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ABSTRACT

Article information

The concentrations of As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se, and Zn was determined in the
muscle, gills, liver, and an intestine of the Clarias gariepinus from the Wadi Hanefah (WH), Saudi
Arabia. The accumulation of metals differed significantly (P<0.05) in the muscle and the skin. Zn
were most abundant (55.84+4.85ug/g dry weight) and Pb was in a minimum quantity (0.22+0.02
ng/g dry weight) in the muscle. The similar pattern of elemental deposition was observed in the skin
of C. gariepinus. The order of bioaccumulation of studied in muscle and skin of was Zn >Fe > Hg >
Cu > Se > Mn > Co > Ni >Cr > As > Ph. Fe was most abundant in proximal (682.21+12.52 and
695.60+8.35 pg/g dry weight) and distal (552.46+16.75 and 574.33£10.12 pg/g dry weight) sections
of liver in fish collected from upstream and downstream of WH, respectively. As and Cd was
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recorded in minimum quantity as 0.72+0.28 and 0.61-+0.28 pg/g dry weight recorded in the

proximal and the distal section of liver, respectively. Fe was most abundant in proximal
(682.21£12.52 and 695.60+8.35 pg/g dry weight) and distal (552.46£16.75 and 574.33+10.12 pg/g
dry weight) sections of liver in fish collected from upstream and downstream of WH, respectively.
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INTRODUCTION

Environmental pollutants such as metals change

genetic, physiological, biochemical and behavioral
parameters of aquatic organisms and fish (Scott and
Sloman, 2004). Though trace metals are very important
for normal physiological processes, their abnormally high
accumulation can be toxic to human and aquatic
organisms (Uysal et al., 2009; Obasohan et al., 2008).
Heavy metals cannot be destroyed through biological
degradation and have adverse effects to the aquatic
system and eventually to humans, who depend on aquatic
products as a source of food (Ashraf, 2005). Fish are
among the most susceptible aquatic organisms in water
and sediment pollution (Mahboob et al., 2014). The level
of the accumulation of these metals depends upon their
position in the food chain (Yilmaz et al., 2007). The
information about accumulation of metals in different
fish tissues is, therefore, important for the supply of safe
and healthy food to human beings (Al-Ghanim et al.,
2015). “In aquatic system, freshwater fish (main source
of protein) constitute a main part of most aquatic
organisms and act as bio-indicator of pollution by heavy
metals. However, distribution of metals between different
tissues depends on the way of exposure (environmental or
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dietary) and can serve as a sign of contamination (Alam
et al., 2007). From water, fish accumulate large amount
of metals, which may be toxic for human consumption
(Malakootiani et al., 2011). Whereas, high level of heavy
metal intake in aquatic system causes an extra stress on
fish which in turn concentrate metals in metabolically
active organs and tissues (Yousafzai et al., 2010)”. Metal
pollution in fish has become a one of the major concern
and many studies and environmental monitoring
programs on trace metal accumulation in fish have been
reported (Mahboob et al., 2014; Jabeen and Chaudhry,
2010; Begum et al., 2013; Zhaung et al., 2013). Most of
the studies on the metal pollution in fish have been
mainly focused on the muscle, as the chief fish part
consumed by humans, as well as on the gills, liver,
kidneys, and intestine, which represent other major
accumulation sites in fish (Strroelli et al., 2006).

Wadi Hanefah (WH) (Fig. 1) “is one of the major
natural landmarks in the middle part of the Najd plateau.
It is one of the representative natural drains passes
through the city of Riyadh and approximately 70% of the
city is situated within its catchment area. It extends from
the north of Al-Uyaynah to the south of the Al-Hair city.
The watershed area of WH was estimated to be about
4400 km?)” (Al-Ghanim, 2012)”.

The fish inhabiting the drain accumulates large
amounts of metals, which may be toxic for human
consumption (Malakootiani et al., 2011). The level of
heavy metal intake in aquatic system causes an extra
stress on fish that in turn concentrates metals in
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metabolically active organs and tissues (Yousafzai et al.,
2010).
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Fig. 1. Map of Wadi Hanifah channel
showing (***) sampling station. 1, Alelab Dam; 2,
Wadi Safar; 3, Wadi Ubayr; 4, Wadi Laban; 5,
Wadi Namar; 6, Al-Hair Dam; 7, Wadi Liha; 8, Al-
Hair.

Clarias gariepinus is generally considered to be one
of the most important tropical freshwater fish species for
aquaculture whose aquaculture potential have been
documented (Dada and Wonah, 2003). It also accepts a
wide range of natural and artificial food and adapts to a
variety of feeding modes in expanded niches. C.
gariepinus has high consumer preference in ranking;
that’s why this fish specie was selected for study from
this natural reservoir.

In this study, we determine the level of
concentrations of different metals in different segments
of muscle, liver, and an intestine of the Clarias
gariepinus from the Wadi Hanefah, in order to assess
possible differences between them.

AZMATERIAL AND METHODS
MATERIAL AND METHODS

Sample collection

Seven Clarias gariepinus of the same weight about
(1600 * 30.45 g) were collected with a help of hand net
during October 2014 from the Wadi Hanefah (WH) from
upstream and downstream to see the effect of industrial
effluents. Fish specimens were sacrificed with a quick
blow to the head, and their total body length (cm) and
total body weight (g) were noted. Samples of the muscle
(right dorsal muscle), skin, gill filaments, gill arch, liver,
and intestine were obtained. Each liver sample was
separated into two sections, proximal and distal. The

intestine of catfish species is clearly differentiated into
three principal regions-proximal, median and distal (Bosi
et al., 2006), samples from each region were sectioned.
All samples were washed with distilled water and stored
at —20°C for further analysis.

Sample preparation and analysis

The samples were freeze-dried using a rotary
vacuum concentrator and were prepared by following the
procedure reported by (Mahboob et al., 2014). All
reagents used in the analysis are analytical were
purchased from Merck (Germany).

Chromium (Cr), manganese (Mn), iron (Fe), cobalt
(Co), nickel (Ni), copper (Cu), zinc (Zn), arsenic (As),
selenium (Se), cadmium (Cd), and lead (Pb) were
determined by using Absorption Spectrophotometer
(Hitachi Polarized Zeeman AAS, Z-8200, Japan). The
blanks and calibration standard solution were also
analyzed in the same way as for the samples. The
instrument calibration standards were made by diluting
standard (1000 ppm) supplied by Merck, Germany”
(Mahboob et al., 2014). The concentrations of each
measured metals were corrected for response factors of
both higher and lower mass internal standards using the
interpolation method.

Statistical analysis

Analysis of variance (ANOVA) was performed to
study the effect of seasons for the accumulation of
selected metal in different organs of the fish from the
different sampling sites. Statistical software (Minitab,
16.0 for Windows, Pennsylvania State University, USA)
was used to perform the statistical analysis. The Turkeys
multiple comparison test was used to compare means in
sampling stations during wet and dry seasons in fish
tissues.

RESULTS AND DISCUSSION

The average body weight of the experimental
Clarias gariepinus specimens was 1400.60+42.64 g. The
majority of specimens (75%) were male. The
accumulation of Zn, Se, Ni, Mn, Hg, Fe, Cu, Cr, Co, Cd
and As in the skin, muscle, liver (proximal and distal
section) and intestine (anterior, middle and posterior
section) showed different trends (Table I-1V).

Skin

The higher concentration of Zn, Se, Pb, Ni Mn, Hg,
Fe, Cu, Cr, Co, Cd and As was recorded in the skin of C.
gariepinus as 79.48+3.90, 2.77£0.51, 0.44%0.02,
0.78+0.06, 2.11+0.43, 0.97+0.25, 46.71+3.71, 3.66+0.68,
0.57+0.28, 0.59+0.08 and 0.57+0.09 from upstream,
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respectively (Table I). The higher elemental deposition
was observed in the skin of C. gariepinus from upstream
compared to downstream (Table I). The differences were
non-significant (p<0.05) for Mn, Co, and As
concentrations in skin of C. gariepinus procured from
upstream and downstream.

Table I.-  Elemental concentrations (ug/g dry weight) +

S.E inskin of the Clarias gariepinus from Wadi
Hanefah stations

Metal Upstream Downstream

Zn 92.8445.72° 82.24+6.90°

Se 7.22+1.60° 5.80+1.76°

Pb 0.62+0.12? 0.49+0.10°

Ni 1.40+0.332 0.98+0.26°

Mn 5.70+0.62? 5.01+0.772

Hg 2.35+0.60? 1.92+0.70°

Fe 146.52+6.90* 125.40+5.80°

Cu 15.32+2.2822 12.60+2.50°

Cr 0.68+0.12? 0.51+0.15°

Co 0.74+0.20° 0.58+0.26°

Cd 0.48+0.142 0.38+0.11°

As 0.55+0.18? 0.47+0.12?

muscle samples in a fish collected from upstream.

Table I1.-  Elemental concentrations (ug/g dry weight) +

S.E in muscle of the Clarias gariepinus from
Wadi Hanefah stations.

Metal Upstream Downstream

Zn 55.84+4.85? 45.85+2.705°

Se 1.83+0.46% 1.67+0.48°

Pb 0.22+0.02? 0.18+0.01°

Ni 0.51+0.06° 0.38+0.05°

Mn 1.22+0.382 1.1740.25%

Hg 2.02+0.46° 1.90+0.382

Fe 40.30+3.41° 37.71£2.90°

Cu 1.96+0.342 1.49+0.282

Cr 0.41+0.22? 0.39+0.15°

Co 0.49+0.05° 0.37+0.06°

Cd 0.28+0.03? 0.23+0.04?

As 0.36+0.042 0.27+0.02°

The values with different superscripts in the same row are
significantly different (P < 0.05).

Muscle

The concentration of Zn, Se, Pb, Ni Mn, Hg, Fe, Cu,
Cr, Co, Cd and As was recorded in the muscle of C.
gariepinus collected from upstream as 55.84+4.85,
1.83+0.46, 0.22+0.02, 0.51+0.06, 1.22+0.38, 2.02+0.46,
40.30+3.41, 1.96+0.34, 0.41+0.22, 0.49+0.22 and
0.36x0.04 pg/g dry weight, respectively from upstream.
The concentration of Zn, Se, Pb, Ni Mn, Hg, Fe, Cu, Cr,
Co, Cd and As was recorded in the muscle of C.
gariepinus as 45.85+2.70, 1.67+0.48, 0.18+0.01,
0.38+0.05, 1.17+0.25, 1.90+0.38, 37.71+2.90, 1.49+0.28,
0.39+0.15, 0.37+0.06, 0.23+0.04 and 0.27+0.02 pg/g dry
weight, respectively from downstream (Table I1). The
level of As, Co, Cu, Fe, Mn, and Zn were assessed higher
in the skin compared to muscle. Zn were most abundant
(55.84+4.85ng/g dry weight) and Pb was in a minimum
quantity (0.22+0.02 pg/g dry weight) element recorded in
the muscle of C. gariepinus collected from upstream and
downstream, respectively, of WH. The overall
comparisons showed that deposition of these studied
metals was higher in the skin of C. gariepinus from
upstream compared to muscle from downstream. The
order of bioaccumulation of study metals in muscle and
skin of C. gariepinus in the skin and muscle was Zn >Fe
> Hg > Cu > Se > Mn > Co > Ni >Cr > As > Pb. The
accumulation of these metals was higher in skin and

The values with different superscripts in the same row are
significantly different (P < 0.05).

The higher accumulation of As, Co, Cu, Fe, Mn,
and Zn in the skin than in the muscle was also recorded
by Al-Waher (2008) and Mahboob et al. (2014). Al-
Wabher (2008) reported that higher accumulation of in the
skin might be due to the metal complexion with the
mucus in this fish. Metal ions from water are able to bind
to the mucus layer present on the body surface, which can
lead to a higher uptake and absorption in the skin in
fishes without scales (Tao et al., 2000). Our results were
in line with the above-mentioned workers. The muscles
comparatively accumulate the less amount of metals
compared to skin (Lenhardt et al., 2012). The different
species had maximum concentrations in either muscle or
skin (Uysal et al., 2009). In the present study, higher
concentrations of Hg recorded in the muscle (Table II).
Fu et al. (2010) reported skin is not an active tissue for
Hg bioaccumulation. The inclusion of skin in the muscle
sample reportedly reduced the concentrations of Hg
detected in the muscle sample (EPA, 2000), and
resultantly did not present the actual information about
the acceptable metal levels in the fish meat. Several other
scientists also reported differences between the skin and
muscles for Cd, Cr, Ni, Pb, and Se accumulation (Storelli
et al., 2006; Al-Waher, 2008; Uysal et al., 2009), and in
the present study. Fish sampling protocols (EPA, 2000;
UNEP, 1984) commonly recommend removal of skin
from the muscle sample for metal analyses.

Liver
In the proximal section of liver the accumulation of
various metals was recorded as: Zn 119.60+6.23 and
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90.48+7.23, Se 8.75+1.71, 5.22+1.10, Pb 0.98+0.23,
0.64+ 0.31, Ni 1.83+0.46, 1.17+0.41, Mn 7.05£1.70,
5.60£1.59, Hg 2.51+0.74, 1.89+0.65, Fe 682.21+12.52,
552.46+16.75, Cu 24.60+4.26, 19.61+3.36 Cr 1.02+0.32,
0.79+0.20, Co 1.59+0.48, 1.22+0.32, Cd 0.74+0.17
0.51+0.12 and As 0.72+0.28, 0.51+0.22 pg/g dry weight,
from upstream and downstream, respectively. In the
distal section of liver the accumulation of various metals
was recorded as: Zn 125.72+7.12 and 96.59+6.90, Se
12.33+£1.41, 8.32+1.52, Pb 1.14+0.18, 0.78+ 0.29, Ni
2.01£0.37, 1.47+0.26, Mn 7.62+1.26, 6.10+1.67, Hg 2.74
+0.56, 2.01+0.48, Fe 695.60+ 8.35, 574.33+10.12, Cu
26.44+3.22, 22.10+3.66 Cr 1.34+0.41, 0.88+0.28, Co
1.72+0.43, 1.25+0.49, Cd 0.85+0.32, 0.61+0.28 and As
0.87+0.22, 0.62+0.20 pg/g dry weight, from upstream
and downstream, respectively of WH (Table IIl). The
overall comparison shows higher accumulation of metals
in the distal section of liver of C. gariepinus collected
from upstream of WH. The order of bioaccumulation of
studied metals in proximal and distal section of liver of
C. gariepinus was Fe >Zn > Cu > Se > Mn > Hg > Ni >
Co > Pb > Cd > As (Table I1I). Fe was most abundant in
proximal (682.21£12.52 and 695.60+8.35 pg/g dry
weight) and distal (552.46+16.75 and 574.33+10.12 pg/g
dry weight) sections of liver in fish collected from
upstream and downstream of WH, respectively. As and
Cd was recorded in minimum quantity as 0.72+0.28 and
0.61-+0.28 pg/g dry weight recorded in the proximal and
the distal section of liver of C. gariepinus collected from
upstream and downstream, respectively. Sivaperma et al.
(2007) reported that Cd enters into the human body
through food and causes toxic symptoms after ingestions
of about 10 to 326 mg/kg. Our findings exhibited that
there were non-significant difference in the accumulation
these metals between two studied liver sections (Table

1.

Intestine

The concentration of Zn, Se, Pb, Ni Mn, Hg, Fe, Cu,
Cr, Co, Cd and As in the anterior section of intestine of
C. gariepinus was determined as 92.84+5.72, 7.22+1.60,
0.62+0.12, 1.4040.33, 5.70+0.62, 2.35+0.60, 146.52+
6.90, 15.32+2.28, 0.68+0.12, 0.74+0.20, 0.48+0.14+0.18
and 0.55 pg/g dry weight from upstream, respectively.
The concentration of Zn, Se, Pb, Ni Mn, Hg, Fe, Cu, Cr,
Co, Cd and As in the middle and posterior section of
intestine of C. gariepinus was recorded as: middle section

(90.22+#5.11,  6.70%1.70,  0.53+0.09, 1.18+0.27,
5.26%0.75, 2.08+0.78, 142.55%+6.16, 14.64+2.92,
0.60+0.26, 0.68+0.19, 0.44+0.08, 0.51+0.12) and

posterior section (96.12+5.44, 7.78+2.30, 0.75%0.13,
1.32+0.41, 5.88+0.52, 2.66+0.74, 146.76+6.92,
16.28+3.56, 0.72+0.25, 0.79+0.18, 0.51+0.09 and

0.59+0.11) pg/g dry weight, respectively in fishes
collected from upstream of WH (Table 1V). The
differences were non-significant (p>0.05) for elemental
concentrations of various metals in the two sections of
liver proximal and the median intestine segments in this
study (Table 1V). The overall comparison shows higher
accumulation of metals in the posterior section of
intestine of C. gariepinus collected from upstream of
WH. The order of bioaccumulation of studied metals in
anterior, middle and posterior sections of intestine of C.
gariepinus was Fe >Zn > Cu > Se > Mn > Hg > Ni > Co
>Pb > As > Cd (Table IV). Mn concentrations were
comparatively lower in the middle segment of intestine
(Table 1V).

Table I11.- Elemental concentrations (ug/g dry weight) +
S.E in liver of the Clarias gariepinus from
Wadi Hanefah stations.

Proximal Section Distal Section

Upstream Downstream Upstream Downstream
Zn 119.60+ 90.48+ 125.72+ 96.59+
6.23° 7.23¢ 7.122 6.90¢
Se 8.75% 522+ 12.33+ 8.32%
1.71° 1.10¢ 1.412 1.52¢
Pb 0.98+ 0.64+ 1.14+ 0.78+
0.23° 0.31¢ 0.182 0.29¢
Ni 1.83+ 1.17+ 2.01% 1.47+
0.46° 0.414 0.372 0.26¢
Mn 7.05% 5.60+ 7.62% 6.10+
1.702 1.59¢ 1.262 1.67°
Hg 251+ 1.89+ 2.74% 2.01%
0.740 0.65¢ 0.562 0.48¢
Fe 682.21+ 552.46+ 695.60+ 574.33+
12.52° 16.75¢ 8.352 10.12¢
Cu 24.60+ 19.61+ 26.44+ 22.10+
4.26° 3.36¢ 3.222 3.66¢
Cr 1.02+ 0.79+ 1.34+ 0.88+
0.32° 0.20¢ 0.412 0.28¢
Co 1.59+ 1.22+ 1.72+ 1.25+
0.48° 0.32¢ 0.432 0.49¢
Cd 0.74% 0.51% 0.85% 0.61+
0.17° 0.124 0.322 0.28¢
As 0.72+ 0.51% 0.87+ 0.62+
0.28° 0.22¢ 0.222 0.20¢

The values with different superscripts in the same row are
significantly different (P < 0.05).

Cd was recorded in minimum quantity as 0.51+0.09
in the middle section of intestine of C. gariepinus
collected from downstream. A more accumulation of
metals detected in the liver and the intestine of C.
gariepinus from the upstream of WH. The muscle and the
skin exhibit significantly different patterns for elemental
accumulation as compared to liver and intestine.
Comparatively higher concentration of Cd, Co, Cr, Cu,
Fe, Hg, and Se in the intestine and liver are probably due
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Table IV.- Elemental concentrations (ug/g dry weight) = S.E in intestine of the Clarias gariepinus from Wadi Hanefah
stations.
Metal Anterior section of intestine Middle section of intestine Posterior section of intestine
Upstream Downstream Upstream Downstream Upstream Downstream
Zn 92.84+45,72b 82.24+6.90° 90.2245.11° 80.12+6.10° 96.12+5.40° 84.28+6.52¢
Se 7.22+1.60° 5.80+1.76° 6.70+1.70¢ 5.40+1.51° 7.78+2.30° 6.08+1.88¢
Pb 0.62+0.12° 0.49+0.10¢ 0.53.40.09° 0.46+0.11¢ 0.75+0.13? 0.54+0.18¢
Ni 1.40+0.332 0.98+0.26¢ 1.18+0.27° 0.89+0.21¢ 1.32+0.412 1.13+0.31°
Mn 5.70+0.62° 5.01+0.77¢ 5.26+0.75¢ 4.80+0.55¢ 5.88+0.52? 5.060.70¢
Hg 2.35:0.60° 1.92+0.70¢ 2.08+0.78¢ 1.85+0.69° 2.66+0.74° 2.06+0.58¢
Fe 146.52+6.90° 125.40+5.80¢ 142.5546.16° 122.22+5.80¢ 146.7616.92% 126.70+5.89¢
Cu 15.32+2.28° 12.60+2.50° 14.64+2.92¢ 11.12+3.25° 16.28+3.562 13.82+2.75¢
Cr 0.68+0.12° 0.51+0.15¢ 0.60+0.26¢ 0.55+0.18¢ 0.72+0.25° 0.54+0.23¢
Co 0.74+0.20° 0.58+0.26¢ 0.68+0.19¢ 0.55+0.18¢ 0.79+0.18? 0.63+0.20¢
Cd 0.48+0.14° 0.38+0.11° 0.44+0.08¢ 0.33+0.11° 0.51+0.09° 0.42+0.07¢
AS 0.55+0.18° 0.47+0.12¢ 0.51+0.08¢ 0.43+0.09° 0.59+0.11° 0.52+0.08¢

The value with a different letters in the same column is different (p < 0.05)

to the fact these are main depository region in this fish
(Storelli et al., 2006). Olowoyo et al. (2010) reported that
the level of the wide-ranging metals from one specie to
another and from one location to another. Biological
responses and pollutant concentrations in fish are related
to cyclic physiological changes that are linked not only to
food availability. In spite of repeated efforts we could not
find any support from the literature, this issue was not
determined in any of the previous studies. Assessment of
metal accumulation in the intestine indicated that Co, Mn,
and Zn concentrations in the anterior section differed
from those in the two upper intestine sections, while there
were no significant differences recorded between the
middle and posterior sections. These differences in
deposition pattern among the anterior, middle and
posterior intestine sections were may be due to the
differences in their activity in fish. The findings of the
present study may be an initial report on this issue. We
are of the view that there is a dire need to conduct further
study to find an appropriate sampling method for various
fish tissues, whether the skin is to be included with the
muscle sample and exact part of the intestine may be
sampled.

Statistical analysis exhibited significant differences
(p<0.05) among skin, muscle, liver and intestine for the
accumulation of these metals. The order of
bioaccumulation of these metals in skin, muscle, liver and
intestine of C. gariepinus was Fe >Zn > Cu > Se > Mn>
Hg> Ni > Co >Pb > As > Cd.

No comprehensive information on the standardized
approach about the sampling of fish tissue is available in
the literature. We conducted a small literature survey to
know more about this issue. According to Crafford and

Avenant-Oldewage (2010), authors either included or
removed the skin from the muscle sample, but did not
report which sampling method is practically more useful.
No reports are available about which part of the liver was
included in the sample. Alam et al. (2007) reported the
distribution of metals in different tissues depends on the
way of exposure (environmental or dietary).

CONCLUSIONS

The elemental accumulation levels of some metal
ions may have toxic effects on humans, some of them are
necessary for sustaining metabolism of the human body,
even though high concentrations of all metal ions can
pose a threat to human health.

ACKNOWLEDGEMENTS

The authors would like to extend their sincere
appreciation to the Deanship of Scientific Research at
King Saud University for its funding of this research
through the Research Group Project No. RG-1435-012.

REFERENCES

Alam, J.B,, Islam, R. and Muyen, M. R. Z. and Mamun, M. S.,
2007. Water quality parameters along Rivers. Int. J.
environ. Sci. Tech., 4: 159-167.

Al-Ghanim, KA., 2012. Spatio-temporal distribution
abundance and species composition of zooplankton in
Wadi Hannefah stream Riyadh (Saudi Arabia) and Abu
Zaball lakes (Egypt). Pakistan J. Zool., 44: 727-736.

Al-Ghanim, K.A., Mahboob, S., Seemab, S., Sultana, S,
Sultana, T., Al-Misned, F. and Ahmed, Z., 2015.



880 S MAHBOOB ET AL.

Monitoring of trace metals in tissues of Wallago attu
(lanchi) from the Indus River as an indicator of
environmental  pollution. Saudi J. biol. Sci.,
d0i:10.1016/j.sjbs.2015.03.012.

Al-Waher, S. M., 2008. Levels of heavy metal Cd, Cu and Zn in
three fish species collected from the Northern Jordan
Valley, Jordan. Jordan J. biol. Sci., 1: 41-46.

Ashraf, W., 2005. Accumulation of heavy metals in kidney and
heart tissues of Epinephelus microdon fish from the
Arabian Gulf. Environ. Monit. Assess., 101: 311-325.

Begum, A., Mustafa, A. 1., Amin, M. N., Chowdhury, T. R,
Quaraishi, S. B. and Banu, N., 2013. Levels of heavy
metals in tissues of shingi fish (Heteropneustes fossilis)
from Buriganga River, Bangladesh. Environ. Monit.
Assess., 185:5461-5469.

Bosi, G., Shinn, A.P., Simoni, E., Arrighi, S. and Domeneghini,
C., 2006. A comparative immune histochemical study on
a galanin-like peptide in the neuroendocrine system of the
alimentary canal of three species of siluriform catfishes. J.
Fish Biol., 68: 86-100.

Crafford, D. and Avenant-Oldewage, A., 2010.
Bioaccumulation of non-essential trace metals in tissues
and organs of Clarias gariepinus (sharptooth catfish)
from the Vaal River system-strontium, aluminum, lead
and nickel. Water S. A. 36: 621-640.

Dada, A. A. and Wonah, C., 2003. Production of exotic C.
gariepinus at varying stocking density in outdoor ponds.
J. aquat. Sci., 18: 21-24

EPA., 2000. Guidance for assessing chemical contaminant data
for use in fish advisories. Volume 1: Fish sampling and
analysis (third edition), Environmental Protection Agency
823-B-00-007, United States.

Fu, Z., Wu, F., Amarasiriwardena, D., Mo, C., Liu, B., Zhu, J.,
Deng, Q. and Liao, H., 2010. Antimony, arsenic and
mercury in the aquatic environment and fish in a large
antimony mining area in Hunan, China. Sci. Total
Environ., 408: 3403-3410.

Jabeen, F. and Chaudhry, A.S., 2010. Monitoring trace metals
in different tissues of Cyprinus carpio from the Indus
River in Pakistan. Environ. Monit. Assess., 170: 645-656.

Lenhardt, M., Jaric, I., Visnjic-jeftic, Z., Skoric, S., Gacic, Z.,
Pucar and Hegedis, A., 2012. Concentrations of 17
elements in muscle, gills, liver and gonads of five
economically important fish species from the Danube
River. Knowl. Manage. aquat. Ecosyst., 407: 1-10.

Mahboob, S., Hmoud, F.A. Al-Balwi, Al-misned and Ahmed,
Z., 2014. Study on tissue metal levels and its risk
assessment in some important fish species. Bull. environ.
Contam. Toxicol., 92: 61-66.

Malakootiani, M., Tahergorabi, M. and Daneshpajooh, A. K.,
2011. Determination of Pb, Cd, Ni, and Zn concentrations
in Canned fish in southern Iran. Sacha J. environ. Stud.,
5: 94-100.

Obnasohan, E. E., Oronsaye, J. A. O. and Eguavoen, O. 1.,
2008. A comparative assessment of heavy metal loads in
the tissues of a common catfish (Clarias gariepinus) from
Ikpoba and Ogba Rivers in Benin City. Afr. Sci., 9: 13-23.

Olowoyo, D.N., Ajayi, O.0., Amoo, I. A. and Ayeisanmi, A. F.,
2010. Seasonal variation of metal concentrations in
catfish, blue crab and crayfish from Warri Coastal water
of Delta State, Nigeria, Asian Pak. J. Nutr., 9:1118-112.

Scott, G.R. and Sloman, K.A., 2004. The effects of
environmental pollutants on complex fish behavior,
integrative behavioral and physiological indicators of
toxicity. Aquat. Toxicol., 68, 369-392.

Sivaperma, P., Sankar, J. V. and Vishwanath, P. G., 2007.
Heavy metal concentrations in fish, Shellfish and fish
products from internal markets of India. Fd. Chem., 102:
612-620.

Storelli, M.M., Barone, G., Storelli, A. and Marcottrigiano, G.
O., 2006. Trace metals in tissues of Mugilids (Mugil
auratus, Mugil capito and Mugil labrosus) from the
Mediterranean Sea. Bull. environ. Contam. Toxicol.,
77:43-50.

Tao, S., Li, H., Lui, C. and Lam, K. C., 2000. Fish uptake of
inorganic and mucus complexes of lead. Ecotoxicol.
Environ. Saf., 46: 174-180.

UNEP, 1984. Sampling of selected marine organisms and
sample preparation for trace metal analysis, Reference
method for marine pollution studies, United Nations
Environment Programme No. 7, Rev. 2).

Uysal, K., Kose, E., Bulbul, M., Donmez, M., Erdogen, Y.,
Koyun, M., Omeroglu, C. and Ozma, F., 2009. The
comparison of heavy metal accumulation ratios of some
fish species in Enne Dame Lake (Kiitahya/Turkey).
Environ. Monit. Assess., 157: 355-362.

Yilmaz, F., Ozdemir, N., Demirak, A. and Tuna, A. L., 2007.
Heavy metal levels in two fish species Leuscius cephalus
and Lepomis gibbosus. Fd. Chem., 100: 830-83.

Yousafzai, A. M., Douglas, P., Khan, A. R., Ahmad, I. and
Siraj, M., 2010. Comparison of heavy metals burden in
two freshwater fishes Wallago attu and Labeo dyocheilus
with regard to their feeding habits in natural ecosystem.
Pakistan J. Zool., 42: 537-544.

Zhuang, P., Li, Z., McBride, M.B., Zou, B. and Wang, G.,
2013. Health risk assessment for consumption of fish
originating from ponds near Dabaoshan mine, South
China. Environ. Sci. Pollut. Res., 20: 5844-5854.



