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Abstract

A study was carried out to investigate the contamination of heavy metals in muscle and intestine tissue in 7 fish species and
1 prawn species, caught at upstream and downstream points along the Savitri River in the Raigad district of Maharashtra. The river
course has a discharge point in which the Common Effluent Treatment Plant (CETP) discharges its treated effluent. Water analysis
was carried out from 10 different locations in the upstream and downstream of the river from the discharge point. The common fish
species available in the river course were collected and toxicity tests were carried out for the muscle and intestine samples for 3 met-
als: lead (Pb), cadmium (Cd) and mercury (Hg) by Atomic Absorption Spectroscopy (AAS). The results showed that lower metal val-
ues were recorded in the water than fish organs. The concentrations of metals (mg It'!) in water were below the levels recommended
by the Maharashtra Pollution Control Board for drinking, except for Pb (0.31+0.02). The highest concentration (mg lit"') of all heavy
metals was recorded upstream, in the intestine of Etroplus suratensis (3.42+0.07 for Pb) while the lowest was recorded downstream,
in the muscle of Cynoglossus macrolepidotus (0.07+0.01 for Hg). There were significant differences (P<0.05) between mean con-
centrations in muscle and intestine as compared to water samples at both upstream and downstream sampling points. However, no
significant differences (P>0.05) were recorded in mean concentrations between muscle and intestine in species, except for Cd and Hg
levels in Liza tade, caught upstream and Cd level in Machrobrachium malcolmsonni, caught downstream (P<0.05). Overall results
indicated that fish organs were slightly contaminated by heavy metals, mainly by Pb, but did not exceed the levels recommended by
the Indian Food Safety & Standards regulation (FSSAI), 2011.
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1. Introduction

The Raigad District is a part of the west coast of the Arabian Sea, located in the state of Maharashtra. This district has vari-
ous prominent industrial areas which includes MIDC areas & Co-operative Industrial Estates. There are three major industrial Estates
developed by MIDC, of which one is the MIDC Mahad, located in catchments of the Savitri River basin. Mainly chemical industries
have been established in these industrial estates. The industrialization in this District has warranted protection of environment in
general. The effluent collected from 127 industries is collected and treated at a CETP (Common Effluent Treatment plant) developed
by MIDC. The capacity of the CETP, in Mahad is 7.5 MLD. The CETP has pre-primary, primary, secondary and tertiary treatment
facilities. The effluent coming out from the CETP is discharged to the Bankot Creek of Savitri River which is at a distance of about
26 km from the CETP.

The water from this river is used by the industries and people from nearby villages for their daily needs. Hence the high load
of heavy metals entering the river body from various sources including the CETP at Mahad is of major concern. Fish being the staple
diet of the people, may accumulate large amounts of certain metals above the standard levels (Deb and Santra, 1997). Studies carried
out on fish have shown that heavy metals like Pb, Cd, and Hg may have toxic effects, altering physiological activities in tissues of fish
(Larsson et al., 1985; Nemesok and Huphes, 1988; Abel et al., 1986). Hence fish are used as indicators of heavy metal contamination
in the ecosystem (Blasco et al., 1998).

The main objective of this study was to investigate the levels of heavy metal in the muscle and intestine tissue of some
common fish species found in the Mahad region and compare this with the level found in the river water. This is done to assess the
quality of river water as per MPCB (Maharashtra Pollution Control Board) norms as well as to assess the health risks to people con-
suming these fish. This information would be a useful tool for further improvisations in the treatment of effluent by the CETP and
thus effective management and control of the surrounding natural area.
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2. Materials and methods

2.1 Study Area

The area of study includes upstream and downstream sampling sites selected along the Savitri River, located on
both sides of discharge point, as described in Fig 1. The study area is bounded between 18° 32’ N and 73° 45’ E. Table

1 shows sampling points and their respective distances from the discharge point.

Fig.1. Sampling sites along Savitri River
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2.2 Sample collection and preparation

Seven fish species along with one prawn species (Table 2) were collected from all sampling sites for this study,
by means of various fishing gear and nets. Atleast three to five samples from each fish species were obtained. After cap-
ture, fish samples were immediately frozen at -20°C. Water samples were collected randomly from both downstream and
upstream points, sealed, stored in plastic containers and transported to laboratory in iced packs along with fish samples.
Fish samples were thawed at room temperature and their organs were obtained by dissection using stainless steel dis-
secting instruments. After dissection, all samples (muscle and intestine) were labeled according to their species.

Table 1. Sampling points and their respective distances from the discharge point

3. No. Upstream and down- Distance from
stream Sampling points [ discharge point
1 US1 & DS1 100 meter
2 US2 & DS2 200 meter
3 US3 & DS3 400 meter
4 US4 & DS4 600 meter
5 US5 & DS5 800 meter
6 US6 & DS6 1000 meter
7 US7 & DS7 2 km.
8 US8 & DS8 3km.
9 US9& DS9S 4 km.
10 US10& DS10 5 km.

Table 2. List of species and their physical characteristics

S. No. || Species Habitat |[Length (cm) || Width (cm) || Weight (gm)

1 Etroplus suratensis us 5.6-5.9 2.4-2.6 3.4-5.4

2 Leiognathus equulus us 9-10.8 3-3.6 12-18

3 Tetraodon nigroviridis us 5.5-12 1.5-4.3 16.7-54.6

4 Liza tade us 11.6-13.3 2.2-2.6 16.5-29.2

5 Glossogobius giuris DS 10-11.2 1.4-1.5 9.3-12.6

6 Cynoglossus macrolepidotus | DS 11.4-13.5 2.8-3.5 10.8-19

7 Machrobrachium DS 5-7.2 1-1.5 2-4.1
malcolmsonni

8 Ambassis commersoni DS 8.9-12 2.5-3.8 7.3-21.5

Fish organs were thawed and rinsed in distilled water. Samples were separately dried in an oven at 120°C for 24
hours. 1 g of ground tissue was accurately weighed into 100 ml flasks. 5 ml perchloric acid and 15 ml nitric acid were add-
ed and digestion was performed on a hot plate at 150°C under a hood till solutions were clear of fumes of perchloric acid
(Van Loon, 1980). Contents of the flask were made up to 50 ml with distilled water and then filtered using 0.5 micron filter
membrane and stored for a fortnight, before determining metal concentration. All samples were analyzed (APHA, 2005)
in triplicate for 3 heavy metals in a Hatch Model DR 300 Spectra Atomic Absorption Spectrophotometer (AAS). Values
obtained were expressed in mg/lit. Digested fish samples were analyzed for heavy metal concentration as per water and
values obtained were expressed in mg/kg dry weight. The actual concentration of each metal was calculated using the
formula:

Actual concentration of metal in samples = AAS reading of digest x Dilution factor (Olaifa et al., 2004)
Dilution Factor = Volume of digest used / Weight of sample digested
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Physico-chemical parameters of water determined were dissolved oxygen (DO), chemical oxygen demand (COD) and pH as per
APHA, 2005.
2.3 Data Statistics

Tests of significance were performed using SPSS 11.5 software. A P-value of 0.05 was considered statistically significant.
One way ANOVA (Ozdmar, 1999) compared metal concentrations in intestine and muscle of each species at upstream and down-
stream points, compared metal concentrations between water samples and tissue samples as well as physico-chemical parameters at
upstream and downstream locations. Means of significance were separated using Duncan’s multiple range test. (P<0.05)

3. Results

Results of the physico-chemical parameters of water samples, at upstream and downstream locations are presented in Table 3.

Table 3. physico-chemical parameters of water samples, at upstream and downstream locations

Parameters US DS

pH 7.42 +0.18 7.65+0.24
DO (mglit-1) |6.35+0.85 |[6.57+0.84
COD (mglit-1) [97.3+16.3 124.0 £ 20.0

Each value is the mean of 10 replicate analyses of samples taken at the 10 locations upstream and downstream, as indicated
in table 1. Results show that the water downstream has comparatively higher dissolved oxygen, is more acidic and has higher chemi-
cal oxygen demand when compared to water samples at upstream locations. Significant differences (P<0.05) were recorded between
mean dissolved oxygen concentrations and pH at the two locations. No significant differences (P>0.05) were recorded between COD
at both locations.

The metals analyzed include Lead, Cadmium and Mercury. The heavy metal content in the muscle and intestine tissue were
compared with metal levels in the water at both upstream and downstream locations. The results are presented in Tables 4 and 5.

Table 4. Comparison of Heavy metal content in muscle, intestine (mg kg-1) and water (mg lit-1) at upstream points

Sr. No. |[ Fish Organ Pb Cd Hg
Intestine 3.42 +0.07a 2.96 £ 0.09a* [0.26+0.01a
! Muscle 0.29£0.02a 0.25 £0.01a* | 0.25 +0.01a*
2 Intestine 1.66 = 0.50bc 0.24+£0.01b |0.18 £0.01b
Muscle 1.50 £ 0.02b* |0.21+0.01b* | 0.16 + 0.03b*
3 Intestine 1.15 £ 0.03cd 0.14+0.04c |0.13+0.02c
Muscle 0.78 £0.03c*d* | 0.13 £ 0.01c* [0.11+0.02c*
4 Intestine 0.46 £ 0.19d 0.24 £ 0.03bd |0.14 £ 0.01c
Muscle 0.67 £0.29d* [0.1+0.01c* 0.18 £ 0.02b
Water 0.30£0.02c*d |0.03+0.02e |0.001+0.001le
Criteria | FSSAI 25-5 1.5 0.5
Data are presented as means * SE of three determinations. Means followed by
the same letter within columns are not significantly different at 5% level

In the muscle, intestine and water significant differences (P<0.05) were recorded in the concentration of all three heavy met-
als at both upstream and downstream locations. However, no significant differences (P>0.05) were recorded in metal concentrations
between muscle and intestine, except for Cd and Hg levels in Liza fade, caught upstream and Cd level in Machrobrachium malcolm-
sonni, caught downstream.

The content of lead in muscle was lower than that in intestine, except for Liza tade found at upstream location and Cyno-
glossus macrolepidotus, Machrobrachium malcolmsonni found at downsteam locations. Mean values were 1.47 mg/kg in muscle
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and 1.67 mg/kg in intestine for fish species found at upstream locations and 1.3 mg/kg in muscle and 1.37 mg/kg in intestine for fish
species found at downstream locations. The highest concentrations of lead were found to be 3.42 mg/kg and 2.96 mg/kg in Etroplus
suratensis intestine and muscle respectively (upstream). The lowest lead concentrations were measured to be 0.67 mg/kg in muscle
and 0.46 mg/kg in intestine in Liza Tade.

Table 5. Comparison of Heavy metal content of muscle, intestine (mg kg-1) and water (mg lit-1) at downstream points

Sr. No. |[ Fish Organ Pb Cd Hg
Intestine 2.07+£0.12a 0.25+0.03a 0.26 £ 0.01a
> Muscle 1.76 £ 0.14a*c* [0.21+0.06a* 0.20 £ 0.02a*
6 Intestine 0.83 £ 0.09bc 0.12 £ 0.05bd 0.08 £ 0.01bc
Muscle 0.97 £ 0.07b* 0.08 £ 0.01b* 0.07 £ 0.02b*
7 Intestine 1.18 £ 0.15cd 0.35+0.05c 0.11 £ 0.02c
Muscle 1.48 £ 0.11c*a* [0.21 +0.04a* 0.09 + 0.03c*b*
8 Intestine 1.38 £ 0.04d 0.14 £ 0.07d 0.15+0.01d
Muscle 0.99 £+ 0.03b*d* | 0.12 £ 0.01d*a* | 0.08 £ 0.01bc
Water 0.31+0.02e 0.05 +0.01b* 0.001 £ 0.001e
Criteria | FSSAI 2.5-5 1.5 0.5
Data are presented as means * SE of three determinations. Means followed by the
same letter within columns are not significantly different at 5% level

The mean levels of cadmium in muscle and intestine in fish, found at upstream locations, were 0.17 mg/kg and 0.23 mg/kg,
respectively and 0.16 mg/kg and 0.22 mg/kg at downstream points, respectively. The concentrations of cadmium of maximum value
were found to be 0.25 and 0.29 mg/kg in Etroplus suratensis (upstream) muscle and intestine respectively. Least cadmium concen-
trations were found 0.08 mg/kg and 0.12 mg/kg in Cynoglossus macrolepidotus (downstream) muscle and intestine respectively.

The concentrations of mercury, for the two tissues, were not very different, with a mean of 0.17 mg/kg in muscle and 0.18
mg/kg in intestine respectively (upstream) and 0.14 mg/kg in intestine and 0.11 mg/kg in muscle at downstream sites. Here again,
lowest and highest concentration were found in muscle and intestine tissue of Cynoglossus macrolepidotus (0.07mg/kg & 0.08 mg/
kg) and Etroplus suratensis (0.25 mg/kg & 0.26 mg/kg) respectively.

4. Discussion

According to Albaster and Lloyd (1982), the uptake and absorption of metals by the organs of fish depend on the chemical
properties and the prevailing water chemistry of the water from which experimental fish were caught. In general, different tissues
showed different capacities for accumulating heavy metals. Higher metal concentrations were found in the intestine, while the mus-
cle tended to accumulate less metal. Among the fish species, Etroplus suratensis, shows the highest potential of accumulating all
three heavy metals. Although fish intestines are seldom consumed, it might represent as good biomonitors of metals present in the
surrounding environment.

Heavy metals, such as lead (Pb), mercury (Hg) and cadmium (Cd) are dangerous for human health because of their accu-
mulation properties (Tressou ef al., 2004). Metals bioaccumulation through aquatic food webs to fish, humans and other piscivorous
animals are of environmental and human health concern. Laws (1981) had noted that differences in concentration of metals in differ-
ent parts of an organism could be attributed to the tendency of metals to bind to various molecular groups found within the cells of
organisms as well as the degree of exposure to metal as influenced by its metabolic characteristics and position in the food chain. This
can be the reason as to why higher metal content is found in intestine than muscle. Also, from results, it can be seen that accumulation
of heavy metals is not dependent on size of the fish.

The fact that toxic metals are present at high concentrations in fish is of particular importance in relation to the WHO and
FSSALI standards. Lead is usually found in low concentrations in natural waters because Pb containing minerals are less soluble in
water (Ravichandran & Jayaprakash, 2011). In contrast, the levels were higher in the case of the Savitri River, which crosses the
WHO limit of 0.01 mg/lit. Similarly, higher levels of contamination were found in the organs of fish species for Pb. As per FSSAI,
maximum permissible dose for human consumption is 2.5 to 5 ppm Pb by weight. Fish tissues were slightly contaminated by Pb, but
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overall fit for consumption. However, the level in river water was above standard norms at both upstream and downstream locations
and requires treatment operations at CETP, Mahad, to be monitored frequently. Lead causes renal failure and liver damage in humans
(Emmerson, 1973).

Cd values were found to be just lower than the acceptable limit proposed by the WHO and FSSAI. The FSSAI proposed
threshold values of metal concentrations in fish of 1.5 ppm by weight. Cadmium can be accumulated with metallothioneins and up-
take of 3-330mg/day is toxic and 1.5-9 mg/day is lethal to humans (Bowen, 1979). Cadmium injures kidneys and cause symptoms of
chronic toxicity, including impairment of kidney function, poor reproductive capacity, hypertension, tumours and hepatic dysfunction
(Waalkes, 2000).

The Hg values were well below the FSSAI recommended value of 0.5 ppm by weight. Also concentration of mercury in river
water was lower than recommended levels by WHO. Mercury concentrations of 5 ppm (wet weight) in fish muscle can be associated
with emaciation, decrease in coordination, losing appetite, and mortality in fish (Eisler, 1987). Mercury is a known human toxicant
and the primary source of mercury contamination in people is through eating fish. Mercury pollution in aquatic ecosystems has
received great attention since the discovery of mercury as the cause of Minamata disease in Japan in the 1950s. Mercury poisoning
during nervous system development may cause catastrophic consequences in infants causing widespread neural impairment (Harada,
1995).

Periodic monitoring of these and other heavy metals in both the fishes and river system to ensure continuous safety of people
in the area is recommended. Safe disposal of domestic wastes and industrial effluents should be practiced and where possible recycled
to avoid these metals and other contaminants from going into the environment. Further studies on the concentration of heavy metals in
other fish tissues (brain, liver, kidney, and heart) are recommended. Although levels of heavy metals are not high, a potential danger

may emerge in the future depending on the industrial wastewaters and domestic activities in this region.

5. Conclusion

This study was carried out to provide information on heavy metal concentrations of muscle and intestine tissue in fish from
the Savitri River in the Raigad district. All results were well below the limits for fish recommended by the Indian Food Safety &
Standards regulation, 2011. According to our results, the examined fish were within the limits for human consumption. High levels of
heavy metals were found in intestines while the lower levels in muscle of species except for Pb and Hg in Species 4 found upstream
and level of Pb in Species 6 and 7 found downstream. Also higher levels of metal concentration were found in upstream points as
compared to downstream points. The levels of heavy metals in water are low, except Pb, as compared to the standard norms. In future
certain improvisations in the treatment operations of the CETP Mahad may be required to bring down levels of Pb, before discharging
effluent in river water.
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