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Abstract 
This study provides an assessment of toxicity levels of heavy metals in the fish samples of species Tilapia mossambicus 

collected from Dharamtar creek, Ind ia. Metals in the aquatic environment may accumulate in the aquatic biota and cause 

ecological damage. If entered in  the food chain, pose threat to human health and sustainable food supply due to 

biomagnifications over time. In the present study, the order of bioaccumulation of heavy metals in different organs of 

fish samples were liver > Gill > Skin > Muscle. The levels of heavy metals were found in the order Fe > Zn > Cr > Pb > 

Co > Ni > As. Muscles which is the edible part of fish found to contain Fe, Cr and Pb in high concentrations and above 

the maximum prescribed limit by WHO/FAO. These results draw attention to not only contamination of fish but also 

potential health risk to human.   
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1. Introduction 
Degradation of the ecosystem commenced hand in hand with modernization. The modern life style is inviting 
various threats to the life. Unfortunately, it took very long time to understand its deleterious effects. For last 
few decades, industrialization and human activities are responsible for aquatic pollution by heavy metals. 
Domestic sewage, industrial effluents, combustion emissions, mining operations and metallurgical activities 
are some of the sources of anthropogenic metal inputs. Heavy metal contamination at high level is potentially 
toxic. It harms living resources, poses hazards to human health and causes hindrance to aquatic activities 
(Blaber 2000; Farombi et al. 2007). The main concern is concentration of the heavy metals in the marine 
organisms which accounts for their toxicity and also poses a direct threat to both aquatic biota and human 
being (Watling 1983).  

It is well known that Cu, Zn, Co, Fe and Mn are essential to life but in traces amount (< 100 ppm)  
(Mertz 1981). However, Hg, Cd, Pb, As, Se, Cr, Ni are of serious concern, their repeated ingestion of small 
amount results into irreversible accumulation, causing injury to health (Pringle et al. 1968). The priority list of 
pollutants compiled by the Environmental Protection Agency of United States contains the eight widespread 
heavy metals - arsenic, cadmium, chromium, copper, lead, mercury, nickel and zinc (Moore & Ramamoorthy 
1984). 

Fish are an essential source of nutrition, they are high in protein and a great source of omega-3 fatty 
acids, vitamins and can reduce the risk of various diseases such as heart attacks, strokes, diabetes, Alzheimer’s 
disease and sudden death. Although the consumption of fish can benefit its consumers and shape up their 
health, it can also raise some health concerns if contaminated with toxic metals and other toxic substances 
from the pollution of their aquatic environment (Kamaruzzaman et al. 2010; Rahman et al. 2013). Ingestion of 
contaminated fish may cause diarrhoea, nervous disorder, loss of memory, tissue damage, respiratory failure, 
liver necrosis, anaemia and hypertension. According to the European Union (EU) directives on seafood, 
(EU/91/EEC and the US regulation 1997), monitoring of chemical hazards, toxic metals, pesticides, etc., has 
become mandatory. 

Heavy metals such as Cd, Hg, Ni, Pb, Zn and As in fish also cause adverse biological effects in 
marine organism (Zelikoff et al. 1994), common sub lethal effects are behavioural (e.g., swimming, feeding, 
attraction avoidance, and prey-predator interactions), physiological (e.g., growth, reproduction, and 
development), biochemical (e.g., blood enzyme and ion levels), histological changes (Sheehan et al. 1984) and 
finally death. It means heavy metal contamination in fish is not only of health concern but also responsible for 
the deterioration of ecosystem. Hence, screening of fish for heavy metals is of paramount importance in the 
present scenario. 
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The previous studies showed that the accumulation of heavy metals in fish depends upon various 
factors such as metal concentration (Linde et al. 1996), time of exposure, way of metal uptake, environmental 
conditions (Cogun and Kargin, 2004) and intrinsic factors such as age and feeding behaviour (Canli and Atli 
2003). Various routes for the uptake of metal in the fish are food, suspended particle, gills, intake of water and 
integuments (Nussey 2000). Thus, the high level of metal accumulation takes place in, liver kidney and gill.  
Digestive tract also found to contain the significant concentration of metals (Giguere et al. 2004). Gall 
bladder, gonads, bones and brain may also contain high concentration of metal. However, muscles contain 
relatively low concentration of metals but being edible part for human consumption, they are often examined 
for metal content. Some of the metals are organ specific. Hence, the levels of trace metals in different organs 
of fish are also used as an index of metal pollution in an ecosystem.  

The examination of accumulation of heavy metals in fish from water reservoirs like rivers and lakes 
receiving industrial effluents containing variable concentration of toxicants including heavy metals from 
various sources like industries, agriculture runoff, construction activities or domestic waste water become very 
crucial especially when they are consumed by human.  The present study is focussed on the accumulation of 
heavy metals in the fish Tilapia mossambicus which is commonly found and consumed by the local people 
staying around the Dharamtar creek located in Maharashtra, India.  

Dharamtar creek is one of the important fishing creeks in Western coast. Freshwater fish are caught 
by all the riparian villages and form an essential part of diet. Dharamtar creek is surrounded by various 
industries which are disturbing the natural balance of this region. Many studies had been carried out to 
investigate the ecological quality of this region (Gajbhiye et al. 1995; Kulkarni et al. 2011; Pande and Nayak 
2013). However, systematic study of freshwater fish has not been carried out yet. Here, an attempt has been 
made to determine the concentration of heavy metals in the fish and its potential dietary toxicity.  

 

2. Materials and Methods 

2.1 Sampling site 
Present investigation is carried out in the area of Dharamtar Creek. Dharamtar Creek is a located in 
Maharashtra, India. The estimate terrain elevation above sea level is -9999 metres. It lies between Latitude 
18°49'4.18"N Longitude 72°57'54.78"E. Various industries such as steel, warehousing, cement, ceramics, 
petrochemicals etc are located in this region.  

2.2 Sample collection 
During sampling, fish samples and water samples were collected randomly from Dharamtar Creek in the 
month of April, June, August and November. About 0.5 L of the water samples was collected in a pre-cleaned 
polyethylene bottle from sampling site. Samples were acidified with 10% HNO 3, placed in an ice bath and 
brought to the laboratory. The samples were filtered through filter and kept at 4

o
C until analysis. The samples 

were analyzed directly. The fish samples were carried in polythene bags to the laboratory where they stored 
into refrigerator at 4

o
 C until prepared for analysis.  

2.3 Sample analysis 
As intrinsic factors affects on the uptake of heavy metals, hence the physical characteristics of all samples 
were examined. The total length (cm) of each individual sample was measured. An electronic weight scale is 
used to weigh the mass of individual fish. The weight is measured in gram (g). A condition factor index (K) 
was calculated by using the equation: 

K = 100W/L
3
 

where, W = body weight in grams; L = body length in cm.  
The frozen samples were thawed at room temperature and then dissected for analysis using stainless steel 
scalpels. The liver, gills, skin and muscles of the fish were dried in an oven at 40°C for two days until they 
reached a constant weight. The samples were then removed from the oven and allowed to cool. Each dried 
sample was ground using a porcelain mortar and pestle. One gram of dry weight of the powdered form of 
muscle and gill and skin were used for analysis. The samples were digested by adding mixture of conc. nitric 
acid and perchloric acid in 1:1 ratio. The solutions are heated to obtain a clear solution. The solution was then 
filtered and diluted to 25 mL with double distilled water. Concentrations of Zn, Fe, Co, Cr, Pb, Cd, Cr, Ni, 
Hg, Cd and As were then determined using an inductively coupled atomic emission spectroscopy (ARCOS 
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from M/s. Spectro, Germany). All the glassware were washed with nitric acid for 15 min and rinsed with 
double distilled water before being used. Seasonal variations were also studied. 

2.4 Statistical analysis 
Data obtained from the experiments were analyzed by using SPSS 11.5 software. The results were expressed 
as mean ± S.D. The results were evaluated using Student’s t test. Values of p < 0.05 were considered 
statistically significant. 
 
3. Results and Discussion 
Fish have the tendency to concentrate heavy metals from water (Mansour and Sidky 2002). Therefore, 
bioaccumulation of metals in fish can be considered as an index of metal pollution in the aquatic bodies 
(Javed and Hayat 1998; Tawari-Fufeyin and Ekaye 2007) that could be a useful tool to study the biological 
role of metals present at higher concentrations in fish. In addition, consumption of contaminated fish may 
cause adverse effect on human health.  In the present study, concentration of heavy metals such as Iron (Fe), 
Zinc (Zn), Chromium (Cr), Cobalt (Co), Nickel (Ni), Lead (Pb), Arsenic (As) and  Mercury (Hg) in different 
organs like muscles, skin gills and liver of the fish were investigated. 
3.1 Physical characteristics 
Condition factor is calculated as it is an index of growth and feeding intensity. According to Farkas et al. 
(2003) age factor or maturity of fish also influences the accumulation of heavy metals. Thus, the physical 
characteristics of the fish have been determined (table 1). Fish can accumulate high level of pollutants if it has 
a constant growth and live in polluted ecosystem. 

No Season N 
Average 

length(cm) 

Body weight 

(gm) 

Fulton’s Condition 

factor (K) 

Feeding 

behaviour 

Level of 

Maturity 

1. 
Wet 

Season 
9 12.5+ 1.2 32.78 + 5.22 1.68 (1.48-1.91) Omnivores Young 

2. 
Dry 

Season 
9 17.0 + 0.7 104.63+ 9.23 2.13 (2.09-2.17) Omnivores Mature 

Table 1: Physical characteristics of samples of Tilapia fish 

3.2 Accumulation of heavy metals in fish samples 
The concentration of heavy metals (mg/kg dry tissues) in the liver, gills skins, and muscles of the fish samples 
are summarised in table 2.  

Season 

 
Tissues 

Heavy Metal (mg/Kg) dry wt of tissues 

Zn Fe Cr Pb Ni Co As Hg 

Dry 

Season 

 

Muscle 73.60 + 9.27 
126.10 + 

49.17 

2.35+ 

0.25 

1.03+ 

0.03 

3.58 + 

0.94 
<0.01 

0.35 + 

0.19 

0.32 + 

12.73 

Skin 
186.50+ 

27.11 

238.75+ 

71.65 

2.08+ 

0.60 
<0.01 

3.70+1.

77 
0.30+ 0.13 

0.53 + 

0.27 
<0.01 

Gills 
95.20+ 

18.14 

303.65+ 

18.43 

1.85+ 

0.04 

0.35 + 

0.14 

0.35+ 

0.06 
<0.01 

0.45 + 

1.01 
<0.01 

Liver 
112.43+ 

12.9 

419.99+ 

57.21 

3.82+ 

0.96 
<0.01 

37.94+ 

2.35 
1.02+ 1.07 <0.01 <0.01 

Wet 

Season 

Muscle 28.50+ 9.06 
172.50+ 

17.95 

11.75 + 

0.45 

7.50+ 

0.57 
<0.01 5.00+ 0.03 <0.01 <0.01 

Skin 
61.25+ 

32.27 

1032.50+ 

42.56 
14+ 0.78 

6.75+ 

0.85 
<0.01 6.00+ 1.08 

0.50+ 

1.92 
<0.01 

Gills 
51.75 + 

11.78 

2978.75+ 

61. 38 

17.75 + 

1.31 

4.75+ 

0.17 

1.00 + 

0.04 
7.50+ 0.92 

0.50+ 

1.56 
<0.01 

Liver 
73.08 + 

20.81 

2991.28+ 

69.05 

23.11+ 

0.83 

3.15+ 

0.15 
<0.01 7.27+ 0.08 <0.01 <0.01 

Maximum Permissible  
Limit in mg/Kg  

(FAO /WHO 1984/1989) 
50 100 1 1.5 80 - 1.4 0.5 

Table 2: Bioaccumulation of heavy metals in various organs of fish samples  

(Note: The values were statistically significant at p < 0.05) 
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The data clearly indicates the considerable accumulation of heavy metals in different fish tissues. All the 
samples were found to contain very high concentration of Fe, Zn, Pb and Cr. Ni was found within prescribed 
limit. As and Hg were found below detection limit in some of the samples while some of the samples showed 
the signature of As and Hg.  

Metal levels were observed in the following order Fe > Zn > Cr > Pb > Co > Ni > As. This order is in 
agreement with the previous studies (Bhupandar kumar et al. 2011; Benzer et al. 2013). In fish, concentrations 
of many metals are inversely proportional to the age and size. Concentrations of metals like Fe, Zn, Cr, Pb, Co 
show inverse relationships with fish length whereas concentrations of Hg, Ni and As increase with age and 
size (Canli and Atli 2003). The results obtained in the present study are in agreement with the previous studies 
(Thakur and Mhatre 2015). The tissues of the aquatic organisms serve as a site for uptake and absorption of 
heavy metals. These tissues have the ability to concentrate metals and therefore exhibit relatively high 
potentials for accumulation. In the present study the order of bioaccumulation is Liver > Gill > Skin > Muscle. 
This difference in accumulation may be attributed to the proximity of the tissue to the heavy metals in water. 
High concentration of metals found in the liver may be related to the detoxification processes take place in 
this organ. Also, metals bound with metallothioneins in liver (Jezierska and Witeska 2001). It is assumed that 
the accumulation of metals in liver is proportional to those present in environment. Thus, the liver is 
considered as a good monitor of water pollution. Gill also showed high accumulation of metals. A probable 
reason for the high accumulation in gill is physiological state of the tissue and/or structural and functional 
organization of this organ. The highly branched structural organization of the gill, increased surface area, 
along with the large volume of water passing through the gill surface and small biomass results in high 
accumulation in gill (Jayakumar and Paul 2006). Skin is directly exposed to water, hence high accumulation is 
obvious. However, muscles showed less accumulation. Possible reason is they are not in direct contact with 
water and exposed through media effect.  

3.3 Toxicological effect 
It is evident from table 2 that the fish samples collected from the Dharamtar creek in both, dry and wet 
seasons are highly contaminated. Muscles contain relatively less concentration of heavy metals. Since they are 
use for the human consumption, the study is required for the probable risk factors.  
The fish samples examined in this study were found to contain Fe, Zn, Cr and Pb beyond the maximum 
prescribed limit by WHO/FAO. Hg and As found to contain less than prescribed limit, but potential risk due 
to presence of Hg and As cannot be ignored. 
Fe is an essential element for metabolic activity. However, in high concentration it may cause serious health 
risk such as increase in pulse rate, coagulation of blood in blood vessels, hypertension and drowsiness (Davies 
et al. 2006). In this study, Fe was found to present in very high concentration ( 126.10 + 49.17 mg/Kg and 
172.50+ 17.95 mg/Kg) in muscles which is above maximum prescribed limit (100 mg/Kg). The reason may 
be the existence of steel plant vicinity of study station. The ingestion of fish with such a high concentration 
may present some risk of the above health defects to the fish consumers. 
Zn is another essential trace element plays very crucial various enzymatic processes (Galvin, 1996). However, 
it is potentially toxic when the internal available concentration exceeds the capacity of physiological 
detoxification processes.  In the present study, Zn concentration (73.60 + 9.27 mg/Kg) in muscle was found 
above prescribed limit (50 mg/Kg).  

Chromium is listed as a toxic heavy metal. Adverse effects of the hexavalent form of Cr on the skin 
may include ulcerations, dermatitis, and allergic skin reactions. Inhalation of hexavalent chromium 
compounds can result in ulceration and perforation of the mucous membranes of the nasal septum, irritation of 
the pharynx and larynx, asthmatic bronchitis, bronchospasms and edema. Respiratory symptoms may include 
coughing and wheezing, shortness of breath, and nasal itch (Galvin 1996). This study showed that the samples 
contained very high concentration of Cr (2.35+ 0.25 and 11.75 + 0.45) than the prescribed limit (1 mg/Kg). 
Regular consumption of Cr containing fish may cause serious health hazards to the consumer. 

Lead is considered as a protoplasmic poison, which is a cumulative, slow - acting and subtle. Short-
term exposure to high levels of Pb can cause brain damage, paralysis (lead palsy), anaemia and 
gastrointestinal symptoms. Long-term exposure can cause damage to the kidneys, reproductive and immune 
systems in addition to effects on the nervous system. Most critical effect of low-level lead exposure is on 
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intellectual development in young children. The findings of this study showed that the lead content (1.025+ 
0.03 mg/Kg and 7.50+ 0.57 mg/Kg) in the samples is higher than prescribed limit (1.5 mg/Kg).  

Arsenic is classified as Carcinogenic by the International Agency for Research into Cancer (IARC) 
and mercury as a latent neurotoxin. The present investigation showed that Hg and As were present in muscles 
(0.32 + 12.73 mg/Kg and 0.35 + 0.19 mg/Kg respectively) below prescribed limit (1.4 mg/Kg and 0.5 mg/Kg 
respectively). Since the accumulation is time-related, risk due to Hg and As cannot be ruled out.  

3.4 Seasonal Variations 
The dry season levels of all the metals except Cr were higher than the rainy season levels. The possible  
explanation could be the concentration of the metals due to the reduced volume associated with higher 
evaporation rate induced by the higher water temperature in the dry season. However, the other factors such as 
pollution level, intrinsic factors of fish can also affect on bioaccumulation.  

3.5 Transfer Factor 
The transfer factor is an approach that provides a straight forward, constructive method for assessing heavy 
metal accumulation for the purposes of health risk assessment of humans consuming the fish.  The transfer 
factor expresses the ratio of contaminant concentration in fish to the concentration in water. It was used to 
characterize quantitatively the transfer of an element from the water to fish (Rodríguez et al.  2002). The 
results showed that the heavy metals in water samples are below detection limit of the instrument (i.e. < 0.01) 
except Fe (0.06 + 0.22) mg/L and Zn (0.071 + 0. 08) mg/L which is also below maximum prescribed limit 
(WHO 2008).  That is transfer factor for all elements in fish from water were greater than 1 this indicates that 
the fish undergo bioaccumulation of these elements from environment (e.g. water, sediment, feed) 
(Kalfakakour and Akrida-Demertzi 2000). The intrinsic factors such as size, genetic composition and age of 
fish also influence on it (Kamaruzzaman et al., 2010). 
 

4. Conclusion 
This study concludes that the fish samples are highly contaminated with the toxic metals such as Fe, Zn, Pb 
and Cr. This could be related to industrial and anthropogenic activity in this region. It is quite apparent that 
levels of toxic metals are above the maximum prescribed limit and thus may pose threat to the health of 
regular consumer.  Even the low concentration of other metals should not be neglected as the bioaccumulation 
is time-related. Thus, the regular monitoring of heavy metals in fish, health risk assessment study and 
awareness among the local people is recommended.  
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