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ABSTRACT 

 This investigation was undertaken to study Pb uptake by small free floating 

aquatic plant Lemna minor from wastewater polluted by contaminated with 

heavy metals. Metal accumulation process was affected by various parameters 

such as different pH, temperature and concentration of Pb solution. Total 

chlorophyll contents in Lemna minor was adversely affected from increased with 

increasing Pb concentrations. The plant was adversely affected by pH 6 more 

than by pH 7 and pH 8. Lead accumulation in the plant tissues increased with 

increasing Pb concentration. However, the highest % removal of Pb was found 

at pH 9. The highest bioconcentration potential of Pb was observed by Lemna 

minor (0.900) at pH 6 and the minimum of 0.438 at pH 5. Thus, duckweed may 

be useful from a phytoremediation standpoint. These results indicate that L. 

minor has potential for removing Pb from industrial wastewater. 

KEYWORDS:  Lemna, Lead, wastewater, Phytoremediation, Chlorophyll 

content, Bioconcentration. 

INTRODUCTION 

 In contaminated aquatic environments several toxic metals occur, often 

creating undesirable living conditions for many plants and animals1. The 
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increasing load of heavy metals has caused imbalance in aquatic ecosystems and 

the biota growing under such habitats accumulate high amounts of heavy metals 

(Cu, Zn, Cd, Cr and Ni etc.) which in turn, are being assimilated and transferred 

within food chains by the process of magnification2.  

 Lead has not been shown to be essential in plant metabolism, although it 

occurs naturally in all plant3. Lead 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 gasoline4. Excess Pb2+ 

content in plants interferes with and inhibits various physiological processes5. 

Responses of plants to Pb2+ exposure include decrease in root elongation and 

biomass6 inhibition of chlorophyll biosynthesis7, induction or inhibition of 

several enzymes8. Metal bioaccumulation depends upon plant species, its organ, 

and numerous abiotic factors like temperature, pH, transportation of metal 

contaminated particles and dissolved ions in water9, 10. Metal toxicity is often 

dependent on pH in freshwater and soil11. 

 Some plants may be used for accumulation in the remediation process, 

which makes it possible to remove several pollutants, including heavy metals 

from soil and water. This ability is harnessed to remove toxic heavy metals and 

trace elements from contaminated soils and waters in a process referred to as 

remediation. 

 Aquatic macrophytes are known to have great importance, forming a 

substantial component of the primary production in many aquatic habitats12. 

Vascular aquatic macrophytes may accumulate considerable amounts of heavy 

metals in their tissues13. In the recent past, several of the submerged, emergent 

and free floating aquatic macrophytes are reported to bioconcentrate heavy 

metals in natural waters as well as after exposure to wastewaters14. Some aquatic 



Divya Singh, Richa Gupta, & Archana Tiwari 12

or semi aquatic plants such as Eichhornia crassipes (Water  hyacinth)15, Lemna 

minor (Duckweed)16 and Hydrilla verticillata (Hydrilla)17 etc. and can take up 

heavy metals from contaminated solutions. 

 In the field of ecotoxicology, Lemna spp. has been used for the removal of 

heavy metals from wastewater and constructed wetlands18, 19. These species 

present the additional advantage of growing under varied climatic conditions 

with rapid growth rates20, 21. Because duckweed is easily raised even in the 

laboratory, the possible culturing for use as animal feed and for human 

consumption was also studied22, 23. 

 Duckweed (Lemna, Spirodela, Wolffia and Wolfiella), are worldwide 

distributed in freshwater to brackish estuaries. These are free- floating, easy to 

culture in laboratory and are convenient plant materials for ecotoxicological 

investigations24, 25. In particular, species to investigate heavy model systems to 

investigate heavy metal induced responses26, 24. The accumulation of metals and 

metalloids in Lemna takes advantage of quality biomass for biosorption on the 

cell surface and high metabolic mediated incorporation of contaminants into the 

cells. There are several studies that have show that most Lemna spp. Show an 

exceptional capability and potential for the uptake and accumulation of heavy 

metals as well as metalloids, surpassing that of algae and other aquatic 

macrophytes27, 28. There has been a tremendous amount of attention given to the 

use of biological systems for removal of heavy metals from solutions29, 30. More 

recently, phytoremediation is an emerged as one of the alternative technologies 

for removing pollutants from the environment31, 32 . 

 This research work helps to understand the several physiological responses 

of duckweed (L. minor) on different concentrations of lead in the absence of 

sedimentary materials in order to access the feasibility of developing intensive 

phytoremediation facilities and determine the effect of lead on chlorophyll 

content of L. minor. 
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MATERIALS AND METHODS 

 Lemna minor are commonly available aquatic macrophyte in Bhopal, India. 

The macrophytes were collected from the local water bodies. Before the start of 

the experiment the plants were cleaned properly using tap water to remove 

particles from their roots and leaves. These were acclimatized in Hoagland 

(1940) nutrient solution. Synthetic wastewater samples were prepared by using 

analytical grade Pb as Pb(CH3COO)2. 3H2O (MERCK) at nominal 

concentration of 10, 20, 30, 40 and 50  mg /L. A sample of 10% nutrient 

medium was used as control. Macrophytes were placed in 1000 mL plastic tubs 

each.  

 The Parameters which were considered for this study was temperature at the 

range of 20ºC to 28ºC. Experimental pH of solution was manually maintained at 

the defined value with 0.1N NaOH and HNO3 for adjusted to 5, 6, 7, 8, and 9.  

 The test media were changed every second day and replenish Pb and adjust 

to pH’s of solution. The macrophytes were harvested after 2-days of treatment 

and analyzed for lead concentration. Chlorophyll content was determined 

following Arnon (1949)33. The extraction of pigment was done in 95 % ethanol. 

For extraction, 100 mg of macrophyte leaves were used. Then, the extraction 

solution was filtered and the filtrate was recorded at spectrophotometer (Perkin 

Elmer).  

 After the termination of experiment, the macrophytes were washed three 

times with distilled water. Harvested plants were washed with distilled water and 

decomposed to dry weight by heating at 500° C for 6 hours in muffle furnace. 

The ash of each sample was dissolved in 5ml of 5% Nitric acid to dissolve the 

residue. Both Samples were heated on a hot plate to boiling. The resulting 

amount of Nitric acid (5%) was added to avoid sample drying. 

 Both digested solution were filtered into volumetric flask. The final volume 

was made up to 50 ml with deionised water. 
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 The lead content of these plant samples and water samples were determined 

using Atomic Absorption Spectrophotometer. 

CALCULATION   

 Bioconcentraion Factor: The ability of the plant to accumulate metals with 

respect to the metal concentration in the substrate is known as the 

bioconcentration factor (BCF). Zayed et al, (1998)34 reported that BCF can be 

calculated as follows: 

 BCF = Concentration of metal in plant tissue (mg/kg) / Initial Concentration 

of metal     in external solution (mg/l). 

 Percentage Removal: The percent removal of lead acetate from synthetic 

wastewater was calculated from (Singanan et al 2005)36. 

                                      Co - Cf 
   % Removal  =        X 100 

                           Co 
 

Where Co is the initial concentration of lead and Cf is the final concentration of 

lead.  

RESULTS AND DISCUSSIONS 

 The results obtained, out of the experiments, have been shown in figures 

and tables. The Lemna biomass was harvested to get its yield and the metal 

analysis after the stipulated days of experiments. All these parameters have been 

discussed here. 

Effect of pH on Lead accumulation by L. minor 

 Accumulation of Pb by L. minor at different pH, temperature and Pb 

concentration for 2, 4, 6, 8 and 10 days are shown in figure (1, 2, 3, 4 and 5). 

Accumulation of Pb decreased when L. minor was treated with higher 

concentration of Pb (30, 40 and 50 mg/L). Plants treated with 20mg/L of Pb at 
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pH 6 and temperature 28ºC for 10 days accumulated the highest removal 

percentage of metal (89%) while in alkaline pH the highest removal percentage 

of Pb accumulation was (87%) for plants treated with  20 mg/L at the pH 9 and 

the temperature 22ºC for 10 days. The lowest removal percentage of Pb 

accumulation was found to be (56%) for L. minor treated with 10 mg/L of Pb at 

pH 6 and temperature 28ºC for 2 days. The lowest removal percentage of Pb 

accumulation in alkaline pH medium was (53%) treated with 10 mg/L of Pb at 

pH 9 and temperature 20ºC for 2 days. It showed better accumulation at pH 6 as 

compared to pH 9. There was at initial concentration of Lead acetate Lemna 

minor plants shown as in natural condition but gradually increases of metal 

concentration plants shown dull in green color due to accumulation of Pb and 

also decreases total chlorophyll content.                                                                            

 Every plant has an optimal pH for its growth. In order to survive, all plant 

cells must maintain near neutral pH in the cytoplasm. Lemna minor was found to 

have an apparently large capability of uptake and accumulation of heavy metals. 

Initially, the uptake of metals occurred rapidly and seems to have been carried 

out passively36. The relatively slower rate of uptake after prolonged incubation 

suggests that the passive uptake had ended and the process is now under 

metabolic control. Such findings have also been reported for other species. 

Wong et al. (1976)37 reported in rooted macrophytes a greater accumulation of 

Pb than in plants without roots. In general, concentrations of metals are higher in 

roots compared tol leaves and other aerial parts38, 39. As far as the extent of metal 

accumulation is concerned, Lemna surpasses algae and angiosperms40. 

 Uysal and Taner (2009)19 examined the ability of the L. minor to remove 

soluble lead under different pH values (4.5-8.0) and temperature (15-30ºC) in 

presence of different Pb concentration (0.1-10.0 mg/L) for 7 days. Their results 

show Pb accumulation was highest at pH 4.5 and then it decreased to pH 6, but it 

did not change at pH 6-8 range. The maximum lead accumulation was obtained 
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at 30ºC as 8.622 mg/g Pb in 10 mg/L and the minimum was at 15ºC as 0.291 

mg/g in 0.1 mg/L at pH 5. 

ACCUMULATION OF LEAD IN DRY BIOMASS AND 

BIOCONCENTRATION FACTOR  

 A good heavy accumulation should have BCF of more than 1,000 are 

generally considered evidence of a useful plant for phytoremediation34. The BCF 

values for Pb at different pH and Pb concentration with exposure time are shown 

in Table (1). From table it was found that BCF values decreased with increase in 

Pb concentration in the feed solution. BCF values increased with the passage of 

time. The maximum BCF of 0.900 was obtained in plants treated with 10 mg/L 

of Pb at pH 6 for 10 days and the minimum of 0.438 in plants treated with 10 

mg/L of Pb at pH 5 for 2 days respectively in acidic pH treatment.  

 While in alkaline pH treatments, the maximum BCF was 0.822 of plants 

treated with 10 mg/L of Pb at pH 8 for 10 days and the minimum BCF was 

0.638 of plants treated with 50 mg/L of Pb at pH 9 for 2 days. BCF, which 

indicates the efficiency of the plant in accumulating metals, generally decreased 

with increased Lead concentration in tissues of L. minor (Table 1). 

TOTAL CHLOROPHYLL CONTENT 

 The variations in the chlorophyll content of the plant exposed to various 

concentrations of lead (10, 20, 30, 40 and 50) for 2, 4, 6, 8 and 10 days were 

presented in (Tables 2).At all tested levels, a dose dependent reduction was 

found in the chlorophyll content of L. minor. The result revealed that the total 

chlorophyll level values were decreased moderately at all the studied 

concentrations as compared to control. In the beginning, metals slightly 

increased the chlorophyll level of Lemna minor but a substantial decline 

occurred afterwards (Table 2).  
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 The highest chlorophyll content value was determined in control of 

macrophyte grown at pH 9 for 2 day while the lowest value determined at pH 9 

for 10 days. At pH 9 the lowest chlorophyll contents were found in plants 

exposed to 50 mg/L while the highest chlorophyll contents were found in plants 

exposed to 10 mg/L.  

 It was reported by various investigators that lead inhibits chlorophyll 

synthesis and consequently leads to decrease in chlorophyll content. Van Assche 

and Clijters (1990)8 reported that the reduction in chlorophyll content in the 

presence of the Pb2+ may be due to an inhibition of chlorophyll biosynthesis. 

One of important enzyme of chlorophyll biosynthesis is aminolevulinic acid 

(ALAD) which catalyses the formation of porphobilinogen. It is explained that 

lead inhibits ALAD activity by binding with –SH group of the enzyme and 

overall chlorophyll biosynthesis through Mg2+ 41. In many cases, heavy metal 

toxicity reduced for acidic values, with often increased metal availability, 

possibly owing to decreased uptake42. In consideration of our results, 

chlorophyll content was low at 50mg/L for 10 days than that of observed at 10 

mg/L for 2 days. The amount of chlorophyll in Lemna declined due to the 

accumulation and toxicity of Pb in water. 

CONCLUSIONS 

 From the above discussed results, it was concluded that L. minor is a better 

option for treating high strength heavy metal wastewater. Comparing the effect 

of pH, the effect of pH 9 is more marked in lead accumulation than other pH. It 

is clear that there is Pb accumulation in the plant tissues increased with 

increasing Pb concentration. However, the lowest toxic effect of Pb was found at 

pH 5. The accumulation of Pb by plant increased with the passage of time. At 

high external Pb concentrations and all tested pH levels were decreased. The 

amount of chlorophyll in Lemna declined due to the accumulation and toxicity 

of Pb in water. The highest bioconcentration potential of Pb was observed by 
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Lemna minor (0.900) at pH 6 and the minimum of 0.438 at pH 5. Thus, 

duckweed may be useful from a phytoremediation standpoint. The results 

indicated that the biomass of Lemna spp. is suitable for development of efficient 

accumulator for the removal of Pb from wastewater. Further studies on the 

recovery of metals from the Lemna spp. by employing improve methods will be 

useful for extending the use of the laboratory level experiment with aquatic plant 

to large scale and field level removal systems. 
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Figure 1 : Percentage removal of lead by L. minor at pH 6 and 

temperature 28ºC 

 

Figure 2 : Percentage removal of lead by L. minor at 20mg/L and 

temperature 20ºC on different pH 
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Figure 3 : Percentage removal of lead by L. minor at 20mg/L and 

temperature 22ºC on different pH 

 

Figure 4 : Percentage removal of lead by L. minor at 20mg/L and 

temperature 24ºC on different pH 
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Figure 5 : Percentage removal of lead by L. minor at 20mg/L and 

temperature 26ºC on different pH 

Table 1 : Effect of pH on BCF values of Lemna minor 

Days of 
treatment 

Lead 
concentration 

(mg/L) 

pH 

5 6 7 8 9 

 

 

2 

 

 

10 0.438 0.798 0.702 0.698 0.690 

20 0.729 0.751 0.701 0.696 0.686 

30 0.720 0.735 0.700 0.694 0.680 

40 0.623 0.709 0.698 0.670 0.664 

50 0.605 0.681 0.680 0.678 0.638 

 

 

4 

10 0.784 0.804 0.712 0.700 0.696 

20 0.759 0.769 0.710 0.691 0.688 

30 0.723 0.750 0.708 0.682 0.678 

40 0.691 0.717 0.695 0.680 0.668 

50 0.682 0.740 0.686 0.679 0.651 

 10 0.792 0.830 0.788 0.734 0.724 
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6 

20 0.781 0.775 0.775 0.723 0.719 

30 0.734 0.761 0.761 0.720 0.718 

40 0.694 0.729 0.750 0.698 0.695 

50 0.686 0.708 0.727 0.683 0.660 

 

 

8 

10 0.793 0.882 0.762 0.776 0.758 

20 0.787 0.802 0.752 0.759 0.751 

30 0.778 0.784 0.722 0.736 0.734 

40 0.715 0.733 0.688 0.699 0.696 

50 0.698 0.717 0.680 0.683 0.684 

 

 

10 

10 0.774 0.900 0.786 0.822 0.768 

20 0.771 0.862 0.765 0.762 0.758 

30 0.727 0.798 0.731 0.742 0.739 

40 0.619 0.742 0.684 0.701 0.699 

50 0.600 0.750 0.682 0.688 0.675 

 

Table 2 : Total Chlorophyll levels (mg/g fresh weight) in L. minor exposed 

to the different concentration of Lead at pH 9 

Lead 

concentration 

(mg/L) 

Chlorophyll (mg/L fresh weight) 

Days 

2 4 6 8 10 

(0)Control 6.0134 6.1058 6.62245 6.3720 6.4323 

10 5.9301 5.7221 5.6616 5.5443 5.4716 

20 5.8661 5.7001 5.5160 5.4010 5.3216 

30 5.6122 5.4112 5.3741 5.2331 5.1631 

40 5.2813 4.3113 4.2894 4.1872 4.0100 

50 4.5702 4.3241 4.1886 3.4241 3.2741 

 


