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� Sample collected from 30 different agro-ecological zones for the first time in Bangladesh.
� Arsenic in cultured fish was the major contributor to people’s health risks.
� Health risks from arsenic in tilapia fish was higher than other fishes.
� Health risks of arsenic from fish alone were low but it was high if other sources are considered.
� Inhabitants are exposed chronically to arsenic with carcinogenic and non-carcinogenic risks.
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Concentrations of fourteen trace elements (essential and toxic) in the composite samples (collected from
30 different agro-ecological zones for the first time in Bangladesh) of three highly consumed cultured fish
species (Labeo rohita, Pangasius pangasius and Oreochromis mossambicus) were measured by inductively
coupled plasma mass spectrometry (ICP–MS). The estimated daily dietary intake (EDI) of all the studied
elements was estimated on the basis of a calculation of the amount of fish consumed by Bangladeshi
households (mean fish consumption of 49.5 g person�1 d�1). The studied fish species pose no risk with
respect to the EDI of Cd, Pb, Cr, Ni, Zn, Se, Cu, Mo, Mn, Sb, Ba, V, and Ag. Among the three studied fishes
O. mossambicus showed higher content of dietary arsenic (1.486 mg kg�1). From the human health point
of view, this study showed that the inhabitants in the arsenic-contaminated area, who consume arsenic-
contaminated water with fish (especially for O. mossambicus), are exposed chronically to arsenic pollution
with carcinogenic and non-carcinogenic risks.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Environmental pollution is now being considered as a major
problem in developed, developing and undeveloped countries
(Kazi et al., 2009; Gallo and Almirall, 2009; Ozden, 2010). Recent
years have witnessed significant attention being paid to the prob-
lems of environmental contamination by a wide variety of chemical
pollutants including the trace metals (Gallo and Almirall, 2009;
Orecchio and Amorello, 2010). Metals from natural and anthro-
pogenic sources continuously enter the aquatic ecosystem where
they pose serious threat because of their toxicity, long persistence,
bioaccumulation and biomagnification in the food chain
(Papagiannis et al., 2004). Trace metals are important from the view-
point of their toxicity and their essentiality. Trace metals can be clas-
sified as potentially toxic (arsenic, cadmium, lead, mercury, and
nickel etc.), probably essential (vanadium and cobalt) and essential
(copper, zinc, iron, manganese, and selenium) (Munoz-Olivas and
Camara, 2001). Toxic elements can be very harmful even at low con-
centration when ingested over a long time period. The essential and
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probably essential metals can also produce toxic effects when the
metal intake is excessively elevated (Celik and Oehlenschlager,
2007). In recent decades, much attention has been paid to the study
of essential and toxic trace element content in foodstuffs, as a result
of a growing concern about the health benefits and risks of food con-
sumption. In Bangladesh, the evaluation of risks and benefits of the
consumption of fish is extremely important because fish supply 60–
80% of the animal protein needs of the country, as well as being a key
source of essential minerals, vitamins and fatty acids, vital factors in
child development and adult health. Furthermore, fishes have been
used for many years to indicate the pollution status of water, and are
thus regarded as excellent biomarkers of metals in aquatic ecosys-
tems (Muiruri et al., 2013). Moreover, it is important to observe
the level of heavy metals in consumed fishes to get some ideas about
the safety of fish protein supplied to the consumers and to under-
stand its harmful effects among individuals, population or
ecosystem.

Historically, Bangladesh feeds her population with fishes caught
mostly from the inland open water fisheries. Bangladesh, as a
developing country, is at a high risk of aquatic pollution, especially
the inland water bodies which is facing the highest pollution prob-
lems due to the contamination of trace metals excessively released
from domestic, industrial, mining and agricultural effluents or run-
Fig. 1. Map showing the concentration of arsenic in ground waters based on the DPHE/BG
criteria.
offs. Moreover, the groundwater which is severely contaminated
by arsenic and also contain other trace metals (Fig. 1), are being
frequently used for the purpose of hatchery operations and culture
of highly consumed fish species (BGS and DPHE, 2001). Total
arsenic in tilapia is highly correlated (R2 = 0.80) with total arsenic
concentration of pond water (Kar et al., 2011). As a result, the con-
sumed fishes which are fished from the contaminated water bodies
would be considered as one of the most severe sources of human
health hazards. For this reason, determination of chemical quality
of aquatic organisms, particularly the contents of heavy metals in
fish is extremely important for human health (Dural et al., 2007).
There is no or limited information on the trace metals concentra-
tion in composite fish samples which are commonly consumed
by the Bangladeshi population. The objective of the study is to
determine the level of trace elements in highly consumed fishes
in Bangladesh and to evaluate the risks of these trace metals on
daily consumption.

Several analytical techniques are available for trace element
determination in fish samples (Ikem and Egiebor, 2005; Tuzen
and Soylak, 2007). In this study, trace elements (toxic and essential
elements) in three different highly consumed cultured fish species
(Rui, Pangas and Tilapia) in Bangladesh were determined by ICP–
MS after microwave digestion method.
S National Hydro-chemical Survey. Class divisions are chosen on the basis of health
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2. Materials and methods

2.1. Sample collection and preparation

Fresh samples of three species included Rui (Labeo rohita),
Pangas (Pangasius pangasius) and Tilapia (Oreochromis mossambi-
cus) (Table S1) were collected from different markets occupying
the 30 agro-ecological zones (Fig. 2 and Table S2) of Bangladesh.
These three fish species are highly consumed by the Bangladeshi
population. Total fish individuals (muscle and head) were analyzed
for cadmium (Cd), arsenic (As), lead (Pb), chromium (Cr), nickel
(Ni), zinc (Zn), selenium (Se), copper (Cu), molybdenum (Mo),
manganese (Mn), antimony (Sb), barium (Ba), vanadium (V), and
silver (Ag). A composite sample for each species was prepared
and homogenized in a food processor and 50 g test portions were
stored at �20 �C. Metal contents were expressed as mg kg�1 wet
wt. of fresh fish.
2.2. Analytical methods

2.2.1. Reagents
All solutions were prepared with analytical reagent-grade che-

micals and ultrapure water. SUPRAPUR�nitric acid (HNO3, 67% (v/
v)) was purchased from Kanto Chemical Co, Japan and H2O2 was
purchased from Wako Chemical Co, Japan. Standard stock solutions
containing 10 lg L�1 of each element (Cd, As, Pb, Cr, Ni, Zn, Se, Cu,
Mo, Mn, Sb, Ba, V and Ag and internal standard solutions contain-
ing 1.0 mg L�1 of indium (In), yttrium (Y), beryllium (Be), telium
(Te), cobalt (Co) and titanium (Ti) were purchased from SPEXertifi-
cate�and were used to prepare calibration and internal standards.
Working standards were prepared daily in 5% (v/v) HNO3 at 67%
and were used without further purification. A solution of
10.0 mg L�1 multielement solution (Merck, Darmstadt, Germany)
was used to prepare a tuning solution with several elements such
as indium, uranium, barium and lithium, capable of covering a
wide range of masses. Ultra-pure grade carrier (Argon (Ar)) was
supplied from Air Liquide (Japan).
2.2.2. Sample digestion procedure
A microwave (Berghoff Microwave MWS-2, Germany) was used

in preparation of samples to analyze various metals with ICP–MS
(Agilent 7700, USA). The microwave digestion system has been
designed to performed chemical digestion procedures under
extreme pressure and temperature conditions in chemical labora-
tories. Digestion reagents that were used included 5 ml HNO3 acid
(Kanto Chemical Co, Japan) and 2 ml H2O2 (Wako Chemical Co,
Japan). The weighed samples of 0.2 g were then placed into the
digestion reagent in a Teflon vessel. DAP-60K type pressure vessels
(Berghoff, Germany) which are made entirely of tetrafluoro-
methoxylene (TFM) were used in this study. Three step-digestion
procedures were followed: (1) temperature and power were main-
tained at 180 �C and 85% respectively for 15 min; (2) temperature
was kept steady at 200 �C for 15 min together with 90% of the pow-
er and (3) reduced temperature (100 �C) and power (40%) were
used for 10 min to cool down the Teflon vessels. After that, all
Teflon vessels were kept in cold water to reduce the residual pres-
sure inside the Teflon vessel. Samples were then transferred into a
Teflon beaker and total volume was made up to 25 ml for water
and 50 ml for sediments with MilliQ water (Elix UV5 and MilliQ,
Millipore, USA). The digest solution then filtered (DISMIC� –
25HP PTTF syringe filter (pore size = 0.45 mm) Toyo Roshi Kaisha,
Ltd., Japan), and stored in crew cap plastic tube. The samples were
then subjected to analysis for various trace metals using ICP–MS
followed by three times digestion for each sample. Afterwards,
the vessels were cleaned by MilliQ water and dried with air.
Finally, two blank digestions with 5 ml HNO3 following the said
digestion procedures were carried out to clean up the digestion
vessels (Berghoff’s product user manual).

2.2.3. Quality assurance
All test batches were evaluated using an internal quality

approach and validated if they satisfied the defined Internal Qual-
ity Controls (IQCs). For trace metals, samples were analyzed using
inductively coupled plasma mass spectrometer (Agilent 7700 ser-
ies). Multielement standard XSTC-13 (Spex CertiPrep, USA) solu-
tions were used to prepare the calibration curve (ASEANFOODS,
2011). The calibration curves with R2 > 0.999 were accepted for
concentration calculation. Before starting the sequence, relative
SD ([RSD] <5%) was checked by using tuning solution purchased
from Agilent. Internal calibration standard solutions containing
1.0 mg L�1 of indium, yttrium, beryllium, tellurium, cobalt, and
thallium were purchased from Spex CertiPrep, USA. Multielement
solution (Agilent), 1.0 mg L�1, was used as a tuning solution cover-
ing a wide range of masses of elements. All test batches were
evaluated using an internal quality approach and validated if they
satisfied the defined internal quality controls. For each experiment,
a run included blank, certified reference materials (CRM), and sam-
ples, all of which were analyzed in duplicate to eliminate any
batch-specific errors. The CRM (DORM-2–dogfish muscle from
the National Research Council, Canada) was analyzed to confirm
analytical performance and good precision ([RSD] <20%) of the
applied method (Table S3).

2.3. Calculations

2.3.1. Estimated daily intakes (EDI)
Estimated daily intakes (EDI) for the analyzed metals were cal-

culated by multiplying the respective average concentration in
composite fish samples by the weight of fish consumed by an aver-
age individual in Bangladesh which was obtained from The ‘‘Report
of the household income and expenditure survey 2010’’ (BBS,
2011), and calculated by using the formula:

EDI ¼ DFC �MC

where DFC = daily food consumption, MC = mean metal concentra-
tion in food sample. The daily fish consumption rate for an adult
(60 kg) was an average of 49.5 g a on fresh weight basis ‘‘Report
of the household income and expenditure survey 2010’’ (BBS, 2011).

2.3.2. Non-carcinogenic and carcinogenic risk
In this study, the non-carcinogenic health risks associated with

the consumption of fish species were assessed based on the target
hazard quotients (THQs) and calculations were made using the
standard assumption for an integrate USEPA risk analysis as fol-
lows (USEPA, 1989),

THQ ¼ EFr � ED� FIR� C
RfD� BW � AT

� 10�3

where THQ is the target hazard quotient (dimensionless); EFr is the
exposure frequency (365 d year�1); ED is the exposure duration
(70 years) equivalent to the average human life time; FIR is the food
ingestion rate (g person�1 d�1); C is the metal concentration in sam-
ples (mg kg�1, wet weight); BW is the average body weight (adult,
60 kg); AT is the averaging time for non-carcinogens (365 d year�1 -
� number of exposure years, assuming 70 years). RfD is the oral ref-
erence dose (mg kg�1 d�1); RfDs are based on 0.001, 0.0003, 0.004,
1.5, 0.02, and 0.04 mg kg�1 bw d�1 for Cd, As, Pb, Cr, Ni, and Cu
respectively (USEPA, 2010). The RfDs represent an estimate of the
daily exposure to which the human population may be continually
exposed over a lifetime without an appreciable risk of deleterious
effects. If the THQ is less than 1, the exposed population is unlikely



Fig. 2. The Agro-ecological Zones of Bangladesh.
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to experience obvious adverse effects. If the THQ is equal to or high-
er than 1, there is a potential health risk (Wang et al., 2005), and
related interventions and protective measurements should be
taken.

For carcinogens, risks were estimated as the incremental prob-
ability of an individual to develop cancer over a lifetime exposure
to that potential carcinogen (i.e., incremental or excess individual
lifetime cancer risk USEPA, 1989). Acceptable risk levels for car-
cinogens range from 10�4 (risk of developing cancer over a human
lifetime is 1 in 10000) to 10�6 (risk of developing cancer over a
human lifetime is 1 in 1000000). The equation used for estimating
the target cancer risk (lifetime cancer risk) is as follows (USEPA,
1989),

TR ¼ EFr � ED� FIR� C � CSFo
BW � AT

� 10�3

where TR represents the target cancer risk or the risk of cancer over
a lifetime; CSFo is the oral carcinogenic slope factor from the Inte-
grated Risk Information System (USEPA, 2010) database was 1.5
(mg kg d)�1 for arsenic and 0.0085 (mg kg d)�1 for lead.

3. Results and discussion

3.1. Levels of trace elements in fish and estimated daily intake

About 60% of Bangladeshi population consumes the three fish
species (L. rohita, P. pangasius and O. mossambicus) on a daily basis
which constitutes approximately 5% of their daily diet (BBS, 2011).
In the present study, concentrations of Cd, As, Pb, Cr, Ni, Zn, Se, Cu,
Mo, Mn, Sb, Ba, V, and Ag (mg kg�1 wet wt) were determined in the
composite samples of highly consumed three cultured fish species
(L. rohita, P. pangasius and O. mossambicus) by Bangladeshi popula-
tion. Trace element levels in the analyzed fish samples are listed in
Table 1 and their corresponding estimated daily intake (EDI) and
maximum tolerable daily intake (MTDI) for each of the elements
are presented in Table 2. All metal concentrations were determined
on a wet weight basis.

Toxic element content in fish samples were found 0.001–
0.003 mg kg�1 for cadmium, 0.077–1.486 mg kg�1 for arsenic,
0.017–0.090 mg kg�1 for lead, 1.054–1.349 mg kg�1 for chromium,
0.012–0.203 mg kg�1 for nickel. Trace element content in fish sam-
ples were found 1.850–3.735 mg kg�1 for zinc, 0.420–
1.038 mg kg�1 for selenium, 0.658–3.459 mg kg�1 for copper,
0.006–0.024 mg kg�1 for molybdenum, 0.311–2.512 mg kg�1 for
manganese, 0.002–0.008 mg kg�1 for antimony, 0.043–
0.763 mg kg�1 for barium, 0.017–0.076 mg kg�1 for vanadium, and
0.000–0.001 mg kg�1 for silver. According to these data, zinc has
the highest concentration and followed by copper, manganese,
arsenic, and chromium.

Cadmium is a highly toxic metal with a natural occurrence in
soil, but it is also spread in the environment due to human
activities. Cadmium may accumulate in the human body and
may give rise to renal, pulmonary, hepatic, skeletal, reproductive
effects and cancer (Zhu et al., 2011). The lowest and highest cad-
mium content in fish species were found as 0.001 mg kg�1 in L.
rohita and 0.003 mg kg�1 in O. mossambicus. In the literature
cadmium levels in fish samples have been reported in the
range of 0.51–0.73 mg kg�1 dry weight in fish species from
Dhaleshwari river, Bangladesh (Ahmed et al., 2009). There is
no maximum Cd level established for dietary intake of fish con-
sumption in the Bangladeshi legislation. The estimated daily
intake (EDI) of cadmium through fish consumption was found
as 0.001 mg d�1.

Lead is a non-essential element and it is well documented that Pb
can cause neurotoxicity, nephrotoxicity, and many others adverse
health effects (Garcia-Leston et al., 2010). The minimum and



Table 2
Comparison of the dietary intakes of trace elements from composite fish samples with
the corresponding maximum tolerable daily intake (MTDI).

Trace
elements

Estimated Daily Intake
(EDI) (mg d�1)

Maximum tolerable daily intake
(MTDI)

Cd 0.001 0.5 mg d�1 (FAO, 1983)
As 0.026 0.126 mg d�1 (FAO, 2006)
Pb 0.002 3 mg d�1 (JECFA, 2000)
Cr 0.062 0.20 mg d�1 (RDA, 1989)
Ni 0.004 0.3 mg d�1 (WHO, 1996)
Zn 0.141 60 mg d�1 (WHO, 1996)
Se 0.039 0.3 mg d�1 (EFSA, 2006)
Cu 0.088 30 mg d�1 (FAO, 1983)
Mo 0.001 2 mg d�1 (National Academy of

Sciences, 2001)
Mn 0.058 2–5 mg d�1 (NRC, 1989)
Sb 0.001 0.36 mg d�1 (WHO, 1996)
Ba 0.017 12 mg d�1 (SCHER, 2012)
V 0.002 0.20 mg d�1 (USEPA, 1987)
Ag 0.001 0.25 mg d�1 (USEPA, 2005)

Table 3
Estimated daily intake of arsenic from tilapia (Oreochromis mossambicus) consump-
tion along with drinking water of As-contaminated areas.

Descriptions Values

Arsenic content in tilapia (mg kg�1) 1.486
Daily consumption of tilapia (g) per day for adults 49.5
Intake of As from tilapia consumption (mg d�1) 0.074
Mean As-concentration in drinking

water(mg L�1)a
0.055

Daily intake of water (L) per day for adults 3
Intake of As from drinking water (mg d�1) 0.165
EDI of As from tilapia and water (mg d�1) 0.239
Maximum tolerable daily intake (MTDI) of As 0.126 mg d�1 (FAO, 2006)

a Mean As-concentration in drinking water in Bangladesh was found as
0.055 mg L�1 (BGS and DPHE, 2001).
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maximum lead levels observed were 0.017 mg kg�1 in P. pangasius
and 0.090 mg kg�1 in O. mossambicus. The estimated daily intake
(EDI) of lead through fish consumption was found as 0.002 mg d�1.
Lead contents in the literature have been reported in the range of
4.25–8.17 mg kg�1 dry weight in fish species from Dhaleshwari
river, Bangladesh (Ahmed et al., 2009), 1.76–10.27 mg kg�1 in some
edible fishes from Bangshi River, Savar, Dhaka, Bangladesh (Rahman
et al., 2012), 8.03–13.52 mg kg�1 in some freshwater fishes of
Buriganga River, Bangladesh (Ahmad et al., 2010).

The amount of chromium in the diet is of great importance as Cr
is involved in insulin function and lipid metabolism (Bratakos
et al., 2002). The lowest and highest chromium levels in fish spe-
cies were found as 1.054 mg kg�1 in L. rohita and 1.349 mg kg�1

in P. pangasius. Chromium contents in the literature have been
reported in the range of 6.92–12.23 mg kg�1 dry weight in fish spe-
cies from Dhaleshwari river, Bangladesh (Ahmed et al., 2009),
0.47–2.07 mg kg�1 in some edible fishes from Bangshi River, Savar,
Dhaka, Bangladesh (Rahman et al., 2012), 5.27–7.38 mg kg�1 in fish
(Ahmad et al., 2010). The estimated daily intake (EDI) of chromium
through fish consumption was found as 0.062 mg d�1 which is
within the legal limits.

Nickel normally occurs at very low levels in the environment
and it can cause variety of pulmonary adverse health effects, such
as lung inflammation, fibrosis, emphysema and tumours (Forti
et al., 2011). The lowest and highest nickel levels in fish species
were found as 0.012 mg kg�1 in P. pangasius and 0.203 mg kg�1

in L. rohita. Nickel contents in the literature have been reported
in the range of 4.75–10.17 mg kg�1 dry weight in fish species from
Dhaleshwari river, Bangladesh (Ahmed et al., 2009), 0.69–
4.36 mg kg�1 in some edible fishes from Bangshi River, Savar,
Dhaka, Bangladesh (Rahman et al., 2012), 8.25–11.21 mg kg�1 in
fishes of Buriganga River, Bangladesh (Ahmad et al., 2010). There-
fore, nickel levels in the fish samples were within the safe limits in
terms of EDI.

Zinc is known to be involved in most metabolic pathways in
humans and zinc deficiency can lead to loss of appetite, growth
retardation, skin changes and immunological abnormalities
(Tuzen, 2009). The lowest and highest zinc values were found
1.850 mg kg�1 in O. mossambicus and 3.735 mg kg�1 in L. rohita.
Zinc contents in the literature have been reported in the range of
42.83–418 mg kg�1 dry weight in some edible fishes from Bangshi
River, Savar, Dhaka, Bangladesh (Rahman et al., 2012), 47.2–
73.4 mg kg�1 dry weight in fish samples from the Dhanmondi Lake
in Bangladesh (Begum et al., 2005), 38.8–93.4 mg kg�1 in fish spe-
cies from the Black Sea, Turkey (Tuzen, 2009).
The lowest and highest selenium levels in fish species were
found as 0.420 mg kg�1 in L. rohita and 1.038 mg kg�1 in P. panga-
sius. Selenium contents in the literature have been reported in the
range of 0.23–0.38 mg kg�1 in fish (Mansilla-Rivera and Rodrı́guez-
Sierra, 2011), 0.040–1.03 mg kg�1 in fish and shellfish samples
(Noël et al., 2012), 1.1–3.0 mg kg�1 in fish (Carvalho et al., 2005).
The maximum daily dietary selenium intake is recommended as
0.3 mg d�1 for adult humans (EFSA, 2006).

The lowest and highest copper levels in fish species were found
as 0.658 mg kg�1 in P. pangasius and 3.459 mg kg�1 in L. rohita. In
the literature copper levels in fish samples have been reported in
the range of 5.17–9.45 mg kg�1 in fish species from Dhaleshwari
river, Bangladesh (Ahmed et al., 2009), 0.06–0.35 mg kg�1

(Cheung et al., 2008), 0.15–0.27 mg kg�1 in fish (Mansilla-Rivera
and Rodrı́guez-Sierra, 2011), 3.36–6.34 mg kg�1 in fishes of
Buriganga River, Bangladesh (Ahmad et al., 2010). The maximum
copper level permitted through food consumption is 30 mg d�1

for FAO (1983). Our EDI value of copper is within the safe limits.
The minimum and maximum molybdenum levels observed

were 0.006 mg kg�1 in P. pangasius and 0.024 mg kg�1 in O.
mossambicus. In the literature molybdenum levels have been
reported in the range of 0.006–3.07 mg kg�1 in fish and shellfish
samples (Noël et al., 2012), 0.01–0.02 mg kg�1 in fish (Tsongas
et al., 1980). Molybdenum level in fish samples was within safe
limits.

Manganese is an essential element for both animals and plants
and its deficiency result in severe skeletal and reproductive abnor-
malities in mammals (Sivaperumal et al., 2007). The minimum and
maximum manganese levels observed were 0.311 mg kg�1 in P.
pangasius and 2.512 mg kg�1 in O. mossambicus. Manganese con-
tents in the literature have been reported in the range of 0.09–
0.35 mg kg�1 dry weight in fish samples along the Southeast Coast
of India (Thiyagarajan et al., 2012), 0.5–8.8 mg kg�1 in edible fishes
from coastal region of Kalpakkam, southeastern part of India
(Biswas et al., 2012), 0.11–0.37 mg kg�1 in fishes of the Kichera
River (a tributary of Lake of Baikal) (Pintaeva et al., 2011). The
intake of Mn level in our investigated samples is well below the
permissible limit.

The lowest and highest antimony levels in fish species were
found as 0.002 mg kg�1 in P. pangasius and 0.008 mg kg�1 in L. rohi-
ta. Antimony contents in the literature have been reported in the
range of 0.023 – 0.180 mg kg�1 in fish (Foata et al., 2009),
218 ± 113 lg kg�1 in fish (Fu et al., 2010). The estimated daily
intake (EDI) of antimony through fish consumption was
0.001 mg d�1 which is much lower than the WHO (1996) recom-
mended maximum Sb level permitted for human consumption in
fishes as 0.36 mg d�1.

The minimum and maximum barium levels observed were
0.043 mg kg�1 in P. pangasius and 0.763 mg kg�1 in O. mossambicus.



Table 4
Target hazard quotient (THQ) and Target carcinogenic risk (TR) of toxic elements due
to consumption of fish.

Toxic elements Target hazard
quotient (THQ)

Target carcinogenic
risk (TR)

Cd 0.002
As 1.532 2.5E�04
Pb 0.009 3.9E�06
Cr 0.001
Ni 0.003
Cu 0.108

Bold indicates THQ > 1.
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Barium contents in the literature have been reported in the range
of 0.000–0.945 mg kg�1 in dietary fish (Millour et al., 2012),
(3.44–6.96 mg kg�1 in different fish species from Turkey (Yilmaz
et al., 2010), 0.003–208 mg kg�1 in edible marine fish from Rio
de Janeiro State, Brazil (Medeiros et al., 2012).

The minimum and maximum vanadium levels observed were
0.017 mg kg�1 in O. mossambicus and 0.076 mg kg�1 in P. pangasius.
Vanadium contents in the literature have been reported in the
range of 0.047–1.310 mg kg�1 in dietary fish (Millour et al., 2012),
(0.054–0.274 mg kg�1 in fish (Guérin et al., 2011), 0.82–
5.14 mg kg�1 in fish and shellfish (Lavilla et al., 2008). The estimat-
ed daily intake (EDI) of vanadium through fish consumption was
found as 0.002 mg d�1 which is much lower than the estimated dai-
ly upper boundary range of vanadium 0.2 mg d�1 (USEPA, 1987).

The adverse effects of chronic exposure to silver are a perma-
nent bluish-gray discoloration of the skin (argyria) or eyes (argyro-
sis). The minimum and maximum silver levels observed were
0.000 mg kg�1 in L. rohita and 0.001 mg kg�1 in P. pangasius. Silver
contents in the literature have been reported in the range of 0.000–
1.29 mg kg�1 in dietary fish (Millour et al., 2012), 0.011–
0.479 mg kg�1 from consumption of marine fish in Southeast Asia
(Agusa et al., 2007), 0.09–0.34 mg kg�1 in two marine fish cultured
in fish cages in Fujian province, China (Onsanit et al., 2010), 0.0–
0.20 mg kg�1 in canned fishes marketed in Georgia and Alabama
(United States of America) (Ikem and Egiebor, 2005). The estimated
daily intake (EDI) of silver through fish consumption was found as
0.001 mg d�1. Recommended intake limit set by the USEPA (2005)
is 0.25 mg d�1 for all forms of silver. Therefore, our estimated daily
intake of silver is within the recommended safe limits.

Chronic exposure to arsenic can lead to dermatitis, mild pig-
mentation keratosis of the skin, vasospasticity, gross pigmentation
with hyperkeratinization of exposed areas, wart formation,
decreased nerve conduction velocity, and lung cancer
(Occupational Safety and Health Administration, 2004). The lowest
and highest arsenic content in fish species were found as
0.077 mg kg�1 in P. pangasius and 1.486 mg kg�1 in O. mossambicus.
The estimated daily intake (EDI) of arsenic through fish consump-
tion was found as 0.026 mg d�1. In the literature arsenic levels in
fish samples have been reported in the range of 1.01–15.2 lg g�1

in fresh water fish species (Shah et al., 2009), 0.2–3.29 lg g�1 in
fishes (Begum et al., 2012), 0.02–0.04 mg kg�1 in fish samples
(Das et al., 2004). The maximum arsenic level permitted for fish
samples is 0.10 mg kg�1 according to Chinese food safety standard
(FAO, 2006). Currently, there is no level of arsenic exposure that
has been shown to be completely safe, but most experts believe
that ingestion of these small amounts of arsenic pose minimal risk
when eaten as part of a balanced diet. Food And Agriculture Orga-
nization of the United Nations Regional Office for Asia and the Paci-
fic established 0.126 mg d�1 as a provisional maximum tolerable
daily intake for ingested arsenic (FAO, 2006). The present study
revealed that the high Arsenic content in O. mossambicus is of great
concern of health risks especially for rural families of arsenic con-
taminated areas. Since, O. mossambicus is the farmed species suit-
able for culture in any water body even in derelict household
ponds as well as always maintain roughly uniform price level,
the poor families of rural areas rely on this low cost available fish
as their main source of animal protein and lipid supplies. 35 mil-
lion people are believed to be exposed to an As concentration in
drinking water exceeding 0.05 mg L�1 (Drinking water standard
in Bangladesh) (BGS and DPHE, 2001). Assuming tilapia fish con-
sumption of 49.5 g d�1 with 1.486 mg kg�1 and a water intake of
3 l d�1 with 0.055 mg L�1 As (Mean As-concentration in drinking
water in Bangladesh) (BGS and DPHE, 2001), the total daily intake
would be 0.239 mg d�1 (Table 3) exceeding the FAO limit by a fac-
tor of two. Therefore, O. mossambicus would be considered as a
potential threat to human health in terms of arsenic toxicity.
3.2. Non-carcinogenic health hazard and carcinogenic risk

Target hazard quotients (THQs) of selected toxic trace metals
from fish consumption by average Bangladeshi adults are present-
ed in Table 4. The THQ of each metal through consumption of fish
followed in the descending order of As > Cu > Pb > Ni > Cd > Cr. The
THQ value of each metal except As was less than 1, indicated that
intake of a single metal through consumption of fish does not pose
a considerable health hazard. The result showed the highest THQ of
As (due to lower RfD value compared to its concentration) in fish
sample which exceeded the safe limit of 1, indicating that As might
pose a potential health risk to the average fish consumers in
Bangladesh.

The target lifetime carcinogenic risk (TR) of As and Pb due to
exposure from fish consumption are listed in Table 4. The TR values
for As and Pb from fish consumption were 2.5 � 10�4 and
3.9 � 10�6. In general, the excess cancer risk lower than 10�6 are
considered to be negligible, cancer risk above 10�4 are considered
unacceptable and risks lying between 10�6 and 10�4 are generally
considered an acceptable range (USEPA, 1989, 2010). The carcino-
genic risk for Pb was within the acceptable range of 10�6 to 10�4,
whereas for As was higher than the unacceptable value (10�4).
Therefore, the potential health risk for the inhabitants due to metal
exposure through fish consumption should not be ignored. In addi-
tion, there are also other sources of metal exposures, such as con-
sumption of other foodstuffs and dust inhalation, which were not
included in this study. It is thus suggested that constant monitor-
ing of both toxic and essential elements in all food commodities is
needed in order to evaluate if any potential health risks of the
study area do exists.
4. Conclusions

The results obtained for trace elements (essential and toxic) in
analyzed fish species were acceptable to human consumption at
nutritional and toxic levels except O. mossambicus in case of arsenic
content. In Bangladesh 35 million people are believed to be
exposed to As concentration in drinking water exceeding
0.05 mg L�1 especially in rural areas. In rural areas people consume
tilapia fish and arsenic contaminated water. In that case the total
daily intake of arsenic for a rural people would be 0.239 mg d�1

exceeding the FAO limit by a factor of two. Therefore, O. mossambi-
cus would be considered as a potential threat to human health in
terms of arsenic toxicity in the rural areas of Bangladesh.

In this study only fish consumption was considered which
constitutes only 3% of per capita per day calorie intake by food
items. It may be concluded that other food sources and par-
ticularly dietary staple rice as well as vegetables, fruits, cereals,
piscine and non-piscine protein sources need to be evaluated to
determine the exact health risks due to intake of trace metals
from such foods.
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