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Abstract

This study assessed heavy metal concentrations in water and Tilapia zilli as bioindicator of pollution
in Warwade reservoir for a period of sixth months; from Match to August, 2024. Three (3) sampling
sites were selected along the course of the reservoir for the collection of water and Tilapia zilli samples;
A, B and C. Water samples were collected using grab method and concentrations of copper (Cu),
chromium (Cr), cadmium (Cd), and lead (Pb) were analyzed. Fish samples were collected using gill
nets with the help of the fishermen and the target organs (gills, liver and muscles) were removed,
processed and the concentrations of heavy metals; Cu, Cr, Cd and Pb were analyzed using Atomic
Absorption Spectrophotometer. The results obtained reveal that heavy metal concentrations in the
assayed water samples ranged from 0.03 to 1.14 mg/L for Cu, 0.03 to 0.27 mg/L for Cr, 0.02 to 0.07
mg/L for Cd, and 0.02 to 0.69 mg/L for Pb. While in fish tissues, the highest concentration occurred in
the liver, followed by gills and muscles. The concentrations of heavy metals in fish tissues exceeded
WHO permissible limits, indicating bioaccumulation and potential health risks to consumers.
Bioaccumulation factor (BAF) followed the order Pb > Cu > Cr > Cd. The findings highlight
environmental contamination in the reservoir and the utility of Tilapia zilli as a bioindicator of
pollution. To mitigate public health risks and ecosystem damage, the study recommends enforcement of
environmental regulations to control heavy metal discharge into the reservoir, along with continuous
monitoring of water quality and aquatic organisms.

Keywords: Heavy metals, Bioaccumulation, Bioindicator, Pollution, Warwade Reservoir.

*Author for Correspondence
M. Jabiru et al, DUJOPAS 11 (4c): 329-338, 2025 329


mailto:jabirfamfo1@gmail.com

Assessment of Heavy Metal Concentration in Water and Tilapia Zilli as Bioindicator of Pollution in Warwade

Reservoir, Jigawa State, Nigeria

INTRODUCTION

Pollution of aquatic environments is a global issue that needs immediate attention (Dane and
Sisman, 2017). Monitoring and assessment of water pollution has become a great area of
concern globally due to the direct implications of water pollution on human's health and the
entire ecosystem (Jayaswal et al., 2017). Pollution of aquatic environment with heavy metals
from both natural and anthropogenic sources is a major threat to the survival of aquatic
organisms like fish due to their toxic nature, bioaccumulation, and biomagnifications via food
chain (Sonone et al., 2020). Pollutants release into aquatic environment such as industrial,
domestic and agricultural wastes can cause various detrimental effects on the aquatic biota
such as fish (Rajak et al., 2024). Pollutants from these activities were known to contain heavy
metals such as copper (Cu), chromium (Cr), and lead (Pb) which inevitably have an impact
on the entire aquatic ecosystem (Habu et al., 2021).

In aquatic ecosystem fish can absorb dissolved elements and heavy metals from surrounding
water and food, thereby accumulate in various tissues and organs in significant amounts (EI-
shaer and Alabssawy., 2019). The accumulation of toxic heavy metals in various organs of fish
can cause structural lesions and functional disturbances (Kumar et al., 2023). Fishes are used
to determine the health condition of aquatic ecosystem because it can be obtained in large
quantity, and have potential to accumulate heavy metals, long lifespan with optimum size for
analysis and easy to sampled (lyiola et al., 2024). Monitoring heavy metal contaminations in
water bodies using fish tissues are considered as one of the most indicative factors for
estimation of heavy metal pollution in fresh water systems, since heavy metal
concentrations in tissues reflects past and present exposure (Kadim and Risjani, 2022). Tilapia
zilli is one of the most abundance and commonly consumed fish in Warwade reservoir and
has the ability to accumulate heavy metals in their tissues and can cause chronic and acute
diseases to humans via food chain (Ogoko et al., 2022). The reservoir was neglected and given
less attention by many researchers and there is little or scanty data on heavy metals'
concentrations of the reservoir. Therefore, continuous monitoring and assessment of
potentially toxic heavy metals in water and fish is important for both environmental and
public health (Maurya et al., 2019). The present study aimed to assess heavy metal
concentration in the water coupled with using Tilapia zilli as bioindicator of pollution in the
Warwade reservoir, Jigawa State, Nigeria.

MATERIALS AND METHODS

Study Area

This study was carried out at Warwade Reservoir, which is located 15 km South of Dutse, the
capital city of Jigawa State. The Construction of the reservoir began in 1970 under the
administration of Military Governor of old Kano State Audu Bako and completed in 1976 by
Colonel Sani Bello (Dogara et al 2019). The reservoir receives water from three major
tributaries of Dutse, Tsangaya (Jigawa State) and Albasu in Kano State (Saiyadi et al., 2022).
The relief of the area is flat with coordinates of 11° 45' 0" North and 9° 13' 0" East, which
primarily composed of sedimentary formations from the Chad basin. The region experienced
two distinct seasons of wet and dry with long summer and short winter with annual mean
temperature of 31°C. The reservoir's spill way type is a box culvert, with a crest height of 10
meters and a crest length of 2780 meters (Dogara et al., 2019). The reservoir's water has a
muddy substrate which flows gently and is rich in macrophytes and algae (Saiyadi et al., 2022).
The reservoir serves the surrounding communities of Warwade, Sabon GarinAlhaji, Sayasaya,
Jidawa, Zowon Hawa and Gatari who are predominantly farmers and fishermen utilize the
water resources as their sources of livelihood (Dogara et al., 2019). Beside irrigational
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purposes, the reservoir water are also use as drinking water for domestic animals, washing of
wares and clothes.
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Figure 1: Map of Warwade Reservoir Showing Sampling Sites (Source: GIS Lab. Environmental Science Dept.
Federal University, Dutse, Jigawa State, 2024).

Collection and Preparation of the Samples
The collection of water and fish (Tilapia zilli) samples were done for a period of six months
across sampling sites selected in the reservoir from 07:00am to 08:00am.

Collection of Water Samples

The water samples were collected from each sampling station using grab method with aid of
acid prewashed 1-liter polyethylene plastic bottles (Csuros, 2018). The bottles were filled with
1000 cm? water sample each and immediately closed. The water samples were then taken to
the Department of Biological Sciences Laboratory, Federal University Dutse, Jigawa State for
further analysis.

Collection of the Fish Samples

Fish samples were collected using gill nets with the help of the fisher men as adopted by
Ahmad et al. (2018). Sampled fishes were counted and chilled in ice blocks at the point of
collection immediately before taking to the Department of Biological Sciences Laboratory,
Federal University Dutse, Jigawa State for digestion. The fish sampled were identified using
fish identification key prescribed by Olaosebikan and Raji (2004).

Digestion of Water samples for Heavy Metals Analysis (Wet Digestion)

50 mL of each water sample was transferred into a 250 mL beaker, followed by the addition
of 2 mL concentrated HNOs and 6 mL of concentrated HCL. The mixture was heated on a hot

M. Jabiru et al, DUJOPAS 11 (4c): 329-338, 2025 331



Assessment of Heavy Metal Concentration in Water and Tilapia Zilli as Bioindicator of Pollution in Warwade

Reservoir, Jigawa State, Nigeria

plate and allow to evaporate to about 10 mL. The mixture was then allowed to cool, filtered
and transferred to a pre cleaned 50 mL volumetric flask. It was then diluted to the mark with
deionized water. The solution was used for heavy metals analysis to determine the
concentrations of copper (Cu), chromium (Cr), cadmium (Cd), and lead (Pb) using the Atomic
Absorption Spectrophotometer (AAS) as reported by Sufyan et al. (2022).

Digestion of fish tissue samples for Heavy Metals Analysis

The fish samples were dissected and the target organs such as gills, liver and muscles were
carefully removed and oven dried at about 105°C for 24 hours to constant weight. The sample
of each organ was grinded in to powdery form using an agate mortar and pestle. The
powdered samples were sieved and put in a plastic container and stored in desiccators prior
to digestion. 1gram of each sample was weighed and transferred into 250 mL glass beaker and
10 ml of HNO; and H>O, were added and allowed to undergo digestion. The content of the
beaker was heated on a hot plate till dissolution inside a fume hood reduced the volume to
4mL. The digested samples were allowed to cool and filtered in to a conical flask and then
transferred in to 50ml volumetric flask and dilute with deionized water to the mark. The
digested samples of each organ was used for heavy metals analysis to determine the
concentrations of Cu, Cr, Cd and Pb using the Atomic Absorption Spectrophotometer (AAS)
as described by Saiyadi et al. ((2022).

Bio-Accumulation Factor

Bio-accumulation factor (BAF) is defined as the ratio of chemical concentration in the
organism to that in the surrounding water (USEPA, 2014). BAF can be calculated by assessing
the ratio of the internal concentration of heavy metals in aquatic organisms to the

concentration of heavy metals in water using a formula as described by Rabiu et al. (2020).

M tissue
BAF =

M water
Where; M tissue is the metal concentration in fish tissue mg/kg and M water, metal

concentration in water mg/L.

Data Analysis

The data obtained were subjected to one way analysis of variance (ANOVA) to determine the
mean of heavy metals between the months and where differences exist were separated with
Duncan multiple range test (DMRT) at 0.05%. The analysis was performed using SPSS
(V.11.0.1).

RESULTS

Mean Monthly Values of Heavy metals in Water

Table 1 shows the results of monthly mean values of heavy metals in water obtained from
Warwade reservoir March to August, 2024. The concentration of Cu was higher (1.14+0.22
mg/L) in August and lower (0.03£0.01 mg/L) in March. The Cu concentrations differed
significantly at (p< 0.05) between the months. The Cr concentrations fluctuate, with the lowest
value in April (0.03+0.01 mg/L) and the highest in July (0.27+0.14 mg/L). The mean values of
Cr showed significant difference at (p< 0.05) between the months. The Cd levels remained
relatively stable, mostly around (0.04+0.01 mg/L), with a slight increase in August (0.07+0.02
mg/L). The Cd concentrations indicate significant variation across the months at (p< 0.05).
The Pb concentrations showed a drastic increase over time, rising from (0.02+0.01 mg/L) in
March to (0.69+0.10 mg/L) in August. The Pb concentrations confirms that significant
variation existed at (p< 0.05) between the months
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Table 1: Mean Monthly Values of Heavy metals (mg/L) in Water obtained from Warwade
Reservoir, Jigawa State

Month March April May June July August FAO/WHO
(2018)

Copper 0.03+0.01¢  0.04+£0.01¢  0.05£0.01kb  0.08+0.01>  0.12+0.01ab  1.14+0.22a 2.0

Chromium 0.05+0.02¢  0.03+0.01d ~ 0.06+0.02°>  0.09+0.02> 0.27+0.14=  0.12+.0042> (.05
Cadmium  0.04+0.012>  0.04+0.02>  0.04+0.03*®>  0.02+0.01c  0.04+0.012>  0.07+0.022  0.05
Lead 0.02+0.01¢  0.06+0.02°>  0.03+0.01<  0.25+0.11¢  0.49+0.042>  0.69+0.10=  0.05

Mean followed by superscript with different letters along the row are significantly difference at (P<0.05).

Mean Monthly Values of Heavy Metals in the Tissues of Tilapia zilli

Table 2 depicts the results of monthly mean values of heavy metals in fish tissues (Tilapia zilli)
obtained from Warwade reservoir March to August, 2024. The mean concentration of Cu was
observed high in gills during the month of August (1.80+£0.55 mg/kg) and low was recorded
in muscles in month of April (0.06+0.02 mg/kg). The Cu concentrations differed significantly
at (p< 0.05) between the months. Cr concentration was recorded higher in liver during the
month of May (1.29+0.50mg/kg) and lower concentration was observed in muscle in the
month of April (0.02£0.01mg/kg). The mean values showed significant difference across the
months. Cd concentrations was peak in liver in the month of August (0.39+£0.18 mg/kg) and
low concentrations were recorded gills and muscle in March (0.02£0.01 mg/kg). The Cd
concentrations indicate significant variation across the months at (p< 0.05). Pb concentrations
was recorded higher in liver during the month of May (1.00+0.52 mg/kg) and lower in muscle
in the month of March (0.03£0.01 mg/kg). The mean values of Pb showed significant
difference at (p< 0.05) between the months.

Table 2: Mean Monthly Values of Heavy metals (mg/kg) in the tissues of Tilapia zilli
obtained from Warwade Reservoir, Jigawa State

Months Fish tissue Cu Cr Cd Pb
March Gills 0.24+0.11¢ 0.03£0.014 0.02+0.014 0.10+0.05¢
Liver 1.29+0.18b 0.10+0.08¢ 0.04+0.02¢ 0.09+0.04¢
Muscle 0.18+0.11bb 0.04+0.02¢ 0.02+0.01¢ 0.03+0.01¢
April Gills 0.09+0.044 0.25+0.12bb 0.03+0.01¢ 0.42+0.10¢
Liver 1.66+0.272b 0.08+0.014 0.03+0.014 0.45+0.12b
Muscle 0.06£0.024d 0.02+0.014 0.03+0.01bb 0.37+0.08ab
May Gills 0.44+0.022bb 0.36£0.092b 0.12+0.06a 0.58+0.15ab
Liver 1.22+0.33bb 1.29+0.502 0.33+0.153b 1.00+0.52a
Muscle 0.160.08¢ 0.07+0.01bb 0.06+0.01a 0.35+0.16°
June Gills 0.49+0.19 0.28+0.05b 0.04+0.01bb 0.47+0.19vb
Liver 1.15+0.284 0.28+ 0.10p 0.05+0.03bb 0.14+0.05bb
Muscle 0.29+0.090 0.16£0.01ab 0.05+0.01ab 0.06+0.06bb
July Gills 0.61+0.042b 0.50+0.02a 0.06+0.02ab 0.55+0.27°
Liver 1.19+0.36¢ 0.31£0.142b 0.07+0.01b 0.05+0.024
Muscle 0.30+0.04ab 0.27+0.022 0.03+0.01bb ND
August Gills 0.63+0.062 0.17+0.08¢ 0.05+0.01b 0.69+0.22a
Liver 1.80+0.55a 0.22+0.06bb 0.39+0.18a 0.46+0.042b
Muscle 0.49+0.052 0.11£0.05b 0.04+0.01b 0.57+0.162

ND: not detected
Means with different superscript in a column are significantly different at (p< 0.05)
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Bioaccumulation Factor of Heavy Metals in the Tissues of Tilapia zilli

BAF of heavy metal concentrations in water decreased in the order of Pb > Cu > Cr >Cd. BAF
for Cu was recorded high in liver (1.39 mg/L) and low levels were recorded in gills (0.42
mg/L) and muscle (0.25 mg/L). Higher Cr concentration was found in the liver (0.37 mg/L),
followed by gills (0.26 mg/L) and muscle (0.11 mg/L). Highest accumulation of cadmium was
observed in liver (0.14 mg/L), followed by gills (0.05 mg/L) and muscle (0.03 mg/L). Higher
concentration of Pb was found in the gills (0.47 mg/L), with lower concentrations in liver (0.36
mg/L) and muscle (0.23 mg/L). BAF in liver tissues decreased in the order of Cu > Cr >Pb >
Cd (Table 3)

Table 3: Bioaccumulation factor of heavy metals in the tissues of Tilapia zilli obtained from
Warwade reservoir, Jigawa State

Heavy Metals Water Gills Liver Muscle BAF FAO/WHO
Con centration(mg/L) (2018)
Copper 0.24 0.42 1.39 0.25 2.85 2.0
Chromium 0.10 0.26 0.37 0.11 1.73 0.05
Cadmium 0.04 0.05 0.14 0.03 0.94 0.05

Lead 0.26 0.47 0.36 0.23 1.71 0.05

BAF = Bioaccumulation Factor

DISCUSSION

Heavy Metal Concentrations in Water

The Cu concentrations observed in the study area may be attributed to surface runoff, which
introduces contaminants from agricultural and industrial sources into the reservoir (Sagagi
and Bello, 2022). The Cu concentrations across the months were within the recommended
permissible limit of 2.0 pg/g set by FAO/W H O (2018) for aquatic organisms, supporting
ecosystem health. Increase in Cr concentrations was observed in the reservoir during the
sampling months could be linked to leaching from surrounding soils and also due to the
deposition of domestic waste containing colored polythene bags, discarded plastic materials
and empty paint containers which were reported to contain chromium sulfate among other
derivatives carried by rainwater (Ahmed et al.,, 2024). Cr concentrations recorded in the
reservoir are higher than standard limit of 0.05 set by FAO/WHO (2018) and lower than 0.206
mg/ L reported by Shehu et al. (2023) in Wasai reservoir, Kano State. Cd concentrations slightly
increase across all the months may be due to the geological pattern in the study area, surface
runoff or anthropogenic activities such as agrochemicals inputs around the reservoir could
contribute to elevated cadmium concentrations (Samira and Nafiu, 2024). Cd concentrations
in the study area slightly exceeded the recommended permissible limit but lower than 0.67 +
0.01 mg/L obtained by Saiyadi al. (2022). Lead concentrations demonstrated a sharp rise
during the sampling months which could be attributed to the discharge of untreated
municipal, vehicular emissions, agricultural and urban effluent into the reservoir, which
become more pronounced during heavy rains (Rilwanu, 2021). Pb concentrations observed in
the study area exceeded the recommended permissible limit of 0.05 set by FAO/WHO (2018)
and lower than 1.80 + 0.11 mg/L reported by Saiyadi et al. (2022) from Warwade reservoir,
Dutse, Jigawa State. The presence of these metals in the reservoir above standard limits cause
serious detrimental effects on fish and aquatic ecosystem health. (Bera et al., 2022).

Heavy Metal Concentration in the Tissues of Tilapia zilli

The Cu concentrations in all the tissues examined were below the recommended limit of Cu
2mg set by FAO/W H O and pose no risk for human consumption. The low levels of Cu
recorded may be attributed to the low contamination sources and lack of wide spread
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industries within the vicinity of the reservoir that involve in production of perfumes, oils and
fats, cement-making, quarrying and brickmaking which release Cu as their byproduct
Ahmad et al. (2018). The high levels of Cr recorded in liver might be due to the predatory
feeding habit of the examined fish, leading to metal enrichment at high trophic levels as
reported by Nsofor et al., (2014). Cr concentrations recorded in the reservoir are higher than
permissible limit of 0.05 mg/Kg set by FAO/WHO but lower than the 2.15 mg/kg obtained
by Rabiu et al. (2020) in the gills of Clarias gariepinus from Jakara reservoir, Kano Sate.
Exposure to chromium can lead to Cr based diseases such as Cr poisoning, ulcer, allergic
dermatitis, lung cancer, liver necrosis, brain damage, bleeding of the gastrointestinal tract,
kidney problems and premature death (Saravanan et al., 2024). The high Cd concentrations in
the fish tissues examined might be due to contamination of fish by waste water containing
phosphate pesticides and other domestic sewage which are regarded as prominent sources of
Cd pollution in the water (Sonone et al., 2020). Cd values recorded exceeded the recommended
permissible limit of 0.05 mg/Kg set by FAO/WHO but lower than 0.045+0.008 mg/kg
reported by Yahaya et al. (2022) in the head of Tilapia zilli obtained from Epe Lagoon, Lagos
State. The presence of Cd in all tissues, even in small amounts, is concerning due to its high
toxicity and ability to disrupt biological functions. The high concentrations of Pb observed in
the liver and gills may be attributed to the introduction of agrochemicals, leaded gasoline by
vehicles, paints and cosmetics particles into the reservoir (Ray and Shaju, 2023). Pb values
recorded in the fish tissues (gills and liver) were above the recommended limit but are in line
with the values obtained by Saiyadi et al. (2022) who reported 0.28 £0.11t01.1.25+1.01mg/kg
in the tissues of Clarias gariepinus from Warwade reservoir, Dutse, Jigawa State. High exposure
to Pb has been attributed to lead poisoning which include hypertension, renal dysfunction,
fatigue, sleeplessness, abdominal pain, loss of appetite, headache, arthritis, and hallucination.
In chronic situations, birth defect, muscular weakness, paralysis, mental retardation, weight
loss, nausea and seizures (Collin ef al., 2022).

Bioaccumulation Factor of Heavy Metals in the Tissues of Tilapia zilli

BAF of heavy metal concentrations in water decreased in the order of Pb > Cu > Cr >Cd. BAF
recorded were above the standard set by FAO/WHO (2018) except Cu (0.24 mg/L) and Cd
(0.04). BAFs of heavy metal concentrations in the tissues of Tilapia zilli examined exceeded the
permissible limits set by FAO/WHO (2018) except Cu and Cd in gills (0.05) and muscle (0.03).
The bioaccumulation levels in the fish tissues are order of liver > gills > muscle especially for
Cu, Cr, and Cd. This pattern suggests the liver's role in metal detoxification, as it is a primary
organ for metal metabolism and storage (Ray and Vashishth, 2024). The BAF recorded is
slightly lower than 3.06 reported by Henry et al. (2023) from Issiet River, Uruan, Nigeria.

CONCLUSION AND RECOMMENDATIONS

The study showed that the reservoir is moderately polluted with heavy metals, particularly
Chromium and Lead, which were found in concentrations above international safety limits
both in the water and fish tissues. The use of Tilapia zillii as a bio-indicator proved effective,
showing bioaccumulation trends that align with water quality variations. The high
concentrations of heavy metals in fish tissues, especially the liver, raise concerns about human
consumption and aquatic ecosystem health. It also indicating the reservoir's exposure to
anthropogenic contamination sources which may affects the health and wellbeing of fish.
Consumption of this aquatic biota may pose health risk to consumers. To mitigate public
health risks and ecosystem damage, the study recommends enforcement of environmental
regulations to control heavy metals discharge into the reservoir, along with continuous
monitoring of water quality and aquatic organisms.
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