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A surveyed of the extent of presence of heavy metals in bore-hole water 
sources in Borno South using Biu, Bayo, Huwul, Kwaya- Kusar and Shani 
local Government councils as case study was carried out whereby sample 
of Bore-hole water was fetched from the capital cities of the area council 
respectively and was taken for analysis in Laboratory using ED-XRF 
spectrometer and from the result it was found that the following metals Fe, 
Cu, Hg, Cd, As, Pb,Zn and Cr were present. Evidentially it was revealed that 
the concentrations of some of these metals is above the limit permissible 
according to WHO 2008 while some is low, In further analysis, the 
anticipated health implication were considered by computing the chronic 
daily intake (CDI), hazard quotient (HQ, hazard index (HI) and carcinogenic 
risk (CR) of some of the metal to ascertain the threshold  level on the intake 
and make inference on the gross toxicological implications and 
carcinogenic risk likely to result from the continual intake of the metals into 
the body systems over a long period no matter how small and so inference 
is made on the health risk implication for the populace. 
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1.0   INTRODUCTION 
 
Human exposure to heavy metals has been identified to 
be through food, water and air [1,2].Water being a 
major constituent of the body which accounts for about 
70-80% of the weight of most tissues like the muscles, 
brain, liver, among others; alone has been estimated on 
average to be about 61% of the whole body weight in 
an adult[3].Despite the reality of how common and the 
importance of water to life, its quality and accessibility 
have posed a great problem to mankind in many parts 
of the world especially the developing countries due to 
its pollution [4] and that is why, lots of sources of water 
are being explored to ascertain good ones of which 
bore-hole is not an exception. Though some of these 
sources are bedeviled by lots of contaminants 
occasioned by both natural and human activities such 
as chemical pollution which has been increased with 
the increase in anthropogenic activities such as new 
farming techniques, industrialization, mining, fossil fuel 
application among others; natural processes such as 
volcanic activities and weathering of rocks also 
contributes significantly [4-10]. Heavy metals are 
individual metals and metal compounds that may 
influence human health. They are metals and metalloids 
with high atomic weight and specific gravity five times 
the specific gravity of water [5,7]. Most of these metals 
such as Hg, Pb, Cd, Ni, As and Sn are toxic in nature 
and can cause health problem to humans when 
exposed above the minimum standard concentrations 
and may consequently lead to diseases such as cancer, 
reproductive problem among others and even death 
[7,11,12].Heavy metal contamination of water has 
posed a serious threat to human life because of their 
toxicity, bio-accumulative nature and persistence in the 
environment [13]. Several of these metals and their 
compounds are suspected to have carcinogenic 
potentials in humans [14] and their accumulation in 
selective tissues of the living organisms have overall 
potential to be toxic even at relatively low exposure or in 
take [15] and as such may lead to health risk of the 
populace [16]. 

Bore-hole water being a major source of water 
supply at least, 50% here in Borno south and the 
worldwide at large [17] needed surveillance to ascertain 
its suitability for consumption, that was why it became 
necessary to embark on a research to assess the 
extent of heavy metals contamination in the area and 
infer the probable health implications on the populace. 
 
 
2.0  METHODOLOGY 
 
This research was carried out in Borno state in five local 
government areas in southern Borno viz. Biu, Kwaya-
Kusar, Bayo, Shani and Huwul respectively.  

Samples of Bore-hole water were collected 
randomly from the study areas vis; Biu, Kwaya-Kusar, 
Bayo, Shani and Huwul in thoroughly cleaned plastic 

container which were tightly covered, labeled and 
moved to Desert Research Monitoring and Control 
Centre located at Yobe State University, Damaturu for 
analysis. 
 
2.1  Sample Preparation  
 
100 ml of each of the water samples were pipetted into 
a separate container with a particular identification 
number and transported immediately to the laboratory 
for analysis at Desert Research Monitoring and Control 
Centre (DRMCC) located at Yobe State University, 
Damaturu. Energy Dispersive X-ray Fluorescence 
(EDXRF) Spectrometer (Model: Epsilon 5, PANalytical, 
The Netherlands) was the analytical technique used to 
determine the concentration of elements in various 
water samples.  
 
2.2    Sample Analysis   
 
1ml of each water sample was pipetted into a pellet-like 
container of 25 mm diameter, and a transparent X-ray 
foil cover (Polypropylene with a thickness of 6μm) was 
used to cover the pellet-like cup with a pellet maker 
(Automatic Hydraulic Presses, model: 3889-4NEI). The 
samples pellets like cups were loaded into the X-ray 
excitation chamber for irradiation with the help of an 
automatic sample changer system. A time-based 
program, controlled by a software package (PANalytica) 
provided with the systems was used to irradiate the real 
samples and the standard materials as well for the 
construction of the calibration curves for quantitative 
elemental analysis for the respective samples and 
afterward the generated X-ray spectra of the materials 
were stored into the computer.  

Risk assessment is defined as the process of 
estimating the probability of occurrence of any probable 
adverse health effect over a specified period which is a 
function of the hazard and exposure [18,19]. Human 
exposure to heavy metals occurs through several 
pathways including direct ingestion, dermal absorption 
through skin and inhalation through mouth and nose. 
The US-EPA pointed out that the human body absorbed 
pollutant dose is calculated from chronic daily intake 
(CDI), which means the pollutant dose per kilogram of 
body weight per day that is absorbed through direct 
ingestion, dermal absorption or inhalation. Direct 
ingestion and skin absorption were used as the main 
exposure pathways and therefore we examined the risk 
of heavy metals in Bore-hole water in this research by 
computing the CDI of water through ingestion and 
dermal absorption using equations (1) and (2) [18-22]. 
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The       and      are the chronic daily intake of water 
through ingestion and dermal absorption (mgKg

-1
day

-1)
 

respectively,   is the concentration of the i
th
 heavy 

metal (mgL
-1

),Diis the daily intake of the i
th
heavy metal 

(Lday
-1

), ABS is the absorption factor, EF is the 
exposure frequency (Daysyear

-1
), EP is the exposure 

duration (Years), BW is the body weight(Kg), AT is the 
average time(Days), SA is the exposed skin area(Cm

2
), 

KPis the dermal permeability coefficient of metals(Cmh
-

1
), CF is the conversion factor(LCm

-3
) , ET is the 

exposure time(Hoursday
-1

). While that HQ was 
estimated by comparing chronic daily intakes of 
contaminants from each exposure route (ingestion and 
dermal) with the corresponding reference dose (RfD) for 
the same heavy metal using equations (3) and (4) 
respectively [18-22]. 
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On the other hand, the hazard index, HI is computed 
according to US- EPA guidelines for ingestion and 
dermal absorption of water   using equations (5) and (6)
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Carcinogenic risk, CR was estimated using equation (7) 
[20]. 
 
CR = CDI × SF   CDI × SF < 0.01(7) 
 
Where SF is the cancer slope factor (mgKg

-1
day

-1
)

  
 
 
3.0      RESULTS/DISCUSSION 
 
The mean concentration of heavy metals (Fe, Cu, Hg, 
Cd, As,Pb, Zn, Cr) in water samples obtained from 
Borno South are presented in Table1. The values of 
chronic daily intake for adults through ingestion and 
dermal exposure pathways are presented in Tables 5 
and 6 while, the values of total chronic daily intake are 
presented in Table7. The values of hazard quotient for 
ingestion and dermal pathways with the corresponding 
hazard index for adults are presented in Tables8 and 9. 
The estimated total hazard quotient and total hazard 
index for adults are presented in Table 10. The 
carcinogenic risk assessment for adults via ingestion 
and dermal pathways are presented in Tables 11 and 
12while, the total estimated carcinogenic risk in the 
samples is given in Table13. 
 

 
Table1: Mean concentration of heavy metals in the study areas 

Location(s) Fe(mg/l) Cu(mg/l) Hg(mg/l) Cd(mg/l) As(mg/l) Pb(mg/l) Zn(mg/l) Cr(mg/l) 

Biu    0.30 1.20 0.003 0.0050            ND 0.070 5.9 0.30 

KwayaKusur    0.20 1.70 0.002 0.0070 0.05 0.030 6.3 0.40 

Bayo    0.40 1.90 0.004 0.0090 0.06 0.080 6.7 0.30 

Shani    0.40 1.30 0.002 0.0060 0.08 0.070 6.4 0.20 

Hawul    0.50 2.00 0.004 0.0100 0.09 0.070 7.2 0.50 

Mean Value    0.36 1.62 0.003 0.0074 0.07 0.064 6.5 0.34 

WHO  2008 value    0.30 1.50 0.005 0.0030 0.05 0.050 5.0 0.05 

WHO 2008 value[22] 
 
 
Table2: Estimated chronic daily intake via ingestion for average adults 

Location(s) Fe Cu Hg Cd As Pb Zn Cr 

Biu 1.100E-05 4.400E-05 1.10E-07 1.83E-07 0.00E-00 2.57E-06 0.00021633 1.10E-05 

KwayaKusur 7.333E-06 6.233E-05 7.33E-08 2.57E-07 1.83E-06 1.10E-06 0.00023100 1.47E-05 

Bayo 1.467E-05 6.967E-05 1.47E-07 3.30E-07 2.20E-06 2.93E-06 0.00024567 1.10E-05 

Shani 1.467E-05 4.767E-05 7.33E-08 2.20E-07 2.93E-06 2.57E-06 0.00023467 7.33E-06 

Hawul 1.833E-05 7.333E-05 1.47E-07 3.67E-07 3.30E-06 2.57E-06 0.00026400 1.83E-05 
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Table 3: Estimated chronic daily intake via dermal absorption for average adults 

Location(s) Fe Cu Hg Cd As Pb Zn Cr 

Biu 5.22E-09 2.088E-08 5.22E-08 8.70E-11 0.00E-00 4.87E-09 6.1596E-08 1.04E-08 

KwayaKusur 3.48E-09 2.958E-08 3.48E-08 1.22E-10 8.70E-10 2.09E-09 6.5772E-08 1.39E-08 

Bayo 6.96E-09 3.306E-08 6.96E-08 1.57E-10 1.04E-09 5.57E-09 6.9948E-08 1.04E-08 

Shani 6.96E-09 2.262E-08 3.48E-08 1.04E-10 1.39E-09 4.87E-09 6.6816E-08 6.96E-09 

Hawul 8.70E-09 3.480E-08 6.96E-08 1.74E-10 1.57E-09 4.87E-09 7.5168E-08 1.74E-08 

 
 
 
Table 4: Estimated total chronic daily intake for average adults 

Location(s) Fe Cu Hg Cd As Pb Zn Cr 

Biu 1.10E-05 4.40E-05 1.62E-07 1.83E-07 0.00E+00 2.57E-06 2.16E-04 1.10E-05 

KwayaKusur 7.34E-06 6.24E-05 1.08E-07 2.57E-07 1.83E-06 1.10E-06 2.31E-04 1.47E-05 

Bayo 1.47E-05 6.97E-05 2.17E-07 3.30E-07 2.20E-06 2.94E-06 2.46E-04 1.10E-05 

Shani 1.47E-05 4.77E-05 1.08E-07 2.20E-07 2.93E-06 2.57E-06 2.35E-04 7.34E-06 

Hawul 1.83E-05 7.34E-05 2.17E-07 3.67E-07 3.30E-06 2.57E-06 2.64E-04 1.83E-05 

Mean value 1.32E-05 5.94E-05 1.62E-07 2.72E-07 2.05E-06 2.35E-06 2.38E-04 1.25E-05 

 
 
 
Table 5: Estimated hazard quotient and hazard index via ingestion 

Location(s) Fe Cu Hg Cd As Pb Zn Cr HI 

Biu 1.571E-05 1.10E-03 3.67E-04 3.67E-04 0.00E-00 1.83E-03 7.21E-04 3.67E-03 8.07E-03 

KwayaKusur 1.048E-05 1.56E-03 2.44E-04 5.13E-04 6.11E-03 7.86E-04 7.70E-04 4.89E-03 1.49E-02 

Bayo 2.095E-05 1.74E-03 4.89E-04 6.60E-04 7.33E-03 2.10E-03 8.19E-04 3.67E-03 1.68E-02 

Shani 2.095E-05 1.19E-03 2.44E-04 4.40E-04 9.78E-03 1.83E-03 7.82E-04 2.44E-03 1.67E-02 

Hawul 2.619E-05 1.83E-03 4.89E-04 7.33E-04 1.10E-02 1.83E-03 8.80E-04 6.11E-03 2.29E-02 

 
 
 
Table 6: Estimated hazard quotient and hazard index Via dermal absorption 

Location(s) Fe Cu  Cd  Pb Zn Cr HI 

Biu 3.729E-08 1.74E-06  3.48E-05  1.16E-05 1.03E-06 1.39E-04 1.88E-04 

KwayaKusur 2.486E-08 2.47E-06  4.87E-05  4.97E-06 1.10E-06 1.86E-04 2.43E-04 

Bayo 4.971E-08 2.76E-06  6.26E-05  1.33E-05 1.17E-06 1.39E-04 2.19E-04 

Shani 4.971E-08 1.89E-06  4.18E-05  1.16E-05 1.11E-06 9.28E-05 1.49E-04 

Hawul 6.214E-08 2.90E-06  6.96E-05  1.16E-05 1.25E-06 2.32E-04 3.17E-04 
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Table 7: Estimated total hazard quotient (ΣHQ) and total hazard index (ΣHI) from the samples 

ΣHQ Biu Kwaya-Kusar Bayo Shani Huwul 

Fe 1.580E-05 1.0501E-05 2.100E-05 2.100E-05 2.630E-05 

Cu 1.102E-03 1.5608E-03 1.744E-03 1.194E-03 1.836E-03 

Hg 3.670E-04 2.4444E-04 4.890E-04 2.440E-04 4.890E-04 

Cd 4.010E-04 5.6205E-04 7.230E-04 4.820E-04 8.030E-04 

As 0.000E-00 6.1111E-04 7.333E-03 9.778E-03 1.100E-02 

Pb 1.845E-03 7.9069E-04 2.108E-03 1.845E-03 1.845E-03 

Zn 7.220E-04 7.7110E-04 8.200E-04 7.830E-04 8.810E-04 

Cr 3.806E-03 5.0745E-03 3.806E-03 2.537E-03 6.343E-03 

ΣHI 8.260E-03 1.5100E-02 1.700E-02 1.710E-02 2.320E-02 

 
Table 8: Estimated Carcinogenic risk via ingestion 

Location(s) Cd As Pb Cr 

Biu 1.12E-09 0.00E-00 2.18E-08 4.51E-07 

Kwaya-Kusar 1.57E-09 2.75E-06 9.35E-09 6.01E-07 

Bayo 2.01E-09 3.30E-06 2.49E-08 4.51E-07 

Shani 1.34E-09 4.40E-06 2.18E-08 3.01E-07 

Hawul 2.24E-09 4.95E-06 2.18E-08 7.52E-07 

 
Table 9: Estimated Carcinogenic risk via dermal absorption 

Location(s) Cd As Pb Cr 

Biu 5.31E-13 0.00E-00 4.14E-11 4.28E-10 

Kwaya-Kusar 7.43E-13 1.31E-09 1.77E-11 5.71E-10 

Bayo 9.55E-13 1.57E-09 4.73E-11 4.28E-10 

Shani 6.37E-13 2.09E-09 4.14E-11 2.85E-10 

Hawul 1.06E-12 2.35E-09 4.14E-11 7.13E-10 

 
 
Table 10: Total Estimated Carcinogenic risk in the samples 

Location(s) Cd As Pb Cr 

Biu 1.12E-09 0.00000E-00 2.19E-08 4.51E-07 

Kwaya-Kusar 1.57E-09 2.75131E-06 9.37E-09 6.02E-07 

Bayo 2.01E-09 3.30157E-06 2.50E-08 4.51E-07 

Shani 1.34E-09 4.40209E-06 2.19E-08 3.01E-07 

Hawul 2.24E-09 4.95235E-06 2.19E-08 7.52E-07 

 
 
Since heavy metal contamination in water has the 
potentials to increase human health risks through 
various exposure routes, this research explores the 
carcinogenic and non-carcinogenic health risks caused 
by oral ingestion and dermal exposure to water. In 
table4, a wide variation in the mean values of heavy 
metals was observed with a maximum concentration for 

Zn whose mean value for the five locations was 
6.5mgL

-1
and minimum concentration for Hg whose 

mean value for the five locations was 0.0035mgL
-1

 
respectively. The order of toxicity of heavy metals 
measured from the study area was: 
Zn>Cu>Fe>Cr>As>Pb>Cd>Hg.Also, contrast of the 
mean values of heavy metals and the WHO (2008) 
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standard values showed that;Biu had low values for Fe, 
As and Cu.Kwaya-Kusar had low values for As and Pb. 
Shani had low value for Cu. All locations had high 
values for Cd, Zn and Cr. Conversely, all locations had 
low values for Hg.  
 
Non-Carcinogenic Risk Analysis 
 
Human health risk assessment encompasses the 
determination of the nature and magnitude of the 
adverse health effects in humans who may be exposed 
to toxic substances in a contaminated environment. 
This research uses US-EPA methodology to assess the 
exposure and resulting health risks of heavy metals on 
humans. Since the degree of toxicity of heavy metals to 
human health is directly related to their daily intake, 
ingestion through drinking and dermal absorption were 
adopted for this research. The non- carcinogenic risk 
analysis was done by calculating the chronic daily 
intake, hazard quotient and hazard index respectively. 
The results of chronic daily intake through ingestion and 
dermal pathways are presented in Tables 5 and 6. The 
values of total chronic daily intake, CDItotal(mgKg

-1
day

-1
) 

are presented in Table7. The CDItotal of the heavy metal 
concentration for adults were found in the order of: 
Zn>Cu>Fe>Cr>Pb>As>Cd>Hg. The results of hazard 
quotient and hazard index for ingestion and dermal 
pathways as presented in Tables 8 and 9shows that, 
there is no noticeable harmful health risk in all the 
samples since their values were all below the threshold 
value of 1. In order to estimate the total potential non-
carcinogenic impact induced by more than one metal, 
the values of HQ computed were summed and 
expressed as a hazard index, HI [19] as presented in 
Table10. The total HI values: 8.26E-03, 1.51E-02, 
1.70E-02, 1.71E-02 and 2.32E-02 for Biu, Kwayakusar, 
Bayo, Shani and Huwulrespectively implied a negligible 
risk on residents. 
 
Carcinogenic Risk, CR Analysis 
 
The heavy metals Cd, As, Pb and Cr can enhance the 
risk of cancer in humans [13,18,19,21-23]. Long term 
exposure to low amount of toxic metals could result in 
many types of cancers. The results of carcinogenic risk 
assessment through ingestion and dermal absorption 
for adults are presented tables11 and 12 while, the total 
cancer risk for adults is presented in Table 13. A value 
of CR less than 1.0E-06 is considered insignificant and 
the cancer risk is negligible while a value of CR above 
1E-04 is considered harmful and the cancer risk is 
troublesome. Among all the studied heavy metals, none 
has a CR value greater than 1.0E-04 which implied 
negligible cancer risk. 
 
 
4.0   CONCLUSION 
 
From the result, the order of heavy metal toxicity in the 
borehole water in the study area was as presented: 

Zn>Cu>Fe>Cr>As>Pb>Cd>Hg and based on the 
evaluation of the health risks exposureon heavy metals  
from   borehole water on the people of the area, 
coupled with the analysis of the risk assessment which 
was  carried out  by computing carcinogenic and non-
carcinogenic risk of the water through ingestion and 
dermal pathways using a defined formula, both the 
computed  total values of chronic daily intake, CDItotal of 
heavy metals and the hazard quotient and hazard index  
as obtained from the exposure routes which is by 
dermal and  ingestion, have  potentials of harmful 
cancer risk ,but however, it may be clearly stated  that 
there is  a risk factor for continual intake of some of  
these metals no matter how little over  a long period  
because of their toxic nature as such something  is still 
needed to be done in order to reduce some these metal  
contaminants in water. 
 
 
ACKNOWLEDGEMENT 
 
We are very grateful to the management of Desert 
Research Monitoring and Control Centre 
(DRMCC)Damaturu for their assistance during 
laboratory work. 
 
 
REFERENCES 
 
1. Njar G.N., Iwara A.I., Offiong R.A. and Deekor 

T.D. (2012). Assessment of heavy metal status of 
boreholes in Calabar South local government 
area, Cross River state, Nigeria. EthiopianJournal 
of Environmental studies and management. 5(1): 
86-91. 

2. Gutti B., Zubairu B. and Danrimi B. (2014). Impact 
assessment of heavy metals contamination of 
groundwater in Mubi, Adamawa State-Nigeria. 
International Journal of Science, Environment. 
3(6): 2120-2126. 

3. Abdulrashid Y. and Abdurrahman N. (2020). 
Assessment of selective heavy metals in drinking 
water consumed within Katsina metropolis. 
FUDMA Journal of Sciences. 4(3):531-537. 

4. Tadiboyina R. and Ptsrk P.R. (2016). Trace 
analysis of heavy metals in ground waters of 
Vijayawada industrial area. International Journal 
of Environmental and Science Education.11(10): 
3215-3229. 

5. Tyovenda A.A., Ikpughul S.I. and Sombo T. 
(2018). Assessment of heavy metal pollution of 
Water, Sediments and Algae in River Benue at 
Jimeta-Yola, Adamawa state, Nigeria. Nigerian 
Annals of Pure and Applied Sciences. Maiden 
Edition. 186-195. 

6. Balali-Moodi M., Naseri K., Tahergarabi Z., 
Khazdair M.R. and Sadeghi M. (2021). 
mechanisms of five heavy metals: mercury, lead, 
chromium, cadmium and arsenic. Front. 
Pharmcol. 12:643972. 



204     Adamu et al / Greener Journal of Medical Sciences 
 
7. Nkinda M.S., Rwiza M.J., Ijumba J.N. and Njau 

K.N. (2021). Heavy metal risk assessment of 
water and sediments collected from selected river 
tributaries of the Mara river in Tanzania.
 Discover Water. (2021) 1:3 

8. Luo P., Xu C., Kang S., Huo A., Lyu J., Zhon M. 
and Nover D. (2021). Heavy metals in water and 
surface sediments of the fenghe river basin 
China: assessment and source analysis. Water 
Science and Technology. 84(10-11): 3073. 

9. Kannan L., Gokulprasath M., Gurusamy R., 
Selvam R. and Palaniswamy R. (2021). Analysis 
of heavy metals contamination in water: A 
Review. International Journal of Research and 
Analytical Reviews. 8(4): 200-213. 

10. Sule I.F., Istifanus D., Istifanus M.D., 
senthilmuruganS. and Tamizhazhagan V. (2021). 
Analysis of heavy metals in waste water plants in 
Gombe metropolis, Nigeria. Entomology 
and Applied Science Letters. 8(1): 6-13. 

11. Elinnge C.M., Itodo A.U., Peni I.J., Birnin-Yauri 
U.A. andMbongo A.N. (2011). Assessment of 
heavy metal concentrations in Borehole waters in 
Aliero community of Kebbi state. Advances in 
Applied Science Research. 2(4): 279-282. 

12. Oroke E.C., Nworie F.S., Ugwu E.I., Akpa S. and 
Ngele S.O. (2015). Physicochemical 
andcalorimetric determination of arsenic 
concentrations in some selected boreholes in 
Abakaliki and Ebonyi local government areas, 
Ebonyi State Nigeria. Journal of Chemical and 
Pharmaceutical Research. 7(11):6-11. 

13. Alidade H., Sany S.B.T., Oftadeh B.Z.G., 
Mohamad T., Shamszade H. and Fakhari M. 
(2019). Health risk assessments of arsenic and 
toxic heavy metal exposure in drinking water in 
Northeast Iran. Environmental health and 
preventive medicine. 24:59. 

14. Nkuah M. and Agbemafle R. (2019). Assessment 
of heavy metals (As, Cu, Zn) from boreholes in 
the Western Region of Ghana. African Journal of 
Environmental Science and Technology. 
13(6):253-259. 

15. Gerenfes D. and Teju E. (2018). Determination of 
some selected heavy metals in Water, 
Oreochromis niloticus and Labeobarbus 
intermedius samples from Abaya and 
ChamoLakes. Journal of Natural Sciences 
Research. 8(21):84-95. 

16. Rilwan U., Kamal A.M., Ugwu E.I., Mustapha I.M., 
Mamman A. and Hudu A. (2021). Assessment 
and analysis of the presence of heavy metals in 
water in Ara and laminga of Nasarawa State 
Nigeria: health implication on the populace. The 
Pacific Journal of Science and Technology. 
22(2):240- 

17. Yahaya T.O., Oladele E.O., Fatodu I.A., 
Abdulazeez A. and Yeldu A. (2020). The 
concentration and health risk assessment of 
heavy metals and micro-organisms in
 groundwater of Lagos, Southwest Nigeria. J. 
Adv. Environ. Health Res. 8(3): 234-242. 

18. Naveedullah, Hasmi M.Z., Yu C., Shen H., Duan 
D., Shen C., Lou L. and Chen Y. (2013).  
Assessment of selected heavy metals in surface 
water of the Siling reservoir watershed in 
Zhejiang province, China. Pol. Environ. Stud. 
23(3): 801-811. 

19. Mohammadi A.A., Zarei A., Majidi S., 
Ghaderpoury A., Hashempour Y., Singh 
M.H.,Alinejad A., Yousefi M., Hosseingholizadeh 
N. and Ghaderpoori M. (2019). Carcinogenic and 
non-carcinogenic health risk assessment of heavy 
metals in drinking water of Khorramabad, Iran. 
methodsX. 6(2019): 1642-1651. 

20. Qu L., Huang H., Xia F., Liu Y., Dahlgren R.A., 
Zhang M. and Mei K. (2018). Risk analysis of 
heavy metal concentration in surface waters 
across the rural-urban interface of the Wen 
Rui Tang river, China. Environmental Pollution. 
237(2018): 639-649. 

21. Zakir H.M., Sharmin S., Akter A. and Rahman 
Md. S. (2020). Assessment of health risk of heavy
 metals and water quality indices for irrigation 
and drinking suitability of waters: a case study of 
JamalpurSadar area, Bangladesh. Environmental 
advances. 2(2020):10005. 

22. Chahal K., Kumar S., Budhwar S., Singh R., 
Panghal A. and Singh B. (2022). Carcinogenic 
and non-carcinogenic risks of heavy metals in 
drinking water of district Mahendergarh, Haryana, 
india. Research Square. 

23. Adeniyi A., Yusuf K., Okedeyi O. and Sowemimo 
M. (2016). Classification and health risk 
assessment for borehole water contaminated by 
metals in selected households in Southwest 
Nigeria. Journal of water resources and 
protection. 8:459-471. 

 
 
 

Cite this Article: Adamu, A; Ikpughul, SI; Ugwu, EI (2022). Surveillance of the Extent of Heavy Metal Contamination of Bore-

hole water in Borno South and the Health Implication on the populace. Greener Journal of Medical Sciences, 12(2): 198-204. 

 
 


