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Abstract In the current study, the bioaccumulation of essen-
tial and nonessential metals and related antioxidant activity
were analyzed in three organs (muscle, gills, and liver) of
herbivorous (HF) and carnivorous (CF) edible fish of
Chenab River. The comparative analysis revealed a more
heterogeneous accumulation of metals in the muscles of HF
fish than that of CF fish [chromium (Cr, 3.4 ug g "), cobalt
(Co, 1.7 ug g "), copper (Cu, 3 pg g "), and iron (Fe,
45 pg g ") versus Cr (1.3 pug g '), Co (0.1 pg gh), Cu
(1.1 ug g "), and Fe (33 pg g_l), respectively, P<0.001].
These results implied an organ-specific accumulation of
metals at different trophic levels. According to logistic
regression analysis, the bioaccumulation of metals had
marked differences in HF and CF. The antioxidant activity
was significantly related to the tissue type and the metals to
which the organs are exposed to. The liver of CF fish had a
higher activity of antioxidant superoxide dismutase (SOD),
catalase (CAT), glutathione (GSH), and lipid peroxidase
(LPO) than that of HF (P <0.05). LPO and guaiacol per-
oxidase (POD) in both groups were associated with a
number of metals, but in HF, cadmium (Cd), Cr, Pb, and
Zn were more related with the LPO and SOD activities.
Moreover, Cd, Co, Fe, Pb, Ni, Cu, and Zn were above the
permissible limits set by various agencies. In numerous
cases, our results were even higher than those previously
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reported in the literature. The results provide an insight into
the pollution pattern of Chenab River. These results may be
helpful in the future to identify biomarkers of exposure in
aquatic organisms.
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GSH  Glutathione

LPO  Lipid peroxidase
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WHO  World Health Organization
Introduction

Trace metal pollution is one of the major causes of the deterio-
ration of freshwater (Velma and Tchounwou 2010). Freshwater
fish species are enormously affected by the direct discharge of
heavy metals into the rivers in Pakistan (Rauf et al. 2009). These
metals are toxic and persistent and are capable of bioaccumula-
tion in the food chain (Yousafzai et al. 2010). Additionally, such
metals are retained for a long time within the trophic levels and
food webs (Muhammadi et al. 2011). Food chain is a primary
route of heavy metal exposure to human (Farkas et al. 2003).
Fish occupy a prominent position in the food web, and therefore,
they have gained importance in ecotoxicological studies (Qiu
et al. 2011). Some of these metals in fish are required in the
normal metabolic pathways (Youssef and Tayel 2004) but their
excessive intake leads to bioaccumulation. Heavy metals show a
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heterogeneous pattern of accumulation in different organs, but
the liver, gills, and kidney usually accumulate higher concentra-
tion of metals than the muscles. In general, the toxic metals are
carried to the liver for storage or transformation. The main
sources through which the metals enter the fish are the food
particle and nonfood particle, skin, and gills, and they are stored
afterwards (Jabeen and Chaudhry 2010). Water pollution can,
therefore, indirectly be estimated by the level of pollutants in the
organ. The contamination or accumulation of heavy metals in
fish depends on the trophic level, fish species, and local con-
tamination pattern (Asuquo et al. 2004). Toxic metals at higher
concentration can produce reactive oxygen species (ROS) and
induce oxidative stress. These ROS can affect lipid, proteins,
and nucleic acids and can even result in cell death (Messaoudi
et al. 2009).

Antioxidant defense system of the living cells is affected by
environmental pollutants. The concentration of antioxidants in
such events can serve as an indicator of pollution (Lin et al.
2001). Antioxidant system provides protection against ROS and
their destruction (Messaoudi et al. 2009). Several recent studies
have highlighted the importance of biomarkers of the oxidative
stress in the environmental monitoring studies. Superoxide dis-
mutase (SOD), catalase (CAT), and glutathione peroxidase
(GPO) are among the well-known antioxidants (Yildirim and
Asma 2010). Studies on fish can be helpful in early identification
of environmental hazards (van der Oost et al. 2003). In ecotox-
icological studies, the importance of antioxidants is increasing,
because these are considered as biomarkers of environmental
stress and important parameters, which are helpful in testing the
water pollution (Viarengo et al. 2007).

Some of the studies on Chenab River and its tributaries
(Qadir and Malik 2009) have highlighted the spatial and tem-
poral trends of heavy metal pollution, but none has used
antioxidants as biomarkers of metals in the fish residing in this
river so far. A study on different trophic levels is very important
to identify more biomarkers of exposure in aquatic organisms
(David et al. 2011). Therefore, in the current study, the quan-
tification of toxic metals was performed in the organs of six
selected species of fish from the Chenab River, for which the
commercially prominent edible fish species were categorized
and analyzed based on their feeding habit. The binary logistic
regression approach was used to evaluate the likelihood
of exposure to metals from the feeding behavior and
consequent antioxidant responses. Chenab River spans
much agriculture and industrial areas of Pakistan. These
areas cause heavy metal pollution in this river, mainly due
to anthropogenic activities. It provides natural habitat to many
edible fish species.

For decades, fish are being studied as bioindicators of
heavy metal pollution; however, a few studies have focused
toxic metal exposure via feeding; this is why we analyzed our
data in two distinct groups of fish based on their feeding
behavior. This study is therefore the first one to report heavy
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metal accumulation in the organs of edible HF and CF fish
from Pakistan. It was aimed to evaluate the status of organ-
specific store of metals, which might be influenced by the
feeding habits of the fish species. Moreover, a correlation
between antioxidant and metals was also studied.

Materials and methods
Sampling and selection of fish species

Fish were collected from Chenab River. These fish are largely
consumed by the local population. The sampling sites and area
distribution are mentioned in a previous study conducted by the
related research group (Eqani et al. 2011). Gill nets, drag nets,
and cast nets having varying mesh sizes of 10-100 mm were
used for the fish sampling. Using the regional keys and mor-
phometric characteristics, a taxonomist identified the fish spe-
cies on the spot and confirmed them in the laboratory. Selected
fish species were categorized into two: HF and CF (based on
the details of fish species available from Mirza and Bhatti
(1993), Mirza (2003), and www.fishbase.com/Summary/
SpeciesSummary.php). The HF group (n=224) included
Labeo calbasu (Hamilton 1822) and Cirrhinus reba
(Hamilton 1822) belonging to the Cyprinidae family and
were column feeders. The number of samples of the
mentioned species was 108 and 116, respectively. The
carnivorous species (n=278) included Rita rita (88, family
Bagridae), Clupisoma naziri (94, family Siluriformes), and
Securicola gora (96, family Cyprinidae). Organs (liver, gills
(of both sides from each specimen were homogenized into a
composite sample), and muscle) were obtained from each fish
specimen after dissection. The cutting tools used were rinsed
with 50 % HNO; and afterwards with distilled water before and
after dissection. The specimens were dissected separately, and
all organs were sealed in a polythene bag for further storage at —
20 °C with proper labeling. The samples were analyzed within
24 h of collection.

Analytical parameters
Chemicals and reagents

All the reagents used and the double-deionized water (Milli-Q
Millipore) were of analytical grade. HNO; and HCIO; were of
highest purity (>98 % purity) purchased from Merck
(Germany). Hydrogen peroxide, guaiacol, nitro blue tetrazo-
lium (NBT), sulfosalicyclic acid, ferric chloride, ascorbic acid,
reduced glutathione (GSH), glutathione reductase, 1,2-dithio-
bis nitro benzoic acid (DTNB), 1-chloro-2,4-dinitrobenzene
(CDNB), reduced nicotinamide adenine dinucleotide phos-
phate (NADPH), CCly, flavine adenine dinucleotide (FAD),
glucose-6-phosphate, 2,6-dichlorophenolindophenol,
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thiobarbituric acid (TBA), picric acid, sodium tungstate, so-
dium hydroxide, and trichloroacetic acid (TCA) were pur-
chased from Sigma-Aldrich.

Calibration and method validation

In order to avoid chances of contamination, all fish samples
were thoroughly washed with deionized water. The glassware
was soaked in 10 % HNO; and subsequently washed with the
deionized water (Zeng et al. 2012). Standard reference mate-
rials were obtained from the European Commission, DG JRC,
Institute for Reference Materials and Measurements (IRMM)
Reference Materials Unit, Belgium. All the samples and the
standard solution were run in triplicate batches. The study of
analytical recovery was performed to validate the efficiency of
digestion method. To check their percentage of recovery,
mixtures of three organs, liver, muscles, and gills, were pre-
pared separately to be spiked with a solution containing all of
the metals used in this study. The solution was prepared
with the known concentration of metals (ranging be-
tween 1 and 4 ug g '). The digestion results of these
mixtures of organs were then analyzed for six times,
along with the digestion of a mixture of the same
organs having not been spiked with the solution of
metals. The percent recovery was 80-97 %. The follow-
ing formula was used to assess the recovery percentage,
i.e., percent recovery=(t—c/t)*x 100, where ¢ = concen-
tration of metal in the treated sample and ¢ = concen-
tration of metal in the control sample.

Analysis of toxic elements and the antioxidants

Wet weight (ww) basis was used to express the concentration
of toxic metals in the sample and was expressed in micro-
grams per gram. Of each tissue, a 2.5-g ww was weighed and
placed in a Teflon digestion vessel, containing 5 ml HNO; and
H,0, mixture in the percentage of 65 and 30, respectively.
The program used for digestion was as follows: 1,000 W and
25-180 and 180 °C for 30 and 15 min, respectively. Following
the digestion procedure, the digested solution was raised up to
25 ml with deionized water and stored for further analysis.
The digests were analyzed on a spectrophotometer (model
Spectra AA800).

For the analysis of the antioxidant enzymes, 20—30-mg
tissues of fish were ground with 1.5 ml of phosphate buffer
(50 nM, pH 7.8). The mixture was centrifuged for 20 min at
15,000g. The supernatant was separated in glass vials,
for the measurement of SOD and lipid peroxidase
(TBARS assay); the method reported by Beyer and
Fridovich (1987) and Igbal et al. (1996) was used. Similarly,
peroxidase activity (POD) was measured with the method
reported by Chance and Maehly (1955). The GSH and CAT
activities were measured following the procedure reported by

Carlberg and Mannervik (1975) and Manna et al. (2006),
respectively.

Calculation of target hazard quotient (THQ) for health risk
assessment

The THQ of detected metals was calculated for all the differ-
ent groups of the exposed population. The THQ was calcu-
lated with the help of the following formula:

Ef x Ed x Fir x C

1*3
Rid x Wab xTa 10

THQ =

For THQ calculation, the USEPA categories of age were
adopted. In our study, the average age of children was 20 and
32 kg for the age ranging between 4 and 6 and between 7 and
10 years, respectively. Wab represents the average weight of
the studied population. The age groups of adults were 12—14,
15-19, 20-24, and 25-54 years, with average weights of 51,
67, 72, and 77 kg, respectively. The elderly persons, i.c.,
>65 years of age were recorded with an average weight of
72 kg. The average time of exposure (Ta, 365x70 days) was
adopted, taking the average age of human being as 70 years.
The THQ formula represents the exposure frequency (Ef) of
365 days per annum, duration of exposure (Ed) of 70 years
ingestion rate of food (Fir), i.e., 29 g day ' for adults, and
almost double amount for fishermen, according to the survey
conducted in our research. C represents the concentration of
the toxic elements (micrograms per gram ww). The oral
reference doses (Rfc, milligrams per kilogram per day) were
taken from the data provided by USEPA (2009). According to
Shao (2011), the average rate of fish consumption may be
taken as 54 % of that of the adult rate, whereas that of the
fishermen, it should be considered more than that of normal
population, i.e., two times higher (Yi et al. 2011). The adult
rate of fish consumption, according to our survey, was
33 g day '. It was noted that none of the THQ of metals
exceeded 1, which would have been a serious health risk for
the population.

Statistical analysis

The normality of the data was verified by using the
Kolmogorov—Smirnov (K-S) test, which showed a nonnormal
distribution. Data was log-transformed to achieve normality as
much as possible. Data were presented in median values
(minimum-maximum), and P values less than 0.05 were
considered statistically significant. The Man—Whitney U test
was applied for the comparative analysis of the metals and the
antioxidants in two groups. Binary logistic analysis was per-
formed to predict the heavy metal intake by herbivores and
camivores with the binary coding system, to calculate the
probability of outcome variable P(Y). The odd ratio
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(exp(0)) was also calculated to note odds of metal accumula-
tion in the two groups of fish. Pearson's correlation analysis
was also performed to find out any significant correlation
between the stress factors (metals) and response variables
(antioxidants). All the statistical analyses were performed
using SPSS 13.0 and MS Excel 2010.

Results and discussion

The comparative analyses of metals are summarized in
Table 1. The analysis revealed that the pattern of heavy metal
accumulation was different in the HF and CF groups, i.e., Ni,
Pb, cobalt (Co), and copper (Cu) were significantly high in the
liver of the CF group (P <0.05). The SOD (88 wmol/ mg
protein), GSH (2,074 nmol/min/ mg protein), CAT
(42 pumol/ min/mg protein), lipid peroxidase (LPO,
55.6 nmol/min/mg protein), and POD (37 nmol/min/ mg
protein) activities were higher in the liver of the CF fish
(Table 1). However, several metals were detected in the mus-
cles of the HF fish. Chromium (Cr), Co, Cu, and Zn were
significantly higher in the HF group than in the CF group
(P<0.05) (Table 1). The metal profile in the liver was unique
in the CF group. Certain metals, e.g., Zn and Co, have special
tendency of accumulation in the liver (Moiseenko and Sharova
2006). In our results, both Zn and Co were high in the liver of
HF fish. A similar trend was observed in the case of other
metals (Table 1, Fig. 1). Generally, fish species accumulate
metals either from their feed, via absorption through digestive
tract, or by skin adsorption. However, current results unveiled
a heterogeneous pattern of metal accumulation, in fish tissues.
These differences are attributable to the feeding behavior of
fish species (AllenGill and Martynov 1995).

According to our results, the gills of HF fish accumulated Co
with the highest GSH activity (3,322 nmol/min/mg protein).
Manganese (Mn) was found in high concentration in the gills
of CF fish, but the difference was not significant. Since gills are
directly exposed to the external environment, they are
susceptible to ambient pollutants. The gills can directly
absorb free divalent ions of a number of metals through
water, provided the medium is acidic (Patricia et al.
2010). By performing such functions, gills remain in
constant contact with the external environment. Mn
toxicity is related with the oxidized Mn, which has high
bioavailability. Elevated concentrations of Ca ions com-
pete with Mn ions for absorption through gills; thus, the
bioavailability of Mn to fish is decreased (Seymore
et al. 1995).

Organ-specific accumulation of the metals in HF and CF

Logistic regression model was used to predict the metal accu-
mulation in the two groups. Based on the logistic regression
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results, Co and Zn were possibly more related with the her-
bivorous mode of feed in the HF group. Moreover, the direc-
tion of § showed that the CF species were more likely to
accumulate Mn and Ni (keeping all other factors constant in
either case, Table 2).

Feeding behavior is the cause of metal intake and subse-
quent accumulation in fish. It is known that a relationship
exists between aquatic organism at different trophic levels and
their mode of feeding. Following this hypothesis, the primary
producers should have higher concentration of metals than
those at higher trophic levels (Tao et al. 2012). Furthermore,
these organisms transfer metals to the higher trophic levels via
the food web (Green et al. 2010). The concentration of metals
in this study showed a marked association with the mode of
feeding. The HF group (being at lower trophic levels) should
have acquired a large concentration of metals. We also as-
sumed that the transfer of metals from the lower (HF) to higher
trophic levels (e.g., CF) was influenced by some other external
factor as well. Among the analyzed toxic elements, Zn and Co
showed a close association with the herbivory (Table 1). Like
the HF group, the detritivorous species also accumulate a large
variety of metals than the CF group (Weber et al. 2012).
Omnivore fish also acquire about 65.2 % more metals than
the CF fish (Yousafzai et al. 2010). HF fish have probability of
accumulating more Zn (Jabeen et al. 2012). High concentra-
tion of Zn is also reported by Yousafzai et al. (2010) in the
liver of the omnivorous Labeo dyocheilus (1,176 pg g ' ww)
and by Costa and Hartz (2009) in the omnivorous fish
Leporinus obtusidens . Zn is assimilated through the digestive
tract (De Souza Lima Junior et al. 2002). The study conducted
by Jabeen et al. (2012) reported Zn concentration of up to
72 ug g ' from Shahdara Bridge. Zn is one of the important
elements, which bioaccumulate in the primary producers (Tao
et al. 2012). Moreover, they also recorded higher Ni concen-
tration in the CF fish in Balok Headword, which is in line with
our results. Among the metals, Ni was higher in CF fish which
might have come either from ambient aquatic environment or
from other marine organisms. CF fish acquire metals via
consumption of other organisms which may be CF,
detrivorous, and omnivorous marine organism rather than
HF alone.

Recently, Zeng et al. (2012) have discovered an interspe-
cies difference in metal variability, i.e., the large-sized fish
from a zone in Meiliang Bay where phytoplanktons are dom-
inant had higher metal concentrations than the fish from a lake
zone where macrophytes were dominant, i.e., in Xukou Bay.
Such difference did not exist among the CF fish, and
the metal accumulation was not much different between
the two lake zones, which was attributed to the feeding
habit of the fish. The concentration of various metals in
our HF specimen not only highlights the feed-specific
accumulation but also serves as a valuable indicator of
pollution pattern in Chenab River.
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Fig. 1 Comparative analysis of 4
metals (micrograms per gram) and
antioxidant activity (CAT and
SOD = p mol/min/mg protein,
LPO and GSH = nmol/min/mg
protein) in the herbivorous and
carnivorous fish

m Harbivorous Fish
H Carnivorous Fish

Pearson's correlation analysis

Pearson's correlation analysis revealed associations between
metals and antioxidant activity in both fish groups. A number
of metals had a significant correlation with the LPO and POD
(except Co and Pb) activities. In the HF group, the body mass
index (BMI) had a significant and negative association with
iron (Fe), Mn, and Ni (»=—0.29, —0.38, and —0.30, respec-
tively). In the CF group, BMI had a positive association with
cadmium (Cd, 0.28). These results were possibly due to the
smaller size of HF than CF fish species. The SOD in HF was
related with Co, Cu, Mn, Pb, and Zn (»=0.21, 0.24, 0.47,
0.23, and 0.21, respectively). The CAT activity was associated
with Cd (»=0.28) and Fe (»=0.32). SOD showed a signifi-
cantly positive association with Cd, Co, and Pb (»=0.27, 0.34,
and 0.27, respectively). Both SOD and CAT are significantly
affected by Cd exposure and provide first line of defense
against antioxidants. Moreover, the increased CAT activity is
an indicator of pollution load (Atli and Canli 2010).

Cd is well known for its LPO induction, because it in-
creases the synthesis of free radicals in many organs (Mendez-
Armenta and Rios 2007). LPO was significantly associated
with Pb, Zn, Cd, and Mn (»=0.71) and Ni (»=0.72) in HF and
CF fish, respectively (ESM 1). These associations revealed the
susceptibility of CF to Mn and Ni accumulation. The presence
of Fe and Cu is important as both give rise to hydroxyl radicals

Table 2 Binary logistic regression analysis of metals and feeding habits
of fish species as predictor

Parameters B (S.E) 95.0 % C.I. for exp((3)

Lower Exp(5) Upper
Mn —1.4 (0.38)** 0.1 0.2 0.5
Ni —3.2 (0.89)** 0.01 0.04 0.2
Co 6.34 (1.3)** 40.4 566.4 7,934.7
Zn 0.06 (0.02)* 1.01 1.06 1.1
Constant -2.23 (0.7)*

R?=61 (Cox and Snell's R?); R*=84 (Nagelkerke's R?); model
x? (5)=147 4, higher rank = herbivore
*P<0.005; **P<0.001
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(Lopesa et al. 2001) and LPO may be the result of these
metabolic reactions. According to Valko et al. (2005), Fe is
also involved in lipid peroxidation, in addition to causing
DNA damage and protein oxidation. DNA damage may also
be a consequence of Cr exposure (Kuykendall et al. 2006).
Since DNA damage and LPO activity are known to occur in
many cases (Farag et al. 2000), it is possible that LPO had a
protective role against oxidative damage. It also gives an
indication of DNA damage in these species, and LPO might
have some relation with these biological events. There is a
possible involvement of metals in LPO activation by either
causing a direct effect or by inducing DNA damage in these
species. Mn was strongly correlated with POD, SOD, and
CAT activities in CF fish species. This association of enzymes
with Mn could be an indication of individual roles of each
enzyme in detoxification pathways. The feed-specific accu-
mulation and metal-specific responses of antioxidants can be
used as a biological marker of pollution.

Target hazard quotient

The results of THQ showed that the THQ of Co was
highest, and thus, it posed a risk to fishermen followed by
the younger population of 4-6 years of age and elderlies
(>60 years). Similarly, the THQ of Cd was also relatively high
as compared to other metals in the same groups. The THQ of
both Co and Cd was highest from the consumption of HF
species (ESM 2).

Metals within the permissible limits

The concentration of the detected metals in HF and CF fish
were compared with the FAO/WHO (1999), EC (2001), and
ANHMRC and ANZFA guidelines for the safe limits of
metals in fish for human consumption.

Chromium (Cr) and manganese (Mn)

The metals like Mn and Cr are common elements. The dietary
absorption levels for Mn have not yet been determined so far
(Rahman et al. 2012). Nevertheless, Cr values (1-15 ug g ' in
the liver of CF fish) were higher than those reported by Rahman
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et al. (2012) (ie., 0.5-2.1 pug g ). Similarly, our median Cr
values (5.6 ug g ') were higher than the 5.5 pg g limit of Cr
set by the Western Australian Food and Drug regulations
(Plaskett and Potter 1979). Rahman et al. (2012) have reported
maximum Mn value in Corica soborna, which was 51.2 ug g ",
but our maximum value (ranging between 0.9 and 10 pg g ')
was far below their result (Table 1).

Metals beyond the permissible limits
Cadmium (Cd)

There was higher concentration of Cd in herbivorous fish
than in carnivorous ones (P<0.01, for 1 vs. 0.6 ug g ',
respectively). In the livers of herbivorous fish, a similar
trend was observed. These values were above the previ-
ously reported values by Mendil et al. 2010 (0.18—
0.35 pug g ') and Dural et al. (2007) (0.03-0.3 pug g ') in
different fish species. The permitted Cd level for fish is
0.10 and 0.05 pg g ' fresh weight of fish, set by the
Turkish Food Codex (Anonymous 2008) and EC (2001),
respectively, in seafood. FAO/WHO suggests a value of
0.007 ug g '/week intake of Cd safe for human consump-
tion (FAO/WHO 2005). The Cd values of C. soborna in
our results were higher than those reported by Rahman
etal. (2012). The range of Cd concentrations was even higher
than the limits set from other countries, e.g., 2 pg g ' in
seafood items by ANHMRC, 5.5 ug g ' by the Western
Australian authorities (Plaskett and Potter 1979), and
1 ug g ' by the Spanish legislation (Demirak et al. 2006).

Cobalt (Co)

The concentration of Co was also high in the muscles and gills of
HF fish than CF fish. Our Co values were significantly higher in
the muscle of herbivores (0.09 vs. 1.7 pg g ' in CF and HF fish,
respectively). Co in HF fish ranged between 0.7 and 3 pg g '
which was much higher as compared to the values reported by
Ozden et al. (2009) and Nardi et al. (2009) in fish species, i.e., 1.6
and 8.4 pg g ', respectively.

Copper (Cu)

Cu was also higher in the muscles of HF fish than in CF fish (3
vs. 1.1 pug g, respectively). The provisional tolerable daily
intake (PTDI) value of Cu is 3 mg (FAO/WHO 1999). The
proposed ANHMRC and FAO values of Cu are 30 pg g '
fresh weight (FW) (Dural et al. 2007). The UK Food
Standards Agency, a committee, has recommended Cu of up
to 20 pg g ' per ww (Cronin et al. 1998). Although our
median Cu value was within the recommended range for fish,
ie., 20 pug g_1 set by the Turkish Food Codex (Anonymous
2008), still the maximum values were beyond the previously

reported values in the literature (e.g., Ozden et al. 2009; Tuzen
and Soylak 2007). These concentrations were also large as
compared to the Cu concentration (1-2.5 and 1.4 to
1.9 ug g ') reported by Tuzen and Soylak (2007) and
Mendil et al. (2010) in the fish species Sarda sarda and
Mullus barbatus ponticus, respectively. In addition to this,
our maximum Cu values (1.6-17 pg g ') were far lower than
the those reported by Rahman et al. (2012), i.e., 432 pg g '
(maximum values in Notopterus notopterus) and the above-
mentioned permissible limits.

Iron (Fe)

According to the FAO/WHO criteria, the provisional tolerable
daily intake for Fe is 48 mg day ' (FAO/WHO 1999). Our results
of Fe in the liver of CF (4236 ug g ') were higher than Fe
values reported by Mendil et al. (2010) in different fish species
(ranged between 25.5 and 41.4 ug g ). Our Fe values were also
higher than those reported by Dural et al. (2007), i.e., 7.2-16.5,
and by Tuzen and Soylak (2007), i.e., 10.2-30.3 ug g .

Lead (Pb)

According to EC (2001), UK Food Standards Agency
(Cronin et al. 1998), Australian National Health and
Medical Research Council (ANHMRC) (Rahman et al.
2012), and Spanish legislation (Demirak et al. 2006),
the maximum Pb level in fish as seafood is 2.0 pug g’
per FW. Our median Pb values were lower than those
reported by Mendil et al. (2010) (i.e., 0.28-
0.64 pg g ") still, Pb was significantly higher in the
liver of carnivorous fish (P<0.004) ranging between
0.05 and 4 pg g ', which is higher than previous
literature.

Nickel (Ni)

A Ni concentration of 5.5 pg g ' is recommended by the
Western Australian Food and Drug Regulations (Plaskett
and Potter 1979). Comparing our Ni values, gills had higher
values ( in CF ranging between 0.06 and 6 pg g ') and these
concentration values were higher than those reported by Zeng
et al. (2012) (ranged between 0.13 and 2.5 pg g '). Ni in the
liver tissues ranged between 0.01 and 8.98 pug g ', and
these values were lower than the Ni concentration re-
ported by Alhashemi et al. (2012) in the liver of Barbus
grypus and higher than the Ni concentration in all the
other tissues of their analyzed samples. Rahman et al.
(2012) have reported Ni values in Puntius ticto
(4.36 ug g ") which ranged in pre and post moon soon
samples between 0.69-4.13 pug g ' and 1.07-4.36 ug g ',
respectively, in ten fish samples. Our median results, however,
remained below these values.
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Zinc (Zn)

The concentration intervals showed that the maximum Zn
levels in our fish specimen were beyond the permitted
limits for fish (50 pug g ' according to Turkish Food
Codex) (Anonymous 2002) especially in the muscles of
the HF group (i.e., 10-88 ug g '). However, Mendil et al.
(2010) have reported Zn mean values of 17.8 and
25.7 ug g ' in M. barbatus ponticus and in Trachurus
trachurus, respectively. These were below our median Zn
values in both liver and gills of herbivorous fish. Our Zn
values were also higher than those reported by Ozden
(2010) (7.6-25.9 ug g ') and Bustamante et al. (2003)
(9.2-33.2 pg g ") in the different fish specimens. Zn was
however lower than that reported by Rahman et al. (2012)
ranging between 44.3 and 418.1 ug g ' (i.e., 418.1 g g
was highest in C. soborna) in the fish samples from
Bangshi River.

Conclusions

The levels of the toxic elements in the fish species from
Chenab River of Pakistan were beyond the previously
reported values from the literature; however, the accumu-
lation pattern seemed to be influenced by the feeding
behavior of fish, i.e., the HF fish had higher concentrations
of Cr, Co, Cu, and Fe in their muscle tissues than CF fish
muscles. The elements Cr, Cd, Co, Cu, Fe, and Mn were
significantly higher in the muscle of HF. From the point of
view of the human health, high values of such metals in the
muscle of HF are of serious concerns. The muscles are the
primary edible part of fish; therefore, they can pose serious
health risks to the consumers. The current higher-than-
permissible values of most of the metals also showed the
pollution pattern of Chenab River. Profile of these metals
and related antioxidant activities in different tissues of fish
specimens will be helpful in the future to identify feed-
related biomarkers of exposure in aquatic organisms. The
presented data can be helpful to regulate the fish consump-
tion and to ensure health and safety to the consumers.
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