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Abstract  Phytoremediation is the natural ability of certain plants to bioaccumulate, degrade, or render harmless 
contaminants in soils, water, or air. In the present study, an attempt to have a comparative assessment of the 
efficiency of aquatic weeds like Typha latifolia, Eichhornia crassipes, Salvinia molesta and Pistia stratiotes to treat 
the effluents under laboratory conditions. The bio concentration factor (BCF) of lead, copper, arsenic and cadmium 
by the floating and emergent plant were studied. The effluent of rare earth separating industry had high 
concentration of copper, cadmium and arsenic. Eichhornia crassipes and Typha latifolia based constructed wetlands 
are the best options for treatment of the effluent. Lead from Titanium sponge industry effluent was removed 
prominently by Eichhornia crassipes than the emergent plant Typha latifolia. But other heavy metals like copper and 
cadmium was removed prominently by Typha latifolia. 
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1. Introduction 
The environmental pollution with toxic metals has 

become a worldwide crisis, affecting agriculture and 
contributing to bioaccumulation and biomagnifications in 
the food chain. Recently, research groups have recognized 
that certain toxic metals may remain in the environment 
for a long period and can eventually bioaccumulate to 
higher levels that could affect human being [1]. As an 
alternative, to the traditional treatment of pollutants, an 
ecological approach has been developed using of plants to 
remediate soils or water contaminated with toxic metals. 
Traditional technologies for removal of pollutants can be 
successful in specific situations, but they are not cost 
effective. There is very dynamic effort to develop new, 
more cost-effective and ecofriendly techniques to 
remediate polluted soils, and now Phytoremediation which 
is based on the use of plants to extract, sequester or 
detoxify pollutants is in the front line [2]. 

Constructed Wetland (CW) is an artificial wetland 
created as a new habitat for native and migratory wildlife, 
for anthropogenic discharge such as wastewater or sewage 
treatment and or other ecological disturbances such as 
required mitigation for natural areas lost to a development. 
It acts as a biofilter, removing sediments and pollutants 
such as heavy metals from the water, and constructed 
wetlands can be designed to emulate these features. 
Phytoremediation can be defined as the process of using 
plants to absorb, accumulate, detoxify and for render 
harmless, contaminants in the environment through 
physical, chemical or biological processes [3]. Hartman [4] 

reported that plants were first proposed for use in the 
treatment of wastewater above 300 years ago. The 
sequestration of heavy metal ions by non-living biomass 
primarily involves adsorption, while absorption followed by 
accumulation is mechanism associated with living biomass. 
Early saturation of metal-binding interactive sites of plant 
biomass limits the capacity for heavy metal uptake [5]. 

Hyper accumulator plant species accumulate harmful 
metals above certain concentrations in their shoot, leaf and 
fruits [6]. The phytoremediation of metals from 
contaminated soi1 was reintroduced and developed by 
Chaney [7] and the first field trial of phytoextraction was 
done in 1991 on zinc and cadmium [8]. Boyd and Martens 
[9] reported that the accumulation of metals could be a 
symbol of a defense mechanism against the pests. 

Arsenic is a naturally occurring metalloid, which has 
been used in pesticides and wood preservatives, leading to 
arsenic contaminated sites [10] and localized soil 
contaminations resulting from use of arsenic in pressure-
treated lumber have been widely reported. The arsenic 
contamination of ground water in the alluvial planes of 
Bangladesh and West Bengal, from microbial degradation 
of peat has resulted in widespread health risk and 
irrigation practices has dispersed arsenic to surrounding 
soils, resulting in arsenic poisoning of living beings [11]. 
Similar contamination is seen in regions with arsenic in 
sub soils worldwide. Pteris vittata accumulates arsenic in 
contaminated and non-contaminated soils suggesting that 
hyper accumulation is a constitutive trait [12]. Various 
studies propose the use of P. vittata for phytoremediation 
of soil and water. Salido et al. [13] reported that P. vittata 
could remediate contaminated soil sites in within ten years 
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and Blaylock et al. [14] reported that P. vittata can reduce 
arsenic levels in water to less than 10 μg L-1. 

Cadmium is a toxic metal and probable carcinogen 
associated with zinc mining and industrial operations 
where cadmium has been used to prevent corrosion of 
machinery. Resulting air-borne cadmium dust presents a 
significant health hazard. Hyper accumulation of cadmium 
in Arabidopsis halleri [15,16] and Brassica juncea [17] 
has also been reported. 

Copper is an essential element and enzyme co-factor for 
oxidases (cytochrome oxidase, superoxide dismutase) and 
tyrosinases; however, animals and plants can accumulate 
toxic levels of copper. At super optimal levels, copper is 
highly toxic to plants and copper ligands in plants are 
citrate and metallothioneins [18,19]. Correspondingly, 
most copper tolerant plants are excluders, and no 
confirmed copper accumulators have been identified. Salix 
nigra was shown to accumulate more cadmium and 
copper than other Salix species, and field studies should 
determine the feasibility of this species for 
phytoremediation [20]. Soil amendments like phosphate, 
increase copper uptake, and speed up phytoremediation 
[21]. Eichhornia crassipes is estimated to accumulate high 
levels of copper and could potentially be used remediation 
of low level copper contamination in waste water [22]. 

Lead is an extremely toxic heavy metal, which is a 
serious threat to the health of children and wildlife [23]. 
Several plant species can hyperaccumulate soluble lead in 
the soil. It has been reported that Sesbania drummondii, a 
leguminous shrub, and several Brassica species can 
accumulate significant amounts of lead in their roots 
[14,24,25] and Piptatherum miliaceum, a grass, 
accumulates lead directly correlating to soil concentrations 
without symptoms of toxicity for 3 weeks [26]. Sahi et al. 
[24] have noted that S. drummondii can tolerate lead levels 
up to 1500 mg L-1 and accumulate 40g kg-1 shoot dry 
weight. Lead is accumulated mostly in the stems and not 
leaves indicating that lead is relatively insoluble [27]. The 
biggest challenge to effective phytoremediation of lead is 
its extremely low solubility, as only minute amount of soil 
lead is available for extraction [28]. 

Phytoremediation has been projected as a cost-effective 
unconventional technology for the remediation of arsenic 
in the soil [29]. Phytoremediation conserve the topsoil and 
minimize the amount of harmful products generated 
during cleanup [30]. The rate of biomass production and 
ability to concentrate elements in the aboveground 
biomass is the primary criteria for hyper accumulators in 
Phytoremediation [31]. 

2. Methodology 
2.1. Experimental Set Up for Heavy Metal 
Uptake by Constructed Wetland 

The constructed wetlands were created by using plastic 
tubs with 100 x 45 x 45 (cm) dimensions. The bottom of 
the tub was filled with gravel (3 cm) above which wetland 
soil (5 cm) is filled up. 

The experimental plants (Typha latifolia, Eichhornia 
crassipes, Salvinia molesta and Pistia stratiotes) were 
collected from the wetlands near the laboratory. The 
plants were cleaned using distilled water and kept for ten 
minutes in potassium permanganate solution (1%). The 

plants were initially subject to acclimatization in tanks 
containing fresh water for one month and the second 
generations of the plants were used for the effluent 
treatment. Approximately 250g (Fresh Weight) of the 
second generations of the plants were collected, cleaned, 
blotted and planted in the constructed wetlands. The entire 
constructed wetlands (CWs) containing macrophytes were 
placed in the natural environment. 

The Effluents of Travancore Titanium Products (TTP), 
Kerala, India which is producing titanium sponge is used 
for treatment. Ten liters of the effluent was added to each 
constructed wetlands (CWs) for treatment. Triplicate of 
each experimental setup and a control using fresh water 
was also maintained. 

The initial concentration of heavy metals/metalloid in 
the plants and effluents were analyzed before introduction 
into the constructed wetlands. After 15 days of treatment, 
final concentration of heavy metals/metalloid in effluent 
samples and plants were analyzed using Atomic 
Absorption Spectroscopy (SavantAA - AAS; GBC, 
Germany). The efficiency of each plant in accumulating 
heavy metals in their leaf and root were calculated using 
bioconcentration factor. 

2.2. Estimation of Heavy Metals in Effluents 
The heavy metals/metalloid in the effluent viz. lead, 

cadmium, copper and arsenic were analysed before and 
after treatment by AAS after digestion of plant materials 
by diacid method [32,33]. The plant samples were washed 
in deionized water dried (24 hrs at 80°C) immediately to 
stabilize the tissue and stop enzymatic reactions. After 
drying, samples were ground to pass a 1.0mm screen 
using the appropriate Wiley Mill. After grinding, the 
sample were thoroughly mixed and a 5- to 8-g aliquot 
withdrawn for analyses and storage (33). Weighed 0.5 to 
1.0 g of dried (80°C) plant material that has been ground 
(0.5 to 1.0 mm) and thoroughly homogenized and place in 
a tall-form beaker or digestion tube. Added 5.0 ml 
concentrated HNO3 (70.4%) and cover beaker with watch 
glass or place a funnel in the mouth of digestion tube and 
allow to stand overnight or until frothing subsides. Place 
covered beaker on hot plate or digestion tube into block 
digester and heat at 125°C for 1 hour. Removed the 
digestion tube and allowed cooling. Added 1 to 2 ml 30% 
H2O2 and digest at the same temperature. Repeated 
heating and 30% H2O2 additions until digest is clear. Add 
additional HNO3 as needed to maintain a wet digest. After 
sample digest is clear, removed watch glass and lowered 
temperature to 80°C. Continued heating until near dryness. 
Added dilute HNO3 (30%), and deionized water to 
dissolve digest residue and bring sample to final volume.  

2.3. Bioconcentration Factor 
The bioconcentration factor is a measure of 

bioaccumulation of heavy metals. It can be calculated by 
dividing the trace element concentration in plant tissues 
(ppm) at harvest by initial concentration of the element in 
the external nutrient solution (ppm) [34,35]. 

 

 Concentration of the element 
in plant tissues at harvest (ppm) BCF  

Initial concentration of the element 
in the external nutrient solution (ppm)

=  
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2.4. Statistical Analysis 
For testing statistical significance, student’s t-test (SPSS-

14) was used. Independent sample t-test was used for finding 
the mean difference of each parameter control with plants. 

3. Results and Discussion 
Results of uptake of heavy metals/metalloid viz. lead, 

copper cadmium and arsenic by wetland plants are described 
in this section. Bioconcentration factor of the aquatic plants 
were also quantified. The concentrations of different heavy 
metals/metalloid in the effluent were given in the Table 1. 

Table 1. Concentration of Heavy metals in the effluent 
Heavy Metal Concentration (ppm) 

Lead 2.984 ± 0.021 
Arsenic 0.016 ± 0.004 
Copper 0.096 ± 0.012 

Cadmium 0.253 ± 0.019 

3.1. Uptake of Lead from TTP Effluent 
Initial concentration of lead in TTP effluent was 2.98 

ppm. On treatment with different plant based CWs, there 

was no significant decrease in lead concentration of the 
effluent. However Eichhornia sp. based CWs made the 
reduction of lead at a higher level (p < 0.05). The least 
efficient was Pistia sp. based CWs. 

After 15 days of treatment, concentration of lead in 
Typha sp. leaf increased from 0.006 mg/g to 0.521 mg/g. 
The bioconcentration factor was 174.60. In case of Typha 
sp. root, the initial concentration was 0.021 mg/g, which 
then increased to 0.624 mg/g. The initial concentration of 
lead in Salvinia sp. leaf was 0.013 mg/g and after 
treatment, the concentration increased to 0.186 mg/g. In 
case of Salvinia sp. root, the initial concentration was 
0.027 mg/g, which then increased to 0.290 mg/g. 

The initial concentration of lead in Eichhornia sp. leaf 
was 0.006 mg/g and after treatment, the concentration 
increased to 0.191 mg/g. The bioconcentration factor was 
64.01. In case of Eichhornia sp. root, the initial concentration 
was 0.008 mg/g, which then increased to 0.211 mg/g. The 
bioconcentration factor was 70.71. In Pistia sp. leaf, the 
concentration of lead before treatment was 0.046 mg/g. 
After treatment, the concentration increased to 0.197 mg/g. 
The bioconcentration factor was 66.02. In case of Pistia sp. 
root, the initial concentration was 0.012 mg/g which then 
increased to 0.276mg/g (Table 2). 

Table 2. Uptake of lead from TTP effluent 

Plants  
Conc. of lead in TTP effluent* 

(ppm) 
Conc. of lead in plants* 

(mg/g) BCF 
Initial Final Initial Final 

Typha sp. 
Leaf 2.984 ± 0.021 1.324 ± 0.12• 0.006 ± 0.002 0.521 ± 0.023 174.60 
root 2.984 ± 0.021 1.324 ± 0.14• 0.021 ± 0.006 0.624 ± 0.031 209.12 

Pistia sp. 
Leaf 2.984 ± 0.021 2.043 ± 0.18 0.046 ± 0.004 0.197 ± 0.012 66.02 
root 2.984 ± 0.021 2.043 ± 0.13 0.012 ± 0.002 0.276 ± 0.014 92.49 

Salvinia sp. 
Leaf 2.984 ± 0.021 1.964 ± 0.19 0.013 ± 0.001 0.186 ± 0.011 62.33 
root 2.984 ± 0.021 1.964 ± 0.09 0.027 ± 0.004 0.290 ± 0.021 97.18 

Eichhornia sp. 
Leaf 2.984 ± 0.021 1.012 ± 0.14 0.006 ± 0.001 0.191 ± 0.018 64.01 
root 2.984 ± 0.021 1.012 ± 0.11 0.008 ± 0.002 0.211 ± 0.016 70.71 

* Values are mean of triplicates 
• Statistically significant at 0.05% level 

3.2. Uptake of Arsenic from TTP Effluent 
The initial amount of arsenic in TTP effluent was 0.016 

ppm. After treatment with different plant based CWs, the 
concentration reduced considerably. Salvinia sp. was the 
least efficient macrophyte used for the removal of arsenic 
from TTP effluent. The initial concentration of arsenic in 
Salvinia sp. leaf was 0.005 mg/g and after treatment with 
TTP effluent the concentration increased to 0.010mg/g. In 

case of Salvinia sp. root, the initial concentration was 
0.001mg/g, which then increased to 0.008 mg/g. 

After 15 days of treatment, concentration of arsenic in 
Typha sp. leaf increased from 0.002 mg/g to 0.021 mg/g. 
In case of Typha sp. root, the initial concentration was 
0.003 mg/g, which then increased to 0.024 mg/g. In Pistia 
sp. leaf, the concentration of arsenic increased to 0.014 
mg/g from 0.006 mg/g. In case of Pistia sp. root, the initial 
concentration was 0.001 mg/g, which then increased to 
0.018 mg/g with bioconcentration factor of 1125. 

Table 3. Uptake of arsenic from TTP effluent 

Plants  
Conc. of arsenic in TTP effluent* 

(ppm) 
Conc. of arsenic in plants* 

(mg/g) BCF 
Initial Final Initial Final 

Typha sp. 
Leaf 0.016 ± 0.004 0.002 ± 0.0003 0.002 ± 0.001 0.021 ± 0.007 1312.5 
root 0.016 ± 0.004 0.002 ± 0.0002 0.003 ± 0.001 0.024 ± 0.012 1500 

Pistia sp. 
Leaf 0.016 ± 0.004 0.004 ± 0.0002 0.006 ± 0.002 0.014 ± 0.021 875 
root 0.016 ± 0.004 0.004 ± 0.0003 0.001 ± 0.001 0.018 ± 0.020 1125 

Salvinia sp. 
Leaf 0.016 ± 0.004 0.011 ± 0.0004 0.005 ± 0.002 0.010 ± 0.019 625 
root 0.016 ± 0.004 0.011 ± 0.0003 0.001 ± 0.002 0.008 ± 0.018 500 

Eichhornia sp. 
Leaf 0.016 ± 0.004 0.005 ± 0.0005 0.001 ± 0.001 0.012 ± 0.013 750 
root 0.016 ± 0.004 0.005 ± 0.0006 0.004 ± 0.002 0.017 ± 0.017 1062.5 

* Values are mean of triplicates 
• Statistically significant at 0.05% level 
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The initial concentration of arsenic in Eichhornia sp. 
leaf was 0.001 mg/g and after treatment with TTP effluent 
the concentration increased to 0.012 mg/g. The 
bioconcentration factor was 750. In case of Eichhornia sp. 
root, the initial concentration was 0.004 mg/g, which then 
increased to 0.017 mg/g and the bioconcentration factor 
was 1062.5 (Table 3). 

3.3. Uptake of Copper from TTP Effluent 
The amount of copper in TTP effluent was 0.096 ppm. 

Salvinia sp. concentrated significant amount of copper 
from TTP effluent (p < 0.05) of which the most efficient 
was Typha sp. based CWs. 

After 15 days of treatment, concentration of copper in 
Typha sp. leaf increased from 0.005 mg/g to 0.086 mg/g. 
The bioconcentration factor was 895.83. In case of Typha 
sp. root, the initial concentration was 0.031 mg/g, which 

then increased to 0.101 mg/g. The bioconcentration factor 
was 1052.08. 

The initial concentration of copper in Salvinia sp. leaf 
was 0.068mg/g and after treatment with TTP effluent the 
concentration increased to 0.083 mg/g. In case of Salvinia 
sp. root, the final concentration of copper was increased to 
0.072 mg/g from 0.123 mg/g and the bioconcentration 
factor was 750. The initial concentration of copper in 
Eichhornia sp. leaf was 0.005 mg/g and after treatment, 
increased to 0.069 mg/g. In case of Eichhornia sp. root, 
the initial concentration was 0.014 mg/g, which then 
increased to 0.046 mg/g and the bioconcentration factor 
was 479.17. In Pistia sp. leaf, the concentration of copper 
before treatment was 0.002 mg/g. After treatment with 
TTP effluent, the concentration increased to 0.064 mg/g. 
In case of Pistia sp. root, the initial concentration of 
copper was 0.057 mg/g, which then increased to 0.071 
mg/g and the bioconcentration factor was 739.58 (Table 4). 

Table 4. Uptake of copper from TTP effluent 

Plants  
Conc. of copper in TTP effluent* 

(ppm) 
Conc. of copper in plants* 

(mg/g) BCF 
Initial Final Initial Final 

Typha sp. 
Leaf 0.096 ± 0.012 0.024 ± 0.002• 0.005 ± 0.001 0.086 ± 0.009 895.83 
root 0.096 ± 0.012 0.024 ± 0.009• 0.031 ± 0.008 0.101 ± 0.011 1052.08 

Pistia sp. 
Leaf 0.096 ± 0.012 0.028 ± 0.012 0.002 ± 0.001 0.064 ± 0.016 666.67 
root 0.096 ± 0.012 0.028 ± 0.011 0.057 ± 0.009 0.071 ± 0.016 739.58 

Salvinia sp. 
Leaf 0.096 ± 0.012 0.025 ± 0.003• 0.068 ± 0.008 0.083 ± 0.009 864.58 
root 0.096 ± 0.012 0.025 ± 0.005• 0.123 ± 0.023 0.072 ± 0.014 750.00 

Eichhornia sp. 
Leaf 0.096 ± 0.012 0.062 ± 0.004• 0.005 ± 0.001 0.069 ± 0.008 718.75 
root 0.096 ± 0.012 0.062 ± 0.005• 0.014 ± 0.005 0.046 ± 0.007 479.17 

* Values are mean of triplicates 
• Statistically significant at 0.05% level 

3.4. Uptake of Cadmium from TTP Effluent  
Cadmium concentration in TTP effluent was 0.253 ppm. 

CWs using Eichhornia sp., Typha sp. was very effective 
in removing the cadmium from the effluent, which was 
statistically significant (p < 0.05). Among these, Typha sp. 
based system was more effective. The least efficient was 
Salvinia sp. based CWs. 

After 15 days of treatment, concentration of cadmium 
in Typha sp. leaf increased from 0.001 mg/g to 0.027 mg/g 
with BCF of 106.72. In case of Typha sp. root, the initial 
concentration was 0.001 mg/g, which then increased to 
0.047 mg/g (BCF- 185.77). In Pistia sp. leaf, the 
concentration of cadmium was increased from 0.003 mg/g 
to 0.032 mg/g (BCF- 126.48). In case of Pistia sp. root, 
the initial concentration was 0.004 mg/g, which then 
increased to 0.02 mg/g. 

Table 5. Uptake of cadmium from TTP effluent 

Plants  
Conc. of cadmium in TTP effluent* 

(ppm) 
Conc. of cadmium in plants* 

(mg/g) BCF 

Initial Final Initial Final  

Typha sp. 
Leaf 0.253 ± 0.019 0.102 ± 0.015• 0.001 ± 0.0002 0.027 ± 0.005 106.72 
root 0.253 ± 0.019 0.102 ± 0.016• 0.001 ± 0.0003 0.047 ± 0.006 185.77 

Pistia sp. 
Leaf 0.253 ± 0.019 0.184 ± 0.009 0.003 ± 0.001 0.032 ± 0.004 126.48 
root 0.253 ± 0.019 0.184 ± 0.007 0.004 ± 0.002 0.02 ± 0.005 79.05 

Salvinia sp. 
Leaf 0.253 ± 0.019 0.206 ± 0.012 0.002 ± 0.001 0.017 ± 0.004 67.19 
root 0.253 ± 0.019 0.206 ± 0.014 0.003 ± 0.001 0.021 ± 0.007 83.00 

Eichhornia sp. 
Leaf 0.253 ± 0.019 0.132 ± 0.009• 0.003 ± 0.001 0.015 ± 0.001 59.29 
root 0.253 ± 0.019 0.132 ± 0.008• 0.003 ± 0.001 0.024 ± 0.002 94.86 

* Values are mean of triplicates 
• Statistically significant at 0.05% level 

The initial concentration of cadmium in Salvinia sp. 
leaf was 0.002 mg/g and after treatment with TTP effluent, 
the concentration increased to 0.017 mg/g. The 
bioconcentration factor was 67.19. In the case of Salvinia 
sp. root, the initial concentration was 0.003 mg/g, which 
then increased to 0.021 mg/g. The initial concentration of 
cadmium in Eichhornia sp. leaf was 0.003 mg/g and after 
treatment with TTP effluent the concentration increased to 
0.015 mg/g. The bioconcentration factor was 59.29. In 

case of Eichhornia sp. root, the initial concentration was 
0.003 mg/g, which then increased to 0.024 mg/g. The 
bioconcentration factor was 94.86 (Table 5). 

4. Discussion 
Industrial effluents are one of the important sources of 

soil and water contamination. The industrial wastewater 
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usually contains high level of hazardous material, removal 
of which is not possible with routine treatments. Industrial 
water in case of entrance into the soil, surface and ground 
water, cause pollutions and poison food chain. 
Additionally, limitation of fresh water and increasing 
population, treatment and recycling of raw sewage makes 
essential. Bioconcentration factor (BCF) is a useful 
parameter to evaluate the potential of the plants in 
accumulating metals. Metal accumulations by 
macrophytes could be affected by metal concentrations in 
water and sediments. The ambient metal concentration in 
water is the major factor influencing the metal uptake 
efficiency. In general, when the metal concentration in 
water increases, the amount of metal accumulation in 
plants also increases. 

The heavy metal concentrations in various effluents 
were comparatively higher. The increased salinity induces 
protective mechanisms, which influence the ability of the 
plant to bioaccumulate metals [36]. Rai [37] reported 70-
94 per cent decrease in cadmium when Azolla pinnata was 
used for phyto remediation in thirteen days of treatment. 
Shugeng et al. [38] observed significant decrease in the 
concentration of cadmium and lead by Canna sp. 

TTP effluent was acidic in nature, where the 
bioconcentration factor of plants was less. The removal of 
lead was high by Typha sp. (root) and less by Salvinia sp. 
(leaf). Among floating macrophytes, Salvinia sp. (root) 
removed more lead. The bioconcentration factor of arsenic 
was above 1000 in Typha sp. root and leaves. Among 
floating plants, Eichhornia sp. (root), which had BCF 
more than 1000 removed arsenic to maximum. In the 
removal of copper from the effluent, Typha sp. (root) was 
observed to be a positive candidate which had BCF higher 
than 1000. Among floating plants, Salvinia sp. (leaf) 
removed maximum copper from TTP effluent. The 
removal of cadmium was comparatively low. The 
maximum removal of cadmium was by Typha sp. (root). 
In TTP effluent also, the emergent species Typha sp. was 
the most efficient in removal of heavy metals. The 
occurrence of both fibrous and tap root system possessed 
by Typha sp. enable them to absorb heavy metals from 
both soil and aqueous medium. Among floating 
macrophytes Eichhornia sp., Salvinia sp. and Pistia sp. 
could be used efficiently for heavy metal removal. 

The appropriateness of a plant for phytoremediation 
potential is often judged by its BCF. Plants having BCF 
values over 1000 are generally considered a positive plant 
for phytoremediation [36]. However, in this study, with 
the BCF values of plants were slightly below 1000; these 
plants could be considered as moderate accumulators. 
Peng et al. [39] reported high level uptake of cadmium (92 
per cent), copper (70 per cent) and lead (79 per cent) by 
Potamogeton sp. 

Among floating macrophytes, Salvinia sp. root (arsenic) 
and Eichhornia sp. root (copper) had highest BCF than 
other plants used for the experiment. Tiwari et al. [40] 
reported that Portulaca sp. growing in effluent irrigated 
soils had high accumulation of metals in all plant parts 
with the maximum being in roots and the least in flowers. 
Among the four heavy metals studied, cadmium was 
effectively removed by all the plants except Pistia 
stratiotes. Verma et al. [41] reported that lead uptake by 
water hyacinth (Eichhornia crassipes) was high from pulp 
and paper industry effluent and could be used along with 

expensive cleanup technologies in industrial sector. Cheng 
et al. [42] studied the efficiency of constructed wetlands in 
decontamination of water polluted by heavy metals and 
observed low level removing efficiency for cadmium (6 
per cent) and lead (14 per cent). Stoltz and Greger, [43] 
observed that Typha sp. grown in the mine tailings 
showed shoot cadmium concentrations varying from 0.4 
to 12.5 and lead from 3.4 to 38.3 mg kg-1, while the root 
varied from 0.1 to 6.2 mg kg-1 cadmium, and from 8.1 to 
920 mg kg-1 lead. Mishra et al. [44] reported that Lemna 
minor (71.4 %) and Eichhornia crassipes (63.6 %) of 
Copper content from paper mill effluent. Gandhimathi et 
al. [45] studied the biosorption of Cu (II) and Zn (II) ions 
from aqueous solution by raw water hyacinth and acid 
treated water hyacinth was studied as a function of time, 
biosorbent dosage and pH. 

Johanna and Maria [46] in their studies on constructed 
wetlands for preventing and treating acid mine drainage 
reported that emergent plants were inadequate to treat the 
very harsh acid mine drainage containing copper. Wang et 
al. [12] reported that Eichhornia sp. and Pistia sp. 
strongly accumulated cadmium with BCF values of 1225 
and 2567, respectively. Anning et al. [47] reported high 
rate of hyper accumulation of heavy metals by Typha 
latifolia, Limnocharis flava and Thalia geniculata. 

5. Conclusion  

Lead from TTP effluent was removed maximum by 
Eichhornia crassipes than the emergent plant. But all the 
other heavy metals/metalloid viz. copper, cadmium and 
arsenic was removed prominently by Typha latifolia. So 
Typha latifolia can be considered as the best plant for the 
Phytoremediation of TTP effluent. 
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