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ABSTRACT

Selected heavy metals (Pb, Mn, Cu, Ni, Zn, Cr, Fe and Cd) were analyzed in muscle tissue
of Catfish commonly found in Idah and Ibaji Local Government Area of Kogi State, using
Flame Atomic Absorption Spectrophotometer (FAAS). The total metals concentration
indicates Mn was observed in Catfish from Ugbetulu stream (0.02540.0 pg/g) and Catfish
from Egah (0.1944-0.0 pg/g). Zinc occurred in the Catfish from the three different sampled
rivers with concentrations of 2.507+0.0 pg/g Ugbetulu (Catfish) 0.466+0.0 pg/g Egah
(Catfish) and 0.748%0.0 pg/g Oponofe (Catfish). Cr concentration was observed in
Ugbetulu Catfish (0.59840.0 ug/g), Egah Catfish (0.63440.0 ug/g) and Oponofe Catfish
(0.67£0.0 pug/g). Fe occurred in the Catfish sample with a range of 0.58 ug/g - 3.387 ug/g.
Mn concentration was observed in the three samples with a range of 0.12+0.0 pg/g -
0.871+0.0 pg/g. Zinc was detected in Ukpakele Catfish (2.42+0.0 ng/g), Odeke
(2.4240.0 pg/g) and Alah Catfish (2.131£0.01 ug/g). Cr was detected in the entire fish
sample from the three sampling points with a range of 0.036 pg/g - 0.599+0.0 pug/g (Alah
Catfish). For Fe analysis, the observed concentrations are 0.73340.0 pg/g, 01.26340.6
pg/g and 5.28240.01 pg/g, respectively for Ukpakele, Odeke and Alah Catfish. Pb, Mn,
Cu, Ni and Cd were generally below the limits prescribed by World Health Organisation
(WHO). The observed Zn, Cr and Fe concentrations were found to be slightly higher than
the WHO prescribed limits in fishes and may bioaccumulate in humans with time.

1. INTRODUCTION

The last few decades have witnessed an
increase in  population  density,  heavy
industrialization and agricultural activities. This has
resulted in more and more wastes entering in fresh
water resources. Contamination of fresh water with
a wide range of pollutants has become a matter of
concern over the last few decades [1]. Heavy metals

32

are normal constituents of aquatic environment that
occur as a result of pollution, principally due to the
discharge of untreated waste into rivers by many
industries [2]. Humans may be contaminated by
organic and inorganic pollutants associated to
aquatic system by consumption of contaminated
fish and other aquatic foods from this environment

[3].
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Bioaccumulation of heavy metals in tissues
of aquatic organisms has been identified as an
indirect measure of the abundance and availability
of metals in the aquatic environment. Multiple
factors including season, physical and chemical
properties of water can play a significant role in
metal accumulation in different fish tissues [4].
Aquatic ecosystems are very much vulnerable to
water pollution. Heavy metals accumulation in
aquatic ecosystem show that they are accumulated
either in aquatic organisms or in the sediments. In
estuarine ecosystem, sediments are not only
functioning as heavy metal scavenger, but also as
one of the potential sources for heavy metals to the
ecosystem [4]. Heavy metals are easily stored in
fatty tissue and will bio-accumulate if the fish is
exposed to further contamination [5].

Fishes are major part of the human diet due
to high protein content, low saturated fat and
sufficient omega fatty acids, which are known to
support good health. Therefore, various studies
have been taken worldwide on the contamination of
different fish species by heavy metals. Muscle tissue
of fish is the main edible part of the fish [6]. Fish
have been considered good indicators for heavy
metal contamination in aquatic systems, because
they occupy different trophic levels with different
sizes and ages [7]. Accumulated heavy metals may
lead to morphological alterations in the tissues of
fish [1]. In order to evaluate the adverse effects of
the pollutants on aquatic organisms, there is a
worldwide trend to complement physical and
chemical parameters with biomarker in aquatic
pollution monitoring [1].

The rate of bioaccumulation of heavy metals
in organisms depends on the ability of the organisms
to digest the metal, and the concentration of such
metals in the water body. Furthermore, it has to do
with the concentration of heavy metal in the
surrounding soil sediments, as well as the feeding
habits of the organism [8]. There is increasing
concern about the aquatic food (e.g fish) in several
parts of the world. The determination of toxic
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elements in food has prompted studies on the
toxicological effects of heavy metals in marine
food, especially fish [8].
Heavy metals in aquatic ecosystems are
monitored by their
concentrations in water, sediments and biota [9].
Once trace elements are released into the waters, the
bioaccumulation into aquatic sediments depends on
environmental conditions, water cycle, seasonal
variation, pH, microorganism, sediment, reduction
and oxidation potential [7].
such as Cu, Fe, Cr, Zn and Ni are essential metals
since they play an important role in biological
systems, whereas Cadmium and Lead are non-
essential metals as they are toxic even in trace
amounts. Heavy metals such as Cd and Pb have
been revealed to have carcinogenic effect [10].
Heavy metals contamination may have damaging
effects on the ecological balance and diversity of
aquatic organisms and marine species. They can
also affect water, sediment quality and fish health
and other biological attributes like taxonomic
richness, trophic structure and health of individual
organisms will be changed [11]. Manganese is a
metal with low toxicity but has a considerable
biological significance and seems to accumulate in
fish species.

The toxic effects of heavy metals can affect
the individual growth rate, physiological functions,
mortality and reproduction in fish. Heavy metals
enter in fish bodies through three possible ways: by
gills, by digestive track and by body surface. The
gills are considered as the significant site for direct
uptake of metals from the water [12]. Though, study
has shown that the body surface is normally
estimated to take minor part in the uptakes of heavy
metals [12].

In humans, heavy metal accumulation has
hazardous effects on the brain, liver, kidney, lungs
and muscles [13]. Other health problems of heavy
metals on humans are skin rashes, stomach upset,
ulcer, respiratory problem and death. Lead
poisoning can cause the following: Damaged

usually measuring
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organs, brain effects, nerves, hearts and blood
problems [12].

The aim and objective of the studies is to investigate
the bioaccumulation of heavy metals (Cr, Cd, Cu,
Fe, Pb, Mn, Ni and Zn) in the muscle tissues of
Catfish commonly found around Idah and Ibaji
Local Government Area, Kogi State.

2. MATERIALS AND METHOD
2.1. Study Area

Idah local government is located at the
eastern part of Kogi State, Middle Belt Nigeria and
lies between longitude 7.1138°N and latitude

6.7440°E. Geographically, the Local Government is
at the bank of the River Niger bounded by Ibaji
Local Government to the South. Ibaji also shares
boundary with some parts of Anambra State. The
occupation of the people in Idah and Ibaji is farming
and fishing.

2.2. Sample Collection

Some samples of Catfish were collected
randomly from various selected aquaculture ponds
in Idah and Ibaji Local Government Areas of Kogi
State, during the six months study period from
October, 2020 to April, 2021.

Table 1: Description of Study Site and Number of Sample Collected

Idah Local Government Area

Sampling site

Number of samples

Ugbetulu
Egah
Oponofe

1
1
1

Ibaji Local Government Area

Sampling site

Number of samples

Ukpakele
Odeke
Alah

1
1
1

2.3. Sample Preparation

All fish samples were collected, labeled and
placed in a cleaned polyethylene bags and taken to
the laboratory for dissection. The sample was
dissected to remove the muscle tissue of the dry fish
sample. The dry samples were crushed and ground
into powder using laboratory mortar and pestle. The
dried samples were kept in polyethylene bottles for
analysis. One gram of sample portion was measured
into a pre-weighed crucible. This was then
transferred to the furnace set at 600°C and was
removed from the furnace and allowed to cool. The
ash was carefully transferred into a 100ml beaker
and 20ml of nitric acid (HNOs3) was added and
digested at a 99°C in a water bath for one hour. The
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sample was allowed to cool and the digested sample
was filtered into 100 ml volumetric flask and made

up to the mark with distilled water.
Spectrophotometric  analysis  using  Atomic
Absorption  Spectrometer (AAS 500F, PG

Instruments LTD, UK) was carried out on the
digested samples to obtain the concentrations of
various heavy metals at different sites.

2.4. Metal pollution index

The metal pollution index (Pi) is applied to assess
the contamination of metals among the different
organs of the fish samples under investigation [13].
The Pi is calculated by the following equations

Pi = Ci/Csi



Okorie E.:
Bioaccumulation of Heavy Me

tals in Muscle Tissue of Catfish

2025; 2(2): 32-39

Where, Pi is the monomial

i; Ci is the content of metal i in the fish samples
(ng/g of wet weight); Csi is the threshold value of

metal i in the fish samples.

pollution index of metal

[13]. Pi < 0.2 suggests no significant pollution, 0.2
< pi < 0.6 indicates minor pollution, 0.6 < pi < 1
represents a moderate pollution, and pi > 1

illustrates a severe pollution.

The Pi value is divided into four pollution levels

3. RESULTS AND DISCUSSION

3.1. Results

Table 2: Concentration of some selected heavy metals in cat fish from selected rivers in Idah Local

Government
PARAMETERS (ng/g)

Samples Pb Mn Cu Ni Zn Cr Fe Cd
Ugbetulu ND 0.025 0.287 ND 2.507 0.598 3.387 ND
Ega 0.070 0.194 0.092 ND 0.466 0.634 2.861 ND
Oponofe ND ND 0.27 ND 0.748 0.607 0.580 ND
WHO Limit 0.0035 0.2 0.5 0.005 1.0 0.05 0.8 0.007

Table 3: Concentration of some selected heavy metals in cat fish from selected rivers in Ibaji Local

Government
PARAMETERS (pg/g)
Samples Pb Mn Cu Ni Zn Cr Fe Cd
Ukpakele ND 0.120 ND ND 2402 0.036 0.733 ND
Odeke ND 0157 ND ND 2423 0.188 1.263 ND
Alah ND 0871 0.15 ND 2.131 0599 5.282 ND
WHO limit  0.0035 0.2 0.5 0.005 1.0 0.05 0.8 0.007

Table 4: Pollution index of some selected heavy metals in cat fish from selected rivers in ldah Local

Government

PARAMETERS
Samples Pb Mn Cu Ni Zn Cr Fe Cd
Ugbetulu 0 0.13 057 0 251 1196 423 0
Ega 0 097 0.18 0 047 12.68 358 0
Oponofe 0 0 054 0 075 1214 073 0

Table 5: Pollution index of some selected heavy metals in cat fish from selected rivers in Ibaji local

Government

PARAMETERS
Samples Pb Mn Cu Ni Zn Cr Fe Cd
Ugbetulu 0 0.6 0 0 2402 0.72 092 0
Odeke 0 079 0 0 2423  3.76 1.58 0
Alah 0 436 03 O 2.13 1198 6.60 O

The results of the bio accumulation of heavy
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in Idah and Ibaji LGA of Kogi State are shown on
metal in muscle tissue of catfish commonly found Tables 2 and 3 while the pollution index analysis are
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indicated on Tables 4 and 5.

Table 2 shows the result of analysis of the
fish sample from different sampling sites in Idah
LGA, which includes Ugbetulu, Egah and Oponofe
river. The total metals concentration as indicated on
Table 2 indicates that Pb was only detected in the
Catfish from Egah (River Niger) with a
concentration of 0.070+0.0 pg/g. Pb was not
detected in Ugbetulu and Oponofe streams.
Manganese was observed in Catfish from Ugbetulu
stream (0.025+0.0 pg/g) and catfish from Egah
(0.19440.0 pg/g), but was not detected in the
Catfish from Oponofe stream.

The observed Cu concentration in Catfish
from Idah ranged from 0.027 pg/g - 0.287 pg/g. The
highest concentration of Cu occurred in Catfish
from Ugbetulu stream with a
concentration of 0.2871+0.0 pg/g, followed by
Catfish from Egah with a concentration of
0.09240.0 ng/g, while the Catfish from Oponofe
showed a Cu concentration of 0.2740.0 pg/g. Ni
was not detected in all the samples. Zinc occurred
in the Catfish from the three different sampled rivers
with concentrations of 2.507+0.0 pg/g (Ugbetulu
Catfish), 0.466 +0.0 pg/g (Egah Catfish) and
0.748+0.0 pg/g  (Oponofe  Catfish). Cr
concentration was observed in Ugbetulu Catfish
(0.598+0.0 ng/g), Egah Catfish (0.63410.0 pg/g)
and Oponofe Catfish (0.67£0.0 ng/g). Fe occurred
in the Catfish sample with a range of 0.580ug/g -
3.387 ng/g. Cd was not detected in any of the
Catfish samples from Idah LGA.

The result of the metal concentration in the
Catfish samples from three sampling points in Ibaji
LGA is shown on Table 3. Pb was not detected in
any of the samples of Catfish. Mn concentration was
observed in all three samples with a range of
0.120£0.0 pg/g - 0.871£0.0 ng/g. Cu was only
detected in the Catfish from Alah pond (0.150+0.0
ug/g). Ni was not detected in any of the fish
samples. Zn occurred in Ukpakele Catfish
(2.40240.0 pg/g), Odeke Catfish (2.423+0.0 ng/g)
and Alah Catfish (2.131+0.007 pg/g). Cr was

maximum
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detected in the entire fish samples with
concentration of 0.036 pg/g (Ukpakele), 0.188 ug/g
(Odeke) and 0.59940.0 nug/g (Alah Catfish). For Fe
analysis, the observed concentrations are 0.733+0.0
ug/g, 01.263+0.6 pg/g and 5.282+0.006 pg/g
respectively for Ukpakele, Odeke and Alah
Catfishes. Cd was not detected in any of the fish

samples.

3.2. Discussion

Lead concentrations were generally not
observed in Catfish from the two LGA’s. However,
very low concentration was observed from Catfish
from Egah stream (0.070%£0.0 pg/g). This value is
far below the permissible limit by WHO of 0.0035
ug/g [14]. Previous study on Pb toxicity by Tuzen
[15] indicates that fish species from the middle
black sea had Pb levels in the range of 0.22-0.85
mgkg'w/w [15]. Pb content of fish species from
black and Aegean seas were found to have values in
the range of 0.33-0.93mgkg™! for edible fish tissue
[16]. Mn concentration as observed in the Catfish
from the six species are all below the WHO limit of
0.2 ng/g.

Cu observed in the sample were all below
the limit prescribe by WHO (0.5 pg/g). Cu, is an
essential trace metal and micro nutrient for cellular
metabolism in living organisms on account of being
a key constituent of metabolic enzymes [17];
however it can be extremely toxic to intra cellular
mechanism in aquatic animals at high concentration
which exceeds normal levels [18].

Nickel was not detected in any of the fish
samples. Ni is a ubiquitous trace metal and occurs
in soil, water, air and in the biosphere. It is emitted
into the environment from both natural and man-
made sources. Nickel is released during nickel
mining and by industries that convert scrap or new
nickel into alloys or nickel compounds or by
industries that use nickel and its compounds. While
nickel is an essential element at low concentrations
for many organisms, it toxic at higher
concentrations [19]. Exposure to nickel may lead to

is
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various adverse health effects, such as nickel
allergy, contact determatitis and organ system
toxicity.

Zinc concentration in all the observed
samples was found to be below the WHO
Permissible limits of 1.0 pg/g [14]. Zinc is the
second most abundant trace element after Fe and is
an essential trace element and micro nutrient in
living organisms. It is found almost in every cell and
has been involved in nucleic acid metabolism.
Additionally, Zn is involved in more complicated
functions such as the system,
neurotransmission and cell signaling [20][21]. The
observed Cr concentration is generally low in all the
fish samples. The very low concentration of Cr
could be attributed to anthropogenic activity. Cr is
an essential nutrient metal [22].

Fish assimilate Cr by ingestion or by the gill
uptake tract, and accumulation in fish tissues,
mainly liver occurs at higher concentration than
those found in the environment [23][24]. The
overall toxicity impact on organs like gills, kidney
and liver may seriously affect the metabolic,
physiologic activities and could impair the growth
and behaviour of fish [25]. Toxic effects of Cr in fish
include: hematological, histological and
morphological alterations, inhibition/reduction of
growth, production of reactive oxygen species
(ROS) and impaired immune function [26].

Fe concentration in the fish samples are all
below the permissible limits prescribed by WHO
(0.8 ng/g) [2]. The observed Fe may be due to
natural or anthropogenic sources. Fe is a prevalent
component of industrial and mining effluents that
are often discharged into aquatic environments.
Ferrous iron (Fe?") is considered to be more toxic to
fish than the ferric (Fe**) form. The highest bio-
concentration of Fe in fish tissue was found in the
liver and gonads, decreasing in brain, muscle and
hearts. Recently, Milend et al. [10] in their study
proved that the fish liver is the target organ for iron.
Respiratory disruption due to physical clogging in
the gill is suggested as a possible mechanism for

immune
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iron toxicity. It is because the gill surface of fish
tends to be alkaline that soluble ferrous iron can be
oxidized to insoluble ferric compounds which then
cover the gill lamellae and inhibit respiration [27].

3.2.1. Assessment of metal pollution

The pollution index analysis as indicated on
Tables 4 and 5 showed that Pb, Mn, Cu, Ni, Zn and
Cd occurred generally as minor to moderate
pollution. Chromium and Fe occur mostly as severe
pollution. However, from Ibaji samples, Zn and Fe
occurred as severe pollution with values >1. The Pi
of Zn and Cr from the three stream are far higher
than 1 indicating that the three streams Catfish is
highly polluted with Zn and Cr metal.

4. CONCLUSION

From the result of the study carried out, it
can be observed that all the heavy metals studied are
below the permissible limit by WHO. Therefore, the
fish species studied according to the Pi index would
be good for
bioaccumulation may occur with time as the fishes
are continuously exposed to the water bodies.

consumption. However,

Competing Interests
There are no competing interests in this work.

Authors Contributions
The authors are solely responsible for the
funding of this work.

Acknowledgement

The authors wish to acknowledge the
Science Laboratory Technology Department,
Federal Polytechnic Idah for granting them access
to their facilities.

References

[1] Chavan, V.R. and Muley, D.V. (2014). Effect of
heavy metals on liver and gills of fish

Cirrhinus mrigala. Intern. J. Current
Microbiol. Appl. Sciences, 3(5): 277-288.



Okorie E.:

Bioaccumulation of Heavy Metals in Muscle Tissue of Catfish

2025; 2(2): 32-39

[2] Eken, M., Aydm, F., Turan, F. and Uyan, A.
(2017). Bioaccumulation of some heavy
metals on  silver cheeked toadfish
(Lagocephales sceleratus) from Antalyze
Buy, Turkey. Nat. Engineering Science, 2(3):
12-21. DOI: 1-.28978/nesciences.369000.

[3] Baharom, Z.S. and Ishak, M.Y. (2015).
Determination of heavy metal accumulation
in fish speices in Galas River, Kelantan and
Beranang mining pool, selengar. Intern.
Confer. Environ. Forensics, 3:320-325. DOI:
10.1016/j.proenv.2015.10.057.

[4] Mendis, B.R.C., Najim, M.M.M., Kithsiri,
HM.P. and Azmy, S.AM. (2015).
Bioaccumulation of heavy metals in the
selected commercially important edible fish
species gray mullet (Mugil cephalus) from
Negombo Estuary. J. Environ. Professionals

Sri Lanka, 4(2): 2-3. DOI:
10.4038/jepsl.v4i2.7858.
[5] Shovon, M.N.H., Majumdar, B.C. and

Rahman, Z. (2017). Heavy Metals (Lead,
Cadmium and Nickel concentration in
different organs of three commonly consumed
fishes in Bangladeh. Fisheries Aquacul. J., 8:
1-5. DOI: 10.4172/2150-3508.1000207.

[6] Kumar, B., Mukherjee, D.P., Kumar, S.,Mishra,
M., Prakash, D., Singh, SK. and Sharma, C.S.
(2011). Bioaccumulation of heavy metals in
muscle tissue of fishes from selected
aquaculture ponds in East Kolkata wet land.
Annals Biol. Res., 2(5): 125-134. DOI:

[7] Zhang, Z., He, L., Lim, J. and Wu, Z. (2007).

Analysis of heavy metals of muscle and

intestine Tissue in fish-in Banan section of
Chongqing from three Gorges Reservoir
China. Polish J. Environ. Studies, 949-951.
HERO ID: 542517.

[8] Ejike, L.O. and Liman M.G. (2017).
Determinations of heavy metals in selected
fish species found in Kwakwalawa River,
Dundaye, Sokoto State. J. Appl. Chem., 10(1):
38-42. DOI:10.9790/57361001023842.

[9] Ozturk, M., Ozozen, G., Minareci, O. and
Minareci, E. (2019). Determination of heavy
metals in fish, water and sediments of Avsar
Dam Lake in Turkey. Intern. J. Environ.
Health Sci., 6(2): 73-80. Corpus ID: 3181952.

[10] Milend, M.G., Togue, K.F., Kouekam, K.A.,

Enow, A.W. and Oben, M.L. (2019).
Qualification of heavy metals (Cd, Pb, Fe,
Mg, Cu, and Zn) in sea food (Fishes and
Crabs) and evaluation of health risks to
consumers in Limbe, Cameroon. J. Mater
Environ. Sci.. 10(10): 948-949.
http://www.jmaterenvironsci.com.

[11] Mohammadi, R.M. (2017). Heavy metal
Concentrations in different tissues of
Euryglossa orientalis, Chirocentrus nudus
and sediments in Bahrethan Bay (The north
west of Persian Gulf). Iranian J. Fisheries
Sci., 16(3): 945-958.

[12] Afshan, S., Ali, S., Shaista, U.A., Farid, M.,

Saima, A.B., Hannan, F. and Ahmed, R.
(2014). Effect of different heavy metals
pollution on fish. Research J. Chem. Environ

Sci., 2(2): 35-40.
www.aelsindia.com/vol2feb2014/12.

[13] Liu, Y., Fu, Q., Gao, J., Xu, W.G. and Qin,

W.H. (2013). Concentrations and safety
evaluation of heavy metals in aquatic products
of Yancheng, Jiangsu province. Environ. Sci.,
34, 4081-4089.

[14] WHO, (1993). Evaluation of certain food
additives and contaminants: forty-first report
of the Joint FAO/WHO Expert Committee on
Food Additives. Geneva, World Health
Organisation, 1993 (WHO Technical Report
Series, No. 837).

[15] Tuzen, M. (2003). Determination of heavy
metal in fish samples of the middle Black sea
(Turkey) by graphite furnace atomic
absorption spectrometry. Food Chemistry,
80:119-123. DOI: 10.1016/S0308-
8146(02)00264-9.

[16] Uluozlu, D., Tuzen, M., Mendil, D. and



Okorie E.:

Bioaccumulation of Heavy Metals in Muscle Tissue of Catfish

2025; 2(2): 32-39

Soylala, M. (2007). Trace metal content in
nine species of fish from the Black and
Aegean Seas. Turkey Food Chemistry, 104;
835 — 840.

DOI: 10.1016/j.foodchem.2007.01.003.

[17] Monteiro, S.M., Dos Santos, N.M.S., Calejo,
M., Fontain-Fernandes, A. and Sousa, M.
(2009b). Copper Toxicity in gills of the
teleost fish, Ore Ochronmis Nitoticus Effects
in apoptosis induction and cell proliferation.
Aquat. Toxicol., 94: 219 — 228. DOLI:
10.1016/j.aquatox.2009.07.008

[18] Abdel-tawwab, M., Mousa, M.A.A. and
Abbas, F.E. (2007). Growth performance and
physiological response of African cat fish,
charias geariefinus (B). fed organic selenium
prior to the exposure to environment copper
toxicity. Aquatic culture, 272: 335-345. DOLI:

10.1016/j.aquaculture.2007.09.004.

[19] Magyarosy, A., Aidlaw, R.D., Kilas, R.,
Echer, C. and Clark, D.S. (2002). Nickel
accumulation and nickel oxalate precipitation
by aspergillus niger. Appl. Microbiol.
Biotech., 59: 382 — 388.

DOI: 10.1007/s00253-002-1020-x.

[20] Celik, U. and Oechlens, S. (2004).
Determination of zinc and copper in fish
samples collected from North East Atlantic by
DPSAV. Food Chem., 87: 343-347. DOI:

10.1016/j.foodchem.2003.11.018.

[21] Horgstrand, C. (2011). Zinc. Academic press,
New York, USA.

[22] Olgunoglu, M.P., Artar, Eand, Olgunoglu, [.A.
(2015). Comparison of Heavy metal levels in
muscle and gills of four benthic fish species
from the North eastern Mediterranean Sea.
Pollution J. Environ. Study, 24(4): 1743-

39

1748. DOI: 10.15244/pjoes/38972.

[23] Pacheoco, M., Santos, M.A., Perira, P,
Martinez, J.I., Alonso, P.J., Soares, M.J. and
Lopes, J.C. (2013). EPR detection of
paramagnetic chromium in liver of fish
(Anguilla Angulilla) treated with dichromate

(VI) and associated oxidative stress
responses-

contribution to elucidation of toxicity
mechanisms. Comp. Biochem.. Physiol.,
C157:

132-140. DOI: 10.1016/j.cbpc.2012.10.009.

[24] Ahmed, M.K., Kundu, G.K., Al-Mamun,
M.H., Surkar, S.K., Akter, M.S. and Khan,
M.S. (2013). Chromium (Vi) induced acute
toxicity and genotoxicity in freshwater
stringing Cat fish, Heteropneustes fessilis.
Ecotoxicol. Environ. Safety, 92:64-70. DOI:
10.1016/j.ecoenv.2013.02.008.

[25] Vinodhini, R. and Narayanan, M. (2008).
Bioaccumulations of heavy metals in organs
of
fresh water fish Cyprinus Carpio (common
carp). Int. J. Environ. Sci. Tech.,5: 179 — 182.
DOI: 10.1007/BF03326011.

[26] Sfakianakis, D.G., Renieri, E., Kentouri, M.
and Tsatsakis, A.M. (2015). Effect of heavy
metals on Fish Larvae Deformities. A review.
Environ. Res., 137: 246-250. DOI:
10.1016/j.envres.2014.12.014.

[27] Abbas, H.H., Zaghloul, K.H. and Mousa,
M.A.

(2002). Effect of some heavy metal pollutants
on some biochemical and histopathological
changes in blue tilapia. Oreochromis aureus.
Egypt. J. Agric. Res.,80:1395-1411.



Okorie E.:
Bioaccumulation of Heavy Metals in Muscle Tissue of Catfish 2025; 2(2): 32-39

40



