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I. INTRODUCTION 

 

Water is one of the most essential substances required for 

the sustenance of both plants and animals including man. It is 

use for consumption and other domestic purposes e.t.c. All 

water made for human consumption should be potable, free 

from disease-causing organisms, minerals and other organic 

substances that could impair human health (Ademoroti 

1986,1996; Obaro, Elinge and Nwanko 2012; Shabanda and 

Shabanda 2015). 

Due to human and environmental factors the drinking 

water quality has been greatly affected. As ground water flows 

through the ground heavy metals (HMs) such as nickel, lead, 

mercury, iron, arsenic, chromium, copper and cadmium e.t.c, 

are dissolved and may later be found in high concentrations in 

the water (Malik and Khan, 2016). HMs are metallic chemical 

elements that have a relatively high density and are toxic or 

poisonous at high concentrations. They are natural 

components of the earth crust. To a small extent they enter our 

bodies via food, drinking water and air. Some HMs (e.g. CU, 

Se, Zn) are essential for the maintenance of metabolism of 

human body. However, at high concentrations, they can be 

toxic and poisonous (www.pollutionissues.com; Waller and 

Roger, 1982). Among the heavy metals As, Cd, Pb, Cr, Cu, 

Hg and Ni are of major concern mainly due to their presence 

at relatively high concentrations in drinking water and their 

effects on human health (ATSDR, 2015). Cd is linked to 

kidney damage and cancer. Kidney and liver damage from Hg, 

Cd contaminated drinking water is also linked to chronic renal 

failure (Bawaskar and Bawaskar,2010; ATSDR, 2015). Gobe 

and Crane (2010) reported kidney failure due to long term 

exposure to Cd. Lead and cadmium have been reported to high 

blood pressure, kidney damage. Cadmium in addition causes 

liver damage and anemia. Other metals such as mercury has 

also been reported to cause acute and chronic toxicity causing 

kidney damage and nervous system disorders (USEPA). 

Boreholes and Wells are ground water types that form an 

integral part of water supply systems in urban and rural 

communities of Nigeria, and so can be described as 

indispensable because of inadequate potable public water 
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supply systems in most communities in Nigeria (Shabanda and 

Shabanda 2015). 

In this study, the study area is an area claimed to have 

high prevalence rate of renal disease and implicating the 

source of their drinking water. The major sources of drinking 

water are largely wash boreholes, hand pumps, sachet water 

(Pure Water), and limited number of deep boreholes which the 

local population depends on. Consequently, this study was 

aimed at determining the HMs and their concentrations in the 

drinking water sources of this area. 

 

STUDY AREA 

 

The study area is Bulumkuttu ward in Maiduguri, the state 

capital of Borno state. Borno state lies on latitude 115
o
N and 

longitude 135
o
E in Northeastern Nigeria and occupies an area 

of about 61,435 square kilometers. The state is bordered to the 

north by Niger republic, Chad to the northeast and Cameroun 

to the east. The population of Borno state according to the 

2006 national census provided a total of about 4,151,193. The 

state is inhabited by vast of ethnic groups in Nigeria but 

however the principal ethnic group is Kanuri (www. 

Bornostate.gov.ng). It is one of the major agricultural zones in 

the country. Majority of the populace are farmers. 

 

JUSTIFICATION FOR THE STUDY 

 

The authors hope to provide detailed information about 

the status of the heavy metals from the various sources of 

drinking water in this study area (Bulumkuttu). The outcome 

may justify the claim that heavy metals are suspected to exist 

in high concentrations in sources of water for consumption of 

this area, which the populace seems to suspect to cause high 

death rate from kidney diseases observed from this area. 

 

 

II. MATERIAL AND METHODS 

 

Materials used include syringe, sterile universal contain, 

AAS, smart spectrophotometer test tubes test tube rack, 

micropipette, pipette tips. 

Study Area 

 

SAMPLE COLLECTION 

 

Samples were collected from residential area of 

Bulumkuttu ward, Maiduguri. 

The water samples were collected from various sources of 

drinking water which include nine (9) Wash Borehole Water 

(WBW), four (4) Deep Boreholes Water (DBW) and three (3) 

Pure water (Sachet water) (PW(SW)). 

 

 

III. RESULT 

 

Table1 shows the different sources of drinking water 

analyzed and their Locations. All the sources of the water are 

located in the study area, Bullumkuttu. 

 

 

SOURCES OF 

DRINKING WATER 

LOCATIONS 

S1 (WBW) Mallam Kalla wash borehole 

along Borno Holiday Inn, 

Bulumkuttu 

S2 (WBW) Wash Borehole beside 

IDP(Primary health care clinic) 

adjacent to      Bulumkuttu 

Ngomari primary school 

S3 (WBW) Wash Borehole along former 

River Benue hotel off Borno 

holiday inn 

S4 (WBW) Wash borehole layin Aminu mai 

gyaran keke, Bulumkuttu kasuwa 

S5 (WBW) Wash borehole around former 

Bright Star hotel near Garba 

Adama along Borno holiday inn 

S6 (WBW) Wash borehole after former 

ORTIV Hotel behind Borno 

holiday inn 

S7 (WBW) Wash borehole along EYN 

Church, Bulunkuttu tsakiya 

S8 (WBW) Wash borehole behind EYN 

Church, Bulunkuttu tsakiya 

S9 (WBW) Wash borehole near Alhaji Umaru 

ngelzarma house along Lawan 

Jidda street, Bulumkuttu ngomari 

S10(PW/SW) Albarka Pure Water off Lawan 

Jidda Street, Bulumkuttu ngomari 

S11(PW/SW) Babultu pure water, Bulumkuttu 

Ngomari Bus stop 

S12(PW/SW) Ihsan pure water , Bulumkuttu 

Ngomari Bus stop 

S13(DBW) Deep borehole opposite Borno 

Holiday inn, Bulumkuttu ngomari 

S14(DBW) Lawan Shuwa deep borehole 

along lawan jidda street, 

Bulumkuttu ngomari 

S15(DBW) Deep Borehole near Friday 

Mosque, Bulumkuttu Ngomari 

Bus stop 

S16(DBW) Bulumkuttu Ngomari  primary 

school deep borehole 

KEY: 

S1-S16= Samples 1-16 

DBW= Deep Borehole Water 

PW(SW)= Pure Water (Sachet Water) 

WBW= Wash Borehole Water 

Table 1: shows the different sources of drinking water 

analyzed and their Locations 

Table2 shows prevalence of Heavy Metals (HMs) found 

in different sources of drinking water in Bulumkuttu. The 

result shows that all the water contain Hg at concentrations 

greater than MCL (0.001ppm). The result also shows that 3 

out of 4 DBW, 2 out of 3 PW, and 4 out of 9 WBW contain 

Cd at a concentration greater than the MCL (0.003ppm).  Also 

1 out of 4 DBW, 1 out of 3 PW/SW, and 4 out of 9 WBW 

contain Lead at concentration greater than 

MCL(0.01ppm).The result also shows 2 out of 4 of DBW, 2 

out of 3 SW, and all (9) of the WBW contain Nickel at 

concentration greater than MCL of 0.02ppm. However, only 1 
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out of 4 DBW contain iron (Fe) at concentration greater than 

MCL of 0.30ppm. 
ELEMENT

S 

SOURCES OF DRINKING WATER TOTAL 

N= 16   

(%) 
DBW 

n= 4   (%) 

PW/SW 

n= 3 (%) 

WBW n= 

9  (%) 

Mercury 

≤ 0.001ppm 

˃0.001ppm 

 
0      (0) 

4     (25) 

 
0    (0) 

3(18.75) 

 
0   (0) 

9(565) 

 
0       (0) 

16 (100) 

Lead 

≤ 0.01ppm 

˃ 0.01ppm 

 

3   (18.75) 
1    (6.25) 

 

2   (12.5) 
1   (6.25) 

 

5(315) 
4 (25) 

 

10(62.5) 
6  (37.5) 

Cadmium 

≤ 0.003ppm 

˃ 0.003ppm 

 

1    (6.25) 

3    (18.7) 

 

1  (6.25) 

2  (12.5) 

 

5(315) 4  

(25) 

 

7 (43.8) 

9  (56.2) 

Nickel 

≤ 0.02ppm 

˃ 0.02ppm 

 
2    (12.5) 

2    (12.5) 

 
1  (6.25) 

2   (12.5) 

 
0   (0) 

9(56.) 

 
3  (18.7) 

13(81.3) 

Iron 

≤ 0.30ppm 

˃ 0.30ppm 

 

3(18.7) 
1(6.27) 

 

3   (18.7) 
0     (0) 

 

9(56.) 
0   (0) 

 

15(93.7) 
1    (6.3) 

KEY: 

DBW= Deep Borehole Water 

PW(SW)= Pure Water (Sachet Water) 

WBW= Wash Borehole Water 

Table 2: shows prevalence of Heavy Metals (HMs) found in 

different sources of drinking water in Bulumkuttu 

Table 3 shows concentration of HMs in ppm in each 

source of drinking water studied. S1 - S9 are wash boreholes 

water (WBW), S10 – S12 are Sachet water (SW) and S13 – 

S16 are deep borehole water (DBW) as presented. 
SOURCES 

OF DRINKING 

WATER 

ELEMNTS 

Hg Pb Cd Ni Fe 

S1(WBW) 0.030 -0.90 0.002 1.040 0.017 

S2(WBW) 0.022 0.20 0.008 0.082 0.010 

S3(WBW) 0.003 -0.40 0.005 0.089 0.015 

S4(WBW) 0.008 -0.80 0.004 0.084 0.030 

S5(WBW) 0.006 -0.40 0.001 0.034 0.011 

S6(WBW) 0.035 0.80 0.003 0.078 0.017 

S7(WBW) 0.010 0.20 0.005 0.039 0.021 

S8(WBW) 0.004 2.40 0.002 0.057 0.011 

S9(WBW) 0.009 -0.40 0.002 0.044 0.016 

S10(PW(SW)) 0.021 0.70 0.004 0.019 0.010 

S11(PW(SW)) 0.004 -0.70 0.004 0.030 0.023 

S12(PW(SW)) 0.003 -0.20 0.003 0.051 0.012 

S13(DBW) 0.015 -0.60 0.001 0.093 0.013 

S14(DBW) 0.004 -0.10 0.004 0.019 0.036 

S15(DBW) 0.004 0.70 0.007 0.014 0.014 

S16(DBW) 0.003 -0.10 0.004 0.051 0.015 

MCL(USEPA) ≤0.002p

pm 

≤0.015p

pm 

≤0.00

5ppm 

≤0.020

ppm 

≤0.03

0ppm 

MCL (NIS) ≤0.001p

pm 

≤0.010p

pm 

≤0.00

3ppm 

≤0.020

ppm 

≤0.03

0ppm 

KEY 

S1 – S16 = Sample 1 -16 

DBW= Deep Borehole Water 

PW(SW)=Pure Water (Sachet Water) 

WBW= Wash Borehole Water 

MCLs= Maximum Contamination Limits 

Table 3: shows concentration of HMs in ppm in each source of 

drinking water studied 

Table 4 shows mean concentration of HMs from drinking 

in Bulumkuttu. The mean concentrations are 0.010 ± 0.10; 

0.050 ± 0.880; 0.004 ± 0.002; 0.130 ± 0.250; 0.170 ± 0.070 for 

Hg, Pb, Cd, Ni and Fe respectively. The mean concentrations 

are all above the MCL of the respective metals as set by 

USEPA and Nigerian Industrial Standard (NIS) with exception 

of Fe whose mean concentration is less than the MCL. 

ELEMENTS MEAN  

± S.D 

RANGE MAXIMUM 

CONTAMINATION 

LIMITS (MCLs) 

( WHO & NIS) 

Hg 0.010  

± 0.010 

0.003 – 

0.035 

≤0.001 ppm 

Pb 

 

0.050 ± 

0.830 

-0.90 – 

2.40 

≤0.01 ppm 

Cd 

 

0.004  

± 0.002 

0.001 – 

0.008 

≤0.003 ppm 

Ni 

 

0.130  

± 0.250 

0.014 – 

1.040 

≤0.02 ppm 

Fe 

 

0.170  

± 0.070 

0.100 – 

0.360 

≤0.30 ppm 

Table 4: shows mean concentration of HMs from drinking in 

Bulumkuttu 

 

 

IV. DISCUSSIONS 

 

Although a few heavy metals are essential for human 

health, an excess amount of these metals in our drinking water 

can have negative effects (Malik and Khan, 2016). Studies 

report various effects of heavy metals in drinking water 

(USEPA,2015; ATSDR,2015 and Malik and Khan,2016). 

Among the heavy metals As, Cd, Pb, Cr, Cu, Hg and Ni are of 

major concern mainly due to their presence at relatively high 

concentrations in drinking water and their effects on human 

health (ATSDR,2015). Kidney and liver damage from Hg, Cd 

contaminated drinking water is also linked to chronic renal 

failure (Bawaskar and Bawaskar,2010; ATSDR, 2015). Gobe 

and Crane (2010) also reported kidney failure due to long term 

exposure to Cd. Pb and Cd has also been reported to cause 

high blood pressure and kidney damage. Other metals such as 

Hg has also been reported to cause acute and chronic toxicity 

causing kidney damage and nervous system disorders (USEPA 

from www.epa.gov/safewater/mcl). Our study shows that the 

most common heavy metals are Hg, Pb, Cd, Ni, and Fe. These 

metals are found to be present at relatively high concentration 

in all the water analyzed exceeding MCL set by WHO (1996), 

USEPA (2015) and NIS (2007) except for Fe which was found 

to be relatively high concentration in only one of the waters 

(S14). Similar findings were also reported by Ehi and Okiei 

(2012) in some part of Lagos metropolis where Pb and Cd 

were found in water and their concentration were found to be 

above the MCL set by WHO (1996). Also, Nnabo (2015) 

reported similar findings where Cd, Pb, and Ni were found to 

be present in drinking water from Enyigba Pb-Zn District 

South Eastern Nigeria. The concentrations of the HM were 

found to be above MCL set by WHO (1996). Another study 

reported by Shittu (2016) from Dutse Town, Jigawa state, 

Nigeria indicated that Fe, Pb, and Hg were found in drinking 

waters collected from Local Wells and Boreholes. The 

concentrations of these metals were found to be above the 

MCL set by WHO (1996). Similar result was also reported by 

shabanda and Shabanda (2015) from northeastern Nigeria 

indicates that Fe, Pb and Ni were found in ground water with 
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concentration above the MCL set by WHO (1996) and 

USEPA (2015). These reports are in agreement with findings 

of our study. The high concentrations of these heavy metals 

might be due to the fact that northern Nigeria is endowed with 

and rich in various metallic mineral compound including 

heavy metals. As ground water flows through the ground, 

these heavy metals are dissolved and may later be found in 

high concentration in our sources of drinking water. The high 

concentrations of these metals in this area might also be due to 

the fact that northern Nigeria particularly Borno state is the 

major agricultural zone in the country. Agricultural waste 

water containing high concentration of HMs may be 

discharged into the environment and thus depositing in the 

soils around reservoirs and then enter the water along with the 

surface runoff thereby contaminating the sources of water. 

 

 

V. CONCLUSION 

 

From this study it shows that multiple heavy metals exist 

at high concentration (exceeding MCL set by USEPA, WHO 

and NIS). This means that people consuming these waters may 

be at high risk of heavy metal contamination and its 

consequences on human health. 

 

 

VI. RECOMMENDATION 

 

 Government should provide potable water for 

consumption in both rural and urban areas 

 Government should enforce the standard set by its 

regulatory body (Nigerian standard for drinking water) on 

all the sources of water both commercial and government 

own 
Advance and comprehensive technologies for removal of 

heavy metals from drinking water should be introduced. 

 

 

REFERENCES 

 

[1] Shabanda I. S.   and Shabanda J. I.2015. Heavy Metals 

Concentrations in Ground Water from Northern Nigeria. 

Journal of Water Resource and Hydraulic Engineering. 4 

(3), 265-269. 

[2] Obaroh IO, Elinge M, Nwankwo C. 2012.Assessment of 

some heavy metals and physicochemical parameters of 

Jega River, North West Nigeria. International Journal of 

Natural and Applied Sciences; 8(1):78-81. 

[3] Ademoreti CMA. 1996. Standard method of water 

effluent analysis edition Foludex press Ltd. Ibadan : 111-

117. 

[4] Ademoroti CMA. 1986. Levels of heavy metals in barks 

and fruits in Benin City. Nigerian Environmental 

Pollution Series B. 11: 241–253. 

[5] Malik and Khan, 2016. Effect on Human Health due to 

Drinking Water Contaminated with Heavy Metals J Pollut 

Eff Cont, 5:1 

[6] http://www.pollutionissues.com/Fo-Hi/Heavy 

Metals.html#ixzz4hXRpiAd6 

[7] Waller, Roger M. 1982. Ground Water and the Rural 

Homeowner, Pamphlet, U.S. Geological Survey,  

[8] US Environmental Protection Agency (USEPA).2015. 

Regulated drinking water contaminants. Online database 

[9] Agency for Toxic Substances and Disease Registry 

(ATSDR).2015.Toxicologial Profiles, Toxic Substances 

Portal 

[10] Bawaskar HS, Bawaskar PH.2010. Chronic renal failure 

associated with heavy metal contamination of drinking 

water: A clinical report from a small village in 

Maharashtra. Clin Toxicol 48: 768 

[11] Gobe G, Crane D (2010) Mitochondria, reactive oxygen 

species and cadmium toxicity in the kidney. Toxicol Lett 

198: 49-55 

[12] U.S.Envionmental Protection Agency. Ground Water and 

Drinking Water. Available from 

http://www.epa.gov/safewater/mcl.html#/mcls ) 

[13] Ehi-Eromosele C.O; Okiei W.O .2012. Heavy metal 

Assessment of Ground, Surface and Tap water samples in 

Lagos metropolis using Anodic stripping voltammetry. 

Resources and Environment. 2(3): 82-86 

[14] WHO. 1996. Health criteria and other supporting 

information in guidelines for drinking water quality. 

Geneva. 2:31-38. 

[15] Nnabo Paulinus N. 2015. Assessment of Heavy Metal 

containing of water sources from Enyigba pb-zn District, 

southeastern Nigeria.Intrenational Journal of Scientific 

and Technology Research.4(9): 187-197 

[16] Shittu Abdullahi, chifu E. Ndikilar, A.B Suleiman, Hafeez 

Y. Hafeez.2016.Evaluation of Heavy metal concentration 

in Drinking water collected from Local Wells and 

Boreholes of Dutse Town, Northwest, Nigeria. Advances 

in physics theories and applications. 51:1-20 

[17] NIS.2007.Nigerian standard for drinking water quality.p-

16-17 

[18] www. Bornostate.gov.ng 

 


