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Abstract

This research study investigated the concentrations of some heavy metals (Hg, Pb, Cu and Zn) in soil samples collected from
Nyarugusu Gold Mines (located in Geita Region, Tanzania) using Atomic Absorption Spectroscopy (AAS). The results
obtained showed that average concentration for Hg (25.45 mg/kg) was higher than the tolerable limits recommended by the
United States Environmental Protection Agency (US-EPA). The average concentrations for Pb (10.14 mg/kg), Cu (19.75
mg/kg) and Zn (17.34 mg/kg) were found to be lower that tolerable limits, as prescribed by US-EPA. The high concentration of
Hg measured at Nyarugusu site indicated existence of high health risks to plants animals and (especially humans). pH values
for the soil samples were between 6.0 and 6.92 which is also dangerous for the availability of metallic minerals for plants

consumption.
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1. Introduction

Tanzania is one of the countries in Africa that are highly
endowed with mineral resources and is ranked fourth after
South Africa, Democratic Republic of Congo and Ghana [1-
3]. Minerals available in Tanzania can be categorized into
four main groups: metals, energy, industrial and gemstones
[1], [4]. Most of these minerals are formed near surface,
hence favorable for small scale mining (SSM) [2]. It is
anticipated that almost 60% of small scale miners in
Tanzania are involved in Gold mining [1]. The United
Nations Economic Commission for Africa [5] and [1] pointed
out specific areas where small scale miners are found in
Tanzania, including Sambaru and Londoni (Singida),
Nyarugusu, Mgusu and Rwamgasa (Geita), Mererani
(Manyara), Kalalani and Kigwase (Korogwe), Buhemba
(Musoma) and Ngapa (Tunduru). It is estimated that there are
about 650,000 to 750,000 small scale miners in the country,

out of whom 80% are believed to be working in the Lake
Victoria Gold Fields (in which the Nyarugusu Gold mines are
found [1]. Realizing the contribution of small scale miners in
the country’s economy, the Government of Tanzania through
the Ministry of Energy and Minerals demarcated areas for
SSM activities. These include Ngembambili (Kitai),
Masuguru and Makoro (Mbinga), Mpwapwa (Dodoma),
Ngasamo, Rwamgasa and Nyarugusu (Geita), Winza
(Bukombe), Mererani (Manyara), Makanya (Same), Rwabasi
(Musoma) Sezakofi and Mumbwi (Handeni), Nyasanero

Generally, SSM is an informal and highly disorganized
mining endeavor which is characterized by a relatively low
degree of mechanization, high degree of labor intensity, poor
occupational and environmental health standards, little
capital investments and lack of long term planning (Figure 1)
[2], [6-7]. Nevertheless, SSM provides 13 to 20 million jobs
worldwide, with 80 to 100 million people depending on it for
their livelihoods [2], [8-9].
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Figure 1. SSM activities at Nyarugusu Gold Mines.

Small scale gold mining activities can cause negative
impacts on both society and the environment [1], [3], [8-9].
The nature and type of the impacts depend on the type of the
mineral being mined, the mining and mineral processing
methods in use and the mining phase [3]. Uncontrolled
mining operations can be a source of heavy metal pollution to
soils, water, sediments and air through various mechanisms
such as deforestation, soil erosion, river siltation, landscape
destruction, amalgam burning and waste/tailings disposal, as
depicted in Figure 2 [9]. Also, these mining activities are
associated with health hazards, including exposure to toxic
dust, chemicals, noise and vibrations [3]. The existence of
poor working environment such as poor ventilation, extreme
heat and humidity, accidents from rock falls, explosions and
floods and the outbreak of communicable diseases (i.e.
HIV/AIDS) are also the major challenges [1].

Heavy metal pollution is felt in many parts of the world,
especially developing countries like Tanzania [10-12].
According to [10], the release of heavy metals from mining
areas mainly occurs through acid mine drainage and erosion
of waste dumps and tailings deposits. Heavy metal pollution
may lead to serious disruption of biological and biochemical
processes in a human body, which may lead to different
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disabilities such as mental retardation and loss of sight [9].
Infact, the contaminations of aquatic and terrestrial
ecosystems with heavy metals have been a major
environmental problems in almost all SSM areas of the world
including Tanzania [13-15].

Some common heavy metals associated with SSM include
Mercury, Nickel, Lead, Cadmium, Copper, Aluminum,
Platinum and Arsenic (metalloid) [11-12], [16]. It is known
that some of these metals are very toxic not only to humans,
but also to the whole environment in its totality. For instance
Mercury causes many harmful effects in humans’ nervous
system [14], [17-18]. Also, according to the United States
Environmental Protection Agency [19], Lead is the most
common heavy metal contaminant in the environment and
may be toxic to organisms even when absorbed in small
amounts. Cadmium is a heavy metal of major environmental
concern because of its high mobility and the small
concentration at which it can adversely affect plants and
animal metabolism [20]. Considering such hazardous nature
of these aforementioned heavy metals, it is therefore the aim
of this research work to assess environmental effects caused
by heavy metal pollution from SSM activities at Nyarugusu
Gold Mines, Geita — Tanzania.
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Figure 2. Typical low degree of mechanization and poor occupational and environmental health standards.
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2. Materials and Methods
2.1. Description of the Study Area

This study was conducted in Nyarugusu, one of the main
small scale mining centers located in Geita Region (Figure
3). Geita is located in the Lake Victoria Goldfields (LVG)
which is defined as the area surrounding Lake Victoria which

is active in Gold mining activities. Gold mineralization in the
LVG is of four types namely; auriferous quartz reefs and
stringers, auriferous sulphide impregnation consisting of
large scale disseminated sulphide replacements of banded
iron formations (BIF), alluvial gold deposits in laterites and
alluvial or stream sediment placer deposits [21-23].
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Figure 3. Location Map of Geita District showing major small scale Gold mining centers.

2.2. Sample Collection, Preparation and
Analysis

2.2.1. Sample Collection

In this study, eight (8) surface soils samples were collected
from four (4) specific areas in which Gold processing
activities were concentrated. The samples were collected
from the sample location using clean stainless steel material
and were collected at 15cm depth around the sample area; it
was thoroughly mixed and transferred into clean and labeled
polythene bag for onward analysis in the laboratory [24].

2.2.2. Sample Treatment

The soil samples were oven dried at 105°C to constant
weight for 6 hours [25]. The oven dried material were
crushed and sieved through 2.00mm mesh to obtain
representative samples [24].

Soil pH

Soil pH was determined in 1:1 soil water suspension and
1:2 soil 0.01M calcium chloride suspension as described in
[26]. 20g of air dried soil sample was weighed into a 50cm’
beaker and mixed with 200 cm’ of distilled water and 0.01M
CaCl, separately. The mixture for each was stirred for 30
minutes and allowed to stand for 1 hour. The pH reading was
taken after inserting the electrode of the pH meter into the
partly settled suspension and reported the result as soil pH in
water and 0.01M CaCl,. The pH meter was calibrated with
7.0 distilled water and pH buffer solution before used. The
electrode was washed and wiped with dry clean filter paper

after each reading [25].

2.2.3. Sample Digestion

1g of the oven dried ground sample was weighed using a
top loading balance and placed in a 250 ml beaker which has
been previously washed with nitric acid and distilled water.
The sample was reacted with 5 ml of HNO;, 15 ml of
concentrated H,SO,4 and 0.3 ml of HCIO, using dropping
pipette. The mixture was digested in a fume cupboard,
heating continued until a dense white fume appeared which
was then ingested for 15 minutes, set aside to cool and
diluted with distilled water. The mixture was filtered through
acid washed Whattman No.44 filter paper into a 50 ml
volumetric flask and diluted to mark volume [27-29]. The
sample solution was then aspirated into the Atomic AAS
machine at intervals for the determination of heavy metal
contents for; Hg (its presence was due to the use of Hg
during amalgamation), and Pb, Zn and Cu (whose presence is
associated with Gold ores).

3. Results and Discussion
3.1. Heavy Metal Concentrations in Soil

Results from this study (average concentrations of heavy
metals in soil) are as described in Table 1. The mean
concentration of Hg was found to be 25.45 mg/kg, which is
far higher than the maximum allowed concentration of 1
mg/kg, recommended by US-EPA [17-18]. The maximum
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measured Hg concentration was 78 mg/kg, which is also very
much higher than the maximum allowed Hg concentration in
soil. This scenario was highly contributed by high application
of Hg during amalgamation processes for Gold recovery
from mineral processing activities by artisanal and small
scale miners at Nyarugusu site.

Furthermore, Pb was found at an average concentration of
10.14 mg/kg, which is below the maximum allowed Pb
concentration of 200 mg/kg, recommended by US-EPA [17-
18]. The maximum measured Pb concentration was 18.5
mg/kg, which is also lower than the maximum allowed Pb
concentration in soil. The mean concentration for Cu (19.75
mg/kg) and Zn (17.34 mg/kg) were lower than the allowable
limits of 270 mg/kg and 1100 mgkg respectively,
recommended by US-EPA [17-18]. This signifies that there
are no existing health hazards related to Pb, Cu and Zn
pollution at Nyarugusu Gold mining site.

Table 1. Measured concentrations versus standard limits of heavy metal
concentrations in Soil.

3.2. Soil pH

Table 2 gives a clear picture of variations of pH across
various soil samples collected around Nyarugusu small scale
mining site.

Table 2. pH measurements for various soil sampling point.

Points 1 2 3 4 5 6 7 8

pH 6.91 692 691 648 655 6.3 638 6.0

Heavy metals conc. Standard

e ) Observed mg/kg Limits (mg/kg)"
Range Mean Mean

Hg 0.01-78 25.45 1

Pb 0.01-18.5 10.14 200

Cu 0.1-72 19.75 270

Zn 0.001-23.5 17.34 1,100

Higher concentration of Hg (25.45 mg/kg) measured at
Nyarugusu SSM signifies that soils at Nyarugusu Mines
possess a significant health threat to the indigenous
environment. Accumulation of heavy metals in soils leads to
increased bio-concentration and bio-accumulation in plants,
livestock and humans, mostly through the food chain [30].
Bio-concentration and bio-accumulation of heavy metals in
plants and livestock possess an indirect health risk to
humans, as they are at the end of the food chain.
Consumption of food and water polluted by heavy metals has
been connected to many health problems that endanger
human life, including wide range of carcinogenic pathogens
(skin, liver and kidneys), teratogenic effects, mutagenic
effects as well as brain damage [9], [17-18], [31]. Current
world trends indicate that there is a very high pollution of the
environment components by heavy metals accrued from
mining activities [4], [9-10], [31]. It is clearly anticipated that
the risk level to plants and animals (including humans) life at
Nyarugusu SSM will increase with time if immediate efforts
will not be taken to rescue the situation for the well-being of
the current and future generations.

The concentration of heavy metals in the soil in the study
area may be due to the area been used for many years for
extraction of precious metals. The concentration of mercury
in soil and tailings indicates the significant amount of
mercury is left in tailings during amalgamation which
through the percolating water cause contamination of surface
and ground waters.

1[17-18]

Results in Table 2 indicate that pH in soils varied from 6.0
- 6.92. The recommended standards pH in soils [17-18] is
between 6.3 and 8.5, indicating that 50% of the pH values
observed in the study were beyond (outside) the
recommended range. This is mainly due to Acid Mine
Drainage; a condition that occurs when sulphide ores (Gold
bearing ores) are exposed to the atmosphere (oxygen and
water) to form typical acids (mainly Sulphuric acid) that are
dangerous to the natural environment. These acids may then
react with heavy metals in soil and cause deficiency of plant
nutrients (i.e. K, Ca and Fe) which in turn results into poor
soil fertility in the respective agricultural areas [24], [32].

4. Conclusion and Recommendations

This study indicates that 25% of the heavy metals
investigated were found to be higher than the tolerable limits
for safe environment as prescribed by United States
Environmental Protection Agency (US-EPA). These high
concentrations of heavy metals observed in soils at
Nyarugusu Gold Mines implicate high health risks to animals
(especially humans) and plants. This research study suggests
that immediate and serious measures be undertaken by
relevant organs (Ministry of Energy and Minerals, National
Environmental Management Council and the Division of
Environment — Vice President’s Office) to reduce the
anticipated health impacts to the surrounding communities.

References

[1] MEM (2011). Ministry of Energy and Minerals. Minerals
Overview.

[2] Masanja, P. M. (2013). ASM Activities and Management in
Tanzania. Presented at: The International Conference on
public private partnerships for sustainable development:
Toward a framework for resource extraction industries.

[3] MEM-MS-EIA (2014). Ministry of Energy and Minerals.
Mineral Sector Environmental Impacts Assessment Guidelines.

[4] Kitula, A. G. N. (2006). The environmental and socio-
economic impacts of mining on local livelihoods in Tanzania:
A case study of Geita District. Journal of cleaner production,
14(3), 405-414.

[5] UN economic commission for Africa, (2008). Promoting
mineral clusters: the case of Tanzania.

[6] Hilson, G. (2001). A contextual review of the Ghanaian small-
scale mining industry. Mining, Minerals and Sustainable
Development. 76.



[7]

(9]

[10]

[11]

[12]

[14]

[15]

[16]

[17]

International Journal of Environmental Monitoring and Protection 2017; 4(1): 1-5 5

MEM-MIIG (2015). Ministry of Energy and Minerals. Mining
Industry Investor s Guide.

International Labor Organization (ILO). (1999). Social and
Labor Issues in Small Scale Mines. Report for Discussion at
the Tripartite Meeting on Social and Labor Issues in Small-
Scale Mines, Sectoral Activities Programme, TMSSM/1999
ILO: Geneva.

Basimaki, V. C. (2013). Mitigating health hazards related to
heavy metal pollution in soil and water, in small scale mines:
A Case Study of Nyarugusu small scale mine, Geita-Tanzania.
Unpublished Masters’ Thesis. Ardhi University, Dar es
Salaam, Tanzania.

Salomons, W. (1995). Environmental impact of metals derived
from mining activities: processes, predictions, prevention.
Journal of Geochemical exploration. 52(1), 5-23.

Van Straaten, P. (2000). Mercury contamination associated
with small-scale gold mining in Tanzania and Zimbabwe.
Science of the Total Environment. 259(1), 105-113.

Li, Z., Ma, Z., van der Kuijp, T. J., Yuan, Z., and Huang, L.
(2014). A review of soil heavy metal pollution from mines in
China: pollution and health risk assessment. Science of the
Total Environment, 468: 843-853.

Appleton, J. D. (2000). A study of the extent of mercury and
related chemical pollution along the Naboc River, Monkayo,
Davao del Norte; Hijo River, Apokon ore processing site; and
their neighbouring areas (rice fields and banana plantations) A
report for UNIDO Project DP/PHI/98/00511-02, British
Geological Survey, 108 pp.

Bose-O’Reilly, S., Maydl, S., Drasch, G., Roider, G. (2000).
Mercury as a health hazard due to gold mining and mineral
processing activities in Mindanao/Philippines. Final report,

UNIDO Project DP/PHI/98/005, Institute of Forensic
Medicine,  Ludwig-Maximilians  University, = Munich,
Germany.

Bakirdere, S., Yaman, M. (2008). Determination of lead,
cadmium and copper in roadside soil and plants in Elazig,
Turkey. Environmental Monitoring and Assessment. 136: 401-
410.

Nyambe, 1. (2000). Economic, Environmental and Social
Impacts of Small-scale Mining. Department of Geology,
School of Mines, University of Zambia.

United States Environmental Protection Agency (US-EPA).
(2002). Supplemental guidance for developing soil screening
levels for superfund sites. Office of Solid Waste and
Emergency Response, Washington, D.C.
http://www.epa.gov/superfund/health/conmedia/soil/index.htm

United States Environmental Protection Agency (US-EPA).
(2014). Cleaning up the Nation's Hazardous Wastes Sites.
http://www.epa.gov/superfund/

United States Environmental Protection Agency (US-EPA)
(2006). United States Environmental Protection Agency.

[20]

(21]

(24]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

EPA’s Roadmap for Mercury. Available at:
http://www.epa.gov/mercury/archive/roadmap/pdfs/FINAL-
Mercury-Roadmap-6-29.pdf.

Kabata-Pendias, A. and Pendias, H. (1984). Trace elements in
soils and plants (Vol. 315). Boca Raton: CRC press.

Tesha, A. (2003). Information about the project site in
Tanzania. Removal of barriers to introduction of cleaner
artisanal gold mining and extraction technologies. Global
Mercury Project. Available at http://www.
globalmercuryproject.
org/countries/tanzania/docs/tanzania_in fo% 20about%
20sites.pdf-

Spiegel, S. J. (2009). Resource policies and small-scale gold
mining in Zimbabwe. Resources Policy. 34(1), 39-44.

UNEP. (2012). Analysis of formalization approaches in the
artisanal and small-scale gold mining sector based on
experiences in Ecuador, Mongolia, Peru, Tanzania and
Uganda. UNEP.

Yusuf, A. J., Galadima, A., Garba, Z. N., & Nasir, 1. (2015).
Determination of some heavy metals in soil sample from Illela
Garage in Sokoto State, Nigeria. Research Journal of
Chemical Sciences.

Inuwa, M. and Shuaibu, M. (2007). A review on Heavy metals
pollution: Sources and toxicity. J. of Res. In Phys. Sci., 3(4)
51-56.

IITA (1979). Selected Methods for Soil and Plants, Manual
Series No: 1, Ibadan, 2-50.

Walinga, 1., Van Vark, W., Houba, V. J. G. and Vander Lee, J.
J. (1989). Plant analysis procedures, Wageningen agricultural
units (soil and plant part 7). A series syllable, Netherland. 10-
167.

Sahrawal, K. I., Ravi-kumar, G. and Raoj, K. (2002).
Procedures for the Determination of K, Mg, Fe, Zn and Cu in
plant materials. Sci. Res., 2(6): 515-521.

Inuwa, M. (2004). Analytical assessments of some trace
metals in soils and sodon apple (Calotropisprocera) around
the major industrial areas of North-West zone of Nigeria, 0-
96.

Cunningham, W. P., Saigo, B. W.,, and Cunningham, M. A.
(2001). Environmental science: A global concern (Vol. 412).
Boston, MA: McGraw-Hill.

Lema, M. W. (2016). Environmental consequences related to
poor adherence to standard mining practices by artisanal and
small scale miners: The case of Ashiraq mines, Tanzania.
American Journal of Earth and Environmental Sciences.
1(1):1-6.

Wilfred, M. (2014). Heavy metals and metalloids in Minjingu
rock phosphate fertilizers, and their residues in soils and
common beans (Phaseolus Vulgaris, L.). Unpublished PhD
Thesis University of Dar es Salaam, Tanzania.



