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Abstract

Mining activities have long been recognized as a major source of environmental
contamination associated with heavy metals. In this study, ten (10) trace metals namely
As, Cd, Co, Cr, Cu, Fe, Hg, Ni, Pb and Zn were analysed from water (stream, river and
borehole) and soil (surface and sub-soil) samples collected from around the artisanal and
small scale gold mining site within the vicinity in Kuchiko-Hausa, Gurara LGA, Niger
State, Nigeria using Atomic Absorption Spectroscopy. The result from the water and soil
samples showed the while all the investigated trace metals were absent from all the water
samples, Hg was only found with concentration of 0.006 and 0.0053 mg/mL for the
stream and river water samples, the soil samples showed the presence of all the trace
metals except Cd and Co with As and Cr found only in the surface soil. All detected trace
metals in the samples were all lower than the WHO permissible limits. Periodic and
systematic study of the investigated and other metals concentrations is therefore
recommended since long-term exposure of these metals poses significant health risk for
human, animals and plants.

1. Introduction

Mining operations, which involve the extraction of minerals and ores beneath and at
the surface of the earth, are considered to be accompanied by environmental degradation
as well as environmental pollution and associated diseases as a result of some trace
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elements dispersed into the surrounding environment [1-7]. Mining adversely affects the
environment by inducing loss of biodiversity, soil erosion and contamination of diverse
class of food, surface water, groundwater and soil and is capable of leading to sink holes
because mine wastes generate acid mine drainage (AMD) which contains high amount of
sulfide bearing components for example sulfide ores composed of heavy metal
components especially lead, mercury, copper, manganese, zinc, nickel, cobalt, arsenic,
selenium, molybdenum, chromium, silver and vanadium [8-15]. Contamination of
environments caused by heavy metal due to mining activities has become a global issue
because of the potential health risks it poses to the local communities where the activities
take place [16]. Although some of these trace elements are essential nutrients (cobalt and
zinc) or relatively harmless such as silver. However, others like cadmium, mercury and
lead are highly poisonous if found at elevated concentrations [17-20]. The variation in the
concentrations of these trace elements could be attributed to the differential discharge of
untreated effluents originating from small scale and industrial mining, increasing
agriculture, and aquaculture sources [21-24].

As a result of the role heavy metals play within the framework of environmental
pollution investigation, determining the trace elements distribution patterns and their
levels of contamination in soils and water sources of the study area in order to identify
the distribution pattern of the elements that are present and the level of the contamination
in the mining site is the basic objectives of this study. This study will provide valuable
information on the levels and associated health risk of these trace metals in the area, data
if utilized will constitute a vital planning tool to health safety regulatory agencies.

2. Materials and Methods
2.1. Study area description

The study area, Kuchiko-Hausa (Figure 1) is a community situated in Gurara Local
Government Area of Niger State, Nigeria. It is on a geographical coordinate of longitude
7°10’E and latitude 9°16’N. The community spread into various neighbouring villages
with a large ratio of the inhabitants engaging in local farming and small-scale mining.
Farming activities is carried out mostly during the rainy season, with a few on irrigated
lands with crops cultivated mostly sorghum, millet, soybeans, cowpeas and maize. The
temperature is highest with value 28.7°C on average in April and with a lowest average
value of 23.9°C around August annually. The study area witnessed 1341mm of
precipitation falls annually.
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Figure 1. Map of Nigeria showing the position of Niger State and the study area
(Kucchiko-Hausa in Gurara Local Government Area (Land and Survey 2012).

2.2. Samples Collection
(A) Water samples

A total of fifteen (15) samples comprising five samples each from river (surface
water), stream (surface water) and boreholes (underground water) collected from
Kuchiko-Hausa and its environs. They were collected into stoppered-plastic bottles
thoroughly washed and rinsed with deionized water Filtration of the water samples was
done in the field using 0.45 pm diameter disposable filters to ensure the removal of
suspended solids before been stored in a stoppered-plastic bottles thoroughly washed and
rinsed with deionized water. SmL concentrated nitric acid per litre was added to the
samples collected using new syringes at the time of collection, to minimize adsorption of
metals onto the container walls [25].The samples were all stored in the refrigerator
throughout the period prior to analysis.

(B) Soil samples

Random sampling method was used to collect soil samples from different points
around the Kuchiko-Hausa mining site and at a distance of not more than 1 km apart.
Dutch soil auger to collect twenty (20) core samples each of surface and sub-surface (20-
30 cm depth below the soil surface) [26]. Samples were collected in a clean-labeled
polythene bags to avoid contamination.
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2.3. Chemicals

All reagents used were of analytical grade and from which standard solutions were
prepared. Glassware were thoroughly washed with detergent and rinsed with distilled
water.

2.4. Digestion procedure

The procedure outlined by Akubue, [27] with slight modifications was adopted for
the extraction of trace metals in this soil sample. One gram (1.0 g) each of air and oven-
dried soil sample previously sieved through a 2 mm mesh size was weighed and
quantitatively transferred into a 25 mL volumetric flask containing 5 mL perchloric and
concentrated nitric acid mixture in a ratio of 1:2. The vessel was gently swirled and kept
in a fume cupboard overnight. The samples were subsequently digested at a temperature
of 150°C on a hot plate for 3 hours or until frothing ceased. The solution was allowed to
cool and filtered through Whatman No. 40 filter paper before been made up to the 25 cm’
mark with distilled water. All samples types (water and soil) were then analyzed using
Shimadzu AA 500 Atomic Absorption Spectrophotometer (WINPRO AAS 500 VGP.
Spectrum, USA), attached to graphite atomizer with specific hollow cathode lamps for
various elements and a printer.

2.5. Laboratory analysis

Portions of homogenized soil and water samples digested were quantified for the
trace metals; As, Cd, Co, Cr, Cu, Fe, Hg, Ni, Pb and Zn, adopting various analytical
techniques and instrumentation in the evaluation of each trace metal, since each element
has its peculiar matrix and detection levels.

2.6. Metal analysis

The metal analysis was determined by comparing the absorbance I, when no analyte
exist and I, when analytes are present. Procedural blanks were prepared and aspirated
along with the analytical samples in order to correct for background absorption. The limit
of detection for the metal was 0.001 ppm while that of the blank was 0.00 ppm. The
instrumental description for each analyzed metal is presented in Table 1.
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Table 1. Instrumental description of the AAS.

S/N Metals Lamp description Slit width ~ Wavelength (nm)
(mm)
1 Lead Lead hollow cathode lamps 0.7 253.7
operated at 10mA
2 Cadmium Cadmium hollow cathode 0.7 228.8
lamp operated at 4 mA
3 Arsenic Arsenic ultra-lamp operated at 1.0 189.0
10 mA
4 Copper Multi-element hollow cathode 1.0 324.7

operated at 15 mA

5 Cobalt Cadmium hollow cathode 0.7 189.0
lamp operated at 10mA

6 Mercury Mercury hollow cathode lamp 0.7 253.7
operated at 10 mA

7 Zinc Multi-element hollow cathode 3.0 213.8
lamp operated at 12 mA

8 Iron Multi-element hollow cathode 0.2 248.3
lamp operated at 12 mA

9 Nickel Multi-element hollow cathode 0.15 232.1
lamp operated at 7 mA

10 Chromium Chromium hollow cathode 1.0 540.0
lamp of current 10 mA

2.7. Statistical analysis

Precision, accuracy and sensitivity of the analytical techniques employed in this
research were assured by quadruplet samples, blanks and the method of standard
addition. Results were expressed as the mean + standard deviation.
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3. Results

The results of the trace metal concentrations obtained from the assessment of the
quality of the different water sources and soil samples from the study location in
comparison with the permissible limits of conventional standard(s) is presented in Tables
2 and 3.

Table 2. Ranges and Mean Concentration Values for Selected Trace Elements in the

Various Water Sources around the Study Site.

EU NIS
(a)ND 0.003* 0.005%* 0.003*
(b)ND :

(c)ND

()ND 0.01#* 0.01%** 0.01%#*
(b)ND -
(c)ND

(a)ND

(b)ND :
(c)ND

(2)0.005- 0.012 = 0.006£0.0048 = 0.006%** 0.001%*%* 0.001%*%*
(b)0.001- 0.012 = 0.0053+0.0043

(c)ND -

(a)ND 0.02%* 0.02%* 0.02%*
(b)ND )

(c)ND

(@)ND 0.05%* 0.05%** 0.05%**
(b)ND -

(c)ND

Key: (a) Stream; (b) River; (c) Borehole; ND = Not detected. Note: Lead, Iron, Zinc and
Copper were not assessed for; QA = Quintuplet analysis; *Ogbuneke and Ezeibeanu,
[28]; ** WHO/FAO [29].

Cadmium

Arsenic

Cobalt

N/A N/A N/A

Mercury

Nickel

Chromium

The geochemical result of the concentration of selected trace elements in the surface
and sub-surface soils around the Kucchiko-Hausa gold mining site are presented in
Table 3.
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Table 3. Ranges and Mean Concentration Values for Selected Trace Elements in the Soil

Samples around the Study Site.

Copper

Lead

Zinc

Iron

Cadmium

Arsenic

Cobalt

Mercury

Nickel

Chromium

(a) 0 —7.40
(b) 0—7.40

(a) 0 — 32.80

(b) 0— 32.80

(a) 72.18 - 91.45

(b) 22.00 - 83.75

(a) 4115.85-4251.19
(b) 1160.10- 4253.75
(a) ND

(b) ND

(a) 0 - 1000

(b) ND

(a) ND

(b) ND

(a)0-25
(b)0-0.15

(a) 0.05 — 1.00

(b) 0.2 - 1.00

(a) 0 - 700

(b) ND

(a) 7.4+0.00

(b) 7.40.00

(a) 32.80 £ 0.00
(b) 32.80 £ 0.00
(a) 72.23 £ 19.62
(b) 51.34£20.90
(a) 4269.1+363.84
(b) 4035+1119.77
(@) -

(b) -

(a) 307£0.012
(b) -

(a) -

(b) -

(a) 0.068+0.0571
(b) 0.0340.0506
(a) 0.4£0.43

(b) 0.24+0.30

(a) 217+17.81

(b) -

36%*

85%

50*

4k

0.80*

5(0**

100%**

27k **

35°%

100%*

Key: (a) Surface soil; (b) Sub-surface soil; ND = Not Detected; QA = Quintuplet
analysis; * = WHO [32]; ** = Adagunodo et al., [33]; *** = Raymond and Felix, [34];

w#kk = USEPA [35].
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4. Discussion

Water is one of the most vital natural resources necessary for the existence of life. It
covers about 70% of the earth crust; hence, it is the most abundant substance on the earth
surface [28]. Surface water is water in a liquid form, which always flows downwards
usually, on mountain slopes, Groundwater has long served as a source of drinking water
and it is still very important today. Globally, groundwater is estimated to provide about
50% of current drinking water supplies. Although most ground waters are still of high
quality, at some locations, it is becoming increasingly difficult to maintain the purity of
groundwater [30]. The result of the trace elements analysis of stream, river and borehole
water from and around the study site showed the absence of all the investigated metals
except mercury which was found in concentration range of 0.006 and 0.0053mg/mL for
the stream and river water sample. Hg was however not detected in its borehole water.
This concentration of Hg obtained for stream water sample was the permissible limit as
stipulated by WHO/FAO but higher than the EU and NIS. The concentration obtained for
the river water sample was lower than the permissible limit set by WHO but higher than
that set by EU and NIS. The high levels of Hg were not unexpected because of the crude-
rudimentary and mercury amalgamation techniques adopted in the mining and processing
of lead-rich gold ore at Kuchiko-Hausa mining site. The finding from this study is
particularly worrisome since exposure to elevated levels of metallic, inorganic and
organic mercury can damage the kidney, brain and developing fetus since organic
mercury is lipophilic in nature and thus can easily penetrate cell membranes. Mercury
exposure also affects the nervous system, as well as alter brain functions thus leading to
tremors, shyness, irritability, memory problems and changes in hearing or vision. Short-
term exposure to metallic mercury vapors at higher levels can lead to vomiting, nausea,
skin rashes, diarrhea, lung damage, high blood pressure, etc., while short-term exposure
to organic mercury poisoning can lead to depression, tremors, headache, fatigue, memory
problems, hair loss, etc. Chronic levels of mercury exposure can lead to “erethism”, a
disease condition characterized by excitability, tremor of the hands, memory loss,
timidity, and insomnia [31].

The results showed that Cu, Pb, Zn Fe, Hg and Ni were found to be present in both
the surface and sub-soil around the investigated mine site. While Cr and As were found
only in the surface soils, Cd and Co were not reported in the investigated soils. The mean
concentrations of Cr (217 mg/kg) observed in the surface soil exceeded the Clarke value
of 83 mg/kg in the soil samples around the Kucchiko-Hausa mining mines. The mean
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values of Fe (4269.1 and 4035 mg/kg) in the surface and sub-surface soils respectively
also exceeds the Clarke’s value 35,000 mg/kg. Mean values of Cu (7.4 mg/kg) was lower
than the Clarke’s values of 25 mg/kg obtained in the soil samples close to the Enyigba
mines. While the surface and sub-soil have the same Cu and Pb mean concentrations, the
concentration of Zn, Fe, Hg and Ni were observed to be higher in the surface soil than in
the sub soil. These metals under acute exposure, lead to loss of appetite, fatigue,
sleeplessness, hallucinations, vertigo, renal dysfunction, hypertension and arthritis among
others while chronic exposure can result in birth defects, mental retardation, autism,
psychosis, allergies, paralysis, weight loss, dyslexia, hyperactivity, muscular weakness,
kidney damage, brain damage, coma and may even cause death [31, 36-40].

5. Conclusion

The concentration levels of all investigated parameters from both sample types were
mostly within the World Health Organization (WHO) permissible levels. This could
probably be due to the fact the mining operations in the site are low scale and artisanal in
operation unlike other sites where mechanized mining techniques could predispose
release of more pollutants and tailings.
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