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Abstract: The accumulation of cadmium (Cd), Chromium (Cr), Copper (Cu), Iron (Fe), Manganese (Mn), Lead (Pb)
and Zinc (Zn) in the liver, gills and kidney of Heterotis niloticus (H. nitilocus) was analyzed by energy dispersive X-
ray fluorescence (EDXRF) at Dumba 1 and Dumba 2 of Lake Chad, Nigerian Sector. The aim was to determine the
heavy metal accumulation in organ tissues (liver, gills and kidney) of H. nitilocus. The highest heavy metals
concentration Fe: 175.50 +10.02 mg/kg was observed in the liver at Dumba 2, while Cd: 0.01mg/kg, was the lowest
concentration also in the liver at Dumba 2. At Dumba 1, Fe showed the highest concentration and Cd was the
lowest. Cd, Cu, Fe, Mn, and Pb concentrations in the liver, gills and kidney of H. nifoticus are above the maximum
permissible limits by WHO (1989) and FEPA (2003). The results obtained in this study indicated that, the organ
tissues of H. nitoticus are good indicators of heavy metal pollution in the aquatic environment. Zn is the only heavy
metal that is within the allowable standard limits by WHO (1989) and FEPA (2003). The liver gills and kidney of H.
nitoticus was polluted with Cr, Cu, Fe, Mn and Pb. Its consumption by humans may cause health hazards.
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1. Introduction eruptions, while the major anthropogenic sources
Nowadays environmental pollution by heavy include municipal wastes, industrial effluents, mining
metals poses a serious threat of global concern (Ali et and sewage sludges. Agricultural activities like
al., 2013; Hashem ef al., 2017). Heavy metals have the application of phosphate fertilizers and pesticides
habits of accumulating in fish, water and sediments (Wieczorek-Da browska et al., 2013). These heavy
and they are nonbiodegradable, with some toxic metals find their way into aquatic ecosystem through
effects and persistent in the environment, and they rain water and surface runoffs, emission into the water
contaminate the food chains, with many health bodies and flood, whenever they are introduced into
challenges because of their toxicity. The the environment. Heavy metals can accumulate in the
bioaccumulation of toxic heavy metals in fish species organ tissues of fish species in the aquatic
of the aquatic ecosystems may have detrimental environment, which can be transferred to human
effects on fish and human beings (Malik and Maurya beings through the consumption of polluted fish
2014). Higher concentrations of heavy metals in fish species causing serious health hazards (USEPA,
species can have adverse effects on the ecological 1991).
health of fish species and may contribute to Bioaccumulation of heavy metals can only take
degeneration in their populace (Luo ef al., 2014) place if the rate of uptake by the fish species exceeds
The environmental risk assessment and water the rate of elimination. Bio concentration may occur in
quality management are increasingly receiving more the fish issue by means of metabolic and bio sorption
attention due to the fact, that a large number of processes (Wicklund -Glynn, 1991). Based on
pollutants entering aquatic environment are harmful environmental analysis, bio concentration is very
(Van Leeuwen, 1990). The background concentration important due to the fact that, heavy metal ions usually
of heavy metals maybe increased through natural and occur in low concentrations in the aquatic environment
anthropogenic sources. The natural sources of heavy and slight physiological effects go over looked until
metals include weathering of rocks, soils and soil complete chronic changes in structures becomes
erosions containing heavy metals, and volcanic apparent. Cu*” and Zn®' are readily concentrated in
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different fish species organ tissues, leading to altered
physiological processes (Wepener et al., 2001).

Heavy metals are classified into essential and
nonessential. Essential heavy metals are Mn, Fe, Cu,
and Zn, they are important for living organisms and
they are needed in the body in low concentrations.
Nonessential heavy metals are Cd, Pb, and Hg they are
highly toxic with no known biological role in living
organisms, they are considered as biologically
nonessential (Rahim et al, 2016). The aim of
monitoring heavy metal pollution in lake and river
systems by using fish organ tissues (liver, gills and
kidney) helps to assess the quality of aquatic
ecosystem. Heavy metals enter fish through food\,
gills, water and skin and into the blood, and are carried
to either a storage point or to the liver for its
transformation or storage. The liver is the main site of
accumulation on, biotransformation, and excretion of
pollutants in fish species (Jabeen and Chaudhry,
2010). The region of accumulation of heavy metals
within fish species varies with the route of uptake,
heavy metals, and species of fish concerned.
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The aim of this study is to determine the heavy
metal accumulation in organ tissues (liver, gills and
kidney) of Heterotis nitoticus and the evaluation of
water quality of Lake Chad, Nigerian Sector to the
content heavy metals.

2. Material and Methods.

This study was carried out at Baga, Nigerian
Sector of Lake Chad, Baga is in Kukawa Local
Government of Area of Borno State. Baga lies on
latitude 12° 55'N and Longitude 13° 35'E. The major
economic activities of the population in Baga are
agriculture, stock breeding and fishing. The sampling
sites are Dumba 1 and 2.

Fish Sampling and Chemical Analysis.

H. niloticus was bought from the local fishermen
at the bank of the Lake and was transported to the
laboratory in a plastic bag for further analysis of fish
samples. Five samples of H. niloticus, weighing
3.05kg was washed with water in the laboratory.

Map of Lake Chad, Nigerian Sector and
Surrounding Regions was presented in Figure 1.
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The gills, liver and kidney were removed using
stainless steel and were air dried to a constant weight
Ozturk et al, 2009). The dried gills liver and kidney of
H. niloticus were ground separately to powder with
mortar and pestle to grain size of less than 125mm and
were homogenized. A quality of 0.5g of powdered
gills, liver and kidney separately were mixed with
three drops of organic binder and pressed with 10 tons
hydraulic press to produce pellets of 19mm diameter.
Three replicate of pellets each organ tissues (gills,
liver and kidney) were prepared. The resulting pellets
were used to anal sized heavy metals in the samples.

Pellets of gills, liver and kidney were separately
put into the x-ray fluorescence spectrometer sample
holder and was bombarded 'Cd as the excitation
source that emits Ag-k X-rays (22.1kev) in which case
all the elements with lower characteristics energies
were accessible for detection in the samples.
Fluorescent X-rays was produced which passes to the
Si (Li) detector, through Mo target. The intensity of
the fluorescent X-rays on the detector is proportional
to the concentration of the individual element of
interest in the sample organ tissues.

Statistical Analyses. The results obtained are
presented as mean and standard deviations.

3. Results.

The mean concentration of heavy metals (mg/kg
dry wt) in the liver, gills and kidney of H. niloticus
from Dumba 1 and 2, Lake Chad Nigerian Sector are
shown in Table 1.

The results of this study showed significant
differences in the values of heavy metals in the organ
tissues of H. nilotiscus. In the liver of H. niloticus, the
mean concentration of heavy metals, varies between,

Cd (<10-8 and 0.01mg/kg) Cr (0.84+0.04mg/kg and

0.90+mg/kg), Cu (10.7042.16mg/kg and
11.50+1.0lmg/kg), Fe (169.45+5.18mg/kg and
175.50+10.02mg/kg) Mn (24.50+1.0lmg/kg and
38.00+5.21mg/kg), Pb  (2.00+0.25mg/kg  and
2.62+0.03mg/kg), Zn  (8.71+£2.04mg/kg  and

24.40+2.02mg/kg).

In the liver, Fe was the highest concentration and
Cd was the lowest. The order of heavy metals
accumulation in the liver was given as Fc> Zn> Pb>
(Cr). In the gills, the mean concentration of heavy
metals ranged between Cd (<10-8 and 0.02mg/kg/kg),
Cr (0.734£0.03mg/kg (0.73+0.03mg/kg and 1.21+0.00
Img/kg), Cu (5.25+ 0.05mg/kg and 8.84+1.04mg/kg),
Fe (135.1042-50mg/kg and 142.22+5.03mg/kg), Mn
(22.33+2.15mg/kg  and  25.17+2.16mg/kg), Pb
(1.51+0.0lmg/kg and 3.07+0.05 mg/kg) and Zn
(6.33+0.28mg/kg and 26.61+4.02mg/kg. The highest
heavy metal concentration in the gills was Fe and Cd
was the lowest. The order of heavy metals
accumulation in the gills of H. niloticus in both
sampling sites was Fe> Mn>Zn>Cu>Pb>Cr>Cd.
Lastly in the kidney of H. niloticus from both
sampling sites, the mean concentration of heavy
metals ranged between: Cd (<10-8 and 0.10mg/kg), Cr
(<10-8 and 0.78+0.05mg/kg) Cu (5.60+2.01mg/kg and

8.70+0.17mg/kg) Fe  (128.52+5.01lmg/kg and
161.13+10.05mg/kg) Mn (16.70+1.17mg/kg and
36.40+5.01lmg/kg), Pb  (1.95£0.0lmg/kg  and

2.61+0.02mg/kg) and Zn (4.50+0.04mg/kg and
9.06+0.05mg/kg. The highest concentration of heavy
metals in the kidney of H. niloticus was Fe and the
lowest was Cd. The order of heavy metals in the
kidney of H. niloticus w a s Fe>Mn<Zn>Cu> Pb >
Cr>Cd.

Table 1: Mean Concentration of Heavy Metals in Liver, Gills and Kidney of Heferotis niloticus from Dumba, Lake

Chad, Nigerian Sector.

. . . . . Heavy Metals (mg/kg dry wt)
Sampling Sites/Fish Species/Organ tissue cd Cr Cu Fo N Pb 7n
Dumba 1 Gills <10® [1.21+£0.01 [5.25+0.05 135.10+2.50 |25.17+ 2.16 [3.07+ 2.05 [26.61 £4.02
H. niloticus Liver <10 [0.90+0.05 [10.70£2.16 [169.45+5.18 [38.00+5.21 [2.00+0.25 |24.40+2.02
Kidney <10®]0.78 £0.05 [8.70+0.17 161.13+10.05 |36.40+5.01 |[2.61+0.02 [9.06+0.05
Dumba 2 Gills 0.02 |0.73+0.03 [8.84+1.04 14222 +5.03 |2233+£2.15 |[1.51+0.01 [6.33+ 0.28
H. niloticus Liver 0.01 [0.84+0.04 |11.50+1.01 |175.50+10.02 [24.50+1.01 |2.62+0.03 |[8.71+2.04
Kidney 0.10 [<10® 5.60 £2.01 128.52 +£5.01 16.70 £1.17 |1.95+0.01 |4.50+0.04
WHO 1989 0.1 0.15 3.0 100.00 0.5 2.00 10-75
FEPA 2003 0.1 0.15 3.0 100.00 0.5 2.00 10-75

Values are mean + Standard Deviation

4. Discussion

Fish species when they come in contact with
water borne heavy metals, they can be incorporated
and accumulate plenteous heavy metals in their organ
tissues through the gills and skin or ingesting
contaminated water and food. Therefore, heavy metals
in organ tissues of fish species can be many times
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more than in the water bodies (Jabeen and Chaudhry,
2010).

The present results showed that the concentration
of heavy metals in the liver, gills and kidney of H.
niloticus varies significantly in the two sampling sites.
The liver accumulated a higher concentration of Fe at
Dumba 2 compared to Dumba 1. Cd in the liver and
Cr in the liver of H. niloticus at Dumba 2 have their
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values belowat Dumba 2 have their values below the
higher values of Cr, Cu, Fe and Mn found in the liver,
gills and kidney in both sampling sites. Higher values
of Pb was found in the gills and kidney at Dumba 1
and in the liver at Dumba 2, the rest of Pb were found
to be normal and below the maximum permissible
limit (2.00 mg/kg) by WHO (1980) and FEPA (2003).
The values of Zn in both sites were found to be below
the maximum permissible limit (10 — 75-00mg/kg) by
WHO (1989) and FEPA (2003).

The liver, gills and kidney are normally the first
target organ for contamination. Gill surfaces are the
first target organ tissue for waterborne heavy metals.
They act as a route of uptake of heavy metals. The
liver performs a very important function in
accumulation, biotransformation and detoxification.
When fish species are unveiled to more heavy metals
concentrations, metalations proteins (MT) are
manufactured, that are heavy metal binding proteins
(Philips and Rainbow, 1989). M.T has high affinities
for heavy metals, and by so doing, accumulate,
concentrate metals in the liver. High concentration of
heavy metals in the liver is due to the fact that the liver
acts for storage and metabolism. The liver is therefore,
analyzed to prove that it is an indicator of heavy metal
pollution in freshwater environment. The high
concentrations of Cr, Cu, Fe, Mn and Pb in the liver,
gills and Kidney of H. niloticus, shows that the fish is
influenced by anthropogenic sources.

Fe is an essential metal and one among the
plenteous element in the earth crust and it conveys
oxygen from the lungs to other parts of the body. It is
an important enzyme system in the various tissues. Its
high concentrations in the liver and gills is attributed
to the fact that, liver and gills manufacture MT.
Jobling, (1995). Mn is an essential metal for both plant
and animal and is possibly homeostatically controlled
and to some extent nontoxic to aquatic biota and is
rarely a problem in freshwater. The high concentration
of Mn in the liver, gills and kidney could be attributed
to the complex formation between manganese ion and
the proteins in the liver and gills which contain
sulphur (Jobling, 1995).

Cu is an essential element for all living organism
and is thought to be strictly regulated in the fish
tissues. It is an essential part of several enzymes and is
necessary for synthesis of hemoglobin. The high
concentration of Cu in the liver and gills could be
attributed to MT proteins metabolic processes. These
liver proteins, haemocuprein and hepatocuprein, with
other oxidative enzymes needs Cu so as to work
properly. Zn is an essential element, but it can be toxic
to fish species at a high concentration (Forstner and
Wittmann, 1981). Fish species normally controls Zn in
their body tissues. The highest Zn concentration was
found in the gills of H. niloticus.
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The gills of fish are the main sites of heavy metal
uptake and Zn is taken up directly from the water by
mucus and gills. H. niloticus is a surfaces feeder with
higher protein which enables them to accumulate Zn
from their food (Cogun et al., 2006). The Zn
concentrations in the liver gills and kidney in this
study are below the maximum permissible limit (10 —
75-00mg/kg) by WHO (1989) and FEPA (2003)
respectively.

Cr is a non-essential element used in inks, in the
leather industry, and in the processing of steel. High
concentration of Cr was observed in the gills of H.
niloticus,_is usually correlated with structural damage
to the gill epithelium as well as marred respiratory and
osmoregulatory function. The concentration of Cr in
the organ tissues of H. niloticus are above the
maximum permissible limit (0.15mg/kg) by WHO
(1989) and FEPA (2003). The high concentration of
Cr in this study could attributed to domestic and
industrial wastes, sewage, and agricultural activities.

Pb is a non — essential and toxic even at low
concentrations and has no known function in
biochemical processes. The gills have the highest
concentration of Pb at Dumba 1 followed by the liver
at Dumba 2. The gill is the first site for Pb uptake in
fish and that a strong connection may exist between
the gill Pb load and toxicity. The high concentration of
Pb in the organ tissues of H. niloticus could be
attributed to its large size and the agricultural activities
within the vicinity of Lake Chad._The concentration of
Pb in the gills and the kidney at Dumba 2 are above
the maximum permissible limit (2.00 mg/kg) by WHO
(1989) and FEPA (2003).

Cd is a non — essential toxic metal and is not part
of natural biochemical processes and highly toxic and
is a hazardous heavy metal. It can be incorporated,
stored and then concentrated by fish species through
food chain. The presence of Cd in organ tissue of H
niloticus could be attributed to the up surging and
flooding of nutrient rich waters that normally occurs in
November and December of each year. The
concentration level of Cd in this study in the organ
tissues of H. niloticus in both the sampling sites are
within the maximum permissible limit (0.1mg/kg) by
WHO (1989) and FEPA (2003).

The accumulation of Cd, Cr, Cu, Fe, Mn, Pb, and
Zn in the organ tissue of H. niloticus indicated
variations in the heavy metal’s concentration. The Cr,
Cu, Fe, Mn, and Pb investigated were found to be
agreeably in high concentrations.

Conclusion

This study confirms the presence of Cd, Cr, Cu,
Fe, Mn, Pb and Zn in the Lake Chad, Nigerian sector.
Apart from Cd and Zn all the other heavy metals
investigated showed notably higher concentrations in
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the liver, gills and kidney of H. niloticus. The order of
heavy metal accumulation was
Fe>Mn>Zn>Cu>Pb>Cr>Cd.
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