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Abstract

Seafood is a major source of food for large number of people residing in the coastal areas of Maharashtra. Fish samples
namely Escuolosa thoracata, Carcharhinus limbatus, llisha filigera, Johnius sina and Sardinella longiceps (Goregaon
market) and Megalaspis cordyla, llisha filigera, Harpadon nehereus, Coilia dussumieri and Lepturacanthus lepturus
(Borovali market) were collected directly from the two suburban markets (Goregaon and Borivali markets) of Mumbai
coast. In the present study, the level of Zn in fishes from Goregaon and Borivali market was found above the tolerable
limits, while the concentration of Fe in different species of fishes was found quite high as also reported in earlier
literature. Iron was found tobe the dominant metal measured during the study period.The level of Pb was found within
the tolerable limits. The concentration of Cd in marketed fishes was far lower than the consumption safety tolerance in
fishes. Hg level in the samples of the fishes was found below the tolerable limits. The study concludes that the value of Fe
represents severe contamination in the seafood and necessary steps are required to minimize heavy metal contamination.
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Introduction

Increased industrialization, urbanization, population
growth and overall man’s greed to overexploit
mother nature has created a serious threat to all
kind of life in the form of pollution which has now
become a global problem. Massive amounts of
domestic wastewater and industrial effluents are
transported by rivers and finally discharge to the
sea, containing rivers and coastal waters. Such
anthropogenic pollutants are the main sources of
heavy metal contaminants in the ocean. These
contaminants entering the aquatic ecosystem may
not directly damage organisms; however, that can
be deposited into aquatic organisms through the
effects of bio-concentration, bio-accumulation and
passes into the food chain process and eventually
threaten the health of humans by seafood
consumption. Metals may occur in the environment
as hydrated ionic species or they may form a
variety of complexes with inorganic and organic
ligands (VanLoon, 1977).
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The global heavy metal pollution of water is a
major environmental problem with the advent of
agricultural and industrial revolution by which most
of the water resources are becoming contaminated
(Khare and Singh, 2002). Industrial discharges
containing toxic and hazardous substances,
including heavy metals (Gbem et al., 2001;
Woodling et al., 2001) contribute tremendously to
the pollution of aquatic ecosystem causing
cytotoxic, mutagenic and carcinogenic effects in
animals (More et al., 2003). Fish are often at the
top of aquatic food chain and may concentrate large
amounts of metals from the water (Mansour and
Sidky, 2002). Metal bioaccumulation is largely
attributed to different fish species (Tiwari-Fufeyn
and Ekaye, 2007). Multiple factors including
season, physiological and chemical properties of
water (Kirgin, 1996) can play a significant role in
metal accumulation in different fish tissues. The
natural concentrations of these metals in sea water
are very low and hence the risk of contamination in
living tissues is high. Industrial effluent is one of
the prime sources of metal contamination in coastal
waters and the Bay of Bengal and Arabian Sea is no
exception (Mitra and Choudhury, 1993).
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The contaminants contributed in water, sediments
and tissues of several marine organisms have also
been reported along with toxicity tests. The
pollution of the aquatic environment with heavy
metals has become a world wide problem during
recent years because they are indestructible and
most of them have toxic effects on organisms
(MacFarlane and Burchett, 2000). Among
environmental pollutants, metals are of particular
concern due to their potential toxic effect and
availability of bioaccumulation in aquatic
ecosystems (Censi et al., 2006).

At present the population of Mumbai is severely
suffering from lots of disorder particularly
respiratory and digestive, due to air and drinking
waters. Most of these causes have been identified
and remedial measures have been taken up.
However, toxic effect due to contamination of sea
food, which is a main diet of majority of the
population of Mumbai is not primarily addressed
and completely neglected. In fact the relevant toxic
effect may be already prevalent in the society and
most probably they may become severe in due
course of time. Hence, the stage has already
reached to address the problem in detail and to dig
the thought under the problem.

However, in India, the contamination of sea food
studies have not been seriously attended so far.The
present study has been undertaken with an aim to
determine the current status of heavy metal
contamination in seafood and to highlight the
information regarding sources of pollution and
measures to mitigate it.

Materials and Method

a) Collection of fish Samples

Fish samples namely Escuolosa thoracata,;
Carcharhinus limbatus, Ilisha filigera, Johnius sina
and Sardinella longiceps (Goregaon market) and
Megalaspis cordyla, llisha filigera, Harpadon
nehereus, Coilia dussumieri and Lepturacanthus
lepturus (Borivali market) were collected directly
from suburban markets of Goregaon and Borivali
respectively. The samples were identified in the
Department of Zoology S.S & L.S. Patkar College
Goregaon (West), Mumbai. These samples were
brought to the laboratory and washed in sea and
dried in oven at 80 °C. The dried fishes were
crushed into a fine powder by mortal and pestle and
pass through a 2 mm sieve and stored in amber
colored bottles in vacuum dessicators.The samples

were then analysed following the standards
methods of APHA (1998).

Results and Discussion

The range of heavy metals in seafood collected
from Goregaon and Borivalli markets are given in
Table-1.

Zinc (Zn)

The mean concentration of zinc was found to be
highest in Harpadon nehereus (55.358 ppm)
collected from Borivali market, whereas the lowest
mean concentration of Zn was found in
Carcharhinus limbatus (2.45 ppm) collected from
Goregaon market. It was found that Zn is above the
tolerable limits in Escuolosa thoracata (10.04
ppm), llisha filigera (10.321 ppm) and Sardinella
longiceps (10.449 ppm) collected from Goregaon
market and Megalaspis cordyla (9.357 ppm), llisha
filigera (16.969 ppm) and Lepturacanthus lepturus
(12.111 ppm) collected from Borivali market. The
level of zinc was found below the tolerable limit in
Johnius sina (6.346 ppm) collected from Goregaon
market and in Coilia dussumieri (6.128 ppm)
collected from Borivali market. Denton and Burdon
(1986) have reported higher mean value of Zn (1.9
to 35.0 ppm) in Thalassorna sp., in A. saxatils the
highest concentration was found in the liver of
these fishes (30.0 ppm- 44.9 ppm). Similar range of
concentration (4.3 ppm-41.8 ppm) was found by
them in the muscles of fish species from the Great
Barrier Reef. They have also reported relatively
high concentrations of Zn in the liver of these
fishes. In comparison to this Hanna (1989) found
much higher and wider concentrations of Zn in the
muscles (8.4-195.0 pg g 1Y), livers (43-620 ug g b),
and gonads (72-259 pg g *) of fishes from the Red
Sea. The present study shows that Zn levels in the
fishes collected from Goregaon and Borivali
markets are within the levels reported from the Red
Sea and other regions of the world. During the
study the level of Zn was found above the tolerable
limits.

Manganese (Mn)

Manganese is an essential element and is subject to
some internal regulation in human body. Although
this element is of low toxicity, it has a considerable
biological significance and seems to accumulate in
certain fish species (Eustace, 1974; Uthe and Bligh,
1971). The highest mean concentration of Mn was
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recorded in the fish Escuolosa thoracata (0.849
ppm) collected from Goregaon market, while the
lowest mean concentration was recorded in the fish
Lepturacanthus lepturus (0.216 ppm) collected
from Borivali market. It is evident that the level of
Mn was found above the tolerable limits in Ilisha
filigera (0.783ppm), Johnius sina (0.523 ppm)
Harpadon nehereus (0.282 ppm), llisha filigera
(0.249 ppm), Megalaspis cordyla (0.28 ppm),
Sardinella  longiceps  (0.299 ppm) and
Carcharhinus limbatus (0.315 ppm) collected from
Goregaon and Borivali markets respectively. Cross
et al. (1973) reported lower Mn concentrations

(0.20-0.28 pg g-1 wet weight) in the muscle of the
blue fish P. saltatrix. Eustace (1974) found that 39
species of marine fish from Derwent Estuary,
Tasmania contained up to 0.6- 4.4 pg g* wet
weight Mn when homogenized whole. By
comparison, Wahbeh and Mahasneh (1987)
reported higher mean concentration (5.6-26.8 ppm)
in various organs of fish they examined from the
same study area within the Gulf of Agaba. Our data
is generally within the tolerable limits and does not
indicate any particular contamination issue as
reported in abovesaid literature.

Table-1: Range of heavy metals in seafood collected from Goregaon and Borivali markets

GOREGAON MARKET

SAMPLE Zn (ppm) | Mn (ppm) | Fe (ppm) | Pb (ppm) | Cd (ppm) | Hg (ppm)
1 | Escuolosa thoracata 10.04 0.849 16.82 0.085 0.015 0.08
2 | Carcharhinus limbatus | 2.45 0.315 8.46 0.331 0.078 0.038
3 | llishafiligera 10.321 0.783 26.167 0.861 0.037 0.164
4 | Johnius sina 6.346 0.523 58.425 0.22 0.036 0.074
5 | Sardinella longiceps 10.499 0.299 11.365 0.21 ND 0.042

BORIVALI MARKET

SAMPLE Zn (ppm) | Mn (ppm) | Fe (ppm) | Pb (ppm) | Cd (ppm) | Hg (ppm)
1 | Megalaspis cordyla 9.357 0.280 13.254 0.204 0.011 0.084
2 | llisha filigera 16.969 0.249 12.197 0.198 0.011 0.037
3 | Harpadon nehereus 55.358 0.282 67.279 0.113 0.006 0.029
4 | Coilia dussumieri 6.128 0.301 7.394 0.100 0.008 0.037
5 | Lepturacanthus 12111 0.216 11.067 0.441 0.017 0.02

lepturus

N = 3 (Average of three readings) ND = Not detected or less than 0.0001ppm

Iron (Fe)

In the present study, it was found that Fe was
dominantly present in the samples collected from
Goregaon and Borivali markets. Our observations
are similar to the observations of other workers
(Okoye et al., 2002; Asuquo et al, 1999). It has also
been observed that iron is the dominant metal in the
muscle of C. gariepinus (Adeyeye et al., 1996).
There is wide variation in mean concentrations of
Fe among different species of fishes. The mean
concentration of Fe was recorded highest in the fish

Johnius sina (58.425 ppm) and Harpadon
nehereus(67.279 ppm) collected from Goregaon
and Borivali market whereas the concentration of
Fe was found lowest in Coilia dussumieri (7.394
ppm) and Carcharhinus limbatus (8.46 ppm) from
Borivali and Goregaon markets respectively. The
mean concentration of Fe was recorded above the
tolerable limits in Escuolosa thoracata (16.82
ppm), llisha filigera (26.167 ppm) and Sardinella
longiceps (11.365 ppm) collected from Goregaon
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and Megalaspis cordyla (13.254 ppm) and
Lepturacanthus lepturus (11.067 ppm) collected
from Borivali market. The mean concentration of
Fe was recorded below the tolerable limits in
Carcharhinus limbatus (8.46 ppm) collected from
Goregaon market and Coilia dussumieri (7.394
ppm) collected from Borivali market. Similar
variations were also found by Wahbeh and
Mahasneh (1987) for fish species from the Gulf of
Agaba. Cross et al. (1973) reported lower mean
levels of Fe in the muscles of the blue fish,
Pomatomus saltatrix (4.5-5.0 ug g™ wet weight).
During our study it was found that the
concentration of Fe in different species of fishes
collected from Goregaon and Borivali markets
correlate with the earlier data.

Lead (Pb)
Lead is known to induce reduced cognitive
development and intellectual performance in

children and increased blood pressure and
cardiovascular disease in adults (Commission of the
European Communities, 2001). FAO (1983) of the
United Nations and WHO (1990) have established a
provisional tolerable weekly intake (PTWI) of lead
as 25 pg/kg body weight for humans, equaling
1,500 pg/g lead/week for a 60-kg person.

The maximum lead level permitted for canned
fishes is 0.2 ppm according to the European
communities (Commission of the European
Communities, 2001). In the present study, the
mean lowest and highest levels of lead in fish
samples ranged from 0.085 ppm to 0.861 ppm
collected from Goregaon market, whereas the level
of Pb in fishes ranged from 0.1ppm to 0.441ppm
collected from Borivali market. The fact that toxic
metals are present in high concentrations in fishes
is of particular importance in relation to the
FAO/WHO (1972) standards for lead as a toxic
metal. The maximum permissible dose for an adult
is 3 mg lead per week, but the recommended
sources are only one-fifth of those quantity. Lead is
a neurotoxin that causes behavioural deficits in
vertebrates (Weber and Dingel, 1997) and can
cause decreases in survival, growth rates, learning,
and metabolism (Eisler, 1988; Burger and
Gochfeld, 2000). Levels of 50 ppm of lead in the
diet can cause reproductive effects in some
predators, and dietary levels as low as 0.1-0.5 ppm
are associated with learning deficits in some
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vertebrates (Eisler, 1988). In our study, the levels of
lead are within the tolerable limits.

Cadmium (Cd)

In the present study the concentrations of cadmium
in market fishes were found to be far lower than the
consumption safety tolerance in fishes set by
countries worldwide. The contamination of Cd in
fishes ranged from 0.015ppm to 0.078 ppm in
fishes collected from Goregaon market and from
0.006 ppm to 0.017 ppm in fishes collected from
Borivali market. These values are below the range
reported by (Hanna, 1989). Cadmium is
accumulated primarily in major organ tissues of
fish rather than in muscles (Moore and
Ramamurthy, 1984). In contrast, Cd levels in
muscles of fish Mullus barbatus and Sardinella
aurita from the Great Barrier Reef were
consistently lower than 0.1ppm (Denton and
Burdon Jones, 1986), while in liver of Mullus
barbatus and Sardinella aurita, Cd concentrations
varied from less than (0.6 ppm to 0.7 ppm) Roth
and Hornung (1977). In general, it can be stated
that the concentrations of Cd found in the present
study was below the tolerable level as compared to
those of uncontaminated fish (< 1.5) reported by
Moore and Ramamurthy (1984).

Mercury (Hg)

According to the results obtained, the mercury
levels in the samples of the fishes collected from
the Goregaon and Borivali markets were found
below the tolerable limits than the permissible
level, i.e.,, 1 ppm. (WHO, 1994). The Food and
Drug Administration (FDA) has set a maximum
permissible level of one part of methylmercury in a
million parts of seafood (1 ppm). The higher level
of mercury can be attributed to the sewage—sludge
outfall present along this western coast. This
sewage outfall consists of treated industrial
effluents from industries and other biochemical
manufacturing units situated in that part of
Mumbai. It is possible that though the sewage—
sludge was treated, traces of heavy metals might
have leached into the sea. Fish analyzed from
Goregaon and Borivali markets showed normal
mean levels of Hg which were in the range of 0.02
ppm to 0.164 ppm. In the case of Goregaon market,
mercury levels range from 0.038 ppm to 0.164ppm
and in Borivali market, the mercury levels were
found to be in the range of 0.02 to 0.084 ppm which
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suggests that the fish brought to the market was
relatively less contaminated with mercury. The
PTWI (permissible tolerable weekly intake) of
mercury has been set at 5 ug/kg body weight (FAO-
WHO 1972), equaling 300 pg mercury/week for a
60-kg person. Mercury is known to be a latent
neurotoxin compared to other metals like lead,
cadmium, copper and arsenic. A high dietary intake
of mercury (organic) from consumption of fish has
been hypothesized to increase the risk of coronary
heart disease (Salonen et al., 1995). When
deposited in  biota, mercury  undergoes
biotransformation, in which inorganic mercury may
convert to organic mercury (methyl mercury).
Microbes subsequently  concentrate  mercury
through the food chain in the tissue of fish and
marine animals (Altindag and Yigit, 2005).

Conclusion

From the above results, Zn, Fe, and Pb was found
to be high in fish samples collected from Goregaon
and Borivali markets. It can be assumed that the
sea from where the fishes were collected might be
receiving outfalls from industrial waste and sewage
from the city as it faces the open Arabian Sea. The
levels of heavy metals such as Mn, Cd, and Hg in
fish samples collected from Goregaon and Borivali
markets were within permissible limits. These
elemental toxicants may be transferred to man on
consumption of fish obtained from the market.
These heavy metals transferred to man through the
consumption of fish pose health hazards because of
their cumulative effect in the body. Therefore, it
was concluded that the fishes are not heavily
burdened with metals, but a danger must be
considered depending on the agricultural and
industrial developments in this region. The fish
from Arabian Sea should be monitored periodically
to avoid excessive intake of trace metals by human
and to monitor the pollution of aquatic
environment. In view of these findings strict
method of waste disposal control should be adopted
to ensure the safety of the environment and
safeguard our aquatic life.
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