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Abstract

Three bottom feeder species, Mugil curema, Boleopthalmus
dussumieri, and Scylla serrata collected from five different estuaries
of South Gujarat, India were studied to determine the concentration
of Cu, Zn, Pb, Cd, and Hg. Results indicated species-specific bio-
accumulation which significantly varied between the stations. The
heavy metal concentration in all the species varied in descending
order of Cu>Zn>Pb>Hg>Cd. The concentration of Cu was
predominant in B. dussumieri whereas M. curema and S. serrata
recorded a higher concentration of Zn than other metals. The
average concentration of Cu, Zn, Pb, Hg and Cd recorded in fishes
were 6.77 mg kg, 5.60 mg kg™, 0.37 mg kg, 0.19 mg kg and
0.01mg kg' wet weight respectively. Moreover the average
concentration of Cu, Zn, Pb, Hg and Cd in crab was 4.67 mg kg™,
6.82 mg kg', 0.36 mg kg, 0.14 mg kg’ and 0.0 mg kg’ wet
weight respectively. The bio-concentration factor (BCF) revealed the
total metal concentration in biota was “low” in all the species with
the maximum concentration in M. curema followed by S. serrata and
B. dussumieri. The findings of the present study report a higher
concentration of Pb (1.23 mg kg wet weight in M. curema, 0.91mg
kg’ wet weight in B. dussumieri and 0.79 mg kg wet weight in
crabs) than the prescribed limit of FAO/WHO (0.3 mg kg' wet
weight) from the studied area. The results of the present findings

could be useful to develop effective management strategies for
policy-makers and stakeholders.
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Introduction

The brunt of rapid growth, industrialization, and urbanization
are faced by different ecosystems in the form of pollution and
degradation. With the advancement of technologies, the standard
of living has enhanced over the years. This has resulted in the
release of unwanted substances into the ecosystems due to
the ineffective regulation of pollution and emission control
(Anyanwu et al., 2018) particularly in sub-Saharan Africa (SSA).
Excessive anthropogenic activities lead to heavy metal toxicity,
micro-environment changes and ecosystem collapsing (Kawser
etal.,, 2011; Sharifuzzaman et al., 2016). The ease of release of
effluents in aquatic ecosystems has made them more vulnerable
compared to other ecosystems.

Heavy metals are persistent environmental pollutants and
human beings are exposed to them through water, air,
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food or industrial settings (Jan et al., 2015) which have
widespread environmental distribution and originate from
natural and anthropogenic sources, are common environmental
pollutants. In recent decades, their contamination has increased
dramatically because of continuous discharge in sewage
and untreated industrial effluents. Because they are non-
degradable, they persist in the environment; accordingly,
they have received a great deal of attention owing to their
potential health and environmental risks. Although the toxic
effects of metals depend on the forms and routes of exposure,
interruptions of intracellular homeostasis include damage to
lipids, proteins, enzymes and DNA via the production of free
radicals. Following exposure to heavy metals, their metabolism
and subsequent excretion from the body depends on the
presence of antioxidants (glutathione, a-tocopherol, ascorbate,
etc). The biological buildup in the food chain allows multi-
heavy metal pollutants to increase, with maximum effects
on top predators (Afshan et al., 2014). The ubiquity of heavy
metals not only present great threats to benthic dwellers but
also pose a high risk to fish, fish consumers and other wildlife,
whose severity varies with age, susceptibility, nature of metal,
method of exposure and duration of exposure. Owing to the
various alterations stimulated by these heavy metals, in the
physical, chemical and biological characteristics of aquatic
ecosystems, there has been a continuous need to study them
to get a clear picture of their pathways along with detrimental
effects, keeping public safety in mind.

Keeping this in view, the present study was planned to
evaluate the concentration of heavy metals in one of the
most industrialized and urbanized states of India, i.e. Gujarat.
Gujarat, with its longest coastline of 1600 km, not only ranks
first in marine fish production but also lines high in chemical,
petrochemical and oil-based industries. Gujarat's position as
a leading industrial state in India could be established by
the fact that it contributed 18.4% of India’s total industrial
output in 2017, the largest share among all states in India.
Most of the industrialization in Gujarat has centered over
South Gujarat due to its endowment with perennial rivers
such as Narmada, Tapti, Sabarmati, Kolak, Par, Auranga,
Purna, and Ambica. The ease of transportation, continuous
water supply, lenient monitoring and surveillances measures
have resulted in the dumping of toxicants in these aquatic
habitats. Dudani et al. (2017) also highlighted similar scenarios
where heavy metal contamination in mangroves along Gulf of
Khambhat has been reported. Though a plethora of studies
has been carried out along the Gulf of Khambhat and nearby
estuaries, studies pertaining to heavy metal toxicity in benthic
feeders are still lacking. Therefore, the present study was
envisioned for 1) assessment of heavy metal in sediment 2)
spatial variability of heavy metal along the coast of Kolak,
Par, Auranga, Purna, and Ambica estuary 3) assessment of

Bio-accumulation of heavy metals in South Gujarat, India

bio-accumulation in three bottom-feeder species namely Mugil
curema (mullet), Boleopthalmus dussumieri (mudskipper), and
Scylla serrata (mud crab). All three selected species form an
important livelihood source for rural fishermen and contribute
significantly to the South Guijarat fishery (Bhakta et al., 2018;
Acharya et al., 2019).

Material and methods
Studly area description

As mentioned above, the present study was carried out
in the estuarine region of Kolak, Par, Auranga, Purna, and
Ambica along South Gujarat, India (Fig. 1). All these rivers
originate from eastern hilly highlands, namely Satpuda and
Vindhyachal (Western Ghats) of Gujarat and meet the Arabian
Sea on the South Gujarat coast. The estuaries’ in the region
are bi-diurnal, i.e. experience two low tides and two high
tides in 24 hours and are surrounded by several small and
medium towns as well as industrial clusters. The diurnal
nature of these estuaries facilitate intermixing of nutrients,
heavy metals, toxicants and other suspended solid matters.
Gujarat Pollution Control Board (GPCB) has already listed
highly polluting units and moderately polluting units along
the region, thus generating the need for in-depth analysis
of this ecosystem.

Fig. 1. Showing study area and sampling locations

Sampling strategy and heavy metal
assessment in the estuarine region

The present study was carried out during 2015-2016 in
pre monsoon and post monsoon season. The sediment
samples were collected using a Grab sampler from each
study site to estimate the heavy metal concentration in
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sediment. The samples were collected in triplicates from
each sampling point then stored at 4°C and transferred
to the laboratory. In the laboratory, samples were stored
-20°C until further analysis. Then the samples were air-
dried, and further, they were oven-dried at 48°C for 2
days to ensure all remaining moisture was evaporated by
following the methodology of Defew et al. (2005), 10 g
of sediment sample from each site was homogenized and
stored in airtight labeled plastic bags.

Along with the sediment, three benthic species were
selected to evaluate the concentration of heavy metal and
bioaccumulation along the selected estuaries i.e M. curema
(Mullet), B. dussumieri (mudskipper) and S. serrata (mud
crab). The species selection was based on their economic
importance, as all of them form lucrative fishery along the
Indian coast. A minimum of 5-20 individuals of each species
was collected from all the sampling sites depending on the
fish catch. Each specimen was wrapped in extra heavy-duty
aluminum foil, before sealing, labeling and final transfer
into waterproof bags. The samples were stored in a dry ice-
packed insulated box until the final transfer to the laboratory.
In the laboratory, samples were thoroughly washed with
distilled water and stored at —20°C. Total length and weight
were recorded from thawed samples before muscle tissue
collection. All the specimens were de-scaled and dried in
an electric oven at 80°C for 3 h. These oven-dried samples
were homogenously powdered and further packed in labeled
airtight plastic bags. Both the dried powdered samples of fish
tissues and sediments were thoroughly packed and sent to
the Centre for Coastal and Marine Research in Tuticorin for
the analysis of the heavy metal using Inductively Coupled
Plasma—Mass Spectrometer (ICP-MS), following (AOAC,
1997) protocol.

The mean values with standard deviation for resultant data
were calculated and Hierarchical Cluster Analysis (HCA)
was used to quantitatively identify specific areas of heavy
metal contamination. HCA was performed using the mean
concentration of individual heavy metals to determine
their similarity along the various sampling stations. HCA
was carried out using squared Euclidean distance method
(Lattin et al., 2003; Singh et al., 2005; Panseriya et al.,
2020). All the analysis was executed using IBM SPSS
statistics version 20.

Bio-concentration factor (BCF) in muscle
tissue of different species
Additionally, the bio-concentration factor (BCF) which evaluates

the total metal concentration in biota was also calculated.
BCF was calculated to know whether or not the metals are

bio-accumulated in the tissues of the fishes, to protect the
consumers from exposure to the heavy metal toxicity. BCF
was evaluated by following the methodology of Mountouris
etal. (2002). BCF was defined as BCF=C, _/C_,, where C
and C_, are the total metal concentration in biota and soil,
respectively. BCF was calculated for selected metals (Zn, Pb,
Cd, Hg, Cu) as follows
Chiota

BCF =
Csoil fambientmedium

Where C_ is the heavy metals concentration in the biota for
fishand C soil/lambient mediumthe heavy metals concentration
in sediment. If the values of BCF ranged above 1000 for the
metal, it indicated high bio-accumulation and bio-magnification
property by the metal, whereas if the values ranged below 30,
the accumulation level by the metals were categories as low
as per the BCF index (Potipat et al., 2015)

Results

Spatial variability of heavy metals in
estuarine sediments

The assessment of heavy metals revealed the presence of Pb,
Cu, Cd, Hg, and Zn in sediment samples from all the selected
estuaries. Lead was found to be the most abundant metal
in sediment with the highest concentration from Par (42.01
ppm) Estuary followed by Kolak and Auranga, where the Pb
concentration of 25.41 ppm and 24.74 ppm were recorded
respectively. Purna Estuary showed the least concentration
of Pb with 19.62 ppm. Copper was found to be the second
most abundant heavy metal along the studied region. The
maximum concentration of Cu was recorded from Kolak (17.02
ppm), followed by Ambica (15.26 ppm), Auranga (14.53
ppm), Par (13.83 ppm), and Purna (11.93 ppm). Moreover,
maximum concentration of zinc and cadmium was recorded
along Auranga Estuary (0.63 ppm and 7.14 ppm), while the
least concentration of both the metals was observed in Kolak
(0.38 ppm) and Par (4.34 ppm) respectively. The concentration
of mercury was found to be highest at Par (0.90 ppm), while
the least (0.09 ppm) from Auranga Estuary. Results of HCA
analysis corroborated the above findings and revealed the
presence of two clusters significantly different from each
other based on the heavy metal concentration. Cluster one
consisted of Kolak, Auranga, Ambica, and Purna where
sediment quality was more or less similar, and the second
cluster consisted of Par. Moreover, the results revealed that
the concentration of Pb and Hg were higher at Par compared
to the rest of the studied stations thereby forming major
drivers for the difference in sediment quality. The findings
could be attributed to various anthropogenic and industrial
factors existing at Par (Fig. 2 & 3).
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Fig. 2. Spatial distribution of heavy metals in estuarine sediments

Assessment of heavy metal variability and
bioaccumulation in tissue samples

Analysis of heavy metals at tissue level revealed species-specific
preference. The results revealed that both the mullet and crab
species had maximum concentration of zinc followed by copper

Table 1. Heavy metal concentration in M. curema along the study region

Fig. 3. Dendogram showing the cluster relationship among the four stocks

whereas the mudskipper recorded a maximum concentration of
copper followed by zinc. The average concentration of heavy
metals in the muscle tissue of fishes and crab are presented
in Fig. 3, Table 1, 2, and 3. The average concentration of
metals in fish tissue varied in descending order of Cu 6.77
>Zn 5.60>Pb 0.37>Hg 0.19 >Cd 0.01 mg kg™ ww (wet
weight). Similarly, the heavy metal concentrations in crab

Heavy metal concentration (mg kg-1 ww) in Mullet ( Mugil curema)

Name of estury Lead (Pb) Copper (Cu) Mercury (Hg) Zinc (Zn) Cadmium (Cd)
Kolak 1.72 + 0.01 6.06 = 0.01 0+ 0.00 9.4 +0.02 0.01 0.00
Par 0.73 = 0.01 3.18 = 0.01 0 = 0.00 4.67%0.01 0.02 = 0.00
Auranga 0+ 0.00 3.02 = 0.01 0.35= 0.01 3.14=0.01 0.01 = 0.00
Ambica 0.35 £ 0.01 4.60 = 0.01 0 = 0.00 4.55 =0.01 0.03 = 0.00
Purna 0 =0.00 7.07+ 0.01 0.27 = 0.01 6.45 + 0.01 0= 0.00
Table 2. Heavy metal concentration in B. dussumieri along study region

Heavy metal concentration (mg kg-1 ww) in Mudskipper ( B. dussumier))
Name of estury Lead (Pb) Copper (Cu) Mercury (Hg) Zinc (Zn) Cadmium (Cd)
Kolak 0 = 0.00 12.34 = 0.03 0= 0.00 9.92 +0.01 0 = 0.00
Par 0 = 0.00 13.41 = 0.01 0.31 = 0.00 438 = 0.01 0= 0.00
Auranga 0=+ 0.00 5.21+ 0.01 0+ 0.00 4.75 = 0.01 0 +0.00
Ambica 0 = 0.00 3.58 = 0.01 01 = .00 3.39 = 0.01 0 +0.00
Purna 0.91 = 0.00 9.13 £ 0.01 0 = 0.00 5.26 = 0.01 0.05 = 0.00
Table 3. Heavy metal concentration in S. serrata along study region

Heavy metal concentration (mg kg-1 ww) in crabs (S. serrata)

Name of estury Lead (Pb) Copper (Cu) Mercury (Hg) Zinc (Zn) Cadmium (Cd)
Kolak 0 = 0.00 3.76 = 0.06 0.68 = 0.06 8.32 = 0.01 0 = 0.00
Par 0.72 = 0.01 8.87 = 0.01 0.01 = 0.00 17.07 = 0.01 0.01 =0.00
Auranga 0.85 = 0.01 6.03 = 0.01 0 = 0.00 5.01 = 0.01 0 +0.00
Ambica 0 = 0.00 3.32 = 0.01 0= 0.00 3.71 = 0.01 0.01 = 0.00
Purna 0.24 = 0.01 1.34 = 0.01 0 = 0.00 0 = 0.00 0 = 0.00
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varied in the range of Zn 6.82 > Cu 4.67 > Pb 0.36 > Hg
0.14 >Cd 0.00 mg kg ww.

Copper was found to be the most abundant heavy metal
in tissue samples from the studied area. The maximum
concentration of Cu was recorded in mudskipper, followed
by mullet and crab. Mudskipper recorded the highest Cu
concentration (13.4=0.01 mg kg™ ww) from Par Estuary with
an average of 8.7 mg kg’ ww, while the minimum value of
Cu was reported from Ambica Estuary (3.60.01 mg kg ww)
(Table 3). In the case of mullet maximum concentration of Cu,
7.08+0.01 mg kg™ ww was recorded from Purna Estuary, with
an average concentration of 4.79 mg kg' ww whereas least
concentration 3.03+0.01 mg kg-' ww from Auranga Estuary
(Table 2). Moreover, crabs recorded an average concentration
of 4.67 mg kg ww for Cu, with maximum concentration from
Par Estuary (8.88+0.02 mg kg™ ww) and lowest concentration
from Purna Estuary (1.34+0.01 mg kg ww) (Table 1).

Zinc was found to be the second most abundant metal in the
study area. The average concentrations of Zn in mullet and
mudskipper were recorded as 5.65+0.01 and 5.5 =0.2 mg kg
ww respectively. Mudskipper recorded, the highest concentration
of Zn (9.9+0.01 mg kg ww) from Kolak whereas the lowest
(3.4+0.01 mg kg ww) from Ambica Estuary (Table 2). Similarly,
mullet also revealed highest concentration (9.40+0.01 mg kg ww)

Table 4. Bio-concentration factor along the study area in the selected species

from Kolak, while the minimum concentration (3.15+0.01 mg
kg ww) was found along Auranga Estuary (Table 1). On the other
hand, heavy metals in crabs revealed highest concentration of
Zn (17.1£0.01 mg kg™ ww) from Par and the least (0.0 mg kg’
ww) along Purna Estuary (Table 3). The average concentration
of Zn for crab samples ranged between nil to 17.1=0.01 (Par)
with an average of 6.8 mg kg™ ww (Table 3).

Lead which is seldom reported and forms one of the most
toxic heavy metals was recorded from all the studied
estuaries. Mullet samples recorded the highest concentration
of Pb (1.72 mg kg' ww) from Kolak Estuary with an
average concentration of 0.56 mg kg ww (Table 1). The
least concentration of 0.00 mg kg' ww was recorded
from Purna and Ambica estuaries. Mudskipper recorded
Pb concentration of 0.91+0.01 mg kg™ ww only from
Purna Estuary (Table 2). Similarly crab tissues showed an
average concentration of 0.36 mg kg™ ww with the highest
concentration (0.86=0.01mg kg ww) from Auranga
Estuary whereas the least concentration 0.00 mg kg’ ww
from Kolak and Ambica estuaries (Table 3).

Cadmium in the sample tissues was in the order of mullet >
mudskipper > crab. Cd in the mudskipper was reported only
from Purna Estuary (0.05+0.01 mg kg™ ww) (Table 2). In the
case of mullet average concentration of Cd was 0.01 mg kg™ ww,

BCF in Mullet
Name of estuary Lead (Pb) Copper (Cu) Mercury (Hg) Zinc (Zn) Cadmium (Cd) BCF Range Category BCF®
Kolak 0.52 1.82 0.00 2.82 0.00 >1000 Very high
Par 0.22 0.96 0.00 1.40 0.01 100-1000 High
Auranga 0.00 0.91 0.1 0.94 0.00 30-100 Moderate
Ambica 0.11 1.38 0.00 1.37 0.01 <30 Low
Purna 0.00 2.12 0.08 1.94 0.00

BCF in Mudskipper

Name of estuary Lead (Pb) Copper (Cu) Mercury (Hg) Zinc (Zn) Cadmium (Cd) BCF Range Category BCF®
Kolak 0.0 2.47 0.00 1.98 0.00 >1000 Very high
Par 0.0 2.68 0.06 0.88 0.00 100-1000 High
Auranga 0.0 1.04 0.00 0.95 0.00 30-100 Moderate
Ambica 0.0 0.72 0.19 0.68 0.00 <30 Low
Purna 0.2 1.83 0.00 1.05 0.01

BCF in crabs
Name of estuary Lead (Pb) Copper (Cu) Mercury (Hg) Zinc (Zn) Cadmium (Cd) BCF Range Category BCF®
Kolak 0.00 0.94 0.17 2.08 0.00 >1000 Very high
Par 0.18 2.22 0.00 4.27 0.00 100-1000 High
Auranga 0.21 1.51 0.00 1.25 0.00 30-100 Moderate
Ambica 0.00 0.83 0.00 0.93 0.00 <30 Low
Purna 0.06 0.33 0.00 0.00 0.00

BCF: Potipat et al.,, 2015
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with the highest concentration of 0.03+0.01 mg kg™ ww.
Moreover the lowest concentration of Cd (0.0 mg kg™ ww)
was recorded from Ambica and Purna estuaries respectively
(Table 1). Crab samples recorded a maximum concentration
of 0.010.00 mg kg ww from Par and Ambica and with no
records from the rest of the estuaries (Table 3).

Mercury levels in the studied species were in the order of
mudskipper > crab > mullet. The highest concentration of
mercury was recorded from mudskipper samples (1.0 +0.01
mg kg ww) along Ambica Estuary followed by crab (0.68
+0.00 mg kg ww) along Kolak Estuary. Traces of mercury
were also recorded from Auranga, Purna, and Par estuaries
(Tables 1, 2, and 3).

Bio Concentration Factor (BCF) index

The results of the BCF are depicted in Table 4. Based on the
BCF index and as evident from Table 4, all the species in
the present study were categorized as “low" as per the BCF
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index. The bio-accumulation of heavy metals ranged between
0.00 — 4.27 for Zn, while 0.33 — 2.68 for Cu. The BCF for the
remaining four heavy metals was very low and ranged from
0.00 —0.52 for Ph, 0.00 — 0.19 for Hg, 0.00 — 0.01 mg kg’
ww for Cd.

None of the species showed significant bioaccumulation of the
concerning metal. Although recorded in low concentration,
the presence of these heavy metals could not be ignored. The
bioaccumulation factor calculated suggested that average
bioaccumulation was highest in mullet (0.7) followed by crab
(0.6) and mudskipper (0.6) i.e. mullet > crab> mudskipper. All
three species showed a higher tendency of bioaccumulation
for Zn and Cu (Fig. 5).

Discussion

The present study was undertaken to investigate accumulation
of heavy metals in the muscle tissue of three commercially
important fish species along the Gulf of Khambhat, as the
concentration of heavy metals in commercially available fish was
rarely investigated. The average metal concentrations from the
aforementioned study were found to be, respectively for Cu, Zn,
Pb, Hg and Cu as follows:, 4.79, 5.65, 0.56, 0.13 and 0.01 in
mullet; 6.77, 5.60, 0.37,0.19 and 0.01 in mudskipper and 4.67,
6.82,0.36, 0.14 and 0.0 mg kg™ ww in crab. Copper was found
to be the most abundant heavy metal along the studied region
with maximum mean concentration in mudskipper followed by
mullet. Mudskipper displayed the highest mean concentration of
Cu and Hg with the second-highest concentration of Pb and Cd.
Copper a naturally occurring metal in the marine environment
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plays a significant role in the metabolism and physiological
function of an organism. However, when present at elevated
levels, Cu possess a great risk of acute and chronic toxicity. The
results of the present study showed a mean concentration of
6.77 mg kg ww in the case of fishes and 4.67mg kg™ ww in
the case of crab for Cu, findings which are five times higher
than what has been documented by Jebakumar et al. (2015)
and Patel et al. (2019) where the mean concentrations of 1.61
and 1.51 mg kg ww have been reported. Although crabs
have recorded an average copper concentration of 4.67 mg
kg™ ww from the studied region, a maximum concentration of
8.88 mg kg ww was obtained from Par Estuary, similar to the
findings of Jebakumar et al. (2015), where 8.86 mg kg™ ww
copper ion concentration has been reported. Cu concentration
(341.04 ug/g), highest among Indian waters in mud crab has
been reported from the Malanch region of Indian Sundarbans
by Banerjee et al. (2006). Nevertheless, all the samples in
the present study showed Cu below the prescribed limits of
WHO standards which is 30 mg kg™ ww (WHO/FAO 1984),
hence nullifying the occurrence of copper toxicity from the
studied area. Results of bio concentric factors revealed a mean
concentration of 1.45 for Cu in all the species with maximum
concentration from mudskipper (1.75). These findings were
comparatively higher than Ahmed et al. (2011), where the
authors reported BCF value of 0.05 and 0.06 in mud crab and
mudskipper, respectively from Bangladesh. The authors have
found maximum bio-concentration of copper in mudskipper,
similar to the findings of the present paper.

Concentration for Zinc from other studied regions well agreed
with our findings, where zinc was found to be one of the
prominent heavy metal. Specifically, Jebakumar et al. (2015)
found higher levels of Zn in crabs than fish species. The authors
have reported an average concentration of 25.7 and 33.9 mg
kg ww for Zn in the case of fishes and crabs respectively
along the Gulf of Khambhat. In the present study, fishes on an

average recorded a concentration of 5.60 mg kg™ ww, while
crabs recorded an average concentration of 6.82 mg kg-1 ww,
both of which are below the recommended levels of FAO/
WHO (50 mg/kg). Studies by Banerjee et al. (2006) reported
Zn concentration as high as 648.29 ug/g, in mud crab along
Indian waters. Though zinc is considered nontoxic, the presence
of Zn enhance the toxicity of cadmium to aquatic invertebrates
(0" Neill, 1993).The high concentration of Zn along the studied
region could be attributed to various anthropogenic activities.
The vicinity of Par with Kolak rivers (Vapi), makes it recipient
for the effluent discharge from the industrial hub. Vapi is the
largest industrial area in Asia in terms of small-scale industries,
dominated by chemical industries. Similar findings were obtained
by Upadhyaya et al. (2014) where a high concentration of Zn
was detected in groundwater. The authors attributed various
anthropogenic activities as the prime cause of this augmentation.
Zn showed the maximum BCF in crabs (1.71) followed by mullet
(1.69) and mudskipper (1.10), findings that were deviating
from the results of Ahmed et al. (2011), where maximum BCF
for Zn has been reported in mudskipper than that of crab. The
deviation in the results could be attributed to the difference
in sediment quality, season, and availability of prey items for
the studied species.

The present study investigated considerable levels of Pb toxicity,
which were above the prescribed safety limits of FAO/WHO.
All three studied species displayed a higher concentration of
Pb than recommended by WHO standards (0.3 mg kg™ ww).
The maximum mean concentration was obtained in the case
of mullet (0.56 mg kg ww) followed by mudskipper (0.37 mg
kg ww) and crab (0.36 mg kg ww). Mullet samples from Kolak
(1.72 mg kg™ ww) and Par (0.74 mg kg™ ww ) recorded the
highest concentration of Pb. Samples of mudskipper from Purna
Estuary also recorded a Pb concentration of 0.91 mg kg™ ww.
A maximum concentration of 0.72 mg kg™ ww from Par and
0.86 mg kg ww from Auranga has been obtained in the case
of crabs. The present findings were five-time higher in the case
of mullet and two times higher for mudskipper, while in the case
of crabs the results were thrice the prescribed limit by FAO/WHO
(2011), clearly indicating Pb toxicity along the studied region.
The results were in accordance with the findings of Reddy et al.
(2007) where Pb levels of 1.09 and 2.77 mg kg™ ww has been
reported from fishes and crabs. Pb bio-concentration of 0.09
and 0.04 has been reported for crab and mudskipper, findings
which conform with the result of Ahmed et al. (2011), where Pb
BCF of 0.02 for mud crab and mudskipper has been reported.
The higher accumulation of Pb in the case of mullet could be
attributed to its habitat and feeding behavior. Mullet tend to be
near the sediment region (Bahnasawy et al., 2009), feeding on
detritus, diatoms algae, microscopic invertebrates, and fish parts
(Olukolajo, 2008). Kilgour (1991) indicated that animals which
have a close relationship with sediment, show relatively high
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body concentrations of metals. Similar to mullet, mudskipper
also being a bottom feeder mainly feeds on diatoms, algal, plant
material, nematode worms, harpacticoid copepod (Rathod and
Patil, 2009) showed a considerable amount of Pb. As data on
heavy metals in fish are related to the pollution status of the
regions Hamza-Chaffai et al. (1996), the relatively high levels
of metals in mullet and mudskipper caught from the Kolak, Par,
Purna, and Auranga indicate potential pollution which could be
because of the vicinity with Alang ship breaking yard. The results
were corroborated by the findings of HCA analysis where Par
formed one cluster segregated from other estuaries. The high
Pb concentrations in the present investigation might be due to
the discharge of various amounts of disposable solids, metal
rust, and lubricants from the scrapping of ships and industrial
activities in Alang shipyard.

Neither Cadmium nor Mercury was detected in alarming states
from the studied region. Cd recorded a mean concentration
of 0.01 mg kg™ ww for fishes and 0.00 mg kg™ ww for crabs.
Mudskipper samples from Purna Estuary were found to be
having a cadmium concentration of 0.05 mg kg ww, which
was less than the limits of FAO/WHO standards (0.5 mg kg
ww FAO/WHO, 2011) and indicate sparse Cd toxicity along the
studied region. The present levels of Cd concentration in fishes
were similar to those reported by Jebakumar et al. (2015) but
lesser than reported by Reddy et al. (2007), where the authors
reported a Cd concentration of 0.05 and 0.23 mg kg ww
respectively. Traces of mercury were also recorded from all the
estuaries with maximum concentration along Ambica (1.0 mg
kg ww) from mudskipper, however, the concentration was in
the limits of FAO/ WHO (0.5 mg/kg) nonetheless, their presence
cannot be ignored.The sparse concentration of Cd and Hg in
the present investigation might be due to the ship breaking
operations and industrial activities and discharges of various
amounts of enriched toxic substances to the studied area.
Moreover, the unique tidal pattern on the Gulf of Khambhat,
lead to the locking of various pollutants, heavy metals, and
effluents from various source points, resulting in the present
scenario. In terms of bio-concentration factors, none of the
metals exceeded the limits, indicating that they are safe for
human consumption.

Conclusion

The present study aimed to evaluate the heavy metal
concentration and their accumulation in sediment and estuarine
biota. Geochemical characterization of the present study indicated
Pb, Cu, and Cd were high in the estuarine system. Moreover,
sediment characterization from HCA analysis revealed that Par
was statistically different from other estuaries, mainly due to the
contamination of Pb and Hg. Additionally the results revealed
that the studied species recorded highest concentrations for

Bio-accumulation of heavy metals in South Gujarat, India

copper and the lowest concentration for cadmium. There was
no single type of species that was consistently high for all
metals. The results in the present study are attributed to various
anthropogenic activities and heavy industrialization along the
studied region, where the industrial waste finds an easy path
to estuaries, pertaining to various small creeks, which enable
the dumping to go unnoticed. All the studied species were
in safe limits for human consumption, however, the results
revealed critical accumulation of Pb along the south Gujarat
estuaries. The detection of lead toxicity beyond the prescribed
limits of FAO/WHO norms is of great concern with regard to
the health of people, who are dependent on these species for
their daily protein intake. Therefore results indicates that the
accumulation of heavy metals in sediment and muscle tissue
of benthic species was comparatively nonhazardous for human
health except for Pb. Nevertheless, as the present study was
conducted with limited sampling as well as sample size, further
studies with increased number of samples and widespread
sampling is required to strengthen the findings of the present
study. It is anticipated that the results of the present study will
be beneficial for all the stakeholders, industries, urban planners,
and agencies that are responsible for taking necessary remedial
measures for conservation of river water quality.
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