
© by PSP Volume 16 – No 1. 2007   Fresenius Environmental Bulletin    

38 

THE EFFECT OF LEAD IONS IN  
AQUATIC MEDIUM ON THE GROWTH RATE OF  

Lemna minor, A FRESHWATER MACROPHYTE DUCKWEED 
 

Yağmur Uysal* and Fadime Taner 

Fatih Quarter, Vivaldi Complex, H Block 7/13 Davultepe, 33320 Mersin, Turkey 

Mersin University, Engineering Faculty, Dept. of Environmental Engineering, 33343 Mersin, Turkey 

 
 
 
 
SUMMARY 

In this study, the effects of Pb(II) on the growth rate 
of Lemna minor (L.) have been investigated in aqueous 
media with different initial pH values (4.5-8.0), tempera-
tures (15-35 0C) and lead ion concentrations (0.1-100.0 mg 
L-1). The numbers of fronds were determined with time. 
The kinetic model of plant growth was derived by using 
the changes in the number of fronds with time, and it was 
found that the kinetic model fitted well to the first-order 
reaction kinetics. The reaction rate constants were deter-
mined for all conditions. The initial pH of culture media 
did not significantly change the growth rate constants. It 
was found that optimum temperature was 25 0C for the 
plants grown in either lead ion containing media or control 
media. The results showed that lead ions were toxic at cer-
tain concentrations, thus they reduced the growth rate con-
stants. However, any severe toxic effects on the plants were 
not observed.  
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INTRODUCTION 

Due to various human and natural activities, ecosys-
tems are being contaminated by heavy metal ions, which 
represent serious ecological and health problems with re-
gard to their toxic effects and accumulation throughout 
the food chain [1]. Environmental risk and damage occurs 
when the metal ions are available in the media where the 
living organisms are present [2].  

Lead ions are one of the most hazardous ions in the 
environment. Common sources of lead ion in water and 
soil are closely linked to leaded gasoline, lead-based paint, 
and the sewage sludge used as fertilizer or land disposal, as 

 

well as industrial wastes [3]. Lead is also found in accu-
mulator industry sludge, toy production, printing, petro-
leum industry, and wastewater and exhaust gases [4]. Lead 
is a non-essential metal for plant growth, and it may become 
extremely toxic [5].  

Recently, phytoremediation was accepted as a prom-
ising technology for removal of pollutants from soil and 
water. This kind of technology uses vegetation to remove, 
detoxify, or stabilize persistent pollutants. Compared with 
other remediation procedures, this technique has many ad-
vantages, such as low economic costs, and the generation 
of recyclables, possibly being applied to soils and waters, 
causing a minimum environmental impact [6]. 

Constructed wetlands are inexpensive systems for 
wastewater treatment, and their vegetation designed to treat 
metal ion contaminated water is able to grow in hostile 
conditions of elevated metal concentrations, high acidity 
and low nutrient content [7]. Metal ion bioaccumulation by 
plants depends upon numerous biotic and abiotic factors, 
such as temperature, pH and dissolved ion species and con-
centration in water [4]. Selection of an optimal aquatic 
plant species for removal of metal ion will also depend on 
the ease of growth of the plant.  

Lemna species, commonly used in constructed wet-
lands, provide habitat and a food source for a variety of 
macro-invertebrates, herbivorous fish and water fowl [8]. 
Lemna sp. has been also widely used in toxicity testing of 
chemicals and effluents [9]. Waste effluents are character-
ized by substantial variations in pH values and concentra-
tion ranges of different heavy metal ions. In addition, treat-
ment occurs mostly in natural systems depending on the 
metabolic activities of the living plants. Thus, in this 
study, we have investigated the growth rate and poten-
tial of Lemna in aquatic media that have different pH (4.5-
8.0), temperatures (15-35°C), and Pb(II) concentrations 
(0.1-100.0 mg L-1). 
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MATERIAL AND METHODS 

Plant material and growth conditions 

The test species used was Lemna minor (Lemnaceae), 
a small freshwater macrophyte, commonly known as duck-
weed. L. minor was collected from quiescent fresh water 
canals used for irrigation of agricultural areas in Mersin 
(Turkey). The map of sampling area is shown in Fig. 1. 
Plants taken to laboratory were washed with tap water 
several times to remove dirt and other debris. Then, the 
plants were set into 1 L culture pots, filled with synthetic 
Duckweed Nutrient Solution (DNS) [10]. They were grown 
in this culture solution and allowed to acclimate to the 
laboratory conditions for a month, before addition of aque-
ous solutions of metal ion. All stock cultures were main-
tained in a growth chamber at 27±1 0C, with 16-h photo-
period at a photosynthetic photon density of 2100 lux. 

 
Test procedures 

Experiments were carried out in flasks at different de-
signed conditions. At each condition, the experiments were 
run for 7 days in triplicate, and averages of results were re-
ported. At the beginning of each run, 40 fronds were set in 
each of the flasks of 250 mL capacity containing 200 mL 
plant culture medium solution. Plants which were healthy,  

in lightgreen and in same sizes were chosen. Prior to analy-
sis, L. minor fronds were rinsed three times with deionized 
water to remove the nutrient medium adhered to fronds. 
Initially, plant surfaces were dried with tissue paper to 
reduce the errors in fresh mass of the plant determined 
gravimetrically at the beginning of experiments.  

The nutrient medium DNS was prepared by using the 
following salts in stock solution: NaNO3, 25.50 g L-1; 
NaHCO3, 15.00 g L-1; K2HPO4, 1.040 g L-1; CaCl2.2H2O, 
4.410 g L-1; MgCl2, 5.70 g L-1; FeCl3, 0.096 g L-1; MnCl2, 
0.264 g L-1; MgSO4.7H2O, 14.70 g L-1; H3BO3, 0.186 g L-1; 
Na2MoO4.2H2O, 7.260 mg L-1; ZnCl2, 3.270 mg L-1; CoCl2, 
0.780 mg L-1; and CuCl2, 0.009 mg L-1. This stock solu-
tion was diluted with deionized water at 1:100 (v/v) ratios 
to make the plant culture medium. Metal ion solutions 
were added directly to this culture medium to provide 
wanted concentration of metal ion. The control samples 
without metal ions were used to determine the effect of 
lead ions on plant growth. Control flasks were incubated 
under the same experimental conditions. The frond num-
bers of plants were counted daily to calculate the growth 
rate constants, and compared to that of control to deter-
mine the percentage inhibition of growth for each metal 
ion concentration. Growth rate changes of L. minor at the 
different conditions were studied by batch technique.  

 
 
 

 

FIGURE 1 - Map of the sampling area at Mersin. 
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The variables used in the study are the initial pH, tem-
perature, and metal ion concentration. Evaporative losses 
of water were made up with the addition of deionized water 
to the 200 mL mark on the beakers. At the end of the study 
period, plant samples were collected from the medium 
solution. All plants of each replicate and control were then 
washed with deionized water and smoothly treated with 
tissue paper, to remove the rest of medium solution from 
the surface of leaves and all parts of the plant material. 
After collecting, washing and tissue treatment of the frond, 
the final fresh masses of plants were determined gravim-
etrically and reported on [11]. 

 
Reagents 

All solutions were prepared with high-purity deion-
ized water. All laboratory glassware were soaked in 1:10 
(v/v) nitric acid (HNO3) solution, and thoroughly rinsed 
with deionized water prior to use. All reagents used were 
of analytical grade. Lead stock solutions were prepared by 
using lead (II) nitrate (Pb(NO3)2 (Merck).  

 
 
RESULTS AND DISCUSSION 

Experimental studies (7 days periods) were carried out 
to determine the growth potential and biomass produc-
tion of L. minor grown in solutions containing Pb(II) ions. 
The growth rate constant of L. minor was determined ac-
cording to initial pH, temperature of the chamber and ini-
tial metal ion concentration of culture medium. Growth ki-
netic models were derived from the experimental findings. 

The simplest method to calculate the growth rate is to 
determine the number of the visible fronds by counting 
[12]. In this study, plant growth rate was explained by the 
increase of the frond numbers of Lemna with time. The 
growth rate is expressed as the difference of the loga-
rithms of the final (Ft2) and initial (Ft1) frond numbers, 
divided by the number of days of growth. The growth rate 
is then represented by the following formula [12]: 
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k: growth rate constant (1/d); R: growth rate (frond 
number/d); Ft1: the frond number at t1; Ft2: the frond num-
ber at t2 ,t2-t1: study period (d). 

 
The Effect of Initial pH on Growth Rate Constant of Lemna 

Lemnaceae family is able to live fairly in wide pH 
range. In nature, Lemnaceae can be observed in waters 
which have at least temporarily pH’s of 3.5 up to 10. The 
upper and lower limits of pH tolerance vary among the 
species, as well as among the clones of the same species 
[12]. Although this wide pH range, the optimal growth of 
pH range is 4.5-7.5 [13]. The plant carries on growing, but 

growth rate decreases at the lower or upper limits of pH 
range.  

Waste effluents have different pH, and may have dif-
ferent heavy metal ions at various concentration ranges. 
Low pH may cause problems of heavy metal toxicity [14], 
since the solubility and bioavailability of metal ions is 
depending on pH. Thus, in order to determine the effect of 
initial pH of media solutions on plant growth, the plants 
were grown in solutions that have initial pH’s from 4.5 to 
8.0, and lead ion concentrations of 0.1-10.0 mg L-1. The 
initial pH of culture medium was adjusted with NaOH 
and HCl solutions. In order to determine the effects of in-
creasing metal ion concentration on plant growth, control 
sets without metal ions and only containing plants and cul-
ture medium were used. The growth rate constants of plants 
were compared with those of control plants. The increase of 
frond numbers in 7-days period was found to fit the first- 
order kinetic model, and Figure 2 shows the results ob-
tained in the medium of Pb(II) concentration of 5.0 mg L-1 
at 25 0C. The change of growth rate constants with initial 
pH of medium is shown in Figure 3. The growth rate con-
stants of plants decreased relative to control medium, and 
were slightly changed by initial pH in lead-containing me-
dium, but not in control samples (Fig. 3). The decrease of 
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FIGURE 2 - The growth rate kinetic  
of Lemna minor (5.0 mg Pb L-1, 25 0C). 
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FIGURE 3 - The growth rate constant k (d-1) of Lemna minor  
versus initial pH of culture media (0.1-10.0 mg Pb L-1, 25 0C).  
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growth rate constants depending on lead ion concentrations 
was not significant.  

Landolt and Kandeler [12] showed that duckweed L. 
aequinoctialis had the same growth rate at pH’s 4.8-7.0. 
However, it was found that the amount of plant biomass 
was generally more at high pH values (7.0-8.5), than the 
amount at low pH values. In the present study, as medium 
pH increased, the amount of produced plant biomass in-
creased and reached at maximum especially at pH 7.0-8.0. 
Lead ions precipitated at that pH range, because pH above 
neutral caused the precipitation of copious amounts of Pb 
[15]. 

Although the heavy metal cations, such as Cu(II), 
Cd(II), Ni(II), Hg(II), and Pb(II), are necessary for photo-
synthetic organisms, they cause toxic effects on the me-
tabolic functions and growth of these organisms present at 
high concentrations in their environment. Some of these 
toxic effects are the reduction of chlorophyll contents, the 
degeneration of chloroplasts, and the decrease of photo-
synthetic activity [16]. But, in this study, important toxic-
ity symptoms on the plants were not observed.  

 
The Effect of Temperature on Growth Rate Constant of Lemna 

Temperature is another factor affecting the growth rate 
of plants. It was reported that the minimum, maximum and 
optimum temperatures for growth of L. minor are about 
5 °C, 40-60 °C, and 20–25 °C, respectively [12]. In order 
to determine the effect of temperature on Lemna growth in 
lead-containing medium, plants were grown at different 
metal ion concentrations and temperatures of 15-35 °C. 
Initial pH of culture medium was adjusted to 5.0, thus 
avoiding precipitation of lead ions at neutral pH. The frond 
numbers of plants were counted daily to calculate growth 
rate constant. Figure 4 shows growth rate constants of 
Lemna according to different temperatures.  
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FIGURE 4 - The growth rate constant k (d-1) of  

Lemna minor versus temperature (0.1-10.0 mg Pb L-1, pH 5.0). 
 

The changes in growth rate constants with tempera-
ture showed that the growth rate constant was increasing 
with increase of temperatures (15-25 °C), in culture media 
containing lead ions as well as in control ones without 
metal ions. At 25-30 °C, growth rate constants started to 

decrease. The maximum growth rate constants and growth 
rates were obtained at 25 °C for both media. Thus, the op-
timal growth temperature of plants was found to be 25 °C 
for Pb(II) containing media.  

Although the growth rate constants increased up to 
25 °C, and then decreased at higher temperatures, no sig-
nificant effects were observed on the health of fronds as to 
control. Mohan and Hosetti [17] reported that any toxicity 
symptoms were observed on Lemna minor growing in 50 mg 
Pb L-1 medium up to the fourth day. Mo et al. [18] investi-
gated the effects of Pb(II), Cu(II) and Al(III) ions on the 
duckweed growth, and reported that plants turned to pale 
grown in media containing 5-10 ppm Cu(II) or Al(III), but 
still remained vigorously (color in bright-green) in Pb(II)- 
containing medium. However, in our study, some plants 
growing in ≥ 2.5 ppm of Pb(II) containing culture medium 
indicated partly fading of fronds and breaking off roots, es-
pecially at low initial pH 4.5. It was supposed that this may 
result from chlorosis mechanism. So, it is suggested that 
enzyme activities are more sensitive parameters to deter-
mine the effects of stress resulting from metal ions in plants. 

It was reported that lead ions affected thiol groups of 
enzymes, and caused the brown root formation [19]. It was 
also observed that lead ions formed complexes with –COOH 
groups of proteins in the plant cell, and prevented the deg-
radation of proteins with protease enzymes [20]. 

 
The Effect of Initial Lead Ion Concentration of  
Culture Medium on Growth Rate Constant of Lemna  

The findings from the experimental study on deter-
mining the effect of lead ion concentration on growth rate 
constants of plants at constant temperature (25±1 °C) and 
initial pH 5.0, had shown that as concentrations of lead 
ions in growth medium increased from 0.1-100.0 ppm, 
growth rate constants of plants decreased with the increase 
of metal ion concentrations. The growth rate constant of 
control plants was accepted to be 100, and the deviation of 
growth rate constants calculated for the media containing 
lead ions were explained as the relative growth rate con-
stant as the percentage of growth rate constant of control 
plants. The relative growth rate constants versus metal ion 
concentrations are shown in Figure 5.  
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FIGURE 5 - The relative percentage of growth rate 

constant of L. minor versus Pb(II) concentration (25 0C , pH 5.0). 
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As seen in Figure 5, the growth rate constants decreased 
from 63% (0.1 ppm) to 39% (100.0 ppm) as lead ion con-
centration in the medium increased. Although the frond 
number of plants decreased with increase of Pb(II) con-
centration, the relative growth rate did not change signifi-
cantly at 50-100 ppm ranges. This result demonstrates that 
Pb(II) concentrations higher than 10.0 ppm did not affect 
plant growth significantly, and plants were not influenced 
by presence of Pb(II) ions in culture medium.  

 
 
CONCLUSION 

In this study, it was found that the kinetic model of 
plant growth derived by using the data calculated as the 
difference of natural logarithm of frond numbers of Lem-
na minor with time fitted well to the first-order kinetic 
model. The results of this study suggested that growth rate 
of L. minor did not significantly change depending on initial 
pH of culture medium. But, the amount of plant biomass 
was generally higher at pH 7.0-8.5 range. Similarly, the 
growth rate constants of plants did not change in control 
media depending on pH. The increase of lead ion concen-
tration caused the decrease of Lemna minor growth rate, 
but not any severe toxic effects on plants could be observed. 
The optimum growth temperature of Lemna minor was 
found to be 25 °C for both media with or without lead ion. 
The increase of temperature up to 35 °C decreased the 
growth rate constants for all Pb(II) concentrations. The lead 
ion concentration of medium was increased from 0.1 up to 
100 pm, and the effect of increasing of lead ion on the 
plant growth rate was described as percentage relative 
growth rate constant to that of control, which did not 
change significantly at 50-100 ppm ranges. According to 
these results, it was suggested that Lemna minor can be 
used as living plant in phytoremediation research, due to 
its resistance to lead ions. However, it needs more research 
to determine its heavy metal removal capability.  
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