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Abstract

Remediation of heavy metals by macrophytes in wetlands is gaining importance, particularly in the
wetlands and game reserves of international importance. Hokersar wetland, a Ramsar site, is a game
reserve of international importance and is facing anthropogenic disturbances over the years. Keeping in
view deleterious effect of heavy metals on all the facets of contaminated ecosystems need for removal
of these contaminants has received lot of attention in the recent past. It is in this backdrop, heavy metal
sequestration by Typha angustata, one of the common and abundant species growing in the wetland,
was explored. The study was aimed to assess sequestration of heavy metals, such as Al, Cd, Co, Cr, Cu,
Fe, Mn, Ni, Pb and Zn by T. angustata in the Hokersar wetland. The EF for all the investigated heavy
metals was greater than one and TF of T. angustata was greater than one for Zn, Cr and Pb thereby
making the species a hyper-accumulator for these elements. In conclusion, it can be stated that T.
angustata, being a hyperaccumulator of Zn, Cr and Pb and accumulator for Fe, Mn, Al, Co, Cu, Ni and Cd
can be exploited for heavy metal sequestration in the wetland system.

Introduction

Heavy metals - metals with density of 5g/cc (Nies 1999) - are an important category of pollutants that
have major detrimental impacts on both human health (Buruiana et al. 2015) and the health of terrestrial
and aquatic communities and ecosystems (Chopalla et al. 2014; Sdnchez 2008). Phytoremediation of
metals is a cost-effective “green” technology based on the use of specially selected metal-accumulating
plants to remove toxic metals from soils and water. This environmentally friendly and low cost
technology can be used to decontaminate soils, water and sediments containing organic compounds
and/or metals (Gerhardt et al. 2009; Kramer 2010). Several plant species have been used for
phytoremediation of heavy metals from contaminated water and soil (Chandra and Yadav 2011; Hu et al.
2010; Mishra et al. 2007; Rai et al. 1995; Rai 2008; Sharma and Gaur 1995; Samecka-Cymerman and
Kampers 2007; Szymanowska et al. 1999; Vardanyan and Ingole 2006; Zhang et al. 2009). Wetland
plants, however, vary greatly in their degree of metal uptake (Qian et al. 1999; Deng et al. 2004) and
species that hyper accumulate metals have a tremendous potential for application in metal remediation.

Exposure of birds to diets high in metals are known to have many adverse reproductive effects which
include decreased egg production, decreased hatchability, and increased hatchling mortality
(Scheuhammer 1987). It is for these reasons, screening of macrophytes growing in this wetlands for their
phytoremediation potential has assumed importance and urgency. It is in this context, Ahmad et al.
(2014, 2015) demonstrated that Phragmites australis, Potamogeton natans and Ceratophyllum
demersum are good at accumulating high levels of heavy metals. It is in context of this that we focused
on Typha angustata, an ideal choice for phytoremediation studies in view of its wide spread occurrence,
high abundance across the world’'s wetlands, its broad tolerance to varied environmental conditions and
different types of pollution, and its role in providing breeding ground and feeding material for a large
number of avifaunal species.
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Materials And Methods
Study Area

Hokersar wetland (34° 06' N latitude, 74° 05' E longitude) is a perennial, protected wildlife reserve and a
Ramsar site at an altitude of 1,584 m (amsl) lying about 12 kms towards the northwest of Srinagar city in
Kashmir Himalaya, India. Once spread over an area of 19.5 km?, the wetland has presently shrunk to just
13.26 km?2. The wetland is fed by three inlts: Doodhganga, Dharmuna and Soyibugh streams. The water
leaves the wetland through needle weir gate at Soziath village in the western side. Hokersar wetland is a
paradise for myriad of migratory and residential avifaunal species and harbors about two million
migratory waterfowl during winter that migrate from Central Asia, China, N-Europe and Siberia (Habib
2014). In addition to the geological weathering, anthropogenic activities such as municipal wastes and
use of pesticides in the adjoining rice fields are an important source of heavy metals into the wetland.
The practice of hunting/poaching of birds in the wetland by gun shots is also considered a source of
heavy metals, particularly lead, to the wetland.

Study Species

Typha angustata L. (lesser bulrush) belongs to the family Typhaceae. It is an erect, perennial freshwater
herb that can grow more than 3 meters in height. Its linear leaves are thick, ribbon-like structures which
have a spongy cross-section exhibiting air channels (aerenchyma). The subterranean stem arises from
thick creeping rhizomes (Motivans and Apfelbaum 1987). The plant tissues can store relatively high
concentrations of some metals. T. angustata appears to have an internal copper and nickel tolerance
mechanism. It is not likely that there is an evolutionary selection for heavy metal tolerance, but rather it is
inherent in the species (Demirezen and Aksoy 2004).

Chemical Analysis

Water samples (50mL) were digested with 2M HNO3 at 95°C for 2h and were made up to 100 ml in
volumetric 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. Shoot (leaves and stalks) and root tissues were separated and oven dried at 60°C to constant
weight. The dried samples were weighed and ground to pass a 40 mesh screen using a Wiley mill. The
plant analysis was carried out by acid digestion of dry samples of ground plant samples with a di-acid
mixture (9 parts nitric acid: 4 parts perchloric acid) at about 80°C. The digested samples were analyzed
for ten metals (Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn) using AAS Perkin EImer, model Analyst 800.

Data Analysis
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The mean and standard error of mean of metal concentrations in aboveground and belowground parts
were calculated. Translocation factor which is a ratio of the concentration of metals (ug/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).

Results And Discussion

The concentration of heavy metals in roots and shoots of Typha angustata and in the water collected
from the Hokersar wetland of Kashmir Himalaya are presented in Table 1. Fe and Al had the highest
concentration in both roots and shoots. Mn was next in abundance to these two metals. The
accumulation of different elements in roots and shoots of T. angustata was in order of
Fe>Al>Mn>Cu>Pb>Co>Cr>Ni>Cd. The percentage concentration of all the metals, except Cr, Pb and Zn
was more in roots than in shoots (Table 2). The concentration of different metals in water was in the
following order: Fe>Al>Mn>Pb>Cu>Cr>Zn>Ni>Co>Cd.

Hyperaccumulators are characterized on the basis of different criteria which include: metal concentration
in the shoots (Baker and Brooks 1989; Srivastava et al. 2006), translocation property (i.e., metal
concentrations in the shoots should be higher than that in the roots, enrichment property evaluated as
enrichment factor (Wei et al. 2006), and tolerance potential. According to Baker and Brooks (1989) and
Srivastava et al. (2006) hyperaccumulators should have concentrations of 10000ug/g for Zn and Mn;
above 1000 pg/g dry mass for Pb, Cu, Ni and Co; and 100ug/g for Cd. Concentrations of the metals
investigated in T. angustata were lower than the aforementioned values, indicating that it is an
accumulator rather than a hyperaccumulator. The lower values obtained for the metal concentrations
than those characteristic of hyperaccumulators are related to the degree of contamination of this site and
other related factors. Although shoot concentration of metals depends on the increase in the metal
concentration in the habitat, accumulators display consistently lower levels than hyperaccumulators.
Accumulators do not exceed the shoot concentrations described above (Baker and Brooks 1989; Zhou et
al. 2006).

Enrichment Factor

The enrichment factor (EF) means the degree of metal transfer from the water to the plant roots and
shoots. The higher enrichment factor for different metals in the roots than shoots of T. angustata (Table
2) for the 10 metals investigated during the present study indicates that the metals are accumulated in
the roots. It is pertinent to mention that in order to be a better phytoremediation plant, the Enrichment
Factor (EF) must be greater than 1. In T. angustata the least Enrichment Factor (EF) is 30 (Table 2) which
corresponded to Al metal transfer to the plant root. The highest enrichment factor is shown by Co
followed by Fe and Cd. This shows that Co is the most transferred metal to the root followed by Fe and
Cd in decreasing order. The accumulation of Co by the plant indicates potential usefulness of T.
angustata in cleaning up the wetland of this metal. Mechanisms of carcinogenicity have been discussed
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for metals, and beryllium, cadmium, chromium, cobalt, lead, nickel are some metals and metalloids that
are carcinogenic to humans. The abnormalities noted when iron overdoses occur are dehydration, hypo-
volemia, anemia, evidence of hepatic necrosis (elevated alanine transaminase and aspartate
transaminase activities), and liver failure (hypoglycemia, hyper-ammonemia) (Greentree and Hall 1995;
Hillman 1995). Cd when ingested accumulates in kidneys. Cd is associated with induction of
hypertension, cirrhosis of the liver, etc. (Higgins and Burns 1975). The prevalence of hypertension has
been correlated with renal Cd in various geographic areas of the world (Schroeder et al. 1973). The
International Agency for Research on Cancer (IARC) has classified cadmium as a human carcinogen
(group ) on the basis of sufficient evidence in both humans and experimental animals. According to the
observed results of EF for the investigated metals, it is apparent that 7. angustata could be used for
remediation of these metals.

Translocation Factor and Heavy Metals Tolerance

Another important feature of the plants used for phytoremediation is the translocation of metals from
root to the plant shoot. Translocation factor (TF) assesses the transfer of accumulated metals from root
to the plant shoot. The translocation factor of T. angustata is presented in Table 2 which shows a
translocation factor > 1 for Zn, Cr, and Pb while TF < 1 for Ni, Cd, Zn, Cu, Co, Pb, Fe, Mn, and Al. To be
considered a hyperaccumulator the translocation factor should be greater than one. Higher translocation
factor for Zn, Cr,and Pb in 7. angustata suggests significant translocation of these metals from roots to
shoots. This indicates phytoremediation capability of T. angustata for these three metals. The
translocation factor for the other metals indicates retention of these metals in the roots of 7. angustata.
In the present study 7. angustata retained 90.41% Co, 89.33% Al and 81.39% Mn in its belowground parts
(Table 2). Guilizoni (1991) stated that aquatic macrophytes with a well-developed root rhizome system
and totally submerged foliage extract elements mostly from sediments. Uptake by leaves becomes
important when the metal concentrations in the surroundings are high. He further stated that division of
labor between uptake of roots and shoots is probably associated with the anatomy and morphology of
different taxa as well as with the sorptive capacities that are characteristic of species differing in growth
rate, surface to volume ratio, and physiological condition of individual plants.

Hyperaccumulators should also have high tolerance to toxic contaminants which is true of 7.

angustata as revealed by the present study. Such an observation draws support from the work of
Demirezen and Aksoy (2004) who also reported that the tissues of T. angustata accumulate more heavy
metals than the tissues of Potamogeton pectinatus. It was also suggested that the short life cycle of T.
angustata is the main reason for it being able to sequester more metals in roots than in the shoots.
According to Bareen and Khilji (2008) plants that hyperaccumulate metals have a tremendous potential
for application in remediation of metals in the environment and T. angustata is one such hydrophyte with
good hyper accumulation capabilities. Burada et al. (2015) reported that 7. angustata has a greater
bioaccumulation capability than Phragmites australis, Potamogeton pectinatus and Stratiotes

aloides. Rai et al (2008) stated that Typha is a potent plant for heavy metal removal along with,
Phragmites, Eichhornia, Azolla, and Lemna. Chandra and Yadav (2010) also concluded that T.
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angustifolia could be a potential phytoremediator for heavy metals. Yen and Saibeh (2013) showed that
T. angustifolia was a metal excluder plant species when grown in mine water effluence at ex-Mamut
copper mine, Ranau. It accumulated high amount of Fe in the roots but low concentration in aboveground
tissues. It could use for phytostabilisation which very useful in revegetation plan for high toxicity areas
such as stagnant water areas and bench of the pit. Thus the present study suggests that the T.
angustatais a good hyperaccumulator of Zn, Cr and Pb while it serves as an accumulator of Fe, Al, Mn,
Zn, Cu, Cd, Co and Nid for phytostabilization in revegetation plans for high toxicity areas such as
stagnant water areas.

Conclusion

Our study suggests that the T. angustatais a hyperaccumulator of Zn, Cr and Pb while it serves as an
accumulator of Fe, Al, Mn, Zn, Cu, Cd, Co. and Ni. These metals are retained in the belowground parts of
the study species suggesting that an exclusion strategy for metal tolerance exists in this species. Thus
the results obtained in the present study and substantiated by earlier works reveal 7. angustata can be
used for removal of heavy metal from polluted wetlands. Moreover, the higher retention of heavy metals
in the belowground parts of the T. angustata reduces their transmission to avifauna, which mainly feed
on aboveground parts of this plant, thereby preventing bioaccumulation of heavy metals in higher trophic
levels. This further adds to the desirability of T angustata as a potential phytoremediation species. Being
a potent phytoremediation plant it can be used an efficient hyperaccumulator for the removal of different
heavy metals from the contaminated sites. Moreover, the plant can be easily inoculated in constructed
wetlands for the removal of heavy metals particularly Zn, Cr and Pb.
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Heavy metal

Concentration (mg/Kg) Concentration in water

Root Shoot (mg/litre)
Cr 9.12+0.89 2.79+0.09 0.025+0.00
Co 16.01+0.48 150.9+3.30 0.01+0.00
Pb 30.4+1.83 24.95+5.83 0.062+0.00
Zn 5.8010.90 5.8010.90 0.06x0.00
Cu 9.294+1.25 9.57+0.34 0.30%0.01
Al 236+10.28 1976.4+35.11 7.8510.78
Cd 2.62+0.11 3.08+0.57 0.004+0.00
Ni 2.20+0.05 4.88+0.54 0.03x0.08
Mn 75.4+£10.59 329.86+3.19 0.67%0.06
Fe 4316+407.29 15845+279.30 5.85%1.06

Table 2. Percentage concentration, translocation factor and enrichment factors of metals from water to
root and shoot of Typha angustifolia.

Heavy metal Percentage concentration Enrichment factor
Shoot Root Shoot Root Translocation factor

Cr 76.57% 23.43% 112 365 3.3
Co 9.59% 90.41% 15090 1601 0.1
Pb 54.92% 45.08% 402 490 1.2
Zn 50.00% 50.00% 97 333 3.4
Cu 49.27% 50.73% 32 31 1.0
Al 10.67% 89.33% 252 30 0.1
Cd 45.96% 54.04% 770 655 0.9
Ni 31.07% 68.93% 163 73 0.5
Mn 18.61% 81.39% 492 113 0.2
Fe 21.41% 78.59% 2709 738 0.3

Page 10/10



