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ABSTRACT

Soil and Tailing samples in Dan-Kande gold mining environment were analysed with the aid
of X-Ray Fluorescence technique. The long period of artisanal mining exercises in the
environment calls for investigation for health benefits of critical group. Of the detected
elements, It was observed that Mn, Fe, Ni, Cu, and as occurs in raised concentrations at
many folds above USEPA regulatory benchmarks at the café and residential areas. There is a
close correlation between the raised values obtained from the House and café samples

Keywords indicating that minerals are being taking into various houses for processing. This is a
X-ray fluorescence (XRF) potential health bomb due to explode.
analysis, © 2015 Elixir All rights reserved.

Heavy metals,
Health implications,
Artisanal mining exercises.

Introduction
Background to Research

In March 2010, an unusually high number of deaths,
primarily among children under age 5 in Bukkuyum and Anka
Local Government Areas (LGAs) of Zamfara State, northern
Nigeria, was reported by Médecins sans Frontiéres (MSF-
Holland) to state health authorities.(UNEP, 2013). Analysis of
cause of the crisis was traced to poisoning due to pollution by
Lead generated as a result of artisanal gold mining activities.
The world’s attention beamed focus on Nigeria. Ever since then
a lot of remediation activities had been underway in the affected
Zones.

The Lead poisoning outbreak is just an index of the health
problem sources that lurks behind the mining exercises based on
the method applied. The high concentration of Lead discovered
is one of the many possibilities of raised heavy metal
concentrations that can accompany human anthropogenic
activities such as mining. As a result of their physical and
chemical properties, a different form of heavy metals exhibits
different variations of characteristics. These characteristics
determine the possible health effects that can results if allowed
to bio-accumulate in human body. The resulting health effect
may range from immediate to latent effects. Of latent effects,
cancer formation is one of the most noticeable ones.

Heavy metals normally occurring in nature are not harmful
to the environment. This is because they are only present in
small amounts. The heavy metals become pollution when they
show up in huge amounts primarily due to industrialization.
(Baranowski R., et. al.,2011, Ewa, 1.0.B., et.al., 2000, Ewa. I. O.
B., et.al, 1989). Mining exercises is a major industrial activity
that can generate heavy metals at elevated levels. Once
generated they bio-accumulates and become potential source of
health hazards to exposed populace. As human activity impacts
upon the environment, metal contamination issues are becoming
increasingly common (Fernandes and Henriques, 1991).
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The concerns for heavy metals arise from their persistence and
harmful effects on the environment and human health (Purves,
D., 1985, Biney, C. A., 1991). Trace amounts of heavy metals
can accumulate in the food chain (Gupta, A., 1995, Gulson, B.
L., et.al. 1996, Folt Carol L., Cheu Celia Y., 2001), eventually
causing diseases such as autism, cancer, dementia, dyslexia,
leukaemia, lymphoma etc and health condition such as neuro-
degeneration and senility (ASTDR,1999, Windham, B., 2000).
Metals such as selenium, zinc, manganese, copper, nickel etc are
essential for proper metabolism and development in living
organisms (Rainbow, P. S., 1985. Hunter, M., et.al.1986),
however, they are detrimental to health at elevated levels.
Justification for the research

Médecins Sans Frontiéres (MSF-Holland) focuses its
attention mainly on the resulting immediate effect of the Lead
poisoning; the possibility exists of a host of other heavy metals
present in the polluted zone to occur at raised concentrations
with various resultant latent effects. Thus the need arises for
surveys and researches on;

I. Dan-Kande as one of the vyet-to-be-covered areas by
documented survey to determine possible immediate and latent
hazards that may exist due to the artisanal exercises,

Il. Dan-Kande in a bid to establish preliminary data on the
environment and raise possible alert were potential threat to
human life is found to exist.

Methodology

The soil and tailing samples were collected from different
mining stages and the compounds of the villagers with the aid of
sterilized plastic container, the samples were pulverized with the
aid of agate mortar and pestle into a fine powder. The powders
were prepared into a thick pellet of 13mm diameter. The
analysis was carried out at the Center for Energy Research and
Development (CERD), Obafemi Awolowo University, Ife,
Nigeria.
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Table 1. Location characteristics of study area

Location Characteristics ‘
Sample code | Description Coordinates Elevation
Lat (N) Long (E) | (M)
DKM1 Mill samples 12.17579 6.3835 484
DKM2 Mill samples 12.17591 6.3836 481
DKM3 Mill samples 12.17624 6.38352 480
DKM4 Mill samples 12.17653 6.38313 483
DKH1 House samples 12.17577 6.38354 486
DKH2 House samples 12.17514 6.3829 479
DKH3 House samples 12.17486 6.37652 482
DKH4 House samples 12.17432 6.37054 477
DKH5 House samples 12.17379 6.37021 480
DKC1 Mine cave samples | 12.19195 6.36968 498
DKC2 Mine cave samples | 12.19242 6.37 500
DKC3 Mine cave samples | 12.19289 6.37038 502
DKC4 Mine cave samples | 12.19335 6.37073 514
Table 2. Dan-Kande Mining café sample results
Dan-Kande Café Samples (PPM)
Element | DKC1 | DKC2 | DKC3 | DKC4 Mean Max. Min. Toxicology References
Benchmark
K N.D N.D 44759 | 28402 36580.5 | 44759 | 28402 N.S.L* (OFNL, 2008)
Ti N.D N.D 7411 4815 6113 7411 4815 47000 (OFNL, 2008)
Mn N.D 298 2087 3607 1997.333 | 3607 298 3200 (OFNL, 2008)
Fe 225759 | 42018 | 259222 | 25646.4 | 138161.4 | 259222 | 25646.4 | 55000 (OFNL, 2008)
Ni 15286 | 26 2740 1190 4810.5 15286 | 26 1600 (OFNL, 2008)
Cu 21029 | 11 1582 670 5823 21029 | 11 2900 (OFNL, 2008)
Zn 16145 | 351 4888 3300 6171 16145 | 351 23000 (OFNL, 2008)
Sr N.D 884 N.D N.D 884 884 884 47000 (OFNL, 2008)
As 72119 42200 | 61997 58772 72119 | 42200 100 NEPC (2003), ANZECC (2000)
N.S.L.*: No Screening Level, N.D: Not Detected
Table 3. Dan-Kande residential Compound sample results
House samples
Element | DKH1 | DKH2 | DKH3 | DKH4 | DKH5 | Mean max Min. | Toxicological References
Benchmarks in PPM
Ca 163000 | N.D N.D 28900 | N.D 95950 163000 | 28900 | N.S. L. OFNL, 2008
Ti 3000 3000 3000 24706 | 29400 | 12621.2 | 29400 | 3000 | 47000 OFNL, 2008
Mn 604 465 693 2519 21600 | 5176.2 21600 | 465 3200 OFNL, 2008
Fe 42371 | 42534 | 42479 | 287734 | 221484 | 127320.4 | 287734 | 42371 | 55000 OFNL, 2008
Ni 26 26 26 N.D 16310 | 4097 16310 | 26 1600 OFNL, 2008
Cu 11 11 11 N.D 23531 | 5891 23531 |11 2900 OFNL, 2008
Zn 249 233 170 23140 | 15632 | 7884.8 23140 | 170 23000 OFNL, 2008
Sr 329 319 1111 N.D N.D 586.3333 | 1111 319 47000 OFNL, 2008
As N.D N.D N.D N.D 56045 | 56045 56045 | 56045 | 100 NEPC (2003), ANZECC (2000)
Table 4. Dan-Kande Mill sample results
HOU
Element | DKH1 | DKH2 | DKH3 | DKH4 | DKH5 | Mean max Min. Toxicological References
Benchmarks in ppm
Ca 163000 | N.D N.D 28900 N.D 95950 | 163000 | 28900 N.S. L. EPA Human health
Ti 3000 3000 3000 | 24706 | 29400 | 12621.2 | 29400 | 3000 47000 EPA Human health
Mn 604 465 693 2519 21600 5176.2 21600 465 3200 EPA Human health
Fe 42371 | 42534 | 42479 | 287734 | 221484 | 127320.4 | 287734 | 42371 55000 EPA Human health
Ni 26 26 26 N.D 16310 4097 16310 26 1600 EPA Human health
Cu 11 11 11 N.D 23531 5891 23531 11 2900 EPA Human health
Zn 249 233 170 23140 | 15632 7884.8 23140 170 23000 EPA Human health
Sr 329 319 1111 N.D N.D | 586.3333 | 1111 319 47000 EPA Human health
As N.D N.D N.D N.D 56045 56045 56045 | 56045 100 NEPC (2003), ANZECC (2000)
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The elemental analyses of the soil and tailing samples were
carried out using the Energy Dispersive X-ray Fluorescent
(EDXRF) spectrometer. The spectrometer an ECLIPSE III,
supplied by AMTEK INC. MA; USA, is a self-contained
miniature X-ray tube system. It features a 30 kV/100 pA power
supply, silver (Ag) transmission target, and a beryllium end
window. In order to facilitate the use of this spectrometer, a
portable controller is attached to it which generates all the
voltages needed to operate the X-ray tube and provides both the
voltage (kV) and current (pA) display and control. All our
measurements were taken using the voltage 25 kV and current
50 pA. Each sample was irradiated for 1,000 seconds. The dead
time was less than 5% using Teflon filters before the detector.
The detection system for all the measurements is a Model XR-
100CR which is a high performance X-Ray Detector with
preamplifier and a Cooler System which wuses a
thermoelectrically cooled Si-PIN Photodiode as an X-Ray
detector. The power to the XR-100CR is provided by the
PX2CR power supply. The detector is coupled to the Pocket
MCA 8000A Multichannel Analyzer. The resolution of the
detector for the 5.9 keV peak of 55Fe is 220 eV FWHM with 12
us shaping time constant for the standard setting and 186 eV
FWHM with 20 ps time constant for the optional setting. The
optional setting was used for our measurements with the
resolution of 186 eV for the 5.9 Peak of 55Fe. The quantitative
analyses of samples were carried out using the Quantitative
Analysis Software package. It converts elemental peak
intensities to elemental concentrations and/or film thicknesses.

Figrel. One of the mining cafes in the study area where soil
samples were collected
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Figure 2. A research member discussing events with a tour
guide. To the right are heaps of Tailings from mineral

processing
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Results
Dan-Kande Mine-cave sampling
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Figure 3.Mine café sampled results
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Figure 4. Dan-Kande house sampled results

Dan-Kande Mills sampling
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Figure 5. Mill sample results

Discussion

The distribution of the heavy metals and metalloid in this
exercise falls into three identifiable categories; Potassium, K,
with maximum concentration at the mine café, as 44759 ppm
and Calcium, Ca, with maximum level at the residence area at
163000 ppm, fall to the No Screening Level (N.S.L.) according
to United States Environmental Protection Agency. Mn, Ti, Sr,
Ni, Cu and Zn falling within regulatory benchmarks, thus are of
no importance in the discussion in this context. The last category
of heavy metal considerations in the present study fall on the
ones that exceeds the benchmarks as stipulated by the regulatory
bodies concerned. These are Arsenic, As, and lIron, Fe. The
maximum concentrations of Arsenic at the three stages
examined are 72119 ppm, 56045ppm and 45696 ppm at the
mine café, house and the mill respectively. The regulatory
benchmark considers 100 ppm as the upper limit of safety
considerations for the metal in question. This implies that
Arsenic is found to have been raised at many folds beyond
benchmark at the three stages examined. These are indications
of health risk factor for habitants and mine workers in the zone.
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According to Khawar Sultan, 2006, citing USEPA (1996) and
ATSDR (1989), arsenic is one of the top three elements
identified as having adverse public health effects based on
itstoxicity. It has been recognized as being poisonous to humans
since ancient times. Elevated arsenic levels in soil/rock are one
of the major sources of arsenic contamination of surface, ground
and drinking water throughout the world and recently have
become the focus of investigation of the possible source,
mobility and fate of arsenic in local environments (Smedley and
Kinniburgh, 2002; Grosz et al., 2004; Mahoney et al., 2005).
The toxic effects of arsenic on plant, animal and human health
have become a global issue due to the potential risk posed by
arsenic entering the food chain (Khawar S., 2006). In this work,
the recorded level of Arsenic reaching as far as 45696 ppm
indicates the necessity to study the geochemistry of Arsenic in
the zone. Arsenic is naturally associated with elements such as
Pb, Zn, Cu, Fe and Au in ores. The high soil arsenic content is
due to the elevated background soil levels and fixation of arsenic
onto the secondary oxides of Fe, Al and Mn. This corresponding
high level of Fe observed in the study is in accordance with
noted association between As and Fe.
Conclusion
Based on the consistently high concentration levels at all the

examined stages of Fe and As, there is a strong indication that
the villagers at the mining locality under study interacts well
with the processing activities. This in event is a potential risk
factor to the development of health problems from the exercises
by the local populace that are grossly unaware of what they are
exposing themselves to.
Acknowledgements

The authors are grateful to Tertiary Education Trust
Fund (TETFUND) body of Federal and State tertiary
educational institutions in Nigeria, for the sponsorship
of the research works. The authors are also grateful to the
authority of Federal College of Education (Technical) Gusau,
Nigeria for its supports towards the success of the entire study.
Finally, the research team wish to acknowledge the contributions
of Mallam Nasiru Galadima, Rural Finance and Livelihood
officer, Fadama Il Project, Ministry of Agriculture, Gusau,
Zamfara State, Nigeria.
References
A. E. Grosz, J. N. Grossman, R. Garrett, P. Friske, D. B. Smith,
A. G. Darnley, and E. Vowinkel (2004). A preliminary
geochemical map for arsenic in surficial materials of Canada and
the United States. Applied Geochemistry, 19: 257-260.
A. Gupta, 1995. Heavy metals in water, periphytonic algae,
detritus and insects from two streams in Shillona, North Eastern
India. Environmental Mnitoring and Asessment. 40. 3: 215 —
223.
Agency for Toxic Substances and Disease Registry, U. S. Public
Health services, 1999. “Toxicology Profile for Mercury” March
and April 1999 Media Advisory, New MRLS for toxic
substances, MRL: elemental mercury vapour/inhalation/chronic
& MRL: methyl mercury/oral/acute; Retrieved April 21, 2006
from http://atsdr.cdc.gov:8080/97list.html ANZECC (2000).
Australian Guidelines for Water Quality Monitoring and
Reporting. Australian and New Zealand Environment and
Conservation Council, Canberra.
ATSDR (1989). Agency for Toxic Substances and Disease
Registry. Toxicological Profile for Arsenic. Agency for Toxic
Substances and Disease Registry, U.S. Public Health Service,
Atlanta, GA. ATSDR/TP-88/02.

S. Girigisu et al./ Elixir Pollution 80 (2015) 31173-31176

B. L. Gulson, K. J. Korsch, and D. Howwarth, 1996. Non-ore
body sources are significant contributors to blood lead of some
children with low to modereate lead exposure in a major mining
community. The Science of the Total Environment, 181: 223-
230.

B. Windham, 2000.Cognitive and behavioural effect of toxic
metals, November (over 150 medical study references).
Retrieved June 20, 2003, from
www.home.earthlink.net/~berniew1/tulbn.hml.

C. A. Biney, 1991. The distribution of trace metals in the Kyong
Headpond and Lower Volta River, Ghana. In Perspectives in
Aquatic Ecotoxicity: N. K. Shastree (Ed). Norendra Publishing
House, Delhi, India.

C. Biney, A. T. Amuzu, D. Calamari, N. Kaba, I. L. Mbome,
H. Naeve, P. B. O. Ochumba, O. Osibanjo, V. Radegonde and
M. A. H. Saad, 1994. Review of heavy metals in the African
aquatic environment. Ecotoxicity and Environmental Safety, 28:
134-159

D. Purves, 1985. Trace elements contamination of the
International Journal of Mining Engineering and Mineral
Processing 2012, 1(3): 107-114 113 environment. Armstaderm:
Elsevier, New York.

Edorph Patrick, 2007. Heavy metal action. TWAS Newsletter,
19.2:42-45

| .0.B. Ewa, M.O.A. Oladipo, L. A Dim and S.P . Mallam
(2000) Journal of Trace and Microprobe Techniques, 18 (3),
398-395.

I.O. B. Ewa and L. A. Dim (1989) J. Environmental Sci. Health
A24, 243 - 254,

J. C. Fernandes, and F. S. Henriques (1991). Biochemical,
physiological and structural effects of excess copper in plants.
The Botanical Review. 57, 246-273.

J. Mahoney, D. Langmuir, N. Gosselin, and J. Rowson, (2005).
Arsenic readily released to pore waters from buried mill tailings.
Applied Geochemistry, 20: 947-959.

Khawar Sultan, 2006. Distribution of Arsenic and Heavy Metals
in Soils and Surface Waters in Central Victoria (Ballarat,
Creswick and Maldon). Ph.D. Thesis submitted to School of
Science and Engineering University of Ballarat. PO Box 663,
University Drive, Mount Helen Ballarat, Victoria 3353,
Australia.

L. Folt Carol and Y. Cheu Celia, 2001. Transfer of toxic metals
in aquatic food Webs. Dartmouth Toxic Metals Research
Program. Assessed May, 4, 2006, from
www.dartmouth.edutoxmetal/RS.shtm.

M. Hunter, T. Stepheson, and J. N. Lester, (1986). The fate of
heavy metals in pilot-plant scale upflow sludge blanket clarifiers
in heavy metals in upflow sludge — blanket clarifiers. 152pp
NEPC (2003). Assessment levels for soils, sediment and water.
Contaminated Sites Management Series. Environmental
Management Division. National Environmental Protection
Council. Perth, Australia.

ONFL, 2008. Comparison of Metals Analysis in parts per
million or in mg/kg. retrived from www.ohionetwork.org/chart.1
on 07/01/2015.

P. S. Rainbow, 1985. The biology of heavy metals in the sea.
International Journal of Environmental studies, 25: 195

P. L. Smedley, and D.G. Kinniburgh, (2002). A review of the
source, behaviour and distribution of arsenic in natural waters.
Applied Geochemistry, 17: 517-568.

R Baranowski, A Rybak, Baranowska | (2011). Ajibola, V. O.
Rolawanu, R. J. Sci. Industry Res. 2000, 59(2) 132 - 136.

W. Mertz, 1981. The essential trace element, Science 213: 1332


http://www.dartmouth.edutoxmetal/RS.shtm
http://www.ohionetwork.org/chart.1

