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ABSTRACT

Aim: To assess contamination of borehole water by heavy metals (Fe, Zn, Pb, Cr, Cu, Ni,
Mn).
Study Design: Water samples collected from fifty two boreholes in twelve Local
Government Areas (L.G.A) of Nasarawa State were analyzed for the heavy metal
concentrations.
Place and Duration of Study: Samples were collected from Akwanga, Awe, Doma,
Garaku, Karu, Keana, Keffi, Lafia, Nasarawa, Nasarawa Eggon, Toto, and Wamba, during
the dry season.
Methodology: The water samples were prepared according to standard methods. Heavy
metal levels in the samples were quantitatively determined using atomic absorption
spectrometry (AAS).
Results: The highest concentrations of Zn (1.81±1.19 mg/l) and Fe (0.89±1.73 mg/l) were
recorded at Keana, while their lowest levels were observed at Lafia. Pb ranged from
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0.01±0.00 to 0.04±0.05 mg/l in the areas. The highest Cu (0.32±0.51 mg/l) and Ni
(0.07±0.06 mg/l) contents were obtained at Doma. Nasarawa recorded the highest
concentration of Mn (0.08±0.04 mg/l) and the lowest at Lafia (0.01 ± 0.00 mg/l). Water Cr
contents was highest at Keana (0.24±0.32 mg/l) and lowest at Lafia  and Akwanga. Ni
levels were low. Analysis of Variance (ANOVA) indicated that heavy metal concentrations
were not significantly different (P < .05), except for Zn. Fe levels (0.70 mg/l) at Kagbu
Error (N/Eggon), Offu and Ugya (0.75 mg/l) at Toto, where higher than the SON and WHO
acceptable limits for drinking water, except at Idadu, where the value (0.35 mg/l) was
within the WHO acceptable limit. Concentrations of Pb in borehole water from Tide, Nidan,
and Towship (Akwanga), Arusu (0.014 mg/l) in Garaku and Keana were above the WHO
threshold value for drinking water. Cr levels at Idadu (0.70 mg/l) in Doma, Angbragba (0.7
mg/l) and Owene (0.21 mg/l) at Keana, and Main market (0.07 mg/l), were also above the
SON and WHO acceptable limits. Concentrations of Cu at Galle South (1.03 mg/l) in
N/Eggon and Yashi Madaki (1.05 mg/l) in Wamba were higher than the SON standard but
within the acceptable WHO (2.0 mg/l) standard.
Conclusion: Boreholes water was not contaminated by Mn, Zn, and Ni. Pb, Fe, Cu, and
Cr levels in water were above SON and WHO. Metal levels above the standards might be
attributed to surface contamination originating from anthropogenic and geological sources.
Continuous monitoring of the heavy metal levels in water from the boreholes is
recommended.

Keywords: Heavy metals; contamination; ground water; Nasarawa state; Middle Belt;
Nigeria.

1. INTRODUCTION

The total replenishable water resource in Nigeria is estimated at 319 billion cubic meters,
while the groundwater component is estimated at 52 billion cubic meters, an indication that
Nigeria has adequate groundwater resources to meet its current water demands. However,
with all the efforts put by various Governments and agencies to improve access to potable
water supply to all Nigerians, it is estimated that only 58% of the inhabitants of the urban and
semi-urban areas and 39% of rural areas have access to potable water supply [1].

Groundwater provides potable water to an estimated 1.5 billion people worldwide daily and
has proved to be the most reliable resources for meeting rural water demand in sub-Saharan
Africa [2]. The pollution of groundwater has become a major environmental issue,
particularly where groundwater represents the main source of drinking water [3,4]. This
situation is so common in many lesser developed countries like Nigeria, that the security
of drinking water supply has been chosen as one of the ten Millennium Development
Goals [5].

Heavy metal contamination of groundwater is a worldwide environmental problem affecting
water resources [6,7], because of their strong toxicity even at low concentrations [8,9].
Heavy metals are natural components of the earth’s crust, and they can enter the water and
food cycles through a variety of chemical and geological processes [10,11]. Exposure to
unsafe levels of heavy metals can cause serious health effects with varying symptoms
depending on the nature and quantity of the metal ingested [12-14]. Heavy metal toxicity can
result in damaged or reduced mental and central nervous function, lower energy levels, and
damage to blood composition, lungs, kidneys, liver, and other vital organs [15]. Long-term
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exposure may result in slow and progressive physical, muscular, and neurological
degenerative processes such as muscular dystrophy and multiple sclerosis [16,17].

Mechanism of metal toxicity include complexation of heavy metals with proteins to form
complexes, in which carboxylic acid (–COOH), amine (–NH2), and thiol (–SH) groups are
involved. These modified biological molecules and lose their ability to function properly which
result in the malfunction or death of the cells [16]. When metals bind to these groups, they
inactivate important enzyme systems or affect protein structure, which is linked to the
catalytic properties of enzymes. This type of toxin may also cause the formation of radicals
which are dangerous chemicals that cause the oxidation of biological molecules [17].

The growing deficit of good quality water in developing countries, including Nigeria, has
spurred the need to utilize other sources of water other than conventional treated waters at
maximal risk of microbiological and chemical pollution [18]. In an effort to provide cheap,
safe and potable water for rural communities, the government of Nigeria in collaboration with
Nasarawa state government constructed boreholes within the premises of each Millennium
Development Goals (MDG) Public Health Clinics (PHC) in the state. Agricultural activities
take place around most of the boreholes. These non-treated water sources are being
increasingly used as drinking water yet, testing to see whether the water is of good quality is
almost non-existent. Preliminary research on some physicochemical properties of water from
these boreholes has been reported [19]. This study was carried out to determine the spatial
distribution and possible sources of contamination of the borehole water by heavy metals.

2. MATERIALS AND METHODS

2.1 Study Area

Nasarawa state is one of the thirty two (32) states including Abuja Federal Capital Territory
(FCT) in Nigeria (Fig. 1); located centrally in the middle belt region of the country and lies
between latitude 7º45´ and 9º25N´ of the equator and between longitude 7º and 9º37´E of
the Greenwich meridian [14].

Fig. 1. Nigeria map showing Nasarawa state and sampling areas
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2.2 Sampling and Sample Preparation

Water samples were collected into prewashed two liters polythene containers with screw
caps in the month of April (dry season) from fifty two boreholes constructed in twelve L.G.A
(Fig. 1), and 5 cm3 concentrated HNO3 added for preservation [20]. Digestion of water
samples was carried out [21]: 3 cm3 of concentrated HNO3 was added and covered with a
watch glass and heat gradually on hot plate, and continuously added until digestion was
completed. The solution was evaporated to near dryness and cooled. Small quantity of 1:1
concentrated hydrochloric acid was then added, warm and filtered, and volume adjusted to
25cm3 for heavy metal determination. Heavy metal contents were quantified using AAS.
Internally added standards were used for the calibration of the AAS.

2.3 Statistical Analysis

Mean±SD (standard deviation) for heavy metal levels in ground water from each L.G.A was
obtained. Analysis of variance (ANOVA) was used to establish any significant differences in
metal levels in ground water from the studied areas.

3. RESULTS AND DISCUSSION

Variation in heavy metal levels in borehole water from Akwanga Local Government Area is
shown in Fig. 2. Metal levels were low, except for Zn that variation was high. The highest
and lowest Zn levels were recorded at Tide and Nunku respectively. Concentration of Pb
was lowest in all the areas. In Awe (Fig. 3), heavy metal concentrations were relatively
higher at Jangara, except for Zn whose concentration was highest at Gidan Ihume and
lowest at Ankiri. Variations in metal levels at Doma (Fig. 4) indicated that Fe and Cr levels
were higher at Idadu. The highest Cu concentration was observed at Agyema. Metal levels
were generally low at Alwaza, except for Zn and Fe. At Graraku (Fig. 5), concentrations of
heavy metals were low at Kana Apawu, except for Zn. The highest concentration of Fe was
observed at Arusu. Cr level remained low in the area. Concentration of Zn at Kare and New
Karu (Fig. 6) were relatively high, attaining the highest concentration at New Karu. Pb, Ni
and Cr levels were low.

Fig. 2. Variations in metal levels in Akwanga L.G.A
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Fig. 3. Variations in heavy metal levels in Awe L.G.A

Fig. 4. Variations in heavy metal levels in Doma L.G.A

Fig. 5. Variations in heavy metal levels in Garaku L.G.A
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Fig. 6. Variations in heavy metal levels in Karu L.G.A

From Keana (Fig. 7), metal levels were low at Chiata, except for Zn. Concentrations of Fe
and Cr were highest at Angbragba.  In Keffi (Fig. 8), concentrations of Zn, Mn and Cr at Main
market were higher than in Sabo Gari, while Pb, Cu and Ni levels in the areas did not vary.
Heavy metal levels at Lafia (Fig. 9) show that concentration of Zn was similar and highest at
Agyaragu Yakubu and Akunza Jarmai. Concentrations of Cu and Zn were both highest at
Ombi Polytechnic, while the highest concentration of Fe was recorded at Takpah. Results in
Nasarawa (Fig. 10), show that the highest levels of Zn and Mn were recorded at Godlonic,
while that  Fe and Cu was obtained at Zakun Bello. Concentration of Ni was lowest and
similar in the areas. The levels of Zn at Ogba, Fe at Kagbu Error and Cu at Galle South were
highest (Fig. 11). Concentrations of Pb and Cr were relatively low. Metal levels at Langalaga
were genrally low. Heavy metal concentrations at Toto (Fig. 12) varied according to areas.
Concentration of Zn and Cu at Kuru, and  Fe and Ni at Offu were highest. Low levels metals
were recorded at except for Zn at Karmo. Heavy metal concentrations did not vary
significantly at Wamba (Fig. 13), except for Zn at Wayo and Cu at Zalli. Heavy metal
contents at Waba Kurmi were generally low.

Fig. 7. Variations in heavy metal levels in Keana L.G.A

0
0.2
0.4
0.6
0.8

1
1.2
1.4

Zn Fe Pb Cu Ni Mn Cr

C
on

ce
nt

ra
tio

n 
 (m

g/
l)

Elements

Onda

New Karu

Gurku

Saka

Kurape

Kare

0
0.5

1
1.5

2
2.5

3
3.5

4

Zn Fe Pb Cu Ni Mn Cr

C
on

ce
nt

ra
tio

n 
(m

g/
l)

Elements

Angbragba

Owene

Chiata

Kalachi



American Chemical Science Journal, 4(6): 798-812, 2014

804

Fig. 8. Variations in heavy metal levels in Keffi L.G.A

Fig. 9. Variations in heavy metal levels in Lafia L.G.A

Fig. 10. Variations in heavy metal levels in Nasarawa L.G.A
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Fig. 11. Variations in heavy metal levels in Nasarawa Eggon L.G.A

Fig. 12. Variations in heavy metal levels in Toto L.G.A

Fig. 13. Variations in heavy metal levels in Wamba L.G.A
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high concentrations of Zn were recorded at Doma and Wamba. From Fig. 14 (b), Fe level
was also highest at Keana and relatively low at Keffi, Lafia and Wamba. High concentrations
of Pb (Fig. 14c) were observed at Keana and Nasarawa (0.04 mg/l), and the lowest at
Garaku (0.01 mg/l). In Fig. 14(d), Wamba and Doma recorded relatively high levels of Cu.
Concentration of Cu wee below detectable limit at Keffi and Lafia. Mn concentrations varied
from one study area to the other (Fig. 14e). Mn concentrations show an increase from
Akwanga to Doma, Garaku to Keana, and Lafia to Nasarawa. The lowest Mn level was
recorded at Lafia and the highest in Nasarawa. Cr levels were generally low (< 0.05 mg/l)
and similar (Fig. 14f), except at Doma and Keana, where the concentrations were relatively
high. Fig. 14(g) indicated that Ni levels were below detectable limit at Keffi, Lafia and
Nasarawa. However, the highest Ni level was recorded at Wamba.
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(c) Lead (Pb)

(d) Copper (Cu)

(e) Manganese (Mn)
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(f) Chromium (Cr)

(g) Nickel (Ni)
Fig. 14. Spatial variations in heavy metal concentrations (mg/l) in the studied L.G.A

Analysis of variance (Table 1) at P<.05 indicated that Zn levels at Doma, Keana and Wamba
were significantly different from other areas. Concentrations of Fe at Akwanga, Karu, Keffi,
Lafia and Wamba were not significantly different. Cu and Ni levels were not significantly
different in the study areas, except at Wamba, for Cu. Concentrations of Mn at Keana,
Nasarawa and Toto were significantly different compared to other areas. Cr levels were not
significantly different, except at Doma and Keana.
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Table 1. Analysis of variance (ANOVA) for heavy metal concentrations (mg/l) in ground water

L.G.A N Metals
Zn Fe Pb Cu Ni Mn Cr

Akwanga 7 0.76±0.81a 0.06±0.15a 0.01±0.01a 0.04±0.04a 0.02±0.02a 0.03±0.03a 0.01±0.01a

Awe 4 0.85±0.93a 0.10±0.06b 0.02±0.01a 0.08±0.05a ND 0.04±0.02a 0.02±0.02a

Doma 4 1.33±0.48b 0.19±0.11b 0.02±0.01a 0.32±0.51b 0.02±0.02a 0.06±0.02a 0.19±0.34b

Garaku 3 0.42±0.60a 0.38±0.60b 0.01±0.00a 0.07±0.06a ND 0.02±0.01a 0.02±0.01a

Karu 6 0.59±0.52a 0.08±0.03a 0.02±0.01a 0.07±0.05a 0.02±0.01a 0.04±0.02a 0.02±0.01a

Keana 4 1.81±1.19b 0.89±1.73b 0.04±0.05a 0.02±0.02a 0.02±0.01a 0.08±0 05b 0.24±0.32b

Keffi 2 0.29±0.10a 0.03±0.00a 0.02±0.00a ND ND 0.06±0.03a 0.04±0. 04a

Lafia 6 0.07±0.05ab 0.02±0.03a 0.01±0.00a ND ND 0.01±0.01a 0.01±0.01a

Nasarawa 3 0.10±0.06a 0.10±0.02b 0.04±0.01a 0.02±0.02a ND 0.10±0.04b 0.03±0.01a

N/Eggon 5 0.45±0.60a 0.20±0.27b 0.02±0.01a 0.04±0.02a 0.02±0.02a 0.06±0.04a 0.02±0.02a

Toto 7 0.65±0.80a 0.25±0.34b 0.01±0.01a 0.07±0.81a 0.05±0.06a 0.07±0.02b 0.03±0.02a

Wamba 5 1.11±1.28b 0.04±0.01a 0.01±0.001b 0.29±0.43b 0.07±0.06a 0.04±0.05a 0.04±0.02a

*WHO 3.0 0.5 0.01 2.0 - 0.4 0.05
zSON 3.0 0.3 0.01 1.0 - 0.2 0.05

N: Number of sampled boreholes; ND: below detection limit; mean values within the same column with different alphabets are significantly different
at P<.05; * WHO, 2004; zSON, 2007.
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Results in this study indicated that Ni concentrations in Awe, Garaku, Keffi, Lafia and
Nasarawa were similar to values reported by [18,22,23], while values for Fe were higher
than the values reported by [23]. Pb levels were less than the values reported by [8,17],
while concentrations of Mn were lower than those reported by [22]. Comparing the results of
this study with WHO (2004) and SON (2007) standards for drinking water, Fe levels (0.70
mg/l ) at Kagbu Error (N/Eggon), and Offu and Ugya  (0.75 mg/l) both at Toto, where higher
than the SON [24] and WHO [25] limits. At Idadu (Doma), concentration of Fe (0.35 mg/l)
was higher than the SON but within the WHO standards. Concentrations of Pb in borehole
water from Tide, Nidan, and Towship at Akwanga were observed to be greater than the
WHO standard; and also at Arusu (0.014 mg/l) in Garaku, Keana except at Chiata, Keffi,
Karu, Lafia, Nasarawa, and Yashi Madaki (0.02 mg/l) at Wamba. Cr levels at Idadu (0.70
mg/l) in Doma, Angbragba (0.7 mg/l) and Owene (0.21 mg/l) at Keana, and Main market
(0.07 mg/l), were also above the SON and WHO acceptable limits for drinking water.
Concentrations of Cu at Galle South (1.03 mg/l) in N/Eggon and at Yashi Madaki (1.05 mg/l)
in Wamba were higher than the SON standard but within the acceptable WHO standard (2.0
mg/l).

CONCLUSION

The highest concentrations of Zn (1.81±1.19 mg/l) and Fe (0.89±1.73 mg/l) were  recorded
at Keana, while the lowest levels of these metals were observed at Lafia. Pb levels ranged
from 0.01±0.00 - 0.04±0.05 mg/l in the areas. The highest Cu (0.32±0.51 mg/l) and Ni
(0.07±0.06 mg/l) contents were obtained at Doma, whileNasarawa recorded the highest
concentration of Mn (0.08±0.04 mg/l) and the lowest at Lafia (0.01±0.00 mg/l). Water Cr
contents was highest at Keana (0.24±0.32 mg/l) and lowest at Lafia  and Akwanga. Ni levels
were low. ANOVA shows that except for Zn, concentrations of other metals were not
significantly different (P < .05). Fe levels (0.70 mg/l) at Kagbu Error (N/Eggon), Offu and
Ugya (0.75 mg/l) at Toto, where higher than the SON and WHO acceptable limits for drinking
water, except at Idadu, where the value (0.35 mg/l) was within the WHO acceptable limit.
Concentrations of Pb in borehole water from Tide, Nidan, and Towship (Akwanga), Arusu
(0.014 mg/l) in Garaku, Keana except at Chiata, Keffi, Karu, Lafia, Nasarawa, and Yashi
Madaki (0.02 mg/l) at Wamba, were above the WHO threshold value for drinking water. Cr
levels at Idadu (0.70 mg/l) in Doma, Angbragba (0.7 mg/l) and Owene (0.21 mg/l) at Keana,
and Main market (0.07 mg/l), were also above the SON and WHO acceptable limits.
Concentrations of Cu at Galle South (1.03 mg/l) in N/Eggon and Yashi Madaki (1.05 mg/l) at
Wamba were higher than the SON standard but within the acceptable WHO standard (2.0
mg/l). Higher levels of some metals compared to the standards might be contributions from
anthropogenic and geological sources.

COMPETING INTERESTS

Authors have declared that no competing interests exist.

REFERENCES

1. World Health Organization and UNICEF, author. Meeting the MDG drinking water and
sanitation target: the urban and rural challenge of the decade; 2006.
Available: http://www.who.int/water_sanitation_health/monitoring/jmpfinal.pdf.



American Chemical Science Journal, 4(6): 798-812, 2014

811

2. Iyasele JU, Idiata DJ. Physio-chemical and microbial analysis of boreholes water
samples: A case of some boreholes in Edo North, Edo State. J Emerging Trends
Engineering Appl Sci. 2011;2(6):1064-1067.

3. Kravitz DJ, Nyaphisi A, Mandel R, Petersen E. Quantitative bacterial examination of
domestic water supplies in the Lesotho Highlands: Water quality, sanitation and village
health. Bulletin of the World Health Organization. 1999;77(10):829-836.

4. Maitera ON, Ogugbuaja VO, Barminas JT. Determination of trace metal levels in water
and sediments of River Benue in Adamawa state, Nigeria. J Ecology Natural Environ.
2011;3(4):149-156.

5. Gordon TA, Ejenma E. Groundwater quality assessment of yenagoa and
environs Bayelsa State, Nigeria between 2010 and 2011. Resource and Environ.
2012;2(2):20 -29.

6. Abii TA, Nwabiienvanne EU. Investigation of trace metal contents of some selected
borehole water around Umuahia metropolis. Research J Appl Sci. 2007;2(4):494-497.

7. Bernard E, Ayeni N. Physicochemical analysis of groundwater samples of Bichi local
government area of Kano State of Nigeria. World Environ. 2012;2(6):116-119.

8. Ehi-Eromosele CO, Okiei WO. Heavy metal assessment of ground, surface and tap
water samples in Lagos metropolis using anodic stripping voltammetry. Resources
Environ. 2012;2(3):82-86.

9. Fidelis BA Ezekiel O, Benedict OO. Surface and ground waters concentrations of
metal elements in central cross river state, Nigeria, and their suitability for fish culture.
Int. J Environ Sustainability. 2012;1(2):9-20.

10. Nkansah MA, Ephraim JH. Physicochemical evaluation of the water from boreholes
selected from the EJ and BAK districts of the Ashanti region of Ghana. Thammasat
Int. J Sci Technol. 2009;14(3):64-73.

11. Obi CN, George P. The microbiological and physic-chemical analysis of borehole
waters used by off-campus students of Michael Okpara University of Agriculture,
Umudike (MOUAU), Abia State, Nigeria. Research J Biol Sci. 2011:602-607.

12. Kucuksezgin F, Uluturhan E, Batki H. Distribution of heavy metals in water, particulate
matter and sediments of Gediz River (Eastern Aegean). Environ Monitoring Assess.
2008;141:213-225.

13. Uffia ID, Ekpo FE, Etim DE. Influence of heavy metals pollution in borehole water
collected within abandoned battery industry, Essien Udim, Nigeria. J Environ Sci
Water Resources. 2013;2(1):22-26.

14. Adeyemi D, Oloyede OB, Oladiji AT. Physicochemical and microbial characteristics of
leachate-contaminated ground water. Asian J of Biochem. 2007;2:343-348.

15. Jarup L. Hazards of heavy metal concentrations. Britain Bulletin. 2003;68:167-182.
16. Momodu MA, Anyakora CA. Heavy metal contamination of ground water: The Surulere

case study. Research J Environ Earth Sci.  2010;2(1):39-43.
17. Meghdad P, Touba K, Kiomars S, Leila B, Mansour R. Measurement of heavy metals

concentration in drinking water from source to consumption site in Kermanshah – Iran.
World Appl Sci J. 2013;21(3):416-423.

18. Obiri-Danso K, Adjei B, Stanley KN, Jones K. Microbiological quality and metal levels
in wells and boreholes water in some peri-urban communities in Kumasi, Ghana.
African J Environ Sci Technol. 2009;3(1):059-066.

19. Tukura BW, Nasiru L, Hudu MH. Aqua regia and Ethylenediaminetetraacetic acid
(EDTA) trace metal levels in agricultural soil. J Environ Chem Ecotoxicol.
2013;5(11):284-291.

20. American Public Health Association (APHA). Standard methods for the examination of
water and waste water. Washington DC. 1244; 1985.



American Chemical Science Journal, 4(6): 798-812, 2014

812

21. United State Environmental Protection Agency (US EPA). Metals (atomic absorption
methods) – sample handling and preservation, in: Methods for chemical analysis of
water and wastes, EPA – 600/4 – 79 – 020. 1983;58–61.

22. Abii TA, Nwabienvanne EU. Investigation of trace metals contents of some selected
borehole water around Umuahia metroplolis. Research J Appl. Sci. 2007;2(4);494-497.

23. Ukpong EC, Okon BB. Comparative analysis of public and private borehole water
supply sources in Uruan local government area of Akwa Ibom state. Int J Appl Sci
Technol. 2013;3(1):76-91.

24. Standards Organization of Nigeria (SON). Nigerian Standard for Drinking Water
Quality Abuja, Nigeria; 2007.

25. World Health Organization (WHO). Guidelines for drinking water quality, health criteria
and supporting information, World health organization, 2, Geneva; 2004.

_________________________________________________________________________
© 2014 Tukura et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://www.sciencedomain.org/review-history.php?iid=528&id=16&aid=4972


