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INTRODUCTION

ABSTRACT

Background: Heavy metals have been continuously deposited and assimi-
lated into water, biota, and sediments as a result of human activity's con-
tamination of aquatic ecosystems.

Objectives: This study aims to assess the trace metals (Fe, Pb, Co, Zn, Cb,
Cu, Mn, Ni) contamination and evaluate the status of pollution in Ogunpa
River.

Methods: Water samples were taken monthly to analyze the heavy metal
concentration, while several pollution indexes, including the human health
risk analysis, degree of contamination (Cd), heavy metal evaluation index
(HEI), comprehensive pollution index (CPI), water quality index (WQI),
heavy metal pollution load index (HPLI), and single factor pollution index
were employed to ascertain the contamination status of the River.

Results: The concentrations mean of the nine heavy metals respectively for
dry and wet seasons were; Pb (ND), Cr (ND), Cd (0.12+0.25), Co
(0.30+0.65), Zn (29.90+£70), Cu (14.45+23.06), Ni (0.21+0.59), Mn
(83.42+36.64), Fe (34.40+76.87) and Pb (0.01+0.01), Cr (0.01+0.01), Cd
(0.14+0.25), Co (0.01£0.01), Zn (11.15+24.00), Cu (9.33£20.50), Ni
(0.14£0.47), Mn (29.31£27.64), Fe (58.71+48.35). Single factor pollution
index were in this order; Pb < Cr < Cd < Co < Zn < Cu < Ni < Mn < Fe.
HPLI results showed that Cu, Zn, Ni, Mn, and Fe had a significant impact
on the pollution level in both seasons, while WQI results during the dry
and wet seasons were determined to be 2384.3 and 1144.2 respectively.
CPI had a mean of 203.8 ranging from 4.4 to 923.4 and 101.2 ranging from
2.9 to 191.2 during the dry and rainy seasons respectively. HEI values
ranged from 13.0 to 4211.7 during dry seasons and from 3.0 to 648.0 dur-
ing wet seasons. The average wet season (290.6) and dry season (882.0)
degrees of contamination were recorded during the sampling period. The
metal hazard index (ingestion) varied from 0.00 (Cr) to 14.83 (Cu), while
the values of the hazard index (dermal) varied from 0.00 (Cr) to 0.27 (Cu).
Conclusion: The substantial risk of heavy metal pollution in Ogunpa River
implicated an indiscriminate discharge of agricultural, domestic and indus-
trial waste along the Stream.

Keywords: Industrial waste, Ingestion, Dermal, Agricultural, Domestic

the aquatic ecology and river processes, which

The best way to measure the effects of
manmade and natural contaminants on the
ecosystem is through the use of rivers. Global-
ly, the state of river waters in and around
towns and communities has gotten worse geo-
metrically. Due to the extraordinary popula-
tion development in the towns along the riv-
ers, there is severe river quality depletion and
overexploitation (Khan et al 2020). As a re-
sult, the structure of the river's fauna and flora
has been impacted by the consequent shift in
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has reduced biodiversity (Ugochukwu et al,
2019). As a consequence of man's careless use
of resources, heavy metals are toxic, persis-
tent, and readily available, which poses a dan-
ger to the biodiversity of aquatic creatures.
Heavy metals have been continuously deposit-
ed and assimilated into water, biota, and sedi-
ments as a result of human activity's contami-
nation of aquatic ecosystems (lordache et al.,
2021). Pollutant changes in the water and sedi-
ments are caused by a variety of
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environmental factors, including pH, organic
matter, discharges, temperature, and so forth.

Metal pollutants in rivers are known for their
tenacity, toxicity to the ecosystem and bioaccu-
mulation (Jose et al., 2023). According to
Zhang et al. (2012), they can enter the human
body directly through drinking water or indi-
rectly through the food chain. Metal pollution
in water bodies can come from both natural and
artificial sources, including fertilizer and pesti-
cide use, mining, metal processing, industrial
wastewater, weathering, and precipitation
(Zeng et al., 2019). Additionally, sediments are
a source of metals since metals can be dis-
charged into surrounding water after desorption
and then re-suspended in surface water (Liang
etal., 2019).

Certain metal elements, including Cu, Zn, Fe,
and Mn, are required for human metabolism but
are poisonous when their concentration rises
above a particular point. The United State Envi-
ronmental Protection Agency (USEPA) has
classified certain metal substances (As, Cd, Hg,
and Pb) as environmental endocrine disruptors
because they harm human endocrine systems
even if they have no physiological activity
(Bhattacharya et al., 2016). Numerous investi-
gations have demonstrated the mutagenic, car-
cinogenic, and teratogenic properties of several
trace metals. Investigating and evaluating the
health risks, and the toxicity of metals in sur-
face water and overlaying water is therefore
practically important.

These days, the various contaminants that pol-
lute rivers and sediment constitute a complex,
long-term environmental concern, especially in
locations where anthropogenic pressure is high.
Heavy metals rank among the most dangerous
environmental contaminants due to their many
and persistent nature, as well as their poisonous
effects, which can accumulate in aquatic set-
tings. The most dangerous heavy metals, lead,
cadmium, and arsenic, can have detrimental
effects on health and cause cancer even at very
low amounts. According to Nagajyoti et al.
(2010), high quantities of some heavy metals
can be hazardous, even though they are essen-
tial micronutrients for both plants and animals.
These metals include Fe, Mn, Co, Cu, and Zn.

Accordingly, the high concentration of heavy
metals may have a major effect on the survival,
reproduction, and health of species that live in
rivers (Moore et al. 2009). Polluted runoff from
urban and agricultural regions, as well as dis-
charges of industrial and municipal waste, im-
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mediately releases heavy metals (USEPA,
1999). Generally, various pollution indicators
are used to evaluate the metal contamination in
rivers, including the human health risk assess-
ment, contamination factor (CF), degree of con-
tamination (Cd), heavy metal evaluation index
(HEI), comprehensive pollution index (CPI),
heavy metal pollution load index (HPLI), water
quality index (WQI) and single factor pollution
index (Ideriah et al. 2012; Li et al. 2010). Since
many of these pollution indicators are widely
used worldwide to evaluate the threat that
heavy metal contamination poses to water qual-
ity, we aim to offer; the first comprehensive
report on the application of these indicators for
the Ogunpa River, which other researchers can
utilize as a reference, determine the levels and
distribution of toxic heavy metals in the Ogun-
pa River; explore the degree of contamination
and pollution impacts; and establish baseline
data on the current status of the rivers that can
be used by relevant authorities.

The human health risk assessment, contamina-
tion factor (CF), degree of contamination (Cd),
heavy metal evaluation index (HEI), compre-
hensive pollution index (CPI), heavy metal pol-
lution load index (HPLI), water quality index
(WQI), single factor pollution index, and com-
prehensive pollution index are some of the pol-
lution indicators that are typically used to assess
the metal contamination in rivers (Li et al.
2010). Since many of these pollution indicators
are widely used worldwide to evaluate the
threat that heavy metal contamination poses to
water quality. We aim to offer the first compre-
hensive report, investigate the extent of pollu-
tion and its effects, and compile baseline data
on the rivers' current condition that the appro-
priate authorities can use.

MATERIALS AND METHODS

Study Area: The study was done along Ogunpa
Rivers in Ibadan (7°23° N, 3°5” E), Oyo State,
Nigeria. Draining the heavily populated eastern
region of Ibadan. The Ogunpa River system, a
third-order stream having a drainage basin that
is 73.3 km? in size and a channel length of 21.5
km. The city sits between 508 and 510 meters
above sea level. The monthly average tempera-
ture is in the region of 15 to 25 °C. Ibadan is the
largest city in West Africa and has a long histo-
ry of indiscriminate waste disposal. It is one of
Nigeria's most significant industrial cities.

Water sampling: Water samples were taken
monthly from January to December 2019 using
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1.5-liter Van Dorn plastic bottles, which were
collected in compliance with ISO 5667-1
(2006) standard procedure. After collection,
samples were immediately brought to the lab in
an ice chest and stored there at 4 °C until analy-
sis.

Determination of Heavy Metals: The water

(5)

max

A

2

Where; Si is the standard value and Ci is the
concentration of each element according to

samples were preserved using one milliliter of WHO (2003) and FEPA (2003). The five cate-

concentrated nitric acid (HNO3) once they ar-
rived at the laboratory. They were then filtered,
stored at room temperature in the dark, and mi-
crowave acid digested using USEPA procedure
3015 (1994). 50 mL was digested using a com-
bination of 4-5 mL HNO3 65% and 1 mL HCI
35%. After being digested, the whole metal
samples were filtered using 0.45-um nylon fil-
ters. The concentrations of Cd, Co, Cr, Cu, Fe,
Mn, Ni, Zn, and Pb were measured using induc-
tively coupled plasma—optical emission spec-
trometry (ICP—OES, Optima 2100 DV) follow-
ing USEPA standard method US 6010C (2007).

Statistical Analysis and Estimation of Pollu-
tion Indicators: Descriptive statistics were ap-
plied to the data using the Statistical Package
for Social Sciences (SPSS 20.0) to calculate
means and standard deviations. The World
Health Organization (WHO) and Federal Envi-
ronmental Protection Agency (FEPA) guide-
lines were compared with the means, and the
reservoir's pollution status was assessed using
the following indices:

The single-factor pollution index:

Where: Ci is the pollutant concentration in mil-
ligrams per liter (mg/l), Si is the maximum
amount of the pollutant that is allowed in the
water, and Pi is the pollution index of pollutant
i (Yan et al., 2015). The single-factor pollution
index (P1) is divided into five grades as follows;
Pi: <0.4 (Non-polluted), Pi : 0.4 -1.0 (Slightly
polluted), Pi : 1.0 — 2.0 (Medium pollution),
Pi: 20 -5.0 (Heavily polluted), Pi : > 5.0
(Serious pollution) as reported in Li et al.
(2010).

Pollution Index (PI): The pollution index is
divided into five classes, based on calculations
for specific metals and is calculated using the
following formula:
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gories are as follows; Class 1 (PI <1 = No ef-
fect), Class 2 (PI 1-2 = Slightly affected), Class
3 (PI 2-3 = Moderately affected), Class 4 (PI 3-
5 = Strongly affected), Class 5 (PI > 5 = Seri-
ously affected) (Caeiro et al., 2005).

Water Quality Index (WQI)
The water quality index (WQI) was calculated
as:

T
wQI = E SI,
i=1

Where 5I; = RW X @,

Relative Weight of each parameter (RW) is:
AW,

BW = ———
AV,

Where; AW = the assigned weight of each pa-

rameter which ranges from 1 - 5, n = the num-

ber of parameters (Table 3).

Quality rating for each parameter (Qi) is:

Q:‘=E]xmu

Where; Si = the recommended water quality
parameter obtained from WHO (2003) and
FEPA (2003), Ci = value of the water quality
parameter obtained from the laboratory analy-
sis. The computed WQI values were classified
as follows; WQI < 50 (Excellent), WQI 50 -
100 (Good), WQI 101 - 200 (Poor), WQI 201 —
300 (Very Poor), WQI > 300 (Bad, Unsuitable
for life) (Shetaia et al., 2020).

Comprehensive pollution index (CPI):

1 . Ci
CPl = —Z—
mn ._15:-

Where; n is the number of pollutants evaluated,
Ci is the pollutant i concentration (mg/l), Si is
the legal limit for the pollutant 1 in water, and
CPI is the comprehensive pollution index. Tao
et al. (2011) divided the CPI into five water
quality levels as thus; CPI < 0.2 (Cleanness),
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Table 1: RW (relative weight) and AW
(assigned weight) of each heavy metals
Standard
> (1\3/91;’0’ l:;;ne d Relatlve
arameter 5.3 woight weight
FEPA, “am
2003)
Cd 0.5 3 0.12
Co 0.05 2.5 0.1
Cr 0.05 2 0.08
Cu 2 2 0.08
Fe 0.3 3 0.12
Mn 0.5 3 0.12
Ni 0.02 2.5 0.1
Pb 0.1 5 0.2
Zn 5 2 0.08
Total 25

CPI 0.21 — 0.4 (Sub-cleanness), CPI1 0.41 - 1.0
(Slight pollution), CPI 1.01 — 2.0 (Moderate
Pollution), CPI > 2.01 (Severe Pollution).

Heavy Metal Pollution Index (HPI): repre-
sents the total heavy metals water quality. The
HPI was calculated as:

", WiQi

HPI ==
i=1 V1

Where; n is the number of parameters taken in-

to consideration, Wi is the ith parameter's unit

weightage, and Qi is the ith parameter's sub-

index (Sheykhi and Moore, 2012).

Qi (sub-index) is calculated as:

|M; _-{il

Q Zi:l Si_'{i

Where; Si is the standard value of the ith pa-
rameter, Ii is the ideal value, and Mi is the mon-
itored value of the heavy metal of the ith pa-
rameter.

The critical pollution index of the HPI value for
drinking water is 100. For drinking water, Pra-
sad and Bose (2001) gave the critical pollution
index of HPI a value of 100. The HPI for this
investigation was determined using the follow-
ing factors: Zn, Pb, Mn, Ni, Cu, Cd, Co, Cr, and
Pb. The weightage (Wi) was determined as the
inverse of MAC (MAC adapted from Siegel,
2002), with Si serving as the WHO standard for
drinking water and Ii as the recommendation
value for the chosen element (Edet and Offiong,

X 100
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2002) shown in table 2.

Table 2: Standard values used for the Heavy
metals Pollution index

MAC 1 S
Parameters W (ppm)  (ppm)  (ppm)
Co 0.02 005 00l 005
cd 0.3 0.003  0.003  0.005
Cu 0.001 1 2 1

Zn 0.0002 5 3 5

Fe 0.005 02 02 03
Cr 002 005 005 005
Ni 005 002 002 002
Pb 0.7 0.0015 001 0.1
Mn 002 005 05 01

Heavy Metal Evaluation Index (HEI): is the
overall heavy metals water surface quality and
is calculated as follows;

n M.
HEI = Z __t
i=1 MACE-

Where; MACi is the maximum permissible
concentration of each metal, and Mi is the value
of the metal derived from the laboratory analy-
sis. According to Shetaia et al. (2020), the com-
puted HEI values were divided into three cate-
gories: <10 for low pollution, 10 - 20 for mod-
erate pollution, and >20 for excessive pollution.

Degree of Contamination (Cd): For every wa-
ter sample that is evaluated, the Cd is calculated
independently and is the total of the contamina-
tion factors of each component that exceeds the
maximum allowable value:

cd =Z cf,
i=1

The contamination factor for the i-th compo-
nent is represented by Cfi, the analytical value
is by CAI, the upper permitted concentration of
the i-th component is by CNi (where N stands
for the "normative value"), and CNi is consid-
ered the maximum allowable concentration.
Three categories might be applied to the esti-
mated Cd values: low (Cd < 1), medium (Cd =
1-3), and high (Cd > 3) (Edet and Offiong,
2002).
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Human Health Risk Assessments: Risk as-
sessment is defined as the process of estimating
the probability that any given possible magni-
tude of detrimental health effects will occur
during a specific period. It is a function of ex-
posure and hazard. Three main pathways exist
for human exposure to trace metals: direct in-
gestion, inhalation, and dermal absorption
through exposed skin (Wu et al., 2009; Meng et
al., 2016). The native people use river water for
washing, fishing, and swimming more fre-
quently. As a result, the exposure dose for der-
mal absorption through exposed skin was cal-
culated using the formula below:

_ C,XSAXKpXET X EF X ED X CF
N BW x AT

cD,

Where; Cw is the concentration of heavy metal
in water, mg/l, and CDd is the dermal absorp-
tion (pug/kg/day); The study's exposed skin ar-
ea, or SA, is 18,000 cm?, and the skin permea-
bility coefficient in water (Kp) is measured in
cm/h. ET (exposure time) during showering
and bathing is 0.6 hours per day; Exposure fre-
quency (EF) is 350 days per year, assuming
that the locals spend 15 days annually away
from the place; The variables that represent the
exposure duration (ED) and unit conversion
factor (CF) are 54 years and 1/1000 cm’ re-
spectively, and the average body weight (BW)
is 60 kg (Tripathee et al. 2016), AT is the aver-
age time (in days), ED x EF (350 days).

vo = CDa
Qs - RfD
HI = THQ

Reference Dose (Dermal) was Ni (0.005), Cu
(0.012), Pb (0.42), Cr (0.003), Co (0.005), Fe
(0.045), Zn (0.06), Mn (0.8) and Cd (0.005)
while Reference Dose (Oral) was 0.020, 0.04,
0.300, 0.700, 1.5, 0.02, 0.14, 0.004 and 0.001,
for Ni, Cu, Zn, Fe, Cr, Co, Mn, Pb and Cd re-
spectively (USEPA, 2006; Olawusi-Peters et
al., 2019).

RESULTS AND DISCUSSION

Heavy Metals in Water: Understanding the
distribution of heavy metal pollution in a river
is crucial for regulators and environmental
scientists. According to Xia et al. (2020),
heavy metals damage aquatic life and may
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cause ecosystems to collapse. Therefore, it is
essential to compare the mean concentrations
of heavy metals in water samples to relevant
water quality requirements to pinpoint specific
pollution exceedances and confirm the extent
of the exceedances (Chen et al., 2019). Table
3 shows the WHO (2006) drinking water
standards and Food and Agricultural Organi-
sations minimum standards, in conjunction
with the monthly and seasonal mean content
of heavy metals in this study. The investiga-
tion determined that the nine heavy metal con-
centrations focused in this study were in the
following order: Mn > Fe > Zn > Cu > Ni >
Cd > Co > Cr > Pb. The highest standard devi-
ation was found for the heavy metals Mn and
Fe, suggesting that their concentrations were
widely distributed during the observation peri-
od. For Pb and Cr, a slight standard deviation
was recorded, but for Zn and Cu, a moderate
one; demonstrating that there was less varia-
tion in these metals' concentrations throughout
the sampling process. Both seasons recorded
high levels of Fe and Mn, which were found
to be above WHO and FAO norms. Similarly,
Zn and Ni were discovered to be higher than
the FAO and WHO recommended limits for
both seasons. On the other hand, Pb, Co, and
Cr concentrations were found to be lower than
those recommended by the WHO and FAO.
High concentrations of Cd and Cu can harm
domestic animals, wildlife, and humans
(mostly through DNA damage, oxidative
stress, cytotoxic effects, and protein degrada-
tion) when these aquatic resources are used for
transport (Ayenimo et al. 2010). Hossen and
Mostafa, (2023) and Atangana and Oberhol-
ster (2021) reported similar findings. Zinc and
nickel were also found to be above the recom-
mended values of WHO and FAO. Akinbile
and Omoniyi (2018) and Ayodele and Percy
(2011) made similar observations, suggesting
that the higher concentrations of these metals
recorded in the dry season than in the wet sea-
son could be attributed to the leaching of in-
dustry-based effluents within the city.

Single-Factor Pollution Index: The study of
the single-factor pollution index was conduct-
ed in the Ogunpa River. The results of this
method, which evaluated the heavy metal con-
centrations of the sampling water's single-
factor pollution index, are displayed in Table
4. During the sample months, cadmium levels
ranged from non-polluted to slightly polluted,
but Cr and Pb stayed unpolluted. The levels
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Table 3: Heavy Metals in Water of Ogunpa River

Seamn | Cdimghgl | Colmgleg) | Crimglhe) | Culmglel | Felmglg) Mnimgle) | Nimglg)l | Phimgle) | Znimglg)
Jan 0034004  074el2E 000000 21281750 3524357 0674085 | 000000 000000 | 200405
Feb 0214021 | 000000 OO0#000 312244988 1130045757 | 412547617 000000 000000 13452411753
Mar | 0204018 000000 000000 | 095022 | 30831110 0174004 | 090s108 | 000000 10.50+690
Aprl 000000 000000 O00sDC0 | ODA6:004 | 16254319 183063 | 000000 | 000000 | 039068
May 042805 003005 003000 | 18153:2817 | 2925:825 | 19583:3811 | 000:000 | 003000 432746217
hine 0264021 0004000 003000 4564454 STA01121 4574614 0004000 | 0034000 14741434
Rl 000000 000000 000000 0238040 | O04e008 001001 | 007008 | 000000 | 002e002
dug 036043 001001 OD0SDC0 11554976 | SS0B¢4089 242088 051s051 | 000000 7164337
Sept | 010s017 000000 0000/ 3553823 52084250 208:32 00000 | 000000 | 556285
Oet 0004000 000000 000000 | 4854454 0004000 058403 | 000000 000000 | 3504150
How 000000 004004 000000 3115117 | 000000 12546125 073:126 | 000000 | 2564222
Dec 000000 070062 000000  S11sls 000000 0174028 | 000000 000000 | 328s011
DY 0124025 D3040F5  OD0:00D  1445:2306 | 440TEET  B34243664 02105 000000 | 29904708
:%*%n 014025 000s01) 0DIs00L  833a050  SBTw835  2930a2764 014047 ODLDOL  1L1si2dss
Fio | 0003 005 200 s s 00z a0l 500
Table 4: Single-Factor Pollution Index of Ogunpa River

SFPI  Cd Co Cr Cu Fe Mn Ni Pb Zn
JAN 0.01 0.20 0.00 14.51  2.00 1.20 0.00 0.00 0.41
FEB 0.66 1.16 0.00 4.26 557.00 318.70 18.75  0.00 2291
MAR  0.59 1.79 0.00 2.59 15833 1336  46.00  0.00 10.65
APRIL 0.00 0.00 0.00 0.33 39.00 1.40 0.00 0.00 0.02
MAY  0.81 0.10 0.30 1.12 112.50 0.90 72.50  0.15 2.80
JUNE 1.27 9.00 0.50 0.96 100.17  1.30 28.00  0.25 1.02
JULY  0.00 0.00 0.00 0.00 0.15 0.01 2.75 0.00 0.00
AU-

GUST 0.05 0.40 0.00 12.47 4833  3.79 0.75 0.00 2.37
SEPT  0.29 0.50 0.00 4.10 42.17  3.20 29.75  0.00 1.97
OCT 0.00 8.80 0.00 2.12 4.83 0.70 0.00 0.00 1.28
NOV  0.00 0.20 0.00 3.75 0.00 0.10 0.00 0.00 0.41
DEC 0.05 0.20 0.00 3.40 0.00 0.10 0.00 0.00 0.60
DRY 0.15 0.43 0.00 7.68 121.47 64.78  3.90 0.00 5.34
WET 042 2.88 0.11 1.60 6531 298 25.57  0.06 2.53

of pollution for iron, Mn, Ni, Zn, and Cu varied
from mild to extreme. The following nine
heavy metals had average concentrations ob-
served in the two seasons: Pb < Cr < Cd < Co <
Zn < Cu < Ni < Mn < Fe. In this study, Pb, Cd,
and Cr generally have "No Pollution" single
factor pollution, but Fe, Mn, Ni, Zn, and Cu
have "Severely Polluted" single factor pollu-
tion.

Heavy Metal Pollution Load Index (HPLI):
Pollution Index (PI) is used to ascertain the
quality of the sampled river. Table 5 presents
the results of the calculation of the PI values for
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the water samples from Ogunpa. During the
sampling seasons, the PI results indicate no in-
fluence of contamination of the following
heavy metals: Cd, Co, Cr, and Pb. Meanwhile,
Cu, Zn, Ni, Mn, and Fe, had a significant im-
pact on the pollution level in both seasons. The
indiscriminate discharge of domestic and indus-
trial garbage in and around the Ogunpa market
may have contributed to the leaching of heavy
metals, which could be the cause of the high
pollution index values. It should be made very
clear that Fe, Mn, and Ni were the possible
heavy metals that could contribute to a high

Ayeku et al 53



Table 5: Pollution Index (PI) of Ogunpa River

PI Cd Co Cr Cu Fe Mn Ni Pb Zn
DRY 0.33 0.92 0.00 7.31 280.50 15936 23.50  0.00 11.46
WET 0.69 4.52 0.38 2.51 56.26 1.90 40.75 0.17 1.40
Table 6: Contamination Index, Heavy Metal Evaluation Index and Water Quality Index
(WQI) of Ogunpa River
Month/ WQI value CPIvalue  HEI value Cd value HPI value
Season
JAN 159.9 18.3 51.1 42.1 59
10932. 4211. 4202. 4478.
FEB 8 923.4 7 7 1
4088.
MAR 26512 2333 >76.1 >67.1 5
APRIL 487.6 40.7 73.2 64.2 57.5
5532.
MAY 21333 191.2 403.1 394.1 5
648.0 639.0 8613.
JUNE 1627.7 142.5 ) : 2
JULY 294 2.9 3.0 -6.0 53
AUG 756.3 68.2 156.8 147.8 331.5
1938.
SEPT 8989 82.0 196.0 187.0 7
OCT 181.6 17.7 239.8 230.8 11.7
NOV 36.5 4.5 13.9 4.9 5.4
DEC 35.8 4.4 21.7 12.7 274.2
DRY 2384.3 203.8 891.0 882.0 966.2
2904.
WET 1144.2 101.5 305.6 296.6 5

pollution index value out of all the others.

Water Quality Index (WQI): Applying the
proper allocated weight and relative weight, the
WQI of Ogunpa River was assessed using the
Shetaia et al., (2020) technique. WQI results
were determined to be 2384.3 during the dry
season and 1144.2 during the wet season (Table
6). These results were consistent with the WQI
classification class of "Bad," which denotes un-
suitability for aquatic life. This finding suggests
that water from the Ogunpa River at the studied
location, which is used for potable as well as
other industrial and commercial purposes,
needs to be treated before being used for these
purposes because using it untreated in both the
dry and wet seasons poses a serious risk to hu-
man health and way of life. This study shows
the highest level of pollution compared to those
of Akinbile and Omoniyi (2018), who reported
a Bad WQI of the river Ogbese in Ondo State,
Southwest Nigeria, and Iwar et al. (2021), who
reported a Bad WQI of the river Benue in Ma-
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kurdi, North Central Nigeria. These findings
suggest that Nigerian rivers are becoming more
and more polluted due to a variety of factors,
including urbanization and anthropogenic activ-
ities. As a result, it is imperative to support on-
going surface water body monitoring to prevent
the risks that come with consuming heavily pol-
luted water.

Comprehensive Pollution Index (CPI):
Throughout the sampling months, the Ogunpa
River's CPI, which measures the overall level of
water pollution, was always more than two (2),
indicating severe or heavy pollution. Table 6
shows the monthly CPI of heavy metal for the
river under study for both seasons. During the
dry season, it was noted that the CPI had a
mean of 203.8 and varied from 4.4 to 923.4. It
was found that contributions from February and
December were, respectively, the highest and
lowest. CPI ranged from 2.9 to 191.2 (mean =
101.5) during the rainy season. July was shown
to have the lowest contribution to the mean CPI
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during the wet season and the highest contribu-
tion was recorded in May. Overall, it was noted
that Ogunpa River's CPI values were signifi-
cantly higher than the threshold value through-
out both the wet and dry times. The city's sur-
rounding industrial and agricultural operations
are the cause of both diffuse and point-source
pollution, which accounts for the high CPI lev-
els in the river. Since the Ogunpa River serves
as the primary sink for all of the region's pollu-
tion sources, it is reasonable to assume that the
high concentrations of hazardous pollutants in
the river are a result of the city’s, growing pop-
ulation and industrial activity. These results are
in complete agreement with the WQI results,
which demonstrated that the Ogunpa River is of
the kind that qualifies as "Severely Polluted."
As anticipated, the CPI values for surface water
reported in this study are greater than those pre-
viously reported by Zakhem and Hafez (2015)
and that of Sharma et al., (2020). This was due
to the expectation that surface water would be
more contaminated than groundwater due to the
contributions of both diffuse and point source
pollutants to surface water bodies. Additionally,
this figure is higher than the CPI on the Yellow
River Wetland Reserve in China reported by
Chen et al. (2023). Moreover, the regular habit
of disposing of trash close to the riverbank in
the Ogunpa River region is associated with ele-
vated CPI levels. The wastewater from the
Ogunpa market, is one of the other potential
sources of these metals. Other likely sources of
heavy metal contamination in the city may be
the use of fertilizers and pesticides, as well as
the effluents from mechanics' workshops and
nearby factories.

Heavy metal Evaluation Index (HEI): Ac-
cording to Table 6, the heavy metal evaluation
index ranged between 3.0 and 648.0 (mean =
305.6) in the wet season and from 13.0 to
4211.7 (mean = 891.0) in the dry season. The
Ogunpa River's HEI value is more than 50 in all
sampling months throughout both the wet and
dry seasons, according to Shetaia et al. (2020)
values evaluation results of the HEI model. Ac-
cording to this, the study area is "highly pollut-
ed."

Degree of contamination: Table 6 displays the
findings of the degree of contamination for this
investigation. According to Hékanson (1980),
the Cd values range in the rainy season from -
6.0 to 639.0 with an average of 290.6, and in
the dry season from 4.9 to 4202.7 with a mean
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value of 882.0. This suggests that the Ogunpa
River was highly contaminated during the test
months.

Heavy metal pollution index (HPI): Table 6
summarizes different pollution indices and the
monthly/seasonal change of HPI. In the Ogunpa
River, 5.3 was the lowest reported heavy metal
pollution index level, while 8613.2 was the
highest. The current study has adopted a modi-
fied three-class scale following Edet and
Offiong's (2002) research. Water quality can be
categorized using the HPI into three groups:
low HM pollution, threshold risk, and high risk
(>100, 100, <100), in that order. The health of
people who drink the water may be at risk if the
HPI rises above 100. Therefore, it is important
to conclude that there is a substantial risk of
heavy metal pollution in the Ogunpa River. The
likelihood of runoff contaminating the river wa-
ter is increased by the existence of anthropo-
genic (industrial and agricultural) activity in the
area surrounding the location. This pattern rais-
es concerns since it may indicate that the Ogun-
pa River will become more contaminated in the
future.

Human Health Risk Assessment Analysis:
The health risk assessment of metals in drinking
water sources has drawn a lot of attention, de-
spite the fact that the well-being of the impact-
ed population is greatly impacted by the quality
of the drinking water (Belew et al., 2024). Ta-
bles 7 and 8, respectively, show the hazard in-
dex (HI) and hazard quotient (HQ) values of
each metal for ingestion and dermal in the
Ogunpa River.  The metal hazard index
(ingestion) varied from 0.00 (Cr) to 14.83 (Cu),
while the values of the hazard index (dermal)
varied from 0.00 (Cr) to 0.27 (Cu). Given that
all calculated values for HQ and HI are less
than 1, this result suggests that there is no non-
carcinogenic risk associated with cutaneous
contact (Table 8). However, the results for Cd,
Cu, Fe, Mn, and Zn indicate high HQ values (>
1) for ingestion, which further contributes to an
overall HI value of more than 1 (Table 7). In
other words, there exists a possibility that hu-
man exposure to these heavy metals poses a
non-carcinogenic risk. This outcome is con-
sistent with surface water studies conducted by
Jiao et al. (2023) at the site of an abandoned
multi-year pyrite mine in China. The health risk
is contingent on the heavy metal and changes
greatly depending on the manner of consump-
tion (i.e., cutaneous absorption versus

Ayeku et al 55



Table 7: The hazard index (HI) and hazard quotient (HQ) ingestion values of each metal

Human Health Risk Assessment

ggesﬁon cd Co C Cu Fe Mn Ni Pb Zn
TAN 016 002 000 23.19 003 014 000 000 022
FEB 10.55 009 000 680 7.63 3638 0.60 000 1221
MAR 943 0.4 000 414 217 153 147 000 5.67
APRIL 000 000 000 053 053 016 000 000 0.01
MAY 1295 001 000 179 154 010 232 012 149
JUNE 2030 072 000 153 137 015 089 020 0.54
JULY 000 000 000 000 000 000 009 000 0.00
AUG 080 003 000 1993 066 043 002 000 126
SEPT 463 004 000 655 058 037 095 000 1.05
OCT 000 070 000 339 007 008 000 000 0.68
NOV 000 002 000 600 000 00l 000 000 022
DEC 080 002 000 544 000 001 000 000 032
DRY 246 003 000 1227 166 739 012 000 285
WET 676 023 000 256 089 034 082 005 135
HI 922 026 000 1483 2.55 773 094 005 420

Table 8: The hazard index (HI) and hazard quotient (HQ) dermal values of each

metal Human Health Risk Assessment

ge?mal Cd Co C Cu Fe Mn Ni Pb Zn

JAN 0.00 000 000 042 000 000 000 000 0.00
FEB 0.01 000 000 012 064 003 000 000 020
MAR 001 000 000 007 018 000 00l 000 0.09
APRIL 000 000 000 001 004 000 000 000 0.00
MAY 001 000 000 003 013 000 00l 000 0.02
JUNE 002 001 000 003 012 000 000 000 00
JULY 000 000 000 000 000 000 000 000 0.00
AUGUST 000 000 000 036 006 000 000 000 0.02
SEPT 001 000 000 012 005 000 000 000 0.02
OCT 0.00 001 000 006 001 000 000 000 001
NOV 0.00 000 000 011 000 000 000 000 0.00
DEC 0.00 000 000 010 000 000 000 000 0.0l
DRY 0.00 000 000 022 014 001 000 000 005
WET 001 000 000 005 008 000 000 000 0.02
HI 0.01 000 000 027 022 001 000 000 007

ingestion). The average HI value of ingestion is
1-3 orders of magnitude larger than that of cuta-
neous absorption, indicating that ingestion is
the primary exposure that results in health risk.
Arsenic may have carcinogenic effects on the
body, potentially causing lesions on blood ves-
sels, the bladder, etc (Sohrabi et al., 2021); cad-
mium has negative effects on the renal system,
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causing immune deficiencies and bone damage
(Godet et al., 2006); excessive intracellular zinc
content can promote apoptosis, leading to cellu-
lar nervous system decline, which may cause
the onset of Alzheimer's disease; Parkinson's
disease can be caused by manganese in the
body (Doroszkiewicz et al., 2023); excessive
intracellular zinc content can promote

Ayeku et al 56



apoptosis, leading to cellular nervous system
decline, which may cause the onset of Alzhei-
mer's disease (Ipek et al., 2023).

CONCLUSION

The assessment of heavy metals from the Ogun-
pa River in the city of one of Nigeria's largest
cities is the primary reason for the study's criti-
cal importance. The study's nine heavy metal
concentrations were concentrated in the follow-
ing order: Cd > Co > Cr > Pb > Mn > Fe > Zn >
Cu > Ni. Pb, Co, and Cr concentrations were
under the permissible level, but those of cadmi-
um, cu, Zn, Ni, Mn, and Fe were over the ac-
ceptable limit set by the WHO and FAO. Addi-
tionally, Pb, Cd, and Cr showed "No Pollution"
results on the single factor pollution index in
this study, whereas Fe, Mn, Ni, Zn, and Cu
showed "Severely Polluted" values. The find-
ings of the pollution load indicated that Cu, Zn,
Ni, Mn, and Fe had a major influence. The
comprehensive pollution index values were
consistently greater than the threshold value
during both the wet and dry seasons, indicating
the presence of industrial and agricultural activ-
ity in the vicinity of the city. The results of the
water quality index designate the river as
"Bad." According to the heavy metal evaluation
index and degree of pollution data, the Ogunpa
River is classified as highly contaminated and
extremely polluted, respectively. Furthermore,
there is a significant risk of heavy metal pollu-
tion, according to the heavy metal pollution in-
dex. However, a review of the human health
risk assessment may conclude that drinking
from the river poses a possible non-
carcinogenic risk to humans. Therefore, it is
advised that swift action be taken to reduce and
manage the heavy metal contamination of the
Ogunpa River.
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