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Abstract

This study assessed the pollution status of Kafin Gana Dam by evaluating the bioaccumulation of heavy
metals in water and in the gills, muscle, and liver tissues of Tilapia zilli from March to August 2024.
Water and fish samples were collected fortnightly from three sampling points, designated Sites A, B,
and C, between 7:00 and 7:30am over a six-month period covering both dry and wet seasons. Heavy
metal concentrations in water samples followed the order: Lead (Pb) at 0.94 mg/L, Zinc (Zn) at 0.77
mg/L, Copper (Cu) at 0.71 mg/L, and Cadmium (Cd) at 0.56 mg/L. These values exceeded the
permissible limits set by the World Health Organization (WHO) for safe water use. Analysis of fish
tissues revealed that the liver accumulated the highest concentrations of Pb (1.54 mg/L) and Zn (0.90
mg/kg), reflecting its role in detoxification and its potential use as a bioindicator organ. The lowest
levels were observed for Cu (0.79 mg/L) and Cd (0.50 mg/L). Statistical analysis showed that only Cu
exhibited significant variation across months and seasons (p < 0.05), while Pb, Cd, and Zn remained
relatively constant (p > 0.05). Seasonal trends showed that Pb and Cu concentrations were higher
during the wet season, likely due to increased surface runoff, while Cd levels peaked during the dry
season. The study highlights the increasing risk of freshwater contamination due to heavy metal
pollution, which poses significant threats to aquatic life, ecosystem, health, and human safety. Kafin
Gana Dam, a critical source of water for domestic, agricultural, and fishing activities, is at risk from
unchecked anthropogenic inputs. The findings underscore the need for immediate intervention,
including stringent control of waste discharge and continuous environmental monitoring to prevent
long-term ecological degradation.
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INTRODUCTION

Heavy metal toxicity refers to the accumulation of metals in tissues or cells, causing harmful
effects from short- or long-term exposure (Sani ef al., 2022). Heavy metals in water bodies
mainly originate from agricultural, industrial, municipal, and urban runoff wastewater

*Author for Correspondence
N. Abbas et al, DUJOPAS 11 (3b): 72-79, 2025 72



Assessment of Heavy Metal Concentrations as Indicator of Pollution in 7ilapia Zilli of Kafin Gana Dam, Jigawa
State-Nigeria

(Jagaba, et al., 2021). Rising heavy metal levels in surface waters have become a significant
issue in Jigawa State (Hassan and Ibrahim, 2021). Due to their toxicity, persistence,
bioaccumulative nature, and non-biodegradability, heavy metals are major aquatic pollutants
(Edo et al., 2024). Freshwater bodies are crucial for ecosystems, human livelihoods, and
agriculture(Yusuf et al., 2021), yet their integrity is increasingly threatened by anthropogenic
pollutants, particularly heavy metals, which degrade water quality and pose health risks
through bioaccumulation in aquatic organisms and entry into the food chain.

Kafin Gana Dam is a vital water source for domestic, agricultural, and fisheries activities.
However, there is limited empirical data on heavy metal contamination in this aquatic system.
The presence of heavy metals such as Lead (Pb), Cadmium (Cd), Copper (Cu), and Zinc (Zn)
is particularly concerning due to their toxicity, persistence, and bio accumulative properties
(Bashir et al., 2020).

MATERIAL AND METHODS

Study Area

This study was conducted at Kafin Gana Dam, located 25 km south of Dutse, the capital of
Jigawa State (Figure 1). Kafin Gana lies between Birnin Kudu and Dutse local government
areas at latitude 11°30'N and longitude 9°21'E, within the Sudan savannah ecological zone of
Nigeria. The region experiences two distinct seasons wet and dry with long summers and
short winters and an annual mean temperature of 31°C. The dam’s main water source is
rainwater, supplemented by tributaries from neighboring villages including Tsamiyar
Tannaga, Auzara, and Kantoga. The dam contains a muddy substratum and gently flowing
water. Surrounding communities primarily consist of farmers and fishermen who depend on
the dam for their livelihoods, often leading to overexploitation of its resources (Maria ef al.,
2022).
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Figure 1: Location of the Study Area
Source: GIS Centre, Federal University Dutse
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WATER SAMPLE COLLECTION AND ANALYSIS

Water samples were collected monthly from predetermined sampling points across the dam
using clean, acid-washed polyethylene bottles. Each bottle was rinsed thoroughly with the
dam water before collection to avoid contamination. The collected samples were preserved
immediately by acidifying with concentrated nitric acid (HNO:) until laboratory analysis. In
the laboratory, water samples were digested, filtered, and then analyzed for heavy metal
concentrations using Atomic Absorption Spectrophotometry (AAS), following standard
procedures recommended by APHA (2005).

FISH SAMPLE COLLECTION AND TISSUE PREPARATION

Live Tilapia zilli specimens were caught monthly using gill nets and transported to the
laboratory. Gills, liver, and muscle tissues were dissected, rinsed with deionized water, oven-
dried at 105°C until constant weight, ground to a fine powder, sieved, and stored in
desiccators. Samples were digested, filtered, and diluted to 20 ml. A portion of (10ml) of the
samples was then analyzed using microwave plasma atomic spectroscopy (MP-AES) to
measure the concentrations of Pb,Cd, Cu, and Zn at the Center for Dry Land Agriculture
(CDA) at Bayero University, Kano.

STATISTICAL ANALYSIS

Data were analyzed using one-way Analysis of Variance (ANOVA) to assess significant
differences in heavy metal concentrations across months, seasons, and fish organs, with
significance set at p < 0.05. Means were compared using Duncan’s Multiple Range Test
(DMRT) where applicable. Analyses were conducted using SPSS version 20.0

RESULTS

Tablel revealed the mean monthly Pb, Cd, Cu and Zn concentrations in surface water of Kafin
Gana Dam, Jigawa State. The mean monthly range of Pb values increase across the months
from March 0.39mg/1 to July 0.94mg/L, followed by a slight decrease in August 0.69mg/L.
Cadmium concentrations increased sharply from March 0.01mg/L to June 0.56mg/L. Mean
monthly values of copper rose steadily recording lowest in March 0.10mg/L and highest in
July 0.7lmg/L and slightly declined in August 0.14mg/L. Zinc concentrations fluctuated,
peaking in July at 0.77mg/L and drops in April at 0.29mg/L. The mean monthly Pb, Cd, Cu,
and Zn values indicates a significant difference respectively across the months.

Table 1: Mean Monthly variations of Heavy metals (mg/L) in water obtained from Kafin
Gana Dam, Jigawa State

Heavy March April May June July August WHO P-
Metals value
Pb 0.39+0.03 0.71+0.18 0.67+0.13 0.92+0.02 0.94+0.02 0.69+0.24 0.01 0.001
Cd 0.01+0.00 0.07£0.22 0.04£0.18 0.56+0.25 0.06+0.21 0.48+0.24 0.003  0.021
Cu 0.10+0.07 0.22+0.10 0.20+0.12 0.17+0.23 0.71£0.10 0.14+0.28 2.0 0.045
Zn 0.55+0.14 0.2910.12 0.65+0.15 0.40£0.17 0.77+0.11 0.65+0.11 3.0 0.003

The monthly variation of heavy metal concentrations in fish tissues recorded from Kafin Gana
Dam is presented in Table 2. Pb recorded highest in July from liver tissue 1.54+0.34mg/L,
while the lowest value of 0.26+£0.80mg/L was obtained in April from Gills tissues. Lead (Pb)
concentrations revealed no significant difference across months in all organs. Monthly
variation revealed no significant difference for Cd in Liver, with the highest mean value
during August at 0.50+£0.28mg/L compared to the lowest mean value for muscle during
March at 0.05+0.02mg/ L. The highest monthly mean concentrations for Cu were found in the
Gills during July at 0.79+0.39 mg/L, while the lowest monthly mean value for Cu was
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recorded in the muscle tissue during March at 0.07+0.03mg/L. The mean monthly
concentrations for Zn were recorded highest in the Liver during July at 0.90+0.41mg/L and
lowest in muscle during April at 0.24+0.29mg/L. Zn levels did not show significant
differences across months.

Table 2: Mean Monthly variations (mg/kg) of Heavy metals in Fish Tissues obtained from
Kafin Gana Dam, Jigawa State

Months Organs Cu Pb Cd Zn
Gills 0.54+0.09¢ 0.73+0.20¢ 0.07£0.054 0.31£0.32d
March Muscle 0.0740.034 0.73£0.37ab 0.05+0.024 0.66£0.47ab
Liver 0.42+0.020 1.00£1.08> 0.34+0.20¢ 0.72£0.12ab
Gills 0.46+0.114 1.08+0.57ab 0.29£0.31a 0.43+0.19¢
April Muscle 0.45£0.052b 0.83+0.05ab 0.15+0.10ab 0.24+0.294
Liver 0.20£0.994 0.78+0.66¢ 0.38+0.494b 0.34+0.574
Gills 0.66+0.26> 0.26+0.804 0.20£0.37ab 0.85+0.41~
May Muscle 0.6540.192 0.45+0.44° 0.38+0.082 0.25+0.57¢
Liver 0.44+0.614b 1.10£0.69ab 0.36+0.44b 0.57+0.28>
Gills 0.65+0.18> 1.06+0.55ab 0.16£0.53¢ 0.63+0.47>
June Muscle 0.35+0.02b 0.27+0.56¢ 0.29+0.332 0.45+0.18
Liver 0.43+0.49b 0.32 £0.594 0.41+0.22ab 0.54+0.55¢
Gills 0.68+0.10ab 0.86+0.100 0.18+0.72b 0.83+0.49ab
July Muscle 0.39£0.563b 0.2740.294 0.07£0.34¢ 0.89+0.172
Liver 0.33+0.61¢ 1.54+0.342 0.33£0.274 0.90+0.412
Gills 0.79+0.392 1.24+0.302 0.24+0.362b 0.81+0.142b
August Muscle 0.3440.60¢ 0.9840.38~ 0.08+0.67> 0.33+0.65¢
Liver 0.73+0.462 1.12+0.39ab 0.50+0.282 0.79£0.21ab

abcd: Means on the same column having different superscripts are significantly different =
significant at P<0.05; and NS = not significant at P>0.05, +SEM=Standard Error of means

Seasonal variation of heavy metals in Kafin Gana Dam is presented in Table 3: The mean
concentration of Pb was higher in the wet season, 0.71mg/L, compared to the dry season, with
a mean value of 0.62mg/L. Pb concentration differed between seasons, indicating no
significant difference (P>0.05). Seasonally, the highest mean Cd concentration of 0.43mg/L was
obtained during the dry season, while 0.30mg/L was recorded as the lowest in the wet season.
Seasonal variation of Cd indicates no significant difference between seasons. The seasonal
variations in the mean Cu concentrations were slightly higher in the dry season, 0.41mg/L,
compared to the wet season, with a mean value of 0.37mg/L. Statistically, there was no
significant difference in Cu concentration between the seasons. The mean seasonal variation of
Zn showed that the wet season had 0.64mg/L while 0.48mg/L was recorded during the dry
season. Statistically, Zn revealed no significant difference between the two seasons.

Table 3: Seasonal variation of Heavy metal Concentrations in water(mg/L) across seasons

Heavy Metals DRY WET WHO max P-value
limit

Pb 0.62+0.09 0.7110.07 0.01 0.14

Ccd 0.43+0.15 0.30£0.15 0.003 0.47

Cu 0.41+0.11 0.37+£0.12 2.0 0.85

Zn 0.48+0.05 0.6410.15 3.0 0.21

The mean concentration of Pb was slightly higher in the liver during the wet season with a
mean value of 1.46mg/kg, followed by the concentration of Pb in muscle during the wet
season at 1.37mg/ kg, the lowest mean value of Pb was recorded in the gills during dry season
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with a mean value of 1.15mg/L, Pb concentration did not differ in any organ across seasons
(Table 4). Seasonally, the highest mean Cd concentration in gills was obtained during the wet
season at 1.41mg/L, while a mean value of 1.35mg/L was recorded in muscle during the wet
season. Cd concentrations increased in the liver during the damp season at 0.90mg/L
compared to the dry season at 0.65mg/L. The seasonal variations in the mean Cu
concentrations indicated that the dry season had the highest mean value of 1.99mg/L, the wet
season was recorded at 1.77mg/L in the liver, followed by 1.14mg/L in the gills during the
wet season. Cu concentrations nearly doubled in the damp season by 0.92mg/L compared to
the dry season by 0.48mg/L. The mean seasonal variation of Zn concentrations almost
doubled in the liver during the wet season 2.18mg/L compared to the dry season 1.21mg/L
followed by Zn concentrations in gills during the dry season 1.56mg/L, and the lowest mean
value of Zn concentrations was recorded in the muscle during dry season with a mean value
of 1.03mg/ L. Statistically, no significant difference across seasons for Cd, Cu and Zn levels in
any organ (P>0.05)

Table 4: Mean Seasonal variations (mg/kg) of Heavy Metal Concentrations in Fish Tissues

Organs Season Pb Cd Cu Zn

Gills Dry 1.1540.31 0.77£0.30 0.75£0.10 1.56+0.25
Wet 1.26+0.21 1.41+0.31 1.15+0.21 1.15+0.21

Muscle Dry 1.15%0.23 0.85+0.38 0.48+0.07 1.55+0.27
Wet 1.37+0.25 1.35+0.30 0.92+0.27 1.03+0.21

Liver Dry 1.35+0.45 0.65+0.17 1.99£0.39 1.21+0.20
Wet 1.46+0.24 0.90+0.20 1.77£0.23 2.18+0.26

DISCUSSION:

Heavy Metal Concentration in Water

The heavy metal concentration in the surface of Kafin Gana Dam water decreased in the order
of Pb > Zn > Cu > Cd which is in harmony with the findings of (Ahmad et al., 2019), with peak
values recorded during the wet season, particularly in July (Pb 0.94 mg/L, Zn: 0.77 mg/L, Cu:
0.71 mg/L, Cd: 0.56 mg/L). This trend suggests a substantial anthropogenic influence, likely
due to increased agricultural runoff, leaching from nearby settlements, and seasonal surface
water inflow during rains. Lead (Pb), being the most dominant, poses significant ecological
and public health concerns due to its persistence and toxicity even at low concentrations (Edo
et al., 2024).

The elevated Cu and Zn concentrations during the wet season can be attributed to the influx
of agrochemical-laden runoff, as fertilizers and pesticides often contain these metals (Kumar
et al., 2020). Cadmium (Cd), however, peaked during the dry season, possibly due to reduced
dilution effects and accumulation from continuous input sources (Zuhra et al., 2024). Similar
seasonal patterns have been observed in other Nigerian surface waters, where lower water
volumes during dry periods lead to metal concentration buildup (Rabiu et al., 2018).

Despite these variations, only copper (Cu) showed a statistically significant difference across
the sampling months (p < 0.05), while Pb, Cd, and Zn variations were not significant (p >
0.05), indicating a relatively stable yet concerning level of contamination over time.

Heavy Metal Concentration in Fish Tissues

Fish, particularly Tilapia zilli, serve as reliable bioindicators for monitoring aquatic pollution
due to their ability to bioaccumulate metals in tissues. In this study, metal accumulation was
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organ-specific, following the pattern: Liver > Gills > Muscle, similar previous studies that
emphasize the liver's role in detoxification and metal sequestration (Kwong, 2024).

Lead (Pb) showed the highest concentration in liver tissues during the wet season, reaching
1.54 mg/kg. High concentrations of Pb in the liver might be due to its role as a detoxifying
organ and its proximity with external environment which enhances its diffusion into the liver
tissues, thereby increasing its permeability and ultimately high potential to accumulate within
tissues. Similar high concentrations of Pb in fish tissues was reported by (Saiyadi et al., 2022)
from Wasai and Tiga reservoirs respectively. Introduction of agrichemicals, leaded gasoline
by vehicles, paints and cosmetics particles into the dam might also facilitate high Pb
concentration in fish tissues examined. Cadmium accumulation was generally lower but
showed a slight increase in the liver during the wet season (0.90 mg/L), indicating possible
trophic transfer and exposure via contaminated water and sediment.

Copper (Cu) levels were significantly higher in gills (0.79mg/L in August), which may result
from direct metal absorption from water through the gill epithelium (Chugh, et al., 2022). Zn
concentrations, while within moderate range, also peaked in the liver during the wet season
(2.18 mg/L), underlining the organ’s central role in handling metal stress.

The accumulation of metals in muscle tissues, although lower, cannot be overlooked due to
the implications for human health, especially among local consumers who rely on fish from
the dam as a dietary staple(Ajala et al., 2022). Chronic exposure through consumption may
result in bioaccumulation in humans, increasing risks of nephrotoxicity, neurotoxicity, and
other systemic effects (Ramirez Ortega et al., 2021).

CONCLUSION AND RECOMMENDATIONS

This research indicates that Kafin Gana Dam experiences moderate contamination from heavy
metals, especially Lead (Pb) and Cadmium (Cd), with levels in water and Fish (Tilapia) tissues
surpassing WHO allowable limits. The bioaccumulation was most pronounced in the liver,
followed by the gills and muscle, underscoring the liver's function as a bioindicator. Seasonal
variations demonstrated elevated Pb and Cu concentrations during the wet season due to
runoff, while Cd was more evident in the dry season. Despite only Cu showing statistically
significant changes, the continual presence of these toxic metals poses considerable threats to
health, ecosystem and public safety, particularly for communities” dependent on the dam for
drinking, fishing, and agricultural purposes.

To tackle these issues, consistent monitoring of heavy metal concentrations in water and
aquatic organisms is crucial. Regulatory bodies must implement pollution control strategies
aimed at agricultural runoff, household waste, and other human-related sources. Community
outreach campaigns are necessary to inform local populations about the dangers of
consuming contaminated fish and water. Furthermore, the implementation of environmental
cleanup methods and the establishment of alternative clean water supplies will aid in
reducing health risks and preserving the ecological role of the dam.
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