
Saudi Journal of Biological Sciences 28 (2021) 1218–1225
Contents lists available at ScienceDirect

Saudi Journal of Biological Sciences

journal homepage: www.sciencedirect .com
Original article
An assessment of level of heavy metals pollution in the water, sediment
and aquatic organisms: A perspective of tackling environmental threats
for food security
https://doi.org/10.1016/j.sjbs.2020.11.072
1319-562X/� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail address: mushahid@ksu.edu.sa (S. Mahboob).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Jeganathan Pandiyan a, Shahid Mahboob b,⇑, Marimuthu Govindarajan c,d, Khalid A. Al-Ghanimb,
Zubair Ahmed b, Norah Al-Mulhmb, Rajendran Jagadheesan a, Kaliyamoorthy Krishnappa a

aDepartment of Zoology and Wildlife Biology A.V.C. College (Autonomous), Mannampandal, Mayiladuthurai – 609305, Tamil Nadu, India
bDepartment of Zoology, College of Science, King Saud University, Riyadh 11451, Saudi Arabia
cUnit of Vector Control, Phytochemistry and Nanotechnology, Department of Zoology, Annamalai University, Annamalainagar-608 002, Tamil Nadu, India
dUnit of Natural Products and Nanotechnology, Department of Zoology, Government College for Women (Autonomous), Kumbakonam 612 001, Tamil Nadu, India

a r t i c l e i n f o a b s t r a c t
Article history:
Received 4 November 2020
Revised 13 November 2020
Accepted 22 November 2020
Available online 2 December 2020

Keywords:
Pollution
Heavy metals
Habitats
Benthic
Conservation
Pollution is severely threatening the wetland habitats. Heavy metals are one among of the major pollu-
tants in wetland habitats. The cadmium (Cd), copper (Cu), chromium (Cr), cobalt (Co), lead (Pb), mercury
(Hg), nickel (Ni) and zinc (Zn), were assessed in the water, sediment, benthic species (polychaetes, mol-
lusc and crustaceans), prawn and fishes. The assessment of heavy metals was done by using double-beam
Atomic Absorption Spectrophotometer (AAS). The Hg, Cr and Co were greater in sediment, Ni and Cd were
higher in polychaetes and molluscs respectively. However, the Cu and Pb greater in crabs and the Zinc
was greater in fishes. The concentration of metals showed significant differences among the various
sources examined (P < 0.05) except Cr (P > 0.05). The inter-correlational analysis among the metals
assessed from the various sources showed that the Cr and Pb not correlated among the eight metals
examined. However, the Cu and Co were correlated with Hg (r = 0.307) and (r = 0.788) respectively.
The nickel was correlated with Hg (r = 0.367), Cu (r = 0.362) and Co (r = 0.432). The Zinc was correlated
with the Cd (r = 0.331) and Hg (r = 0.737). However, correlation of metals among the different sources
shown that the metals of polychaetes correlated with sediment r = 0.637, the metals of crabs correlated
with the sediment and polychaetes r = 0.630 and r = 842 respectively, the metals of molluscs was also
correlated with sediment (r = 0.636), polychaetes (r = 0.889) and crabs (r = 0.894). In addition to that
the metals of prawns was correlated with the polychaetes (r = 839), crabs (r = 0.628) and molluscs
(r = 0.634). The metals of fishes correlated with polychaetes (r = 0.529), crabs (r = 0.710), molluscs
(r = 0.493) and prawns (r = 0.593). Indeed the multiple regression model explained that the metals of sed-
iments influence the accumulation of metals in biotic species such as polychaetes, molluscs, crustaceans,
prawns and fishes with 84% (F = 21.079; p < 0.001).The order of the heavy metals in the water, sediment
and biotic species was Hg > Pb > Ni > Cr > Zn > Co > Cu > Cd. The study found that the level of heavy metals
at various sources in the sanctuary is showing considerable warning and the sanctuary is required inten-
sive assessment on various aspects of pollution since the Point Calimere Wildlife Sanctuary is supporting
several species of migratory and endangered shorebirds seasonally.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The wetlands habitats are most productive ecosystem in the
world, providing suitable habitats for various species of aquatic
organisms which are depends on it. Nevertheless the coastal wet-
land habitats including intertidal mudflats are functioning as a
proper shelter, feeding and breeding grounds for various species
(Balachandran, 2012; Sivaperuman and Venkatraman, 2014). But
recently several wetlands are under severe threats due to various
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pollutants (Agoramoorthy and Pandiyan, 2015). The heavy metals
are one among the serious pollution in the aquatic habitats since
these heavy metals are flexible to enter the food chain of an aquatic
ecosystem (Censi et al., 2006, Pandiyan et al., 2020). The heavy
metals are badly affecting the aquatic habitats and which is
becomes a big threat since most of the heavy metals are severe
toxic effects on several organisms (MacFarlane and Burchett,
2000). The sediments received the heavy metals through chemical
and physical processing of rocks, percolating of soil and physiolog-
ical process of various plants (Al-Saad et al., 1997). In addition to
that urbanization, industrial and agricultural activities could also
favours the contamination of soil by heavy metals (Heba et al.,
2000). However these two processes i.e. man-made and natural
processes are the major en-route to the heavy metal contamination
in the aquatic habitats including in the coastal sediments. In addi-
tion to that the aquatic ecosystem, the heavy metals are heavily
deposited into the sediments through the process of adsorption,
precipitation, diffusion, chemical reactions, biological activity
etc., (Ramirez et al., 2005), the heavy metals spread into the water
column through the sediments (Jones and Turki, 1997).

Assessment of heavy metals in aquatic habitats is typically
examined in the water, sediments and biotic species (Camusso
et al., 1995). In fact the level of metals in water is relatively very
low than the sediments and other biota (Namminga and Wilhm,
1976). Indeed the evaluation of heavy metals in aquatic habitats
such as sediment, benthic organisms and fishes had been explored
as a major environmental concern (Özmen et al., 2004; Praveena
et al., 2008). Generally the metals in minerals and rocks are not
harmful but it will be more toxic when they are dissolved in water.

The accumulation of heavy metals in the aquatic organisms is
most probably through the dissolved phase and it also through
ingestion of their food (Fisher and Reinfelder, 1995). The entry of
heavy metals in polychaets, molluscs and crustaceans is predomi-
nantly through the waters, sediments and their food items (Bryan
1971, 1979), in prawns and fishes through the food chain and food
webs (Botté et al., 2010). The assessment of heavy metals in ben-
thic organisms and fishes are most essential since they are poten-
tial ecological indicators particularly pollution studies (Jones and
Walker 1979; Yilmaz 2005). The benthic organisms, prawns and
fishes are the major food items for various species of migrant
and local migrant species of shorebirds during their migration
(Pandiyan and Asokan, 2015). The shorebirds are heavily affected
with heavy metals through their dietary preferences (Pandiyan
et al., 2020). Therefore the current study is targeted to assess the
level of heavy metals in water, sediment, benthic organisms,
prawns and fishes to understand the current status of the PCWL
(Ramsar site) since the sanctuary is supporting numerous species
of migrant and endangered species of shorebirds annually.

2. Methods

2.1. Study area: The Point Calimere Wildlife Sanctuary

The Point Calimere Wildlife Sanctuary (PCWL), one of the Ram-
sar sites in India, situated 10�18 N, 79�51 E, Great Vedarnyam
Swamp, NagapattinamDistrict, Tamil Nadu, India (Fig. 1). Themon-
soon is the period of heavy rainy season in which the PCWL receive
water and it dries up during the summer season and ultimately will
become a small pool of water in peak summer. The swamp land is
partitioned from the Northeastern part of Indian ocean (Bay of Ben-
gal) and Palk Strait by thin coastal area of sand banks with numer-
ous channels such as ‘‘Manavaykal” and ‘‘Sellakkani” sea mouths.
The swamp habitat is consisting of mixed aquatic ecosystem such
as both fresh and seawater. In the swamp, two industrial salt units
are producing edible and industrial salts, the average rainfall of
PCWL is ranges 1000–1500 mm during monsoon season but the
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rainfall could vary on the basis of the weather conditions. The max-
imum temperature of the PCWL is 34 �C andminimum 24 �C during
May and December respectively. Annually the PCWS swamp habi-
tat shows strong winds during the month of June and July. Several
resident and migratory waterbirds use this sanctuary as a feeding
ground and some water birds using as a breeding ground
(Sampath and Krishnamurthy, 1990; Balachandran et al., 2009;
Pandiyan and Jagadheesan, 2016; Manikannan, 2011).
2.2. Collection of water, sediment and aquatic organisms

2.2.1. Collection of water samples
The water samples (1000 ml) were taken from the surface of

each sampling sites in a clean polyprophylene containers. The col-
lected water samples were transported to the analytical lab in the
ice box. The water samples were kept in 1% HNO3 at 4 �C until the
analysis of metals (Kiffney and Clements, 1993; Pandiyan et al.,
2020).
2.2.2. Collection of soil sediment samples
Soil sediment samples were collected at three random sites (up

to20 cm depth) (Boncompagni et al., 2003). At each site, six differ-
ent soil samples were collected at a distance 500 m and the sam-
ples were mixed thoroughly to get a composite sample. The
same procedure was followed for the other two sites also. The sam-
ples were collected using a core sampler (Masero et al.,1999)
rinsed with HNO3 (10%), and the samples were kept in the as
described by Karadede-Akin and Ünlü (2007).
2.2.3. Collection of benthic prey species
Two kilogram of mud samples (20 cm diameter) were collected

at three different random sites, 20 cm depth is considered as a
maximum reachable depth for foraging of most shorebirds species
and where benthic or mud-dwelling invertebrates live (Masero
et al., 1999). The selection of three different sites for the collection
of benthic prey invertebrates is purely based on foraging and
greater congregates of shorebird-used sites. At each site, six differ-
ent mud samples were collected and combined to obtain a com-
posite sample, and the same procedure was followed for the
other two sites also. The mud samples were sieved in the labora-
tory using various sizes of sieves i.e. from 0.5 to 2.0 mmmesh sizes,
and the collected benthic organisms were kept at � 20 �C for fur-
ther analysis of metals.
2.2.4. Collection of fishes and prawns
Small gill net used for capturing the fishes and prawns at six dif-

ferent random sites. Nine samples were collected from each site
and pooled into a single sample and the same procedure was
employed for the other eight sites also. The fish and prawn samples
were transported by using an icebox and the samples were kept
at � 30 �C for further analysis of metals (Raja et al., 2009).
2.3. Digestion of water, sediment, benthic, prawn and fish samples

2.3.1. Digestion of water samples
The collected water samples were filtered by using a Whatman

no.1 (0.45 mm) filter paper, in a 100 ml of water sample, in a con-
ical flask five ml of concentrated H2SO4 was taken and it was
allowed for heating about two hours at 105 �C until the volume
is reached to 25 ml and the sample was transferred in a 100 ml vol-
umetric flask. Deionised H2O was gradually added to the flask until
reached 100 ml of volume of the sample. The sample solution was
kept in a well cleaned analytical bottle with the label until metal
analysis (Adebayo, 2017; Pandiyan et al., 2020).



Fig. 1. Map showing the study area of the Point Calimere Wildlife Sanctuary, Kodikkarai, (Ramsar site).
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2.3.2. Digestion of soil sediment
The preserved soil sediment was dried for three days to

remove the moisture content. The dried soil sample was
crushed to fine powder and filtered by using with a 2 mm
sieve. The samples were prepared for the analysis of metals
described earlier by Pandiyan et al., (2020). The filtered soil
sediment sample was transferred in a 100 ml of flask (volu-
metric) and made the sample until 100 ml with by adding
deionised H2O.
2.3.3. Digestion of benthic prey organisms
The preserved benthic organisms were thoroughly washed

using double-distilled water. The whole polychaetes, tissues or
soft inner body of molluscs and crabs, were used for metal
analysis. The tissue samples of various species of polychaetes
(5 species) were cut into many pieces and pooled for metal
analysis, and the same procedure employed for the mollusc (4
species) and crabs (2 species). 25 g of collective tissue samples
of each prey items (the polychaetes, molluscs and crab species)
were taken into a polystyrene tube (three samples/tubes for
each prey items) were dried to a constant weight at 50 �C
and cooled at room temperature (25 �C) and the samples were
prepared (weight) into the nearest 0.1 mg. Consequently, one
ml of nitric acid was poured into each sample tube, the sam-
ples were retained for 24 h at 25 �C (room temperature) and
again it was treated about 50 �C for four hours for far-
reaching digestion of the benthic organisms. Additionally
100 ml of H2O2 was poured to each sample tube and it was
heated at 50 �C for one hour to finish the digestion procedure
for thorough digestion of the prey samples the methods fol-
lowed by Newman and McIntosh, (1983). The final digested
sample was transferred into well-cleaned bottles with a proper
label of each prey item for further metal analysis using AAS
(Pandiyan et al., 2020).
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2.3.4. Digestion of prawns and fishes
The tissue samples of various fish species (6 fish species) were

mixed and combined, three replicates were taken for metal analy-
sis and the same procedure was applied for the prawn species (2
prawn species). The digestion of fish and prawn was carried out
by using the method described by Pandiyan et al., (2020) using
HNO3/HCL (1:3 v/v).
2.4. Quality control and analytical procedures

For quality assessment of the instrument’s stability, a quality
control (QC) sample was injected for every fifteen samples. In addi-
tion to that for better accuracy blank, standard and sample were
run in triplicates for each analytical course. However, the accuracy
of the systematic procedure in the metal analysis the relative stan-
dard deviation (RSD) is obtained at the range of 5–10%, the RSD is
calculated from the STD/mean values. For each metal (Cd, Co, Cr,
Cu, Hg, Ni, Pb, and Zn), separate calibration curves were prepared
at 05, 1.0, 2.0, 5.0 and 10 ppm. Nevertheless, the working solutions
were also prepared for every day for the analysis of different met-
als by making a stock solution with the mixture of 65% (v/v) HNO3,
30% (v/v) H2O2 and H2O (v/v/v = 1:1:3) ratios. For every set of sam-
ple, the instrument was set to zero concentration by using a blank
solution. The results of each metal arrived from (triplicate) sam-
ples. All glassware was rinsed with distilled water before use,
soaked in nitric acid (30%) overnight, and air-dried before the anal-
ysis of metals. Analyses were performed by using ECIL-Double
Beam Atomic Absorption Spectrophotometer (AAS). The results
are expressed as ppm (Pandiyan, et al., 2020; Ullah et al., 2013).
2.5. Statistical analysis

After carful validation of the data, the ANOVA (one way) was
employed to explore the variations of metals among the various
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sources such as water, sediment, polychaetes, molluscs, crabs,
prawns and fishes collected from the study area. To understand
the relationship between the water, sediment and among the var-
ious biotic species, the Pearson correlation was applied. In addition
to that simple linear regression model was also employed between
the sediment and the biota to explore the influence of sediment
metals on the polychaetes, molluscs, crabs, prawns and fishes.
Computation of statistical analyses the SPSS 25.0 was used. The
results were interpreted by using Sokal and Rohlf (2012).

3. Results

The evaluation of heavy metals was carried out in the Point Cal-
imere Wildlife Sanctuary (PCWL), southern India. Eight different
metals such as Cadmium (Cd), Cobalt (Co), Chromium (Cr), Copper
(Cu), Mercury (Hg), Lead (Pb), Nickel (Ni) and Zinc (Zn) were
assessed from the water, sediment, benthic organisms (poly-
chaetes, molluscs and crustaceans), prawns and fishes. The level
of metals at different sources revealed that the Hg, Cr and Co were
greater in sediment, Ni and Cd were higher in polychaetes and
molluscs respectively. However, the crabs showed higher level of
Cu and Pb and the Zinc was greater in fishes (Table 1 and Fig. 2).
The concentration of metals varied significantly among the sources
examined (P < 0.05), except Cr (P > 0.05).

The correlation of metals among the sources revealed that the
polychaetes correlated with sediment r = 0.637. The metals of
crabs correlated with the sediment and polychaetes r = 0.630 and
r = 842 respectively, the metals of molluscs was correlated with
sediment (r = 0.636), polychaetes (r = 0.889) and crabs
(r = 0.894). Indeed the metals of prawns was correlated with the
polychaetes (r = 839), crabs (r = 0.628) and molluscs (r = 0.634).
The metals of fishes correlated with polychaetes (r = 0.529), crabs
(r = 0.710), molluscs (r = 0.493) and prawns (r = 0.593) (Table 2).
The intercorrelational analysis among the metals examined from
the different sources such as water, sediment, polychaetes, crabs,
molluscs, prawns and fishes revealed that the Cr and Pb not corre-
lated with any other eight metals examined. However, the Cu and
Co were correlated with Hg (r = 0.307) and (r = 0.788) respectively.
The nickel was correlated with Hg (r = 0.367), Cu (r = 0.362) and Co
(r = 0.432). The Zinc correlated with the Cd (r = 0.331) and Hg
(r = 0.737) (Table 3). However the multiple regression model
showed that the metals of benthic organism, prawns and fishes
influenced by the sediment and it was explained about 84%
(F = 21.079; p < 0.001). Overall the pattern of metals at various
sources was as Hg > Pb > Ni > Cr > Zn > Co > Cu > Cd.

4. Discussion

Heavy metals are almost in traces, which do not biodegrade in
the habitats where released, and hence get biomagnified in the
exposed organisms. Habitats such as mudflats, sandflats and other
coastal wetlands are frequently used by several species including
migratory shorebirds as refuel sites. These habitats are not excep-
Table 1
Basic descriptive statistics for the level of heavy metals in water, sediment, benthic organ

Metals water Sediment Polycheates

Hg 1.5 ± 0.57 26.0 ± 8.66 7.3 ± 1.08
Cd 0.1 ± 0.01 0.3 ± 0.06 0.4 ± 0.11
Cu 0.1 ± 0.03 0.4 ± 0.14 0.8 ± 0.21
Cr 2.9 ± 1.82 0.8 ± 0.16 0.5 ± 0.10
Co 0.4 ± 0.04 1.8 ± 0.44 0.6 ± 0.05
Pb 1.4 ± 0.07 2.5 ± 0.40 5.4 ± 2.21
Ni 0.4 ± 0.05 1.8 ± 0.48 2.6 ± 0.27
Zn 0.3 ± 0.04 0.3 ± 0.03 0.7 ± 0.07
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tions which also get contaminated by heavy metals from various
sources. In addition, Point Calimere Wildlife Sanctuary (PCWL)
was upgraded as one of the Ramsar sites in 2002. The present study
reveals that the PCWL are under vulnerable state because of con-
tamination, particularly of metal concentration in water, sediment,
polychaetes, molluscs, crabs, prawns and fishes. Heavy metals are
most significant in relation to ecological aspects since they are
not easily removed during the self-purification process of water,
but they will accumulate in the biotic species and they could enter
into the food chain intensively (Loska and Wiechuła, 2003). The
study brings out the first hand information of the accumulation
of various heavy metals at various sources and the pattern of heavy
metals is as follows: Hg > Pb > Ni > Cr > Zn > Co > Cu > Cd.

The study found that Hg was greater in sediment and also in
molluscs, crab, polychaetes, fishes and prawn. The Hg was higher
in sediments it might be due to the surrounding areas of the wet-
lands is associated with agricultural lands and coastal saltpan
industries, which could also easing the Hg in the wetlands. Stud-
ies are also mentioned that the Hg is a non-essential element and
which is exist extensively in an any aquatic habitats and the met-
als are accountable for toxicity through direct or indirect pro-
cesses (Johansen et al., 2004). A study reported that Hg is
abundantly exists in the environment through agricultural prac-
tices such as application of fertilizers and pesticides by the farmer
communities (Hashmi et al., 2013). The study found that the ben-
thic species, prawn and fishes showed greater level of Hg, several
studies stated that the Hg is higher in coastal prawns, fishes and
benthic organisms (Raja et al., 2009; Kumar et al., 2012). The
polychaetes, molluscs and crustaceans are accumulating greater
level of metals, including mercury, as most of them are filter
feeders and feed on detritus, which can increase the accumulation
of metals. The Hg could enter in the benthic organisms through
their normal feeding mechanisms from their surrounding envi-
ronment especially sediment and water (Wyn et al., 2009).
Besides the benthic species showed greater level of Hg, it could
also perhaps trophic system of an coastal ecosystem, the food
web is contributing to the accumulation of metals to secondary
consumers such as polychaetes, molluscs and crabs, and tertiary
consumers like prawn and fishes. Majority of the consumers in
the coastal ecosystem are exposed to higher level of Hg and it
is due to their feeding preferences particularly they are feed on
detritus wastes (Eagles-Smith et al., 2008).

A study suggests that Lead (Pb) an indicator of metal pollution
and anthropogenic activities contribute to it (Metcheva et al.,
2006). Another study reported that Pb is distributed in the environ-
ment through agricultural practices such as the application of
fertilizers and pesticides by the farmer communities (Hashmi
et al., 2013). The current study found that the greater level of Pb
in crabs, molluscs, polychaetes and fishes. Generally the Pb is
entering into the benthic organisms through their dietary prefer-
ences, food chain and food webs (Pandiyan et al., 2020). The Pb
is greater level in mud dwelling organisms which are living in
coastal ecosystem or any intertidal wetlands because they are
isms, prawns and fishes, recorded at the PCWL. (Values are mean and SE; ppm).

Molluscs Crabs Prawns Fishes

15.3 ± 0.49 17.5 ± 1.31 2.4 ± 0.46 5.1 ± 0.62
0.6 ± 0.13 0.5 ± 0.14 0.5 ± 0.08 0.5 ± 0.14
0.5 ± 0.11 1.1 ± 0.28 0.5 ± 0.16 0.4 ± 0.13
0.5 ± 0.08 0.5 ± 0.06 0.4 ± 0.09 0.9 ± 0.21
0.7 ± 0.18 0.6 ± 0.08 0.5 ± 0.01 0.6 ± 0.12
6.9 ± 3.07 13.1 ± 1.55 5.3 ± 2.17 12.9 ± 0.75
1.4 ± 0.36 1.5 ± 0.20 1.8 ± 0.24 1.6 ± 0.15
1.1 ± 0.16 1.7 ± 0.14 0.6 ± 0.11 2.0 ± 0.24



Fig. 2. Level of metals recorded in the various sources such as water, sediment, polychaetes, molluscs, crabs, prawns and fishes, Point CalimereWildlife Sanctuary, Kodikkarai.

Table 2
Correlation of heavy metals examined among the sources such as water, sediment, benthic organisms, prawn and fishes, Point Calimere Wildlife Sanctuary, Kodikkarai (Ramsar
site), India.

Sources Water Sediment Polychaetes Crabs Molluscs Prawns Fishes

Water 1
Sediment 0.078 1
Polychaetes 0.090 0.637* 1
Crabs 0.175 0.630* 0.842* 1
Molluscs 0.127 0.636* 0.889* 0.894* 1
Prawns 0.056 0.243 0.839* 0.628* 0.634* 1
Fishes 0.119 0.214 0.529* 0.710* 0.493* 0.593* 1

* Correlation at level P < 0.05.

Table 3
Inter-correlational analysis among the heavy metals examined from the various sources such as water, sediment, benthic organisms, prawn and fishes, Point Calimere Wildlife
Sanctuary, Kodikkarai (Ramsar site), India.

Metals Hg Cd Cu Cr Co Pb Ni Zn

Hg 1
Cd 0.092 1
Cu 0.307* 0.184 1
Cr �0.105 �0.249 �0.211 1
Co 0.788** 0.010 0.082 �0.048 1
Pb 0.094 0.187 0.235 �0.151 �0.188 1
Ni 0.367* 0.242 0.362* �0.244 0.432** 0.252 1
Zn 0.043 0.331* 0.301 �0.188 �0.152 0.737** 0.094 1

* Correlation at level P < 0.05
** Correlation at level P < 0.001
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feeding on detritus (Guns et al., 1999; Mado-Filho et al., 2008). In
addition to that the study found that the crabs also showed higher
level of Pb and it perhaps due to the crabs are well known for scav-
engers and filter feeder in the coastal wetlands. Besides, the ben-
thic organisms are consuming wide range of diets which are
exist in the wetlands habitats including detritus, soil sediment,
decayed plant parts and other organisms (Reichmuth et al.,
2009), which are facilitate the metals in their body with higher
ranges. Greater level of Pb is in fishes also indicate that they per-
forming as a secondary predator and which is showing rich magni-
fication of a trophic structure of an aquatic ecosystem (Kumar
et al., 2012).

In fact the Nickel (Ni) is widely used in several industries,
including the silver-plating, instruments manufacturing compa-
1222
nies and heat treatment, etc., and Ni-Cd batteries. These industries
use chrome, Ni, and cyanide, which are highly harmful to various
taxa. In fact the study found that greater level of Ni in prawns
and fishes studied. A study reported that the fishes and prawns
consumed higher level of Ni in the coastal ecosystem since they
are acting as a secondary and tertiary consumers of food chain of
the aquatic habitats (Kumar et al., 2012). In addition to that the
benthic organisms are the major reservoirs of metals since they
are feed on detritus in sediments in the coastal ecosystem
(Pandiyan et al.,2020). Certainly Chromium (Cr) is one of the com-
mon elements on the earth’s crust (Mohanty and Patra, 2013). The
Cr is released into the environment through various sewage and
chemical fertilisers (Ghani, 2011). The present study revealed that
the Cr was greater in water and fishes, it might be due to the wet-
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lands receive the water not only from the back water of sea but
also through the agricultural farm lands which are exists around
the wetlands. In fact the fishes also showed relatively greater level
of Cr, it perhaps due to the water have considerable amount of Cr
and it could influence the level of Cr in fishes through their osmotic
equilibrium process from their environment. Nevertheless various
studies have shown that the Cr is exist with greater level in benthic
organisms it perhaps due to they are feed on contaminated diets
and their nature of physiology (Catsiki et al., 1994; Everaarts
et al., 1989; Kumar et al., 2012).

Generally the presence of Zn in the aquatic ecosystem is facil-
itated from the atmosphere and it can be settled in soils and
water. In addition to that the source of Zn in the PCWL could also
through the existence of slat pan industries, new construction
activities, national highways, solid waste burning, aquaculture
industries and agricultural practices, etc. In addition, pesticides
and fungicides containing Zn sulphate are an additional source
of Zn at PCWL. The Zn was greater in fishes and crabs it might
be due to their foraging behaviour and diet preferences. Studies
also showed that the zinc is one of the metals with the greater
range of accumulation in mud dwelling organisms in an coastal
wetlands through their normal behaviour (Everaarts et al.,
1989; Philips 1976; Michael, 2008) and fishes (Raja et al., 2009;
Kumar et al., 2012). Greater level of Zn in fishes might be also
through their feeding habits and the similar kinds of inference
have been stated in earlier studies (Altindag and Yigit, 2005;
Viana et al., 2005). In fact the Cobalt (Co) could enter into the
coastal wetlands through air and water and it will be settled in
the water and sediment of a given habitat. Generally the Co not
easily removed once it has settled in any aquatic environment.
The current study found that the greater level of Co was found
in sediment than the other sources of biotic species studied.
The similar results were obtained not only sediment but also
molluscs and fishes from coastal wetlands (Youssef et al., 2016
and 2017; Kumar et al., 2012). Greater level of Co in the sedi-
ments shown in intertidal mudflats and it is foreseeable because
the coastal wetlands are receiving huge amount of contaminated
water from various sources including agricultural practices, tan-
neries, industries etc., (Pandiyan et al., 2020)

The Copper (Cu) is vital and a trace nutrient for all known living
organisms. Its role is vital in the physiology of cells, structure and
functions of proteins of living organisms (Janssens et al., 2002). Cu
is present in the environment due to severe quarrying, manufac-
turing of various types of equipment, and refineries as well as farm
lands and waste treatment sites. The crabs and polychaetes
showed greater level of Cu than the other sources including water,
sediment, prawn and fishes studied. The copper in crabs and poly-
chaetes was more in their tissues it perhaps due to both the species
are filter feeders and they mainly feeding on detritus in the coastal
mudflats (Pandiyan, et al., 2020). Studies showed that fishes had a
higher level of Cu in coastal mudflats since they are foraging on
wastes in the aquatic habitats (Everaats et al., 1989; Kumar et al.,
2012). In fact the higher level of Cd was found in the molluscs
and all the other sources were also showed trace level Cd (Table 1).
However the molluscs showed greater level of Cd might be due to
their feeding mechanisms and the similar inferences have been
made a study (McConchie et al., (1988), stated that living mecha-
nism of molluscs responsible for the high cadmium load in their
body tissues.

4.1. Inter-correlational analysis among the metals found in various
sources

The Cd, Cr and Pb not correlated with any of the eight metals
studied from the various sources from the PCWL (Table 3) and it
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indicates that these metals do not have any relationships with
any other metals and their sources and their distribution are also
unique. However the other metals i.e. Cu and Co were correlated
with Hg, nickel was correlated with Hg, Cu and Co and Zn corre-
lated with the Cd and Hg. It implies that these metals have consid-
erable relationships i.e. the concentration of Cu and Co is
associated with the Hg. The concentration of Ni has a close affirma-
tion with the Hg, Cu and Co and the Zn also has a close proximity
with their accumulation on the basis of Cd and Hg and it indicates
that these metals are showing common origin. The relationships
among the metals is purely determined by the physical and chem-
ical factors of soil and water (Raziuddin and Khan 1987; Soon and
Abboud, 1991), in fact the present study did not assess the physical
and chemical factors of soil and water but in future it will be con-
sidered to understand their origin at the PCWL.

4.2. Relationships of heavy metals among the various sources at PCWL

The correlation of heavy metals among the sources revealed
that the metals of polychaetes correlated with sediment, crabs cor-
related with the sediment and polychaetes, molluscs was corre-
lated with sediment, polychaetes and crabs. Indeed the metals of
prawns was correlated with the polychaetes, crabs and molluscs,
metals of fishes correlated with polychaetes, crabs, molluscs and
prawns (Table 2). Nevertheless in a trophic level the transfer of
various organic and inorganic properties from producer to con-
sumer level is inevitable through biomagnification process. In
addition to that the heavy metal pollution is vital elements in
aquatic toxicology since they are considerably exist in an any wet-
land habitats and it will be moving ahead at various trophic levels
with results of bioaccumulation and biomagnification in the aqua-
tic ecosystem (Steroli et al 2005). In addition to that the multiple
regression model also revealed that the metals of various biotic
species such as polychaetes, molluscs, crabs, prawns and fishes
influenced by the metals of sediment about 84% (F = 21.079;
p < 0.001). Indeed the the results of the present study revealed that
the sediment is ultimately facilitate the metals to various biotic
species of a given habitat. Nonetheless the heavy metals are
inclined to deposit in the sediments through various sources or
released, and these heavy metals could moving up the various con-
sumers by food chain and food webs (Nabawi, et al., 1987). But
very few studies are exploring the bioavailability of sediment
related contaminants to various biotic species (Berge and Brevik,
1996). But it is becoming increasingly important to understand
metal accumulation within food webs, because, once these heavy
metals reach tertiary and quaternary consumers including man,
they may produce chronic effects.

4.3. Management recommendations

The study found that the level of heavy metals in sediment
threatening the existence of various benthic organisms, prawns
and fishes and which are principle and preferred prey items of var-
ious migratory shorebirds which are visiting to the PCWL annually.
It is right time to evaluate the wetland habitats, especially Impor-
tant Bird Areas (IBA) and Ramsar sites, to understand their current
status so as to protect the habitat and in turn the migratory shore-
birds. Assessment of heavy metals in major taxa including migra-
tory, resident migratory and resident shorebirds should be
carried out to understand their status on toxic properties especially
heavy metals because the metals such as Cd, Co, Cr, Cu, Hg, Pb, Ni
and Zn entered in food chain of a population ecology. Therefore
intensive studies can be carried out at PCWL for proper under-
standing of the habitat, management and conservation of various
species which are depends on the PCWL.
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