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Abstract

Heavy metal contamination in surface water presents significant environmental and health hazards,
especially in urban and industrialized areas. This study examines the concentration and distribution of
selected heavy metals in the Asa River Basin, Ilorin, Nigeria, to evaluate their potential effects on water
quality. Water samples from 17 locations were analyzed for aluminum (Al), iron (Fe), chromium (Cr),
copper (Cu), manganese (Mn), lead (Pb), and zinc (Zn) using Inductively Coupled Plasma Mass
Spectrometry (ICP-MS). Results show that aluminum and iron surpass the permissible limits
established by the World Health Organization (WHO) and the National Agency for Food and Drug
Administration and Control (NAFDAC), indicating significant contamination. The high
concentrations of these metals are related to natural geological processes, industrial discharges and
agricultural runoff. Health risk assessment indicates that Aluminum (Al) and Chromium (Cr) pose
significant non-carcinogenic risks, with Hazard Quotients (HQ) exceeding the safe threshold of 1.
Furthermore, lead (Pb) and Chromium (Cr) present potential carcinogenic risks, with Chromium’s
Carcinogenic Risk (CR = 3.4 x 1073) surpassing the acceptable threshold of 10, raising concerns about
long-term exposure effects. Pearson correlation analysis reveals strong associations between Al, Fe, Cu,
and Pb, indicating shared contamination sources, while Mn exhibits distinct geochemical behavior.
Although Cu, Mn, Cr, Zn, and Pb comply with regulatory standards, the high levels of Al and Fe raise
concerns about potential ecological and human health risks. This study highlights the need for reqular
water quality monitoring, enhanced waste management practices, and stricter regulatory measures to
prevent further pollution of the Asa River.

Keywords: Heavy metal, surface water, Asa River Basin, ICP-MS analysis, Chromium’s
Carcinogenic Risk

INTRODUCTION

Water is an essential resource for life, supporting ecosystems, human health, and economic
activities such as agriculture and industry. However, increasing anthropogenic activities have
significantly impacted global water quality. Among the various contaminants, heavy metals
pose one of the most severe threats due to their toxicity, persistence, and ability to
bioaccumulate in aquatic systems (Ali et al., 2019). Heavy metals such as aluminum (Al), iron
(Fe), chromium (Cr), copper (Cu), manganese (Mn), lead (Pb), and zinc (Zn) are commonly
introduced into surface waters through industrial discharge, mining activities, urban runoff,
and natural geochemical processes (USEPA, 2021). Contamination from these sources can
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alter aquatic ecosystems, affect biodiversity, and pose severe health risks to human
populations relying on such waters for drinking and domestic use.

Nigeria, like many developing nations, faces challenges in maintaining the quality of its water
bodies due to inadequate waste management, rapid urbanization, and industrialization.
Rivers and other freshwater sources frequently receive untreated industrial and domestic
waste, leading to elevated levels of heavy metals (Oladimeji et al., 2024) The Asa River in
llorin, Nigeria, is a critical water resource supporting domestic, agricultural, and industrial
activities. However, increasing pollution from anthropogenic sources raises concerns about
the safety of its water for various uses. Monitoring and assessing the levels of heavy metal
contamination in such rivers is crucial to formulating effective water management strategies
and mitigating associated risks.

Several studies have investigated heavy metal contamination in surface waters across
different areas of Nigeria. For instance, Olatunji and Ajayi (2016) examined metal
contamination in urban soils and water bodies in Lagos, revealing elevated levels of lead and
iron due to industrial effluents and vehicular emissions. Similarly, Akinbile and Yusoff (2013)
analyzed landfill leachates in Malaysia, highlighting the role of waste disposal sites in
increasing metal concentrations in surrounding aquatic environments. Other studies, such as
those by Ikem and Egiebor (2005), have assessed trace elements in Nigerian groundwater,
emphasizing the influence of industrial activities on water quality.

While previous research has provided insights into heavy metal pollution in Nigerian water
bodies, there remains a limited understanding of the specific contamination dynamics in the
Asa River Basin. Existing studies often focus on broad area assessments without detailed
geochemical analysis of contamination sources and spatial distribution patterns. Moreover,
few studies have employed advanced techniques such as Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) for high-precision metal quantification.

This research aims to address these gaps by conducting the assessment of heavy metal
contamination in the Asa River Basin using ICP-MS analysis. This research investigates the
concentration and distribution of key heavy metals, compares the findings with international
water quality standards, and explores potential contamination sources through correlation
analysis. By integrating these approaches, this study contributes novel insights into the
geochemical behavior of heavy metals in the region and provides a scientific basis for
improved water management and pollution control policies.

Description of the Study Area

The study area situated in Ilorin, Kwara State, Nigeria, is a crucial water resource for the
region. The study area is situated between latitudes 8°00'1” N to 8°30'1” N and longitudes
4°23"1” E to 4°36’1” E (Figure 1). The river originates in Oyo State and flows in a south-to-
north direction through Ilorin, dividing the city into eastern and western sections with a
catchment area of approximately 1,040 km?, the Asa River is fed by several tributaries,
including the Agba, Mitile, Alalubosa, Aluko Odota, Okun, Atikeke and Osere rivers. The
river supports various uses, including domestic water supply, irrigation, and fishing, making
its water quality critically important.

The study area features an elevation range of 273m to 333m in the west, with the Sobi Hills

rising to 394m above sea level, while the eastern section varies between 200m and 364m. The
area is underlain by Precambrian crystalline rocks (Rahaman, 1988) where aquifers are
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isolated and compartmentalized. These formations consist of migmatites, granites, gneisses,
and schists, along with the characteristics of the contents within joint apertures. The
localization of water is influenced by factors such as rock type, depth, weathering patterns,
fracturing, and joint connectivity (Rahaman, 1988).

The study area has two distinct seasons: the rainy season, which lasts from April to October,
and the dry season, which occurs from November to March while the drainage pattern is
predominantly dendritic, reflecting horizontal geological strata (Oyegun, 1983). Vegetation in
Ilorin comprises scattered tall trees and shrubs, with dry lowland rainforest species present in
the east and west (Oyebanji, 1993). Ilorin is predominantly covered by ferruginous soil on
crystalline acidic rock (www.kwara.gov). This soil type consists of alternating sandy and
clayey deposits. The sandy surface layer has a low water-holding capacity, promoting
infiltration, while the underlying clayey deposit causes waterlogging during the rainy season,
thereby enhancing surface water runoff in the city.

MATERIALS AND METHODS

Sampling Techniques

Samples were obtained from seventeen (17) locations within the Asa River Basin (Table 1), All
surface water sampling locations were recorded using a Global Positioning System (GPS) and
are shown in Figure 1. Samples were collected in 1liter acid-washed polypropylene bottles,
which were rinsed twice with location water before sampling. Each water sample was
acidified with 3ml drop of concentrated nitric acid to preserve it before transported for
analysis Sampling procedures adopted in this study followed standard protocols (APHA,
2017), to minimize air contamination during collection. The bottles were labeled and sealed
immediately after filling, and stored in an ice-filled cooler for preservation during
transportation to the laboratory.
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Figure 1: Location Map of the Study Area (modified after Oyegun 1995)
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Table 1: Sampling locations and their respective coordinates

Sample  Sampling Area  Latitude Longitude
ID
SLocl Abatan 08° 26' 08.44" 04°33'21.01"
SLoc2 Afon 08°19'12.21" 04° 31' 49.00"
SLoc3 Asa dam 08° 25' 08.44" 04°33'21.01"
SLoc4 Agba dam 08° 28'9.3" 04°35" 1.12"
SLoch Aho 08°17'3.8" 04°33'5.1"
SLoc6 Aro 08°21'30.8" 04° 30' 23.3"
SLoc7 Iregba 08° 04' 25.10" 04° 24' 29.04"
SLoc8 Iresadu 08° 04' 05.45" 04° 23' 58.90"
SLoc9 Olowoko 08°20'20.8" 04°31' 26.3"
SLoc10 Egbejila 08° 04' 05.45" 04° 23' 58.90"
SLoc11 Ekoro 08°04'14.4" 04°23'16.5"
SLoc12 Ganmo 08°24'15.28" 04° 26'12.5"
SLoc13 Idandan 08°20'3.3" 04°23' 01"
SLoc14 Idiape 08°18'1.5" 04°21' 14"
SLoc15 Obe 08° 03'00" 04° 25'00"
SLoc16 Ogodo 08°14' 00" 04°25'12.2"
SLOC17  Aboto Oja 08° 00' 06.23" 04° 23’ 31.65"

Sample Analysis

Inductively Coupled Plasma Mass Spectrometry (ICP-MS) was used to analyze heavy metals
(Al2*, Fe?*, Cr2+, Cu?*, Mn?*, Pb?*, and Zn?*) concentrations, while detection limits for ICP-MS
were set at 0.001 mg/L for all analyzed metals. Quality control measures included the use of
blank samples, duplicate samples, and standard reference materials to ensure accuracy and
precision in the analysis. Analytical procedures adhered to the standard methods outlined by
APHA (2017) to maintain data accuracy and comparability The results were evaluated against
WHO (2017) and NAFDAC (2006) permissible limits to determine contamination levels.

RESULTS AND DISCUSSION

Aluminum (Al)

High aluminum concentrations can be harmful to aquatic life, affecting fish gill function and
leading to bioaccumulation (Fish Histopathology, 2023). In humans, prolonged exposure has
been associated with neurological disorders, including Alzheimer's disease (Exley, 2020). In
this study, aluminum concentrations ranged from 0.003 to 15.27 mg/L, with an average value
of 5.856mg/L (Table 1). The high concentration of aluminum is recorded in SLOC15 (Figure
2). The significantly elevated aluminum levels in the Asa River exceed both WHO (2017) and
NAFDAC (2006) limits. This suggests possible sources such as industrial effluents, aluminum-
containing fertilizers, and natural leaching from lateritic soils. Similar trends have been
observed in other studies assessing aluminum contamination in river systems. Olatunji and
Ajayi (2016) reported aluminum concentrations exceeding 6 mg/L in the Lagos Lagoon, which
was attributed to industrial effluents and urban runoff. Research by Adewumi et al., 2020 in
southwestern Nigeria also found aluminum levels surpassing WHO standards, emphasizing
the impact of anthropogenic activities such as agricultural runoff and poor waste disposal on
water quality
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Table 2: Descriptive Statistics of the Analyzed Elements in Asa River Basin
Elements Range(mg/L) Mean(mg/L)  WHO permissible NAFDAC
limit (2017) (mg/L)  (2006) (mg/L)

Al 0.003-15.27 5.856059 0.2 0.2
Fez+ 0.01- 5.46 2.867759 0.3 0.3
Cr2+ 0.0009-0.011 0.006806 0.01 0.05
Cuz* 0.004-0.005 0.002312 2.0 2.0
Mn2+ 0.004-0.074 0.0138 0.4 0.4
Pb2+ 0.0001-0.0018 0.001124 0.1 0.1
Zn2* 0.0001-0.014 0.006377 5.0 3.0

Note: Values exceeding WHO and NAFDAC limits are considered critical for environmental and
human health risks.
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Figure 2: Aluminum concentration in sampling Area

Iron (Fe)

Iron is an important, non-conservative heavy metal commonly found in high concentrations
in drinking water due to its abundance in the Earth's crust. Generally, iron occurrence in water
is in form of ferric hydroxide with concentration less than 500ug/L (Oyeku and Eludoyin,
2010). The shortage of iron causes disease called “anemia” and prolonged consumption of
water with high concentration of iron may lead to liver disease called as hemosiderosis
(Rajappa et al., 2010; Bhaskar et al., 2010). Analysis of the results showed that 85% (figure 3) of
the samples have values above 0.3mg/L which is the WHO (2017) and NAFDAC (2006)
standard. The iron concentration ranges from 0.01 to 5.46mg/L (Table 1). The high
concentration of iron in the Asa River is likely due to natural weathering of iron-rich rocks,
industrial discharges, and agricultural runoff. Elevated iron can cause water discoloration,
promote iron bacteria growth, and clog water distribution systems. In domestic use, excess
iron results in an unpleasant metallic taste and staining of household fixtures (Mid-Atlantic
Water, 2023). Similarly, Olatunji and Ajayi (2016) observed iron concentrations exceeding 4
mg/L in the Lagos Lagoon, primarily due to industrial and municipal waste discharges. In
South Africa, Fatoki et al. (2002) reported high iron levels in river systems impacted by mining
and industrial effluents, with concentrations reaching 6 mg/L.
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Figure 3: concentration of Iron

Manganese (Mn)

The concentration of manganese ranges from 0.004mg/L to 0.074mg/L with a mean value of
0.0138mg/L (Table 1). The highest concentration value of manganese is recorded in SLOC17
with 0.074mg/L (Figure 4). Manganese is naturally present in groundwater and surface water
(Johnson et al., 2019). The Asa River’s levels are within safe thresholds, ensuring no adverse
effects on water quality. Excess manganese can hinder the absorption of dietary iron,
potentially leading to iron deficiency anemia. It can also increase bacteria growth in water
(Drinking Water and Human Health, 2019).
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Figure 4: concentration of Manganese

Chromium (Cr)

Chromium pollution, often from tannery and industrial waste, can be hazardous, particularly
in its hexavalent form (Kotas and Stasicka, 2000). The Asa River’s chromium levels do not
indicate significant contamination of chromium (Figure 5).
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Figure 5: concentration of Chromium
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Copper (Cu)

Copper is vital for the human body, but excessive intake can lead to adverse health effects.
Long term exposure to copper can cause irritation of the nose, mouth and eyes and it causes
headaches, stomachache, dizziness, vomiting and diarrhea (Ikem and Egiebor, 2005). Chronic
copper intoxication can lead to Wilson’s disease, which is characterized by brain damage,
hepatic cirrhosis, brain damage, renal disease, demyelination and copper deposition in the
cornea. Copper deficiency leads to hypochromic anemia, leucopenia and osteoporosis in
children (Kanumakala et al., 2002). It plays a role in biological functions but becomes toxic at
excessive levels. Copper concentration remains within permissible limits." content does not
pose an immediate concern because it falls within the permissible limit of WHO (2017) and
NAFDAC (2006). The copper concentrations in the analyzed water samples ranged from 0.004
to 0.005 mg/L (Table 1). The highest value of copper is recorded in SLOC13 (Figure 6).
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Figure 6: concentration of copper

Lead (Pb)

Lead (Pb) is one of the most abundant naturally occurring elements on Earth. Due to its
physical properties, such as a low melting point and high malleability, it has extensive
industrial applications. It ranks as the fifth most widely used metal and is associated with
over 900 industries, including mining, smelting, refining, and battery manufacturing. Beyond
industrial use, lead is also found in agricultural fertilizers and pesticides. Rapid
industrialization has led to increased effluent discharge from industries near rivers,
significantly raising lead levels in water bodies. Major sources of lead contamination include
industrial waste and old piping systems. Lead exposure poses serious health risks,
particularly in children, causing developmental impairments, reduced intelligence, memory
loss, learning disabilities, and coordination issues (WHO, 2023). It can also lead to renal failure
and an increased risk of cardiovascular diseases. According to WHO (2017) and NAFDAC
(2006) standards, the permissible limit of lead in drinking water is 0.01 mg/L (Table 1). The
concentration of lead in all the analyzed water samples ranged from 0.0001 to 0.0018 mg/L
(Figure 7). Asa River's adherence to permissible limits indicates minimal anthropogenic
pollution. Likewise, Adewumi et al. (2020) in southwestern Nigeria observed lead
concentrations in some rivers exceeding WHO standards, emphasizing the need for strict
pollution control measures.
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Figure 7: concentration of Lead

Zinc (Zn)

Although zinc is essential for protein synthesis, higher concentrations can be toxic to
organisms (Wikipedia, 2025). Zinc typically occurs in low concentrations in surface water due
to its limited mobility from rock weathering or natural sources (International Zinc
Association, n.d.). In this study, zinc concentrations in the water samples ranged from 0.0001
to 0.014 mg/L (Table 1), with the highest value recorded at SLOC5 (Figure 8). According to
WHO (2017) and NAFDAC (2006) standards, the permissible limits for zinc in water are 5.0
mg/L and 3.0 mg/L, respectively. The Asa River's zinc concentration remains within these
acceptable limits.

0.015

5

S oo01

y

80.005 I I |

' S NN E NS S S S
NN N OO0 OO A ANM S n OIS
5985885883238 38883
padddddn 339339393939
v n v v v v v nm

SAMPLING POINTS

Figure 8: concentration of Zinc

Health Hazard Indices for Heavy Metals

The health risk assessment based on Table 2 reveals that Aluminum (Al) and Chromium (Cr)
pose significant non-carcinogenic risks, as their Hazard Quotients (HQ) exceed the threshold
value of 1.

Table 3: Health Hazard Indices for Heavy Metals in Asa River Basin

Element CDI (mg/kg/day) RfD (mg/kg/day) HQ CR USEPA Limit (mg/L)
USEPA (2020)

Al 0.168 0.07 2.4 - 0.05

Fe2' 0.0819 0.7 0.117 - 0.3

Cr3 0.0068 0.003 227 3.4 x10° 0.1

Cu? 0.0023 0.04 0.057 - 1.3

Mn?' 0.0138 0.014 0.99 - 0.05

Pb* 0.0011 0.0035 0.314 9.35x1076 0.015

Zn% 0.0063 0.3 0.021 - 5.0

Note: Chronic Daily Intake (CDI), Hazard Quotient (HQ), Carcinogenic Risk (CR), Reference Doses (RfD).
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Lead (Pb) and Chromium (Cr) also show potential carcinogenic risks, with Chromium
exhibiting a Carcinogenic Risk (CR) value exceeding the acceptable limit of 10-4. In contrast,
iron (Fe), Copper (Cu), Manganese (Mn), and Zinc (Zn) demonstrate low non-carcinogenic
risks, as their HQ values remain below 1. The results indicate that long-term exposure to high
levels of Al, Cr, and Pb in the Asa River Basin could have adverse health effects, emphasizing
the need for continuous monitoring and remediation strategies to safeguard public health.

Correlation

The Pearson correlation analysis indicates significant relationships between metal
concentrations in the water samples (Table 2). A strong positive correlation between
aluminum (Al) and iron (Fe) (r = 0.955) suggests a common source, likely from the weathering
of aluminosilicate and iron-bearing minerals. Similarly, aluminum also shows a high
correlation with copper (Cu) (r =0.814), indicating shared geochemical behavior or
contamination sources, such as industrial waste or leachates from dumpsites. Additionally,
copper and iron exhibit a strong correlation (r = 0.823), further supporting the hypothesis of
similar origins, either through mineral dissolution or anthropogenic influences.

Table 4: Correlation between the Metals Analyzed in Asa River Basin
Almg/L Crmg/L Cumg/L Femg/L Mnmg/L Pbmg/L Znmg/L

Al mg/L 1

Cr mg/L 0.345 1

Cu mg/L 0.814 0.474 1

Fe mg/L 0.955 0.337 0.823 1

Mn mg/L -0.052 -0.553 -0.151 -0.087 1

Pb mg/L 0.774 0.595 0.739 0.776 -0.301 1

Zn mg/L 0.487 -0.026 0.530 0.461 0.449 0.327 1

Note: Strong correlations (>0.7) suggest common sources or geochemical behaviors  influencing metal
distribution.

Lead (Pb) exhibits a strong correlation with aluminum (r = 0.774) and iron (r = 0.776) (Table
3), indicating that these metals are mobilized under similar environmental conditions,
governed by factors such as pH and redox potential. Moderate correlations are observed
between copper and zinc (Zn) (r = 0.530), indicating that these elements may have overlapping
sources, possibly linked to anthropogenic pollution. The correlation between zinc and iron (r
= 0.461) suggests an association with iron oxides, which often act as metal scavengers in the
river (Alloway, 2013).

In contrast, manganese (Mn) exhibits a negative correlation with chromium (Cr) (r = -0.553),
indicating different geochemical behavior or distinct sources. Additionally, manganese
exhibits weak negative correlations with aluminum (r = -0.052) and iron (r = -0.087),
suggesting that it does not co-precipitate significantly with these elements, likely due to
redox-controlled mobilization.

These results suggest that the strong correlations between aluminum, iron, copper, and lead
may be attributed to a combination of natural geochemical processes and anthropogenic
influences, such as metal leaching from dumpsites (Akinbile and Yusoff, 2013). The negative
correlation of manganese with other metals highlights differences in geochemical behavior,
possibly driven by redox conditions. Understanding these relationships provides valuable
insights into groundwater contamination mechanisms and can aid in developing effective
pollution control strategies.
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Scatter Plots

The scatter plots (Figure 9) reveal distinct patterns in the distribution of metal concentrations
across the water samples. Aluminum (Al) exhibits significant variation, with certain samples
showing notably higher concentrations, which may indicate localized contamination or
natural geochemical enrichment. Chromium (Cr) remains relatively stable with only slight
fluctuations, suggesting a more uniform source or minimal external influence. Copper (Cu)
shows minor variations, with most values clustering at low concentrations, implying limited
contamination from anthropogenic sources (Olatunji and Ajayi, 2016).

Iron (Fe) follows a similar pattern to aluminum, displaying notable fluctuations that could be
attributed to mineral dissolution or pollution inputs. Manganese (Mn) presents a few sharp
peaks, suggesting that specific samples contain significantly higher concentrations, possibly
due to redox-controlled mobilization. Lead (Pb) remains relatively stable across the samples,
with only minor variations, indicating a limited pollution source. Zinc (Zn), on the other hand,
exhibits some variability, with occasional peaks that may indicate localized contamination
from industrial or dumpsite sources.

Overall, the most significant variations are observed in aluminum, iron, and manganese,
suggesting that these elements are influenced by both natural geochemical processes and
potential anthropogenic contamination. In contrast, chromium, copper, and lead display
relatively stable trends, indicating minimal external influence on their concentrations.

Scatter Plots of Metal Concentrations
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Figure 9: Scatter plots for each metal concentration in the dataset.

CONCLUSION

This study highlights the significant contamination of surface water in the Asa River Basin,
particularly by aluminum and iron, which exceed WHO and NAFDAC permissible limits.
The occurrence of these metals is mainly attributed to industrial activities, agricultural runoff,
and natural geological weathering, while other heavy metals such as manganese, chromium,
lead copper and zinc remain within acceptable limits, their potential for accumulation and
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long-term environmental impact should not be overlooked. The health risk assessment of
heavy metal contamination in the Asa River Basin indicates that Aluminum (Al) and
Chromium (Cr) present significant non-carcinogenic risks, as their Hazard Quotients (HQ)
exceed the permissible threshold. Additionally, lead (Pb) and Chromium (Cr) exhibit
carcinogenic risks, with Chromium surpassing the acceptable Carcinogenic Risk (CR) level of
1074, posing potential long-term health threats. The strong correlation between Al, Fe, Cu, and
Pb suggests common sources, emphasizing the need for stringent pollution control measures.
To mitigate the risks posed by heavy metal contamination, it is essential to implement regular
water quality monitoring, enforce stricter waste disposal regulations, and promote public
awareness of water pollution issues. Sustainable water management strategies must be
prioritized to ensure the long-term safety of aquatic ecosystems and the well-being of
communities relying on the Asa River for their water needs.
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