Health Risk Assessment associated with Heavy Metals via Consumption of Groundwater in Gombe, Nigeria
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Abstract: This study determined concentrations of six heavy metals (Cd, Mn, Cr, Ni, Cu and Pb) in groundwater from six different locations and assessed human health risk associated with contamination of these metals via oral consumption in Gombe, Nigeria. The concentrations of heavy metals were determined using atomic absorption spectroscopy (ASS) and compared with standard limit of world health organization (WHO) and Standard Organization of Nigeria (SON). The concentrations of Cd, Mn, Cr, Ni and Pb were above the acceptable limit set by WHO and SON, while Cu was below permissible limits. The human health risk assessment was performed by determining the chronic daily intake (CDI), hazard quotient (HQ), hazard index (HI) and cancer risk (CR) of the metals for both adults and children. The calculated values for chronical daily intake (CDI) were found in the order of Ni > Mn > Cu > Cd > Pb > Cr. The health risk assessment revealed that hazard quotient (HQ) of Cu was above the acceptable limit for children, while Ni was above the acceptable limit for both adults and children in all the studied samples and thus pose a potential health risk for both adults and children, and the hazard index (HI) values > 1, this indicated unacceptable risk for non-carcinogenic adverse health effect to the recipient via oral intake of the water. The cancer risk (CR) of Cd and Cr expect Pb in the water samples were below the acceptable risk of 10-6 recommended by the United States Environmental Protection Agency. 
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Introduction
Water is the most important natural resource which forms about 80% constituent of the ecosystem and it is an essential component of life, human body consists of 75% water, it is evidently clear that water is one of the prime elements responsible for life on earth. Fresh water constitutes about 3% of the total water on the earth surface, only 0.01% of this fresh water is available1. According to WHO, about 80% of all diseases in human beings are caused by water2.

The heavy metals pollution of water sources have been in front burners lately due to health risk associated with their presence3. The health risks associated with the consumption of contaminated water by heavy metals have been investigated by many researchers. The level of health risks posed by heavy metals in water are determined using different indices, including daily intake of metal (DIM) and health risk index (HRI) or hazard quotient (HQ) as reported by Khan al.4. 

The objectives of the study to determine the levels of heavy metals in water and to assess human health risk by determining the chronic daily intake (CDI), hazard quotient (HQ), hazard index (HI) and cancer risk (CR) of the metals through human via oral consumption for both adults and children. 

Materials and Methods

Study area 

The study area is Gombe main town, the state capital is situated at North-eastern Nigeria. It is located between latitude 10°17′05.88''N and 11°10′36.78"E with an area coverage of 52 km2 and about 399,531 population. The climate is tropical with two distinct seasons; rainy (May-October) and dry (November-April) seasons and with average annual temperature and rainfall of 28.5 oC and 902 mm respectively. 

Sample Collection

Water samples were collected from groundwater at six different locations of the study area, the procedure used for sampling and methodology were adopted from Sulaiman & Maigari5. A total of 72 samples were collected for the study. 

Health Risk Assessment 

Health risk assessment is a multi-step procedure that comprises of data collection for risk characterization on adverse health effects on human exposures to environmental hazards. 

Chronic daily intake (CDI) 

The exposure for ingestion route was adapted from (USEPA; Chrostowski)6,7 according to the modified equation. 
CDI =  ……………………… (1)

Where CDI is the chronic daily intake (mg/kg/d), C is the drinking water contaminant concentration (mg/l), DI is the average daily intake rate of drinking water (L/d), and BW is the body weight in (kg).

Hazard Quotient, (HQ)
The Hazard Quotient, (HQ) for non-carcinogenic risk is calculated using the following equation8,9.
HQ =  …………………………… (2)

Where RfD is the reference dose (mg/kg/d) RfD values employed in this study were obtained from the USEPA10.

When HQ > 1, there is unacceptable risk level for non-carcinogenic adverse health effect, while if HQ < 1, it is an acceptable level of risk.

Carcinogenic Risk: The carcinogenic risk of chemical contaminants is usually expressed by a carcinogenic risk factor (CR). The CR was adapted from (Naveedullah) according to the modified equation11. 

CR =  …………………………….. (3)

Where CR is the carcinogenic risk, SF is the carcinogenic slope factor (mg/kg/d). SF values were available for Cd, Cr and Pb11.

According to the USEPA’s guidance for tolerable or acceptable carcinogenic risks, CR ranged from 10-6 to 10-4. Generally, if CR < 10-6, cancer risks are considered to be negligible; however, if CR > 10-4, cancer risks are considered as unacceptable. 

Hazard Index (HI) 

The hazard index is the sum of the hazard quotients for all heavy metals, which was calculated by the equation12,13.

HI =  …………………………. (4)

When HI < 1 it is an acceptable level of risk, while If HI > 1, there is unacceptable risk level for non-carcinogenic adverse health effect.

Results and Discussion

Heavy metals concentration

The result of heavy metals concentrations from boreholes water samples in Gombe town are shown in Figure 2, together with corresponding World Health Organization (WHO) and Standard Organization of Nigeria (SON). The mean concentrations of studied metals in the water samples were compared with two standards, the results shows that the concentrations of Cd, Mn, Cr, Ni and Pb were above the acceptable limit set by both WHO and SON, while Cu was below permissible limits. General trend of the concentrations of the studied metals was Ni > Mn > Pd > Cu > Cd > Cu > Cr. 
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Fig.1 Heavy metals concentrations
Health Risk Assessment

The calculated oral consumption for children and adults, Chronic Daily Intake (CDI), Hazard Quotient (HQ), Hazard Index (HI) and Cancer Risk (CR) results are present in Table 1. The CDI values for most studied metals were lower than the corresponding background exposure values. The result of the CDIs in this study was in the order of Ni > Mn > Pb > Cu > Cd > Cr in respect to all the studied sites. The result of Hazard Quotient (HQ) of the selected metals in water samples via oral consumption of children were observed in the order: Ni > Cu > Mn > Cr > Pb > Cd, while that of adults were also Ni > Cu > Mn > Cr > Pb > Cd. The results revealed that Cu was above the acceptable limit for children, while Ni was above the acceptable limit for both adults and children in all the studied samples. However, in this study main contributors to non-carcinogenic health risks were Ni and Cu, while the other studied metals have pose no health risk to consumers who depend on it for both drinking and other domestic activities in local residents. 

The hazard index (HI), of all the studied metals with respect to all the studied sites were > 1, thus show high risk for non-carcinogenic. This calls for concern for both adults and children exposed to the water through oral consumption.
The carcinogenic risk (CR) was calculated only for Cd, Cr and Pb since the slope factor values were not available for the other metals. The values of carcinogenic risk (CR) of the water samples ranged from (5.4×10-7- 6.5.11×10-7) Cd, (1.4×10-6- 4.0×10-6) Cr and (4.7×10-4- 7.1× 10-4) Ni for children and (2.3×10-7- 3.7.11×10-7) Cd, (6.0×10-7- 1.8×10-6) Cr and (1.4×10-4- 1.5× 10-4) Ni for adults. The cancer risk (CR) revealed that calculated metals Cd and Cr are below acceptable, but Pb in the studied samples was above the acceptable risk of 10-6 recommended by the United States Environmental Protection Agency. Therefore, residents from areas may be exposed to drinking water with Pb concentrations that could lead to cancer.

Table 1: Chronic Daily Intake (CDI), Hazard Quotient (HQ), Hazard Index (HI) and Cancer Risk (CR)
	
	
	
	Children
	
	
	
	
	
	
	
	Adults
	
	
	

	
	
	
	
	
	
	
	CDI
	
	
	
	
	
	
	

	Metals
	GW1
	GW2
	GW3
	GW4
	GW5
	GW6
	
	GW1
	GW2
	GW3
	GW4
	GW5
	GW6

	Cd
	0.0047
	0.0047
	0.0035
	0.0033
	0.0053
	0.0040
	
	0.0020
	0.0017
	0.0023
	0.0014
	0.0023
	0.006

	Mn
	0.029
	0.043
	0.032
	0.039
	0.030
	0.034
	
	0.012
	0.018
	0.014
	0.017
	0.013
	0.004

	Cr
	0.0013
	0.0020
	0.0007
	0.0013
	0.0013
	0.0020
	
	0.0006
	0.0009
	0.0003
	0.0006
	0.0006
	0.005

	Ni
	0.048
	0.049
	0.053
	0.051
	0.054
	0.053
	
	0.021
	0.011
	0.023
	0.022
	0.0023
	0.005

	Cu
	0.020
	0.021
	0.019
	0.017
	0.021
	0.015
	
	0.009
	0.009
	0.008
	0.007
	0.009
	0.005

	Pb
	0.006
	0.004
	0.005
	0.005
	0.005
	0.004
	
	0.0013
	0.0012
	0.0012
	0.0012
	0.0012
	0.004

	
	
	
	
	
	
	
	HQ
	
	
	
	
	
	

	Cd
	0.047
	0.040
	0.053
	0.033
	0.053
	0.040
	
	0.020
	0.017
	0.022
	0.014
	0.022
	0.014

	Mn
	0.630
	0.930
	0.700
	0.850
	0.650
	0.740
	
	0.220
	0.390
	0.300
	0.370
	0.280
	0.330

	Cr
	0.430
	0.670
	0.200
	0.430
	0.430
	0.670
	
	0.200
	0.300
	0.100
	0.200
	0.200
	0.300

	Ni
	2.400
	2.450
	2.650
	2.550
	2.700
	2.650
	
	1.050
	1.050
	1.150
	1.100
	1.150
	1.150

	Cu
	2.330
	2.130
	1.930
	1.670
	2.060
	2.870
	
	0.880
	0.910
	0.830
	0.710
	0.570
	0.850

	Pb
	0.320
	0.200
	0.250
	0.250
	0.250
	0.200
	
	0.150
	0.100
	0.100
	0.100
	0.100
	0.100

	HI=∑HQ
	6.137
	6.420
	5.783
	5.783
	6.143
	7.170
	
	2.490
	2.767
	2.502
	2.494
	2.322
	2.747

	
	
	
	
	
	
	
	CR
	
	
	
	
	
	
	

	Cd
	7.7E-7
	7.7E-7
	8.6E-7
	5.4E-7
	8.6E-7
	6.5E-7
	
	3.3E-7
	3.7E-7
	3.7E-7
	2.3E-7
	3.7E-7
	3.3E-7

	Cr
	2.6E-6
	4.0E-6
	1.4E-6
	2.6E-6
	2.6E-6
	4.0E-6
	
	1.2E-6
	1.8E-6
	6.0E-7
	1.2E-6
	1.2E-6
	1.8E-6

	Pb
	7.1E-4
	4.7E-4
	5.8E-4
	5.8E-4
	5.7E-4
	4.7E-4
	
	9.4E-4
	1.4E-4
	1.4E-4
	1.4E-4
	1.4E-4
	1.4E-4


Conclusion 

The study determined concentrations of six heavy metals from groundwater samples, the heavy metal concentrations were observed in order of Ni > Mn > Pd > Cu > Cd > Cu > Cr. The health risk assessment revealed that hazard quotient (HQ) of Cu was above the acceptable limit for children, while Ni was above the acceptable limit for both adults and children in all the studied samples. The hazard index (HI), of all the studied metals with respect to all the studied sites were > 1, thus show high risk for non-carcinogenic. The cancer risk (CR) revealed that calculated metals Cd and Cr are below acceptable, but Pb in the studied samples was above the acceptable risk.   
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