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ABSTRACT 
 

Water contamination with heavy metals is a major environmental problem due 
to nondegradability and harmful effects of toxic metals. Phytoremediation has been 
drawing attention for many years as it is an environment-friendly, cost-effective and 
aesthetically pleasing technology. The duckweed, Lemna minor, has been shown to 
remove toxic elements from water. The objective of this study was to evaluate the 
removal efficiency of Nickel (Ni) by Lemna minor in contaminated water and to 
observe the effects of Ni on the growth of the plants. Generally, Ni contamination of 
water is the result of discharge of industrial effluents emerging from metal 
producing, mining, electroplating, battery manufacturing, electronic industries, 
tannery, steel and textile. Ni is a known carcinogen. Experiments were conducted 
for 14 days. Plants were treated to Ni concentrations ranged from 1-20 mg/L. Ni 
content was analyzed using atomic absorption spectrophotometer. The results show 
that Ni removal and the Bioconcentration factor (BCF) of Ni in Lemna minor were 
highest at initial Ni concentration and decreased as the initial Ni concentration 
increased. Ni removal by Lemna minor therefore is a suitable option for the 
treatment of Ni contaminated water. 

Key Words :  Phytoremediation, Lemna minor, Ni-contaminant,  
Bioconcentration factor. 

 
INTRODUCTION 

Toxic heavy metal pollution in the 
environment is of great concern in recent 
years due to urbanization and 
industrialization. Many industries such as 
automotive, metal producing, electric cable 
manufacturing, tannery, steel and textile, 
release various concentrations of heavy 
metals like Ni, Cd, Pb, and Cu in 

wastewaters. Heavy metals are non-
biodegradable and persistent pollutants so 
they are hazardous when discharged into a 
water body. Even low concentrations of toxic 
metals in the environment can prove to be 
harmful to human health. For these reasons, 
remediation of toxic metals and other 
inorganic and organic pollutants has been an 
important research area for 
environmentalists. Conventional remediation 
technologies like chemical precipitation, * Author for correspondence 
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reverse osmosis, ion exchange and solvent 
extraction have disadvantages including 
incomplete metal removal, quite expensive 
and generation of toxic sludge which 
requires disposal. Phytoremediation 
technology has been found as an alternative 
remediation technology from past two 
decades. It is based on the utilization of 
ability of certain plants to accumulate 
contaminants from soils, waters or 
sediments.  

Aquatic plants have been shown great 
potential for the removal of inorganic and 
organic pollutants from wastewater. Among 
aquatic plants, floating macrophytes (like 
duckweed) are used widely in 
phytoremediation as they are easier to 
harvest and having fast growth rate. Lemna 
minor, also known as common duckweed, is 
chosen for our study because it is easy to 
culture and harvest, have a high growth rate 
and is highly sensitive to different 
pollutants1-5.  

Nickel is a trace element and essential 
micronutrient for legumes6 and pecan7. It 
affects enzyme activity, iron intake and liver 
function. Ni is known to be phytotoxic. 
Although, it is essential for higher plants at 
low concentrations, at high concentrations it 
proves to be toxic8-9. Higher Ni 
concentrations cause weak plant growth, 
yield depression, disorder in plant 
metabolism and chlorosis10. Exposure to Ni 
can cause skin irritation, damage to lungs, 
the nervous system, and mucous membranes 
and cancer. The main anthropogenic sources 
of Ni are through the application of fly-ash, 
smelting-emissions, and oil combustion or 
sewage sludge. Tolerance limit for inland 
surface waters subjected to Ni pollution is 3 
mg/L11.  
Objective 

The objective of this study was to 
evaluate the removal efficiency of Nickel 
(Ni) by Lemna minor in contaminated water 
and to observe the effects of Ni on the 
growth of the plants as well as to investigate 
the Ni tolerance level of Lemna minor. 

MATERIAL AND METHODS 
Plant culturing 

Duckweed plants were picked up from a 
stream of water from the main campus. They 
were identified as Lemna minor and were 
cultured in a water tank in micro model IIT 
Delhi (the experimental site). 
Preparation of nickel solutions 

A stock solution was prepared by using 
nickel nitrate salt. Different concentrations of 
nickel as nickel nitrate were prepared (i.e., 
20, 15, 10, 5 and 1 mg/L). 
Experimental setup 

Plastic containers of ten litre capacity 
were filled with water. A known quantity of 
Lemna minor was taken out of culturing tank 
and treated with different concentrations of 
Ni. A black line was drawn on the containers 
so that a six litre water level could be 
maintained. 
Experimental upkeep 

The plants were checked everyday and 
tap water was added to each container so that 
the six litre water level line remained 
constant. Samples were collected at an 
interval of 7 and 14 days. 
Preparation of samples for analysis 

The biomass weight was taken by drying 
duckweed plants on filter paper for 10 
minutes (fresh weight). Plants were dried and 
their dried weights were noted in the lab 
notebook. Plants were analyzed for relative 
growth, metal accumulation and 
bioconcentration factor (BCF). In addition, 
the metal that remained in the solution was 
also analyzed to assess the removal potential 
of Lemna minor. 
Biomass sample relative growth analysis 
(i) Relative growth  

Relative growth of control and treated 
plants were calculated as follows12: 
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Final fresh weight (FFW)
Relative growth =

Initial fresh weight (IFW)
(ii) Growth Rates 

Two equations were used to calculate 
and compare duckweed growth rates. These 
equations are as follows13.  

Relative growth rate =  

e elog Final weight – log Initial weight
Days of growth

 

The percentage weight gain (PWG) was 
calculated using following formula:  

(Final weight – Initial weight)/Initial weight
PWG =

Days of growth
Here weight refers to the wet biomass of 
recently harvested duckweed fronds.  

Quantification of Nickel 

The dried plant samples were heated in a 
muffle furnace at 500° C for 6 hours. The ash 
of each sample was dissolved in 5 ml of 20% 
HCl to dissolve the residue. Samples were 
heated on a hot plate to boiling. Required 
amount of HCl (20%) was added to avoid 
sample drying. The resulting solutions were 
filtered and diluted to 50 ml with deionized 
water in volumetric flasks. The nickel 
content of these plant samples and water 
samples were determined using flame atomic 
absorption spectrophotometry. 

Ni concentration in the samples was 
calculated using the following formula: 

Ni concentration (mg/Kg) =  
Reading of Ni in sample (mg/L)* Total volume of the Sample (ml)

Dry weight of the sample (gm)

Bioconcentration factor (BCF) 

The BCF provides an index of the ability 
of the plant to accumulate the metal with 
respect to the metal concentration in the 

substrate. The BCF was calculated as 
follow14: 

Concentration of metal in plant tissue
BCF =

Initial concentration of metal in external solution

RESULTS AND DISCUSSION 
The results obtained, out of the 

experiments, have been shown in Fig. 1-4 
and Table 1. The Lemna biomass was 
harvested to get its yield and the metal 
analysis after 7 and 14 days of experiments. 
The water remaining in the tub was also 
analyzed for metal content. All these 
parameters have been discussed here. 

Relative growth 

Effect of different concentrations of Ni 
on relative growth of Lemna minor with 
different exposure time is shown in Fig. 1. 
Lemna minor showed visible damage at 10 
mg/L of Ni concentrations. Plants exhibited 
chlorosis when plants were treated with 10 
mg/L of Ni. Lemna minor tolerated Ni up to 
5 mg/L. Toxicity symptoms were observed 
like pigment decolourization and chlorosis. 

Relative growth showed dependence on 
the initial concentration of Ni in the solution. 
Relative growth decreased with the increase 
in Ni concentration in the solution. 1 mg/L of 
Ni stimulated the growth of Lemna plant. 
Biomass growth decreased at 10 mg/L 
treatment showing that a higher 
concentration inhibits growth. The highest 
value of relative growth was of control plants 
treated for 14 days. The highest value of 
relative growth for Ni treated plants was with 
1 mg/L of Ni for 14 days (average 5.63) and 
the lowest value was of plants treated with 
20 mg/L of Ni for 7 days (average 1.01).
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Fig. 1 : Effect of different Ni concentrations on relative growth of L. minor with time. 

 
Effect of Ni concentrations on the growth 
rate and percentage weight gain of L. minor 
is shown in Table 1.  The highest growth rate 

is 3.39 of control plants of 14 days and the 
lowest growth rate was found to be 1.55 of 
plants treated with 20 mg/L of Ni for 7 days. 

Table 1 : Effect of Ni concentrations on the growth rate and % weight gain of L. minor. 

S. No. Ni Treatment 
(mg/L) 

Exposure time 
(days) Growth Rate % weight gain 

1 0 7 2.91 0.42 
2 1 7 2.35 0.18 
3 5 7 1.91 0.06 
4 10 7 1.69 0.02 
5 15 7 1.63 0.01 
6 20 7 1.55 0.00 
7 0 14 3.39 0.33 
8 1 14 2.84 0.16 
9 5 14 2.54 0.10 
10 10 14 2.38 0.07 
11 15 14 2.12 0.04 
12 20 14 1.90 0.02 

 
Metal accumulation 

Graphical representation of Ni 
accumulation by L. minor at different Ni 
concentrations is shown in Fig. 2. 
Accumulation of Ni by Lemna increased 
with the initial concentrations of Ni in the 
solution and with time. Plants treated with 20  

mg/L of Ni for 14 days accumulated the 
highest level of metal (average 3276.7 
mg/Kg).The lowest Ni accumulation was 
found to be 427 mg/Kg (average) for L. 
minor treated with 1 mg/L of Ni for 7 day.
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Fig. 2 : Accumulation of Ni in L. minor with time. 

Metal remained in the residual solution 
Concentration of Ni (mg/L) remained in 

the water samples at different time exposure 
are shown in Fig. 3.  Ni in the solution 
decreased with time. The lowest value of Ni 

remained in the residual solution was 0.0066 
mg/L (average) for 14 days with 1 mg/L of 
Ni while the highest value was shown by 20 
mg/L of Ni ( average 8.3 mg/L) for 7 days.  
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Fig. 3 : Ni remained in the residual solution after 14 days. 

Bioconcentration factor (BCF) 
Bioconcentration factor was calculated 

for quantifying the Ni removal potential of 
the L. minor. BCF is the ratio of metal 

concentration in the biomass to the initial 
concentration of metal in the feed solution 
(reported as L/Kg).BCF values over 1000 are 
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generally considered evidence of a useful 
plant for phytoremediation. Effect of 
Different Ni concentrations with BCF of 
Lemna minor for 14 days is shown in Fig. 4. 
From graphs it was found that BCF values 
decreased with increase in Ni concentration 
in the feed solution. The maximum and the  

minimum BCF were obtained in plants 
treated with 1 mg/L of Ni after 14 days 
(average 603) and plants treated with 20 
mg/L of Ni after 7 days (average152) 
respectively. Removal potential of Lemna 
minor is good at 1 mg/L of Ni concentration.
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Fig. 4 : Bioconcentration factor (BCF) values of Ni in L. minor. 

 
CONCLUSION 

The results showed that 1 mg/L of Ni 
acts as a nutrient for the plant and helps in 
growth, whereas when the concentration of 
Ni goes to 20 mg/L the growth is hampered. 
Lemna minor could be effective for 
remediation of low concentrations of Ni 
polluted water (5 mg/L). Ni removal by 
Lemna minor therefore is a suitable option 
for the treatment of Ni contaminated water. 
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