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ABSTRACT 
 

This study demonstrates the comparative phytoremediation potential of three aquatic plants 
viz; Eichhornia crassipes, Pistia stratiotes and Lemna minor for the removal of cadmium 
(Cd). The plants were cultured in tap water, which were supplemented with different 
concentrations of Cd and were separately harvested after 24, 48, 72 and 96 hrs. The 
experiment showed that the removal of Cd from solution was fast especially on 24 hrs in all 
the plants. Among the three plants percent removal was highest in Lemna minor i.e. 97.86% 
in 24hrs. Maximum metal accumulation was observed in the dry biomass of Lemna minor 
(20.21mg/g dry wt) followed by Pistia stratiotes (9.045 mg/g dry wt) and Eichhornia 
crassipes (6.29 mg/g dry wt) at highest initial concentrations. There was gradual decrease in 
chlorophyll content with increase in concentration and the highest reduction was observed in 
Lemna minor (99.9%) as compared to Pistia stratiotes (90.4%) and Eichhornia crassipes 
(83.2%). 

Key Words : Eichhornia crassipes, Lemna minor, Pistia stratiotes,  
Cadmium removal, Chlorophyll. 

 
INTRODUCTION 

Contamination of the aquatic 
environment by the heavy metals has become 
a serious concern in the developing world. 
Among all the heavy metals cadmium is 
attracting wide attention of environmentalists 
as one of the most toxic heavy metals and is 
considered non-essential for living 
organisms1. Cd has been recognized for its 
negative effect on the environment where it 
accumulates throughout the food chain 
posing a serious threat to human health2. 
Ionic cadmium, an exceedingly toxic metal, 
is released into the environment by 
wastewater from electroplating, pigments, 

plastic, battery and zinc refining industries. 
Cadmium accumulates readily in living 
systems3.  Their treatment usually requires 
removal through some technology. The 
technologies used for their treatment are 
reverse-osmosis, ion-exchange, electro-
dialysis, adsorption, etc. Most of these 
technologies are quite costly, energy 
intensive and metal specific. Contrary to this 
phytoremediation, i.e. removal of pollutants 
by the use of plants offers a promising 
technology for heavy metal removal from 
waste water4. Aquatic macrophytes have 
great potential to accumulate heavy metals 
inside their plant body. The submerged 
macrophytes are particularly useful in the 
abatement and monitoring of heavy metals. * Author for correspondence 
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These plants can accumulate heavy metals 
100,000 times greater than in the associated 
water5. Therefore, these macrophytes have 
been used for heavy metal removal from a 
variety of sources6, 7, 8. The aquatic floating 
macrophytes Pistia stratiotes (water lettuce) 
and Lemna minor (duck weed) present a high 
growth rate and have been used for the 
removal of Cd, Cr, and Pb from water. 
Lemna minor present the additional 
advantage of growing under varied climatic 
conditions. Water hyacinth, Eichhornia 
crassipes, is a floating macrophyte whose 
appetite for nutrients and explosive growth 
rate has been put to use in cleaning up 
municipal and agriculture wastewater9, 10. 
Most of the studies regarding the 
phytoremediation of heavy metals are 
confined to a few plants and metals. 
Therefore, present study was performed with 
an objective to harness the comparative Cd 
removal capacities of three aquatic 
macrophytes viz; Eichhornia crassipes, 
Pistia stratiotes and Lemna minor and to 
determine the suitability of these plants for 
their large scale utilization. 

MATERIAL AND METHODS 
Experimental Procedures 

Plants were collected from a local 
unpolluted pond and rinsed with tap water to 
remove any epiphytes and insect larvae 
grown on plants. The plants were placed in 
plastic tubs with tap water under natural 
sunlight for one week to let them adapt to the 
new environment, then the plants of the same 
size were selected for further experiment. A 
stock solution (1000 mg/L)was prepared in 
distilled water with analytical grade CdCl2. 
2½ H2O which was later diluted as required. 
The plants were maintained in tap water 
supplemented with different concentrations 
of Cd. All experiments were performed in 

triplicate. The test durations were 24, 48, 72 
and 96 hrs. Tap water was added daily to 
compensate for water loss through plant 
transpiration, sampling and evaporation. 
After each test duration, plants were 
harvested. They were analyzed for metals 
accumulation, and Concentration factor (CF). 
In addition, the metals remained in the 
solution were measured to assess the removal 
potential of the three plants. 

Experimental plants 
Three aquatic macrophytes Lemna minor 

(duck weed), Pistia stratiotes L. (water 
lettuce), and Eichhornia crassipes (Water 
hyacinth), were selected to asses their Cd 
removal capacities from water under 
laboratory conditions. These macrophytes are 
perennial aquatic weed spread all over the 
world, considered noxious and extremely 
invasive for freshwater environments. These 
plants were grown in 4L plastic tubs filled 
with water. Cadmium was added 
simultaneously in the experimental tanks to 
make their concentration in the all 
experimental tubs 1.0 mg/L, 2.0 mg/L and  
2.5 mg/L respectively. The concentration of 
Cd  maintained at 1.0 mg/L, 2.0 mg/L and  
2.5 mg/L respectively in the experimental tub 
without any plants. Plants grown in 4L of 
water containing no metals were served as 
control plants. 

Sample Analysis 
Cadmium concentration was determined 

in water samples by Atomic Absorption 
Spectrophotometer (Instrument Perkin Elmer 
5000). Plant samples were oven dried at 
105ºC for 48 hr and weighed. The oven dried 
plant samples were then digested (HClO4/ 
HNO3/ HCl mixture) and Cd concentration 
was determined in the digests by Atomic 
Absorption Spectrophotometer11. In order to 
determine the chlorophyll content UV visible 
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spectrophotometer was used. Chlorophyll 
was estimated in chilled 80% acetone extract 
using Milton Roy 1201 spectrophotometer. 

RESULTS AND DISCUSSION 
Cadmium accumulation capacity of the 

three different macrophytes was studied at 
neutral pH.  Fig. 1 shows the percentage Cd 
removal from water by the three 
macrophytes viz; Eichhornia crassipes, 
Pistia stratiotes, Lemna minor and at the end 
of the experiment the Cd removal percentage 
is highest in Lemna minor (97.86%) and 
lowest in Eichhornia crassipes (87.7%) 
among the three. From the results it  

can be observed that in terms of percent 
removal L.minor is the most efficient plant. 
Because about 90.1% removal occurred in 
the first 24 hrs (Table1). L.minor was able to 
remove Cd almost completely in first 24 hrs 
of exposure as compared to Pistia stratiotes 
(81.1%) and  Eichhornia crassipes (81.06%). 
The highest removal percentages for 
Eichhornia crassipes, Lemna minor and  
Pistia stratiotes, at different concentration 
are given in Table 1. From the results, it can 
be observed that there is gradual decrease in 
percent removal of cadmium with increase in 
initial cadmium concentration in the external 
solution. 
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Fig. 1 : Percent removal of cadmium by three aquatic plants. 

Table 1 : Removal of cadmium through three aquatic macrophytes 

Plant species Concentrations(ppm) % removal 
24 h 96 h 

E.crassipes 1 81.06 87.7 
 2 78 83.4 
 2.5 72 80.2 
P.stratiotes 1 81.1 93.1 
 2 80.1 88.8 
 2.5 78.8 85.5 
L.minor 1 90.1 97.86 
 2 93.1 95.3 
 2.5 90 90.1 
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The final amount of dissolved metals 
remained in the residual solution are shown 
in Fig. 2. The concentrations of dissolved Cd 
in solutions at 24, 48, 72 and 96h were 0.099, 
0.079, 0.054 and 0.022 ppm respectively for 
Lemna minor, at 24, 48, 72 and 96h were 
0.263, 0.185, 0.12 and  0.069 ppm 

respectively for Pistia stratiotes and at 24, 
48, 72 and 96h were 0.399, 0.293 and 0.148, 
0.123 ppm respectively for Eichhornia 
crassipes in 96 hr with lowest initial 
concentration of 1.0 ppm.  The comparisons 
of residual concentration of all the three 
macrophytes are shown in Fig. 2. 
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Fig. 2 : Remaining cadmium concentration at different time duration 

 
In the present study, Lemna minor 

accumulated the highest concentration of 
metals in the dry biomass (20.11mg/g) 
followed by Pistia stratiotes (9.045mg/g) 
and Eichhornia crassipes (6.29mg/g). 
Concentration factor (CF) defined as (Metal) 
plant /  (Metal) aqueous solution was calculated and 
it was found to be highest in Lemna minor 
(808.4) and lowest in Eichhornia crassipes 
(251.6) where the CF of Pistia stratiotes was 
intermediate between the two i.e. 362 at the  

end of the experiment. The rate of change of  
CF of the three species are shown in Fig 3. 
CFCd is increased with metal concentration in 
external solution for all the three species. 
From the Fig. 3 it is observed that there is a 
gradual increase in CF with increase in initial 
metal concentration and exposure time. The 
analysis of CF obtained showed that L.minor 
accumulated largest amount of Cd among the 
three species of aquatic macrophytes. 
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Fig. 3 : Concentration factor in three aquatic plants 
 
There was observed gradual decrease in 

chlorophyll content with increasing initial 
concentration as compared to control. The 
rate of chlorophyll reduction was highest in 
Lemna minor in comparison to Pistia 
stratiotes and Eichhornia crassipes. The 
results are shown in Table 2. In the present 
results a decrease in chlorophyll content was 
observed with an increase in Cd 
concentration, which is dependent upon 

metal concentration in the medium and the 
time of exposure. Cadmium specifically 
inhibits chlorophyll biosynthesis. The 
resulting decrease in pigments cause 
deficiency in light harvesting capacity of and 
consequently decreases in photosynthetic 
activity of cell. There was gradual 
discoloration of leaves in Lemna minor at the 
end of the experiment due to loss of 
chlorophyll pigment by Cd toxicity. 

Table 2 : Chlorophyll content in three aquatic macrophytes at different  
concentrations of  cadmiun 

Plant species Concentration Total chlorophyll (mg/g fresh weight) 
24h 96h 

E.crassipes Control 10.31 10.31 
 1 7.2 5.3 
 2 3.5 2.25 
 2.5 2.32 1.99 
P.stratiotes Control 8.8 8.8 
 1 3.5 2.1 
 2 1.91 0.99 
 2.5 1.01 0.85 
L.minor Control 4.7 4.7 
 1 1.7 1.01 
 2 1.5 0.95 
 2.5 0.99 0.02 
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CONCLUSION 
Three aquatic macrophytes E. crassipes, 

P. stratiotes and L.minor were tested for 
removal of Cd. The macrophytes proved 
highly effective in the uptake of Cd at the 
three concentrations, i.e. 1.0, 2.0 and 2.5 
mg/1. These plants have removed cadmium 
successfully to a great extent . Among the 
three species of plants L.minor was found to 
be the highest accumulator of cadmium 
followed by P. stratiotes and E. crassipes. 
The present results have shown that all the 
three aquatic macrophytes are good 
accumulator of cadmium and they can be 
used for treatment of wastewater 
contaminated with heavy metals like 
cadmium. 
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