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ABSTRACT  
This study assessed the health risk of heavy metals in different 
water sources around dumpsites in selected areas of Ondo City, 
Ondo State. Water samples were collected for a period of six 
months spanning the dry and wet seasons. The samples were 
digested following standard procedures, and heavy metals were 
analysed using an Atomic Absorption Spectrophotometer. Health 
risks from ingestion were determined by calculating the hazard 
quotient (HQ), hazard index (HI), and incremental lifetime cancer 
risk (ILCR). Arsenic, Cadmium, Mercury, Lead and Chromium had 
values higher than the WHO recommendation for drinking and 
irrigation purposes. Cadmium and Mercury had HQ ≥ 1, while ILCR 
for Chromium was not within the range stipulated by the United 
States Environmental Protection Agency (USEPA). This shows that 
water from these locations is not safe for any domestic or irrigation 
purposes; hence, regulations against indiscriminate dumping of 
waste should be strictly enforced to avoid water contamination. 
 
Keywords: Heavy metals, Water Quality, Health risk assessment, 
Waste management, Ondo State. 
 
INTRODUCTION 
Water is a fundamental resource for life, playing a crucial role in 
domestic use, agriculture, industry, and ecosystem balance (Kilic, 
2020). Surface water bodies (rivers, streams, and lakes), 
groundwater (wells and boreholes) and public taps/stand pipes are 
the most accessible sources of water for many communities in 
Nigeria (Abugu et al., 2024). However, these water sources are 
increasingly threatened by pollution due to rapid urbanization, 
population growth, and poor waste management practices (Tariq & 
Mushtaq, 2023). One of the most common forms of water pollution 
is improper waste disposal practices, which can introduce heavy 
metals to water sources. 
 
Heavy metals are non-biodegradable elements that can persist in 
the environment and accumulate in living organisms over time 
(Whitcombe, 2026). Heavy metals such as lead (Pb), Cadmium 
(Cd), Arsenic (As), chromium (Cr), and mercury (Hg) are toxic even 
at low concentrations and can pose severe risks to both human 
health and the environment (Rahman & Singh, 2019). These 
metals can enter surface water systems through various pathways, 
including atmospheric deposition, industrial discharge, agricultural 
runoff, and leakage of leachates from dumpsites (Njoku et al., 
2021; Xu et al., 2024). Improper waste disposal and lack of 
engineered landfill systems have resulted in open dumpsites 

becoming prominent sources of heavy metal pollution, especially in 
urban and semi-urban communities (Adejumo et al., 2019). Surface 
water is a vital source of water for domestic, agricultural, and 
industrial uses in many communities. However, its contamination 
by heavy metals poses a serious threat to public health and 
environmental sustainability (Rahman & Singh, 2019). Prolonged 
exposure to contaminated water can lead to bioaccumulation of 
metals in the human body, causing adverse health effects such as 
organ damage, neurological disorders, and cancer (Bukhari et al., 
2024; Sharma et al., 2023). 
 
The rapid increase in urbanization and poor waste management 
practices in Ondo city, Ondo State, have led to the proliferation of 
open dumpsites, particularly near residential settlements. These 
dumpsites often receive various types of waste, including 
agricultural, organic, household, and electronic waste, which are 
capable of introducing heavy metals such as lead (Pb), cadmium 
(Cd), arsenic (As), nickel (Ni), zinc (Zn), mercury (Hg), and 
chromium (Cr) (Adejumo et al., 2019; Ogunyemi et al., 2020). 
When improperly managed, these heavy metals can leach into 
surrounding water sources through runoff and infiltration, especially 
during rainfall (Wang et al., 2024). Given the widespread 
indiscriminate dumping of waste, the study thereby aims to 
determine the physico-chemical parameters and heavy metal 
concentrations (As, Cd, Pb, Hg, Zn, Cr, Cu, Ni, Fe) of water 
samples collected from water sources closest to two dumpsites in 
Ondo City, Nigeria. 
 
MATERIALS AND METHODS 
Description of study area 
This study was carried out in Ondo City, Ondo State, Nigeria. The 
town lies between latitudes 7°05'N and 7°45'N and longitudes 
4°45'E and 5°05'E. It is bordered by Idanre LGA to the west, Akure 
South to the north, and Ile-Oluji/Okeigbo to the east. The climate of 
Ondo is characterized by a tropical wet and dry climate, with distinct 
rainy and dry seasons. The rainy season typically spans from May 
to October, while the dry season lasts from November to April. 
Average annual rainfall ranges between 1,200 mm and 1,800 mm, 
with temperatures generally ranging between 22 and 40°C 
(Ekwezuo, 2025). The economy is predominantly agrarian, with 
residents engaging in the cultivation of crops such as cocoa, 
cassava, yam, maize, and plantain (Adegbite & Adegbite, 2021). 
Ondo is also home to several small and medium-scale industries, 
including sawmills, cassava processing plants, and local 
craftworks. Water supply in the area is sourced from a combination 

F
u

ll 
L

en
g

th
 R

es
ea

rc
h

 A
rt

ic
le

 

https://dx.doi.org/10.4314/swj.v21i3.72
http://www.scienceworldjournal.org/
mailto:%20ugXXXXXXXX@gmail.com
mailto:%20ugXXXXXXXX@gmail.com


Science World Journal Vol. 21(No 3) 2026   https://dx.doi.org/10.4314/swj.v21i3.72 
www.scienceworldjournal.org 
ISSN: 1597-6343 (Online), ISSN: 2756-391X (Print)   
Published by Faculty of Science, Kaduna State University 

 

 Health Risk Assessment of Heavy Metals from Water Sources Around Selected 
Dumpsites in Ondo City, Nigeria 

1476 

of boreholes, wells, streams, and public water systems. However, 
due to rapid urbanization and population growth, water quality and 
accessibility remain critical challenges in some parts of the 
community. 
 
Sample Collection 
Water samples were collected from a river in Sabo and a public 
water system in the Government Residential Area (GRA) of Ondo 
City, as shown in Figure1. Although there are five dumpsites in 
Ondo, Sabo and GRA dumpsites were selected because of their 
proximity to residential areas. To ensure a representative and 
unbiased sample, three sampling points were selected along the 
Sabo River, accounting for its various sources and flow paths, while 

samples were collected from only one sampling point due to its 
single source in GRA. Samples were collected for a period of six 
months spanning the dry and wet periods. 
 
Sampling was performed early in the morning when the water was 
less disturbed, allowing for more stable readings (Schroeter et al., 
2025). At each sampling site, water samples were cleared of visible 
debris and collected in pre-cleaned, acid-washed polyethylene 
bottles to avoid contamination. Acidification of samples was then 
done with 1.0 mL of conc. HNO3 using new syringes; this was done 
to keep metals dissolved and stable and also prevent microbial 
growth. After acidification, the samples were stored in ice packs 
and transported to the laboratory for further analysis. 

 

 
Figure1: Map of Ondo state showing the sampling points 
 
Determination of physicochemical parameters  
On-site measurements of physicochemical parameters such as 
temperature, pH, electrical conductivity (EC), and total dissolved 
solids (TDS) were performed immediately after sample collection 
using HANNA Combo Meter HI 98136, made in Romania. 
Measurements were taken in triplicate to ensure accuracy and 
reliability. Measuring the parameters in situ was crucial to obtain an 
accurate representation of the natural water conditions and to 
prevent alterations that could occur during sample transportation. 
 
BOD (Biochemical Oxygen Demand) of water 
Fifty (50ml) of each water sample was measured into a BOD bottle, 
while the dilution water was measured into another BOD bottle, 
which served as a blank. The DO (dissolved oxygen) of each bottle 
was measured using a DO meter and recorded as the initial 
reading. The BOD bottles were tightly closed so as to prevent any 

air bubbles in the bottle and incubated for 5 days at 20°C.  After 5 
days, the samples were taken out, and the DO was measured 
again (Dak, 2021). BOD was then calculated using the formula; 

BOD (mg/L) = 
𝐷1−𝐷2

𝑉
              (1) 

Where D1= Initial DO reading, D2 = Final DO reading, V= volume of 
sample  
 
Dissolved oxygen 
MnSO4 (1.0 mL) and alkaline iodide solutions (1.0 mL) were added 
to each sample in a 300 mL glass-stoppered container, and the vial 
was tightly closed to avoid air bubbles. The container was then 
tilted several times to mix the contents. The precipitates were 
allowed to settle, and 1.5 mL of H2SO4 was added and mixed 
thoroughly. An aliquot (25 mL) of Na2S2O3.5H2O solution was 
titrated to a colorless end point using starch indicator (Moses et al., 
2019). DO was calculated using the following formula: 

https://dx.doi.org/10.4314/swj.v21i3.72
http://www.scienceworldjournal.org/


Science World Journal Vol. 21(No 3) 2026   https://dx.doi.org/10.4314/swj.v21i3.72 
www.scienceworldjournal.org 
ISSN: 1597-6343 (Online), ISSN: 2756-391X (Print)   
Published by Faculty of Science, Kaduna State University 

 

 Health Risk Assessment of Heavy Metals from Water Sources Around Selected 
Dumpsites in Ondo City, Nigeria 

1477 

DO (mg/L) = 
T (cm3) x 100 

Volume (ml) of aliquot 
                           (2) 

 
Where T =volume of titrant used. 
 
 Chemical oxygen demand (COD) 
Ten (10) mL of water sample was added into a round-bottom reflux 
flask with a few glass beads; 1 mL of mercury sulfate was added 
with 5 mL of potassium dichromate solution to digest the sample, 
while 2-3 drops of ferroin indicator were used to titrate the solution 
to the end point. The COD was calculated using the formula: 
 

COD = 
8×1000×𝐷×𝑀×(𝑉1−𝑉2)

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
        (3) 

 
Where, D – Dilution Factor; M – Molarity of standardized Ferrous 
Ammonium Sulfate solution; V1 – Volume consumed in titration 
using blank; V2 – Volume consumed in titration using sample. 
 
Sample preparation and digestion 
Sample digestion was carried out to break down organic matter and 
release the heavy metals into solution for accurate analysis. The 
samples were first filtered using a Whatman filter paper to remove 
any debris, after which a 100 mL aliquot of each filtered and 
acidified water sample was transferred into a digestion flask. To 
this, 5 mL of concentrated nitric acid (HNO₃) was added. The 
mixture was heated on a hot plate at 95°C to 105°C in a fume hood 
until a clear solution was obtained, indicating complete digestion 
(Okorie et al., 2024; APHA, 2012). After digestion, the samples 
were allowed to cool to room temperature. The digested solutions 
were then filtered using Whatman filter paper to remove the 
remaining particulates. The filtrates were then transferred into 50 
mL volumetric flasks and made up to the mark with distilled water. 
The prepared digests were stored in labelled polyethylene bottles 
and kept in a refrigerator at 4°C prior to heavy metal analysis. 
HNO₃ used for the analysis was of analytical grade. 
 
2.5 Determination of Heavy Metal Contents 
The digested samples were analyzed for concentrations of Arsenic 
(As), Cadmium (Cd), Mercury (Hg), Lead (Pb), Chromium (Cr), 
Copper (Cu), Iron (Fe), Nickel (Ni), and Zinc (Zn) using an Atomic 
Absorption Spectrophotometer (AAS; Buck Scientific Model 211 
VGP made in China) at Afe Babalola University, Ado Ekiti. 
 
2.6 Statistical Analysis  
The collected data were subjected to both descriptive and 
inferential statistical analyses using SPSS software (Version 25). 
Descriptive statistics, including mean and standard deviation, were 
calculated for each parameter, while analysis of variance (ANOVA) 
was used to determine the level of significance. 
 
Health risk assessment 
 
Exposure assessment 
To assess both non-cancer and cancer risks for children and 
adults, the chronic daily intake (CDI) of HMs, which represents the 
lifetime average daily dose (ADD) of exposure to each metal, was 
used (Joseph et al., 2024). The CDI of the HMs via oral ingestion 
was calculated using Equation 4: 
 

 CDI =
C x IR x EF x ED

BW x AT
     (4) 

 Where: CDI is the chronic daily intake (mg/kg/day); C is the 
concentration of each metal in the water sample (mg/L); IR is the 
ingestion rate per unit time (1L/day for a child and 2.2L/day for an 
adult); ED is the exposure duration (6 years for a child and 30 years 
for an adult); EF is the exposure frequency (365 days/year); BW is 
body weight (15kg for a child and 70kg for an adult); AT is the 
average exposure time (for carcinogens, AT=70×365=2550 days 
for both children and adults; for non-carcinogens, 
AT=EDx365=2190 days and 10950 days for children and adults, 
respectively) (Emmanuel et al., 2022). 
 
Non-Cancer risks  
Health hazards from ingestion of surface water were assessed for 
non-cancer risk using Equation 5. 
 

Hazard quotient (HQ ) =   
𝐶𝐷𝐼

𝑅𝑓𝐷
  (5) 

 
The Chronic Daily Intake (CDI) and Reference Dose (RfD) are in 
mg/kg/day. The value of RfD from Integrated Risk Information was 
utilized for the present study. The possible risk to human health 
through the combination of all elements was evaluated using the 
chronic hazard index (HI), which is the sum of all HQ calculated for 
each heavy metal (Emmanuel et al., 2022). An HQ/HI value higher 
than 1 indicates a probability of non-cancer-causing impacts on 
human health, while values under 1 show that the ingestion of such 
water would not have any effect on humans (Ayantobo et al., 2014; 
Joseph et al., 2024). 
 
Cancer Risks 
Cancer risk of heavy metals is the hazard from a lifetime exposure 
to an average dose of 1mg/kg body weight/day of heavy metals. 
Cancer risk was expressed in terms of incremental lifetime cancer 
risk (ILCR), which is the probability that one may develop cancer 
over a 70-year lifetime due to a 24-hour exposure to a potential 
carcinogen (Emmanuel et al., 2022). Cancer risk was calculated as 
the product of CDI (mg/kg/day) and cancer slope factor (CSF) 
measured in (mg/kg/day). 
 
ILCR =CDI x CSF     (6) 
 
Where: ILCR=incremental life cancer risk; CDI=chronic intake 
(mg/kg/BW/day); CSF=cancer slope factor. 
 
The total cancer risk as a result of exposure to multiple 
contaminants due to consumption of a particular type of water was 
assumed to be the sum of each metal incremental risk (∑ILCR). 
The United States Environmental Protection Agency (USEPA) 
considers the minimum or acceptable cancer risk for regulatory 
purposes within the range of 1×10-6 to 1×10-4(Emmanuel et al., 
2022). 
 
RESULTS AND DISCUSSION 
 
Physicochemical parameters of water samples 
The physicochemical parameters (pH, EC, TDS, Temperature, 
BOD, COD, DO) of water samples from the two study areas are 
presented in Table 1. The mean pH of the water samples ranged 
from 6.62 to 8.08 (Table 1). The mean EC of the water samples 
varied from 16.50 to 64.23 µS/cm, while TDS ranged from 126.70 
to 458.47 ppm.
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Table 1: Physicochemical parameters of surface water samples collected from study areas in Ondo 

Parameter Location Season N Mean±SD WHO Limit 

pH Sabo Dry 9 8.08b±0.14 6.5 – 8.5 
 Sabo Wet 9 6.68a±0.23 6.5 – 8.5 
 GRA Dry 3 7.43a±0.15 6.5 – 8.5 
 GRA Wet 3 6.62a±0.57 6.5 – 8.5 
EC (µS/cm) Sabo Dry 9 16.56a±0.04 ≤ 1000 
 Sabo Wet 9 64.23b±0.01 ≤ 1000 
 GRA Dry 3 23.12a±0.01 ≤ 1000 
 GRA Wet 3 217.86a±0.00 ≤ 1000 
TDS (ppm) Sabo Dry 9 141.90a±3.77 ≤ 500 
 Sabo Wet 9 458.47b±6.50 ≤ 500 
 GRA Dry 3 126.70a±0.60 ≤ 500 
 GRA Wet 3 158.70a±1.50 ≤ 500 
Temperature (°C) Sabo Dry 9 34.30b±1.47 Ambient 

 Sabo Wet 9 24.93a±0.60 Ambient 
 GRA Dry 3 24.20a±0.20 Ambient 
 GRA Wet 3 26.60a±0.10 Ambient 
BOD (mg/L) Sabo Dry 9 3.44a±0.15      - 
 Sabo Wet 3 1.12b±0.02      - 
 GRA Dry 9 1.42b±0.04      - 
 GRA Wet 3 1.17b±0.02      - 
COD (mg/L) Sabo Dry 9 39.32a±3.11      - 
 Sabo Wet 3 12.12b±0.91      - 
 GRA Dry 9 18.16b±0.03      - 
 GRA Wet 3 10.34b±0.02      - 
DO (mg/L) Sabo Dry 9 4.30a±0.29      - 
 Sabo Wet 3 6.42a±0.63      - 
 GRA Dry 9 5.83a±0.06      - 
 GRA Wet 3 7.30a±0.10      - 

*N= Number of samples, SD= Standard deviation, WHO= World Health Organization, EC= Electrical Conductivity, TDS= Total Dissolved Solids, 
BOD= Biochemical Oxygen Demand, COD= Chemical Oxygen Demand, DO= Dissolved Oxygen. 
*Means with different superscript within the same parameter are significantly (p<0.05) different. 
 
 Heavy metals concentration in water samples 
Concentrations of essential and non-essential heavy metals determined in this study are summarized in Table II.  The essential heavy metals 
determined in this study include Cu, Fe, Ni, and Zn while the non-essentials were Pb, Cd, Hg, As and Co. 
 
Table 2: Heavy metal concentrations (mg/L) of water samples collected from study areas 

Metals Location Season N Mean±SD WHO Limit (mg/L) NSDWQ Limit (mg/L) 

Arsenic (As) Sabo Dry 9 0.059a±0.001 0.010 0.010 
Arsenic (As) Sabo Wet 9 0.035a±0.002 0.010 0.010 
Arsenic (As) GRA Dry 3 0.019b±0.001 0.010 0.010 
Arsenic (As) GRA Wet 3 0.018b±0.001 0.010 0.010 
Cadmium (Cd) Sabo Dry 9 0.008a±0.001 0.003 0.003 
Cadmium (Cd) Sabo Wet 9 0.006a±0.001 0.003 0.003 
Cadmium (Cd) GRA Dry 3 0.014a±0.001 0.003 0.003 
Cadmium (Cd) GRA Wet 3 0.009a±0.001 0.003 0.003 
Mercury (Hg) Sabo Dry 9 0.055a±0.002 0.006 0.001 
Mercury (Hg) Sabo Wet 9 0.021b±0.001 0.006 0.001 
Mercury (Hg) GRA Dry 3 0.094a±0.003 0.006 0.001 
Mercury (Hg) GRA Wet 3 0.017b±0.002 0.006 0.001 
Lead (Pb) Sabo Dry 9 0.221a±0.001 0.010 0.010 
Lead (Pb) Sabo Wet 9 0.164a±0.003 0.010 0.010 
Lead (Pb) GRA Dry 3 0.059b±0.001 0.010 0.010 
Lead (Pb) GRA Wet 3 0.111a±0.005 0.010 0.010 
Chromium (Cr) Sabo Dry 9 0.094a±0.002 0.050 0.050 
Chromium (Cr) Sabo Wet 9 0.056a±0.001 0.050 0.050 
Chromium (Cr) GRA Dry 3 0.004b±0.001 0.050 0.050 
Chromium (Cr) GRA Wet 3 0.044a±0.004 0.050 0.050 
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Copper (Cu)  Sabo Dry 9 0.035a±0.001 2.000 1.000 
Copper (Cu) Sabo Wet 9 0.058a±0.002 2.000 1.000 
Copper (Cu) GRA Dry 3 0.060a±0.001 2.000 1.000 
Copper (Cu) GRA Wet 3 0.017b±0.000 2.000 1.000 
Iron (Fe)  Sabo Dry 9 0.094a±0.002 0.300 0.300 
Iron (Fe) Sabo Wet 9 0.055b±0.002 0.300 0.300 
Iron (Fe) GRA Dry 3 0.061b±0.001 0.300 0.300 
Iron (Fe) GRA Wet 3 0.108a±0.009 0.300 0.300 
Nickel (Ni)  Sabo Dry 9 0.025a±0.003 0.070 0.020 
Nickel (Ni) Sabo Wet 9 0.014a±0.002 0.070 0.020 
Nickel (Ni) GRA Dry 3 0.028a±0.007 0.070 0.020 
Nickel (Ni) GRA Wet 3 0.016a±0.005 0.070 0.020 
Zinc (Zn) Sabo Dry 9 0.172a±0.006 3.000 3.000 

Zinc (Zn) Sabo Wet 9 0.113b±0.005 3.000 3.000 
Zinc (Zn) GRA Dry 3 0.100b±0.003 3.000 3.000 
Zinc (Zn) GRA Wet 3 0.099b±0.000 3.000 3.000 

*N= Number of samples, SD= Standard deviation, WHO= World Health Organization, NSDWQ= Nigerian Standard for Drinking Water Quality, 
*Means with different superscripts within the same parameter are significantly (p<0.05) different. 
 
Health Risk Assessment of Heavy Metals in Water Samples 
Tables 3 and 4 present the Chronic Daily Intake (CDI) values of heavy metals and compare them with their respective Average Daily Dose (ADD) 
values for adults and children during the dry and wet seasons. 
 
Table 3: Chronic Daily Intake (CDI) dose and Acceptable Daily Dose (ADD) of heavy metals in water samples collected from Sabo, Ondo State 
(mg/kg/day). 

Heavy metals Season Age group CDI ADD 

Arsenic Dry Adults 0.002 - 
Arsenic Dry Children 0.004 - 
Arsenic Wet Adults 0.001 - 
Arsenic Wet Children 0.002 - 
Cadmium Dry Adults 0.000 0.001 
Cadmium Dry Children 0.001 0.001 
Cadmium Wet Adults 0.000 0.001 
Cadmium Wet Children 0.000 0.001 
Mercury Dry Adults 0.002 0.001 
Mercury Dry Children 0.004 0.001 
Mercury Wet Adults 0.001 0.001 
Mercury Wet Children 0.001 0.001 
Lead Dry Adults 0.007 - 
Lead Dry Children 0.015 - 
Lead Wet Adults 0.005 - 
Lead Wet Children 0.011 - 
Chromium Dry Adults 0.003 0.003 
Chromium Dry Children 0.006 0.003 
Chromium Wet Adults 0.002 0.003 
Chromium Wet Children 0.004 0.003 
Copper Dry Adults 0.001 0.04 
Copper Dry Children 0.002 0.04 
Copper Wet Adults 0.002 0.04 
Copper Wet Children 0.004 0.04 
Iron Dry Adults 0.003 0.3 
Iron Dry Children 0.006 0.3 
Iron Wet Adults 0.002 0.3 
Iron Wet Children 0.004 0.3 
Nickel Dry Adults 0.001 0.02 

Nickel Dry Children 0.002 0.02 

Nickel Wet Adults 0.001 0.02 
Nickel Dry Children 0.001 0.02 
Zinc Dry Adults 0.005 0.3 
Zinc Dry Children 0.011 0.3 
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Zinc Wet Adults 0.004 0.3 
Zinc Wet Children 0.008 0.3 

 
Table 4: Chronic daily intake (CDI) dose and Acceptable Daily Dose (ADD) of heavy metals in water samples collected from GRA, Ondo State 
(mg/kg/day). 

Heavy metals Season Age group CDI ADD 

Arsenic Dry Adults 0.001 - 
Arsenic Dry Children 0.002 - 
Arsenic Wet Adults 0.001 - 
Arsenic Wet Children 0.002 - 
Cadmium Dry Adults 0.000 0.001 
Cadmium Dry Children 0.001 0.001 
Cadmium Wet Adults 0.000 0.001 
Cadmium Wet Children 0.001 0.001 
Mercury Dry Adults 0.003 0.001 
Mercury Dry Children 0.006 0.001 
Mercury Wet Adults 0.001 0.001 
Mercury Wet Children 0.001 0.001 
Lead Dry Adults 0.002 - 
Lead Dry Children 0.004 - 
Lead Wet Adults 0.003 - 
Lead Wet Children 0.007 - 
Chromium Dry Adults 0.000 0.003 
Chromium Dry Children 0.000 0.003 
Chromium Wet Adults 0.001 0.003 
Chromium Wet Children 0.003 0.003 
Copper Dry Adults 0.002 0.04 
Copper Dry Children 0.004 0.04 
Copper Wet Adults 0.001 0.04 
Copper Wet Children 0.001 0.04 
Iron Dry Adults 0.002 0.3 
Iron Dry Children 0.004 0.3 
Iron Wet Adults 0.003 0.3 
Iron Wet Children 0.007 0.3 
Nickel Dry Adults 0.001 0.02 

Nickel Dry Children 0.002 0.02 

Nickel Wet Adults 0.001 0.02 
Nickel Dry Children 0.001 0.02 
Zinc Dry Adults 0.003 0.3 
Zinc Dry Children 0.007 0.3 
Zinc Wet Adults 0.003 0.3 
Zinc Wet Children 0.007 0.3 

 
Tables 5 and 6 show the seasonal Hazard Quotient (HQ) and cumulative Hazard Index (HI) of heavy metals in water samples collected from 
Sabo and GRA, Ondo, for adults and children during both seasons. 
 
Table 5: Seasonal Hazard Quotient (HQ) and Hazard Index (HI) of heavy metals in water samples from Sabo, Ondo 

Heavy metals                Dry season               Wet season  

 Adults Children Adults Children 

As - - - - 
Cd 0 1.000 0 0 
Hg 2.000 4.000 1.000 1.000 
Pb - - - - 
Cr 1.000 2.000 0.667 1.333 
Cu 0.025 0.050 0.050 0.100 
Fe 0.010 0.020 0.007 0.013 
Ni 0.050 0.100 0 0.050 
Zn 0.017 0.037 0.013 0.027 
HQ 3.102 7.207 1.737 2.523 
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Table 6: Seasonal Hazard quotient (HQ) and Hazard index (HI) of heavy metals in water samples from GRA, Ondo 

Heavy metals                Dry season               Wet season  

 Adults Children Adults Children 

As 
 

- - - - 

Cd 
 

0 1 0 1 

Hg 
 

3 6 1 1 

Pb - - - - 
 

Cr 0 0 0.333 1.000 
Cu 0.05 0.1 0.025 0.025 
Fe 0.007 0.013 0.01 0.023 
Ni 0.05 0.100 0.05 0.05 
Zn 0.01 0.023 0.01 0.023 
HI 3.117 7.236 1.428 3.121 

The results of Incremental Lifetime Cancer Risk (ILCR) of the heavy metals in water samples from Sabo and GRA, Ondo, in adults and children 
during the dry and wet seasons are presented in Tables VII and VIII.  
 
Table 7: Incremental Lifetime Cancer Risk (ILCR) of Heavy Metals in water samples from Sabo, Ondo 

Heavy metals                Dry season               Wet season  

 Adults Children Adults Children 

     
Pb 
 

5.95×10-5 1.28×10-4 4.25×10-5 9.35×10-5 

Cd 
 

0 6.00×10-6 0 0 

Ni 
 

9.10×10-4 1.82×10-3 0 9.10×10-4 

Cr 1.50×10-3 3.00×10-3 1.00×10-3 2.00×10-3 
ICR 2.46×10-3 1.13×10-2 1.04×10-3 3.00×10-3 

 
Table 8: Incremental Lifetime Cancer Risk (ILCR) of Heavy Metals in water samples from GRA, Ondo 

Heavy metals                Dry season               Wet season  

 Adults Children Adults Children 

     
Pb 
 

1.70×10-5 3.40×10-5 2.50×10-5 5.95×10-5 

Cd 
 

0 6.00×10-6 0 6.00×10-6 

Ni 
 

9.10×10-4 1.82×10-3 9.10×10-4 9.10×10-4 

Cr 0 0 5.00×10-4 1.50×10-3 
ICR 9.27×10-4 1.86×10-3 1.44×10-3 2.48×10-3 

 
Physico-chemical parameters of water samples 
pH is a key determinant in measuring toxicity in water. It determines 
the amount of solute that can be dissolved in water (Darko et al., 
2025). The pH of drinkable water is neutral; however, WHO 
recommends a pH of 6.5- 8.5 for drinking and irrigation purposes. 
pH values detected for all the samples were within this range. 
Lawson (2011) reported mean pH values of 7.03, 6.92, and 6.97 in 
samples collected from mangrove swamps of Lagos Lagoon, 
Nigeria.EC of water is an indicator of salinity and taste. Although 
the TDS values obtained were within the range of ≤ 500 set by 
WHO, high TDS implies that the water is not pure, as it contains 
dissolved solids (inorganic and organic materials) which often 

affect the taste of water (Jaafar et al., 2020).  The temperature of 
the water samples was typical of a temperate region. 
BOD is used to measure the amount of organic matter that pollutes 
water. BOD values show the amount of oxygen used during the 
process of aerobic decomposition of organic matter caused by 
micro-organisms. High BOD content indicates a high pollution rate 
(Bader et al., 2010). BOD values of the water samples collected 
from Sabo and GRA ranged from 1.12 to 3.44 mg/L (Table 1). 
Oluyemi et al. (2010) similarly reported 0.69 to 6.74 mg/L in water 
sources from Ife North Local Government Area of Osun State, 
Nigeria. COD, on the other hand, determines the rate of oxygen 
consumption in water for the process of oxidizing a solution that 
can dissolve in water. It provides an index that helps determine the 
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effect of discharges on water (Jaafar et al., 2020). The mean COD 
obtained in water samples from Sabo was 12.12 and 39.32 mg/L in 
the wet and dry seasons, respectively and 10.34 and 18.16 mg/L 
in GRA during the wet and dry seasons, respectively (Table 1). DO 
determines the level of water contamination due to a lack of oxygen 
in water and also indicates the increased use of oxygen by organic 
substances in water. The higher the DO, the better the quality of 
water and vice versa (Jaafar et al., 2020). The values obtained in 
the sampled water varied from 4.30 to 7.30 mg/L (Table 1). Lawson 
(2011) also reported mean DO of 0.58 to 10.00 mg/L in water 
samples from the Mangrove Swamps of Lagos Lagoon, Lagos, 
Nigeria. 
 
Heavy metal concentration in water samples 
Water contains some natural essential heavy metals such as Zinc, 
Iron, Cobalt, Nickel, copper, etc., but these metals become toxic 
when they exceed the regulatory limit (Xu et al., 2024). Non-
essential heavy metals, however, have no beneficial role and are 
toxic even at minute concentrations. 
For the non-essential heavy metals, Sabo recorded an As mean 
concentration of 0.059 and 0.035 mg/L, while GRA recorded 0.019 
and 0.018 mg/L in the dry and wet seasons, respectively. Arsenic 
is a naturally occurring toxic element that is released into the 
environment through weathering, geothermal fluids or volcanic 
emissions (Adeyemi & Ojekunle, 2021; Zohra et al., 2024). It can 
also exit into the environment as a result of human activities such 
as mining, use of pesticides, or leachates from solid wastes (Liu et 
al., 2025). Similarly, Custodio et al. (2020) reported 21.10 to 23.00 
µg/L of As in surface water from Peru, while Obasi and Akudinobi 
(2020) reported a high concentration of 4.13 mg/L in water sources 
from mining communities in Abakaliki, southeast Nigeria. The high 
values were attributed to mining activities taking place in that 
community. As the concentrations detected in the water samples 
were above the WHO recommended limit of 0.01 mg/L, this could 
pose a potential health risk to humans following consumption. 
Arsenic toxicity has been linked to various diseases such as 
cancers (skin, lungs, bladder), metabolic diseases (diabetes), 
neurological illnesses, reproductive and developmental issues 
(Adeloju et al., 2021; Naujoka et al., 2013; Sinha & Prasad, 2020). 
Mean concentration of Cd varied from 0.006 to 0.014 mg/L, with 
the highest concentration recorded in GRA during the dry season. 
Activities such as weathering of rocks, mining, metal plating and 
waste landfills can release Cd into water sources and soil (Irfan et 
al., 2021). Cd concentration in all the water samples exceeded the 
regulatory limit of 0.003, thereby making the consumption of such 
water unhealthy. In a similar study conducted by Orisakwe et al. 
(2006), Cd levels in sachet water sold for consumption in Eastern 
Nigeria ranged from 0.002 to 0.036 mg/L, while Emmanuel et al. 
(2022) reported Cd concentrations of 0.10 to 0.35mg/L in water 
sources from Anambra, Eastern Nigeria. However, Abedi-
Sarvestani et al. (2019) reported low concentrations of ND to 
0.0005 mg/L in drinking water sources from Kerman city, Iran. 
Chronic exposure to Cd has been linked to increased risk of chronic 
kidney disease, bone demineralization, osteoporosis, 
cardiovascular diseases, male fertility impairment and cancer 
(Genchi et al., 2020; Satarug et al., 2020). 
 
Mercury is another heavy metal that reaches rivers, lakes, and 
oceans via atmospheric deposition, runoff, erosion, and leaching 
from soils to groundwater, then to surface waters (Aleku et al., 
2024; Kocman et al., 2017). Hg toxicity depends on concentration 

and duration of exposure (Wu et al., 2016). All Hg forms are toxic, 
and chronic low‑dose exposure from water and food can contribute 
to neurological, cardiovascular, immunological, hepatic and renal 
disorders through oxidative stress and epigenetic changes 
(Charkiewiuz et al., 2025; Wu et al., 2024). Hg was detected in the 
highest concentration during the dry season in both Sabo and 
GRA, with mean values of 0.055 and 0.094, respectively. Run-off 
and leaching from the dumpsites into the water bodies could have 
contributed to the Hg values detected in the water samples. These 
values were higher than the WHO recommendation of 0.006 and 
NSDWQ of 0.001. Similarly, Obasi and Akudinobi (2020) also 
reported very high values of 0.001 to 0.48 mg/kg in water sources 
from Lead-Zinc mining communities of Abaliki, Nigeria, while Ekpo 
et al. (2008) reported low concentrations of 0.001 to 0.002 mg/kg 
in water sources from the same region. 
 
Lead, just like Cd and As, also poses a global public health problem 
when present in drinking water. It mainly comes from pipes and 
plumbing, and even low exposures can cause harm in children’s 
brains and development (Jarvis & Fawell, 2021). There is no safe 
level of lead for children’s neurodevelopment; even low exposure 
impairs cognitive development and behavior (Joseph et al., 2024; 
Levallois et al., 2018). Pb detected in the water samples varied 
from 0.059 to 0.221 mg/kg. High concentrations of lead in these 
water sources suggest that Pb is being leached from these 
dumpsites, which could be a result of disposing of batteries and 
other Pb-containing materials on the dumpsite. Lead, when 
ingested, can cause severe neurodevelopmental issues and low 
cognitive ability in children, while in adults, it has been linked to 
hypertension, nervous system disorders and kidney diseases 
(Ozoko et al., 2022). Njagi et al. (2016), however, reported Pb 
values that were below the detection limit in water sources around 
a dumpsite in Kenya, while Ozoko et al. (2022) also reported Pb 
concentrations (0.35 µg/L to 1.90µg/L) lower than those in this 
study. The nature of waste disposed of on these dumpsites must 
have affected the Pb concentration found in the water sources. 
In Sabo, Cr had a mean concentration of 0.094 and 0.056 during 
the dry and wet seasons, respectively. These values are higher 
than the permissible limit of 0.050, while Cr was detected at lower 
levels of 0.004 and 0.044 in GRA during the dry and wet seasons. 
The high values detected in Sabo may have resulted from transport 
of leachates from the dumpsite to the surface water during rainfall. 
In line with this, Ozoko et al. (2022) reported Cd concentrations in 
leachates and surface water higher than those of groundwater in a 
study conducted in Eastern Nigeria. Long-term ingestion of Cr 
contaminated food or water could lead to gastrointestinal diseases, 
stomach cancer and lung cancer (Georgaki & Charalambous, 
2022; Zhitkovich, 2022). 
 
The essential heavy metals (Cu, Fe, Ni and Zn) analyzed in the 
water samples were below the permissible limit recommended by 
WHO. Decomposition of wastes such as paper, metals, electronic 
waste, vehicle parts and food waste can contribute to leaching of 
these metals to nearby water sources (Drall et al., 2024; Essien et 
al., 2022). Their mean concentrations ranged from 0.014 to 0.172 
mg/L, with zinc detected at the highest concentration. Since the 
concentration of these metals was below the permissible limit, their 
consumption would not pose any health risk to humans. However, 
the high concentration of the non-essential heavy metals studied in 
the water samples would damage the potability of drinking water. 
As and Pb have no ADD values because of their high toxicity level; 
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therefore, WHO has stipulated that no value of As and Pb is safe 
for consumption in adults and children (Joseph et al., 2024; 
Neuwirth et al., 2022). Cd CDI values (0.000–0.001) were equal to 
or below the ADD value (0.001), indicating exposure levels within 
the acceptable daily intake range. Hg CDI values ranged from 
0.001–0.006, while the ADD was 0.001. Children's CDI during the 
dry season exceeded the ADD, suggesting a potential concern for 
mercury exposure in this group. Cr CDI values ranged from 0.000 
to 0.006, with children in the dry season having CDI values twice 
the ADD, indicating relatively higher exposure. 
Cu CDI values were lower than the ADD of 0.04, suggesting 
negligible risk from copper intake. Fe CDI values varied from 0.002 
to 0.007; these values were far below the ADD of 0.3, indicating 
that iron exposure is within safe limits.  
Children consistently recorded higher CDI values than adults for all 
metals in both seasons. This suggests that children are more 
exposed and more vulnerable to heavy metal toxicity because of 
their low body weight.  Also, the CDI values were generally higher 
during the dry season than the wet season; this may be due to 
increased concentration of contaminants in water sources as a 
result of reduced dilution by rainfall during the dry season. 
However, Alade et al. (2025), Omotosho et al. (2023), and Yahaya 
et al. (2020) reported low CDI-to-ADD values in groundwater and 
surface water bodies collected from Lagos and Oyo State, Nigeria. 
This corroborates the fact that dumpsites are major contributors of 
HMs in water sources. 
 
Unlikely, whereas values greater than 1 indicate a potential health 
risk from long-term exposure. Among the heavy metals evaluated, 
mercury (Hg) posed the greatest non-carcinogenic risk in both 
seasons. During the dry season, Hg recorded HQ values of 3.0 for 
adults and 6.0 for children, while in the wet season the HQ reduced 
to 1.0 for both groups. These values indicate that mercury 
exposure through drinking water may present a significant health 
concern, particularly for children during the dry season. Chromium 
(Cr) also contributed to the overall health risk. In the dry season, 
HQ values in Sabo were 1.0 for adults and 2.0 for children, 
exceeding the safety threshold. Although the values declined 
during the wet season to 0.667 for adults and 1.333 for children, 
children remained at potential risk from chromium exposure. 
The HQ values for Cu, Fe, Ni, and Zn were all below the acceptable 
threshold of 1 in both seasons, suggesting that these metals 
individually are unlikely to cause non-carcinogenic health effects 
through consumption of sampled water. Cd showed an HQ of 1.0 
only for children during the dry season in the two study areas, 
indicating a borderline risk. 
In Sabo, the cumulative HI was 3.102 for adults and 7.207 for 
children during the dry season, decreasing to 1.737 and 2.523, 
respectively, during the wet season, while GRA recorded a 
cumulative HI of 3.117 for adults and 7.236 for children during the 
dry season, which reduced to 1.428 and 3.121, respectively, during 
the wet season. Since all HI values exceeded the safety threshold 
of 1, the findings indicate a potential non-carcinogenic health risk 
associated with the combined exposure to heavy metals in the 
water. Furthermore, children consistently exhibited higher HI 
values than adults, reflecting their greater vulnerability due to lower 
body weight and higher water intake relative to body mass. 
The higher HI observed during the dry season may also be 
attributed to reduced water volume and limited dilution, which can 
concentrate dissolved heavy metals. Conversely, the lower HI 
values recorded during the wet season are likely due to dilution 

from increased rainfall, although the overall risk remains above the 
acceptable limit. 
 
The ILCR estimates the probability of an individual developing 
cancer over a lifetime due to exposure to carcinogenic 
contaminants. Generally, an ILCR value between 1.00×10-6 
and1.00×10-4 is considered acceptable or tolerable by regulatory 
agencies such as the USEPA. Values exceeding 1.00×10-4 indicate 
an elevated lifetime cancer risk. 
Among the heavy metals assessed, chromium (Cr) contributed the 
highest carcinogenic risk in both seasons. During the dry season in 
Sabo, ILCR values were 1.50 × 10⁻³ for adults and 3.00 × 10⁻³ for 
children, while the values varied between 1.00×10-3 and 3.00×10-3 

in GRA. These values are considerably higher than the acceptable 
risk threshold, indicating that chronic exposure to chromium-
contaminated water may substantially increase lifetime cancer risk, 
particularly among children. Cd contributed minimally to cancer 
risk, with an ILCR of 6.00×10-6 observed only for children in the two 
study locations, while no risk was detected in adults. A similar study 
by Emmanuel et al. (2022) and Eruke et al. (2025) also supports 
ILCR being higher in children and infants compared to adults, with 
metals like Cd, Ni, and Pb posing the highest risk. 
 
The cumulative ILCR values were well above the acceptable limit 
of 1 × 10⁻⁴, indicating that long-term consumption of the water 
samples may pose a significant lifetime carcinogenic risk. The 
consistently higher ILCR values observed in children further 
emphasize their greater susceptibility to carcinogenic effects due 
to their lower body weight, higher water intake relative to body 
mass, and longer expected lifetime of exposure. 
In conclusion, this study confirms that water sources around 
dumpsites are contaminated with HMs at concentrations exceeding 
WHO permissible limits, and the health risk assessment revealed 
that consumption of such water could be deleterious to human 
health. Proper waste management and continuous monitoring of 
water sources are therefore recommended. 
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