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Abstract

Human-induced pollution in aquatic environments, particularly from metals, poses a
significant threat to fish and other aquatic organisms, leading to chronic stress and long-
term ecological damage. This study assessed the bioaccumulation levels of heavy metals
(chromium, nickel, copper, lead, cadmium, and zinc) in the sediments, water, and liver of
catfish (Clarias anguillaris) and tilapia fish (Oreochromis niloticus) from the Hadejia
River. Using atomic absorption spectrophotometry (AAS) and standard analytical
methods, heavy metal concentrations data were measured and analyzed using analysis of
variance (ANOVA) to determine significant differences. The results revealed that heavy
metals, particularly chromium, copper, and nickel, are concentrated at higher levels in the
liver of C. anguillaris compared to O. niloticus. In sediments, the order of heavy metal
accumulation was Zn > Cr > Cu > Ni, while in water, it was Cr > Cu > Ni > Cd. The
bioaccumulation factor (BAF) showed that C. anguillaris absorbed higher levels of heavy
metals from both sediments and water compared to O. niloticus. The findings highlight
the importance of ongoing monitoring of the Hadejia River to address potential health
risks, as the buildup of heavy metals in aquatic organism (fish) can pose significant long-
term health threats.

Keywords: Bioaccumulation; environmental monitoring; heavy metals; sediment

analysis; water quality

1. Introduction
Pollution of freshwater systems by domestic and industrial waste is a global issue that
affects countries of all developmental statuses(Garba et al., 2022; Yehia & Sebaee, 2012).
The Hadejia River has recently faced significant anthropogenic disturbances, including
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defecation, washing, urination, waste disposal, and fertilizer runoff from agriculture
(Garba et al., 2022). Population growth from migration has further exacerbated these
issues, impacting the riverecological health (Gupta et al., 2009). Studies have reported
significant degradation of water quality in the Hadejia River, which has adversely
affected the aquatic ecosystem (Umara et al., 2019; Umar et al., 2018).Ahmed et al.
(2018) noted that the river acquires contaminants from the Kano and Challawa Rivers.
Metals are major environmental pollutants that pose serious threats when present in high
concentrations in air, water, and soil, originating from both human activities and natural
sources (Afzaal et al., 2022; Kanamarlapudi et al., 2018). In aquatic environments, these
metals readily integrate into the food chain, presenting significant hazards to
ecosystems(Pandiyan et al., 2021; Pandiyan et al., 2020). Heavy metals enter freshwater
bodies and sediments through several processes, such as atmospheric deposition, erosion,
and the physiological activities of plants (Pandiyan et al., 2021; Islam et al., 2017; Ujah
et al., 2017). Additionally, urbanization, industrial discharges, domestic sewage, and
agricultural practices exacerbate soil and water contamination with these metals.

Sediments act as long-term reservoirs for micropollutants, making their analysis crucial
for assessing pollution levels (Siregar et al., 2020). They are effective indicators for
monitoring contaminants, including heavy metals (Ayotunde et al., 2012). Studies have
examined the pollution history and metal behavior in sediments (Siregar et al., 2020).
Fish, key organisms in the aquatic food chain, often accumulate elements at higher levels
than their environment (Bhuyan et al., 2019; Baki et al., 2018). Heavy metals from
anthropogenic sources distribute through water, suspended solids, and sediments,
affecting fish based on their metal-processing abilities, metal concentrations in water and
sediment, and feeding habits (Ishaq et al., 2011). Fish significantly bioaccumulate trace
metals through their diet (Pandiyan & Asokan, 2015) and are known to accumulate both
organic and inorganic pollutants. As heavy metals are non-degradable, as they persist in
water, sediments, and food items, there-by posing risks to aquatic organisms (Botte et al.,
2020).

Bioaccumulation of pollutants in a river can significantly harm current and future
generations, especially with high exposure levels. Given the river importance for
activities like swimming, fishing, domestic use, irrigation, and sand dredging, assessing
its health concern is important. This study seeks to assess the river's health by evaluating
the levels of bioaccumulated heavy metals (lead, cadmium, zinc, chromium, copper, and
nickel) in river water, sediment, and aquatic organism (fish). The results will support
river managers and authorities in managing the river sustainably and addressing potential
health concerns.

2. Materials and Methods
2.1 Study area
The Hadejia River, a tributary of the Yobe River in Jigawa State, Northwestern Nigeria,
has a catchment area of about 3,500 km² at an elevation between 152 and 305 meters
above sea level (BirdLife International, 2016). It is located at latitude 12°27'12.49"N and
longitude 10°02'28.14"E, it flows through settlement like Hadejia and Nguru, with
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diverse land uses along its banks (Abubakar, 2009). The semi-arid region experiences
annual rainfall between 600 mm and 762 mm, humidity from 25% to 41% (Edegbene,
2020), and its temperatures ranging from 12°C in December and January to 40°C in
March and April (Garba et al., 2022). The geology features of the study area is Chad
formation rocks with younger sediments, while the vegetation is typical Sudan Savannah
with open grasslands and scattered trees (Abubakar, 2009).

Figure 1. Map of the study area

2.2 Sample Collection

2.2.1 Preparation of sampled river water for heavy metal analysis
River water samples were collected from September to November 2023 using sterilized
2-liter bottles at three different locations at the flow of the river in Hadejia. Each sample
bottle is preserved in coolers with granular ice as described by Adeleye et al. (2021);
AWWA, (2017). The samples were filtered using Whatman No. 1 filter paper (0.45 µm)
upon arrival at the laboratory. Each 100 mL sample was mixed with 5 mL of
concentrated H2SO4, heated at 105°C until reduced to 25 mL, then diluted to 100 mL
with deionized water (Adebayo, 2017). The solution was stored in labeled containers
until heavy metal analysis (AWWA, 2017).

2.2.2 Heavy metals determination in Sediment
Sediment samples were collected from the same locations as the water samples using
grab sampling as described by Adeleye et al. (2021). After drying, the sediments were
placed in pre-cleaned polythene bags for heavy metal analysis. In the laboratory, they
were air-dried, and heavy metals were extracted using mixed acid digestion with a 20 mL
mixture of concentrated HClO4 and HNO3 (2:1 v/v) heated until nearly dry. Then, 20 mL
of 0.5 M HNO3 was added, and the mixture was filtered through Whatman No. 42 filter
paper into a 50 mL volumetric flask(Olawale et al. (2016). The filtrate was diluted to 50
mL with distilled water and analyzed using a Buck Scientific 210VGP atomic absorption
spectrophotometer as documented by Islam et al. (2015).
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2.2.3 Extraction of metals from Fish Organ
With help from a local fisherman, fresh catfish (Clarias anguillaris) and fresh tilapia fish
(Oreochromis niloticus) samples were collected from sampled river bodies, cleaned with
distilled water, drained, wrapped in aluminum foil, and frozen. The fish organ
(liver)disected were dried at 105°C for 24 hours, grind, and stored in labeled plastic
containers. A 10 g portion of the grind liver was digested with 10 mL HNO3 and 2 mL
HClO4, heated, and then diluted to 20 mL with 0.2% HNO3(Olawale et al. (2016). The
solution was stored in clean containers until analyzed using a Buck Scientific 210VGP
atomic absorption spectrophotometer (Islam et al. 2015).

2.2.4 Bioaccumlation Factor (BAF)
The bioaccumulation factor measures the ratio of a pollutants concentration in an
organism to its concentration in the environment at equilibrium, either from direct uptake
or through the food chain (U.S. Environmental Protection Agency, 2010). It is calculated
using the formula provided by Klavins et al. (1998):

��� = ������
���������

�� ������
������

eqn. 1

Where; ��������� �� ������ indicates the concentration of the metal within the sediment
or water ������ indicates the concentration of the metal in liver of fish.

2.3 Statistical Analysis
One-way ANOVA was used to compare heavy metal concentrations across water,
sediment, and fish samples after data validation. Pearson correlation tested the
relationships between these sources, while simple linear regression examined how
sediment metal concentrations affect fish. Statistical analyses were performed with SPSS
version 25.0.

3. Results and Discussion

3.1 Heavy metals concentration in river water

The concentrations of heavy metals collected from river water samples are depicted in
Table 1. The average concentrations of heavy metals in the Hadejia River water were
0.27 mg/L for cadmium (Cd), 0.053 mg/L for chromium (Cr), 0.045 mg/L for copper
(Cu), and 0.029 mg/L for nickel (Ni). Cadmium had the highest concentration,
significantly exceeding the WHO limit of 0.01 mg/L and the USEPA standard of 0.005
mg/L, indicating severe contamination risks, which is in-concord from the research of
Zhang et al. (2020), thereby posing serious risks to both aquatic life and human health
due to its toxicity.



Book of Proceedings, 14thNigeria Association of Hydrological Sciences Conference
(Okitipupa 2024) held at Olusegun Agagu University of Science and Technology,

Okitipupa, Ondo State, Nigeria, November 5 - 8, 2024

5

Table 1:Mean concentration of heavy metals (mg/L) in river water (Sep - Nov, 2023)
Parameter Lead

(mg/L)
Cadmium
(mg/L)

Zinc
(mg/L)

Chromium
(mg/L)

Copper
(mg/L)

Nickel
(mg/L)

Mean ND 0.27 ND 0.053 0.045 0.029

USEPA (2007) 0.05 0.005 - 0.10 2.0 -

WHO (2004) 0.01 0.01 3.0 0.05 2.0 -

The study found no lead or zinc in the samples; the absence of lead is reassuring given its
neurotoxic effects, while the lack of zinc could suggest less industrial impact but warrants
further investigation. Chromium levels slightly exceeded the WHO limit, necessitating
ongoing monitoring due to its carcinogenic risks. Copper and nickel concentrations were
below WHO limits but still require monitoring due to potential toxicity at higher levels.
These findings align with recent studies, such as Adedeji et al. (2023) and Ibrahimi et al.
(2023), which also reported elevated cadmium levels in study conducted in River Ogun
and neighbouring countries river within West African. Chromium and copper level
contaminant varied across studies, the need for targeted pollution control and regular
monitoring is evident, which is line with the submission of Oduor et al.(2022); Prasad &
Kumari, (2021) with high amount in their various studies. The order of metal
concentration in the river water was as follow Cd > Cr > Cu > Ni.

3.2 Heavy metals in sediment
The sediment analysis from the Hadejia River showed mean concentrations of 0.23 mg/L
for cadmium (Cd), 10.29 mg/L for zinc (Zn), 4.20 mg/L for chromium (Cr), 3.85 mg/L
for copper (Cu), and 1.30 mg/L for nickel (Ni), with lead (Pb) not detected as presented
in Figure 2. Cadmium exceeded the WHO limit of 0.01 mg/L, indicating serious
contamination risks due to its potential for bioaccumulation and adverse effects on
aquatic life and humans. Chromium levels (4.20 mg/L) were also notably high, far
surpassing the WHO water standard of 0.05 mg/L, suggesting significant industrial or
mining pollution and highlighting the need for immediate remediation. Zinc, at 10.29
mg/L, exceeded the WHO limit of 3.0 mg/L, pointing to potential issues from agricultural
runoff or industrial discharge.

Copper concentrations (3.85 mg/L) also exceeded the WHO water standard of 2.0 mg/L,
indicating possible pollution sources impacting aquatic organisms. Nickel levels (1.30
mg/L) were moderate but still relevant for assessing environmental stress and
bioaccumulation, the outcome is in agreement with the study from Bianchi et al. (2020)
from their study area. These findings also align with recent research indicating
widespread heavy metal contamination across rivers in Nigeria, such as those reported by
Perez et al. (2022); Oduro et al. (2022); Khan et al. (2021); Adedeji et al. (2023) in their
various study, who observed similar contamination patterns linked to anthropogenic
activities. The absence of lead is a is a positive outcome, as lead severe neurotoxic effects
on both aquatic life and humans (López et al., 2020) are well-documented. The order of
heavy metal concentrations in the sediment was Zn > Cr > Cu > Ni > Cd.
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Figure 2: Heavy metals profile (mg/kg) of river sediment (Sep - Nov, 2023)

3.3 Heavy metal profiles in Fishorgan: concentration trends
The analysis of heavy metals in the liver of catfish (Clarias anguillaris) and tilapia fish
(Oreochromis niloticus) from the Hadejia River revealed significant bioaccumulation,
particularly of chromium, zinc, and copper as depicted in Table 2. Catfish exhibited
average concentrations of 200.35 mg/L for chromium, 13.50 mg/L for zinc, 12.75 mg/L
for copper, and 9.0 mg/L for nickel, while tilapia fish absorption showed lower levels of
3.80 mg/L for chromium, 0.99 mg/L for zinc, 2.95 mg/L for copper, and 0.50 mg/L for
nickel. Lead and cadmium were not detected in either species. The chromium levels in
catfish significantly exceed the permissible limits set by the USEPA and WHO, raising
ecological and health concerns.This variation in metal content can be attributed to factors
such as fish species habitat, size, sex, reproductive system, and feeding behavior (Kumar
et al., 2020). Additionally, the data revealed that metal accumulation was high in fish
stomachs, moderate in gills, and low in muscles. Aquatic species primarily ingest heavy
metals through their diet, sediment particles, or water, either via gills or the skin
(Gheorghe et al., 2017). Consequently, heavy metals often accumulate in the gills,
stomach, and digestive glands (Lipy et al., 2020). The authors also noted that while fish
stomachs are rarely consumed by locals, they could serve as effective indicators of heavy
metal contamination in the environment.

Table 2: Heavy metals concentrations (mg/kg) in liver of Tilapia fish (Oreochiromis
niloticus) and Cat fish (Clarias anguillaris)

Parameter Lead
(mg/L)

Cadmium
(mg/L)

Zinc
(mg/L)

Chromium
(mg/L)

Copper
(mg/L)

Nickel
(mg/L)

Cat fish
Mean ND ND 13.50 200.35 12.75 9.0
Tilapia fish
Mean ND ND 0.30 1.70 0.70 0.30
USEPA (2007) 0.05 0.2 150 - - -
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WHO (2004) 1.5 - 5.0 - 1.0 -

These findings align with recent studies indicating widespread of heavy metals
contamination in their study area as reported by Adedeji et al. (2023) in the Ogun River
and Oduor et al. (2022) in the River Nyando, where similar bioaccumulation patterns
were attributed to industrial and agricultural activities. The elevated levels of chromium,
particularly in catfish(Clarias anguillaris), reflect broader regional issues of heavy metal
pollution, underscoring the urgent need for enhanced monitoring and pollution
management efforts across affected ecosystems.The order of metal accumulation in
Clarias anguillaris was Cr > Zn > Cu > Ni. In Oreochromis niloticus, chromium also had
the highest concentration, and the order of metal accumulation in Oreochromis niloticus
was Cr > Cu > Zn > Ni.
3.4 Comparisons and implications of BAFof heavy metals in sampled fish

The comparisons of bioaccumulation factor (BAF) analysis for heavy metals in the liver
of catfish (Clarias anguillaris) and tilapia fish (Oreochromis niloticus) from the Hadejia
River revealed significant differences between the species and metals. C.
anguillarisexhibited the highest BAF for chromium (3780.19), nickel (310.34), and
copper (283.33) from water, while O. niloticushad lowest BAF for these metals:
chromium (71.70), copper (65.56), and nickel 17.24) as presented in Table 3.

Table 3: BAF of fishes sampled in relation with River water and sediment
HM Cat Fish Tilapia Fish

Sediment Water Sediment Water
Zn (mg/L 1.31 0 0.10 0
Cr (mg/L) 47.70 3780.19 0.90 71.70
Pb (mg/L) ND ND ND ND
Cu (mg/L) 3.31 283.33 0.77 65.56
Cd (mg/L) ND ND ND ND

Ni (mg/L) 6.92 310.34 0.38 17.24

In sediment, catfish (Clarias anguillaris)showed higher BAF for chromium (47.70) and
zinc (1.31) compared to tilapia fish (Oreochromis niloticus). Both species had zero BAF
for zinc in water, indicating low bioavailability. The high BAF for chromium in catfish,
in particular, point to severe contamination risks. These findings align with recent
research from Adedeji et al. (2023), which reported high BAF for metals like cadmium
and chromium in fish from the Ogun River, Nigeria, linking these to industrial and
agricultural pollution.

Table 4: Comparison of BAF for HMs in sediment, water of Catfish and Tilapia fish
Fish type Source Mean SD Minimum Maximum

CF Sediment 14.31 21.43 1.31 47.70
CF Water 1093.96 1777.79 0 3780.9
TF Sediment 0.5395 0.304 0.10 0.90



Book of Proceedings, 14thNigeria Association of Hydrological Sciences Conference
(Okitipupa 2024) held at Olusegun Agagu University of Science and Technology,

Okitipupa, Ondo State, Nigeria, November 5 - 8, 2024

8

TF Water 38.63 34.37 0 71.70

The bioaccumulation factor (BAF) analysis in the Hadejia River reveals that catfish
(Clarias anguillaris) exhibit significantly higher BAF values for nickel (310.34) and
copper (283.33) from water compared to tilapia (Oreochromis niloticus), indicating that
catfish are more affected by nickel and copper contamination (Table 4). Catfish also
show high BAF values for chromium from both water (1093.965 mg/L) and sediment
(14.31 mg/L), reflecting severe contamination and bioaccumulation, while tilapia fish
have low BAF values for these metals. This pattern is consistent with recent studies by
Oduor et al. (2022) and Ibrahimi et al. (2023), who reported similar high BAF for
chromium and copper in fish from their study area.Despite cadmium not being detected
in the Hadejia River samples, the high chromium and copper levels observed emphasize
significant pollution issues, necessitating stringent observance and rectification to protect
aquatic system and human health.
Metabolically active organs like the gut, gills, liver, and kidneys tend to accumulate more
heavy metals compared to other organs such as skin and muscles (Lipy et al., 2020; Islam
et al., 2015). Among the two fish species studied, catfish (C. anguillaris) showed the
highest accumulation of heavy metals, likely due to its greater ability to absorb metals
from the water environment, which is in agreement from the study from Sun et al.(2020).
The bioaccumulation factor (BAF) for each metal followed the sequence: Cr > Cu > Ni >
Cd. Chromium, an essential element for life, is actively absorbed by organisms, resulting
in a higher enrichment capability compared to other non-essential elements.

4. Conclusion
The bioaccumulation of heavy metals in catfish (Clarias anguillaris) and tilapia fish
(Oreochromis niloticus)from the Hadejia River underscores severe environmental
contamination, with particularly high levels of chromium and copper. This issue is
consistent with recent studies on heavy metal accumulation in other river systems,
highlighting the urgent need for enhanced pollution control measures and continuous
environmental monitoring. The elevated concentrations of zinc, chromium, copper, and
nickel in the liver tissues of these fish species indicate significant risks to aquatic life and
potential health hazards for humans through contaminated fish consumption. These
findings reflect similar issues observed in other regional studies, underscoring the
necessity for targeted pollution control and ongoing monitoring to protect both aquatic
ecosystems and public health. Additionally, sediment analysis reveals troubling levels of
cadmium, zinc, and chromium that exceed international permissible limits, posing
substantial risks due to bioaccumulation in aquatic organisms. This scenario aligns with
recent research from other river systems, further emphasizing the need for effective
management and remediation strategies. To address these risks and safeguard the river
ecological integrity and the health of local communities, it is essential to implement
continuous monitoring, public awareness programs, and stricter regulations on industrial
discharges.
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