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ABSTRACT 

 

Surface water of Mudzira Vimtim River is now a great concern because of the contamination with heavy metals. 

Therefore, characterization of carcinogenic and non-carcinogenic health risk due to the use of this water is a demand 

of time. This study is aimed to determine levels of heavy metals in surface water of Mudzira Vimtim River and to 

estimate human health risk associated with the use of water from this River via ingestion and dermal exposure.  5 

study sites in Mudzira Vimtim River   were selected for sampling during the study. The concentration of heavy metals 

(Zn, Cu, Cd, Cr, Mn, Fe and Mg) of the water samples were determined by Atomic Absorption Spectrophotometer (ASS).  

The mean concentrations of metals investigated during the study were Zn (1.06 mg L–1), Cu (4.02 mg L–1), Cd (1.22 

mg L–1), Cr (5.84 mg L–1), Mn (0.75 mg L–1), Fe (2.40 mg L–1) and Mg (1.79 mg L–1). The Hazard Quotient (HQ) and 

Hazard Index (HI) for child via ingestion and dermal contact were greater than one except for the adult, whereas HI 

value  greater than one indicating an unacceptable risk of non-carcinogenic effects on health. Carcinogenic Risk  (CR) 

due to use of water of  Mudzira Vimtim River  ranged between 2.58×10–3(Cd) to 1.67×10–2 (Cr) and 5.66×10–3 (Cd) to 

3.58×10–2 (Cr) for the child and the adult, respectively. The cumulative cancer risk for both the child and the adult 

indicates high risk for the studied metals. The health risk assessment of the heavy metals content in Mudzira Vimtim 

River indicating major adverse health risk effects but suggests attention to the risk status and to its remediation 

process. 
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1.0   INTRODUCTION 
 
Water is an essential component of life, fresh water 
constitute about 3% of the total water on the earth 
surface, only 0.01% of this fresh water is available 
(Hinrichsen and Tacio, 2002), with two thirds of the 
earth's surface covered by water and the human body 
consisting of 75% of it, it is evidently clear that water is 
one of the prime elements responsible for life on earth. 
Regrettably, even this small portion of fresh water is 
under pressure due to anthropogenic sources due to 
rapid growth in population and industrial activities (Li et 
al., 2009). Heavy metals are the main pollutants and 
elements of risk in drinking water (Enaam, 2013).  

Investigation on water contamination by heavy 
metals has become the prime focus of environmental 
scientists in recent years (Fenglian and Qi, 2011). More 
attention should be given to toxic heavy elements 
because of bio accumulation and bio magnification 
potential, and their persistence in the environment. Some 
metals like copper (Cu) and zinc (Zn) are essential for 
normal body growth and functions of living organisms 
and are referred to as essential elements. Other 
elements are referred to as non-essential, high 
concentrations of these metals like cadmium (Cd), 
chromium (Cr), manganese (Mn), and lead (Pb) are 
considered highly toxic to human and aquatic life 
(Ouyang et al., 2002). A certain amount of Cr for instance 
is needed for normal body functions; but at the same time 
high concentrations may cause toxic effect such as liver, 
kidney problems and genotoxic carcinogen (Knight et al., 
1997). Like Cr, Co is also one of the required metals 
needed for normal body functions as a metal component 
of vitamin B12 (Strachan, 2010). However, high intake of 
Co via consumption of contaminated food and water can 
cause abnormal thyroid artery, polycythemia, over-
production of red blood cells (RBCs) and right coronary 
artery problems (Robert and Mari, 2003).  

 Generally, high concentrations of Mn and Cu in 
drinking water can cause mental diseases such as 
Alzheimer's and Manganism (Dieter et al., 2005). High 
Mn contamination in drinking water also affects the 
intellectual functions of 10-year-old children (Wasserman 
et al., 2006) .Like other heavy metals, sufficient amount 
of Zn is also very significant for normal body functions. 
Its deficiency can lead to poor wound healing, reduced 
work capacity of respiratory muscles, immune 
dysfunction, anorexia, diarrhea, hair loss (Strachan, 
2010). Cd exposure can cause both chronic and acute 
health effects in living organisms (Barbee and Prince, 
1999). Experimental data in humans and animals 
showed that Cd may cause cancer in humans, diarrhea, 
hair loss, dermatitis (Acrodermatitis enteropathica) and 
depression. The chronic effects includes kidney damage, 
skeletal damage and itai-itai (ouch-ouch) diseases 
(Jarup et al., 2000; Nordberg et al., 2002). These heavy 

metals are not only found in water, but soil, food (eg fish) 
and air.  

Heavy metal pollution in aquatic environments 
has received considerable global attention due to its 
potential to cause irreversible damage to human health 
(Chowdhury et al., 2016; Ali et al., 2016). Heavy metals 
are considered systemic toxicants that may lead to 
multiple organ damage along with teratogenic and 
carcinogenic effects (Tchounwou et al., 2012).  

Human  health  risk  assessment  is  considered  
as  the characterization of the potential adverse health 
effects of humans  as  a  result  of  exposures  to  
environmental hazards (USEPA, 2012). This process 
employs the tools of  science,  engineering,  and  
statistics  to  identify  and measure  a  hazard,  determine  
possible  routes  of exposure, and  finally use that  
information to calculate a numerical value to represent 
the potential risk (Lushenko, 2010).  A  human  health  
risk  assessment  involves  four steps  which  are:  hazard  
identification,  dose-response assessment,  exposure  
assessment,  and  risk characterization.  Health risk 
assessment classifies elements as, carcinogenic or non-
carcinogenic.  The classification  determines  the  
procedure  to  be  followed when  potential  risks  are  
calculated.  Non-carcinogenic chemicals  are  assumed  
to  have  a  threshold;  a  dose below which no  adverse 
health effects will be observed where an essential part of 
the dose-response portion of a risk  assessment  
includes  the use  of  a reference  dose (RfD).  Also, 
carcinogens are assumed to have no effective threshold. 
This assumption implies that there is a risk of cancer 
developing with exposures at low doses and, therefore, 
there is no safe threshold for exposure to carcinogenic 
chemicals.  Carcinogens are expressed by their Cancer 
Potency Factor (Lushenko, 2010). The aim of this 
research work is to assess the health risk of heavy metal 
concentration in mudzira Vimtim River and suggest 
possible way of reducing these risks 
  
 
2. 0 MATERIALS AND METHOD 
 
2.1 Study Area 
 
Mubi North is  among the 21 Local Government Area 
of Adamawa State. Mubi Area of Adamawa state is 
located on latitude 11o51Nand longitude 13o51E. It has 
altitude of 696m above sea level with an annual mean 
rainfall of 1,220mm and a mean temperature of 15.2oc 
during Hamattan periods from November to February 
and 39.7oc in April (ADADP, 1986). The town is 
essentially a mountainous landscape transverse by river 
Yedzaram and many tributaries, Mandara and Adamawa 
Mountains formed part of this undulating landscape 
(Mansir, 2006). 
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Fig.2.1.   Map of Mubi North Local Government Area of Adamawa State 

 
 
2.2 Water Sample 
 
Water samples were collected at mid depth below the 
surface from the various sampling sites using plastic 
sampling bottles that were pre-washed with 10% HCl 
acid and also pre-rinsed with deionized water to avoid 
any contamination from metal and non-metal ions. 
Samples were collected at three separate locations from 
each sampling sites. These were then mixed up together 
to give one representative samples for that site. Samples 
were then taken to the laboratory stored in the 
refrigerator after addition of 2M of HNO3 in order to 
prevent microbial activities. To each of the 100cm3 of the 

sample were digested with 15 ml concentrated HNO3 
solution and 10ml of 50% concentrated HCl in ratio of 2: 
1 (Wufem et al., 2009). Samples were evaporated to 
almost dryness on a hot plate and then 7 ml of 50% 
concentrated hydrochloric acid was added and heated 
for 10 minutes. The digested samples were allowed to 
cool to room temperature. These were filtered through a 
Whatman 0.45μm filter paper and the final volume was 
adjusted to 50ml with double distilled water and stored 
for analysis. . The elemental concentrations of the 
digested water samples were carried out using Atomic 
Absorption Spectrophotometer (AAS) 210 VPG Buck 
Scientific Model.
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Fig.2.2   Sampling Points along Mudzira Vimtim River 

 
 
2.3     Human Health Risk Assessment Indices 
  
Human health risk assessment indices were calculated 
for both non-cancer and cancer risks from ingestion and 
absorption of studied metals for the child and the adults. 
The Average Daily Dose (ADD) intake was calculated 
according to Iqba and Shah 2013. Following 
the Eq.1 and 2: 
 

ADDingestion =   
𝐶𝑤  × 𝐼𝑅 ×𝐸𝐷×𝐸𝐹

𝐵𝑊 ×𝐴𝑇
           (1) 

 
where, ADDingestion (mg kg–1 day–1) represents the 
exposure dose through ingestion, Cw is the mean 
concentration of the trace elements in water (mg L–1); IR 
is both direct and indirect intake rate of drinking water (1 
L day–1 for the child and 2 L day–1 for the adult), ED is the 
exposure duration (6 years for the child and 30 years for 
the adult), EF is the exposure frequency to pollutants 
(365 days/year), BW represents the total body weight (15 
kg for the child and 70 kg for the adult), AT is equal to 
ED×365 for non-carcinogenic risk, which is 2190 and 
10950 for the child and the adult, respectively. For 
carcinogenic risk, AT is the average life expectancy of 
people, which is 70×365 = 25550 for both the child and 
the adult: 
 

ADDdermal =  
𝐶𝑤 ×𝑆𝐴 ×𝐾𝑝 ×𝐸𝑇 ×𝐸𝐹 ×𝐸𝐷 ×𝐶𝐹

𝐵𝑊 ×𝐴𝑇
                       (2) 

 
where, ADDdermal (mg kg–1 day–1) is the average daily 
dose of heavy metal through dermal absorption. SA is 
the exposure area of skin (6600 cm2 for the child and 
18,000 cm2 for the adults); Kp is the dermal permeability 
coefficient of pollutants in water (cm h–1) in this study, 

0.002 cm h–1 for Cr, 0.001 cm h–1 for other metals, 0.001 
cm h–1 for Cd and Cu and 0.0006 cm h–1 for Zn; ET is the 
exposure time (h day–1), in this study, ET is 0.6 h day–1; 
CF is unit conversion factor 0.001 L cm–3. 
The health risk from river water ingestion and dermal 
absorption was assessed in relation to its non-
carcinogenic hazard quotient effects based on the Eq.3: 
 

Hazard Quotient (HQingestion/ dermal) =   
𝐴𝐷𝐷𝑖𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛/𝑑𝑒𝑟𝑚𝑎𝑙

𝑅𝑓𝐷𝑖𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛/𝑑𝑒𝑟𝑚𝑎𝑙
             (3) 

 
where, ADDingestion/dermal and RfDingestion/dermal are in mg kg–

1 day–1. RfD (reference dose) was taken from the United 
States Environmental Protection Agency, The Integrated 
Risk Information System USEPA 2012 as shown in table 
2. According to Lim et al 2008, HQ value greater than 1.0 
indicates an unacceptable risk of adverse non-
carcinogenic effects and HQ value less than 1.0 
indicates an acceptable level of risk for human health. 
However, the potential risk to human health through the 
mixture of all chemicals was assessed by Eq. 4: 
Target Hazard Quotient (THQ) was used to analyze the 
potential non-carcinogenic effect of the metals in the 
water samples by relating the estimated ADD of each 
elements with their reference dose (RFD) for each 
exposure pathway as described in equation 3. 
 
𝐻𝑎𝑧𝑎𝑟𝑑 𝑖𝑛𝑑𝑒𝑥(𝐻𝐼𝑖𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛/𝑑𝑒𝑟𝑚𝑎𝑙)  =  ∑ 𝐻𝑄𝑖𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛/𝑑𝑒𝑟𝑚𝑎𝑙

𝑛
𝑖=1  (4) 

 
where, HIingestion/dermal is potential hazard through 
ingestion and dermal absorption of heavy metals, 
HQingestion/dermal is the hazard quotient through ingestion or 
dermal absorption, i is the pathways of exposure; n is the 
kinds of trace elements; HI>1 means an unacceptable 

https://scialert.net/fulltextmobile/?doi=rjet.2018.18.23#e1
https://scialert.net/fulltextmobile/?doi=rjet.2018.18.23#e2
https://scialert.net/fulltextmobile/?doi=rjet.2018.18.23#e3
https://scialert.net/fulltextmobile/?doi=rjet.2018.18.23#e4
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risk and HI<1 means an acceptable level of risk of non-
carcinogenic effects on health . Lim et al 2008. 
The carcinogenic risk is the multiplication of ADD (mg kg–

1 day–1) and Cancer Slope Factor (CSF) (mg kg–1 day–1). 
Cancer risk due to ingestion of contaminated water with 
heavy metals was calculated according to 
Wongsasuluk et al 2014 following the Eq.5: 
 
CRingestion = ADDingestion × CSF                                               (5) 
 
where, CRingestion is cancer risk through ingestion of 
heavy metals contaminated water, ADDingestion is average 
daily dose (mg kg–1 day–1) of heavy metals and CSF is 
cancer slop factor (mg kg–1 day–1). During the present 
study, the carcinogenic risk values were calculated for 

Cd and Cr according to Masok et al 2017, Md. A.Haque 
et,al 2018. 
 
 
3.0    RESULTS AND DISCUSSION 
 
3.1    Concentration of Heavy Metals in Surface Water 
 
Descriptive statistics of heavy metals in surface water of 
Mudzira Vimtim River is shown in Table 3.2. The average 
concentration of studied metals followed the decreasing 
order of: Cr (5.84 mg L–1)> Cu (4.02 mg L–1)>Fe (2.40 mg 
L–1)>Mg (1.79 mg L–1)> Cd (1.22 mg L–1)>Zn (1.06 mg L–

1)>Mn (0.75 mg L–1). Therefore, it was observed that Cr 
is the most concentrated metal in the surface water of the 
Mudzira Vimtim River. 

 
 
Table 3.1. Levels and Values of Assessment Standards According to Li et al 2017 

Risk grade Range of risk value Acceptability 

Grade I(Extremely low risk) 
Grade II(Low risk) 
Grade III(Low-medium risk) 
Grade IV(Medium risk) 
Grade V(Medium High risk) 
Grade VI(High risk) 
Grade VII(Extremely high risk) 

<10-6 
10-6,10-5 
10-5,5x10-5 
5x10-5,10-4 
10-4,5x10-4 
5x10-4,10-3 
>10-3 

Completely accept 
Not willing to care about the risk 
Do not mind about the risk 
Care about the risk 
Care about the risk and willing to invest 
Pay attention to the risk and take action to solve it 
Reject the risk and must solve it 

 
 
Table: 3.2 Mean Concentrations of Heavy Metals in Water Samples Collected from River Mudzira Vimtim 

Water sample Mean concentration of Heavy metals in  samples  [mg/L] 

Zn Cu Mn Cr Cd Fe Mg 

Position 1 0.40±0.003 2.50±0.010 0.40±0.002 4.30±0.156 0.90±0.005 2.00±0.004 1.62±0.005 

Position 2 1.00±0.004 3.60±0.051 0.60±0.003 5.00±0.003 1.10±0.005 2.10±0.014 1.70±0.002 

Position 3 1.40±0.002 4.20±0.003 0.65±0.005 7.30±0.004 1.20±0.009 2.30±0.003 1.80±0.003 

Position 4 1.80±0.026 4.80±0.006 1.00±0.003 8.40±0.003 1.40±0.005 2.50±0.007 1.87±0.008 

Position 5 0.70±0.007 5.00±0.131 1.10±0.005 4.20±0.010 1.50±0.003 3.10±0.007 1.95±0.004 

W. H. O 
Standard 

5.0 1.0 0.01 0.05 0.005 0.3 0.20 

 

https://scialert.net/fulltextmobile/?doi=rjet.2018.18.23#e5
https://scialert.net/fulltextmobile/?doi=rjet.2018.18.23#t2
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Fig. 3.1 Level of Concentration of Elements (Zn, Cu, Mn, Cr, Cd, Fe, Mg) in Water at    Positions 1 – 5. 

 
 
According to Eastmond et al 2008, high concentration of 
Cr (III) in the cell can cause   DNA damage; therefore, a 
long-term drinking of Cr contaminated water of the 
Mudzira Vimtim River can be a threat to human health. 
During the study, Cu was found to be the second most 
abundant metal of the samples of surface water studied. 
Prasad, A.S.,2003 stated that acute adverse effects of 
high intake of zinc include nausea, vomiting, loss of 
appetite, abdominal cramps diarrhea and headache, 
while Hambidge , K. M and N.F Krebs, 2007 considered 
Zn as an essential mineral for biological and public health 
organisms. The high contamination of Cr and Cu 
observed in this river water may be attributed to 
contaminants from household activities and other small 
anthropogenic activities  in the study area. However, the 
average concentrations of all the studied metals were 
higher than the World Health Organization (WHO) with 
the exception of Zn which was within the permissible limit 
WHO 2008, 2011. During the study, among the 5 water 
samples, 80.00% of samples exceeded the WHO 2008, 
2011. While for Zn, 20.00% samples that did exceed the 
drinking water standard of the WHO 2008, 2011. 
 
3.2   Human Health Risk Assessment to Heavy Metals 
in Surface Water 
  
The carcinogenic and non-carcinogenic health risk owing 
to ingestion and dermal exposure to the studied heavy 
metals for both the child and the adult are shown in Table 
3.5 and 3.6 respectively. Average levels of non-
carcinogenic risk (HQ) in surface water were observed in 
the descending order of: Cd>Cr >Zn>Cu> 𝑀𝑛 

via.ingestion and Cr>Cd>Zn >Cu> 𝑀𝑛 via. Dermal 
contact for the child (Table). In case of the adult, this 

trend was Cd >Cr>Mn>Cu>Zn via. Ingestion and 

Cr>Cd>Zn>Mn>Cu via. Dermal contact (Table 3.5). 
According to Liang et al.2011, the heavy metal pollutant 
can pose potential adverse health effects when the HQ 
value of a metal is greater than 1. In the present study, 
the HQ values for each metal were all lower than 1 with 
the exception of Mn in children, both ingestion and 
dermal HQ are greater than 1. Therefore, the result of the 
present study indicates that, the studied metals were not 
capable to pose any adverse health effect through 
ingestion or bathing in the water of Mudzira Vimtim River 
for adult but children are at high risk. Hazard index (HI) 
value obtain in this study was above 1 for the child via. 
Ingestion pathway (1.07) and dermal contact (1.08), 
therefore the studied metals have a cumulative potential 
to cause adverse health to the child through direct 
ingestion and dermal contact of water. The HI value 
obtained via dermal contact (1.11) for the child (Table 
3.5) and via. Ingestion (1.43) and for the adult were 
below the risk value of (1) (Table 3.5).  
Lifetime cancer risk calculated in this study through 
ingestion of Cd, and Cr was 2.58×10–3 and 1.67×10–2 for 
the child (Table 3.6) and 5.66×10–3 and 3.58×10–2 for the 
adult (Table 3.6), respectively. The cumulative cancer 
risk of studied metals was 1.93×10–2 for the child and 
4.15×10–2 for the adult. 
  These results indicated higher cancer risks for 
the child than the adult. The evaluation of cancer risks 
from exposure to Cr, Cd and cumulative cancer risk value 
in the present study were found to be above the 
acceptable cancer health risk range of 1.00×10–6 to 
1.00×10–4.
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Table3.3: Reference Doses (RfD) in mg/kg/day and Cancer Slope Factors (CSF) for Individual Heavy Metals 
per Exposure Pathways 

Elements RfDIngestion RfDDermal          CSFIngestion  

Cd 
Cr 
Cu 
Zn 
Fe 
Mn 

5.60E-04 
3.00E-03 
3.70E-02 
3.00E-01 
- 
4.60E-02 

5.00E-04        
6.00E-05 
2.40E-02 
7.50E-02 
- 
1.84E-03 

3.80E-01 
5.00E-01 
- 
- 
- 
- 

Source: Bwatanglang et, al 2019 
 
Table 3.4: Average Daily Dose (ADD) Values in mg/kg/day for Adult and Child in Water from Mudzira Vimtim 
River 

Elements  ADDIngestion  ADDDermal  

 Adult Child Adult Child 

Zn 
Mn 
Cr 
Cd 
Cu 
Fe 
Mg 

1.29E-02 
9.18E-03 
7.15E02 
1.49E-02 
4.29E-02 
2.90E-02 
2.19E-02 

6.06E-03 
4.28E-03 
3.33E-02 
6.79E-03 
2.29E-02 
1.37E-02 
1.02E-02 

4.21E-04 
4.96E-05 
7.72E-04 
8.07-E05 
2.69E-04 
1.59E-04 
1.18E-04 

1.44E-05 
1.69E-05 
2.64E-04 
2.76E-05 
9.09E-05 
5.43E-05 
4.05E-05 

 
Table 3. 5:  Hazard Quotient (HQ)  and  Hazard index (HI) Values for Heavy Metals in Adults and Children for 
Water from Mudzira Vimtim River for Non-Carcinogenic risk 

 THQingestion  THQdermal  

Elements Adults Child Adults Child 

Cd 
Cr 
Cu 
Zn 
Mn 
Fe 
Mg 
HI 

6.23E-05 
5.57E-03 
3.08E-01 
1.01E-01 
4.58E-01 
- 
- 
8.72E-01 

1.45E-04 
1.29E-02 
1.11E-01 
2.37E-01 
1.07 
- 
- 
1.43 

6.98E-05 
2.78E-05 
1.01E-01 
4.04E-03 
6.30E-02 
- 
- 
1.68E-01 
 

1.63E-04 
6.48E-05 
2.86E-02 
9.43E-03 
1.08 
- 
- 
1.11 
 

 
Table 3. 6: Cancer Risk (RI) Values for Heavy Metals in Adults and Child for Water from Mudzira Vimtim River 

 CRIIngestion  CRIDermal  

Elements Adults Children Adults Children 

Cd 
Cr 
Cu 
Zn 
Mn 
Fe 
Mg 
TCRI 

5.66E-03 
3.58E-02 
- 
- 
- 
- 
- 
4.14E-02 

2.58E-03 
1.67E-02 
- 
- 
- 
- 
- 
1.92E-02 

4.03E-08 
4.63E-08 
- 
- 
- 
- 
- 
8.66E-08 

1.38E-08 
1.58E-08 
- 
- 
- 
- 
- 
2.96E-08 

 
 
According to Pawelczyk, A., 2013 ,  a risk of 1.00×10–

3 indicated the risk will absolutely require protective 
measures and therefore, compared to the above range 
of risk, the results of the present study implies that a 
lifetime exposure to present heavy metal concentration 
poses cancer risks for both the child and the adults. The 
risk grade of studied metals falls in grade-VI for Cr and 
Cd, for both the child and the adult according to Li et al 

2017 as shown in table 3.1. However, the cumulative 
cancer risk grade was VI for both the child and the adult 
too. 
 
 
4.0      CONCLUSION 
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The findings of this study indicate that high 
concentrations of Cd, and Cr in Mudzira water may 
present unacceptable risks to human health in this areas. 
Humans are at risk of developing cancer and non-cancer 
health complications associated with exposure to heavy 
metals via several ingestion- and dermal contact. The 
exposure-related risks are higher among children than 
adults, mainly via ingestion and dermal exposure. 
Communities in the vicinity should take precaution to 
reduce the frequency of exposure to this water in order 
to reduce the probability of developing a health 
complication. Data of the present study will be valuable 
for management of the sustainable use of Mudzira 
Vimtim River regarding maintenance of public health. 
 
 
REFERENCES: 
 
ADADP. (1986). Adamawa Agricultural Development 

Programme. Method of Vegetable Gardening. 
Page 3-4. 

Ali, M.M., Ali, M.L., Islam, M.S., Rahman, M.Z., 2016. 
Preliminary assessment of heavy metals in water 
and sediment of Karnaphuli River. Bangladesh. 
Environ. Nanotechnol. Monit. Manag 5, 27-35. 

Barbee JYJ, Prince TS (1999). Acute respiratory distress 
syndrome in a welder exposed to metal fumes. 
South Med. J. 92:510-520. 

Bwatanglang, I.B., P. Alexander and N. A. Timothy, 
2019. Vehicle-Derived Heavy Metals and Human 
Health Risk Assessment of Exposure to 
Communities along Mubi-Yola Highway in 
Adamawa State (Nigeria). Journal of Scientific 
Research & Reports, 23(1): 1-13 

Chowdhury, S., Mazumder, M.A., Alattas, O., Husian, T., 
2016. Heavy metals in drinking water: 
occurrences, implications, and future needs in 
developing countries. Sci Total Environ 569-570, 
476-488. 

Dieter HH, Bayer TA, Multhaup G (2005). Environmental 
copper and manganese in the pathophysiology of 
neurologic diseases (Alzheimer's disease and 
Manganism), Actahydroch. hydrob. 33:72-78.   

Eastmond, D.A., J.T. MacGregor and R.S. Slesinski, 
2008. Trivalent chromium: Assessing the 
genotoxic risk of an essential trace element and 
widely used human and animal nutritional 
supplement. Crit. Rev. Toxicol., 38: 173-190. 

Enaam JA (2013).  Evaluation of Surface Water Quality 
Indices for Heavy Metals of Diyala River Iraq. J. 
Nat. Sci. Res. 3(8):63-64.   

Fang JKH, Wu RSS, Chan AKY, Shin PKS (2008).  Metal  
Fenglian Fu, Qi W (2011). Removal of Heavy Metal ions 

from Waste Waters: A review. J. Environ. 
Manage. 92(3):407-418.   

Hambidge, K.M. and N.F. Krebs, 2007. Zinc deficiency: 
A special challenge. J. Nutr., 137:   1101-1105. 

Hinrichsen D, Tacio H (2002). The coming fresh water 
crisis is already here.  Finding the source:  The 
linkages between population and water.  

Woodrow Wilson International Center for 
Scholars, Washington, DC, ESCP Publication 
spring. 

Iqbal, J. and M.H. Shah, 2013. Health risk assessment of 
metals in surface water from freshwater source 
lakes, Pakistan. Hum. Ecol. Risk Assess. Int. J., 
19: 1530-1543. 

Jarup  L,   Hellstrom  L, Alfven  T, Carlsson  MD,  Grubb 
A,  Persson  B, Pettersson  C,  Spang G,  Schutz  
A,  Elinder  CG  (2000).  Low level exposure-
cadmium and early kidney damage: The OSCAR 
study Occup. Environ. Med. 57:668-672. 

Knight C, Kaiser GC, Lailor H, Robothum J, Witter V 
(1997).  Heavy metals in surface water and 
stream sediments in Jamaica. Environ. 
Geochem. Health 19:63-66.   

Krishnamurti, G.S., Subashchandrabose, S.R., 
Megharaj, M., Naidu, R., 2015. Assessment of 
bioavailability of heavy metal pollutants using soil 
isolates of chlorella sp. Environ Sci pollut R 22, 1-
7. 

Li, F., Z. Qiu, J. Zhang, C. Liu, Y. Cai and M. Xiao, 
2017. Spatial distribution and fuzzy health risk 
assessment of trace elements in surface water 
from Honghu Lake. Int. J. Environ. Res. Public 
Health, Vol. 14. 10.3390/ijerph14091011  

Liang, F., S. Yang and C. Sun, 2011. Primary health risk 
analysis of metals in surface water of Taihu Lake, 
China. Bull. Environ. Contam. Toxicol., 87: 404-
408. 

Li S, Liu W, Gu S, Cheng X,  Xu Z,  Zhang Q  (2009). 
Spatio-temporal dynamics of nutrients in the 
upper Han River basin, China. J. Hazard. Mater. 
162(2):1340. 

Lim, H.S., J.S. Lee, H.T. Chon and M. Sager, 
2008. Heavy metal contamination and health risk 
assessment in the vicinity of the abandoned 
Songcheon Au-Ag mine in Korea. J. Geochem. 
Explorat., 96: 223-230.  

Lushenko MA (2010). A risk assessment for ingestion of 
toxic chemicals in fish from Imperial beach, 
California: San Diego State University.   

Mansir, M. (2006).Livestock Marketing and Transportation in 
Nigeria.Expro@erols.com 

Masok, F.B., P.L. Masiteng, R.D. Mavunda and P.P. 
Maleka, 2017. An integrated health risk 
evaluation of toxic heavy metals in water from 
Richards Bay, South Africa. J. Environ. Anal. 
Toxicol., Vol. 7. 10.4172/2161-0525.1000487  

Md. Ayenuddin Haque, Md. AbuSayed Jewel, Zannatul 
Ferdoushi, Moni Begum, Md. Iqbal Husain and 
Subrata Mondal, 2018. Carcinogenic and Non-
carcinogenic Human Health Risk from Exposure 
to Heavy Metals in Surface Water of Padma 
River. Research Journal of Environmental 
Toxicology, 12(1): 18-23 

Nordberg G,  Jin T,  Bernard A, Fierens S, Buchet JP,  
Ye  T, Kong Q, Wang  H  (2002). Low bone 
density and renal dysfunction following 



226  Bwatanglang et al / Greener Journal of Environmental Management and Public Safety    
 

environmental cadmium exposure in China. 
Ambio 3:478-481.   

Ouyang  Y,  Higman  J,  Thompson  J,  Toole  OT,  
Campbell  D  (2002). Characterization and spatial 
distribution of heavy metals in sediment from 
Cedar and Ortega Rivers sub-basin. J. Contam. 
Hydrol. 54:19-35.  

Prasad, A.S., 2003. Zinc deficiency: Has been known of 
for 40 years but ignored by global health 
organisations. Br. Med. J., Vol. 326. 
10.1136/bmj.326.7386.409  

Pawelczyk, A., 2013. Assessment of health risk 
associated with persistent organic pollutants in 
water. Environ. Monitoring Assess. 185: 497-
508.CrossRefDirect Link 

Robert G, Mari G (2003). Human Health Effects of 
Metals, US Environmental Protection Agency 
Risk Assessment Forum, Washington, DC.   

Strachan S (2010). Heavy metal. Curr. Anaesth. Crit. 
Care 2:44-48. Robert G, Mari G (2003).  Human  
Health  Effects  of  Metals,  US Environmental  
Protection  Agency  Risk  Assessment  Forum, 
Washington, DC 

Tchounwou, P.B., Yedjou, C.G., Patlolla, A.K., Sutton, 
D.J., 2012. Heavy metal toxicity and the 
environment. EXS 101, 133-164. 

USEPA (2012).  Waste and cleanup risk assessment. 
http://www2.epa.gov/risk/waste-and-cleanup-
risk-assessment   

USEPA, 2012. Exposure factors handbook. The United 
States Environmental Protection Agency 
(USEPA), EPA/600/R-09/052F, Washington, DC. 

Wasserman G, Liu X, Parvez F, Ahsan H, Levy D, Litvak 
PF, Kline J, Geen AV, Slavkovich V, Lolacono N, 
Cheng Z, Zheng Y, Graziano J (2006).  Water  
manganese  exposure  and  children's  intellectual 
functions  in  Araihazar,  Bangladesh  Environ.  
Health Perspect. 114:124-129. 

WHO, 2008. Guidelines for Drinking-Water Quality: 
Recommendations Incorporating 1st and 2nd 
Addenda. 13th Edn., World Health Organization, 
Geneva, Switzerland. 

WHO, 2011. Manganese in drinking water: Background 
document for the development of WHO 
Guidelines for drinking water quality. World 
Health Organization, Geneva, Switzerland 

Wongsasuluk, P., S. Chotpantarat, W. Siriwong and M. 
Robson, 2014. Heavy metal contamination and 
human health risk assessment in drinking water 
from shallow groundwater wells in an agricultural 
area in Ubon Ratchathani province, Thailand. 
Environ. Geochem. Health, 36: 169-182. 

Wufen B.M., Ibrahim A.Q., Gin N.S., Shibdawa M.A., 
Adamu H.M. and Agya P.J. (2009).Levels of 
heavy metals in Gubi Dam water Bauchi, Nigeria, 
Global journal of environmental sciences, 8(2), 
29-37. 

 
 

Cite this Article: Bwatanglang, IB; Magili, ST; Nathan, HC (2025). Health Risk Assessment of Heavy Metal Concentration 

in Mudzira Vimtim River in Adamawa State, Nigeria. Greener Journal of Environmental Management and Public Safety, 13(1): 
218-226, https://doi.org/10.15580/gjemps.2025.1.082125124. 

 
  

 

https://doi.org/10.15580/gjemps.2025.1.082125124

