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ABSTRACT
Pangasianodon hypophthalmus commonly known as pangas or pyaasi in India, the total 
aquaculture production, catfish particularly Pangasius is receiving popularity. Cultured fishes 
may absorb dissolved trace metals from its feeding diets and/or habitat leading to the 
accumulation in various tissues. Irrespective of the source, the potential bioaccumulation of heavy 
metals in fish to a degree that may constitute a potential threat to human health when ingested is 
of great concern. Therefore, unregulated culture of P. hypophthalmus may have ecological 
implications if its culture continues without any precautionary and contaminant measures. We 
have determined the concentrations of heavy metals in P. hypophthalmus in order to evaluate the 
possible risk of consumption. Copper, lead, nickel, cadmium, chromium, and zinc were estimated 
in the muscles of fish. Health index (HI) for all observed metals for the fishes from market was 
1.2531, while it was 0.1687 in the fish cultured locally in Lucknow. The value of HI was more 
than one in fishes examined from the market suggesting that it may cause health risks. 

Keywords: Aquaculture, Pangasianodon hypophthalmus, Metals, Health risk, Health index. 

1. Introduction
Pangasianodon hypophthalmus is popularly known as pangas or pyaasi in India, belonging to 
the family pangasiidae, under the order Siluriformes. The origin of P. hypophthalmus is reported 
from the Mekong River of Vietnam to the Chao Phraya River to Thailand [1]. Later the fish was 
introduced to several countries such as Malaysia, Indonesia, Philippines, Bangladesh and China, 
where it spread and was adopted under aquaculture. In India, the fish was introduced from 
Bangladesh [2]. Pangasius sp. is highly tolerant to salinity, pH, dissolved oxygen, temperature or 
even pollution [3]. P. hypophthalmus is omnivorous, feeding on algae, higher plants, 
zooplankton, and insects, while larger specimens also take fruit, crustaceans and fish [2]. The 
aquaculture production of pangasius, catfish is an important industry in Vietnam and it received 
popularity even in India in terms of commercial culture. Pangas culture has proved itself as a 
profitable enterprise due to year round production, quick growth and high productivity [4, 15]. 
In India, the Pangasius hypophthalmus is produced in Andhra Pradesh and West Bengal on a 
commercial scale. However, its production moved into the states like Uttar Pradesh, Punjab, 
Rajasthan, Bihar, Chhattisgarh and Haryana. There is a good potential for P. hypophthalmus 
culture as this species can be reared in any condition of fresh water be a small or large area. P. 
hypophthalmus in India is generally cultivated in highly eutrophic waters. Metal contaminant is 
reported from several types of water body in India. [16, 17]. Since the fish raised under eutrophic 
condition raises the possibility of heavy metal contamination [16, 17 & 18]. We have attempted to 
investigate the presence of any heavy metals such as Cu, Pb, Ni, Cd, Cr and Zn levels in muscle 
tissues of P. hypophthalmus and determined the possible health risk posed by fish ingestion 
through consumption of the fish. It was conceptualised that the fish coming in the whole sale 
market was a commercial produce where the fish was raised in high density and consequently 
there was eutrophic condition in the pond since there is hardly any practice of exchange of water 
in the Pangasius culture [2]. However, we also considered some of the recently initiated culture 
produce of Pangasius under farm condition which was under semi-intensive culture. Under this 
perspectives, we examined the possible accumulation of heavy.  
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metal in pangasius obtained from local fish farm at Lucknow 
raised under semi-intensive culture as well as the fish available 
in the market being transported from the Andhra Pradesh 
where the fish is raised under intensive farming. The risk 
assessment of the present heavy metals was done by hazard 
identification, characterization, exposure assessment, and risk 
characterization, using data from toxicity studies on the 
specific heavy metals. 
P. hypophthalmus is well accepted by a wide range of people 
and therefore, it has been a good source of protein and calorie 
for poor, medium and better-off people in rural as well as 
urban areas. In 2008, about 81% (115 million tons) of 
estimated world fish production was used as human food with 
an average per capita of 17 kg [5] & [19]. As fish constitute an 
important part of human diet, it is not surprising that the 
quality and safety aspects of fish are of particular interest. 
Over the past several decades, the concentrations of heavy 
metals in fish have been extensively studied in various places 
around the world. Since the diet is the main route of human 
exposure to heavy metals [20]. 
Cultured fishes may absorb dissolved elements and trace 
metals from its feeding diets and surrounding water leading to 
their accumulation in various tissues in significant amounts [2]. 
Metals can enter into the food web through direct consumption 
of water or organisms or through uptake processes and be 
potentially accumulated in edible fish and other wildlife [6]. As 
fishes are constantly exposed to pollutants in contaminated 
water they could be used as excellent biological markers of 
heavy metals because non-essential metals are also taken up 
by fish and have accumulated in their tissues [7]. Consumption 
of the contaminated fishes have been reported to show the risk 
potential for human [8, 9, 10, 11 & 2]. Irrespective of their source, 
the potential accumulation of heavy metals in fish available in 
the Utter Pradesh market to such a degree that may constitute a 
potential threat to human health when ingested is of great 
concern. Heavy metals have been considered as dangerous 
substances causing serious health hazards to human being and 
other living organisms through progressive irreversible 
accumulation in their bodies [21]. In view of above mentioned 
literature and reports, we have attempted to determine the 
concentrations of heavy metals in P. hypophthalmus in order 
to evaluate the possible bio-accumulation risk of fish 
consumption. Accordingly, the objective of the current study 
was to determine the levels of heavy metals like copper (Cu), 
lead (Pb), nickel (Ni), cadmium (Cd), chromium  (Cr), and 
zinc (Zn) in the muscles of P. hypophthalmus available in 
Utter Pradesh  fish market. These concentrations were then 
compared against the possible accumulation of heavy metals 
in P. hypophthalmus raised in local farms of Lucknow, Uttar 
Pradesh. The concept of this study was the ‘safe levels of 
heavy metal exposure’ for humans, which could be identified 
as the risk of known toxicological profiles keeping in view of 
the reports on the contamination of different fish species to 
determine their heavy metal contamination and human health 
risk [12, 13]. The traditional approach to risk assessment was 
separated into hazard identification, hazard characterization, 
exposure assessment, and risk characterization, and using data 
from toxicity studies on the specific heavy metals for hazard 
identification and characterization. 
 
2. Materials and Methods 
Six to eight fish species of P. hypophthalmus was collected 

from the local culture pond and also fish market of Lucknow, 
Utter Pradesh. The fishes were brought to the laboratory and 
dissected with clean instruments. Tissues were washed with 
double-distilled water and put in petri dishes to dry at 120 ⁰C 
until reaching a constant weight. One gram of each dried tissue 
(in three replications) was digested with di-acid (HNO3 and 
HClO4 in 2:1 ratio; [7] on a hot plate set at 80 ⁰C (gradually 
increased) until all materials were dissolved. Digested samples 
were diluted with double-distilled water appropriately in the 
range of the standards which were prepared from the stock 
standard solution of the metals (Sd-Fine). Metal 
concentrations in the samples were measured using a 
UNICAM- flame atomic absorption spectrophotometer (AAS). 
The absorption wavelengths were 217.0 nm for Pb, 267.7 nm 
for Cr, 231.6 nm for Ni and 324.7 nm for Cu, 228.8 nm for 
Cd, 213.9 nm for Zn. The QC sample was run at a frequency 
of once in every 10 samples; to check for the calibration 
accuracy and the instrument drift. The results within 5% of the 
known QC values were deemed acceptable. Blank samples 
were run in duplicate in each analysis batch in a randomized 
order and were used to calculate the method detection limit 
(MDL) [22]. The results were expressed as micrograms per 
gram dry weight for fish. 
  

Metal concentration in fish tissue = [C×V]/ W 
 
Where,  
C = concentration in µg/L (read from AAS); V= volume of 
sample (ml); W= weight of sample (g) 
 
Potential exposures to heavy metal such as lead, copper, 
nickel, and chromium via ingestion of fish (muscle) was 
calculated using edible tissue samples collected from the local 
culture pond and the fish market. Deterministic and 
probabilistic exposure assessment techniques SEDISOIL 
model was used [14] to characterize risks. The evaluation 
considered published fish total daily intake (TDI) from 
market/culture pond surveys limited access areas as well as 
accessible recreational areas. The deterministic risk 
assessment used a TDI from a market/culture survey 
conducted in a culture area with relatively few access points 
for market. For the purpose of comparison, the probabilistic 
assessment was used as a fish consumption rate distribution 
that included values from other culture areas in India, as well 
as the TDI from the culture pond. Human health risk 
assessment (USEPA) was carried out in three stages: (1) 
hazard identification, (2) exposure assessment, and (3) risk 
characterization [2, 23]. The hazard identification was done by 
monitoring of heavy metals in pond water as well as fish 
muscle as described above. For quantification of exposure, a 
pathway exposure model (SEDISOIL) was used [14] and 
calculated with the following equation: 
 
Ingestion of fish (mg/kg/day)   =   CF x IRf x FI x AF  

                            BW 
 
Where  
CF = concentration of the metal contaminant in fish [mg/kg 
flesh weight (fw)], IRf = ingestion rate of fish (fish weight 
(kg)/day), and FI = fraction contaminated (unitless), AF = 
absorption factor (unitless), and BW= body weight (Kg). 
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The hazard quotient (HQ), was calculated following the 
method of using formula [24]. 
 

HQ = CDI / RfD 
 
Where HQ is the hazard quotient (unitless); CDI is the 
cumulative daily intake and RfD is reference dose (mg/(kg/ 
day). 
To assess the overall potential for carcinogenic effects posed 
by more than one metals the HQs calculated for each metals 
was summed and expressed as a HI [25], 
 

HI = HQ1 + HQ2 + . . . + HQn 
 
In cases where the carcinogenic HI did not exceed unity, it 
was assumed that no chronic risks were likely to occur at the 
site. If the HI is greater than unity as a consequence of 
summing several HQs, it would be appropriate to segregate to 
compounds by effect and by mechanism of action and to 
derive HI for human health. 
The health risk was determined by using [24], 
 

Risk= CDI × slope factor [mg/(kg/day)]. 
 
The above was calculated with the help of risk calculator 
(www. ajdesigner.com). 
The level of total cancer risk that is of concern is a matter of 
personal, community, and regulatory judgment, risks above 
1E-04 to be sufficiently large that some sort of remediation is 
desirable.  Excess cancer risks that range between 1E-06 and 
1E-04 are generally considered to be acceptable, although this 
is evaluated on a case-by-case basis and EPA may determine  

 
that risks lower than 1E-04 are not sufficiently protective and 
warrant remedial action [26, 27]. 
 
2.1 Data analysis 
Mean concentrations ± SD. (the standard deviation of the 
mean) in µg/kg wet weight were calculated. One-way analysis 
of variance (ANOVA) was used after the logarithmic 
transformation was done on the data to improve normality 
followed by the Duncan multiple range test as a multiple 
comparison procedure to assess whether the means of metal 
concentrations varied significantly among fish species. 
Possibilities less than 0.05 were considered statistically 
significant (p<0.05). All statistical calculations were 
performed with SPSS 13.0 for Windows. 
 
2.2 Results and Discussion: The study revealed that the 
concentration of heavy metals in cultured fishes ranged 
between 0.012±0.001 for Cu, 0.096±0.033 for Pb,0.014±0.001 
for Cd,0.524±0.053 for Cr,1.112±0.251for Zn. Among all 
these metals Ni was not detected in cultured fishes. Studied 
heavy metal concentration in cultured pond fishes did not 
exceed the permissible limit set by [28]. As compared to the 
concentration of heavy metals in cultured fishes, market fishes 
have reported a higher range of heavy metals i.e. 0.053±.001 
for Cu, 0.942±0.321 for Pb,0.11±0.01 for Ni, 0.48±0.011 for 
Cd, 2.231±0.91 for Cr, 1.121±0.662 for Zn (fig. 1).In market 
fishes, Pb and Cr  were significantly (p>0.001) very high. 
Observed Cu was also significantly (p>0.005) high. 
Concentration of all studied metals in market fishes was more 
than the permissible limit decided by [28]. 
 

 

 
 

Fig 1: Metal concentration of the P. hypophthalmus in cultured pond and market fish available 
 

Significance levels: *p > 0.05; ** p > 0.01 (when compared with cultured fish and fish available from market) Limit of detection: Cu-4, 
Pb-30; Ni-5, Cd-1; Cr-4; Zn-5. 

 
The maximum amount of heavy metals reached in human 
body through the ingestion of market fishes as compared to the 
cultured one. In studied metals maximum amount of Zn i.e. 
8.7×10-3was reached in human body through the marketfishes. 
Heavy metals like Cu, Pb, Cr, Cd and Ni was also ingested in 
human through the consumption of market fishes (Table 1). 
HQ value was also calculated for studied metals (Table 1). HQ 

value for market fishes was higher than cultured fishes the and 
maximum HQ value was observed for Pbi.e 0.9252 in market 
fishes. Combined HQ means calculated health index (HI) was 
0.1687 for cultured fishes and 1.2531 for market fishes. 
Outcomes from HI value stated that cultured fishes were safe 
for human consumption than market fishes because the 
observed HI value for market fishes was more than 1 that can 
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create the carcinogenic risk in human. The carcinogenic risk 
value in cultured fishes ranged between 1E-06 to 1E-04 (table 
1). These values generally considered to be acceptable [29]. But 
carcinogenic risk values for market fishes ranged between 
3.70E-03 for Pb, 4.40E- 03 for Cr, 2.60E-03 for Zn. These risk 
value in market fishes was more than (1E-06 to 1E-04) that 
creates carcinogenicity in human beings during 70 year life 
time ingestion of market fishes. 
The distribution and potential bioaccumulation of heavy 
metals in muscle of fish (P. hypophthalmus), a major 
aquaculture species, were studied in relation to two different 
fish farming systems. It has long been recognized that heavy 
metals in the environment have a particular significance in the 
eco-toxicology, since they are highly persistent and can be 
toxic in traces [30]. During the last few decades, great attention 
has been paid to the possible dangers of heavy metal in human 
due to the consumption of contaminated fish. Fish absorbed 
heavy metals from water through the gills, skin and digestive 
tract. The heavy metals of the most widespread concern to 
human health are lead, copper, mercury and cadmium [31, 32 & 

33]. Heavy metals are recognized as toxic substances due to 
their low rate of elimination from the consumer body; either 
man or animals [33, 34 & 35]. The results of this study demonstrate 
that inside the fish, the fate of the toxic elements is different in 
terms of distributions into different organs as well as possible 

biotransformation and, eventually, elimination. The results 
also show significant differences in heavy metal accumulation 
among the different types of fish culture. The observed level 
of heavy metals in cultured fishes was lower than the 
permissible limit decided by WHO means cultured fishes are 
safe for human consumption. The concentration of heavy 
metals like Pb, Cd, Cr, Zn was maximum in market fishes 
compared to cultured fishes and it was more than the 
acceptable limit set by WHO. That can create carcinogenic 
risk. Although Ni was not detected in cultured fishes and it 
was present in market fishes, but the concentration of Ni did 
not exceed than the safe limit (Figure. 1). The maximum 
amount of all studied metals accumulated in the human body 
through the ingestion of market fishes. For threshold 
contaminants, the risk to a human receptor from being exposed 
to a chemical via a single pathway can be expressed as an 
exposure ratio, commonly called a Hazard Quotient (HQ). HQ 
is advantageous in that whether or not there is risk can be 
simply determined only by checking whether HQ is larger or 
smaller than one. The observed HQ value was less than one in 
cultured as well as market fishes it was slightly more in market 
fishes (Table 2). Detected Value of HQ for Pb (0.9252) in 
market fishes it was slightly less than one, means market 
fishes was marginally safe for carcinogenic risk for Pb. 
 

 
Table 1: Risk values of each metal contaminant in muscle of P. hypophthalmus was analyzed in cultured fish as well as in fish from 

market 

Metals 

Ingestion of fish 
(CF × IRf ×   
FI×AF/BW) 

 

Hazard quotient 
(HQ =CDI/RfD) 

 

Risk values 
(CDI × Slope  

factor) 
 

Health Index                               
(HI=HQ1+ 

HQ2+…HQn) 

Cultured Market Cultured Market Cultured Market Cultured Market 
Cu 4.7× 10-5 2.0×10-4 0.0011 0.0051 1.89 E-06 8.33 E-06 

 
 
 

0.1687 

 
 
 

1.2531 

Pb 3.7× 10-4 3.7×10-3 0.0943 0.9252 3.77 E-05 3.70 E-03 
Ni ND 4.3×10-4 ND 0.0216 ND 8.64 E-06 
Cd 5.5× 10-5 1.8×10-4 0.0018 0.0029 5.51 E-0 1.89 E-06 
Cr 4.3× 10-3 4.4×10-3 0.0029 0.0062 4.36 E-05 4.40 E-03 
Zn 2.0× 10-3 8.7×10-3 0.0686 0.2921 6.17 E-04 2.60 E-03 

 
Total HQ means health index (HI) was less than 1 (0.1687) for 
cultured fish (P. hypophthalmus) it demonstrated that 
ingestion of fish from cultured ponds does not result in over 
exposure of studied metals. Thus no adverse effect poses to the 
health of consumers [36]. We need to perform a detailed 
analysis to determine whether the potential for noncancerous 
health effects is accurately estimated by the total HI. This is 
because the toxicological effects associated with exposure to 
multiple chemicals, often through different exposure 
pathways, may not be additive. The total HI might therefore 
overestimate the potential for noncancerous health effects. HI 
was more than 1(1.2531) for market fishes. It implies that the 
estimated exposure exceeds the USEPA reference dose for the 
contaminant of interest and it may have the probability of 
contracting cancer. Risk description provides information 
important for interpreting the risk results and identifies a level 
for harmful effects on the plants and animals of concern in an 
ecological risk assessment. 
Calculated carcinogenic risk value in cultured fishes ranged 
between 1E-06 to 1E-04 for all studied metals except Zn for 
which observed risk value was 6.17 E-04 and it was near to the 
standard value. In market fishes observed risk value ranged  

 
between 3.70 E-03 for Pb, 4.40 E-03 for Cr and 2.60 E-03 for 
Zn. These values were more than 1E-06 to 1E-04. It indicated 
that the consumption of market fishes leads to the daily intake  
of heavy metals in local residents, which pose a potential 
health threat from long-life time exposure of 70 years are more 
in the future. Hazard index of metals suggested that 
contamination in most of the fish had potential for human 
health risk due to consumption of muscle. Thus, regular 
monitoring of heavy metals contamination in the fish species 
grown at contaminated water is necessary for avoiding the 
possible human health risk owing to the consumption of 
contaminated fish. 
 
3. Conclusion  
Consumption of fish with elevated levels of heavy metals may 
lead to high level carcinogenic risk to human health. It is thus 
advocated that regular monitoring of heavy metal 
contamination in the fish species thriving at contaminated 
water must be carried out to ascertain the food safety.  This 
initiative will be an important step to undertake measures to 
remove heavy metals from the cultured methods as per need in 
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view of the environmental and food safety. 
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