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Abstract: This study is part of the main research carried out in 2010 which
investigated social economic impact of uncontrolled artisanal mining on local
communities and the environment using a case study of sampled gold mining sites in
selected villages in Lunguya and Segese wards in Kahama District, Tanzania. The
methodology involved a study sample size of 210 households, forming 70% of the
targeted mining villages. They were interviewed on various social economic
variables related to artisanal mining and environmental issues in the study area.
Interviews to respondents were counterchecked by medical laboratory examination
records to validate the results on the impact of mercury use by uncontrolled
artisanal mining activities on human health and the local environment at large. In
short, uncontrolled artisanal miners' practices of site clearing of trees to give way
to open cast mining in extraction of ore; and washing processes involving use of
mercury in shallow ponds which frequently acted as sources of domestic water
compounded the polluting effects to human population in the study area.
Laboratory investigation results indicated that there were mercury concentrations
in soil and water ranged between 0.012 mg/kg in water to 0.85mg/kg in soil with pH
ranged from 2.8 (acidic) in the water that miners re-used in the processing of gold
ore, to 4.1 in the water pool, for example, at Kakola in Lunguya ward where
residents used the same water for domestic purposes; while soil acidification
recorded (2.7) pH. In the overall, 89% of interviewed respondents in the study area
stated they partially benefited economically through self-employment gained from
artisanal gold mining at the expense human health and environmental pollution and
degradation in general. This study concluded that although the community in the
study area apparently gained economic benefits from artisanal gold mining; the
consequent public ill-health and environmental hazards outweighed the benefit
gained. The study recommended to the government, law enforcers and other
stakeholders at different levels to take immediate safety measures to ensure safe
artisanal gold mining for sustainable development. This to be paralleled by
community awareness building on the negative effects of poor mining methods in
order to take collective remedial action for the welfare of the local community and
the nation at large.
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mercury concentrations, environmental pollution, community health.

1 INTRODUCTION
Mining is a human activity that involves digging into the earth to extract naturally
occurring minerals either through open cast or shaft mining. Mining can be done at
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surrounding communities in the villages of Segese and Lunguya wards in Kahama
district, and consequently come up with alternative suggestions for sustainable
development in the study area. Specifically, the study examined the gold mining
method, safety and technology used by artisanal miners in from the extraction of
gold ore to the ore purification process using mercury and water from streams and
the human health risks involved. It is hoped that, the added knowledge and
experience from the study exposed the magnitude of the polluting problem caused
by uncontrolled artisanal mining worth-intervention by different stakeholders at
different levels to improve the health situation in the study area and the country at
large.

2 LITERATURE REVIEW
Small scale mining for gold is a worldwide phenomenon which directly and
indirectly supports an excess of 100 million people (World Bank, 2005). Small
scale gold mining provides jobs in remote villages, reduces migration of able bodied
people to urban areas, and helps fight poverty. On the other hand, artisanal mining
has considerable risks to the environment and people's health. Generally, artisanal
miners belong to the informal sector (Worid Bank, 2005). Very little reliable data
exists to document employment levels in the small scale sector. A large proportion
of small-scale miners, notably artisanal miners, are employed in the informal sector
and therefore not necessarily accounted for in official statistics. Artisanal mining
activities degrade the environment when there is uncontrolled use of mercury in the
mining processes, the processing of gold using mercury, is known as gold
amalgamation. Amalgam formation is thought by some authors to be a formation of
alloys between mercury and metals. Others believe that amalgamation may be an
adhesion process or an interpenetration of the two elements. Mercury forms
amalgams with all metals except iron and platinum (Veiga et ai., 2006).

Studies made by the World Bank (2006) show that the cutting of trees in Mongolia
which also involved massive burning of wood in the process of clearing the forest
for mining activities degraded the environment, leaving behind no chance for other
economic activities like agriculture. In Indonesia artisanal mining activities led to
excessive cutting of trees which affected the forest cover and increased the rate of
environmental degradation and poverty (World Bank,2000).

A Papua New Guinea study revealed plenty of gold mostly found in Lihir village.
Apart from mining activities, rural communities of Papua New Guinea depend on
nature to sustain their livelihood. The introduction of mining activities in remote
areas of the country had a greater effect as the mining activities degraded severely
the environment and made it unsuitable for agriculture and other economic
activities. These rural communities were also affected by water born diseases
caused by insects that dwell in water sink holes made by pit digging during the
mining processes (Shearman et ai., 2010).

Venezuela artisanal mining practices degraded the environment through heavy
deforestation caused by tree cutting for mining activities. Aryee et ai. (2003)
observe in Ghana that, where artisanal mining activities for gold are taking place
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that any progress is challenged by a counter action force. For instance,
"development" such as the invention of automobiles face counter-forces involving
automobiles pollution, risk of injury and death in accidents.

Sakar (Ibid) advanced five main PROUT propositions as follows: Firstly, no
individual should be allowed to accumulate any physical wealth without the clear
permission or approval of the collective body. Secondly, as basis of a collective
approach to economic questions, there should be limitations on the individual
possession of physical wealth which is something finite as compared to moral or
mental and spiritual sphere, because that is an infinite treasure of humanity which
should not be restricted. Thirdly, there should be maximum utilization and rational
distribution of all mundane, supra mundane and spiritual potentialities of the
universe. This principle encourages society to utilize all resources of the universe to
satisfy human needs. "Rational distribution", means that the minimum necessities of
all should be guaranteed but that individuals who have contributed special services
to society should be given special rewards to encourage their work and to encourage
others also to contribute more to society. Fourthly, there should be a proper
adjustment amongst these physical, metaphysical, mundane, supra mundane, and
spiritual utilizations. He underlined society to inspire people to work for the
individual and collective good, and thus he urges that provisions will be made so
that all can earn their minimum necessities through appropriate work. Fifthly, that
the method of utilization should vary in accordance with changes in time, space and
person, and the utilization should be of a progressive nature.

This study intended to use PROUT to make analysis on whether the financial of
wealth gained from gold by artisanal miners equally benefits the local community in
terms of health in rationality to resource utilization. On the one side of the coin,
while exerting environmental degradation, diseases, poverty and deforestation on
the other side it is not sustainable in society. The mainstream argument of PROUT
lies on the assumption that, when animate "utilize" inanimate at sustainable levels
animate and inanimate objects in the environment co-exist harmoniously forming
the unit of opposites under supreme consciousness. The problem arises when
animate or human population overexploit inanimate for "development"; it is when
counteractions surface out. Situating it to this study; the artisan miners as part of the
human society want gold for social development, however mismanagement of
extraction of inanimate symbolized by gold mining shortly brings in disharmony as
interaction trends emerge in the form of environmental degradation in various ways
including depletion of forests, soil and water pollution giving way to social and
public health hazards which in turn afflict both the human society in terms of
disease and the environment due to uncontrolled artisanal mining.

Critics of PROUT argue that, the theory advocates an ideal society with dogmatic
perfection hanging between Socialism and Social Democrat bound by a spiritual
belief fibre. This question has its practicability in a secular society with diverse
institutional belief; and so far no country has introduced and practiced PROUT.
Despite the foregoing criticism, this study partly took its logical recognition that for
every action there is a counter-action. In social development perspective, every
"development" has its "costs". Likewise, artisanal miners commercially benefits
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average, rainfall ranges from 750 to 1,030 mm per year between October and May.
However, the recent years have experienced rainfall variability rendering unreliable
rainfall distribution pattern (Kahama Meteorological Department, 2009). The
District is drained by several seasonal streams collecting water from five
catchments areas known as Mtoni, Kigozi, Isanga, Manonga and Kadongkeni.
Mtoni and Kigozi catchments drain the southern and western part of the District into
Lake Tanganyika, whereas, Isanga and Kadongkeni catchments drain the eastern
and northern parts respectively into Lake Victoria. According to the Kahama
Agricultural Department (2009), the topography of the District include the inter-rift
plateau at altitudes ranging from 1,050 to 1,500 m. above sea level. The land
surface is made up of undulating upland plains duplicated by isolated residual low
relief hills. These undulating to flat plains are characterized by frequent occurrences
of bottom lands covered with a mixture of silt, volcanic and black clayey soils
termed by indignant people as mbugas are wide spread over the upland valleys
which experience floods during the rainy season.

The geology of the Kahama is formed by the Nyanzian greenstone belts within the
Lake Victoria Goldfields basin divided into two parts: the Eastern "outer arc" of the
Sukumaland Greenstone Belt; and the Western part of the Rwamagaza Greenstone
near the largest gold producer in Tanzania, the Bulyanhulu Gold Mine located at the
north-west point of Kahama West. The gold mineral ore at Bulyanhulu is associated
with major quartz vein systems at the contact between mafic-intermediate flows and
felsic pyroclastics, locally with lenses of Argillite. Economic gold mineralisation in
the Tanzanian Craton is principally associated with the greenstone belts of the
Nyanzian System. The study area covers the two wards of Lunguya and Segese
which fall under the Greenstone Belt and are located near the main Bulyanhulu
Gold Mine.

According to the Kahama District Agricultural Department (2009), the economic
activities are mainly agriculture and livestock. Estimated 483,320 ha form arable
land which is either put under crop cultivation or livestock grazing. There are five
major crops named as main income earning crops, namely cotton, paddy, tobacco,
maize and chickpea. These crops contribute more than 40% of the district economy.
Basically agriculture and livestock employ more than 80% of the district
population. Forestland occupies 211,000 ha. Mining is another important economic
activity carried out in two official mines in operation, Kahama Gold Mines
(underground mining), and Buzwagi mines (open ground mining) while artisanal
gold mining is commonly found in Segese, Lunguya, Bugarama, Isaka, Kahama
Mjini and Chela wards.

3.2 Methods
A variety of data collection methods were used in order to triangulate information
as follows:
(i) Documentary Review: includes, policy documents, technical papers, journals,
government and district reports, medical records related to social economic effects
of artisanal gold mining in the study area. Secondary data on diseases associated
with environmental pollution were collected from clinical officers in nearby health
facilities.
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140 households from Nyangalata and Kalole mmmg village m Lunguya ward.
Table! shows the representative sample from each study ward.

S dh ldTable 1: ample ouseho s
WARD Total Number 6% proportional of Number of

of Households representative sample Households to be
(PRS) of households sampled

Segese 1170 1170 x 3509 x 210 70

Lunguya 2339 2339 x 3509 x 210 140

Total 3509 x 210

Source: Kahama Dlstnct Survey, 2011

(b) Selection of study wards
Kahama District is endowed with gold reserves found within the Nyanzian
Greenstone Belts in the Lake Victoria Goldfields. The selection of the study area
was based on the availability of artisanal gold mining activities deposits as
compared to other areas of the District. The choice was equally influenced by
Taylor's (2010) observation that within the 34 wards in Kahama District, some
wards had artisanal mining activities. This study purposely selected two artisanal
mining wards. The rationale for the selection was based on their longer time
involvement in artisanal mining activities than others. They were deemed to
possess relatively established information and experience on the impact of small
scale mining on the environment and human health. For this reason, Segese and
Lunguya wards were selected.

(c) Selection of households for questionnaire interview
Simple systematic random sampling (SRS) was be used in administering a person to
person interview of the 210 households. This gave equal chance for every sample to
be selected for interview (Kothari, 1992). The use of data from the Tanzania
National Population Census and from Kahama District household records were used
to draw a reliable households sampling frame. From each ward the researcher
obtained a list of names of households per sub ward (streetwise). Then random
sampling was employed to pick households to match the number of households
selected for interview. Sub ward leaders assisted in locating the respective
households.

The units of analysis for this study were twofold. Firstly, heads of households who
were interviewed by researchers on the impact of artisanal miners on the
environment and human health on day to day activities. Secondly, public
institutions which provided water and soil laboratory tests formed a partnership unit
of analysis with households and established the degree of pollution caused by
artisanal mining activities. Thirdly, medical records which contained diseases
reported by members of households who visited health facilities for treatment
assisted in analysing types of diseases commonly found in the area; and to judge
whether they originated from direct or indirect use of mercury contaminated
materials.
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Table 2: Laborary Analytical Report
Samples Soil and water Different tests for mercury (Hg tests)

pH tests
pH units EC Hg Hg(BA)2 Hg(Total)

Number of pH unit mgtl mgtl mgtkg mgtkg

Sample I water 2.8 369 0.012 - -

Sample 2 water 4.1 17.5 < 0.001 -
Sample I sediment 2.7 270 0.15 0.85

1 EC-Escherichia Coli medium (Oxidation and Methylation of elementary mercury
by bacteria, Escherichia coli is one of the bacteria

2 BA = Implies Bio Available
Source: SGS (African Assay Laboratories (T) Ltd Mwanza Tanzania)

4.3 Common Disease which Affect the Community Health
The study interviewed a total of 210 households ofthe study sample on the common
environmental associated diseases which frequently affected household members.
Thus, 70 households were interviewed in Segese ward and 140 in Lunguya. The
results are presenred in Table 3. In both cased malaria was leading by an average
slightly over 80% followed by diarrhoea averaged 10.5% while skin and eye
infections reported in Segese and Lungya wards ranged from I% to 6%
respectively. When the latter results were related to the laboratory test which
showed the presence of heavy metals in water, suggested the prevalence of such
environmental diseases.

This study went further to seek medical evidence by interviewing medical personnel
at Lunguya Health Centre and Bugarama Dispensary .. They provided explanations
and written medical data which were compiled by this study. The data based on
medical records of patients who reported and got examined in hospital laboratories
and recorded from 2007 to 2009 (Table 4). According to the medical personnel four
types of diseases were caused by mercury polluting water sources as presented in
Table 4. They included diarrhoea, pneumonia, eye and skin infections in different
proportions. On the average, these diseases have been increasing over the years.
Diarrhoea increased from 5.3% in 2007 to 12.6% making an average of 8.2%.
Pneumonia slightly decreased from 5.4% in 2007 to 3.9 possibly due to some
patients' failure to report to medical facility. Eye and skin infections more or less
remained constant with an average fluctuating between 1.2% and 1.3% in from
2007 to 2009. The low percentage can be explained that, the diseases more affected
the artisanal miners who often come into contact with mercury directly as compared
to the rest of the total population of 18746 patients who reported to the health centre
from 2007 to 2009. What is important here is, regardless of the magnitude, the
diseases due to mercury pollution which affected the community at large. Further
observation also showed that, the prevalence of malaria was indirectly a
manifestation of artisanal mining evidenced by the existence of several manmade
ponds.
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mercury contacts or other poisonous materials, when artisanal miners directly
washed by hands the gold ore using mercury and water obtained either from a
nearby river or ponds during the refining process. Also, residents contracted the
diseases by drinking contaminated water from rivers and wells. Secondly, by
indirect ways such as people washing their bodies from the same water sources
contaminated with mercury and other poisonous materials. From the medical
records of diseases reported for three different years (2007-2009), see Table 4.

The laboratory technicians at Lunguya, went further by explaining that, such
poisonous materials affected plants too. This was confirmed by the study as plants
were observed to have stunted growth, wilting, discoloration, poor germination and
death of plants especially around ore processing plants. The situation was worse off
where the ore processing plant was placed closer to people's residents such as in
Kakola town centre where miners from Lunguya ward process their gold (Figure 2).
Such premises also acted as breeding areas for parasitic insects mainly mosquitoes
from the water ponds, these spread malaria in surrounding residential areas.
Though they were primarily constructed for gold washing, increased the surface
water for mosquito breeding area hence increased malaria cases in the study area,
fluctuating at high levels between 87.5% in 2007 and 82.7% with an annual average
of 85.4%. It was further observed by this study and confirmed by Lunguya health
centre and Bugarama dispensary records that, the community at large frequently
suffered from epidemic diseases including malaria due to poor shelter, degraded
environment fuelled by few toilets available in use.

Figure 2: A processing plant closer to people's residence at Kakola
Source: Kahama District Survey, 2011

5 DISCUSSIONS
The findings of this study on the impact of mercury to humans and the environment
resemble the previous studies carried out by scientists from a National
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to take urgent intervention measures to arrest the situation for the community
welfare and a healthy environment.

7.1 RECOMMENDATIONS
In order to check bad artisanal mining activities from afflicting negative effects to
both society and the environment in the study area,

(i) The Government and other stakeholders in dealing with environmental
protection should intervene effectively by providing and supervising
implementation of environmental education to artisanal mining communities.

(ii) The society through Community Based Organizations (CBOs) can act as a
watchdog or regulators to ensure only pro-sustainable mining activities are
undertaken.

(iii) The Government should set a budget, for training artisanal miners on how to
handle mercury. This is crucial in order to save the society from this deadly
chemical. Training can be done through mass media- radio and television.
This should go hand in hand with dissemination of the environmental policy.

(iv) The Government should invest on stabilizing artisanal mining activities and
improving the performance of these miners through offering them incentives
like loans and working instruments, for improvement of production. This will
help formalize the activities and the government will gain through tax
collection.

(v) The Government should demonstrate what have been decided by the Global
Mercury Project (GMP), to adopt the best practices in Artisanal and Small
Scale Gold Mining (ASGM). These include the waste minimization strategies
and pollution prevention measures that limit contamination of international
water.

(vi) The Government should engineer the environmental impact assessment to
ASGM, as artisanal miners cannot afford it. The Government should also set
a monitoring and evaluation team, which will inspect all ASGM sites in
Tanzania for monitoring and evaluation.

(vii) The society and the Government should conduct a continuous rehabilitation
of artisanal mining sites; so as to revitalize any degraded environment. This
should involve covering of left out pits for farming projects, use of manure
and reforestation; this will go a long way in transforming abandoned land full
of mining pits into fertile arable land.

7.2 Future Research Agenda
Research should be directed to investigate safe methods of conducting artisanal
mining paralleled by empowerment of artisanal miners who operate under poor
working environment with futile working tools.
REFERENCE
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