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Abstract: Routine laboratory analyses were carried out to determine the concentration of heavy metals in wastewater
reservoir and fish tissue (Muscles and Gills). Wastewater has the highest concentration of heavy metals than in the
fish tissue in the following order Cu>Fe>Cd>Mn>Zn, while Pb is below detection level. Among the tissue, gills were
observed to have the highest concentration in the following order Fe>Cd>Cu>Mn>Zn, while Pb was also below
detection limit. Mn concentration in fish has exceeded the international permissible limit by the World Health
Organisatio, Food and Agricultural Organisation, and American Public Health Association. These therefore pose a
threat to the consumer and the survival of the fish in the wastewater and necessitate the need for caution and stricter

wastewater effluent discharge for a better water quality.
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INTRODUCTION

Water reservoirs are collectors of all materials spread
by human, industrial and agricultural activities and these
penetrates into the water reservoir via atmosphere,
drainage, soil waters and soil erosion (Stainiskiene, et al.,
2006). The reservoirs or river system and indeed all
surface water may be excessively contaminated with
heavy metals, and this contamination may have
devastating effect on the ecological balance of the
aquatic environment (Farombi, et al., 2007) and the
diversity of organism become limited with extent of
contamination.

Pollution of aquatic environment by inorganic
chemicals has been considered a major threat to the
aquatic organisms including fishes (ECDG, 2002). Metal

ions can be incorporated into food chain and
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concentrated in aquatic organisms. Of the effective
pollutants are the heavy metals, which have drastic
environmental impact on all organisms (Mason, 2002).
The most anthropogenic source of metals is industrial,
petroleum contamination and sewage disposal (Santos et
al., 2005). These metals include; Iron, Zinc, Cadmium,
Manganese, Lead and Copper amongst others.

The general acceptance is that wastewater reuse in
agriculture is justified on agronomic and economic
grounds, although care must be taken to minimize
adverse health and environmental impacts (Reitveld et
al., 2009; Sowers, 2009). Furthermore wastewater reuse
is increasingly becoming important for supplementing
drinking water needs in some countries around the world.
The option of reuse of wastewater is becoming necessary

as a result of increased climate change, thus leading to
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drought and water scarcity, and the fact that wastewater

effluent discharge regulations have become stricter
leading to a better water quality (Rietveld et al., 2009).
This study will therefore determine the level of
concentration of heavy metals in fish tissue (Muscles and
Gills) and wastewater in the reservoir. The result will
provide an early warning guide to fish consumer and

regulatory agency for in the study area.

MATERIALS AND METHODS

Study area: Maiduguri is the capital of Borno State and is
located between latitude 10°09’and 13°44’ N and longitude
11°36” and 14°38° E. Most part of the state lies within the
sahelian climate zone classified under the tropical continental
climate with rainfall of 250 — 1000mm. the temperature
regime of the state is relatively more constant than that of
rainfall pattern. The hottest months of the year are March,
April, and May with mean temperature of 29.5, 32.8, and
34.5°C respectively (Aminu, and Omoyeni, 2001).The plant
and reservoir constructed in 1978 are located at Pompomari
industrial area and the reservoir covers an estimated area of
about 43,200sq meter with an approximate depth of about 6
meters.

The study was conducted through routine analysis of
detecting some heavy metals in the wastewater reservoir from
July to December 2013. Wastewater samples were collected
fortnight at 08:00Hrs local time at a depth of 30cm below the
water surface. Wastewater samples were collected at three
different points (Station 1, 2 and 3) which the reservoir is
divided into for the purpose of this study. Station 1 is the area
of discharge, station 2 is the area covered by macrophytes and
station 3 is the open water were fishing activity takes place.
Wastewater samples were collected in triplicate for the

analysis.

Fish were sampled by the fishermen using various size of gill
net; 27, 2.5” stretched mesh size, Malian traps which was set

at 5.00pm and was retrieved early morning the following day.

Fish were sorted out from the catch as described by Olurin and
Aderibigbe (2006).

Fish tissue sample (muscles and gills) was digested as
described by Oliafa et al.,(2004). Five grams (5g) each from
Ten (10) fish samples was exercised from the tissues and was
weighed with electronic balance (Model: SPU 411) placed in
beaker of 10ml of freshly prepared trioxonitrate v acid (HNOs,
and hydrogen peroxide (H,0;) (1:1) solution.

Collected water samples were digested with 1:1 nitric acid
EPA (1996). The digested water samples were transferred to
centrifuge tube before added with 2ml of 1% Sodium Sulfide
and 30% of Aluminum Sulfate solutions. Water was left for
five minutes before centrifugated at 1500rmp for 20minutes
and the supernatant was discarded. The remaining was treated
with 4ml M nitric acid at 50°C before analysis using FAAS.
Calibration curve: Aqueous stocks solutions was prepared for
cadmium (Cd), Copper (Cu), Lead (Pb), Iron (Fe), Zinc (Zn)
and Manganese (Mn) using the appropriate salts. Six working
standard was prepared in duplicate for each metal by serial
dilution of stock solutions for fish (120) while water samples

was in triplicate for three sample area (54).
RESULTS

A comparative result of monthly variation of Iron
concentration in water muscles and gills shows that Fe
concentration was constantly high in water than in muscles
and gills throughout the period understudy (July to
December). The highest value of 1.62+0.09mg/I was recorded
in water in the month of July and the lowest value of
1.14+0.25mg/l was recorded in September. Gills recorded the
next higher concentration with its highest value of
0.7240.16mg/kg recorded in the month of July and its lowest
value of 0.26+0.07mg/kg recorded in November. Muscles
recorded the lowest concentration of Fe among the three
samples and have its highest value of 0.53+0.18mg/kg in the
month of July and its lowest value of 0.291+0.08mg/kg
recorded in the month of November (Table 1). The correlation
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between Iron in water, muscles and gills were all higher with

the highest observed between the muscles and gills
(r=0.9844). The monthly mean variation for the three samples
ranged from1.3+0.15mg/l for Iron concentration in water and
0.3840.09mg/kg for Iron concentration in muscles (Table 2).
This variation was markedly significant statistically (p<0.05)
and there was no significant difference between muscles and
gills (p>0.05).

Similarly, the comparative results for monthly
variation of Zn in water, muscles and gills revealed that zinc
concentration was also high in water than in both the muscles
and gills almost throughout the period of the study (July to
December). The highest value of 0.47+0.04mg/l was recorded
in water in the month of August and the lowest value of
0.30+0.09mg/l  was recorded in December. Gills
concentration was 0.33+0.05mg/kg in December and
0.2240.25mg/kg in September Muscles recorded the lowest
concentration of Zn among the three samples and have its
highest value of 0.30+0.07mg/kg recorded in the month of
December and its lowest value of 0.21+0.11mg/kg in the
month of September (Table 1). The variables also revealed
high correlation values with the highest observed between the
muscles and gills. The monthly mean variation for the three
samples ranged from 0.40+0.07mg/l for Zn concentration in
water to 0.25+0.03mg/l for Zn concentration in muscles
(Table 2). This variation was markedly significant statistically
(p<0.05) and there is no significant difference between
muscles and gills.

A comparative result of cadmium in water, muscles
and gills again shows a constantly higher Cd concentration in
water than both muscles and gills as observed for the period
understudy (July to December). The highest value of
0.75+0.02mg/l was recorded in water in the month of July
and its lowest value of 0.544+0.02mg/l in the month of
October. Gills recorded its highest mean value of
0.68+0.12mg/kg in September and the lowest value of
0.37+0.12mg/kg in November. Muscles also recorded the
lowest concentration of Cd among the three samples and have

its highest value of 0.62+0.13mg/kg recorded in the month of

August and its lowest value of 0.424+0.08mg/ recorded in the
month of September (Table 1). Also the correlation was high
within the variables and the highest was also observed
between the muscles and gills. The monthly mean variation
for the three samples ranged from 0.6+0.075mg/l for Cd
concentration in  water to 0.55+0.07mg/kg for Cd
concentration in muscles (Table 2). This variation was

markedly not significant statistically (p>0.05).

Concentration variation of manganese is also
revealed higher in water than the muscles and gills for the
period understudy. The highest value of 1.30+0.07mg/l was
recorded in water in the month of August and October and the
lowest value of 0.79+0.08mg/kg was recorded in the month
of July and December. Gills recorded its highest value of
0.5440.11mg/Kkg in the month of August and its lowest value
of 0.3240.08mg/kg in November. Muscles also recorded the
lowest concentration of Mn among the three samples and have
its highest value of 0.42+0.11mg/kg recorded in the month of
July and December and its lowest value of 0.30+0.07mg/kg
recorded in the month of November (Table 1). High
correlation values were observed between all the variables and
the highest was between muscles and gills. The monthly mean
variation for the three samples ranged from 1.08+0.23mg/I for
Mn concentration in water to 0.39+0.04mg/l for Mn
concentration in muscles (Table 2). This variation was
markedly significant statistically (p<0.05) and there is no

significant difference between muscles and gills (p>0.05).

The comparative monthly variation of copper in
water, muscles and gills also revealed that the constantly
higher concentration of copper in water than in both muscles
and gills was observed throughout the period under study. The
highest value of 2.19+0.15mg/l was recorded in September
and its lowest value of 1.404+0.04mg/l was recorded in the
month of July. Gills recorded its highest value of
0.7440.18mg/kg in July and its lowest value of
0.29+0.13mg/kg + in November. Also muscles recorded the
lowest concentration of copper and its highest value of

0.7440.18mg/kg in the month of July and its lowest value of
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0.35+0,07mg/kg in the month of November and December

(Table 1). Correlation was highest between muscles and gills.
The monthly mean variation for the three samples ranged from
1.81+0.31mg/l for copper concentration in water to
0.481+0.14mg/kg for concentration of copper in both muscles
and gills (Table 2). This variation was markedly significant
statistically (p<0.05) with also no significant difference

between muscles and gills (p>0.05).
DISCUSSION

Iron (Fe) is required for the nutrition of fish and is essential
for its metabolism (NRC, 1993; Canli and Atli, 2003);
however, the amount present in these fish is within the safety
limits recommended by WHO for fish, i.e 43mg/kg (WHO,
2003; FAO,1985; APHA, 1990). The concentration of this
metal observed in this study is higher in wastewater than in
fish tissue (muscles and gills) which shows that water is the
reservoir of pollutants. The highest concentration observed in
water was 1.62+0.07mg/l while in the fish tissue, gills
recorded 0.72+0.16mg/kg and the muscles recorded
0.53+0.18mg/kg all in the month of July. The presence of
high concentration of Fe in the gills than muscles, agrees with
Karuppasamy (2000) and Nussey (2001). Bogul (1997)
reported the reduction in chemical parameters (Protein,
Carbohydrate and Lipids) contents of the muscles and gills of
fish when exposed to Iron for days. The correlation observed
between the tissues might be as a result of the gills being the
organs of respiration is always in contact with the metals in

water and the unique nature of iron metabolism.

Zinc (Zn) is a nutritional requirement for aquatic animal
growth and essential for metabolism (NRC, 1993; Canli and
Atli, 2003). The concentration of Zinc in wastewater is also
higher throughout the study than in the tissue (muscles and
gills). The acceptable range of zinc in fish according to WHO
(2003), FAO (1985) and APHA (1990) is within the range of
10-100mg/kg. The accumulation of zinc observed in this study
is therefore not a hazard. The highest concentration observed

in water was 0.47+0.04mg/l in the month of September,

while in fish tissue, the gills recorded the highest value of
0.33+0.18mg/kg in December and the muscles recorded
0.30+0.07mg/kg as its highest in December which also
agrees with Karuppasmy (2001). Water being the reservoir of
these metals has the highest concentration while the gills

concentration may be due to its respiration function.

Although zinc is an essential element as it is carefully
regulated by physiological mechanism in most organism. It is
also regarded as potential hazards that can endanger animal
health. Agency for Toxic Substances and Diseases Registry
(ATSDR, 2005) states that ingesting high levels of zinc for
several months may cause anemia, damage pancreas and
decrease level of high density lipoprotein (HDL) cholesterol.
Bogul, (1997), reported that biomonitoring of these metals is

necessary for safe environment in the future.

Manganese is relatively non-toxic to aquatic biota and is
seldom a problem in fish (USEPA, 1975). The mean value
concentration is also observed to be higher in wastewater than
in the fish tissue (muscles and gills) throughout the period of
study. Roth (2006) reported that the exposure to high level of
manganese causes toxicity and decreases the fitness of the
organism. The acceptable limit of manganese in fish according
to WHO (2003), FAO (1985) and APHA (1990) is 1.0mg/kg
which the values obtained in this study are within the
acceptable limit. The highest value recorded in water was
1.30+0.07mg/! in August as well as in September, while the
highest value in fish tissue was also observed in gills
0.54+0.11mg/kgin August and the muscles recorded
0.4240.11mg/kg in July and December. Nussey (2001),
reported that Manganese and Nickel behave similar to
chromium when present in fish which affects the growth and

reproduction even in sub-lethal level.

Cadmium have no Biological role and hence non-essential
(Metcalf and Eddy, 2003; Hussein et al., 2005). The mean
monthly concentration of cadmium observed also revealed that
wastewater have the highest concentration as compared to the
fish tissue (muscles and gills) throughout the study period.

Lethal concentration of cadmium in water may vary greatly,
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since the cadmium accumulation in fish depend on water

quality (pH, DOC, etc), and sensitivity of the fish species
(Hollis et al., 1999). Hollis et al., (1999) also reported that
cadmium is considered to be a respiratory toxicant. Sangalang
and Freeman (1979) also reported that cadmium is a
nephrotoxicant for fish. The acceptable limit of cadmium in
fish according to WHO (2003), FAO (1985) and APHA
(1990) is 0.05mg/kg and limit observed in this study exceed
the permissible limit. The highest value recorded in water was
0.7510.02mg/! in July while the gills recorded the highest in
fish tissue with a value of 0.68+0.12mg/kg in the month of
September and muscles recorded its highest value of
0.62+0.13mg/kg in August. Vijaran (1998), reported that
cadmium reduces the glycogen content in the muscles and
liver of the fish, it inhibit the acid phosphate activity when
present in the liver. Ruparallia et al., (1992), observed that
cadmium behave in similar to Mercury when present in the
tissue of fish by showing reduction in feeding, growth, oxygen

consumption, and protein and SDH activity.

Copper (Cu) is also a nutritional requirement for aquatic
animal growth and essential for metabolism (NRC, 1993;
Canli and Atli, 2003). The concentration of Cu is higher in
water than in fish tissue (muscles and gills) as also observed
throughout the study period. The values in the fish tissue were
well within the acceptable safe levels of 3.0mg/kg
recommended by WHO (2003), FAO (1985) and APHA
(1990). According to Beyer et al (2000), Cu at sub lethal

concentration in fish decreases survival growth, productivity

CONCLUSION AND RECOMMENDATION

This study found that the wastewater is a reservoir for
heavy metals and the fish (Clarias gariepinus) was

found to have accumulated heavy metals to various

and mainly accumulates in gills and liver. The highest value
observed in water was 2.19+0.15mg/l while the muscles
recorded the highest value in fish tissue with its highest
monthly mean of 0.74+0.18mg/kg in July and the gills also
recording its highest value of 0.74+0.18mg/kg also in the
month of July. Gills are the organ of respiration and are
always in contact with these metals. According to Wood
(2001), the blood pH of fish was increased because of
metabolic alkalosis in copper sub-lethal exposure, which may
reflect in internal build up of ammonia in the plasma and
tissue, a phenomenon that has indicated in reduced swimming
performance. Furthermore, the decreased aerobic swimming
performance of the fish may reflect changes in gills
morphology, such as epithelial lifting, lamellar fusion,
necrosis and apoptosis that is caused by cotisol (Bury et al.,
1998). Patil and Dhande (2001) reported the effect of copper
on reduction of cholesterol in the ovary of a fresh water fish,
suggesting possibility that the heavy metal either block
hormone action or the complex enzymes responsible for
vitellogenesis. Also that copper induces hyperplasia in the

kidney of a fish and reduces gonadosomatic index.

Lead which also have no biological role and hence non-
essential (Metcalf and Eddy, 2003; Hussien et al., 2005), has
been below detection limit in both water samples and fish
tissue (muscles and gills) throughout the period of this study.
The acceptable limit in fish tissue is 0.2mg/kg (WHO, 2003;
FAO, 1985; APHA, 1990).

degrees in their tissue (muscles and gills) which is
bioindicator for aquatic pollution. Therefore
environmental quality and wastewater discharge
regulations should be adhere to international standard
for proper wastewater aquaculture and fisheries
management in the region.
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Table 1: Monthly Variation in the Concentration of Heavy Metals in Coca Cola Wastewater

Reservoir

July August September | October November | December | SEM
Iron 1.62 1.43 1.14 1.43 1.35 1.23 0.068928
Zinc 0.45 0.47 0.45 0.41 0.31 0.30 0.030596
Manganese | 0.79 1.30= 1.28¢¢ 1.304¢ 1.03pe 0.79» 0.10124****
Cadmium | 0.752 0.66 0.68 0.54> 0.56v 0.68 0.032634**
(ug/l)
Copper 1.40v 2.072 2,19 2.072 1.53v 1.59» 0.138382%***
Lead ND ND ND ND ND ND

Table 2: Heavy metals concentrations in reservoir water, fish muscles and gills

Heavy metals WATER MUSCLES GILLS
IRON 1.372 0.38° O.44v
ZINC 0.40¢ 0.25 0.27°

CADMIUM 0.65 0.55 0.57

MANGANESE 1.08° 0.39 0.45

COPPER 1.810 0.48° 0.48°
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