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ABSTRACT 

Freshwater resources face global threats from anthropogenic pollution, posing human health and 

ecological risks. The water quality of Ogun River was assessed using the Weighted Arithmetic Water 

Quality Index (WWQI), The Canadian Water Quality Index (CWQI), the Heavy Metals Pollution Index 

(HPI), and the Comprehensive Pollution Index (CPI); the Carcinogenic and Non-Carcinogenic risk 

assessment of some toxic metals through oral and dermal exposures was carried out. The heavy metals 

were measured with the Microwave Plasma Atomic Emission Spectrometer (MP-AES). The results from 

all the evaluation indices show that the River is highly polluted at all sampling stations and in all 

seasons. WWQI and HPI show that the water quality decreased from the dry to the rainy season due to a 

rise in heavy metal levels. At the same time, WQI indicates that the level of the physicochemical 

parameters decreased from the dry to the rainy season. Cd and Pb posed significant non-carcinogenic 

risk (HQ > 1) through oral exposure to adult and children populations at all locations, accounting for 

98.27 % of the total risk. There was a significant cancer risk (CR >110-4) through oral exposure to Pb 

and Cr for the adult populations at 31.25 % and 62.50 % of the sampling locations respectively, while 

oral and dermal exposure to Cd posed a significant cancer risk for the adult and children populations at 

all the sampling locations. The river's water quality is impacted mainly by heavy metals, which pose 

significant human health risks. 

Keywords: toxic, heavy metals, water quality index, risk assessment, pollution, carcinogenic 
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Introduction 

Water is said to be the ‘life-blood of the biosphere’ due to its importance to the survival of all 

living organisms [1]. It is relatively abundant in nature, covering approximately 71% of the 

earth’s surface. However, approximately 1.2 billion people globally lack access to good water 

quality [2]. The scenario is worse in developing countries. An estimated 2.2 million deaths 

annually in developing countries are linked to poor sanitation and water pollution [3], making 

pollution of water resources one of the major setbacks to the Sustainable Development Goal [4]. 

Surface water, such as rivers (the most vital freshwater resource in the world), is most impacted 

by pollution [5- 6].  

Among the various pollutants in surface water, heavy metals are of particular concern and have 

been widely studied as pollutants of concern in water resources [7, 8]. The most common in the 

environment include Zn, Pb, Cu, Cd, Ni, Cr, and Mn [1].  These metals enter the water bodies 

through either natural sources (e.g. weathering of rocks, soil erosion, volcanic eruption, etc.) or 

anthropogenic sources (e.g. industrial and domestic effluents, landfill leachate, mining 

operations, agricultural activities, etc.) [9-11]. However, high concentrations of these metals in 

water bodies are indications of pollution from human activities (anthropogenic sources).  

Pollution of heavy metals in the aquatic environment is of concern because of their persistence in 

the environment, bioaccumulation in organisms, and biomagnification in the food chain, causing 

toxicity to both marine and terrestrial organisms including humans [12-15]. They can accumulate 

in the environment and disrupt the ecosystem by affecting the health of fish, plants, and other 

aquatic life, and can negatively impact the biodiversity of rivers by causing harm to sensitive 

species [16-18]. The ability of biomagnification implies that toxic metals pose a higher risk for 

organisms at higher trophic levels like humans [1]. 

 Humans are exposed to toxic metals in water mainly throughh oral ingestion (food and drinking 

water) and dermal absorption and to a less significant extent inhalation route [19-21]. Toxic 

metals in the body are distributed to soft tissues (e.g. Kidneys, bones, brain, and liver) and cause 

deleterious effects [22]. Although metals have specific mechanisms of toxicity, they generally 

induce oxidative stress through generation of reactive oxygen species (ROS) which damage 

biological macromolecules such as proteins, lipids, and nucleic acids, contributing to various 
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conditions, such as cardiovascular diseases, neurodegenerative disorders, cancers, and aging [1, 

23-25]. Toxic metals can also inactive enzymes and disrupt some important pathways in the 

body (e.g. pathway involved in DNA synthesis and repair) [26-28]. The toxicity depends on the 

concentration, exposure, age, gender, genetic composition, etc. [4- 23- 29]. 

The first step to mitigating the impact of water pollution and developing a strategy for 

sustainable water management is water quality assessment and monitoring. However, water 

quality assessment involves multiple parameters that often generate complex data that is difficult 

to interpret. This has led to the development of the Water Quality Index (WQI), first proposed by 

Hoston in 1965. It is a single number that expresses water quality by integrating measurements 

of selected water quality parameters and reflects their composite influence [30- 31].  

Although WQI is used as an indicator of pollution and for monitoring purposes, it does not 

necessarily assess health or environmental risk. Health risk assessment uses exposure level and 

pathway, toxicological data, and the characteristics of the population to estimate the likelihood of 

adverse effects from pollutant exposure [9- 10- 32]. It quantitatively establishes a link between 

environmental pollution and human health [20- 33]. Risk assessment involves hazard 

identification, dose-response assessment, exposure assessment, and risk characterization [34]. 

This study aims to assess the water quality of Ogun River using the Weighted Arithmetic Water 

Quality Index (WWQI), The Canadian Water Quality Index (CWQI), the Heavy Metals Pollution 

Index (HPI), and the Comprehensive Pollution Index (CPI); and to assess the Non-Carcinogenic 

and Carcinogenic risks of some toxic metals to the population through oral and dermal 

exposures. 

Materials and Methods 

Sample Collection and Analysis 

Plastic bottles used for sampling were thoroughly washed and rinsed with the river water. Nine 

grab water samples were taken at each sampling time from four locations or points across the 

river (L1, L2, L3, and L4) below the surface (25 cm). Samples were collected twice a year 

(February and August), corresponding to the peak of the dry season and the peak of the rainy 

(wet) season, over two years. Parameters such as electrical conductivity (EC), pH, and total 
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dissolved solids (TDS) were measured at the sites using a portable digital meter, HANNA 

INSTRUMENT H19813-5; turbidity was measured using Turbidimeter 2100P HACH. 

The samples were acidified with drops of concentrated nitric acid and put in a mobile cooler with 

ice packs maintained below 4°C and immediately transported to the laboratory (Analytical 

Department, National Research Institute for Chemical Technology (NARICT) Zaria) for metal 

analysis within 48 hours. 

The heavy metals (Zinc, Copper Chromium, Lead, and Cadmium) were measured with the 

Microwave Plasma Atomic Emission Spectrometer (MP-AES). Calibration standards were 

prepared from the stock solutions of the metals. To ensure the accuracy and precision of the 

results, the polyethylene bottles and equipment used for sampling were cleaned and rinsed two 

days before sampling. This was followed by an acid solution rinse, washing with deionised 

water, and then drying in a drying oven.  

Weighted Arithmetic Water Quality Index (WWQI):  

The weighted arithmetic water quality index is a modified version of the Horton and National 

Sanitation Foundation Index. The method involves assigning weight to each parameter which 

reflects the significance of the parameter for a particular purpose and has a considerable impact 

on the index [35]. Nigeria’s reference standard and WHO standard for drinking water were 

adopted for assigning weights to the water quality parameters in this study. The formula for 

calculating the WWQI is as follows:  

                                                     (1)   

                                                                        (2) 

                                                                    (3) 

                                                      (4) 

Where: Wi is the assigned weight, Qi is the quality rating for the ith parameter, n is the total 

number of the measured parameters, Cn is the concentration of the ith parameter, Si is the 

standard or reference value of the ith parameter, K is a proportionality constant, Ci is the ideal 
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value of the ith water quality parameter (Ci for pH = 7, for other parameters, Ci = 0). The WWQI 

rating is shown in Table 1. 

Canadian Water Quality Index (CWQI) 

This was developed by the Canadian Council of Ministers of the Environment by adopting the 

conceptual model of the British-Colombian index. It is calculated with the following formula 

[36]: 

                                        (5) 

The constant 1.732 is a scaling factor to ensure the index value is between 0 and 100. F1, F2, and 

F3 are the scope, frequency, and amplitude respectively, calculated as follows: 

                             (6) 

 

                                    (7) 

 

 

                                                            (8) 

 

         (9) 

 

                                    (10) 

 

Heavy Metals Pollution Index (HPI) 

HPI is used to estimate water quality based on heavy metal levels. It evaluates the composite 

influence of all the measured metals on overall pollution [37]. It involves assigning a weightage 

factor to each metal which reflects the comparative significance of one metal over another based 

on some reference standards [38, 39]. The HPI is calculated like the WWQI and is similarly 

rated. 
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                                                      (11) 

Comprehensive Pollution Index (CPI) 

The comprehensive pollution index is a simple way of measuring the level of pollution in a 

particular area by taking into account the combined impact of all the measured pollutants. It is 

used to monitor trends and inform decision-making on pollution control and mitigation strategies 

[40]. CPI is evaluated as follows [41]:  

                                                         (12) 

where, Ci is the measured concentration of the ith parameter, Si reference value, and n is the 

number of the measured parameters. 

Table 1. Water Quality Scales for the Different WQI 

WWQI RATING CWQI CATEGORY CPI Pollution level 

< 25 Excellent  95 - 100 Excellent < 0.2 Clean 

 26 - 50 Good 80 - 94  Good 0.2 - 0.4 Sub-clean 

51 - 75 Moderate 65 - 79 Fair 0.4-0.70 Slightly polluted 

76 - 100 Poor 45 - 64 Marginal 0.70-1.0 Medium polluted 

> 100 Very poor 0 - 44 Poor 1 - 2 Heavily polluted 

    

 > 2 Seriously polluted 

 

Human health risk assessment 

Exposure assessment 

Exposure assessment estimates the level, duration, frequency, and route of human exposure to 

pollutants [34]. Exposure through oral and dermal pathways for adults and children was 

estimated in this study. The oral chronic daily intake (CDI) and dermal absorption dose (DAD) 

were calculated as follows: 

                                          (13) 

                         (14) 

The meanings and values of the parameters in the above equations are presented in Table 2. 
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Non-Carcinogenic Risk Assessment 

The non-carcinogenic risks through oral and dermal pathways were estimated using the hazard 

quotients HQo and HQd respectively. 

 

                                                             (15) 

                                                                   (16) 

The oral reference dose (RfDo), adjusted for absorption, can be converted to an absorbed dose 

basis as follows [42]: 

                                        (17) 

Reference dose (RfD) is the daily exposure to a substance that will not result in any deleterious 

effect in a lifetime for a given human population [43]. ABSGI = Fraction of contaminant 

absorbed in the gastrointestinal tract. If HQ is less than 1, it implies no significant risk; HQ equal 

to or greater than 1 shows a significant non-cancer risk. 

 

Carcinogenic Risk Assessment 

 

Carcinogenic risk assessment estimates the likelihood of an individual developing cancer over a 

lifetime due to exposure to the potential carcinogen. Carcinogenic risks were calculated for the 

metals Cd, Cr, and Pb with available cancer slope factors (CSF). CSF is the upper bound 

confidence limit (approximating 95%), of the increased cancer risk from a lifetime exposure to a 

potential carcinogen. Carcinogenic risk due to oral ingestion (CRo) and carcinogenic risk due to 

dermal absorption (CRd), for both adults and children were calculated using the Equations below 

[44]: 

                                                     (18) 

                                                                  (19) 

                                                          (20) 

The CSFs for the toxic metals are shown in Table 2. 
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Table 2. Reference Parameters Used for the Risk Assessments1 

P Meaning Adult Child Zn Cd Cu Pb Cr 

EF Exposure frequency (d/yr.) 350 350 

     
ED Exposure duration(yr.) 30 6 

     
BW Body weight(kg) 70 15 

     

AT Average exposure time (d) 

 C=70x365        

  N=EDx365 

     
IR Ingestion rate (L/d)  2 0.4 

     
SA Body surface area(cm2) 18000 6600 

     
CF unit conversion factor(L/cm3) 0.001 0.001 

     
EV Event Frequency (Event/d) 1 1 

     
ET Event Duration (hr) 0.58 1 

     
KP permeability coefficient (cm/hr) - - 0.006 0.003 0.001 0.0001 0.002 

RfDo oral reference dose (mg/kg/d) - - 0.3 0.0001 0.04 0.0035 0.003 

RfDd dermal reference dose (mg/kg/d) - - 0.3 0.000005 0.04 0.0035 0.000075 

CSFo oral slope factor (mg/kg/d)-1 - - - 1.5 - 0.0085 0.5 

CSFd dermal slope factor (mg/kg/d)-1 - - - 30 - 0.0085 20 

ABSGI gastrointestinal absorption - - 1 0.05 1 1 0.025 

CP pollutants concentration (mg/L) - - - - - - - 

C = carcinogenic; N = non-carcinogenic   1. [44-46] 

Results and Discussion 

The Water Quality of the River 

The mean concentrations of the water quality parameters of the Ogun River are displayed in 

Table 3. To evaluate the overall effect of these parameters on the water quality of the River, the 

water quality index (WQI) was calculated. WQI combines several water quality parameters and 

converts them into a single value that is a true reflection of the water quality condition [47, 48]. 

The weighted Arithmetic Water Quality Index (WWQI) of the River is shown in Figure 1. The 

results show that the water quality of the River is in a ‘very-poor’ class (WWQI > 100) at all 

sampling stations and all seasons. Every water quality index model has its shortcomings or 

demerits. WWQI has a problem with eclipsing, which implies over-emphasizing a single bad 
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parameter value [49]. The results of this study indicated that Cd and Pb accounted for 80.22% 

and 18.79% respectively of the WWQI values (a total of 99.01%). This implies removing these 

two parameters will significantly affect the calculated Index values. This necessitated using a 

different approach to evaluate the water quality of the river – the Canadian Water Quality Index 

(CWQI), a seemingly more robust model. However, one of the major weaknesses of this model 

is giving the same importance to all variables. The result of this approach is shown in Figure 2. 

Similar to what was obtained in WWQI, the CWQI index showed that the water quality of the 

river is in a poor class (CWQI < 44) at all the sites throughout the study period. The 

Comprehensive Pollution Index Method was also adopted to evaluate the pollution level of the 

River. Though not without shortcomings, the CPI is a simple and easy method of reflecting the 

kinds and levels of pollution based on some water quality standards [41]. Based on the pollution 

classification (Table 1), the result also shows that the River is ‘seriously polluted’ (Figure 3).  

It is important to state that all the evaluation indices were based on drinking water standards. 

Although the river water is not normally used for drinking purposes without treatment, the result 

indicates that the river is heavily polluted which might impair its use for other purposes such as 

irrigation, fishing, domestic use, car washing, transportation, and recreation. The high pollution 

level caused mainly by heavy metals should be of great concern to the water treatment body. 

Although conventional water treatment processes can remove some heavy metals from water, 

they are not capable of removing all heavy metals present below recommended safe limits. 

Additional treatment processes such as advanced oxidation, membrane filtration, 

electrocoagulation, or activated carbon adsorption may be required [50].   

The poor water quality of the River can be attributed to human activities in the area, including 

abattoir-based pollutants. Over 50% of the meat consumed daily in Lagos City comes from the 

Kara abattoir located in the study area. The Kara abattoir produces a variety of wastes, the 

majority of which are cow faeces, wastewater, unused animal feeds, ash, black smoke, gaseous 

emissions, and partially burned materials being discharged into the River. In addition to these 

wastes, the Ogun River water quality deteriorates as a result of wastewater discharges 

comprising degradable organic compounds, domestic wastes, agricultural waste, industrial, and 

market-related wastes, as well as plastics, metal scraps, used cans, and tins among other things 

[51-53]. 
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Table 3: Mean Concentrations of the Water Quality Parameters 

 

 

Figure 1. The Weighted Arithmetic Water Quality Index (WWQI) 
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Figure 2. The Canadian Water Quality Index (CWQI) 

 

Figure 3. The Comprehensive Pollution Index Result (CPI) 
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Seasonal variation in the water quality of the River was observed using the WWQI but was not 

significant with CWQI except in year 2 of the study. To evaluate the parameters’ contributions to 

the seasonal change in the water quality of the River, the Water Quality Index (WQI) was 

calculated using only the physicochemical parameters (excluding the heavy metals) (Figure 5), 

and heavy metal pollution index (HPI) was also calculated (Figure 4). The results show that the 

WWQI has the same seasonal pattern as HPI, while the WQI showed a different trend. The 

WWQI is essentially the same as HPI because, as stated earlier, heavy metals dominated the 

index values of WWQI. WWQI and HPI show that the water quality of the River decreased 

(increase in index values) from the dry to the rainy season in both the study years due to the rise 

in heavy metal levels.  

In contrast, the level of the physicochemical parameters decreased from the dry to rainy season 

as shown in WQI (Figure 5), which may indicate significant loading from point and agricultural 

non-point sources in the dry season. For most Nigerian inland water bodies, Electrical 

conductivity (EC) is higher at the peak of the dry season than the rainy season [54]. Also, TDS 

values are diluted by surface runoff at high flows [55].  

 The higher concentrations of the heavy metals in the rainy season are due to significant loading 

from storm runoff from municipal, industrial, and agricultural sources, which outweighs the 

dilution effect of the increased water level. Storm runoff is reported to have a high impact on 

heavy metal levels in rivers leading to an increase in heavy metal concentration [56-59]. In 

addition, heavy metals are non-degradable and adsorb onto sediments [60, 61]. Increased rainfall 

leads to higher water flow which can induce sediment re-suspension and release of heavy metals 

(depending on its adsorptive capacity) to surface water [47, 62].  

There was no observable spatial difference in the water quality of the River. Spatial variation in 

river water quality is influenced by factors such as differential point sources of pollution and 

water mobility. High mobility reduces spatial differences in river water quality [47]. The 

topography of the sampling locations in this study encourages high water mobility which in turn 

reduces spatial variation of the water quality. 

Correlation analysis assesses the strength and type of the relationship between the water quality 

parameters [9].  

Significant positive correlations between parameters suggest high possibilities that they may 

come from the same source or that their distributions are influenced by the same factor. It may 
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also indicate similar geochemical behavior [19, 63-64]. The Pearson’s correlation coefficients (r) 

of the parameters are presented in Table 4.  

There were significant positive correlations between Cu and the following parameters: Cr (0.57), 

Pb (0.52), and EC (0.57); positive correlations also exist between TDS and Turbidity (0.77), Cr 

(0.66); and between Zn and pH (0.69). 

 On the other hand, pH correlated negatively with Turbidity (-0.80), TDS (-0.75), and Cd (-0.64); 

while Zn with Turbidity (-0.57), and Cd (-0.67). pH governs the behavior of other parameters 

such as metal solubility in water [65]. The result shows that pollutants that increase the Turbidity 

and TDS of the river will have a lowering effect on the pH.  

Significant negative correlations between pH and metals indicate that these metals are more 

available at lower pH [9]. 

 

Figure 4. The Heavy Metal Pollution Index (HPI) 
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Figure 5. The Water Quality Index (WQI) Using Only the Physicochemical Parameters 

 

Table 4.  Correlation   Matrix of the Water Quality Parameters 

 

Turb EC 
 

TDS pH Cu Cd Zn Cr 

EC 0.24 1 
 

      
TDS 0.77** 0.19 

 
1 

     
pH -0.80** -0.35 

 
-0.75** 1 

    
Cu 0.33 0.57* 

 
0.44 -0.28 1 

   
Cd 0.26 -0.32 

 
0.21 -0.64** -0.28 1 

  
Zn -0.57* 0.13 

 
-0.49 0.69** -0.07 -0.67** 1 

 
Cr 0.38 0.22 

 
0.66** -0.39 0.57* 0.14 -0.24 1 

Pb -0.07 -0.09 
 

0.10 -0.04 0.52* -0.01 -0.34 0.28 

**Correlation is significant at the 0.01 level (2-tailed) *Correlation is significant at the 0.05 level 

(2-tailed) 
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Health risk assessment 

Non-Carcinogenic Risk Assessment 

 

The results of the non-carcinogenic risk of the heavy metals through the oral and dermal routes 

are shown in Tables 5 and 6 respectively. The results show no non-carcinogenic risk (HQ < 1) 

through oral exposure to Zn for both adult and children populations at all the sampling locations 

throughout the study period. There was also no non-carcinogenic risk due to Cu and Cr except at 

L3 of February year 2 (Cu only for Children and Cr for adults and children). However, Cd and 

Pb posed significant non-carcinogenic risk (HQ > 1) through oral exposure to both the adult and 

children populations at all the locations and study periods.  

The percentage contribution of the heavy metals to the total non-carcinogenic risk through oral 

exposure is in the following order: Cd > Pb > Cr > Cu > Zn. The result shows that Pb and Cd are 

the major contributors to the oral non-carcinogenic risk and accounted for 98.27 % of the total 

risk. Pb and Cd are non-essential metals in living organisms (they have no role in biological 

processes) [4]. Due to their toxicity and abundance, they are among the WHO priority elements 

that should be monitored in water [66].  

The most important natural sources of Cd are weathering and erosion of Cd-bearing rock [104], 

while the major anthropogenic sources include metal production, fossil fuel combustion, waste 

incinerators, and cement production [67]. The ability of Cd to travel long distances by 

atmospheric transport and its widespread occurrence contributes to its relative abundance in 

aquatic environments [68, 69]. The primary target organs of Cd toxicity following chronic oral 

exposure are the kidneys resulting in kidney dysfunction and nephropathy [70-72]. Cd also exerts 

toxic effects on other organs such as liver damage, cardiovascular diseases, and hypertension, 

dysfunction of the sexual glands [73-75]. A high level of Cd impairs Ca metabolism leading to 

kidney stones, osteomalacia, or osteoporosis [76-78].  

The most important mechanism of Cd toxicity is believed to be due to its capacity to induce 

oxidative stress and to associate with the thiol groups of protein [79-82]. It can also substitute Zn 

and other essential metals altering their homeostasis and causing the malfunctioning of many 

metabolic processes [83- 84].  
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The main target for Pb toxicity is the nervous system. Children are more sensitive to Pb toxicity 

because they absorb more Pb (50%) than adults (about 6%) [79]. It affects neurological functions 

and impairs learning (IQ) and behavior [66- 85].  

Pb can also interfere with kidney function and cause hypertension, induce anemia by disrupting 

heme synthesis, and can cause allergies [20- 86-88]. At high levels, it can cause brain and 

cardiovascular damage; affect sperm production, the immunological system, and the endocrine 

system; cause miscarriage, and even death [66- 89]. Pb induces toxicity through oxidative stress 

and ionic mechanisms. It binds to biological molecules (e.g. enzymes) and interferes with their 

function [90-93].  

The Hazard Quotients (HQ) through the dermal exposure (Table 5) indicate that Zn, Cu, and Pb 

did not pose any significant risk through the dermal route to both adults and children, risk due to 

Cr was observed only at L3 of February year 2 for both populations, while Cd posed a significant 

non-cancer risk at all the locations. 

Table 5. Hazard Quotients (HQ) of the Heavy Metals through Oral Route 

Yr. Mo Loc. 
         Zn 

 

           Cd 

 

       Cu              

 

      Pb                    

 

      Cr 

 

   

Adult Child Adult Child Adult Child Adult Child Adult Child 

1 FEB. L1 0.086 0.080 6.027 5.625 0.495 0.924 11.37 10.61 0.000 0.000 

  

L2 0.124 0.116 8.493 7.927 0.508 0.947 6.348 5.925 0.411 0.384 

  

L3 0.110 0.102 14.246 13.296 0.149 0.279 5.041 4.705 0.000 0.000 

  

L4 0.113 0.105 34.794 32.474 0.235 0.439 5.299 4.946 0.000 0.000 

 

AUG. L1 0.147 0.137 69.314 64.692 0.268 0.500 5.182 4.836 0.310 0.290 

  

L2 0.192 0.179 87.944 82.080 0.284 0.529 6.458 6.027 0.283 0.264 

  

L3 0.054 0.050 87.944 82.080 0.283 0.528 7.170 6.692 0.429 0.401 

  

L4 0.015 0.014 109.040 101.769 0.282 0.527 10.90 10.17 0.027 0.026 

2 FEB. L1 0.020 0.018 118.355 110.462 0.405 0.756 6.051 5.647 0.192 0.179 

  

L2 0.007 0.007 120.821 112.764 0.323 0.603 6.200 5.786 0.265 0.247 

  

L3 0.005 0.004 124.930 116.599 0.546 1.019 9.738 9.088 2.749 2.566 

  

L4 0.000 0.000 128.218 119.668 0.310 0.579 6.967 6.502 0.393 0.367 

 

AUG. L1 0.003 0.003 133.423 124.526 0.303 0.566 8.016 7.481 0.384 0.358 

  

L2 0.005 0.004 198.080 184.871 0.208 0.389 6.505 6.071 0.201 0.188 

  

L3 0.021 0.020 216.984 202.514 0.206 0.385 6.293 5.874 0.082 0.077 

  

L4 0.043 0.040 118.903 110.974 0.301 0.563 8.391 7.832 0.128 0.119 
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Table 6. Hazard Quotients (HQ) of the Heavy Metals through Dermal Route 

 

Yr. Mo. LOC. 

       

Zn 

 

       Cd 

 

       Cu 

 

      

Pb 

 

      Cr 

 

   

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

Adult 
Child 

1 FEB. L1 0.003 0.008 1.888 5.569 0.003 0.008 0.006 0.018 0.000 0.000 

  

L2 0.004 0.011 2.660 7.848 0.003 0.008 0.003 0.010 0.172 0.506 

  

L3 0.003 0.010 4.462 13.164 0.001 0.002 0.003 0.008 0.000 0.000 

  

L4 0.004 0.010 10.897 32.150 0.001 0.004 0.003 0.008 0.000 0.000 

 

AUG. L1 0.005 0.014 21.707 64.047 0.001 0.004 0.003 0.008 0.130 0.383 

  

L2 0.006 0.018 27.542 81.262 0.001 0.004 0.003 0.010 0.118 0.349 

  

L3 0.002 0.005 27.542 81.262 0.123 0.363 0.004 0.011 0.179 0.529 

  

L4 0.000 0.001 34.148 100.754 0.001 0.004 0.006 0.017 0.011 0.034 

 2 FEB. L1 0.001 0.002 37.066 109.362 0.002 0.006 0.003 0.009 0.080 0.236 

  

L2 0.000 0.001 37.838 111.640 0.002 0.005 0.003 0.010 0.111 0.326 

  

L3 0.000 0.000 39.125 115.437 0.003 0.008 0.005 0.015 1.148 3.387 

  

L4 0.000 0.000 40.154 118.475 0.002 0.005 0.004 0.011 0.164 0.484 

 

AUG. L1 0.000 0.000 41.785 123.285 0.002 0.005 0.004 0.012 0.160 0.473 

  

L2 0.000 0.000 62.033 183.029 0.001 0.003 0.003 0.010 0.084 0.248 

  

L3 0.001 0.002 67.954 200.496 0.001 0.003 0.003 0.010 0.034 0.101 

  

L4 0.001 0.004 37.237 109.868 0.002 0.005 0.004 0.013 0.053 0.158 

 

Carcinogenic Risk Assessment 

Carcinogenic Risk (CR) is the likelihood or the probability of developing cancer from exposure 

to certain substances (carcinogens) over a lifetime [94]. CR in the range of 1×10-6 to 1×10-4 falls 

within the acceptable range; less than 1×10-6 indicates no risk, while above 1×10-4 indicates 

significant cancer risk [45, 95]. The result for the cancer risk for adults through oral exposure 

(Table 7) shows that Cd ranged from 3.87 10-4 to 1.39 10-2, Pb from 6.43 10-5 to 1.45 

10-4, and Cr from 0 to 1.77 10-3.   

These results indicate that there is a significant cancer risk through oral exposure to Cd at all the 

sampling locations. Oral exposure to Pb and Cr also posed a significant cancer risk for the adult 

populations at 31.25 % and 62.50 % of the sampling locations respectively. The remaining 
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68.75% and 37.50% of the locations (for Pb and Cr respectively) are within the acceptable range. 

These show that these metals should be placed for further study as chemicals of concern for the 

studied population.  The results for the dermal route show that Cd ranged from 1.21 10-4 to 

4.37 10-3, Pb from 3.36 10-8 to 7.56 10-8, and Cr from 0 to 7.38 10-4. There was a 

significant cancer risk for the adult population through dermal exposure to Cd at all the studied 

locations. However, CR for Pb indicates no significant dermal risk at all the studied locations, 

while Cr poses a significant health risk at 31.25 % of the locations.  

 

Table 7. Cancer Risk (CR) for the Adult Population through Oral and Dermal Routes 

Yr. Mo Loc.            Cd 

 

             Pb 

 

              Cr 

 

   

ORAL 

DERMAL ORAL DERMAL ORAL DERMAL 

1 FEB. L1 3.87 10-4 1.21 10-4 1.45 10-4 7.56 10-8 0 0 

  

L2 5.46 10-4 1.71 10-4 8.09 10-5 4.23 10-8 2.64 10-4 1.10 10-4 

  

L3 9.16 10-4 2.87 10-4 6.43 10-5 3.36 10-8 0 0 

  

L4 2.24 10-3 7.01 10-4 6.76 10-5 3.53 10-8 0 0 

 

AUG. L1 4.46 10-3 1.40 10-3 6.61 10-5 3.45 10-8 2.00 10-4 8.34 10-5 

  

L2 5.65 10-3 1.77 10-3 8.23 10-5 4.30 10-8 1.82 10-4 7.60 10-5 

  

L3 5.65 10-3 1.77 10-3 9.10 10-5 4.77 10-8 2.76 10-4 1.15 10-4 

  

L4 7.01 10-3 2.20 10-3 1.39 10-4 7.25 10-8 1.76 10-5 7.36 10-6 

2 FEB. L1 7.61 10-3 2.38 10-3 7.71 10-5 4.03 10-8 1.23 10-4 5.15 10-5 

  

L2 7.77 10-3 2.43 10-3 7.90 10-5 4.13 10-8 1.70 10-4 7.11 10-5 

  

L3 8.03 10-3 2.52 10-3 1.24 10-4 6.48 10-8 1.77 10-3 7.38 10-4 

  

L4 8.24 10-3 2.58 10-3 8.88 10-5 4.64 10-8 2.52 10-4 1.05 10-4 

 

AUG. L1 8.58 10-3 2.69 10-3 1.02 10-4 5.33 10-8 2.47 10-4 1.03 10-4 

  

L2 1.27 10-2 3.99 10-3 8.29 10-5 4.33 10-8 1.29 10-4 5.39 10-5 

  

L3 1.39 10-2 4.37 10-3 8.02 10-5 4.19 10-8 5.28 10-5 2.21 10-5 

  

L4 7.64 10-3 2.39 10-3 1.07 10-4 5.58 10-8 8.22 10-5 3.43 10-5 
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The result for the cancer risk for children through oral exposure (Table 8) shows that Cd ranged 

from 1.71 10-4 to 2.60 10-3, Pb from 1.20  10-5 to 2.71 10-5, Cr from 0 to 3.30 10-4. It 

shows that Cd posed a significant cancer risk to the children population through the oral route at 

all the locations, while the CR values for Pb and Cr fall within the acceptable range.  

Contaminants within this range indicate a tolerable (but not recommendable range). This implies 

that they are not removed as contaminants of concern but are recommended for continuous 

monitoring. 

 For the dermal route, Cd ranged from 1.01  10-4 to 2.58 10-3, Pb from 1.98 10-8 to 4.46 

10-8, and Cr from 0 to 4.35 10-4. There is a risk of contracting cancer through dermal 

exposure to Cd for the children population at all locations. 

 The results also indicated that Pb and Cr did not pose a significant cancer risk to the children 

through dermal exposure in the study area. 

Cd and Cr (VI) are classified as group 1 carcinogens (sufficient evidence for carcinogenicity in 

humans), while Pb is a group 2A carcinogen (probable human carcinogen) [26, 86, 96]. The 

specific mechanisms these metals induce carcinogenicity vary and may also depend on factors 

such as target tissue, exposure (route, duration, and level), genetic compositions, etc. [23]. 

However, it involves one or more of the following: oxidative stress and DNA damage, 

interference with DNA repair mechanisms, inhibition of tumor suppressor proteins (such as P53 

and RB), suppression of the immune system (e.g. T cells and natural killer cells), disruption of 

cell signaling pathways, epigenetic alterations, and interference with apoptosis (programmed cell 

death) [24, 26, 97-99]. 

  The most established human carcinogenesis of Cd is cancer of the lung. However, 

environmental exposure to Cd has been linked to breast, pancreas, urinary bladder, kidney, and 

prostate cancers [100-102].  There is no definitive cancer caused by Pb in humans. However, Pb 

is believed to cause cancers of the respiratory and digestive systems. There is also evidence of 

renal adenocarcinoma in workers with prolonged occupational exposure to Pb [103], while 

chronic exposure to Cr (VI) is linked to stomach and lung cancers [98]. 
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Table 8. Cancer Risk (CR) for Children Population through Oral and Dermal Routes 

 

Yr. Mo. Loc.             Cd 

 

            Pb 

 

             Cr 

 

   

ORAL DERMAL ORAL DERMAL ORAL DERMAL 

1 FEB. L1 7.23 10-4 7.16 10-4 2.71 10-5 4.46 10-8 0 0 

  

L2 1.02 10-3 1.01 10-4 1.51 10-5 2.49 10-8 4.93 10-5 6.51 10-5 

  

L3 1.71 10-4 1.69 10-4 1.20 10-5 1.98 10-8 0 0 

  

L4 4.18 10-4 4.13 10-4 1.26 10-5 2.08 10-8 0 0 

 

AUG. L1 8.32 10-4 8.23 10-4 1.23 10-5 2.03 10-8 3.73 10-5 4.92 10-5 

  

L2 1.06 10-3 1.05 10-3 1.54 10-5 2.54 10-8 3.40 10-5 4.48 10-5 

  

L3 1.06 10-3 1.05 10-3 1.71 10-5 2.82 10-8 5.15 10-5 6.80 10-5 

  

L4 1.31 10-3 1.30 10-3 2.59 10-5 4.28 10-8 3.29 10-6 4.34 10-6 

2 FEB. L1 1.42 10-3 1.41 10-3 1.44 10-5 2.38 10-8 2.30 10-5 3.04 10-5 

  

L2 1.45 10-3 1.44 10-3 1.48 10-5 2.43 10-8 3.18 10-5 4.20 10-5 

  

L3 1.50 10-3 1.48 10-3 2.32 10-5 3.82 10-8 3.30 10-4 4.35 10-4 

  

L4 1.54 10-3 1.52 10-3 1.66 10-5 2.74 10-8 4.71 10-5 6.22 10-5 

 

AUG. L1 1.60 10-3 1.59 10-3 1.91 10-5 3.15 10-8 4.60 10-5 6.08 10-5 

  

L2 2.38 10-3 2.35 10-3 1.55 10-5 2.55 10-8 2.41 10-5 3.18 10-5 

  

L3 2.60 10-3 2.58 10-3 1.50 10-5 2.47 10-8 9.86 10-6 1.30 10-5 

  

L4 1.43 10-3 1.41 10-3 2.00 10-5 3.30 10-8 1.53 10-5 2.03 10-5 

 

Conclusion 

The results of this study show that the River is highly polluted at all sampling stations and all 

seasons and was impacted mainly by heavy metals with some significant human health risks. 

There is a significant non-carcinogenic risk (HQ > 1) through oral exposure to Cd and Pb for 

both the adult and children populations at all the locations. The result also indicates a significant 

cancer risk (CR >1 10-4) through oral exposure to Pb and Cr for the adult populations at 31.25 

% and 62.50 % of the sampling locations respectively, while oral and dermal exposure to Cd 

posed a significant cancer risk for the adult and children populations at all the sampling 

locations.  



International Journal of New Chemistry, 2025, 12 (3), 340-367               Chinweuba Onoyima et al 

  
 

 360  

References 

[1] H. Ali, E. Khan, I. Ilahi, J. Chem. 19 (1), 6730305, (2019). 

 

[2] UNSDG (United Nations Sustainable Development Goals Report), (2020). 

 

[3] R. Nawaz, et al., Toxics. 11, 577, (2023). 

 

[4] P. Onen, et al., J. Xenobiot. 13, 544–559, (2023). 

 

[5] I.M. Adesiyan, et al., J. Health Pollut. 8 (19), 180907, (2018). 

[6] C.C. Onoyima, E.E. Nwoye, ChemSearch J. 13 (2), 41 – 51, (2022). 

 

[7] T.M. Abatyough, et al., Am. Chem. Sci. J. 12 (4), 1-10, (2016). 

 

[8] O.M. Akinfolarin, et al., Adv.  Environ. Waste Manag. Recyc. 3 (2), 28-35, (2020). 

 

[9] H. Badamasi, et al., Pollution, 9 (3), 929-949, (2023). 

 

[10] A.C. Lee, F.A.  Idrus, F. Aziz, Jordan J. Biol. Sci. 14 (2), 317-325, (2021). 

[11] J. Das, N. Karmaker, R.A. Khan, GSC Adv. Res. Rev., 07 (01), 023–034, (2021). 

 

[12] U.U. Ubong, et al., J. Mater. Environ. Sci. 14 (3), 384-394, (2023). 

 

[13] O.G. Onyele, E.D. Anyanwu,  Afr. J. Environ. Nat. Sci. Res. 1 (1), 15-23, (2018). 

 

[14] G. Rajaei, et al., Bull Environ. Cont. Toxicol.,  89 (3), 495–500, (2012). 

 

[15] J.N. Halder, M.N. Islam, Journal of Environment and Human. 2 (1), 36-46, (2015). 

 



International Journal of New Chemistry, 2025, 12 (3), 340-367               Chinweuba Onoyima et al 

  
 

 361  

[16] A. Singh, et al., The Toxicity of Environmental Pollutants, IntechOpen, (2022). 

 

[17] M.A. Akbor, M.K. Uddin, M.A. Ahsan,  J. Environ. sci. nat. resour. 10 (1), 75-80, (2017). 

 

[18] A.E. Ite, et al., Am. J. Environ. Protect. 4 (2), 38-47, (2016). 

 

[19] Naveedullah., et al., Pol. J. Environ. Stud. 23 (3), 801-811, (2014). 

 

[20] C.E. Ugwu, et al., Toxicol. Rep. 9, 869–875, (2022). 

[21] N. Fahimah, et al., J. Water Land Dev. 56 (I–III): 153–163, (2023). 

 

[22] S. Bakr, et al., BMC Public Health, 23, 1071, (2023). 

 

[23] F.O Ohiagu, et al., Material Sci. Eng. 6 (2), 78‒87, (2022). 

 

[24] M. Balali-Mood, et al., Front. Pharmacol. 12, 643972, (2021). 

 

[25] T. Pavesi, J.C. Moreira, J. Appl. Toxicol. 40, 1183–1197, (2020). 

 

[26] H.S Kim, et al., J. Cancer Prev. 20 (4), 232-240, (2015). 

 

[27] P. Koedrith, et al., Int. J. Hyg. Environ. Health. 216 (5), 587–598, (2013). 

 

[28] C.M. Thompson, et al., Crit. Rev. Toxicol. 43 (3), 244–274, (2013). 

 

[29] P.B. Tchounwou, et al., Mol. Clin. Environ. Toxicol. 101, 133–164, (2012). 

 

[30] C.R. Ramakrishnaiah, C. Sadashivaiah, G. Ranganna, India. E-J. Chem. 6 (2), 523-530, 

(2009). 

 



International Journal of New Chemistry, 2025, 12 (3), 340-367               Chinweuba Onoyima et al 

  
 

 362  

[31] UNEP GEM, United Nations Environment Programme Global Environment Monitoring 

System (GEMS)/Water Programme, Ontario, Canada, 3, (2007). 

 

[32] A. Badeenezhad, et al., Sci. Rep. 13, 15817, (2023). 

 

[33] M. Tian, et al., E3S Web of Conferences, 78, 03004, (2019).  

 

[34] enHealth, Canberra: Commonwealth of Australia, (2012). 

 

[35] K.B. Douglas, B. Stephen B. Kenneth, Environ. Sci. 3 (1), 11-16, (2015). 

 

[36] CCME (Canadian Council of Ministers of the Environment), CCME Water Quality Index 

1.0, Technical Report., (2001). 

 

[37] M.K. Mahato, P.K. Singh, A.K. Tiwari, Int. J. Earth Sci. Eng. 7 (1), 611–1618, (2014). 

 

[38] G. Matta, et al., INAE Lett. 3 (3), 123-129, (2018). 

 

[39] R. Reza, G. Singh, Int. J. Environ. Sci. Tech. 7 (4), 785-792, (2010). 

 

[40] S. Liu, J.P. Zhu, Environ. Monit. 15, 33–37, (1999). 

 

[41] H.H. Jiang, et al., Environ. Monit. China, 15, 46–8, (1999). 

 

[42] USEPA, Office of Health and Environmental Assessment Washington, DC 20460, 

EPA/600/8-91/011B, (1992). 

 

[43] FAO/WHO, Joint FAO/WHO food standard programme codex committee on contaminants 

in foods, fifth session, Rome, (2013). 

 



International Journal of New Chemistry, 2025, 12 (3), 340-367               Chinweuba Onoyima et al 

  
 

 363  

[44] USEPA, Office of Superfund Remediation and Technology Innovation U.S. Environmental 

Protection Agency Washington, DC. EPA/540/R/99/005, (2004). 

 

[45] USEPA, Washington, DC, (2011). 

 

[46] USEPA  Regional screening levels (RSLs)- Generic Tables, Washington, DC,  (2023).  

 

[47] Z. Wu, et al., Sci. Rep. 7, 17999, (2007). 

 

[48] C.C. Onoyima, et al., J. Appl. Sci. Environ. Manage. 26 (1), 65-70, (2022). 

 

[49] S. Tyagi, et al., Am. J. Water Resour. 1 (3), 34-38, (2013). 

 

[50] S.A. Razzak, et al., Environ. Adv. 7, 100168, (2022). 

 

[51] R. Alani, et al., Niger. J. Eviron. Sci. Technol. 6(1), 270–282, (2022). 

 

[52] J. Awomeso, et al., Ife J. Sci. 21 (2), 375–388, (2019). 

 

[53] M.O. Jaji, et al., Environ. Monit. Assess. 133 (1–3), 473–482, (2007). 

 

[54] I.J. Silas, R.A. Wuana, A.U. Augustine, Int. j. recent res. phys. chem. sci. 5 (1), 42-62, 

(2018). 

 

[55] A.H. Charkhabi, M.J.  Sakizadeh, Environ. Sci. 19 (19), 117-127, (2006). 

 

[56] S.K. Shukla, L.K. Morya, J. Indian Assoc. Environ. Manag. 43 (4), 15-22, (2023). 

 

[57] X. Guo, et al., Water, 15, 641, (2023). 

 

[58] M.J. Shimba, J. Soil Sci. Environ. Manag. 8 (9), 148-154, (2017). 



International Journal of New Chemistry, 2025, 12 (3), 340-367               Chinweuba Onoyima et al 

  
 

 364  

 

[59] J.N. Edokpayi, et al., Open Chem. 15: 272–282, (2017). 

 

[60] L.M. Mosley, Earth-Sci. Rev. 140, 203–214, (2015). 

 

[61] M.M. Syeed, et al., Environ. Sustain. Indic. 18, 100247, (2023). 

 

[62] J.J. Drewry, et al., Mar. Freshw. Res. 57(8), 757–774, (2006). 

 

[63] F.G. Okibe, et al., Pacific J. Sci. Technol. 21 (2), 360-370, (2020). 

 

[64] A.A. Belew, A.T.  Besha, A.A. Belete, Discov. Environ. 2, 41, (2024). 

 

[65] IEPA (Ireland Environmental Protection Agency). 2001. Parameters of water quality: 

Interpretation and standard, (2001). 

 

[66] WHO, Health Risks, Monitoring, and Corrective Actions, (2022). 

 

[67] UNEP, United Nations Environment Program (UNEP), Geneva, (2008). 

 

[68] WHO, World Health Organization: Geneva, Switzerland, (1992). 

 

[69] WHO, World Health Organization Regional Office for Europe, (2007). 

 

[70] WHO, Geneva, Switzerland. WHO/CED/PHE/EPE/19.4.3, (2019). 

 

[71] C.C. Onoyima, et al., Scientia Africana, 21 (3), 57-74, (2019). 

 

[72] EFSA (European Food Safety Authority), EFSA Journal, 10, 2551, (2012). 

 



International Journal of New Chemistry, 2025, 12 (3), 340-367               Chinweuba Onoyima et al 

  
 

 365  

[73] B. Wu, et al., Bull. Environ. Contam. Toxicol. 84 (1), 46, (2010). 

 

[74] M. Mezynska, M.M. Brzóska, Environ. Sci. Pollut. Res. 25, 3211–3232, (2018). 

 

[75] H.C. Kim, et al., Ann. Occup. Environ. Med.  27, 30, (2015). 

 

[76] S. Xu, et al., Cell Death Dis. 4 (3), e540, (2013). 

 

[77] X. Chen, et al., J. Expo. Sci. Environ. Epidemiol. 29 (3), 435–443, (2019). 

 

[78] A. Buha, et al., Environ. Res. 176, 108539, (2019). 

 

[79] ATSDR, Washington, DC: U.S. 45-184, (2012). 

[80] J.L. Zheng, et al., Aquatic Toxicol. 177(Supplement C), 261-268, (2016) 

 

[81] V. Matovic´, et al., Food Chem. Toxicol. 78, 130–140, (2015). 

 

[82] A. Rani, et al., Int. Environ. Health Res. 24, 378–399, (2014). 

 

[83] P.G.C. Campbell, Environ. Chem. 3 (6), 387–388, (2006) 

 

[84] Y. Wang, et al., Food Chem. Toxicol. 58, 61–67, (2013). 

 

[85] K. Hon, C. Fung, A.K. Leung, Hong Kong, Med. J. 23, 616–621, (2017) 

 

[86] IARC, IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Lyon, Vol. 

58, p. 119, (1993) 

 

[87] M. Jaishankar, et al.,  Interdiscip Toxicol. 7, 60–72. (2013) 

 



International Journal of New Chemistry, 2025, 12 (3), 340-367               Chinweuba Onoyima et al 

  
 

 366  

[88] A. Macho´n-Grecka, et al., Drug Chem. Toxicol. 45, 589–593, (2022) 

 

[89] ATSDR, Toxic Substances Portal – Lead. Washington, DC: U.S., (2105). 

[90] ATSDR, Toxicological Profile for Lead. Washington, DC: U.S., 35-151. (2007).  

[91] M.K. Ahmed, et al., Environ. Monit. Assess. 182 (1), 197–204, (2011). 

 

[92] N. Burford, M. Eelman, K.J. Groom, Inorg. Biochem. 99 (10), 1992–1997, (2005). 

 

[93] S. Kasperczyk, et al Hum. Exp. Toxicol. 24 (6), 287–295, (2005).  

 

[94] H.R. Gebeyehu, L.D. Bayissa, PLoS ONE, 15(1), e0227883, (2020). 

 

[95] AEG (Alliance Environmental Group), Method 3 Risk Characterization. File No: 5193-01-

01, (2015). 

 

[96] IARC, Volume 100C. Lyon, International Agency for Research on Cancer, (2012). 

 

[97] C. Xiao, et al., Toxicol. Sci. 145 (1), 80–89, (2015). 

 

[98] S.S. Wise, J.P. Wise, Mutat. Res. 733 (1-2), 78–82, (2012). 

 

[99] A. Arita, et al., J. Trace Elem. Med. Biol, 26(2-3), 174–178, (2012). 

 

[100] G. Genchi, et al., Int. J. Environ. Res. Public Health. 17, 3782, (2020) 

 

[101] V. Vijayakumar, et al., Int. J. Environ. Res. Public Health. 18, 8333 (2021). 

 

[102] H. Zhang, et al., Toxicol. Lett. 355, 62–81 (2022). 

 

[103] E.L. Baker, R.A. Goyer, B.A. Fowler,  Am. J.  Ind. Med. 1, 139–148 (1980.) 



International Journal of New Chemistry, 2025, 12 (3), 340-367               Chinweuba Onoyima et al 

  
 

 367  

 

[104] TCEQ, Texas Commission on Environmental Quality (TCEQ). Development Support 

Document, (2016) 

 

. 

 

HOW TO CITE THIS ARTICLE 

CHRISTIAN CHINWEUBA ONOYIMA; Olalekan Babatunde Adesina; Elaoyi David Paul; Friday 

Godwin Okibe. "Surface Water Quality and Health Risk Assessment of Some Potentially 

Toxic Metals in Ogun River, Nigeria", International Journal of New Chemistry, 2025; 12(3), 340-

367. doi: 10.22034/ijnc.2024.2044091.1419 


