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ABSTRACT

Heavy metal contamination of ground water in Tsofo Birnin Gwari village was assessed. The six
Well water samples were analyzed using atomic absorption spectrophotometer for mercury,
copper, nickel, manganese, chromium, zinc, lead and iron concentrations. The levels were
compared with the World Health Organization (WHQO) specified maximum contaminant levels
for mercury, copper, nickel, manganese, chromium, zinc, lead and iron as 0.001, 1.0, 0.02, 0.2,
0.05, 3.0, 0.01, and 0.3 mg/L respectively. From the results obtained, none of the samples
analyzed contained manganese and chromium in concentrations above the maximum
contaminant level. The average concentration of each metal was 0.21 mg/L (Hg), 3.12 mg/L
(Cu), 0.05 mg/L (Ni), 0.10.mg/L (Mn), 0.01 mg/L (Cr), 2.22 mg/L (Zn), 1.46 mg/L (Pb) and 1.15
mg/L (Fe), while the highest minimum concentration for all the metals was 0.82 mg/L and the
lowest minimum concentration was 0.06 mg/L. The highest maximum concentration was 8.82
mg/L and the lowest maximum concentration was 0.02 mg/L. These concentrations are above the
standard limit. All samples analyzed contained one or more of the eight heavy metals studied in
varying concentrations. The results obtained from this study suggest a significant risk to the
population given the toxicity of these metals and the fact that Wells are the only source of water

supply in this environment.
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INTRODUCTION
The term ‘heavy metal’ refers to any metallic chemical element that has a relative high density
and is toxic or poisonous at low concentration. To a small extent, they enter our bodies via food,

drinking water and air. There are thirty-five metals that are of concern because of occupational or
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residential exposure and twenty-two of these metals are the heavy metals which include:
mercury, lead, chromium, iron, nickel, manganese, copper and zinc [1].

As trace elements, some heavy metals such as copper, zinc and selenium are essential to
maintain the metabolism of human body. However, at high concentration, they can lead to
poisoning. Heavy metals poisoning could result for instance, from drinking water contaminated
from lead pipes, high ambient air concentration near emission sources or intake via the food
chain [2]. Heavy metals concentrations especially above permissible limit are dangerous because
they tend to bio-accumulate, meaning, an increase in the concentration of a chemical in a
biological organism over time, compared to chemicals in the environment.

Chemical compounds accumulate in living things anytime they are taken up and stored
faster than they are broken down (metabolized) or excreted [3]. Heavy metals can enter a water
supply by industrial and consumer waste, or even from acid rain breaking down soils and
releasing heavy metals into stream, lakes, rivers and ground water. Examples of heavy metals
that are harmful to humans include mercury, lead, and arsenic. Humans are exposed to heavy
metals through inhalation of air pollutants. Food sources such as vegetables, grains, fruits, fish
and shell fish can become contaminated when exposed to surrounding soils and water that are
high in heavy metal concentrations [4].

There are many heavy metals in our environment both naturally and from anthropogenic
pollution. Some of these, including copper, iron and zinc, play important roles in our bodies.
Others have no known benefit for health. Examples of these are lead, which is found in paint in
hot homes as well as many other sources; arsenic, which can be found in Well water and wood
products; and mercury, which can build up in fish. At very high levels, most of heavy metals can
cause health problems [5].

Atomic absorption spectroscopy (AAS) is one of the commonest instrumental methods
for analyzing for metals and some metalloids. Metalloids like antimony, arsenic, selenium and
tellurium. Atomic absorption spectroscopy is a spectro-analytical procedure for quantitative
determination of chemical elements employing the absorption of optical radiation (light) by free
atoms in the gaseous state. Solid samples are dissolved and liquid sample vapourized in a flame
or graphite furnance. As the atoms are vapourized, they absorb UV light and the amount of light

absorbed is used to determine their concentration [6].
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Therefore, this research work is aimed at analyzing the concentration of heavy metals in water
from different Wells around a mining site in Tsofo-Gwari within Kaduna metropolis, Nigeria.

MATERIALS AND METHODS

Description of Sampling Site

Tsofon Gwari, also known as Birnin Gwari, is one of the twenty-three local government areas of
Kaduna state. It is geographically located between latitudes 10° 49' 34" North and longitudes
6°39 ' 18" East. It has a total land area of 6,185 square kilometres and a population of 252,363.
Kaduna State is bordered by Zamfara, Katsina and Kano States to the North, Bauchi and Plateau
States to the East, Nassarawa State to the South; and Niger State and Abuja (FCT) to the West.

Sample Collection

Ground water samples were collected from different Wells around Tsofo-Gwari in Kaduna State,
Nigeria. Each sample was collected into plastic containers from different Wells and each plastic
container was labeled (six wells water samples). All samples were collected same day and kept
in 2 L plastic containers which have been previously washed with 10% HNO3z and 1:1 HCI for
48 h. A few drops of HNOz were added in order to prevent loss of metals, bacteria and fungi
growth.

Sample Digestion

The samples were transferred into the instrument/preparatory laboratory under Kaduna
Environmental Protection Agency (KEPA). The samples were digested with concentrated nitric
acid. Exactlyl0 ml of nitric acid was added to 50ml of water in a 250 mL conical flask. The
mixture was evaporated to half its volume on a hot plate after which it was allowed to cool and
then filtered.

Preparation of Standard

The 1000 mg/L stock solution of mercury, lead, chromium, iron, nickel, manganese, copper, and
zinc were prepared by dissolving 24.62, 1.63, 1.60 g of their salt with 5% nitric acid in a

1 L volumetric flask. The mixture was shaken and the flask made up to the 1litre mark with the
nitric acid for each metal. Calibration solutions of the target metal ions were prepared from the
standard stock by serial dilution.

Sample Analysis
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iron, nickel, manganese, copper, and zinc using the model 210VGP scientific atomic absorption
spectrophotometer (AAS). The calibration plot method was used for the analysis.

Air-acetylene was the flame used and hallow cathode lamp of the corresponding elements was
the resonance line source. The wave length for the determination of the elements were 253.7 nm,
283.31 nm, 510 nm, 434 nm, 1.54056 nm, 279.8 nm, 217.9 nm and 213.856 nm for mercury,
lead, chromium, iron, nickel, manganese, copper, and zinc respectively. The digested samples
were analyzed in duplicate with the average concentration of the metal present being displayed in
mg/L by the instrument after extrapolation from the standard curve.

Statistical Analysis
Data entry was done on MS Excel spreadsheet. Mean concentration and Descriptive statistics

analysis for the sampled points were calculated using data from individual study site.

RESULTAND DISCUSSION

Table 1: Heavy metal concentrations in the analysed Well water

Concentration (mg/L)

S/INO  Sampling Hg Cu Ni Mn Cr Zn Pb Fe
Points

1 Www1l 0.40 1.11 0.08 0.14 0.24 2.10 0.00 231
2 WWwW2 0.10 1.45 0.00 0.12 0.01 0.00 0.02 1.00
3 WW3 0.31 8.82 0.09 0.09 0.02 4.30 6.60 1.05
4 WWw4 0.06 0.00 0.12 0.14  0.02 2.79 0.00 0.82
5 WW5 0.29 1.87 0.07 0.09 0.00 2.81 0.16 0.83
6 WW6 0.30 3.47 0.00 0.06  0.00 1.23 055 2.03

The results in Tables 1 and 2 show the concentration of heavy metals in mg/L and the mean
statistical analysis for the heavy metals analyzed. It is very important to analyze the level of
heavy metal concentration in drinking water. Generally, water may contain high or low levels of

heavy metals such as copper, lead, mercury, nickel, chromium, iron and manganese [7, 8].
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Table 2: Mean concentration and descriptive statistics analysis for the sampled points

Elements Minimum Maximum Mean Std. Dev. Limits

(mg/L) (mg/L) (mg/L) (mg/L)

Hg 0.06 0.31 0.21 0.05 0.001
Cu 0.34 8.82 3.12 1.52 1.0
Ni 0.00 0.12 0.05 0.02 0.02
Mn 0.06 0.14 0.10 0.01 0.2
Cr 0.00 0.02 0.01 0.00 0.05
Zn 0.00 4.30 2.22 0.73 3.0
Pb 0.00 6.60 1.46 1.29 0.01
Fe 0.82 2.31 1.15 0.23 0.3

Metals in our water supply may occur naturally or maybe as a result of contamination. Naturally
occurring metals are dissolved in water when it comes into contact with rock or soil material.
Other sources of metal contamination are corrosion of pipes and leakage from waste disposal
sites [9].

For the protection of human health, guidelines for the level concentration of heavy metals
in water have been set by different organizations such as USEPA. WHO, NSDW, EPA and
European Union Commission. Thus, heavy metals have Maximum Permissible Levels in water
as specified by these organizations. Therefore, this research will be using World Health
Organization (WHO) specified Maximum Contaminant Level for mercury, copper, nickel,
manganese, chromium, zinc, lead and iron as 0.001, 1.0, 0.02, 0.2, 0.05, 3.0, 0.01, and 0.3 mg/L
respectively for comparison. The results from this research work show that the eight heavy
metals studied namely mercury, copper, nickel, manganese, chromium, zinc, lead and iron have
maximum contaminant levels of 0.31 mg/L, 8.82 mg/L, 0.12 mg/L, 0.14 mg/L, 0.02 mg/L, 4.30
mg/L, 6.60 mg/L and 2.31 mg/L respectively.

Mercury is a toxic substance which has no known function in human biochemistry or
physiology and does not occur naturally in living organisms. From the result obtained in this

analysis, the minimum concentration of mercury detected in the water sample was 0.06 mg/L
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permissible limit was 0.001 mg/L. The amount of mercury has been exceeded which will lead to
serious health effects such as brain damage, kidney, central nervous system and even death [10].

Copper is an essential substance to human life, but chronic exposure to copper in
drinking water is subject to considerable public concern. In this research, copper is the heavy
metal having the highest concentration among all the heavy metals analyzed. From the results of
the Well water samples, the average concentration for copper was 3.12 mg/L. The minimum
level of copper concentration was 0.34 mg/L and the maximum concentration was 8.82 mg/L in
the five samples analyzed with the exception of the fourth sample which is below detection limit.
The five samples analyzed were all above the Maximum Permissible Limit (1.0 mg/L) of WHO
(1996) which can lead to adverse health effects of anaemia, liver, kidney damage, abdominal
pain, vomiting, headache, nausea and diarrhea. [11].

In the analysis of the water samples collected for nickel, two of the collected water
samples did not contain detectable levels of nickel which is below detection limit (BDL) but four
contained nickel and the average concentration of nickel was 0.02 mg/L. The maximum
contaminant level is 0.12 mg/L and the minimum concentration is 0.01 mg/l. These may lead to
the health effects of decreased body weight, liver damage, skin irritation and carcinogenic to
human [12, 13].

Manganese is one of those trace elements so often over looked, yet essential to health.
From the results obtained from this analysis, the minimum concentration of manganese detected
in the water samples was 0.06 mg/L, while the maximum concentration was 0.14 mg/L. None of
the water samples contained manganese above the specified maximum contaminant level of 0.2
mg/L. However, manganese was detected in average level of 0.10 mg/L in the water samples. If
it is above the range, it may lead to health effects like weakness of the body and skin problems
[14, 15].

Chromium is essential to animals and humans. From the result obtained, the minimum
concentration of chromium detected in the water sample was 0.01 mg/L, while the maximum
concentration was 0.02 mg/L. None of the water samples contained chromium above the
specified maximum contaminant level of 0.05 mg/L. However, chromium was detected in
average amount of 0.01 mg/L in the water samples. If it is above the range, it may lead to health

effects of irritating the skin, cancer and liver damage [16, 17]
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considerable public concern. Only four samples of water were analyzed for lead and of these four
samples the levels ranged from 0.01 to 6.6025 mg/L. The average was 1.46 mg/L which is above
the acceptable limit of 0.01 mg/L. Studies have linked lead exposure even at low levels with an
increase in blood pressure, blood anaemia, muscle weakness, and brain damage [18, 19]

Zinc is a lustrous bluish-white metal. Zinc is a very common substance that occurs
naturally in air, water and soil, but zinc concentrations are rising unnaturally, due to addition of
zinc through human activities. Six samples of water were analyzed for zinc. The minimum
concentration of zinc detected in the water samples was 0.01 mg/L while the maximum
concentration was 4.5 mg/L. The average level for zinc was 2.22 mg/L. The maximum
permissible limit was 3.00 mg/L. The level of zinc exceeded the normal standard and may lead to
health effects such as stomach cramps, skin irritations, vomiting, nausea and anaemia [20, 21].

Iron is an essential element for most life on earth, including human beings. All the
samples contain iron in levels above the maximum allowable contaminant level of 0.3 mg/L. The
maximum concentration detected was 2.31 mg/L while the minimum concentration detected was
0.82 mg/L. The values exceeded the normal standard which may lead to health effects such as

anaemia, causing tiredness, headache and loss of concentration [22, 23]

CONCLUSION

This study evaluated the quality of Well water by determining heavy metals in Tsofo Birnin—
Gwari mining site. The six well water samples collected were analyzed using atomic absorption
spectrophotometer for mercury, copper, nickel, manganese, chromium, zinc, lead and iron. The
results showed high concentration of these heavy metals and in some cases the levels were above
the World Health Organization (1996) specified maximum contaminant level. These results infer
that the population is at risk of accumulating these heavy metals onto their bodies that are above
the Maximum Contaminant Level (MCL) set by WHO, given the toxicity of these metals and the

fact that many use Wells as the only sources of water supply in their environment.

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/ 97



http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

Abdulkarim, M. S., Abdullatif, 0.0. and James Yusuf: Evaluation of Heavy Metal Concentrations in Well
Water Collected from Different Locations within a Mining Site in Tsofo Birnin-Gwari, Kaduna State,

Nigeria

REFERENCES

[1] Abdullahi, S., Ndikitar, C.E., Suleiman, A.B. & Hafeez. Y.H (2016). Assessment of
Heavy Metals and Radioactive Concentration. Journal of Environmental Pollution and
Human Health, 4 (1), 1-8

[2] Musa, O.K., Kudarunya, E.A., Omali, A.O. & Akuli, T. I. (2014). Physico-chemical
characteristics of surface and groundwater in Obajana and its environs in Kogi State
central Nigeria. Academic Journals, 8(9), 521-531.

[3] Ndudi, D., Oyaro, N., Githae, E. & Afullo, A. (2015). Chemical Properties of sources of
water in Narok. North sub-country, Kenya International Research Journal of
Environmental Science, 4(1), 47-51

[4] Vaishnav, M.M. & Dewangan, S. (2011). Assessment of water quality status in reference
to statistical parameters in different aquifers of Balco Industrial area, Korba CG, India.
Research Journal of Chemical Sciences, 1(9), 6772

[5] Jabiri, N.N. & Agumuo, J.C. (2007), Trace elements and radioactivity measurements in
in some terrestrial food-crops in Jos-Plateau, north central Nigeria, Radioprotection,
4229-42.

[6] Welz, B., Becher-Ross, H., Florek, S. & Heitmann, U. (2005). High-resolution
Continuum Source AAS, Wiley-VCH, Weinheim, Germany.

[7] Sappington, K., Wenstell, R., FairBrother, A.& Wood, W. (2007). Framework for Metal
Risk Assessment, Ecotoxicology and Environmental Safety. 68(2), 45-227.

[8] Vanloon, G.W. & Duffy, S.J. (2005). The Hydrosphere. In: Environmental Chemistry: A
Global Perspective. 2"edn. New York: Oxford University Press. 197 — 211,

[9] Tanaka, M. & Islam, M.S. (2004). Impacts of Pollution on Coastal and Marine
Ecosystems Including Coastal and Marine Fisheries and Approach for Management: A
Review and Synthesis. Marine Pollution Bulletin. 48,624 - 649.

[10] Adepoju-Bello, A.A. & Alabi, O.M. (2005). Heavy Metals: A review. The Nigerian
Journal. Pharm., 37:1 — 45.

[11] Adeyemi, O., Oloyede, O.B. & Oladiji, A.T. (2007). Physiochemical and Microbial

Characteristics of Leachate Contaminated Ground Water. Asian Journal Biochem., 2(5),
343 - 348.

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/ 98



http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

Abdulkarim, M. S., Abdullatif, 0.0. and James Yusuf: Evaluation of Heavy Metal Concentrations in Well
Water Collected from Different Locations within a Mining Site in Tsofo Birnin-Gwari, Kaduna State,

Nigeria

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Angelone, M., Manta, D.S., Bellance, A., Nevi, R. & Sprovieril, M. (2002). Heavy
Metals in Urban Soils: A Case Study from the City of Palermo (Sicily), Italy. The Science
of the Total Environment. 300, 229-243.

Bent, S. & Bohm, K. (1995). Copper Induced Liver Cirrhosis in a 13-month-old Boy.
Gesundheitswesen. 57(10), 667 — 9.

Clark, C., Chirenje, T., Tait, M.A.& Reeves, M., (2003). Cu, Cr and As Distribution in
Soils Adjacent To Pressure-Treatment Decks, Fences and Poles. Environmental
Pollution, 124, 407-417.

Manta, D.S., Angelone, M., Bellance, A., Nevi, R. & Sprovieril, M. (2002). Heavy
Metals in Urban Soils: A Case Study from the City of Palermo (Sicily), Italy. The Science
of the Total Environment, 300, 229-243.

Mahaffey, K.R. (2004). Methylmercury: Epidemiology Update Presentation at the
National Forum on Contaminants in Fish. San Diego.

Feng, D., Aldrich, C. & Tan, H. (2000). Treatment of Acid Mine Water by Use of Heavy
Metal Precipitate and lon Exchange. Miner. Eng., 13(6), 623 — 642.

Marcovecchio, J.E., Botte, S.E. & Freije, R.H. (2007). Heavy Metals, Major Metals,
Trace Element. In: Handbook of Water Analysis. L.M. Nollet, (Ed.). 2" Edn. London:
CRC Press, 275 — 311.

Mandie, U. (2005). The Nature of Water. In: The Theory and Practice of Clean Water
Production for Domestic and Industrial Use. Lagos: Locto-Medals Publishers. 1 — 21.
Haraguchi, K., Endo, T. & Sakata, M. (2002). Mercury and Selenium Concentration
in the Internal Organs of Whales and Dolphins Marketed for Human Consumption in
Japan. Science of the Total Environment. 300,15 - 22.

Wenstell, R., FairBrother, A., Sappington, K. & Wood, W. (2007). Framework for Metal
Risk Assessment, Ecotoxicology and Environmental Safety, 68(2), 145-227.

Pawlak, Z., Zak, S & Zablocki, L. (2005). Removal of Hazardous Metals from
Groundwater by Reverse Osmosis. Polish. Journal of Environmental Studies, 15(4), 579
—583.

Vaca, M.V., Callejas, R.L.P., Gehr, R., Cisneros, B.J.N.& Alvarez, P.J.J. (2001). Heavy
Metal Removal with Mexican Clinoptilolite: Multi-component lonic Exchange. Water
Res., 35(2), 373 -3

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/ 99



http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

