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This study investigated heavy metal contamination around an 
industrial district in Obajana, Southwest Nigeria. The study region lies 
between latitudes 7°54′N to 7°56′N and longitudes 6°24′E to 6°27′E. 
Thirty samples each for groundwater and soil and twelve plant samples 
were collected from the study area. All samples were collected in 
triplicate. The physical and chemical parameters of the groundwater, 
soil, and plant samples were measured. The average pH level of the 
groundwater samples is 7.2 which falls within the Nigerian Standards 
for Drinking Water Quality (NSDWQ). The ranges of the other physical 
parameters such as electrical conductivity (EC), total dissolved solids 
(TDS) and total hardness (TH) are also within the acceptable limits. The 
mean concentrations of heavy metals in groundwater samples for Mn 
(0.020 mg/L), Zn (0.010 mg/L), Ni (0.010 mg/L), Cr (0.130 mg/L), Cu 
(0.020 mg/L), and Fe (0.090 mg/L) are within the allowable limit, with 
the exception of Pb (0.090 mg/L) that is above the recommended level. 
According to the index of geo-accumulation (Igeo), the soil and plant 
samples are not polluted with respect to the heavy metals tested. The 
analysis of the human risk assessment reveals that the values for the 
carcinogenic risk are within acceptable bounds; however, the values for 
the non-carcinogenic risk are substantially above the acceptable 
bounds. This demonstrates that non-carcinogenic health impacts are a 
threat to the broader population. This study suggests continuous 
monitoring of groundwater, soil, and plant in the study area. 
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1. Introduction 
Man’s capacity to harness natural energy resources to improve the quality of life through economically driven 
mechanised manufacturing has been linked to industrialisation and economic progress. Both developed and 
emerging nations have experienced socioeconomic progress as a result of industrialisation, which will continue 
to foster economic growth and job creation. Although industrialisation is regarded as the cornerstone of all 
socioeconomic growth, it causes some issues that affect the environment [2, 3]. High production volumes are 
always accompanied by a significant amount of garbage, and this waste can have a severe influence on the 
environment. 
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Industrial effluents are liquid wastewater that is either treated, untreated, or partially treated before being 
released from industrial operations into bodies of surface water, groundwater, and soil [4]. If not handled 
properly, these industrial effluents will either directly or indirectly pollute the soil, plants, and aquifer system [3, 
5] and generate some heavy metals that may have adverse effects on human health, distort plant growth, damage 
soil, and destabilise ecosystems. Additionally, untreated wastes that companies release into the groundwater 
aquifer contaminate the water [3, 5]. Evaluation of heavy metals near industrial sites has recently become a crucial 
topic to be investigated in order to protect our environment. This research region focuses on Dangote cement 
factory, the largest in Africa which was made possible by the abundance of marble as raw material for cement 
production.  

A marble deposit is thought to exist in the research region at a depth of between 30 and 60 m, weighing 
approximately 450,000,000 tons [6]. The production of cement and marble are two of the main businesses that 
produce wastes in the study area. The mining, processing, and polishing stage cover over 70% of the marble 
production processes which brings upon a number of environmental implications. For instance, the sawing or 
cutting phase produces noise and dust, and the cutting and polishing stages involve the use of chemicals that may 
contaminate the water [7]. Additionally, with the growth of cement factories, dust emissions from the cement 
sector have dangerously increased. This type of industry releases many pollutants in its industrial discharge, 
which have a direct impact on the environment [8]. The composition of the organic and inorganic materials in 
cement industry effluents, including potassium, sodium, calcium, magnesium, chloride, sulphate, and carbonate, 
varies with time. When the effluent eventually mixes with water, it may also cause consequential changes in the 
level of the heavy metals (Zn, Mn, Pb, Cr, Cu, Fe, Ni, Cd) in water, soil, and plant [9]. Additionally, the ecosystem 
deteriorates when certain metals are present in excessive amounts.  

Numerous research has suggested environmental protection regulations in response to worries regarding 
environmental preservation and the adverse effects of the industry on human health. Marble as a raw material for 
cement production in the study area has been thoroughly investigated in terms of its mineralogy and industrial 
applications [10]; however, previous studies have not reported any implications regarding the discharge of 
untreated industrial waste in the study area. Thus, this study was carried out to investigate heavy metal 
contamination around the industrial areas in Southwest Nigeria. 

2. Study Location and Geology   
The study area is a small community in Obajana, Southwest Nigeria and lies between latitudes 7°54′N to 7°56′N 
and longitudes 6°24′E to 6°27′E. It belongs to the Local Government Area of Lokoja with two landforms: dome-
shaped residual hills and river valley. The study area consists of metasediments and folded gneisses underlain by 
granite–gneiss, quartzite, quartz–mica schist, phyllites and marble. Obajana Cement Plc (OCP), now known as 
Dangote Cement Plc, was incorporated by the Kogi State Government in 1992 [11]. Majority of the activities here 
are owned by this company. 
 

 

Fig. 1 Geological map of Nigeria showing the study area [12] 
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3. Materials and Methods 
Thirty samples each of groundwater and soil were taken from 10 randomly chosen hand-dug wells, while 12 plant 
samples for cassava leaves, cassava tubers, sugarcane, and mango leaves were taken from 4 randomly chosen 
locations. All samples were collected in triplicate at each sampling points in the middle of January 2023. 
Groundwater samples were taken using 1 L polyethylene bottles from hand-dug wells in unconfined aquifers that 
ranged in depth from 8 to 12 m. The physical characteristics of groundwater samples were assessed on-site using 
a portable meter (MI 806, Martini Instruments). Before collection of water samples, the water from hand-dug 
wells was left to flow for around 2 min while the containers were carefully cleansed and rinsed [13]. The water 
samples were analysed using atomic absorption spectrophotometry (AAS) at the Central Research Laboratory, 
University of Ilorin, within 24 h of collection. In this study, the means for the datasets were calculated using the 
descriptive statistics approach for the health risk assessment.  

Soil samples were collected between depth of 3 to 5 cm. Plants growing in the soils were gathered, including 
sugarcane leaves (Saccharum officinarum), mango leaves (Mangifera indica), immature cassava leaves (Manihot 
esculenta) that are utilised as vegetables, and cassava tubers. A vortex stirrer was used to combine 25 mL of 0.1% 
HNO3, which was then transferred to a 50 mL centrifuge tube, sealed, and centrifuged for 15 m at 500 rpm. The 
digestion process was monitored for 20 minutes under these parameters: 180 °C for 120 minutes and 200 °C for 
30 minutes. Once the block had been digested, the tubes were taken out and left to cool at ambient temperature. 
A decanted sample of 10 mL of the digested solution was used for AAS. Heavy metal detection thresholds are 0.03 
mg/L (Mn), 0.08 mg/L (Pb), 0.7 mg/L (Zn), and 0.005 mg/L (Cu). The percentage recovery was unknown since 
the samples were not spiked and their initial concentrations were not established prior to the laboratory analysis. 

 

 

Fig. 2 Location map of study area showing sampled points  

3.1 Metal Pollution Index (MPI) 
The metal pollution index (MPI) measures the influence of metallic elements on the overall water quality [14] and 
assesses the specific components that could affect the water quality. A higher concentration of a metal compared 
to its maximum allowable limit indicates lower quality [15]. The MPI is calculated using Eq. (1): 
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where MACi is the maximum permissible concentration and Ci is the mean concentration. Pollution levels are 

categorised into 5 groups based on the MPI value; value less than 0.01 means very lightly polluted; value between 
0.01 and 1.0 means lightly polluted; value between 1.0 and 5.0 means moderately polluted; value between 5.0 and 
10.0 means highly polluted; and value greater than 10.0 means very highly polluted. 

3.2 Index of Geo-Accumulation (Igeo) 
Metal concentration in soil, plants, sediment, and rock is measured using the index of geo-accumulation (Igeo) 
[16]. The index of geo-accumulation is calculated using Eq. (2): 
 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑙𝑙𝑙𝑙 �
𝐶𝐶𝐶𝐶
1.5

� ∗ 𝐵𝐵𝐵𝐵 (2) 

 
where Cm is the average concentration of metal m, Bm refers to the background value of metal m, and 1.5 is 

the factor for potential variation in the background value that could result from lithologic differences. Bm is based 
on average crustal abundance with similar geological formation. A value of Igeo below 1 is unpolluted and 1.0 to 
1.99 is polluted. Between 2.0 to 2.99 is lightly polluted while 3.0 to 3.99 is moderately polluted and 4.0 to 5.0 is 
highly polluted. 

3.3 Health Risk Assessment of the Heavy Metals 
A risk index was used to express the link between toxic chemicals and their harm to human health using the risk 
assessment models developed by the USEPA [17–21]. The heavy metal toxicological profiles used in the health 
risk assessment were referred to the Toxicological Profiles from the United States Agency for Toxic Substances 
and Disease Registry [18, 22, 23], Risk Assessment Information System (RAIS), and Integrated Risk Information 
System (IRIS) [17]. In the current study, the chronic daily dose (CDD) of each heavy metal through oral and dermal 
absorption pathways was determined, which served as the starting point for the health risk assessment of the 
heavy metals (Pb, Fe, Mn, Zn, Ni, Cr, & Cu). 

The CDD (mg/L/day) for oral and dermal pathways were estimated using Eqs. (3) and (4), respectively [22]. 
 

CDDoral-water = Cw × IngRw × EF × ED
BW × AT

Cw × IngRw × EF × ED
BW × AT

 (3) 

CDDderm-water =  Cw × SA × KP ×  ABS × ET × EF × ED
BW × AT

=  Cw × SA × KP ×  ABS × ET × EF × ED
BW × AT

 (4) 
 
where Cw is the concentration of heavy metals in the sample and BW is body mass (Standard used: 70 kg). 

The lifetime exposure duration (ED) is 30 years for hazards that are not carcinogenic and 55 years on average for 
dangers that are. AT is the time during which the dose is averaged (ED × 365 days for non-carcinogenic risk and 
Lifetime (55 years) × 365 days for carcinogenic risk), and EF is the exposure frequency (350 days/year). IngRw is 
the ingestion rate of the drinking water (2 L/day). Dermal permeability constant, KP, is 0.0001; exposed skin 
surface area, SA, is 18,000 cm2; exposure duration, ET, is 0.58 h/event; and dermal absorption factor, ABS, is 0.001 
[22, 17, 19, 23]. 

3.3.1 The Carcinogenic and Non-Carcinogenic Risk Assessment 
The ratio of the calculated CDD to reference dose (RfD) of the selected heavy metals, also known as target hazard 
quotient (HQ), is usually employed to highlight the level of the non-carcinogenic risks [22, 24, 25]. HQ was 
calculated by using Eq. (5) [19]: 
 

HQ   =   CDD
RfD

CDD
RfD

 (5) 
 

For Pb, Mn, Zn, Ni, Cr, and Cu, the corresponding doses are 0.0035, 0.046, 0.3, 0.02, 0.003, and 0.04 mg/L/day 
for the oral pathway and 5.25×10−4, 0.00184, 0.06, 0.0054, 6×10−5, and 0.0120 mg/L/day for the dermal pathway, 
respectively. The chance of hazardous consequences is high if the estimated value of HQ is larger than 1, and the 
probability is lower if the estimated value of HQ is less than 1 [22]. The accumulation of each heavy metal’s HQ 
was evaluated using Eq. (6) to determine the hazard index (HI) [22, 25]: 
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HI   =   ∑HQ∑HQ (6) 
 
Cr, Ni, and Pb are known human carcinogens with carcinogenic oral slope factors of 0.5, 0.840, and 0.0085 

mg/L/day respectively, according to the toxicological profiles and risk methodology [19, 26, 27]. The cancer risk 
appraisal offers a measure of the likelihood that a person would get cancer as a result of exposure to the 
carcinogenic substances in water samples over the course of an estimated lifespan. Equation (7) was used to 
assess the incremental lifetime cancer risk (ILCR), which represents the magnitude of the carcinogenic risk [28]. 

 
ILCR =   CDD × SF (7) 

 
where CDD (mg/L/day) and SF (mg/L/day) −1 represent the average daily doses of the heavy metals and the oral 
slope factor for cancer, respectively. The appropriate range for ILCR is between 1×10−4 and 1×10−6, with values 
above 1×10−4 deemed high because they may present a greater cancer threat and values below 1×10−6 assumed 
to not present any cancer risk to the general population. The gastrointestinal absorption factor (ABSgi), a pertinent 
modification factor that makes use of the oral slope. The slope factor for the cutaneous exposure pathway was 
calculated using the oral slope factor. The adjustment factor is based on a chemical’s gastrointestinal tract 
absorption. The values of ABSgi for various hazardous chemicals were obtained from a USEPA manual [17]. The 
dermal exposure pathway’s carcinogenic slope factor was calculated using Eq. (8) [17, 29]: 
 

C𝑆𝑆𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑     = 𝐶𝐶𝐶𝐶𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝐴𝐴𝐴𝐴𝑆𝑆𝑔𝑔𝑔𝑔

  𝑆𝑆𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑     = 𝐶𝐶𝐶𝐶𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝐴𝐴𝐴𝐴𝑆𝑆𝑔𝑔𝑔𝑔

   (8) 
 
where CSForal is the cancer slope factor for the oral pathway (mg/kg/day) −1, CSFdermal is the slope factor for 
dermal pathway (mg/kg/day) −1, and ABSgi is the gastrointestinal absorption factor (Pb = 1.00, Cr = 0.013, and Ni 
= 0.04) [30, 29]. 

4. Discussion of Results 

4.1 Heavy Metals in Groundwater  
The physicochemical parameters and metal pollution index of groundwater are summarised in Table 1 and Table 
2, respectively. 

Table 1 Statistical summary of physicochemical parameters of groundwater  

Parameter Minimum Maximum Mean Maximum allowable 
limit [13] 

pH 6.700 7.800 7.200 6.500–8.500 
EC (µS/cm) 115.000 457.000 213.000 1200.000 
TDS (mg/L) 12.000 232.000 93.000 1500.000 
TH (mg/L) 39.000 124.000 67.000 500.000 
Lead (Pb) 0.010 0.100 0.090 0.010 
Iron (Fe) 0.030 0.210 0.090 0.300 

Manganese (Mn) 0.010 0.070 0.020 0.200 
Zinc (Zn) 0.010 0.020 0.010 3.000 

Nickel (Ni) 0.010 0.020 0.010 0.020 
Chromium (Cr) 0.010 0.020 0.010 0.050 

Copper (Cu) 0.010 0.060 0.020 1.000 

The mean concentrations of physicochemical parameters in groundwater samples are within standards of 
NSDWQ (Table 1). The average pH value is 7.2 and also falls within the acceptable limit [13]. The electrical 
conductivity (EC), total dissolved solids (TDS), and total hardness (TH) have mean values of 213 μS/cm, 93 mg/L, 
and 67 mg/L, respectively, all below the NSDWQ acceptable limits. The average lead (Pb) concentration in 
groundwater is 0.090 mg/L. This value is higher than NSDWQ’s allowable value of 0.010 mg/L. This may be due 
to the use of coal as a secondary energy source during the production of cement (approximately 35%), after 
natural gas (57%). High lead concentration beyond the permissible threshold may be due to the untreated 
industrial effluent discharge in the study area. The high lead concentrations around industrial locations have also 
been attributed to fossil fuel combustion and power plant emissions in previous studies [31–33], supporting the 
possibility that lead comes from untreated industrial waste discharge in the study area. Lead is a carcinogen that 
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damages the kidney, cardiovascular system, and reproductive system in humans [34]. In children under the age 
of 6, lead can cause hearing loss and hyperactivity [31]. 

The average iron (Fe) concentration is 0.090 mg/L, which is lower than the permissible value of 0.300 mg/L. 
Iron is a necessary nutrient for the process by which cells produce energy. High iron content may cause the water 
to have poor taste and colour. Additionally, high iron concentration might accelerate the generation of free 
radicals, which are linked to aging and degenerative diseases [34]. Manganese (Mn) has a mean concentration of 
0.020 mg/L, which is below the standard limit of 0.200 mg/L. Animals and plants both require manganese. It is 
also used to create items like batteries, glass, and pyrotechnics. Industrial wastewater decomposition and 
subsequent leaching are potential sources of manganese in groundwater. The average zinc concentration is 0.010 
mg/L, which is less than the permitted maximum of 3.000 mg/L. One of the most prevalent elements in the crust 
of the earth is zinc. It can be found in food as well as in the soil, water, and air. Zinc can be used as a coating to stop 
rust. Zinc compounds can be used to create rubber, paint, and dyes. However, high zinc intake might cause 
intestinal haemorrhage and muscular pain [34]. The average concentration of nickel is 0.010 mg/L, which is less 
than the permitted limit of 0.020 mg/L. Nickel is a highly common element in nature and is typically found as 
oxides or sulphides. The average concentration of chromium (Cr) is 0.010 mg/L, which is below the acceptable 
value of 0.050 mg/L. Chromium occurs as a natural element and in volcanic gases. It is helpful in the production 
of other alloys and bricks. Chromium poisoning leads to skin ulcers, seizures, kidney, and liver damage [8]. The 
average concentration of copper (Cu) is 0.020 mg/L, which is below the permissible level of 1.000 mg/L. Despite 
being a heavy metal that is harmful if it accumulates, copper is necessary for life. High copper content in drinking 
water may lead to gastrointestinal problems in people. The high concentrations in some of the heavy metals, 
particularly lead, could be from the release of untreated industrial effluents brought by use of coal as a secondary 
energy source and the interaction of these toxic metals with the raw materials [35]. The metal pollution index of 
groundwater (Table 2) shows that the water in the area have different levels of pollution severity for the heavy 
metals, with the most severe level (highly polluted) being caused by lead. 

Table 2 Metal pollution index of groundwater samples  
Parameter Ci MACi MPI Rating 
Lead (Pb) 0.090 0.010 9.000 Highly polluted 
Iron (Fe) 0.090 0.300 0.300 Lightly polluted 
Manganese (Mn) 0.020 0.200 0.120 Lightly polluted 
Zinc (Zn) 0.010 3.000 0.000 Very lightly polluted 
Nickel (Ni) 0.010 0.020 0.500 Lightly polluted 
Chromium (Cr) 0.130 0.050 2.600 Moderately polluted 
Copper (Cu) 0.02 1.000 0.020 Lightly polluted 

 
Table 3 shows the correlation between the heavy metals. There is a strong positive correlation (0.809) 

between Pb and Mn, and the relationship between them is significant. There is also a slight moderate positive 
correlation (0.661) between Pb and Cr. Furthermore, a strong positive correlation (0.873) exists between Mn and 
Cr. 

Table 3 Correlation between heavy metals in the water 

Metals Pb Fe Mn Zn Ni Cr Cu 
Pb 1       
Fe 0.064 1      
Mn 0.809* 0.018 1     
Zn 0.058 0.210 0.267 1    
Ni 0.058 0.052 0.178 0.200 1   
Cr 0.661* −0.054 0.873** 0.408 0.000 1  
Cu −0.407 0.188 −0.429 −0.391 −0.260 −0.558 1 

*Indicates significant correlation 
 
Since p values of the heavy metals in groundwater samples are lower than the significance level (0.05), the 

null hypothesis (H0) was therefore rejected (Table 4). This indicates that the heavy metals in the water samples 
are from different sources. 
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Table 4 Results of t test for heavy metals in groundwater samples 
 Test Value = 0 

Metals t df Sig. (2-tailed) Mean 
Difference 

95% Confidence Interval of 
the Difference 

Lower Upper 
Pb 2.776 9 0.022 0.03200 0.0059 0.0581 
Fe 3.932 9 0.003 0.10000 0.0425 0.1575 
Mn 4.811 9 0.001 0.03600 0.0191 0.0529 
Zn 9.000 9 0.001 0.01500 0.0112 0.0188 
Ni 9.000 9 0.001 0.01500 0.0112 0.0188 
Cr 8.573 9 0.001 0.01400 0.0103 0.0177 
Cu 5.468 9 0.001 0.02800 0.0164 0.0396 

4.2 Heavy Metals in Soil and Plant  
Table 5 shows the comparison of the average heavy metal levels in soil and plant samples with the suggested 
elemental background values and crustal abundances [15, 36, 37]. The pollution level from heavy metals is 
determined by the index of geo-accumulation. Samples with heavy metal concentrations higher than the 
recommended levels are considered to be contaminated or polluted. 

Table 5 Mean concentration of heavy metals in soil and plant with average crustal abundance / background and 
standard values [36,15, 37] 

Table 6 Calculated index of geo-accumulation (Igeo) for soil and plant samples 

Heavy Metal Igeo 
Soil 

Igeo 
Plant Igeo Rating 

Lead (Pb) −8.110 −8.520 Unpolluted 
Manganese (Mn) −10.410 −11.620 Unpolluted 

Zinc (Zn) −8.520 −12.020 Unpolluted 
Nickel (Ni) −9.570 −9.210 Unpolluted 

Copper (Cu) −9.210 −9.320 Unpolluted 

 
Table 5 shows that the concentrations of heavy metals in soil and plants in the research region are within the 

generally accepted limits of the background values, average crustal abundance, and suggested norms [38]. The 
use of phytoremediation technique could be the reason for low heavy metal concentrations in the analysed soil 
and plant samples. From the Igeo data (Table 6), the soil and plants at the research region are not contaminated 
with lead, manganese, zinc, nickel, or copper. 
  

Heavy metal 

Mean 
concentra

tion in 
soil 

(ppm) 

Mean 
concent
ration 

in 
plants 
(ppm) 

Recorded 
value by 

[36] 

Recorded 
value by [15] Pollution status 

Recorded value by 
[37] 

Plant Soil 

Lead (Pb) 0.080 0.070 17.000 20.000 Very low 0.2 - 
Manganese (Mn) 0.270 0.070 527.000 600.000 Very low - 

Zinc (Zn) 0.120 0.050 52.000 71.000 Very low 0.5 - 
Nickel (Ni) 0.020 0.040 18.600 20.000 Very low - 

Copper (Cu) 0.030 0.020 14.300 25.000 Very low 0.2 - 
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Table 7 Correlations between heavy metals in soil samples 

Metals Pb Mn Zn Ni Cu 
Pb 1     
Mn 0.020 1    
Zn 0.070 −0.257 1   
Ni −0.109 −0.045 −0.732* 1  

Cu −0.185 −0.730* 0.644* −0.393 1 
*Indicates significance 

The connections between the heavy metals in soil samples (Table 7) established that Zn and Ni have a 
significant negative association (−0.732). Similarly, Mn and Cu have a high negative connection (−0.730), but Zn 
and Cu have a moderately positive correlation (0.644). 

Table 8 Results of t test for heavy metals in soil samples 
 Test Value = 0 

Metals t df Sig. (2-tailed) Mean 
Difference 

95% Confidence Interval 
of the Difference 

Lower Upper 
Pb 11.759 9 0.001 0.02600 0.0210 0.0310 
Mn 11.738 9 0.001 0.23200 0.1873 0.2767 
Zn 9.000 9 0.001 0.03900 0.0292 0.0488 
Ni 7.584 9 0.001 0.02100 0.0147 0.0273 
Cu 6.736 9 0.001 0.02200 0.0146 0.0294 

 
From Table 8, the null hypothesis (Ho) is rejected since the p values of the heavy metals in soil samples are 

below the significant level (0.05). This implies that the heavy metals in the soil samples are distinct from one 
another and come from various sources. 

Table 9 Tests of Normality 

Soil Samples Kolmogorov–Smirnov 
Statistic df Sig. 

Water samples 0.32 0.260 2 0.003 

As shown in Table 9 and Figure 3, the distribution of heavy metals in the water and soil samples are normal 
with a p value of 0.003, less than the significance level of 0.05. 
 

 

Fig. 3 Normal Q–Q plot of heavy metals in water and soil samples 
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4.3 Human Risk Assessment 
Human risk assessments for the water samples are presented in Tables 10 and 11: 

Table 10 Estimated chronic dose of the heavy metals in the water samples for oral and dermal pathways 

Stat 
Zn Fe Mn Ni Cr Pb Cu 

CDDIng CDDDerm CDDIng CDDDerm CDDIng CDDDerm CDDIng CDDDerm CDDIng CDDDerm CDDIng CDDDerm CDDIng CDDDerm 

Min 2.74×10−

4 
2.98×10−

9 
8.22×10−

4 
8.95×10−

9 
2.74×10−

4 
2.98×10−

9 
2.74×10−

4 
2.98×10−

9 
2.74×10−

4 
2.98×10−

9 
2.74×10−

4 
2.98×10−

9 
2.74×10−

4 
2.98×10−

9 

Max 5.48×10−

4 
5.97×10−

9 
5.75×10−

3 
6.26×10−

8 
1.92×10−

3 
2.09×10−

8 
5.48×10−

4 
5.97×10−

9 
5.48×10−

4 
5.97×10−

9 
2.74×10−

3 
2.98×10−

8 
1.64×10−

3 
1.79×10−

8 
Mea

n 
2.74×10−

4 
2.98×10−

9 
2.47×10−

3 
2.68×10−

8 
5.48×10−

4 
5.97×10−

9 
2.74×10−

4 
2.98×10−

9 
2.74×10−

4 
2.98×10−

9 
2.47×10−

3 
2.68×10−

8 
5.48×10−

4 
5.97×10−

9 

Table 11 Estimated hazard quotients, hazard index, and incremental lifetime cancer risks of the heavy metals in the water samples 

Stat 
Zn Fe Mn Ni Cr Pb Cu 

HI ILCR 
HQIng HQDerm HQIng HQDerm HQIng HQDerm HQIng HQDerm HQIng HQDerm HQIng HQDerm HQIng HQDerm 

Min 9.13×10−4 4.97×10−8 2.74×10−1 - 5.96×10−3 1.62×10−6 1.37×10−2 2.43×10−5 9.13×10−2 4.97×10−5 7.83×10−2 5.68×10−6 6.85×10−3 2.49×10−7 0.4711 3.70×10−4 
Max 1.83E-3 9.94×10−8 1.92 - 4.17×10−2 1.13×10−5 2.74×10−2 4.85×10−5 1.83×10−1 9.94×10−5 7.83×10−1 5.68×10−5 4.11×10−2 1.49×10−6 2.9955 7.58×10−4 

Mean 9.13×10−4 4.97×10−8 8.22×10−1 - 1.19×10−2 3.24×10−6 1.37×10−2 2.43×10−5 9.13×10−2 4.97×10−5 7.05×10−1 5.11×10−5 1.37×10−2 4.97×10−7 1.6581 3.88×10−4 
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Tables 10 and 11 list the estimated chronic daily dose (CDD) of the heavy metals via oral and dermal pathways, 
as well as their carcinogenic (ILCR) and non-carcinogenic (HI) risks. The mean CDD values for oral route ranged 
between 2.74×10−4 (zinc, nickel, and chromium) and 2.47×10−3 (lead and iron) mg/L/year, with lead and iron 
having the highest value. These two elements also have the highest value for the estimated mean of dermal 
pathway CDD, which varied from 2.98×10−9 to 2.68×10−8. This demonstrates unequivocally that the oral channel 
is the main way that residents are exposed to harmful substances. The risk quotient is the highest for iron, 
followed by lead, chromium, nickel, copper, manganese, and zinc, according to the hazard quotient (HQ) values 
computed for oral and dermal pathways. The oral pathway HQ ranged from 9.13×10−4 for zinc to 8.22×10−1 for 
iron, whereas the dermal pathway HQ ranged from 4.97×10−8 for zinc to 5.11×10−1 for lead. The overall hazard 
index (HI), with an average value of 1.65, varied from 0.4711 to 2.9955. The median HI value exceeds the 
suggested safe limit of 1 established by USEPA [19]. This indicates that for people who live nearby or inside the 
research area, the risk of non-carcinogenic consequences is considerable. 

For the carcinogenic heavy metals, the incremental lifetime cancer risk (ILCR) ranged from 3.70×10−4 to 
7.58×10−4 with an average value of 3.88×10−4. The permissible range for cancer risks is between 1.00×10−6 and 
1.00×10−4, with cancer risks above 1.00×10−4 being regarded as high and values below 1.00×10−6 being regarded 
as not posing any risk of cancer to humans. Thus, the mean cancer risk is within the acceptable limits. Lead is the 
main contributor to the cancer risk, followed by chromium and nickel. As previously mentioned, this significant 
lead concentration may be the result of emissions from power plants after using coal as a substitute energy source 
during cement manufacturing [31–33]. Therefore, the indiscriminate discharge of untreated industrial effluents, 
or the association of these toxic metals with the raw materials, which typically consist of iron oxide, lead, copper, 
manganese, and chromium [54] and the use of coal as a substitute for other sources of energy during cement 
production [31], are the causes of the high HI risk values for the water samples. The general population is urged 
to purify their water before using it for drinking or other domestic purposes because the risk of non-carcinogenic 
consequences is considerable for people living in the research region. These harmful metals can be removed from 
contaminated water using techniques such as electrochemical treatment, chemical precipitation, membrane 
filtration, ion exchange, reverse osmosis, adsorption, or solvent extraction. 

5. Conclusion 
Untreated industrial effluent discharge has a detrimental influence on the environment and poses a risk to human 
health. The quality of groundwater, soil, and plant life near a cement production site in Obajana was assessed in 
this study, which serves as a baseline investigation into the impact of industrial wastes on the environment in the 
studied region. Water, soil, and plant samples were examined for the presence of heavy metals. With the exception 
of lead, whose concentration was above the recommended level, the analysis demonstrates that iron, manganese, 
zinc, nickel, chromium, and copper concentrations in the water samples were within the acceptable limits based 
on NSDWQ and average crustal abundance/background values. High amount of lead may be due to emission from 
the power plant.  

The non-carcinogenic risk assessment yielded values that are higher than the allowed limits, whereas the 
carcinogenic risk assessment gave values that are within the advised range. This demonstrates that the heavy 
metals pose a non-carcinogenic health risk to the public. According to the average crustal abundance and 
background values, the concentrations of heavy metals in soil and plant samples are below allowable limits, 
indicating that the soil and plants in the research region are not contaminated by the heavy metals studied. The 
current study suggests ongoing groundwater, soil, and plant monitoring in the area, while industries ought to be 
ecologically aware to stop more harm. The mechanism of environmental pollution should be explained in depth, 
with a focus on untreated harmful industrial effluents in particular. 
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