observed in the samples collected at 
the 4th location. The samples collected at the 4th lo-
cation were effective against P. aeruginosa at 100 

antimicrobial activity against other microorganisms 

est antimicrobial activity was determined in plant 
samples taken at 2nd and 3rd locations at different ex-
tract concentrations. Saeidi et al. found that M. lon-
gifolia 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 anti-
microbial 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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CONCLUSIONS 
 
Free radicals are formed during vital activities 

in organisms (respiration, enzyme reactions, autoxi-
dation reactions, etc.) and via external factors (ciga-
rette smoke, air pollution, UV rays, ionizing radia-
tion, 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 prod-
ucts that are considered as antioxidant, antimicro-
bial, anti-inflammatory and similar agents is rapidly 
increasing in prevention and treatment of diseases. 
Accordingly, various speculations on natural prod-
ucts could arise and lead to information pollution. It 
is our opinion that the present study, which aimed to 
determine in which ecological and phytogeograph-
ical area did plant samples collected from different 
regions have higher antioxidant and antimicrobial 
capacities, could serve as a scientific response to var-
ious speculations on the benefits of several natural 
products such as plants. The comparison of the 
abovementioned properties of natural biological ma-
terial, especially the plants, and how to use these ma-
terials has been the center of increased attention re-
cently. It was stated that the quality of natural prod-
ucts depended on the chemical components and flo-
ral origins as a result of plant polyphenol measure-
ments. Phenolic content of these products are influ-
enced by the environmental conditions, geographical 
and climatic characteristics of the regions where they 
were obtained. The quantity and identity of the pol-
yphenols in plants are of interest due to these factors. 
Furthermore, the antioxidant capacity of these prod-
ucts is provided by flavonoids and phenolic acids. 
Phenolic acids are common metabolites found in 
plants [31]. In recent years, the focus was on phe-
nolic acids that have a potent protective role against 
the damages caused by oxidative stress. 

In the present study, conducted on herbal prod-
ucts that could be used as natural antioxidants; when 
the antimicrobial potentials of these products in con-
junction with TAS, TOS and OSI values were ana-
lyzed, 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. longi-
folia specimens were extracted and TAS, TOS and 
OSI values and antimicrobial activities were deter-
mined using "Rel Assay" brand commercial kits. The 
present study is significant since it included in vitro 
analyses with highly reliable tests based on useful 

and precise measurements. As a result, the data ob-
tained in the present would contribute to the litera-
ture, as well as providing extremely important data 
about the comparison of bioactive properties of nat-
ural 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 en-
vironmental stress factors such as roadsides sug-
gested that the geographical conditions affect the an-
tioxidant properties significantly. This deduction 
that resulted from antioxidant activity results was 
different for metabolites with antimicrobial activi-
ties. This could be due to the ability of the plant to 
develop different resistance mechanisms against var-
ious 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. Phyto-
chemical studies are planned to be conducted in the 
future. 
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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 ani-
mals 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 amelio-
rated 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 pesti-

cide in the keeping and growing the agricultural 
crops. This pesticide has chemical name of 2, 3 
dihydro-2, 2 dimethyl, 7-benzo furanyl methyl car-
bamate with registry no. (1563-66-2). Carbofuran 
similar to that of the organophosphates is cholines-
terase inhibitor; it is systemic mode of action with 
predominantly contact and stomach action. It is 
using as control soil-dwelling and foliar-feeding 

insects (including wire warms, white grubs, milli-
pedes, 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 in-
cluding 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 cholin-
esterase in rats [6-8].  

Parsley is a member of the Umbelliferae fami-
ly 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, -carotene and folic acid. -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 disor-
ders with oxidative stress [15]. Natural antioxidants 
from plants are reported to provide substantial pro-
tection 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]. 
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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, kid-
neys and brain tissues and to evaluate the allevia-
tion and protective influences of parsley and its 
methanolic extract (ingestion and injection) against 
the oxidative stress and damage induced by carbo-
furan harmful.  

 
 

MATERIALS AND METHODS 
 
Materials. Carbofuran 75% wp technical (in-

secticide and nematicide), empirical formula: 
C12H15NO3, molecular weight: 221.3 with colorless 
crystals. Solubility in water (351 mg/L, 25 C), di-
chloromethane (> 200 g/L, 10 C), isopropanal (20-
50 g/L) and toluene (10-20) g/L). The technical 
carbofuran form was provided from Central Agri-
cultural 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 50 C till to complete 
dryness and weighed to calculate the moisture con-
tent. The dried samples were ground to fine powder 
for the chemical analysis and biological experiment. 

 
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  4.6 mm) with 5  particle size.  

 
Animals, diets and ethical statement. For the 

biological experiments 56 male albino rats (Spra-
gue- Dawley) weighing 120±5 g were used in pre-
sent study. The animals were obtained from Agri-
culture Research Center, Giza, Egypt. The animals 
were acclimated to laboratory condition in stainless 
cages for 2 weeks. Access of balanced diet and wa-
ter were provided ad libitum during the 90 days 
experimental period [19]. All experimental proto-
cols were approved by Cairo University Ethics 
Committee for the Care and Use of Experimental 
Animals in Education and Scientific Research (CU-
IACUC). 

Acute oral LD50 of carbofuran 75% wp as ac-
tive 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 

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 pesti-
cide LD50 (every two days during 90 days of exper-
imental 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 experi-
mental 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 centrifuga-
tion to obtain serum. Liver, kidneys and brain of the 
all experimental rats were removed, their weight 
was recorded and chilled up for analysis. The cyto-
plasmic fractions (cytosol) of the three organs were 
done according to Astawrov [22] methods.  

 
TABLE 1 

Acute oral toxicity of carbofuran 
Dose 
mg/kg 
b.w 

No of 
treated 
rats 

No of 
died 
rats 

% of mor-
tality 

LD50 

8.00 5 1 20 10.65 
mg/kg 
Body 
weight 

10.00 5 2 40 

12.00 5 3 60 

16.00 5 5 100 

 
TABLE 2 

HPLC analysis of phenolics in methanolic  
extract of parsly with 

No. Compounds 
D.W. 
(mg/100g) 

% F.W. ppm 

1 Gallic acid 7 0.28 10.5 
2 P OH-benzoic 2 0.08 3 
3 Catechin 171 6.95 256.5 
4 Caffic acid 41 1.67 61.5 
5 Phenol 102 4.14 153 
6 Daidzin 10 0.41 15 

7 
P-Coumaric 
acid 

94 3.82 141 

8 Genistein 1917 77.90 2875.5 
9 Furulic acid 35 1.42 52.2 
19 Dadzein 35 1.42 52.2 
11 Quercetin 41 1.67 61.5 
12 Kaempherol 2 0.08 3 
13 Chrysin 2.5 0.10 4 
14 Galangin 1.5 0.06 2.3 
 Total 2461 100 3691.8 
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TABLE 3 
Organs weight ratio of the experimental male albino rats 

Groups Body weight 
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 
G3 241.21±18.00 14.71±1.03 6.10±0.42a 3.01±0.22 1.25±0.09a 2.00±0.19 0.83±0.07a 
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 
G5 282.00±19.94 13.87±0.99 4.92±0.41b 2.63±0.18 0.93±0.05b 1.96±0.18 0.70±0.06b 
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 con-
trol, 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). 

 
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 
G3 780.11±41.21a 218.61±11.23a 185.24±8.88a 197.16±10.11a 33.99±2.22b 37.01±2.34a 
G4 743.52±45.23a 190.24±9.99ab 178.11±9.81a 189.26±9.99a 38.11±2.41a 33.10±2.01b 
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 
G6 736.11±39.91ab 201.17±12.31ab 177.32±8.97ab 186.31±10.01a 36.71±1.98ab 32.11±2.11b 

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 con-
trol, 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 6-
phosphogluconate dehydrogenase (6PGD) activities 
in cytosol of organs and serum were carried out by 
Glock and McLean [22]. Lipid profile as total li-
pids, 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]. To-
tal soluble protein of serum and cytosol was deter-
mined by the method of Bradford [29].  

 
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 

SPSS for Win-
dows, 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 carbofu-
ran 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) 

which showed values of 12-15 mg/kg b.w. Chemi-
cals 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). How-
ever, the LD50 does not reflect any effects from 
long-term exposure such as cancer, birth defect or 

v-
els 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), dai-
dzein (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 phenol-
ic compounds. The total phenols of dried parsley 
were 2461mg/100g. It can be observed that parsley 
was considered as a good source of phenolic com-
pounds 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 ef-
fected 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- 
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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). 

 
 

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 sig-
nificant ameliorated by the treatments of parsley 
and its extract. But the values of parsley treated 
intoxicated animals were still higher than the nor-
mal 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 antiox-
idant agent against carbofuran harmful of lipid pro-
files 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 

cholesterol of (114%), total lipids and phospholip-
ids (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 in-
toxicated rats. Our results are in agreement with El-
Kherbawy 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 neg-
ative 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



© by PSP   Volume 26  No. 7/2017 pages 4764-4773      Fresenius Environmental Bulletin 

4768 

 

 

0

0.5

1

1.5

2

2.5

3

G1 G2 G3 G4 G5 G6

Liver Kidneys Brain

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

G1 G2 G3 G4 G5 G6

Liver Kidneys Brain 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 
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). 

 
 
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 feed-
ing 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 val-
ues of the same three organs tissue under the treat-
ments with parsley in which the total cholesterol 
values of intoxicated rats were alleviated in the cy-
tosol of liver, kidneys and brain tissues.  

In connection Figure (2 A and B) showed sig-
nificant increases in total triglycerides for liver 
(111%) and brain (112%) tissues, but insignificant 
for kidneys (106%) under the induction for carbofu-

ran (intoxicated rats) relative to those of normal 
health control rats. In case of the phospholipids 
contents of the three organs tissue the administra-
tion (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 in-
jection). This means that parsley either whole plant 
(feeding) or methanolic extract (ingestion and injec-
tion) 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, insignificant-
ly changed the lipid profile of health normal rats 
blood.  
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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). 

 
 
In connection, the activity of the oxidative en-

zymes of pentose phosphate pathway (G6PD and 
6PGD) was determined under the induction of car-
bofuran pesticide in male albino rats (feeding, in-
gestion and injection). G6PD and 6PGD reactions 
produce NADPH.H+ which is required for the re-
duction 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 pesti-
cide 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 in-
gestion produced disturbed influences of the activi-

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 dis-
turbed effects of the pesticide toxicity.  

Carbofuran ingestion produced hyperlipidemic 
condition in male albino rats. Parsley and its meth-
anolic extract used as hypolipidemic lipotropic fac-
tor which significantly alleviated the drastic condi-
tion of hyperlipidemic induced by the tested carbo-
furan 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 inges-
tion produced hyperlipidemia and hypercholesterol-
emia, which increased total lipids, cholesterol, tri-
glycerides and phospholipids in blood, liver, kid-
neys and brain. The same trend was observed for 
blood lipoprotein fractions (HDL-C and LDL-C) in 
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which the lipoprotein profile was elevated under the 
effects of the pesticide ingestion. The three treat-
ments 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 pre-
vious studies [36, 37], they observed marked in-
creases 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 to-
tal 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 an-
imal under the same conditions. The present results 
are generally similar to previous studies, they men-
tioned that, lipid profile was changed significantly 
according to the type of pesticide and dosage used 
in tested animals [41-43]. Also, chlorpyrifos induc-
tion increased degeneration of lipid as a result of 
direct effect of the pesticide.  

Recent results showed that harmful manifesta-
tion produced by pesticide associated with in-
creased production of reactive oxygen species 
(ROS), which give an explanation of ROS is pro-
posed 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 pro-
duce 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 lipo-
protein profile in which LDL-C was increased, but 
HDL-C decreased, these produced risk and oxida-
tive 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 dis-
turbed lipid profile. HDL-C is increase by the 
treatment paralleled with increasing Para Oxonase 
enzyme (PNO) that an enzyme with esterase activi-
ty which physically bound to HDL-C [49]. This 
enzyme has a key role in the action of HDL-C to-

ward protection of lipid fractions and biological 
membrane against oxidative damage, by virtue of 
its action on hydrolyzing lipid peroxides and pre-
venting 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 lac-
tones 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 hyper-
lipidemic 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 intoxi-
cated animals resulted decrease in HDL-PON activ-
ity. The lower paraoxonase activity and the compo-
sitional changes in HDL and LDL could contribute 
to greater risk associated with hypelipimia and hy-
percholesterolemia 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 syn-
thesis [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 triglyc-
erides and phospholipids also with the cholesterol 
biosynthesis from acetyl-CoA. Also, the increased 
lipids profile synthesis may use to store the pesti-
cide 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 oxida-
tion 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 antioxi-
dant agents but its methanolic extract contains only 
phenolic and flavonoid constituents. Parsley edible 
portion has many of antioxidant agents. These in-
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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 antiox-
idant 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 hypercho-
lesterolemia, which prevent the occurrence of ath-
erosclerosis induced into animals. 
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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 conductiv-
ity, total dissolved solid matter, dissolved oxygen, 
flow rate, total hardness, total alkalinity, organic mat-
ter, salinity, nitrate, ortho-phosphate, sulfate and sil-
ica values in water were measured and analysed 
monthly. 

A total of 48 diatom taxa all belonging to pen-
nales were identified throughout the study. Members 
of the genera Cymbella, Diatoma, Epithemia, Gom-
phonema, 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 sig-
moidea and Ulnaria ulna were noticable diatoms 
with respect to frequency of occurence and individ-
ual 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 some-
how 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 ben-
thic forms. Diatoms are common members of both 

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 in-
dicators has been reported in a number of articles [1-
3]. 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 differ-
ent ecology.  

Studies on algae occurring in lotic systems [5-
14] 
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 im-
portance through identification of diatoms (particu-
larly 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 riv-
ers. 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 pres-
ence or absence of algae are of great value to recog-
nize the changes in both water and ecological quality 
of running waters particularly due to pollutants. It is 
also important to mention that water quality determi-
nation of running waters based on adaptation of al-
gae particularly diatoms has been used for a long 
time [24-27]. In addition algae have extensively been 
used as indicator organisms to determine the envi-
ronmental conditions [23, 28, 19-22, 29, 30, 25]. Par-
ticularly 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 spe-
cies and water quality in a clean water stream condi-
tion. For this purpose, the species composition and 
seasonal variations of epilithic diatoms in Haringet 
Stream were investigated together with physico-
chemical variables for a period of a year. The stream 
is one the main inflows of Keban Dam Lake that is 
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the second largest resorvoir in Turkey. The study 
was also expected to contribute to the epilithic dia-
tom list of Turkish freshwater ecosystems. 
 
 
MATERIALS AND METHODS 

 
The Haringet Stream is located in upper Eu-

phrate 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 con-
ductivity 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 em-
ployed for the analysis of nitrate, orto-phosphate, sul-
fate and silica [33]. Flow rate of Haringet Stream was 

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 iden-
tification of species and counting cells. The relative 
abundance method was applied for individual num-
bers of epilithic diatoms and results were expressed 

 [35] since it was hard to identify 
the live cells during counting process through in-
verted microscope. At least 100-200 individuals 
based on the abundance of diatoms were observed 
and counted in per sample.  

To prepare permanent diatom slides, subsam-
ples 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].     

 
TABLE 1 

Variations in degrees/concentrations of some physical and chemical parameters in Haringet Stream 
 

 

Water 
tempera-

ture 
(oC) 

pH 
Electrical 

conductivity 
(mV) 

Total dis-
solved solid 

matter 
(mg/L) 

Dissolved 
oxygen 

(mg O2/L) 

Flow rate 
(m3/sn) 

Organic 
matter 

(mg O2/L) 

Salinity 
(%0) 

January 7.5±1.00 6.62±0.08 458.67±63.13 418.67±53.38 13.0±0.20 0.07±0.03 5.00±1.00 2.00±0.50 
February 9.5±2.65 7.19±0.22 439.67±78.68 408.67±54.92 12.9±0.20 0.52±0.44 4.00±1.00 1.33±0.29 
March 13.2±2.89 8.11±0.48 347.67±96.57 403.33±42.44 11.57±0.87 0.77±0.68 2.00±1.00 2.67±0.58 
April 13.2±2.52 8.10±0.57 311.33±64.63 322.67±46.23 10.83±1.11 0.06±0.04 7.00±1.00 3.00±0.50 
May 17.2±2.75 7.78±0.10 283.33±28.10 274.00±11.14 9.90±0.46 0.05±0.04 10.33±2.08 2.00±0.50 
June 16.3±3.33 7.77±0.13 273.33±27.54 233.33±8.33 8.67±0.57 0.02±0.02 17.33±4.16 2.00±0.00 
Septem-
ber 

16.2±2.08 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 

October 14.2±2.08 7.21±0.39 278.33±52.04 236.67±22.48 10.13±0.47 0.04±0.03 3.67±3.79 2.33±0.29 
November 11.2±3.06 6.99±0.48 316.67±94.51 280.67±65.43 10.73±0.42 0.04±0.03 1.67±0.58 1.83±0.29 
December 7.5±1.00 6.79±0.34 440.00±82.61 391.33±57.83 12.57±0.59 0.09±0.09 1.33±0.58 1.50±0.00 

 
TABLE 2 

Variations in degrees/concentrations of some physical and chemical parameters in Haringet Stream 
 

 
Total hardness 
(mg CaCO3/L) 

Total alkalinity 
(mg CaCO3/L) 

Nitrate 
(mg NO3

-N/L) 
Total phosphorus 

(mg P /L) 
Sulfate 

(mg SO4/L) 
Silica 

(mg SiO2/L) 
January 145.00±20.00 206.67±11.55 0.33±0.40 0.02±0.01 30.33±6.66 18.41±2.12 
February 146.67±20.82 176.67±15.28 0.33±0.25 0.03±0.01 28.00±2.00 16.24±2.78 
March 138.33±5.77 160.00±20.00 0.50±0.00 0.05±0.00 27.33±18.01 12.98±1.65 
April 148.33±12.58 196.67±20.82 0.50±0.00 0.15±0.15 29.00±24.02 11.43±0.92 
May 156.67±25.17 170.00±10.00 0.47±0.12 1.85±2.66 14.00±5.30 21.29±1.48 
June 186.67±5.77 193.33±23.09 0.37±0.21 0.02±0.01 21.67±6.81 21.51±4.08 
September 186.67±30.55 273.33±11.55 0.57±0.55 0.07±0.09 40.67±15.37 6.45±0.97 
October 166.67±37.86 186.67±23.09 0.23±0.15 0.02±0.01 50.33±37.81 8.42±0.74 
November 175.00±40.93 140.00±10.00 0.30±0.20 0.01±0.01 49.00±40.36 11.29±1.10 
December 163.33±25.17 136.67±15.28 0.27±0.12 0.01±0.01 43.00±34.40 19.50±2.69 
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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. Maxi-
mum 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 maxi-
mum amount of total solid matter (486 mg/L) was 
recorded in January whilst the minimum value (206 
mg/L) was in November. Dissolved Oxygen concen-
tration varied from 8.2 to 13.2 mg/L. The concentra-
tions 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 sea-
sonally. 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. Concen-
trations 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 sta-
tions 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 be-
tween 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 PO4-
P/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 sil-
ica 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 prob-
ably due the diatom use. However, it started to in-
crease in May and reached to its maximum in June.  

All the values of physical and chemical para-
metres yielded that the studied parts of Haringet 
Stream can be classified as Class I Water Quality 
(exclusive of the maximum concentration of ortho- 

phosphate in may; appeared to be resulted through 
runoff coming from agricultural lands usually ferti-
lized in spring) according to Surface Water Manage-
ment 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), Gom-
phonema (3 taxa), and Surirella (3 taxa). At species 
level, Cocconeis pediculus, Cymbella affinis, C. hel-
vetica, Diatoma elongata, Fragilaria acus, Gom-
phonema intricatum, G. olivaceum, Navicula radi-
osa, 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, Rhoi-
cosphaneia 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 abun-
dance of F. acus (50-72%) were higher in winter 
than those recored in other seasons. Oppositely its 
relative abundance was the lowest in summer. Alt-
hough N. cryptonella, R. abbreviata and U. ulna also 
occurred with 100% frequency of occurrence, their 
relative abundances were much lower (generally re-
mained under 10 %) than that of F. acus. This find-
ing may show that although N.cryptonella, R. abbre-
viata and U. ulna were insistently present in the sam-
ples 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 no-
ticable 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 rel-
ative abundance of F. acus were higher in autumn 
and winter. The maximum of F.acus (15%) occurred 
in December whilst F. brevistriata reached its high-
est relative abundance in May. However, it is worth 
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to mention that higher relative abundance of the for-
mer 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. 1-
3). Diatoma tenuis and Epithemia argus followed 
these species with their 70% frequency of occur-
rence. 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 abun-
dance of G. intracatum was higher during winter and 

spring whilst it decreased during summer and au-
tumn. The relative abundance of C. affinis was 
higher in Spring and Autumn than those recorded in 
other seasons. Ulnaria ulna was also another no-
ticable diatoms with high relative abundance partic-
ularly 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 rel-
ative abundance of C. Pediculus in june coincided 
with low relative abundance of C. affinis, G. intra-
catum and U. ulna.  

 
 

TABLE 3 
The mean frequency of occurrece and mean relative abundance of epilithic diatoms of Haringet Stream 

 

TAXA Mean Relative  
Abundance (%) 

Mean Frequency of  
Occurrence (%) 

BACILLARIOPHYTA   
Brachysira microcephala (Grunow) Compère 0.30 3.33 
Ceratoneis arcus (Ehrenberg) Kützing 0.15 1.00 
Cocconeis pediculus Ehrenberg 7.90 70.00 
Cocconeis placentula Ehrenberg 0.57 1.33 
Cymatopleura solea (Brébisson) W.Smith 0.03 0.33 
Cymbella affinis Kützing 7.46 70.00 
Cymbella cistula (Ehrenberg) O.Kirchner 1.04 16.67 
Cymbella helvetica Kützing 2.29 43.33 
Cymbella obtusiuscula Kützing 0.04 0.33 
Diatoma elongata (Lyngbye) C.Agardh 2.44 50.00 
Diatoma hyemalis (Roth) Heiberg 1.23 20.00 
Diatoma tenuis C.Agardh 0.66 23.33 
Diatoma vulgaris Bory 1.06 20.00 
Diploneis ovalis (Hilse) Cleve 1.55 30.00 
Diploneis smithii (Brébisson) Cleve 0.52 13.33 
Encyonema leibleinii (C.Agardh) W.J.Silva, R.Jahn, T.A.Veiga Ludwig & M.Menezes 0.40 16.67 
Encyonema ventricosum (C.Agardh) Grunow 0.67 13.33 
Epithemia adnata var. porcellus (Kützing) R.Ross 0.31 10.00 
Epithemia argus (Ehrenberg)Kützing 1.11 23.33 
Epithemia sorex Kützing 1.59 20.00 
Epithemia turgida (Ehrenberg)Kützing 0.67 20.00 
Fragilaria acus (Kützing)Lange-Bertalot 14.55 86.67 
Fragilaria brevistriata Grunow 7.37 53.33 
Gomphonema acuminatum Ehrenberg 0.49 23.33 
Gomphonema intricatum Kützing 7.48 70.00 
Gomphonema olivaceum (Hornemann) Brébisson 2.89 43.33 
Halamphora veneta (Kützing) Levkov 0.60 16.67 
Hantzschia amphioxys (Ehrenberg) Grunow 0.15 10.00 
Navicula crytocephala Kützing 0.57 16.67 
Navicula cryptonella Lange-Bertalot 2.66 43.33 
Navicula radiosa Kützing 4.52 76.67 
Navicula rhynchocephala Kützing 2.98 23.33 
Nitzschia acicularis (Kützing) W.Smith 0.99 20.00 
Nitzschia gracilis Hantzsch 0.15 10.00 
Nitzschia linearis W.Smith 0.38 20.00 
Nitzschia palea (Kützing) W.Smith 0.63 13.33 
Nitzschia recta Hantzsch ex Rabenhorst 0.31 10.00 
Nitzschia sigmoidea (Nitzsch) W.Smith 1.60 53.33 
Pinnularia brebissonii (Kützing) Rabenhorst 0.03 3.33 
Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot 2.33 50.00 
Rhopalodia gibba (Ehrenberg) Otto Müller  1.36 40.00 
Sellaphora bacilloides (Hustedt) Z.Levkov, S.Krstic & T.Nakov 0.16 3.33 
Surirella ovalis Brébisson 0.51 13.33 
Surirella ovata var. apiculata W.Smith 0.34 13.33 
Surirella ovata var. salina (W.Smith) Rabenhorst 0.04 3.33 
Tabularia fasciculata (C.Agardh) D.M.Williams & Round 2.60 36.67 
Ulnaria amphirhynchus (Ehrenberg) Compère & Bukhtiyarova 1.00 16.67 
Ulnaria ulna (Nitzsch) P. Compère 11.31 100.00 
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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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Taxon diversity in epilithon was richer in 
spring (March, April) and autumn (September, Oc-
tober). Number of taxa recorded at stations were al-
most 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. 1-
3), F. acus and C. pediculus at station I; F. brevistri-
ata and U. ulna at station II; C. affinis and G. intri-
catum 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 (sta-
tion 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 spe-
cies. Growth of F. acus at station I; U. ulna at station 
II and G. intricatum at station III were really no-
ticable during winter period.  

Of all, Fragilaria acus and Ulnaria ulna were 
most conspicuous diatoms with their frequency of 
occurrence than other diatoms in epilithon through-
out 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 con-
dition 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 repre-
sented by two species and F. acus was more no-
ticable with higher frequency of occurrence and rel-
ative 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 num-
bers. This may be considered as a good example for 
ecological competition between species belong to 
the same genus. U. ulna station was another no-
ticable 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 

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 no-
ticable diatoms in Haringet Stream and their occur-
rence constituted a good examle to this. Both the fre-
quency 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 oc-
currence 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 no-
ticable 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.  

 
 

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 spe-
cies 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 dia-
toms grow well in polluted as well as in clean water 
conditions. N. palea is a common diatom in freshwa-
ter habitats and known to be highly tolerant to con-
ditions 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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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 sup-
ports the finding of Mazhan and Mansor [46] who 
reported that Cocconeis pediculus and C. placentula 
are good indicators of clean water conditions and ac-
cording to sabrobic index they are well known mem-
bers of Class I water. C. pediculus was also an im-
portant 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, Gompho-
nema parvulum and C. accomada are reported to be 
highly tolerant diatoms to pollution [44, 23]. How-
ever 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. intri-
catum) 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 pre-
sent study as Haringet Stream has also high alkalin-
ity.  

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 wa-
ters [44]. Thus, the present study is not in harmony 
with that of Cox [44]. 

Species composition and the seasonal varia-
tions 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 eco-
system to another due to their different ecological 
properties. However, water temperature and trans-
parency among the most important physical factors 
affecting the species composition and numbers of in-
dividuals of diatoms in aquatic environments [48-

50]. None of the physical and chemical variables in-
cluding water temperature seemed to have negative 
effects on the seasonal distribution of the eplithic di-
atoms in Haringet Stream. In addition, silica concen-
trations 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 al-
gae 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 pres-
ence of most noticable diatoms Cocconeis pediculus, 
Cymbella affinis, C. helvetica, Diatoma elongata, 
Fragilaria acus, Gomphonema intricatum, G. oliva-
ceum, 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.   
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ABSTRACT  
 

Microalgal biotechnology have to solved for 
culture system for culturing of algae species. In this 
case, it should be optimised with key design param-
eters 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 calcu-
lated as 2.8 g/L day for 50 mm LP PBR system. 
 
 
KEYWORDS:  
Nannochlorpsis oculata, light path length, photobioreac-
tor, 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 condi-
tions, including temperature and light [4-6], particu-
larly their gross composition and content of fatty ac-
ids [7, 8]. 

Microalgae production for the aquaculture sec-
tor presents one of the main problems in the devel-
opment of a number of processes due to the typically 
low productivity and poor quality of the resulting bi-

omass, along with contamination and high produc-
tion costs [9,10]. For this reason, the utilization of 
closed tubular photobioreactors (PBRs) is advanta-
geous due to the high control level of culture condi-
tion available with these systems, making enhanced 
biomass productivity possible although the produc-
tion 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 reac-
tors. Most of the physiological works on photoaccli-
mation 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 photobiore-
actors [11, 13]. 

In this paper, we studied the indoor production 
of N. oculata using pilot-scale tubular PBRs in semi-
continuous 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 

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.  
 
 
MATERIALS AND METHODS 
 

Microalgae and culture medium. Nannochlo-
ropsis oculata (Droop) ([14].; CCAP 849/1) used in 
this study were obtained from The Culture Collec-
tion 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 in-
oculated in 1 L glass flasks at temperature 20±1ºC, 
24  light as irradiance at bench height of 100 
umol photons (Li-Core 195) obtained using 40-watt 
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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 com-
pleted 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 tubu-
lar 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 phenom-
ena on the low cell density inoculum. Light intensity 
was 2s at the surface of the 
tubing with activating half parts of fluorescent lamps 
until 8th day. After that day, the illumination was in-

2s via activation of all lights 
after the cell density increased more than 2 times. 

 
Experimental Photobioreactor. The experi-

ments performed in this work took place in a tubular 
PBR which belongs to an aquaculture hatchery facil-
ity in Turkey (Akvatek Company), is shown in Fig-
ure 1 and 2. Both of the PBRs wound on a rigid ver-
tical 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 re-
ceiver and degasser and cooler tank. Illumination re-
ceivers of 50 mm LP is made of transparent plexi-
glass tubes and consisted of 240 m long (4.6 cm in-
ternal diameter, 0.2 cm wall thickness). The illumi-
nation receiver is divided into two lines as 120 me-
ters of each. The other PBR which has 80 mm LP of 

tube, divided into two main parts; illumination re-
ceiver and degasser and cooler tank. Illumination re-
ceiver is made of transparent plexiglass tubes and co-
sisted of 96 m long (7.4 cm internal diameter, 0.3 cm 
wall thickness). 
 
 

 
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 mix-
ing, degassing and heat exchange culture. The cul-
ture 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 18 C that time. And room temperature 
was also kept at 20±1 C under continuously con-
trolled 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 de-
gasser tank using Seko kontrol PR40 pH/redox and 
conductivity meter (Italy). Each measurement appa-
ratus was in turn connected to a control computer 
through a data acquisition device. The pH of the cul-
ture was controlled by on-demand injection of pure 
industrial grade CO2 gas at 5 L/min.  

 
Cleaning of the tubular PBRs. Further per-

spective of mass culture of microalgae will have re-
quired closed system because the microalgae must 
be grown under conditions that are free from poten-
tial contaminants. It is not possible to completely 
sterilize the tubular PBRs, but in this study, the tub-
ular PBRs was disinfected by using sodium hypo-
chlorite overnight and neutralized for 2 h with so-
dium thiosulfate. While preparing the tubular PBRs 
for microalgae culture, marine water was sterilized 
by passing through 0.02 m filtration system and 
also sterilized marine water was used for addition 
during the harvest period of the system. 

 
Analytical methods. Samples were collected 

daily for analysis of dry weight and cell count. The 

dry weight of the harvested cell mass was deter-
mined using 5 10 ml of the cultures, which was fil-
tered through predried and preweighed Whatmann 
GF-52 glass- fiber filters (0.45 m, Germany) and 
dried overnight in an oven at 105 C [16]. Cell den-
sity was measured via Improved Neubauer hemocy-
tometer 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. 

(Eq.1): 

      (Eq.1) 

where Nt is biomass at time (t) and No is the begin-
ning 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):  

      (Eq.2) 

 
 
RESULTS 
 

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 inocu-
lated 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.  

 
 

 
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. 

 

 
FIGURE 5 

Specific growth rate ( ) of N. oculata culture for 50 mm and 80 mm LP of tubular PBRs. 
 
 

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 de-
pendening 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 

10.3%, respectively. When daily harvest rate was ex-
ceeded by more than 10%, decrease in the cell num-
ber 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 persis-
tence of the culture and protection of cells from deg-
radation. So that, biomass concentrations were 
spanned through the entire experimental period.  
 
 
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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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 165-
day 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 calcu-
lations (based on different N. oculata cell dry weight 
references) were reported as 1.10-2.02 g/L day, 1.21-
1.63 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 re-
sult of 80 mm LP PBR system yield ratio (2 g/L day) 
was relatively lower than some reported results. Be-
cause 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 concen-
trations (up to 2 g L), a maximal biomass productiv-
ity 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 inci-
dent light: decreases in the light-path produced ma-
jor improvements in photosynthetic productivity, up 
to optical paths of 1.0 cm.  Results of those re-
searches 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 

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. 

 
 

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 persis-
tence of production which is not possible for outdoor 
systems. The growth rate and biochemical composi-
tion 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 espe-
cially 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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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 fre Go Ho) and 

So) of adsorption were also evaluated for 
the adsorption of Astrazon Blue FGRL onto cement 
industry electro- Ho 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 

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 low-
cost 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]. 

 
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 
 

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 

Astrazon Blue FGRL. The calibration curve was 
plotted from the dye solutions prepared in the 
concentration range of 5 to 30 mg L-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 

-

Laboratories, Turkey. XRD analysis of the 
adsorbent was built in General Directorate of 
Mineral Research and Exploration (MTA) 

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. 

 
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 temper
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)), 

qe= 
W

VCC eo )(
          

 
                    (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. 

 
 

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. 

 
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 4.5-
9.5. As a result of this cement industry electro-filter 
recycle powder can be used as an adsorbent in a 
wide range of pH.  

 
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 

to temperature will change the equilibrium capacity 
of the adsorbent for a particular adsorbate [29].  

 

 
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) 

 
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) 

 
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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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)), 

 
                             (2)    
                                   

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 

 

 
          (3)   
                 

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. 

 

 
FIGURE 6 

Freundlich isotherm of Astrazon Blue FGRL 
dye adsorbed on cement industry electro-filter 

recycle powder 

 
FIGURE 7 

Langmuir isotherm of Astrazon Blue FGRL dye 
adsorbed on cement industry electro-filter 

recycle powder 
 
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. 
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TABLE 1 
Langmuir adsorption isotherm constants for 
Astrazon Blue FGRL adsorption onto cement 

industry electro-filter recycle powder. 
Langmuir isotherm 

Dye Q0 (mg g-1) b (L mg-1)  R2 
Astrazon 
Blue FGRL   

73.53  0.218  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)), 

 

 

 
               (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)   
                     

 
where k2 is the pseudo second-order rate 

constant with a unit of g mg-1 min-1. 
 

 
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 (qe-
qt) 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 second-
order rate kinetics. The results also indicated that an 
increase in the initial dye concentration increased 
the equilibrium sorption capacity, qe, while 
decreasing the rate constant, k2. 

 

 
FIGURE 9 

Pseudo second-order sorption kinetics of 
Astrazon Blue FGRL at various initial dye 

concentrations 
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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 

 
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 Ho), and 

So), were determined by using following 
Eqn.(7-9) Ozcan and Ozcan [22], 

 

 
        (7) 
 

 

        (8) 

 

 
        (9) 
 

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 dm 3). T is the solution temperature (K) and R 
is the gas constant. Ho and So were calculated the 
slope and intercept of V  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 
20oC, +1.38 kJ mol-1 at 30 oC, +1.21 kJ mol-1 at 40 
oC, +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]. 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]. 

TABLE 3 
Thermodynamic parameters 

T 
(oC) 

 Kc 
o  

(kJ mol-1) 

o 

 (kJ mol-1) 

o 

 (J mol-1 K-1) 

20 0.560 1.41 

7.29 19.77 
30 0.578 1.38 
40 0.628 1.21 
50 0.745 0.79 

 

 
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 
 
 

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-second-
order chemical reaction kinetics provides the best 
correlation for the experimental data. 

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 

Astrazon Blue FGRL (mg L-1) 
qe,exp  

(mg g-1) 
Pseudo-Second-Order 

k2 (g mg-1 min-1) qe,cal (mg g-1)    R2
2 

20 19.07 0.514 19.16 0.9999 
40 36.74 0.151 36.76 0.9998 
60 50.29 0.083 50.25 0.9997 
80 57.92 0.058 57.80 0.9997 
100 61.76 0.030 62.50 0.9996 
150 68.10 0.059 68.49 0.9998 
200 71.79 0.043 71.94 0.9996 
300 71.85 0.042 72.46 0.9997 
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powder Go values were positive therefore the 
adsorption was not spontaneous and the positive 

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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ABSTRACT 
 
Air pollution is a globally highlighted environ-

mental 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 pol-
lution episodes in megacities of China, thus the ef-
fects of pollution control measures and meteorologi-
cal factors need differentiating. Strict control 
measures were implemented by local/regional au-
thorities to reduce anthropogenic emissions for the 
2014 Summer Youth Olympic Games (YOG) in 
Nanjing of eastern China, by restricting the coal-
combustion, 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 mat-
ters and O3) were reduced effectively by emission 
control measures, especially in urban areas. Moreo-
ver, precipitation eliminates air pollution directly. 
The daily Air Quality Index (AQI, considering 
PM2.5, PM10, SO2, NO2, CO, O3) and local meteoro-
logical parameters (temperature, extreme wind 
speed, humidity, atmospheric pressure) show consid-
erable correlations. Based on high-resolution data, 
these quantitative relationships could be adopted for 
air quality forecast and air pollution mitigation strat-
egies. 
 

KEYWORDS:  
Air pollution; Emission control measures; Air quality in-
dex (AQI); Meteorological condition; Urbanization; Air 
quality forecast 

 
 

INTRODUCTION 
 
Air pollution is a worldwide environmental is-

sue that has posed significant threats to human health 

and ecological environments [1,2]. The public's con-
cern with the serious impacts of air pollution has also 
aroused some authoritative control actions. In the de-
veloping China with rapid industrialization and ur-
banization [3-5], widespread haze and smog oc-
curred 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 out-
comes, these actions still need empirical basis and 
theoretical analysis. 

Due to the dramatically increased energy con-
sumption 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 discus-
sion 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 mega-
event in China after the Beijing Olympics. Typically, 
both local and regional pollutant emissions from in-
dustry, traffic, construction, and biomass burning 
were restricted [14]. Therefore, the human efforts for 
improving air quality should be evaluated reasona-
bly. 

However, as a complex issue, air quality is also 
closely linked to meteorological conditions [15,16]. 
When pollutant emissions are relatively steady, var-
ious meteorological factors will dominate the dilu-
tion, 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 for-
mation-elimination of air pollution [17,18]. Air pol-



© by PSP   Volume 26  No. 7/2017 pages 4798-4807      Fresenius Environmental Bulletin 

4799 

 

lution episodes can occur during specific local mete-
orological conditions such as low wind and stable at-
mosphere [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 com-
monly used to represent levels of ambient air pollu-
tion 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 (in-
cluding PM2.5, PM10, SO2, NO2, CO, O3) replacing 
the previous API (air pollution index; SO2, NO2, 
PM10). Although there is increasing evidence of cor-
relations between meteorological variables and some 
pollutant concentrations or API [21,22], their pro-
found relationships and the influences of meteoro-
logical 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 as-
sessed together with local meteorological parame-
ters. The main objectives are: (1) to evaluate the ef-
fects of authoritative strategies on air quality in dif-
ferent geographical areas; (2) and to explore the in-
fluences of meteorological factors on AQIs and its 
possible model prediction. 

 
 

MATERIALS AND METHODS  
 
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  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 

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 re-
mote exurban districts (EU).  

 

 
FIGURE 1 

Location of study area and the 13 ground auto-
matic 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 ur-
ban areas, two in suburban districts (Liuhe-LH 
and Jiangning-JN), and two in exurban districts 

(Lishui-LS and Gaochun-GC). 
 
Authoritative Air Quality Program for the 

Nanjing Summer YOG. To guarantee the 
green  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.  
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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 

-attainment 
-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. 

 (Eq. 1) 
AQI = max {IAQI1, IAQI2, IAQI3 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 cor-
responding 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 repre-
senting Nanjing City, while other 4 province-con-
trolled sites represent suburban/exurban areas (Fig. 
1). 

 
Meteorological Data. The meteorological data 

were provided by Nanjing Meteorology Bureau 
(NMB), and collected at the National Meteorological 

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 

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. 

 
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. 

 
 

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 
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FIGURE 2 

Variations of (a) daily overall AQI; and (b) PM2.5 IAQI for different periods of 2014 YOG in different 
functional areas of Nanjing; corresponding to (c) the main meteorological parameters (P - mm, T - , RH 

- %, WS - m s-1). 
 

 
FIGURE 3 

Mean values with standard deviation of daily overall AQI and each IAQI in rainy and non-rainy  
days for different periods of 2014 YOG in different functional areas of Nanjing. 
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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. Ig-
noring 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 vari-
ous areas, and similar order is obvious for the urban 
IAQI of PMs, O3 and SO2

much. However, in the total 27 rainy days, the dif-
ferences 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 polluta 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 an-
other 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 qual-
ity, the concentrated anthropogenic sources contrib-
ute combined multi-pollutants. Chinese mega-cities 
under emission control policies showed similar air 
pollution pattern to Europe [16], where the air qual-
ity index refers more than 90% to the presence of 
high PM10, O3 and NO2 concentrations, while 
SO2 and CO play only a minor role. 

 
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 

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 re-
gimes 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 sum-
mertime 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 qual-
ity of Nanjing, both for aerosol and gaseous pollu-
tants. 

 
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 8-
h (-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,
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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. 
 T Tmin Tmax RH RHmin RHmax T-Td AP APmin APmax WS WSmax 

WSex-

treme 
AQI 0.502** 0.486** 0.484** -0.163  -0.231  -0.128  0.194  -0.332  -0.337  -0.336  -0.326  -0.286  -0.330  
PM2.5 0.562** 0.557** 0.535** -0.149  -0.233  -0.150  0.184  -0.406* -0.408* -0.411* -0.385* -0.337  -0.383* 
PM10 0.391* 0.404* 0.373* -0.295  -0.312  -0.378* 0.302  -0.262  -0.251  -0.270  -0.135  -0.086  -0.178  
SO2 0.417* 0.432* 0.389* -0.376* -0.266  -0.537** 0.394* -0.209  -0.178  -0.214  0.069  -0.021  -0.166  
NO2 -0.153  -0.219  -0.111  -0.087  -0.161  -0.036  0.065  0.366* 0.399* 0.342  -0.331  -0.364* -0.445* 
CO 

0.599** 0.628** 0.568** 0.060  -0.133  -0.050  -0.007  -0.437* -0.433* -0.431* -0.542** -0.599** 
-
0.650** 

O3 1-h 0.166  0.051  0.248  -0.228  -0.411* 0.132  0.249  -0.044  -0.084  -0.021  -0.037  -0.086  -0.080  
O3 8-h 0.112  -0.029  0.219  -0.348  -0.525** 0.067  0.361* 0.024  -0.016  0.047  -0.006  -0.038  -0.028  

 * Significance level: p < 0.05. 
 ** Significance level: p < 0.01. 

 

 
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. 

 
 

while PM10, SO2, O3 1-h and O3 8-h were related to 
relative humidity, and NO2 and CO were mostly re-
lated to wind speed. Typical correlations between 
AQI (or IAQI) and major related meteorological pa-
rameters were showed in Fig. 4. Because there were 
self-correlations between some of these meteorolog-
ical factors, the most significant ones were than in-
cluded 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 me-
teorological factors (T, RHmin, RHmax, T-Td, AP, 
WSextreme), AQI and the IAQI of PMs would be pre-
dicted by T; O3 1-h and O3 8-h might be predicted by 
RHmin, and SO2 could be predicted by RHmax together 

with WSextreme; while NO2 and CO could be predicted 
by WSextreme with AP and with T, respectively. 

Results indicated that, at the local-scale, mete-
orology was a relatively strong driver of air quality 
in Nanjing. Similarly, the positive relationships be-
tween API (SO2, NO2, PM10) and T at short time-
scales 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 me-
teorological variables were less pronounced [25]. 
Furthermore, for the secondary pollutant O3, alt-
hough higher T was often used as a predictor for high 
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[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 associ-
ated 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 bet-
ter 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 pre-
dictive models. 

Equations R2
adj 

AQI = -57.7 + 5.38 T 0.226 
PM2.5 = -97.6 + 6.72 T 0.291 
PM10 = 4.47 + 2.40 T 0.123 
SO2 = 112 - 1.01 RHmax 0.263 
SO2 = 140 - 1.22 RHmax -1.13 WSextreme 0.368 
NO2 = 66.6 - 2.76 WSextreme 0.169 
NO2 = -1026 - 3.27 WSextreme + 1.09 AP 0.359 
CO = 33.8 - 1.95 WSextreme 0.403 
CO = 9.25 - 1.53 WSextreme + 0.84 T 0.563 
O3 1-h = 84.6 - 0.76 RHmin 0.139 
O3 8-h = 127 - 1.24 RHmin 0.249 

 
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 coal-
combustion, industrial activities, construction 
works, vehicles and barbecue during YOG, 
decreased the emissions of PMs and O3 obviously 

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 resource-
efficient and developing the environmentally 
friendly emission control devices might be the 
potential strategies.  

Besides pollutant emissions, various meteoro-
logical 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 forth-
coming unfavorable meteorological conditions, such 
as low winds and stable atmosphere that are respon-
sible for air pollution episodes, early warning and 
strengthened emission control measures should be 
applied, and/or together with local weather modifi-
cation.  

 
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]. 
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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 me-
teorological factors were showed. However, to com-
pletely reveal their quantitative relationships, more 
abundant detailed data of wider space-scale and 
longer time-scale for the synchronous pollutant con-
centrations and meteorological parameters are 
needed. And then, they would be adopted for the en-
vironmental air quality forecast, and for designing 
the air pollution mitigation actions including the 
choice of weather modification. In particular, be-
cause the precipitation eliminates air pollution di-
rectly, future forecasting methods might be sepa-
rately 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 valu-
able for environmental managements, without ignor-
ing the roles of meteorological conditions. 
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Improved Export Coefficient Model 
(IECM). Considering the effect of the nonuniformi-
ties 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 dis-
charge data from river gauging stations located at the 
outlet of watershed (Xiahui and Zhang Jiafen hydro-
logical station): 

1

n

i i i
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 t·a-1 produced by livestock, rural living and 
land use, respectively. 

t·a-

1

t·a-1

t·a-1
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t·a-1 t·a-1 t·a-1

t·a-1 t·a-1

t·a-1

 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·a-

1, respectively. 
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ABSTRACT  
 

 (N-LED3A)) was evaluated by dissolving 
 in this 

 
 N-LED3A concentration,

 
on   by N-LED3A were 

investigated. The 

N-LED3A-

N-LED3A was further confirmed by Fourier 
transform infrared spectroscopy (FTIR)

 
 
 

 

 
 
 
INTRODUCTION 
 

 

(N-
LED3A) 

N-LED3A consists of a hydrophilic polycarboxylic 
moiety and a hydrophobic lauroyl group.

, N-LED3A exhibits 

N-LED3A
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N-LED3A  
N-LED3A

 

N-LED3A  
 
 

MATERIALS AND METHODS 
 

N-LED3A (C20H33N2O7Na3, 
482.46 g mol-1) with a purity of 95% was purchased 
from Hangzhou Biotechnology Co., Ltd., China. 

, 97.56 g mol-1) with a 
purity of 97% was obtained from Shanghai Biologi-
cal Technology Co., Ltd., China. 

Calcium 
chloride, magnesium chloride, sodium hydroxide 
and hydrochloric acid were supplied by the Tianjin 
Chemical Reagent Factory, China. All of the rea-
gents were of analytical grade and were used as re-
ceived without further purification. Deionized water 
was used throughout the experimental process.  

 

Batch equilibrium experiments were con-
ducted 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 stop-
pers, and 25.0 mL 3000 or 6000 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 disso-
lution 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 undis-
solved solute. Then, the supernatant was filtered 
through a 0.45 μm membrane for heavy metal anal-
ysis. The concentration in the supernatant was 
determined using an atomic absorption spectropho-
tometer (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 , temperature (15 °C, 25 °C and 
35 °C), initial pH values (from 5 to 12  and coexist-
ing inorganic cations  on the disso-
lution 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 re-
ported as average values.  

 
Test of N-LED3A-Cu chelate FTIR was used 

to test chelation structure of N-LED3A-Cu. The 
equilib-

rium of Cu(OH)2 was 
carefully withdrawn and added to a glass beaker. 
Then, the  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 characteris-
tics of N-LED3A and  chelate complex (N-
LED3A-Cu) were analyzed using a Fourier trans-
form infrared spectrometer (FTIR) ( , Ger-
many). 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. 
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FIGURE 1 
Dissolution kinetics of Cu(OH)2 by N-LED3A 
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FIGURE 2 

FTIR spectra of N-LED3A(a) and N-LED3A-Cu chelate (b) 
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FIGURE 4 
Effects of  on dissolution of Cu(OH)2 by N-LED3A 

 
TABLE 3 

Effects of inorganic cations on dissolution of Cu(OH)2 by N-LED3A 
 

   

             
             

 
 
 

 

 

 
 
Effects of 

 

 



© by PSP   Volume 26  No. 7/2017 pages 4817-4824      Fresenius Environmental Bulletin 

 

 

4823 

 
 
 
CONCLUSIONS 
 

 

 

N-LED3A is potentially a 
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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- 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; reed; nitrate; phosphate; 
immobilization 
 
 
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 

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 compo-
sites 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 

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 hematite-

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. 
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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 C.  

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 C according to the 
program-control-led heating rate of 10 C/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 C. Finally, 
modified biochar from reeds and hematite (HMB) 
was obtained. 

 
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·L-

1 KNO3 solution was added into each centrifuge 
tube, which was put on the shaking table under the 
conditions of (20 ± 0.5) C 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 

rate 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. 

 
(2) Adsorption isotherms of HMB. Firstly, 

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) C 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
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. 

 
(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 respect-
tively 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) C 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 

nitrate and phosphate in the filtered solution from 
each tube was measured in 3 replicates. The 
measurement results were averaged. 

 
(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 Corpo-
ration) was used to determine surface potentials of 
HMB. The surface morphology of HMB (JSM-
6360LA, JEOL Corporation) was characterized by 
using microscope. 

 
(6) Data processing. Experimental data were 

processed with SPSS 19.0 and Excel software and 
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the curves were plotted with Origin 8.0 software. 
 

 

 
 

 
FIGURE 1  

SEM of HMB 
 
 
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. 

 
Surface morphology. In the SEM images (Fig. 

1), HMB show thesurfaces containing many irre-
gular cavities. Due to the decomposition of lots of 
cellulose during the pyrolysis at 700 C, the surface 
sediments were decreased and micropores were 
formed on the surfaces of the biochars. High tempe-
rature and acid activation greatly increased the sur-
face area of all biochars, which is more conducive 
to provide more adsorption sites for HMB. 
 

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. 

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 

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 intra-
particle diffusion equation were adopted to fit the 
experimental results. 

Pseudo-first-order equation is 
)(1 1

e
t-ke-qq  ;                    (1) 

Pseudo-second-order equation is 

tqK

tqK
q

e2

2
t

1 ;                      (2) 
Intra-diffusion equation is 

Ctqq 1/2
it ;                      (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, pseudo-
second-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 
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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 pseudo-
second-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 

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 intra-
diffusion 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. 

 
 

 
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 Parameter NO- 

3 PO3-
 4 

pseudo-first-order k1/min 1 0.8092 0.8822 
 qe/mg·L-1 0.9391 0.3656 
 R2 0.8832 0.5193 
pseudo-second-order k2/g·mg 1·min 1 11.7401 0.9636 
 qe/mg·g 1 0.9421 0.9101 
 R2 0.9491 0.8805 
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intra-particle diffusion model qi/mg·g 1·min 0.5 0.0007 0.0101 
 R2 0.2419 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].  
 

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: 

e

em
e 1 bc

cbQ
q ;                         (4) 

Freundlich Equation: 
ncKq 1/

fe e

;                           (5) 

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 iso-
therms of HMB with the correlation coefficient (R2) 
larger than 0.96. 
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Freundlich Equation belongs to the multilayer 
adsorption theory, which is more close to the 
pratical experience[25]. It showed that the 

adsorption of HMB on nitrate and phosphate was 
mainly based on multi molecular layer and 
heterogeneous adsorption model. 

TABLE 2 
Constants and correlation coefficient of Langmuir and Freundlich models for nitrate and phosphate 

sorption onto HMB 
 

adsorbed ions 
Langmuir model Freundlich model 
Qm/mg·g 1 b/L·mg 1 R2 Kf/mg1-1/n·g 1·L 1/n 1/n R2 

NO- 
3 3.0736 0.0241 0.8618   0.3223 0.3841 0.9819 

PO3-
 4 2.8152 0.0178 0.9548   0.2146 0.4336 0.9659 

 

  
FIGURE 6a 

Immobilized HMB microspheres 
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·g 1 and 2.8152 
mg·g 1. 

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 bio-
char 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. 

 

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 

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·g 1 and 
2.3301 mg·g 1. Immobilization did not significantly 
reduce the adsorption effect of HMB (nitrate and 
phosphate adsorption capacity of Qm were 3.0736 
mg·g 1 and 2.8152 mg·g 1). 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 
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min, the phos-phate removal rate reached 61.81%. 
After 80 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 82.06% (Fig. 7). Immobilized HMB 
microspheres could effi-ciently remove nitrate and 
phosphate from eutrophic water, and promote the 
utilization of aquatic plants.  

TABLE 3 
Constants and correlation coefficient of Langmuir and Freundlich models for nitrate and phosphate 

sorption onto immobilized HMB 
 

adsorbed ions 
Langmuir model Freundlich model 
Qm/mg·g 1 b/L·mg 1 R2 Kf/mg1-1/n·g 1·L 1/n 1/n R2 

NO- 
3 2.9667 0.0158 0.9648 0.3092 0.3864 0.9685 

PO3-
 4 2.3301 0.0128 0.9456 0.1705 0.4239 0.9869 

 

 
FIGURE 7 

Removal efficiency of nitrate and phosphate from eutrophic water 
 
 
CONCLUSIONS 
 

Reeds and hematite are cheap and abundant 
na-tural materials. The composite material prepared 
with reeds and hematite through pyrolysis showed 
the decreased negative charge and the increased 
positive charge and could effectively adsorb nitrate 
and phosphate from aqueous solution. 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 immo-bilization of HMB. The adsorption 
capability of the immobilized HMB was not 
significantly decreased. Immobilized HMB 
microspheres could efficiently remove nitrate and 
phosphate from eutrophic water, and promote the 
utilization of aquatic plants. 
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ABSTRACT 
 

The typology and quantity of the marine litter 
was investigated in the shallow coastal area of south-
east Adriatic Sea (Montenegro). Surveys were per-
formed 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 ma-
terial. 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 num-

ber of threats, of which four are currently considered 
to be the most important ones: pollution, habitat de-
struction, 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 lit-
ter is any persistent, manufactured or processed solid 
material that is discarded, disposed of or abandoned 
in the marine and coastal environment [7]. Unfortu-
nately, 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 aes-
thetic value and public safety), economic (e.g. cost 
to tourism, damage to vessels, fishing gear and facil-
ities, losses to fishery operations, cleaning costs) and 
ecological (mortality or sublethal effects on plants 

and animals through entanglements, captures and en-
tanglement from ghost nets, physical damage and in-
gestion including uptake of microparticles, mainly 
microplastics and the release of associated chemi-
cals, facilitating the invasion of alien species, and al-
tering the benthic community structure) [7].  

Using figures from the North Sea and the wa-
ters 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 identi-
fied has escalated and include the transport of persis-
tent organic pollutants (POPs), the release of toxic 
compounds, the assistance of non-indigenous spe-
cies transportation, the entanglement and mortality 
of many marine species, altering the structure of ben-
thic communities, and socioeconomic impacts such 
as the threat of floating debris to navigation, reduc-
tion of the recreational value of beaches, the loss of 
income to the tourism industry and damage to fish-
ing gear [5-7, 11]. 

Numerous international organisations, conven-
tions, 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 recog-
nised in the EU Marine Strategy Framework Di-
rective (MSFD) [12] where, to define Good Environ-
mental Status (GES), descriptor 10 is defined as fol-

not cause harm to the coastal and marine environ-
[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 as-
sessment of the distribution, typology and quantity 
of the marine litter in shallow coastal areas in Mon-
tenegro (South-East Adriatic Sea). 
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TABLE 1 
Surveyed locations and sampling period 

 

Location North East Year of Sur-
vey 

iza Orahovca 42.489295° 18.752637° 2012 
Inst. of marine biology 42.436545° 18.764025° 2012 
iza Strpa 42.503114° 18.667054° 2012 
Perast ponta 42.484027° 18.705976° 2012 
Perast parking 42.483694° 18.708496° 2012 
Ljuta 42.483519° 18.764417° 2012 
Risan 42.510139° 18.695790° 2012 

 42.485295° 18.691213° 2012 
Verige 42.477485° 18.690571° 2012 
iza Perasta 42.494485° 18.691026° 2012 
Morinj 42.488617° 18.651571° 2012 
Prcanj 42.464945° 18.734818° 2012 
Canj pecina 42.162484° 18.985576° 2012 

 42.194790° 18.9366365° 2012 
Pristan (kod Kumbora) 42.426926° 18.597047° 2012 
Miriste 42.394816° 18.578376° 2012 
Mogren 42.274195° 18.830054° 2012 
Jaz pecurke 42.277914° 18.820781° 2012 
Ponta Veslo 42.365024° 18.612230° 2013 
Trsteno 42.279534° 18.786392° 2013 
cape Jaz 42.273355° 18.802062° 2013 
cape Arza 42.390285° 18.571502° 2013 
Nerin 42.306482° 18.732574° 2013 
Plava spilja 42.373797° 18.596999° 2013 
cape Macka 42.361599° 18.630454° 2013 
cape Meret 42.018137° 19.142085° 2013 
Kalafat 42.328011° 18.699792° 2013 
cape Ceran 41.906307° 19.234770° 2013 
Stari Ulcinj 41991775° 19.139377° 2013 
inlet Velika (Ulcinj) 41.926337° 19.196555° 2013 
Velika Krekavica 42.290564° 18.750254° 2014 
Zlatna vala 42.381013° 18.591764° 2014 
Oblatno 42.378659° 18.653801° 2014 
o. Sv. Nikola 42.269632° 18.850721° 2014 
Galiola 42.269906° 18.855894° 2014 
U Ploca (Dobrec) 42.411694° 18.556714° 2014 
Platamuni 42.267017° 18.780903° 2014 
Sv. Nedjelja 42.459214° 18.675039° 2014 
Opatovo 42.461512° 18.682693° 2014 
Lipci 42.494953° 18.654502° 2014 
Kostanjica 42.482008° 18.679894° 2014 
Sv. Nikola (Platamuni) 42.273540° 18.769822° 2014 
Zli potok 42.313241° 18.719180° 2014 
cape Zukovica 42.322461° 18.706758° 2014 
inlet Zukovica 42.328115° 18.713633° 2014 
Durdeva vala 42.309874° 18.724010° 2014 
Mikovica pecina 42.072087° 18.088532° 2014 

 

  
FIGURE 1 

Percentage composition of the different marine litter materials inside and outside 
the Boka Kotorska Bay 
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MATERIALS AND METHODS 
 
In the period from 2012-2014, the Institute of 

Marine Biology Kotor participated in different pro-
jects focused on habitat or protected species map-
ping and monitoring, but this was not particularly fo-
cused on marine litter monitoring. Because of the 
awareness of the importance of this topic, during un-
derwater visual surveys by SCUBA diving we took 
the opportunity to also collect data about marine lit-
ter.  

Benthic marine litter was recorded in 47 sites 
in Montenegro coastal waters, at depths between 0 
and 40m. Names of locations, coordinates and sam-
pling 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, dur-
ing a 1h dive. All found marine debris (bigger than 
2.5 x 2.5cm) inside the checked area was photo-
graphed and classified into seven categories (plastic, 
metal, rubber, paper, clothing, glass and others) ac-
cording to the nature of the material 8, 14 . Further-
more, 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 lit-
ter found (54%) were plastic materials. The second 
major class was belonging to metal items (23%), fol-
lowed by glass (9%), rubber (8%) and cloth, paper 
and others (all by 2%). Comparing data for the loca-
tions 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 Ko-
torska Bay percentage of metal (26%) and rubber lit-
ter (10%) was higher than on the open sea (9% and 
2% consecutively).  

The analysis of distribution for different cate-
gories 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. 

Metal items were almost only registered inside 
the Boka Kotorska Bay (Figure 2B). The only loca-
tion 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 lo-
cation, 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 concen-
trated in the inner part of the Bay and they were al-
most 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 inhab-
ited and tourist areas, mostly inside the bay, along 
with some other materials (Figure 2E). 

According to the Principal Component Analy-
sis (PCA), it can be seen that plastic and metal pre-
dominantly influence the position of sites in the re-
sulting diagram (Figure 3). 

Furthermore, the distribution of the marine lit-
ter 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 fish-
ing lines (plastic), pots and anchors (metal) and 
ropes (other) are presented. 

 
 

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 col-
lected items 19 . Although plastics have only ex-
isted for just over a century, they have rapidly moved 
into all aspects of everyday life over the last few dec-
ades; 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 de-
composition, 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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because of low hydrodynamism, marine litter can ac-
cumulate and drastically increase quantities on the 
sea floor over time [14, 17]. Data from this research 
indicates the same situation on the coast of Monte-
negro. In the Bay of Boka Kotorska, we found sev-
eral locations with significantly higher concentra-
tions 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 lan-
guage. We suppose that the transportation of marine 
litter by the River Bojana and also by wave action 

and currents of the sea has contributed to this situa-
tion. 

Close to locations where tourist facilities or set-
tlements are located on the coast besides the "usual" 
plastic and metal debris (bottles, cans, food pack-
ages, etc.), a certain number of cloth items, newspa-
pers, etc. were also found. Locations with no infra-
structure 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 activ-
ities, the most diverse marine debris was found in the 
Boka Kotorska Bay (Fig 4). Because of the long tra-
dition and higher intensity of fishery in this area, this 
result was expected. 

 
 

 
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 
 
 

Along with the expected results, such as the 
higher concentration of marine litter in the Boka Ko-
torska 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 practi-
cally small underwater areas where different materi-
als were previously dumped illegally on the coast, 
close to the road, and later on, because of irresponsi-
ble individuals they were dumped in the sea. The 
lack of appropriate measures for recycling and slow 
decomposition, together with a lack of awareness 

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]. Alt-
hough scuba diving surveys were performed in dif-
ferent projects focused on habitat or protected spe-
cies mapping and collecting of marine litter data was 
a secondary objective, presented information are val-
uable because of two main reasons. First of all these 
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results are first overview of the typology and quan-
tity 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 ap-
plied in the studies of benthic marine debris is bot-
tom trawl net [5, 18, 21-23]. 

Taking into account the fact that quantities of 
marine litter continuously and exponentially in-
crease 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 in-
ternational methodologies for the monitoring of ma-
rine litter (on the sea floor, floating, on the beaches, 
ingested or entanglements of animals) have been de-
veloped [6, 13, 24-26]. Furthermore, there are many 
other initiatives for cleaning beaches and coastal 
seas, testifying to the increased problems and conse-
quently 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. 

 
 

CONCLUSION 
 
The present study represents the first step for 

the assessment of litter on the seafloor of the shallow 
south east Adriatic Sea. We found that in shallow 
coastal areas of Montenegro, the density of marine 
litter was from 0 to 16.6/1000m2 with an average of 
2.49/1000m2. These values were lower than in some 
other areas of the Mediterranean and different re-
gions of the world's oceans, but also higher than on 
the deep sea floor. Plastic litter was dominant (54%) 
followed by metal items (23%). As expected, a 
greater abundance of marine litter was found in the 
Boka Kotorska Bay. Furthermore, regarding marine 
litter related to fishery activities, the most diverse 
items were found also in the Boka Kotorska Bay, 
area where the tradition of fishery is the oldest. 

Further initiatives to increase awareness are 
necessary, together with the prevention of pollution 
of the sea and regional approaches to the problem of 
marine litter. 
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ABSTRACT 
 

tract contents were examined inhabiting in Isaszeg 
reservoir lake, Hungary. In totally 19 thousand vari-
eties of nutrients were found out, 12 of them derived 
from zooplankton and 7 of them from phytoplank-
ton. 
sources were zoological originated. Geometric Im-
portance Index (GII) were highest for Bosmina sp. 

was followed by Chydorus sp. (503.836) and Ther-
mocyclops sp. (493.299) respectively. Pike starts to 
exogenous feeding at 12 mm length. In contrast to 
GII, Selectivity index (SI) were revealed that Ther-
mocyclops sp. were preferred by pike larvae as the 
main food organism. 

 
 

KEYWORDS: 
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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 di-
minishment of natural breeding sites are directly cor-
related to decreasing of the pike populations [3]. To 
protect natural stocks, recruitment should be sup-
ported in the future [4]. 

There is also inseparable correlation between 
sustainable freshwater fish populations and adequate 
natural foods in rivers and lakes. Especially, fresh-
water fish need to have a regular nourishment period 
in order to keep healthy ontogenic development in 
early stages. The availability of natural nutrients di-
rectly affects not only to the fish growing perfor-
mance 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].  

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 lar-
vae in nature by geometric importance and selectiv-
ity index analyzes. By this means, growing perfor-
mance and survival rates will be raised before artifi-
cial feeding under culture conditions. 

 
 

MATERIALS AND METHODS 
 
Source of pike larvae and plankton. Pike lar-

vae were obtained from broodstock in Isaszeg, Hun-
gary (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). Af-
ter incubation, larvae were transferred for study to 
the research unit of Szent Istvan University Aqua-
culture Department in oxygen supplied plastic bags. 
Plankton was harvested daily by vertically in a res-
ervoir lake in Isaszeg, Hungary. Its mean depth is ap-
proximately 2 meters (Fig. 1). 
 
 

 
FIGURE 1 

Study Area (Isaszeg, Hungary)
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Experimental design and sampling. Larvae 
were stocked to 100 L aerated tank with 50 individ-
uals/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 selectiv-

ity index analyses. Totally 193 samples were exam-
ined 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 [22-
26]. Then, semi or non-digested organisms were 
counted under inverted microscope by using Thoma 
slide.  

Geometric Index of Importance (GII) and Se-
lectivity index (SI) were performed to estimate the 
frequency of occurrence of food item and prey selec-
tion for this species [27, 28]. The formulas are be-
low; 
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 

to size groups. 
 

Total Length 
(mm) 

N 
Digestive system 

Ratio (%) 
Empty Filled 

11 44 42 2 95.45 
12 85 55 30 64.71 
13 41 19 22 46.34 
14 23 4 19 17.39 
Total 193 120 73 62.18 

 
 

Samples were classified four length groups. 
The digestive tracts were almost empty in the small-
est group (95.45%). By increasing of size classes, the 
full filled digestive tract rate of incidence was in-
creased. 

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), Thermocy-
clops sp. (493.30), Filinia sp. (440.66), Keratella sp. 
(438.93), Brachionus sp. (318.57), Asplanchna sp. 

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, Ther-
mocyclops sp. were the most favored zooplankton 
group according to SII (+1). On the other hand, the 
phytoplankton were ranged as Pediastrum sp., Na-
vicula 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-
gestive tract were empty. In this study, in contradis-
tinction 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.  
 
 

 
FIGURE 2 

Geometric Index of Importance (GII) of  
Pike larvae. 
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According to Fig. 3, Pike larvae consumed Bos-
mina 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., Co-
lurella sp. and Euchlanis sp. follow the formerly 
group as minor nutrients. On the other hand, phyto-
plankton were existed in biggest length group s di-
gestive system, however the GII values were very 
low. This situation may be caused that phytoplank-
ton were swallowed during feeding activity of main 
courses.   
 
 

 
FIGURE 3 

Selectivity index values of Pike larvae. 
 
 

Pediastrum sp., Navicula sp. and Cymbella sp. 
were preferred by larvae with rate of 65.12, 64.54, 
and 64.21%, respectively. Even Pediastrum sp. were 
few in number in digestive tract samples, GII value 
were high due to its large mass. The same situation 
was observed for Cymbella sp. and Navicula sp. [29] 
reported the similar findings for Capoeta barroisi. 

 
 
CONCLUSIONS 

 
Plankton diversity and their morphologic and 

ecologic features are very important for fish larvae 
in nature. On the other hand, size of prey, prey visi-
bility contrast and swim pattern have importance on 
feeding habits of carnivorous fish species [30]. The 
results showed that pike larvae were able to feed var-
ious plankton types, although they constitutively 
preferred zooplankton. In this study, Bosmina sp. 

and Chydorus sp. were highly existed in digestive 
tract of pike larvae, in contrast to [18], pike preferred 
Thermocyclops sp.  
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ABSTRACT 
 

Samples of sediment were collected from 3 dif-
ferent discharge point (Ceyhan River, Payas Stream, 

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 Ar-
suz Brook, Payas Stream and Ceyhan River water 
temperature 12,15-26,00 o -1,80 
dissolved oxygen 5,40-10,75 mgl-1, electrical con-
ductivity 316-742 S/cm, pH 6,00-8,15 were fas-
tened 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 accumula-
tion 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 end-
less amounts of water from streams, lakes, wetlands, 
and underground aquifers to supply the necessities 
of urban areas, homesteads, and enterprises. Our re-
quirement 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 ter-
rains, the rural and industrial activity may make di-
verse wellsprings of contamination. Expanding wa-
ter contamination causes the decay of water quality 
as well as undermines human well-being and the ad-
just of aquatic ecosystems, financial improvement, 
and social thriving [1]. 

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 rehabil-
itation 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 through-
out 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 Iskende-
run Bay. Particularly, there are numerous settle-
ments through the Ceyhan River. Ceyhan is an es-
sential 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 ar-
eas [3]. Baku-Ceyhan Unrefined petroleum Pipeline 
will likewise add to the key and industrial critical-
ness of the Ceyhan region. Though heavy metal con-
tamination of the lower Ceyhan River catchment 
(Adana-Turkey) was studied [4], there is no 
knowledge about surface water pollution in the up-
per and middle basin of the Ceyhan River. These sta-
tions 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 dif-
ferences of Zn, Cd, Pb, Cu, Fe, Cr concentrations in 
the sediments of different discharge point (Ceyhan 
river, Payas stream, Arsuz brook) spilled into the Is-
kenderun Bay. 
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FIGURE 1 

Sampling Stations  
(Station I: Arsuz Brook, Station II: Payas 

Stream and Station III: Ceyhan River) 
 
 
MATERIALS AND METHODS 
 

Sample Procedures. Iskenderun Bay as a re-
sult of rapid population growth and the booming in-
dustrial sector has been an area of considerable pol-
lution problems in recent years. The development of 
the industry has increased ship traffic and unplanned 
urbanization in this area. With the opening of the Yu-
murtalik 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 pol-
luting freshwater resources of the Gulf of Iskenderun 
is selected (Figure 1). 
 

Experimental Procedures. Sampling Febru-
ary 2014 - is carried out between January 2015 has 
worked on a total of 24 sediment samples with sea-
sonal 3-month intervals, including 2 from each sta-
tion. 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 analy-
sis is stored in a freezer at -18 °C. Then the collected 

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 1200C 
until white smoke. The clarified samples after cool-
ing filtered through a blue band paper filter com-
pleted to 50 ml with bidistilled water and made ready 
for measurement [6]. After dilution, metal contents 

of sediment measured on an inductively coupled 
plasma atomic emission spectrometry (ICP-AES) 
(Varian model, Liberty Series II) and metal concen-

bration ICP-AES was used as a High Purity Multi-
Standard. All digested samples were analyzed three 
times for the each metal. In the study, Mustafa Ke-
mal 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 differ-
ences 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 

 
In the study, some seasonal averages and an-

nual averages of physicochemical parameters and 
heavy metals in sediment samples of some freshwa-
ter sources poured into Iskenderun Bay have been 
determined (Table 1, 4, 5, 6). 

Water quality classes were determined accord-
ing 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 characteris-
tics 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 dis-
solved oxygen parameter in the autumn season. Ar-
suz 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 har-
vesting, breeding, and nutrition for the survivors of 
the life in the aquatic system. Heavy metal contents 
accumulate in the sediment by sedimentation of mi-
cro-sized particles in the aquatic system. Sediments 
have direct and indirect effects on water quality and 
aquatic life. Therefore, sediment quality is an im-
portant determinant of biodiversity and water quality 
[8]. Sediment pollution is particularly affecting the 
continuity of aquatic life. The heavy metals accumu-
lated in the sediment structure lead to changes in 
aquatic life and environmental conditions. With bio-
accumulation, these pollution and changes extend to 
the upper rings of the ecological chain [9]. 

 
 



© by PSP   Volume 26  No. 7/2017 pages 4845-4850      Fresenius Environmental Bulletin 

4847 
 

 

TABLE 1 
Seasonal measurement of physicochemical parameters 

 

Parameters 
Spring Summer Autumn Winter 

A P C A P C A P C A P C 
T (oC) 23,75 20,25 23,15 26,00 25,50 25,75 23,00 19,55 24,60 17,10 12,15 13,75 

D.O (mgl-1) 9,00 9,00 7,60 7,90 7,92 6,10 8,61 6,41 5,40 10,20 10,75 8,50 
E.C (μS/cm) 573 316 531 588 348 535 721 494 742 637 383 689 
pH 8,00 7,50 7,70 6,70 6,00 6,50 7,95 8,00 8,15 7,80 7,80 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 
Water Quality Class 

I II III IV 
Temperature(oC)    > 30 

Dissolved Oxygen (mgl-1) > 8 6-8 3-6 < 3 
Conductivity (μS/cm) < 400 400-1000 1001-3000 > 3000 
pH 6,5-8,5 6,5-8,5 6,0-9,0 Outside 6,0-9,0 

 
TABLE 3 

Characteristics of Waters According to Quality Classes and Water Quality Class Color Codes ([7] 
 

Water Quality Characteristic Color 
Class I High-quality water Blue 
ClassII Less contaminated water Green 
Class III Contaminated water Yellow 
Class IV Highly contaminated water Red 

 
TABLE 4 

Seasonal metal concentrations ( gg-1wet weight) in sediments of Arsuz brook 
 

Metals 
Spring 

X ± S x  

Summer 

X ± S x  

Autumn 

X ± S x  

Winter 

X ± S x  

Average Annual 

X ± S x  
Fe 6366.1±4315.3ab 9060.1±2256.2ab 17215.2±3237.9b 3079.8±1549.0a

 8930.3±2283.9 
Zn 38.10±0.78a 19.77±8.91b 14.66±2.15b 2.92±1.03b 18.86±5.10 
Cd 0.12±0.12 0.36±0.21 0.21±0.01 0.08±0.08 0.19±0.06 
Cu 3.73±1.70ab 11.43±3.69a 6.65±1.53ab 1.12±0.41b 5.73±1.66 
Pb 2.75±0.35ab 3.90±1.60ab 5.50±0.17a 0.83±0.36b 3.24±0.71 
Cr 45.03±32.47 63.85±15.91 97.45±12.91 18.97±9.84 56.32±13.14 

 
TABLE 5 

Seasonal metal concentrations ( gg-1wet weight) in sediments of Payas Stream 
 

Metals 
Spring 

X ± S x  

Summer 

X ± S x  

Autumn 

X ± S x  

Winter 

X ± S x  

Average Annual 

X ± S x  
Fe 13211.2±811.1a 4899.5±1960.3b 1657.9±938.9b 24395.6±2259.8c

 11041.1±3376.9 
Zn 805.19±61.19a 27.77±15.53b 6.43±1.07b 1083.94±16.83c 480.83±179.63 
Cd 5.18±0.73a 0.24±0.12b 0.99±0.08b 3.95±0.52a 2.59±0.78 
Cu 35.50±2.76a 14.13±6.79b 1.69±0.35b 73.32±2.06c 31.16±10.37 
Pb 116.75±10.24a 5.47±2.90b 1.67±0.60b 202.12±9.96c 81.50±31.71 
Cr 112.23±9.54a 23.54±10.85b 17.45±8.06b 106.76±14.03a 64.99±17.34 

 
 

The present study shows that metal concentra-
tions 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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Seasonal averages and annual averages of 
heavy metals determined in the Arsuz brook, Payas 

 according to 
Duncan test results are given in Table 4, 5, 6 respec-
tively.  

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 Ar-
suz 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 Ar-
suz Brook sediment, Fe is measured with the highest 
amount of 8930.3 ± 2283.9 gg-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 gg-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 sta-
tistical difference between seasons in terms of Cd av-
erages in sediment samples taken from Ceyhan River 
(p <0.05). Ceyhan River sediment was measured 
with Fe at 10998,0 ± 1581,6 gg-1at the highest an-
nual average and it was determined that heavy met-
als were classified as Fe> Cr> Zn> Cu> Pb> Cd. 

The determination of the environmental hazard 
dimension of the sediment layer and the establish-
ment of standard or quality criteria for the sediment 
quality can be understood by comparison of the con-
centrations of pollutants by the toxicity and chemical 
analysis of the species in the sediment, the sub-
stances on these species [10]. 

The annual average of heavy metals in the Ar-
suz, Payas and Ceyhan River sediments was evalu-
ated according to EPA (Environmental Protection 
Agency) Sediment quality directive. EPA (Environ-
mental Protection Agency) Sediment quality di-
rective 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 lev-
els according to EPA (Environmental Protection 
Agency) Sediment quality directive and Cr was 
found above the lowest effective concentration lev-
els. 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 effec-
tive concentration levels and Cr was above the low-
est effective concentration levels. 

Pollutants entering the stream and estuaries, 
particularly those in mechanical and populace fo-
cuses, has prompted to a critical increment in metal 
sullying. Many reviews in various districts of the 
world have utilized the sediment of stream and estu-
aries as markers for heavy metals [12, 13, 14, 15, 
16]. 

 
 

TABLE 6 
Seasonal metal concentrations ( gg-1wet weight) in sediments of Ceyhan River 

 

Metals 
Spring 

X ± S x  

Summer 

X ± S x  

Autumn 

X ± S x  

Winter 

X ± S x  

Average Annual 

X ± S x  
Fe 13914.2±539.9a 10781.3±2252.1a 14652.7±656.7a 4643.7±1401.6b 10998.0±1581.6 
Zn 42.92±3.04a 23.96±6.66ab 19.69±3.09b 22.88±5.63b 27.36±3.90 
Cd 0.32±0.14 0.12±0.05 0.10±0.02 0.08±0.08 0.15±0.04 
Cu 12.11±0.17ab 10.11±0.72ab 15.10±1.39a 7.86±2.31b 11.29±1.13 
Pb 3.44±0.61 1.65±1.34 1.66±0.59 3.47±0.93 2.56±0.48 
Cr 44.54±1.80a 30.13±6.65ab 43.82±3.01a 18.19±5.57b 34.17±4.47 

 
TABLE 7 

The sediment quality guidelines (mg/kg dryweight) [11] 
 

Metals Lowest Effective Concentration High Effective Concentration 
Fe 20000 40000 
Zn 120 820 
Cd 0,60 10 
Cu 16 110 
Pb 31 250 
Cr 26 110 
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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 re-
sult of exchanges between water, sediment, and bi-
ota, through biological and chemical process. Ac-
cording 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 con-
centrations 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 rea-
sons for pollution are vehicle fuel remains and phos-
phate fertilizers. They examined water contamina-
tion by substantial metals in the Ceyhan Stream in 
Turkey and demonstrated the more noteworthy esti-
mations 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 be-
tween the increment of substantial metals and aggre-
gate 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 con-
tent 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 concen-
tration 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 de-
tectable value. As a result, agricultural areas near the 
power plant were found to be at risk for the health of 
local consumers [21]. 

relies on upon industrial and household waste con-
tributions 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 pesti-
cides 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 metamor-
phic rocks. 
 

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 terres-
trial 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 Con-
trol Regulation and legal regulations. Otherwise, we 
think that it is inevitable to pollute water resources. 
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ABSTRACT 

 
We conducted pot experiments to investigate 

the physiological effects of brassinolide on one-
year-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 sig-
nificantly increased the contents of leaf osmotic reg-
ulation substances such as proline, soluble sugar and 
soluble protein of seedlings in different levels of 
crude oil contaminated soil during main growth pe-
riod, simultaneously increased the activities of leaf 
enzymatic antioxidants including superoxide dis-
mutase (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), how-
ever 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 de-
hydration and toxicity of crude oil pollution on R. 
pseudoacacia seedlings by improving the osmotic 
regulation and antioxidant defense abilities of seed-
lings. 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. 
 
 
KEYWORDS 
Robinia pseudoacacia seedling; plant physiology; crude 
oil contaminated soil; brassinolide 
 
 
 
 
 

INTRODUCTION 

 
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, includ-
ing stem elongation, pollen tube growth, leaf growth 
and yield increase [1-4]. 

Many researchers have investigated the effects 
of brassinosteroids on stressed plants. Epibrassino-
lide 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 condi-
tions [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-epibrassino-
lide reduced the MDA content, slowed the decrease 
in SOD activity, and increased the proline content of 
rice under chilling stress. The increase in chilling re-
sistance was attributed to brassinolide-induced ef-
fects 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 24-
epibrassinolide 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] re-
ported 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 in-
creased the relative water content, chlorophyll a con-
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tent, photosynthetic rate, leaf area and biomass pro-
duction of wheat under moisture stress. Brassinolide 
was also applied as plant regulator on maize to in-
crease 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 re-
duced 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 concentra-
tion 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 sol-
uble protein and starch content of alfalfa were de-
creased [28]. Soluble protein content and SOD activ-
ity 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 se-
rious. Robinia pseudoacacia is one of the species in 
the local area. It has developed roots and large bio-
mass to repair oil-contaminated soil. The objective 
of this study was to investigate the effects of 
brassinolide on some important physiological pa-
rameters of R. pseudoacacia seedlings in crude oil 
contaminated soil. The results could provide an ef-
fective approach to strengthen the results of phytore-
mediation. 
 
 

MATERIALS AND METHODS 

 
 

 
 

 

 

 

 
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 physio-
logical parameters, including (1) the contents of pro-
line, malondialdehyde, soluble sugar and soluble 
protein, (2) the activities of superoxide dismutase, 
catalase, ascorbate peroxidase and glutathione reduc-
tase and (3) the contents of ascorbic acid and gluta-
thione. The specific methods for the determination 
were suggested by Li et al. [31]. 

 
Statistical analysis. Analysis of variance 

(GLM Univariate) was performed using SPSS soft-
ware (17
differences among treatment means at a significance 
level of P 0.05. Origin 9.0 was used for drawing. 
 
 
RESULTS AND DISCUSSION  

 
Effects of brassinolide on osmotic regulation 

substances and MDA contents of seedlings. Under 
various crude oil contamination levels, the leaf pro-
line, 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 
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MDA contents of brassinolide treated seedlings were 
significantly (P < 0.05) lower compared to the con-
trols 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 os-
motic regulation substances is an important mecha-
nism of plants to survive in adversity. Several re-
searchers have found that increased proline levels 
can protect plants from damage due to water stress. 
Lansac et al. [33] reported that proline, an osmoreg-
ulatory agent, rapidly accumulated in the leaves of 
water stressed plants. More importantly, proline 
seems to have a protective effect on plants under se-
vere water stress [34]. Saradhi et al. [35] reported 
that proline protects protein structure and mem-
branes from damage and reduces enzyme denatura-
tion; this would minimize damage caused by dehy-
dration [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 possi-
ble suppression of the energy supply owing to reduc-
tions in photosynthesis and the overall adverse ef-

fects of the stress on the biochemical processes. Un-
der crude oil pollution stress, brassinolide treatment 
increased the contents of proline, soluble sugar and 
protein to protect plants from damage due to oil pol-
lution stress. 

The observation that the MDA content in un-
treated 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]. In-
crease in MDA content strengthened the idea of re-
active oxygen species generation and subsequent ox-
idative 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 con-
tamination stress. 

Bars represent ± SE (n = 5). A, B and C repre-
sent 10, 15 and 20 g/kg crude oil concentration 
groups. Bars within the same oil concentration group 
followed by the different letters are significantly dif-
ferent at P  

 

 
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. 

 
Effects of brassinolide on enzymatic antiox-

idants activities and non-enzymatic antioxidants 
contents of seedlings. Under various crude oil con-
tamination levels, the leaf SOD, CAT, APX and GR 
activities of seedlings treated with brassinolide were 
significantly (P < 0.05) greater than the controls 

(Fig.2). The highest SOD, CAT, APX and GR activ-
ities were also observed in 0.3 mg/l brassinolide 
treatment. 

Bars represent ± SE (n = 5). A, B and C repre-
sent 10, 15 and 20g/kg crude oil concentration 
groups. Bars within the same oil concentration group 
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followed by the different letters are significantly dif-
ferent at P  

The leaf AsA and GSH contents in brassinolide 
treatments under various crude oil contaminated lev-
els were significantly greater compared to the con-
trols (Fig.3). The AsA and GSH contents of seed-
lings 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 repre-
sent 10g/kg, 15g/kg and 20g/kg crude oil concentra-
tion groups. Bars within the same oil concentration 
group followed by the different letters are signifi-
cantly different at P
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 en-
zymes associated with scavenging free oxygen radi-
cals. SOD may be central in defending cells against 
toxic active oxygen species, however, SOD detoxi-
fies 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. Further-
more, the induction of SOD activity has been shown 
to coincide with an increase in POD and CAT activ-
ity [42]. Bowler et al. [44] and Scandalios [43] indi-
cated that coordination between SOD, POD, and 
CAT played an important role in resisting environ-
mental 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 an-
tioxidative systems may be used to assess effects of 
stresses. Previous reports showed that application of 
brassinosteroids had a significant effect on antioxi-
dant enzyme activity [17, 45]. Chen et al. [46] found 
that treatment with homobrassinolide increased SOD 
and POD activity in rice. Vardhini and Rao [47] re-
ported that treatment with brassinosteroids increased 
CAT activity in sorghum seedlings and may have re-
sulted in an increase in the oxidation of harmful sub-
strates. 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 sig-
nificantly increased SOD, POD, CAT and APX ac-
tivities in seedlings under severe water stress. The 
increase in SOD, POD, CAT and APX activities af-
ter 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 activ-
ity 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 dam-
age, 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 ad-
justment substances and antioxidant enzymes activ-
ity from the seedlings revealed that excessive reac-
tive 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 in-
creases in soluble sugar content, soluble protein con-
tent, 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 pol-
lution stress on R. pseudoacacia seedlings. Treat-
ment of seedlings with brassinolide may be a useful 
management tool for phytoremediation in oil con-
taminated areas. 

 

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 de-
creased 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 con-
taminated soil were significantly increased com-
pared 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 indi-
cated that brassinolide treatment improved the 
growth of R. pseudoacacia seedlings under oil pol-
lution stress, which are in line with the positive ef-
fects of brassinolide on osmotic regulation and anti-
oxidant defense abilities of seedlings. 



© by PSP   Volume 26  No. 7/2017 pages 4851-4858        Fresenius Environmental Bulletin 

 

 

4856 

 
 

 
 

 
 

 
 

 
 

 
 

 
     

 

    
    
    
    

 

    
    
    
    

 

    
    
    
    

Values in the table are mean ± SE (n = 27). Means in each column followed by different letters are significantly 
different at P  
 
 

Some research show that effect of lower con-
centration 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 Cara-
gana 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 en-
vironmental 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. 

 
 
CONCLUSIONS 

 
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 seed-
lings and improved the growth of the seedlings un-
der oil pollution stress. In conclusion, treatment of 
seedlings with brassinolide may be a useful manage-
ment tool for phytoremediation in oil contaminated 
areas. 
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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 inves-
tigated. 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 inocu-
lation. It was observed that the most dramatic down-
regulation time point was 24 hpi for Yr10 gene ex-
pression in all genotypes. After 24 hpi, expression 
pattern was followed by upregulation in all geno-
types at 48 phi. Avocet Yr10 genotype had downreg-
ulation pattern at 72 hpi while Türkmen and Gerek79 
continue having the upregulation pattern till 96 hpi. 
In conclusion, expression of Yr10 gene was fluctu-
ated depends on short-range time scale among 3 gen-
otypes. 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 lev-
els 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 im-

portant crop for Turkey, where Cafer Hoyuk, 
Cayonu, Can Hasan and Mersin regions were the 
main origins of wheat domestication [11].  

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, ineffi-
cient 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 cul-
tivated. Fungicides are being used by most of the 
farmers to prevent from yield loss in wheat produc-
tion. 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 mul-
timillion dollars, and it is dangerous to apply for us-
ers because of its toxic nature. The importance of the 
production of yellow rust resistant cultivars led sci-
entists to determine the disease resistance genes. 
Currently, nearly 61 Yr genes were determined [17] 
and Yr10 is the first race specific yellow rust re-
sistance 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 in-
fected with Puccinia striiformis f. sp. tritici isolate 
87/66.
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TABLE 1 
Primers used in this study to prove the presence of Yr10 gene. 

 

 
FIGURE 1 

Plant material used for gene expression analysis of Yr10 

 
FIGURE 2 

Schematic Illustration of Yr10 Gene 
 

For those kinds of RNA analyses, Real-time PCR 
technology is also a strong tool to quantify RNA lev-
els 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. 

 
MATERIALS AND METHODS 

 
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 Re-
search Institute for Field Crops (CRIFC), Ankara 
(Fig. 1). To monitorize the expression pattern of 
seedling-stage yellow rust resistance gene Yr10, ini-
tially its presence in those genotypes was investi-
gated by PCR analysis. The isolated DNAs were 
screened by specific Yr10 
primers (Fig. 2, Table 1) [12]. Exon 1 and exon 2 
amplicons of Yr10 gene were separated on 2% aga-
rose gel for analysis of PCR products. GeneRulerTm 
1 kb DNA ladder (Fermentas) was used to estimate 
the amplicon size. Electrophoresis was performed 

for two hours at 200V. UVIproMW Software (Ver-
sion 11.02) belong to Uvitec Capturing System was 
used to visualize band pattern on agarose gel.  
 

PST Supply. Puccinia striiformis f. sp. tritici 
was used as pathogen material for spray inoculation. 
Growing of plant material and spreading the inocu-
lum 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.  

 
PST Inoculation. Genotypes carrying Yr10 

gene (Türkmen and Gerek 79) confirmed by the anal-
yses) were planted in soil and grown up till they be-
came two weeks old. A yellow rust resistant geno-
type that carries Yr10 yellow rust resistance gene, 

Yr10
experiment and Little Cub genotype which is suscep-
tible 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 cov-
ering with a nylon bag to avoid from any contamina-
tion of other isolates of rust fungus. The uredospores 
collected from the experimental research sites of 
CRIFC mixed with the simple oil used for spray in-
oculation (Fig. 3). As a negative control, mock sam-
ples were sprayed with only oil. Mock and pathogen 
inoculated samples were

Primers Sequence Tm (oC) Ta (oC) 

Exon 1 
F  70 

64,5 
R  70 

Exon 2 
F  68 

62 
R  66 
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TABLE 2 
Resistance to susceptibility scale for pathogen infection 

Infection type Host response Symptoms 

Resistance 0-6 

0 Immune No visible uredia 
1 Very resistant Necrotic flecks 
2 Resistant Necrotic areas without sporulation 

3-4 Resistant 
Necrotic and chlorotic areas with restricted 
sporulation 

5-6 Moderately resistant 
Moderate sporulation with necrosis and 
chlorosis 

Susceptiblity 7-9 
7-8 

Moderately suscepti-
ble 

Sporulation with chlorosis 

9 Susceptible Abundant sporulation without chlorosis 

 
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 inoc-
ulation). The first leaves of all tagged samples were 
collected and stored at -86oC freezer following treat-
ment with liquid nitrogen (-196oC). Before begin-
ning to total RNA isolations from samples, the suc-
cess of inoculation was proved by phenotypic selec-
tion according to 0-9 scale given in Table 2 [10]. 

 

 
FIGURE 3 

Inoculation of yellow rust uredospores and sam-
pling. 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 mate-

rial; 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. 
 
RNA Isolation. The collected leaf samples 

agarose gel stained by RedSafe (Intron Biotechnol-
ogy, Catalog No: 21141) and visualized under UV 
light by MiniBIS Pro Visualizing System (DNr Bio-
Imaging Systems). RNA samples were treated with 
DNase to avoid from DNA contamination. RNA di-
lutions were prepared for each sample in total vol-
ume of 15.5 μl for final 10 μg/μl RNA concentration. 
1.5 μl of DNase (Promega) and 3 μl of DNase Reac-
tion 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 Bi-
olabs) 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 synthe-

4368814). 10 μl of 2X master mix and 10 μl of di-
luted RNA were mixed to total volume at 20 μl at 
reverse transcriptase PCR. PCR reaction was per-
formed at Applied Biosystem GeneAmp® 9700 PCR 
System. 

 
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 Dehydro-
genase) genes were used as multiple controls. Power 
Sybr® Green Master Mix, ABI (Catalog No: 
4367659) was used for the detection of the amplifi-
cation. 
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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. Türk-
men, Gerek 79 and Yr10
used as plant material both for validation and real-
time PCR studies. 

 

 
FIGURE 4 

A single band at the band size of 754 (bp) ob-
tained from PCR reaction by using exon 1 pri-
mer pair of Yr10 gene at 2% agarose gel. Türk-
men; Gerek 79; M: GeneRulerTM 1 Kb DNA 
Ladder (Fermentas); NC: Negative control. 

 
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: GeneRul-
erTM 1 Kb DNA Ladder (Fermentas); NC: Neg-

ative 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. 

fections because of its susceptible nature to yellow 
rust. The infected plant leaves were screened and 
shown in Figure 6. 

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
o 

0 hpi - 
Mock 

00:15 
mpi 

12 
hpi 

24 
hpi 

48 
hpi 

72 
hpi 

96 
hpi 

1 0 7 8 8 8 8 7 
2 0 7 8 8 8 8 7 
3 0 7 8 8 8 7 8 

 
TABLE 4 

Inoculation scores of Gerek 79 genotype 
GEREK 79 
N
o 

0 hpi - 
Mock 

00:15 
mpi 

12 
hpi 

24 
hpi 

48 
hpi 

72 
hpi 

96 
hpi 

1 0 8 8 7 8 7 7 
2 0 8 8 7 7 8 7 
3 0 8 7 8 7 7 7 

 
TABLE 5 

Inoculation scores of Avocet Yr10 genotype 
AVOCET 'Yr10' 
N
o 

0 hpi - 
Mock 

00:15 
mpi 

12 
hpi 

24 
hpi 

48 
hpi 

72 
hpi 

96 
hpi 

1 0 1 1 1 1 1 1 
2 0 0 1 1 1 1 1 
3 0 1 1 1 1 1 1 

 
Total RNA isolation. DNase-treated RNAs of 

samples were loaded on 1.5% DEPC-treated agarose 
gel (Fig. 7). 

 

 
FIGURE 7 

RNA samples after DNase treatment on 1.5% 
agarose gel. 1: Türkmen-0 hpi - mock, 2: Türk-
men-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 Yr10-
15 mpi, 9: Avocet Yr10-12 hpi, 10: Türkmen-24 

hpi. 
 

Real-time PCR (Q-PCR) analysis. Gene ex-
pression analyses were conducted using Yr10 gene-
specific 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 

each Türkmen, Gerek 79 and Avocet Yr10 genotypes 
were used as template for cDNA synthesis for real-
time PCR reaction. As a result of real-time PCR re-
actions, Yr10 gene expression graphs of each geno-
type were obtained (Fig. 8 - 10)
Türkmen, Gerek 79 and Avocet Yr10 genotypes 
were assumed as biological control of the reaction.  

 
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: loga-

rithmic Relative Quantification) 
 

 
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: loga-

rithmic Relative Quantification) 
 

 
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: loga-

rithmic Relative Quantification) 
 
Amplifications obtained by ACBT and 

GAPDH primer pairs were used as multiplex endog-
enous control for the normalization of the Yr10 gene 
expression for each reaction. The Yr10 gene expres-
sion 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-regu-
lation at 24 hpi. At 48 hpi, there was an increase at 
up-regulation of Yr10 gene. The up-regulation was 
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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-reg-
ulation 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 effec-
tive 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 re-
sistance at seedling-stage, was selected and used to 
investigate gene expression pattern by real-time PCR 
in this study. Expression profiling of Yr10 in Türk-
men 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 geno-
types. In contrast to our results Xingquan [14] re-
ported the expression of eight candidate genes re-
lated with yellow rust resistance was observed at ba-
sal levels before infection of wheat plants. Expres-
sion profile of Yr10 was down regulated at all six 
time points in Türkmen while Gerek 79 showed up-
regulation at 15 mpi and 12 hpi in our study. The 24 
hpi was critical for all genotypes because of the high-
est 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 Tü-
rkmen and Gerek 79 suggesting that this gene may 
participate in plant defense response through differ-
ent regulatory mechanisms. The fluctuations of ex-
pression levels of Yr10 in Türkmen and Gerek 79 as 
well as positive control Avocet Yr10 between differ-
ent time points can be attributed short term effects of 
pathogen on plant after inoculation.  It is also obvi-
ous that genes involved in stress response and signal-
ing pathways are also down regulated in virulent in-
fections. On the other hand, Yu [15] investigated the 
expression patterns of twelve genes involved in the 

incompatible interaction between wheat and Puc-
cinia striiformis f. sp. tritici at 12, 18, 24, 48, 72 and 
120 hpi. According to their study, the most of de-
fense-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 ma-
terial 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 SPK-
SNT7) transcripts were stimulated and up-regulated 
to their highest levels at 24 hpi, while that of two 
genes (SHMT and SAMDC) were significantly ex-
pressed at 48 hpi.  

In our study, we investigated Yr10 gene expres-
sion pattern assuming as responsible for seedling-
stage 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 demon-
strated that Yr10 gene was induced after 24 hpi in 
Türkmen and Gerek 79, suggesting it is transcrip-
tionally activated for the host defense response be-
cause the pathogen tries to mediate host cell expres-
sion 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 tran-
scriptomic level is currently more environmentally 
friendly method to fight with yellow rust disease ra-
ther 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 RNA-
level. Wider-ranges of time points and additional 
studies (RNA-DNA interaction /or RNA-RNA inter-
action that targeted the Yr10 gene) are necessity for 
a better understanding of Yr10 
resistance.  

Zhang [16] indicated that there is a relation be-
tween NBS-LRR family defense genes and miRNAs. 
They investigated miRNAs across 70 land plant ge-
nomes 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 miR-
NAs for NBS-LRR gene regulation in Poaceae too. 
They concluded that there is a higher rate of diversi-

NBS-LRR 
genes by wobble positioning in this family contain-
ing T. aestivum. The hexaploid structure of bread 
wheat may be the inducement of that much defense 
gene diversity. They stated that they concluded the 
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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 dif-
ferent 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 ex-
panded-range of study of PST-wheat interactions. 
Our genotypes gave response to an admixed PST iso-
late 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 vir-
ulence and NBS-LRR families are in an ongoing 
change. 

 
 

CONCLUSION 
 
In this study expression pattern of a yellow rust 

disease resistance gene (Yr10) in three yellow rust 
resistant winter type bread wheat (Triticum aestivum 
L.) were investigated.  

Identification of expression patterns of gene/s 
responsible for interested traits is another issue for 
plant breeding programs. In this study, we investi-
gated the expression profile of yellow rust resistant 
gene, Yr10 in wheat gene pool. It was observed that 
the most down-regulated time point was 24 hpi for 
Yr10 gene expression in all genotypes and expres-
sion levels were fluctuated depends on the genotype 
and time points that we used. Expression of Yr10 
gene was down regulated until 24 hpi in Gerek79 
while up regulation of Yr10 was observed after 24 
hpi in Türkmen. The increased time points for ex-
pression profiling is required for more effective eval-
uation of stripe rust resistance response in wheat. 
However better conclusions to understand the re-
sponse of plant to yellow rust attack can be acquired 
as more genes identified in wheat and presented in 
future. In the frame of our results, Gerek 79 and Tü-
rkmen genotypes, carrying Yr10 gene, can be used as 
material for wheat breeding programs focused on 
yellow rust resistance. 

Further studies on genetic diversity and gene 
expression profiling can lead to develop novel breed-
ing lines which are resistant or tolerant with higher 
genetic infrastructures as environmentally friendly 
and consuming the everlasting needs of human-be-
ing. For yellow rust epidemics, owing to the require-
ments for inoculation such as appropriate climatic 

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 yel-
low 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 fur-
ther selection of cultivars to develop elite breeding 
lines resistant to fungal epidemics. 
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ABSTRACT 
 

Leachate and groundwater samples were col-
lected during quarterly sampling campaign, on un-
sanitary municipal solid waste (MSW) landfill in 
Novi Sad, Serbia, from April 2014. to February 
2015. Determination of T, pH, EC, DO, BOD5, 
COD, nitrite nitrogen (NO2-N), nitrate nitrogen 
(NO3-N), ammonia nitrogen (NH4-N), total nitrogen 
(Tot N), total phosphorus (Tot P), boron (B), sul-
phate (SO4

2-), 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 multivari-
ate statistical method was later used for data filtering 
in order to classificate the potential sources of pollu-
tion. Four principal components (PCs) were identi-
fied, explaining 93,802 % of the total variance. Clus-
ter analysis (CA) was applied for grouping the sam-
pling locations on MSW landfill in Novi Sad in ac-
cordance with the obtained values of physico-chem-
ical parameters. Information obtained by CA has en-
abled the developing of future research monitoring 
programme, for each sampling location on the land-
fill in Novi Sad. The results obtained from this study 
could be very useful for planning of monitoring pro-
grammes 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 con-
tinuous generate waste amounts. Sustainable munic-
ipal solid waste (MSW) management presents a sig-
nificant social and environmental concern since the 
landfilling is the oldest and the most used disposing 

method [1]. Separation of the mixed municipal waste 
containing different materials, at the source of pro-
duction, is very significant [2]. In many countries in-
cluding Serbia, it is not conducted properly. Waste 
management practice in Serbia could be described as 
undeveloped, consisting of only two operations, col-
lection and land disposal [3]. The unlined landfills 
where potentially hazardous waste is disposed to-
gether with municipal waste, still exist in many parts 
of the world, particularly in the underdeveloped and 
developing countries [4], such as Serbia. These land-
fills can be harmful to the environment, in the terms 
of odor diffusion, methane emissions, leachate gen-
eration, contamination of groundwater nearby [5] 
and therefore, an appropriate monitoring pro-
grammes are needed.  

Nowadays, a large number of landfills have es-
tablished their monitoring programmes for leachate 
and groundwater. The parameters included in moni-
toring programmes of landfill sites vary not only be-
tween developed and undeveloped countries, but 
also within one country [6]. In most cases, these pro-
grammes propose the minimum number of physico-
chemical parameters, including those suggested by 
the provincial and regional regulations. On the other 
hand, some programmes also comprise the observa-
tion 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, in-
filtration processes, average ambient temperature, 
depth of landfill [7] and external climate and hydro-
logical characteristics. In most developing countries, 
the cost of laboratory analysis may affect the limita-
tion of the number of physico-chemical parameters 
in the monitoring programmes. Therefore, it is nec-
essary to determine the parameters of interest for in-
dividual sampling location on each landfill site, in 
order to optimize their number. It is possible to opti-
mise 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 
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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 stud-
ies; 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.  
 
 
MATERIALS AND METHODS 

 
Landfill in Novi Sad. Unsanitary MSW land-

fill 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 con-
trol of leachate and groundwater quality. Fence and 
gate with a weight bridge were set up in order to pre-
vent 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 ca-
nal, 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%), plas-
tic (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 

below the surface. Groundwater samples were col-
lected 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 leach-
ate samples, respectively. Measurements of conduc-
tivity (EC), pH values and dissolved oxygen (DO) 
were performed insitu. 

 
Laboratory analyses. The following parame-

ters were determined in accredited Laboratory for 
monitoring of landfills, wastewater and air, Univer-
sity of Novi Sad, Faculty of Technical Sciences, De-
partment 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), sul-
phate (SO4

2-), 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 

ciple of operation. The COD, NO2-N, NO3-N, NH4-
N, and Tot P concentrations were measured with 
UV/VIS spectrophotometer (DR 5000, HACH, Ger-
many). Precision and accuracy of the methods were 
verified with the certified reference materials De-
mand WP, Simple nutrients WP, Complex nutrients 
WP (RTC, UK). For the determination of metals cat-
ions, 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 absorp-
tion 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 %. 

 
 

 
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 Unit SK1 SK2 
Literature 

data [17-18] 

Requirements 
for discharge of 

leachate [26] 

Acid phase 
[27] 

Methanogenic 
phase [27] 

  Range Average Range Average     
Tw  8.4-19.4 14.12 3.9-21.7 14  30   
pH - 7.6-7.7 7.65 7.6-7.8 7.72 4.5-9 6.5-9 4.5-7.5 7.5-9 
EC mS/cm 1.53-2.62 1.855 1.56-1.76 1.67     
DO mg/L 0.3-2.7 1.8 1-4.8 2.3     
NO2-N mg/L 0.05-1.3 0.7625 0.2-1.6 0.75  2   
NO3-N mg/L 0.005-0.005 0.005 0.005-0.2 0.10125     
NH4-N mg/L 17.3-45.5 28.1 22.9-37 30.75     
Tot P mg/L 0.1-3 1.625 0.1-6.3 2.925 0.1-23 3   
KMnO4 mg/L 19.6-44.8 27.5 17.7-51.1 26.6     
COD mg/L 77-316 163.75 62-383 189.75 140-152000 200 6000-60000 500-4500 
BOD5 mg/L 56-102 80.25 45-266 117.25 20-57000 20 4000-40000 20-550 
SO4

2- mg/L 21-102 45.75 86-96 90 8-7750  70-1750 10-420 
Tot N mg/L 5.7-47.6 23.6 1.2-33.9 19.375     
B mg/L 0.2-0.5 0.35 0.2-0.4 0.325     
Ca mg/L 70.5-147.8 117.175 76.1-138.9 113.225 10-7200  10-2500 20-600 
Mg mg/L 48.6-116.6 67.35 67-110.1 92.4 30-15000  50-1150 40-350 
Na mg/L 180.7-427.6 273.45 124.8-365.1 206.9 70-7700    
K mg/L 31.8-52.3 45.725 26.7-75.3 42.45 50-3700    
Fe mg/L 0.6-1.1 0.875 0.6-3 1.3 3-5500  20-2100 3-280 
Zn mg/L 0.025-0.6 0.1875 0.025-0.2 0.0875 0.03-1000 2   

 
 

Statistical methods. To evaluate the results of 
one year monitoring programme, principal compo-
nent analysis (PCA) and cluster analysis (CA) were 
performed. PCA is a suitable statistical tool that ex-
plains 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 physico-
chemical parameters in order to extract significant 
PCs and to reduce the variables with low signifi-
cance. CA is a suitable chemometric tool for compil-
ing the objects according to their characteristics [15]. 

method was performed on obtained dataset, in order 
to optimise the future research monitoring pro-
gramme 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 pre-
sented in Table 1.  

Different fields of the landfill might be in dif-
ferent phases of the transformation and decomposi-
tion 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 character-
ised by relatively slow dynamic biological degrada-
tion 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 

monitoring period, satisfying the limit values pre-
scribed 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 leach-
ate 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, dur-
ing 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 ob-
tained 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 clas-
sifies 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 ex-
ploited 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 SO4
2- from SK1 and 

SK2 are consequent with the results obtained earlier 
[17-18] and are in the range of values which are char-
acterised for mature landfills [19]. Sulphate anions 
are lower in the methanogenic phase due to redox 
conditions of SO4

2- 2-, by microbiological pro-
cesses [17].  
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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 physico-

chemical characteristics from five sampling loca-
tions on MSW landfill in Novi Sad are shown in Ta-
ble 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 im-
pact of leachate on groundwater quality, in that pe-
riod. 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 

and groundwater) and to identify the intercorrelated 
factors, experimental data were processed using the 
PCA. Four principal components were revealed, ex-
plaining 93,802 % of the total variance. Principal 
component loadings of these variables with the vari-
ances 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 vari-
ance. 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 compo-
nents 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 de-
composition of biodegradable waste. 

The second component, PC2, is dominated by 
Tot P, SO4

2-, Mg, K and Zn, accounting for 20.076% 
of the total variance. The dominance of SO4

2- could 
be explained by the oxidation of sulphite minerals, 
industrial waste loaded by sulphur, or by decompo-
sition of proteins. Sulphate anions are one of the ma-
jor 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 rain-
water [30]. Zn suggests the presence of toxic frac-
tions 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. 

 
 

TABLE 2 
Physico-chemical quality of groundwater from MSW landfill in Novi Sad (April 2014  February 2015) 

 
  P2 P3 P4 P6 B1 WHO 

  Range Average Range Average Range Average Range Average Range Average  

Tw  11.7-19.1 15.525 9.6-17.6 14.225 9.9-18.8 14.875 13.2-16.1 15.15 4.5-17.6 13.025 / 
pH - 7.3-7.5 7.425 7.3-7.6 7.5 7.3-7.7 7.525 7.1-7.6 7.375 7.4-7.7 7.525 6.5-8.5a 

EC mS/cm 1.52-2.02 1.65 1.06-1.16 1.1125 1.36-1.78 1.5375 0.83-1.38 1.16 0.86-1.55 1.1175 / 
DO mg/L 1-2.7 2.1 2.1-3.5 2.9 2.6-3.3 3 0.2-3.4 2.025 1.1-3.8 2.95 / 
NO2-N mg/L 0.05-2 0.9375 0.5-1.4 0.85 0.05-1.9 0.7875 0.3-1.1 0.7 0.05-23.4 6.3625 3a 

NO3-N mg/L 0.005-0.1 0.02875 0.005-0.5 0.1525 0.005-0.5 0.12625 0.005-0.1 0.07625 0.005-0.1 0.07625 10a 

NH4-N mg/L 9.7-14.8 12.45 1.25-2.1 1.7625 4.1-5.9 4.95 1-19.1 7.2625 0.3-1.9 1.1125 1.5b 

Tot P mg/L 0.1-0.3 0.175 0.1-0.2 0.125 0.2-0.4 0.3 0.1-1.6 0.8 0.1-0.3 0.2 / 
KMnO4 mg/L 3.2-18.3 10.65 6.2-9.8 7.875 14.3-21.4 17.025 3.9-15.2 9.075 3.8-12.2 8.975 / 
COD mg/L 81-147 114.3 20-41.8 28.7 61-80 71.475 13-131.9 62.225 16-61 40.725 / 
BOD5 mg/L 52-105 68.25 8-38 23 2-64 33.75 3-48 21.75 1-24 11.75 / 
SO4

2- mg/L 1-1 1 1-1 1 1-3 1.5 96-97 96.5 1-101 38 200b 

Tot N mg/L 6.4-68.9 38.475 6.2-67.5 35.5 8.9-26.9 20.225 7.1-43.9 23.475 4.9-20.7 8.975 / 
B mg/L 0.2-3.4 1.3 0.05-0.4 0.2625 0.05-0.5 0.3375 0.1-1 0.4 0.1-0.7 0.35 2.4a 

Ca mg/L 50.3-229.6 167.4 80.9-128.5 107.475 78.5-126-2 99.95 96.3-207.7 175.725 69.7-213.6 123.875 / 
Mg mg/L 34.1-70.4 54.6 28.7-48.6 37.1 44.2-85.7 59.425 55.4-94.4 72.45 39.7-68.2 51.2 / 
Na mg/L 28.5-259.2 168.95 47-359.9 168.125 156.4-254.4 193.275 55.4-217.3 98.175 9.5-259.2 133.1 200a 

K mg/L 5.9-18.9 13.75 5.8-36.2 14.35 19.7-32.2 24.85 5.9-37.4 22.55 1.1-33.8 15.175 / 
Fe mg/L 1.4-5 3.6 2.4-6.4 4.825 2.7-9.2 4.975 0.15-3.6 2.3375 0.15-1.4 0.6125 0.3a 

Zn mg/L 0.3-2.1 1.4 0.1-0.9 0.5 0.1-0.5 0.2 0.025-0.1 0.04375 0.025-0.3 0.18125 3a 

aWHO (2011), bWHO (2003) 
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TABLE 3 
PCA loadings of significant principal component variables 

 

Parameters  
Rotated Component Matrix 

PC1 PC2 PC3 PC4 
Temperature -.099 -.016 .380 .879 
pH .850 .119 -.340 -.344 
EC .901 -.056 .292 .161 
DO -.404 -.465 -.680 -.239 
NO2-N -.380 -.159 .046 -.898 
NO3-N -.344 -.083 -.838 .213 
NH4- N .896 .376 .206 .024 
Tot P .736 .617 -.067 -.062 
KMnO4 .940 .275 -.100 -.074 
COD .902 .300 .270 .045 
BOD5 .892 .201 .204 .135 
SO4

2- .083 .957 .115 -.237 
Tot N .015 -.397 .291 .773 
B -.017 -.390 .821 .302 
Ca -.434 .318 .802 .258 
Mg .522 .772 .090 .028 
Na .924 -.217 -.100 -.016 
K .748 .600 -.180 .139 
Fe -.280 -.510 -.333 .730 
Zn -.036 -.658 .613 .350 
Eigen value 7.768 4.015 3.634 3.342 
% of variance 38.842 20.076 18.171 16.712 
Cumulative % 38.842 58.919 77.090 93.802 

PCA loadings which are higher than 0.6 are marked  
 
 

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 bo-
ron levels in the water streams from landfills [32]. 
Consequently, PC3 could be defined as decomposi-
tion of plastic and mineral waste. 

The fourth component, PC4, explains 16.712% 
of the total variance by positive loading for temper-
ature, 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, polish-
ing agents, electrical appliances and others [33]. The 
main source of Tot N in landfill water streams is 
waste containing proteins. The kinetics of large pro-
teins (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 pro-
cesses of construction waste, paints, chemical agents 
and electrical appliances, as well as the decomposi-
tion of waste containing proteins. 

 
CA. 

method was applied on obtained dataset and den-
dograms 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, clus-
ters 1 and 2, are characterised by similar trends of 
variation of all parameters from PC1, except for 

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 parame-
ters 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 signifi-
cant 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 precip-
itation processes and degradation of waste contain-
ing toxic materials, it can be concluded that leachate 
water from this canal is highly influenced by the per-
colation 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 
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oldest one, it could be assumed that groundwater 
from P2 is contaminated by migration and percola-
tion of water through the old deposits of waste con-
taining 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 activi-
ties in the vicinity of P2 could also contribute to the 
pollution of groundwater. 

The forth dendogram was obtained by compar-
ison with the PC4 (Fig. 2d). Dendogram separates 

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 ground-
water sample, in the last campaign. It could be as-
sumed that the percolation of leachate had the nega-
tive 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 pie-
zometers are old, they could contribute to the occur-
rence of elevated levels of Fe, as well. 

 
 

  
(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 
 

  Tw pH EC DO NO2-N NO3-N NH4-N Tot P KMnO4 COD 
P2 x x x / x x x x / x 
P3 x x x / x x x x / x 
P4 x x x / x x x x / x 
P6 x x x / x x x x / x 
B1 x x x / x x x x / x 
SK1 x x x / x x x x / x 
SK2 x x x / x x x x / x 
  BOD5 SO4

2- Tot N B Ca Mg Na K Fe Zn 
P2 x x x x / / x / x x 
P3 x x x / / / x / x / 
P4 x x / / / / x / x / 
P6 x x / x / / x / x / 
B1 x x / / / / x / x / 
SK1 x / x / / / / / / x 
SK2 x / x / / / / / x / 

 
 

Serbian bylaws prescribe the limit values of 
physico chemical parameters that should be moni-
tored in leachate water samples on the place of dis-
charge, 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 achieve-
ment (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, SO4

2-

, 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 moni-
toring programmes was conducted according to the 
data obtained using PCA and CA (Table 4). 
 
 
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, SO4

2, 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 methano-
genic phase of decomposition with continuous gen-
eration 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-

taminants above the WHO guideline values in sam-
ples from piezometers and well, indicate the poten-
tial 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 groundwa-
ter 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 man-
agement practice and could contribute in strengthen-
ing the capacity of national legislation. 

Landfill environment is high loaded heteroge-
neous system and, there is a need for extension of the 
number of parameters by persistent organic pollu-
tants and emerging substances in order to obtain 
more comprehensive research monitoring pro-
grammes and more realistic feature on the environ-
ment of MSW landfill sites. 
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ABSTRACT 
 

In this study, the effects of goldenberry and lu-
pin 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, STZ-
Diabetes 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. Glu-
tathione 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 streptozotocin-
induced diabetes. 

 
 

KEYWORDS:  
Diabetes, Erythrocytes, Goldenberry, Lipid peroxidation, 
Lupin, Serum 

 
 

INTRODUCTION 
 
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 irreg-
ularities in insulin levels; further, patients have an 

altered cellular homeostasis that produces diffuse 
vascular damage and multi-organ dysfunction. Dia-
betes is a metabolic disorder of multiple etiologies 
characterized by chronic hyperglycemia with dis-
turbance 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 melli-
tus, is hereditary and is treated by insulin, and type 
2, non-insulin dependent diabetes mellitus is age-as-
socitiated 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 espe-
cially 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 anti-
diabetic effects and biochemical activities of 
Physalis peruviana and Lupinus albus fruit extracts  
in erythrocytes and serum of diabetic rats. 

 
 

MATERIALS AND METHODS 
 
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. 
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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. 

 
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 vacu-
tainer tubes. Erythrocyte pellets were separated from 
plasma by centrifugation in 4,000 rpm. Then, eryth-
rocyte 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. 

 
Homogenate Preparation. Blood samples 

were homogenized in Tris-HCl buffer (pH 7.5) and 

centrifuged at 9000 rpm for 20 min at 4°C. Superna-
tants were collected, aliquoted, and stored at 70°C 
until use. The supernatant obtained from the 
TBARS, reduced glutathione and total protein anal-
ysis, fatty acid analysis of the pellets were per-
formed. 

 
Chemical Analyses. Lipid peroxides 

(TBARS) in blood samples homogenate were esti-
mated 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 meas-
ured at 412 nm by the method of Ellman [10]. Ex-
traction of lipids from the tissue specimens was per-
formed according to the method of Hara and Radin 
[11]. Preparation of fatty acid methyl esters was an-
alyzed according to the method of Christie [12]. The 
fatty acid methyl esters were analyzed in a gas chro-
matograph with a Macherey-Nagel capillary col-
umn. During the analysis, column heat was main-
tained 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 con-
tents in erythrocytes and serum were determined as 

uring protein was followed according to Lowry et al. 
[13] using BSA (Bovin serum albumin) as standard. 

 
Statistical Analysis. One-way analysis of var-

iance (ANOVA) and Post Hoc Tukey-HSD test were 
used to determine differences between groups. Re-
sults 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. 

 

 
 

TABLE 1 
The blood glucose concentration changes in all groups 

 
Blood Glucose Levels  C D D+PP D+LA 
  61.83±3.86 138.17±29.46 162.55±27.15 153.80±29.96 
2 Weeks 66.83±2.61 141.42±13.63 138.91±8.51 150.00±15.13 
3 Weeks 67.00±8.11 144.17±19.24 132.73±7.21 149.40±9.12 

4 Weeks 96.50±12.34 152.75±19.38 129.27±9.45 144.90±7.41 
5 Weeks 106.50±15.17 155.00±23.94 124.82±9.54 136.20±3.40 
6 Weeks 108.00±10.34 211.75±43.33 121.00±15.53 135.80±7.06 

End Applications 109.33±2.58 249.00±28.31 113.73±17.65 124.20±5.61 
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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. 

 
Values of Erythrocytes and Serum in Type-

2 Diabetes. The levels of MDA, GSH and total pro-
tein 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 

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). 
 
 

TABLE 2 
The MDA, GSH and protein levels of  

erythrocytes in all groups 
 

Groups MDA (nmol/g) GSH (μg/g) Protein (μg/g) 
C 2.62±0.14 446.96±18.25 11.17±0.29 
D 4.55±0.11d 249.01±2.25d 5.91±0.18c 

D+PP 3.25±0.17c 359.56±1.05b 5.19±0.18d 

D+LA 1.92±0.09d 349.88±1.91b 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 se-
rum 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 

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). 
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TABLE 3 
The fatty acids levels of erythrocytes in all groups (mg/g) 

Fatty Acids C D D+PP D+LA 
16:0 172.14±31.90 49.19±0.35d 76.06±1.64c 67.25±1.33b 

18:0 74.22±12.55 46.23±24.41b 41.85±14.07c 32.09±12.46d 

 246.36±44.45 95.42±24.76 117.91±15.71 99.34±13.79 
18:1, n-9 53.80±1.88 31.53±1.22b 21.51±5.41d 24.13±7.69c 

 53.80±1.88 31.53±1.22 21.51±5.41 24.13±7.69 

18:2, n-6 71.35±14.79 48.07±24.58b 34.86±0.66c 27.92±0.62d 

20:4, n-6 154.34±14.35 63.20±1.17d 93.52±0.60b 78.06±0.62c 

22:6, n-3 82.98±2.35 26.42±0.71d 34.92±10.31b 31.211±7.61c 

 308.67±31.49 137.69±26.46 163.30±11.57 137.19±8.85 
b: p<0.05, c: p<0.01, d: p<0.001 
 

TABLE 4 
The MDA and protein levels of serum in all groups 

 
Groups MDA (nmol/g) Protein (μg/g) 
C 2.67±0.69 2.67±0.69 
D 4.76±0.13d 4.76±0.13d 

D+PP 3.54±0.21c 3.54±0.21c 

D+LA 2.59±0.10a 2.59±0.10a 

a: p>0.05, c: p<0.01, d: p<0.001 
 

TABLE 5 
The fatty acids levels of serum in all groups (mg/g) 

 
Fatty Acids C D D+PP D+LA 
16:0 244.58±13.92 214.55±16.54c 220.74±15.89b 156.67±12.35d 

18:0 67.93±1.50 109.48±3.92d 107.25±7.88d 69.93±0.24a 

 312.51±15.42 324.03±20.46 327.99±23.77 226.6±12.59 
16:1, n-7 49.00±0.27 49.09±0.27a 33.85±1.22c 36.87±1.73b 

18:1, n-9 246.89±13.03 188.11±18.32b 167.31±15.84d 174.72±20.66c 

 295.89±13.30 237.2±18.59 201.16±17.06 211.59±22.39 
18:2, n-6 243.12±13.37 203.41±9.97b 195.21±15.34c 175.93±15.40d 

20:4, n-6 164.38±15.95 180.38±12.48d 179.32±16.64d 151.07±6.54b 

22:6, n-3 42.95±0.24 48.75±9.89c 48.19±0.95c 60.81±0.79d 

 450.45±29.56 432.54±32.34 422.72±32.93 387.81±22.73 
a: p>0.05, b: p<0.05, c: p<0.01, d: p<0.001 
 
 

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 

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). 
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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 non-
enzymatic 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 

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 9-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 

- - -5 fatty acid desaturases, 
decreased arachidonic and increased linoleic acid 

-6 pathway may be 
increased by insulin and diet restriction [36]. 

 
 

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. 
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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 post- 
treatment) 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 

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 [9-
11]. 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 
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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.  

 
 

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 

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 hematoxylin-
eosin staining, one of histological staining methods, 
to the cross-sections [22]. 

 
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 

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 

-azino-bis (3-ethylbenz-
thiazoline-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 
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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. 

 
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 

-

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). 

 
 

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).   

 
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 post- 
treatment) 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 
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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 (pre-
tretment); 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 [37-
40]. 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 

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 post-
treatment 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.  
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ABSTRACT 
 
The stress driving from noise is one of the im-

portant 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 dor-
mitories of Kermanshah University of Medical Sci-
ences (KUMS) in Iran, 2016. 

This study is a descriptive-analytic, cross sec-
tional study that assessed the noise level in different 
part of libraries of five faculties including: phar-
macy, dentistry, medical, paramedical, and health 
schools in KUMS and two dormitories of this uni-
versity. For this aim we used 5969 Casella phonom-
eter and finally the obtained data were compared 
with the Iranian and USA federal standards. 

According to the results, all of the assessed dor-
mitories 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 psycholog-
ical harms to students and it reduces the students` at-
tention and effectiveness; so reduction of these dis-
tractive noises is essential for raising the libraries 
and dormitories qualification. 
 
 
KEYWORDS:  
noise pollution, library, dormitory, Kermanshah  

 
  

INTRODUCTION 
 
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 

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 psycholog-
ical problems [5]. 

The dormitory as a place for students reside, 
can play a significant role during a students` educa-
tional period. All the different circumferential as-
pects 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 psy-
chological 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 inse-
curity 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 es-
tablished by the federal or local rules. This maxi-
mum 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 residen-
tial 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. 

 
 

MATERIAL AND METHODS 
 
This study is a descriptive-analytical, cross sec-

tional 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 
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TABLE 1 
The noise level in libraries of KUMS 

No. Location Min.(dB) Max.(dB) Mean (dB) Standard deviation 
1 Book reservoir of medical school 30.12 44.20 39.40 2.64 
2 IT lounge of medical school 35.60 46.00 42.25 1.82 
3 Study hall of dentistry school 39.00 49.50 45.00 2.34 
4 Study hall of Boostan dormitory 31.70 41.20 39.55 2.32 
5 Study hall of Mofatteh dormitory 44.00 54.00 47.13 2.02 
6 Book reservoir of dentistry school 38.00 46.50 43.36 1.12 
7 Study hall of paramedical school 42.30 54.90 49.83 1.75 
8 Study hall of pharmacy school 33.60 38.00 35.03 1.05 
9 Book reservoir of pharmacy school 37.50 44.00 42.50 1.56 
10 IT lounge of pharmacy school 43.00 48.60 47.14 1.25 
11 Book reservoir of health school 34.80 42.50 37.66 2.25 
12 IT lounge of health school 47.00 54.90 52.74 1.75 
13 Book reservoir of paramedical school 45.60 55.00 47.97 1.25 
14 Study hall of health school 48.00 51.00 50.13 0.28 
15 Study hall of medical school 32.00 37.80 36.98 1.71 
16 IT lounge of paramedical school 38.80 51.00 48.58 1.25 
17 IT lounge of dentistry school 36.00 43.70 40.70 1.04 

TABLE 2 
Noise level in dormitories of KUMS 

No. Location    Min.(dB) Max.(dB)   Mean (dB)    Standard deviation 
1 Boostan dormitory block 1, 1st floor    35 49   40.05         2.35 
2 Boostan dormitory block 1, 2nd floor   37.7 50   46.13         3.25 
3 Boostan dormitory block 1, 3rd floor   37.8 47   43.78         2.75 
4 Boostan dormitory block 2, floor 1   35 45    39.28         1.85 
5 Boostan dormitory block 2, floor 2   40 56.9   44.2         2.25 
6 Boostan dormitory block 2, floor 3   43.7 59   47.49         1.56 
7 Boostan dormitory block 3, floor 1   30.1 43.3   38.5         2.24 
8 Boostan dormitory block 3, floor 2   37.2 52.3   41.67         1.25 
9 Boostan dormitory block 3, floor 3   35.8 48.5   39.85         1.63 
10 Mofatteh dormitory floor 1  39 51.9   48.8         2.56 
11 Mofatteh dormitory floor 2  36.8 50   46.2         2.56 
12 Mofatteh dormitory floor 3  42.5 49   48         1.36 
13 Mofatteh dormitory floor 4  40 50   47.5         1.45 
 

made in England. To ensure the accuracy of meas-
urements by the phonometer we had to calibrate it 
with a standard sound generator. This device pro-
duces certain frequencies equal to 94 to 114 dB and 
the calibration was done in the laboratory by this de-
vice. 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 (30-
100 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 sta-
tions were determined. All measurements in centers 
of determined stations, in decibels, were read from 
the device and recorded in special forms. All sam-
plings 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 meas-

ured 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 

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. 

 
FIGURE 1 

Comparison of the measured noise intensity in 
libraries 
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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 dormi-
tory 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 signifi-
cantly 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 stu-
dent dormitories can be mentioned to the adjacent 

spaces sounds, voice of vehicle traffic, student com-
muter, 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 dormi-
tories, 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 dormito-
ries. Corrective action, including double glazed win-
dows, using rubber at the end of the seats, using car-
pet as a floor covering and also keeping and on time 
repair of all electronic equipment is recommended. 
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