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ABSTRACT

Heavy metals are important class of contaminants having hazardous impact on plants animals and humans. Wetland
macrophytes offer important, cheap and natural alternatives for the removal of heavy metals from the contaminated
environment; however, macrophytes vary in their potential to sequester these heavy metals. In this context the
present study was carried out to investigate the metal removal capability of Lemna minor growing densely in the
Hokersar wetland of the Kashmir, an important Ramsar site of Kashmir Himalaya. The highest Bioconcentration
factor BCF of Lemna minor also corresponded to Fe which also supports the good phytoremediation capability of
this species. Our results suggest that Lemna minor is a potent wetland macrophyte that can be used for removal of

Fe from the contaminated soils.
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Fast urbanization, industrialization, fertilizer and
pesticide use has resulted in heavy metal pollution of land and
water resources. The 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 magnification [1]. Heavy metals are a serious
problem because they cannot be degraded to organic material,
thus they accumulate in water, soil, bottom sediment, and
living organisms [2]. Although it may be possible to reduce
the toxicity of certain metals by influencing their speciation,
they do not degrade and are persistent in the environment [3].
Several technologies are available to remediate soils that are
contaminated by heavy metals. However, many of these
technologies are costly (e.g., excavation of contaminated
material and chemical/physical treatment) or do not achieve
a long-term nor aesthetic solution [4]. Phytoremediation can
provide a cost-effective, long-lasting and aesthetic solution
for remediation of contaminated sites. In the field of
ecotoxicology, L. minor has been used for the removal of
heavy metals from waste water and constructed wetlands [5-
7]. This species presents the additional advantage of growing
under varied environmental conditions with rapid growth
rates. Species of Lemna are reported to accumulate toxic
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metals and therefore are being used as experimental model
systems to investigate heavy metal induced responses [8-10].
Under experimental conditions, duckweed act as a good
accumulator of Cd, Se and Cu, a moderate accumulator of Cr,
and a poor accumulator of Ni and Pb [11]. The toxicity effect
of each trace element on plant growth was in the order: Cu >
Se > Pb > Cd > Ni > Cr. He also concluded that duckweed
showed promise for the removal of Cd, Se and Cu from
contaminated wastewater since it accumulated high
concentrations of these elements. Not much work has been
done on phytoremediation of heavy metals in Kashmir
Himalayan wetlands except a few attempts in recent past [32-
35]. In this context the present study was carried out to study
the phytoremediation potential of a common macrophyte
Lemna minor of Hokersar wetland of Kashmir Himalayas.

MATERIALS AND METHODS

Study species

Lemna minor L. (common duckweed or lesser
duckweed) belongs to the family Lemnaceae. It is a free-
floating fresh water aquatic plant with one, two or three
leaves each with a single root hanging in the water. As more
leaves grow, the plants divide and become separate
individuals. It grows in water with high nutrient levels, pH
between 5 to 9, and temperature of 6 to 33°C.

Chemical analysis

Water samples (50mL) were digested with 2M HNO;
at 95°C for 2hr and were made up to 100mL in volumetric
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flask with demineralized water. The digestion was done in
glassware previously soaked in nitric acid and washed with
demineralized water. The digested samples were analyzed for
metals in duplicate using AAS Perkin Elmer, model Analyst
800. Sample blanks were also analyzed to correct for any
contamination in the course of analysis. The plant samples
were washed with distilled water in the laboratory. The
washed plant samples were oven dried at 60°C till well dried.
The dried samples were weighed and ground to pass a 40
mesh screen using a Wiley mill. The analysis of plants was
carried out by acid digestion of dry samples with an acid
mixture (9 parts nitric acid: 4 parts perchloric acid) at about
80°C. All the reagents that were used were of analytical grade
and the reaction vessels were treated well to avoid external
contributions of the metals. Sample blanks were analyzed to
correct for possible external contributions of the metals while
replicate samples were also evaluated and all the analyses
were done in triplicate to ensure reproducibility of results.
The digested samples were analyzed for ten metals (, Al, Cd,
Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn) using AAS Perkin Elmer,
model Analyst 800.

Data analysis

The mean and standard error of mean of the metals in
plant sample parts were calculated. Translocation factor
which is a ratio of the concentration of metals (ng/g) in the
plant shoot and leaves to that of the metals in root (ug/g) was
also evaluated while the enrichment factor measuring the
degree of enrichment and the transfer of metals into the plant
sample by the water was evaluated by the ratio of the metal
in the plant (ug/g) to the metal in the water (mg/L).

Enrichment factor (EF)

Enrichment factor is an index of the ability of the plant
to accumulate metal ions with respect to the metal ion
concentration in the growth environment. It is defined as the
ratio of metal concentration in the dry biomass to the initial
concentration of metal ion in the water.

Enrichment  Concentration of metal in the plant tissue
factor Concentration of the metal in the water
RESULTS AND DISCUSSION

The heavy metal concentration in L. minor was found
in the order of Fe>Al>Mn>Pb>Cu>Zn>Co>Cr>Ni>Cd. The
primary criteria for a plant to qualify as a good
phytoremediation plant (hyperaccumulator) is that it should
withstand very high concentrations of heavy metals (10,000
pg/g for Fe, Al, Zn and Mn; above 1000 pg/g dry mass for
Pb, Cu, Ni and Co; and 100 pg/g for Cd [12-13]. The critical
concentrations of the metals investigated in the present study
were lower than the required values for all the studied heavy
metals except Fe, thereby indicating that Lemna minor is a
hyperaccumulator of Fe while an accumulator of other
studied heavy metals. The lower values obtained for the metal
concentrations in Lemna minor as against characteristic
hyperaccumulators, could be due to lower concentration of
heavy metals in the studied wetland waters (Table 1). EF is
also an important index that determines the effectiveness of
plant to be a good phytoremediation plant. EF greater than
one is considered an important criterion  of
hyperaccumulators [14]. The order of enrichment factor (EF)
of different heavy metals in Lemna minor was
Fe>Cd>Mn>Co>Cr>Zn>Ni>AI>Cu. The highest EF was
obtained for Fe metal (2390.78). This indicates that Fe is the
most transferred metal into this species followed by Cd and
Mn thus reducing the supply of Fe, Cd and Mn to marsh
detrivores, avifauna, other bioaccumulators and surface
waters. It has been hypothesised that high tissue iron
concentrations carry an increased risk of neoplasia [15],
atherosclerotic ~ disorders ~ [16-17], infection  [17],
neurodegenerative  disorders [18], and inflammatory
conditions [19]. Other conditions that have been associated
with high iron intakes include symptoms similar to
Alzheimer’s disease, Parkinson’s disease, arthritis, diabetes
mellitus. Iron (I1) sulfate heptahydrate, the most toxic form of
the iron salts compounds, is moderately toxic to aquatic
invertebrates and slightly toxic to fish [20]. Cd is another
toxic metal that accumulates in kidneys and is usually
associated with induction of hypertension, cirrhosis of the
liver etc. [21]. The International Agency for Research on
Cancer (IARC) has classified Cd as a human carcinogen
(group 1) on the basis of sufficient evidence in both humans
and experimental animals. In addition to this Co can cause
adverse health effects at high. The neurological effects of
inhaled manganese have been well documented in humans
chronically exposed to elevated levels in the workplace [22-
25].

Table 1 Heavy metal accumulation (mg/kg) and EF in Lemna minor and water of Hokersar wetland of Kasmir

Concentration in Heavy metal Heavy metal in Enrichment Bioaccumulation
Heavy metal . : .

Lemna minor in water sediment factor factor
Pb 21.3+1.05 0.06 £ 0.00 189.35 £ 13.10 343.55 0.11
Fe 14010 + 212.13 5.85+1.06 3250 + 225.03 2390.78 4.31
Mn 166.6 £ 1.35 0.67 £1.06 1448 + 6521.62 248.66 0.12
Al 502.7 +7.89 7.85+0.78 9278.9 + 383.79 64.04 0.05
Cr 4.58 £ 0.10 0.02 £ 0.00 109.02 £+ 2.96 183.2 0.04
Co 515+0.14 0.01£0.00 125.9125 + 3.155 206.00 0.04
Zn 9.96+1.64 0.06 £ 0.00 177.45 £ 3.22 166.00 0.06
Cu 10.88 £ 2.71 0.30+£0.01 452.46 + 48.19 36.27 0.02
Cd 3.41+£0.31 0.004 + 0.00 24.835 +1.935 852.50 0.14
Ni 3.39+£0.04 0.03 £ 0.00 234.68 + 31.31 113.00 0.01
BCF is the defining parameter in phytoremediation  greater than one is indicative of a potential HM-

providing information on the uptake of metal, its mobilization
into the plant tissues and storage in the plant parts. BCF

hyperaccumulator species [26]. The BCF of L. minor was
found to be in the order of
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Fe>Cd>Mn>Pb>Zn>Al>Co>Cr>Cu>Ni. The highest BCF
was obtained for Fe (4.31). Duckweed is commonly found in
wetlands, is fast growing, adapts easily to various aquatic
conditions, and plays an important role in the extraction and
accumulation of metals from waters [27]. L. minor has been
found to be a potent wetland for the removal of heavy metals
[7], [28] particularly Cd and Pb [29-30], and Fe [31]. Thus,
the EF and BCF values of L. minor for different metals
suggest that L. minor is a potent wetland plant for the removal
of Fe from contaminated soils.

CONCLUSION

The results suggest that L. minor has the potential to
remove Fe, Cd and Mn from the contaminated water and it

lowers these heavy metals in the surrounding water and their
availability to marsh detrivores, avifauna and other trophic
levels including humans. The L. minor acts as a
hyperaccumulator of Fe while an accumulator of other
studied heavy metals. Thus L. minor is an efficient and a
potent macrophyte for the removal of different heavy metals
particularly Fe. It can be easily inoculated in constructed
wetlands for the removal of different heavy metals
particularly Fe.
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