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Abstract:

The catchment areas of Lake Victoria in Tanzania are impacted by mercury contamination from small-
scale gold mining activities. A preliminary survey of the mercury contamination has indicated in some
cases mercury concentrations that are higher than background levels in soil and river sediment
downstream of the mining areas. Average mercury concentration in contaminated soil is in the order of
3.4mg/kg whereas in river sediment the concentration is about 4.9 mg/kg.
Mercury concentrations in fish from a few areas of the Lake Victoria close to gold mining areas are in the
range of 2-20 ppb. These fish mercury concentrations are surprisingly low considering the extent of
mercury contamination in the Lake Victoria catchment. The dynamics of mercury cycling and their long-
term impact on mercury levels in fish and other aquatic organisms in the Lake Victoria gold fields still
need to be clarified.
Research activities for the first year (2000) will concentrate on the determination of total mercury
distribution patterns among soil, river water, sediment, and biota (fish, and other aquatic biota) in two
areas (Mugusu-Nungwe Bay and Imweru-Bukombe Bay) of the Lake Victoria gold fields. The
relationships between local tropical soil- sediment- and water- chemistry and the distribution of mercury
in the contaminated areas will be investigated. Data from this work will be used in the identification and
selection of suitable bio-monitors for mercury contamination and human health risk assessment in the
study areas.
In the second year, the project will focus mainly on methylmercury production and partition between
sediment, water and biota in contaminated local tropical sediments. The main factors influencing the
methylation and distribution of mercury species will be evaluated in laboratory experiments and
extrapolated to environmental conditions.
The results of the project will have important implications in mercury pollution monitoring, mitigation,
and health risk assessment not only in Tanzania but also in other eastern and southern African countries
such as Zimbabwe and Mozambique impacted by mercury pollution from gold mining.

1. SCIENTIFIC BACKGROUND OF THE PROJECT

Tanzania is one of the few African countries affected by widespread mercury
contamination from gold mining activities and whose rural population faces health risks
related to occupational and environmental mercury exposure.

No detailed studies have been carried out in Tanzania or any other eastern and southern
African countries to evaluate the transformation and distribution of mercury species in local
aquatic systems impacted by mercury pollution from gold mining. Literature on mercury
behavior in African tropical ecosystems is either lacking or very scarce.

Our knowledge on mercury behavior in the aquatic environment is largely derived from
field and laboratory studies carried out in temperate regions and most recently in tropical
areas of the Brazilian Amazon, as indicated by the series of biannual publications on
"Mercury as a Global Pollutant" [1],
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Unlike developed countries in temperate regions where mercury pollution is mainly
associated with industrial pollution from chloro-alkali plants, coal combustion, and
incineration of municipal waste, mercury pollution from gold extraction by amalgamation
outweighs other point sources in several African countries. Therefore understanding the
pathways and transformation mechanisms of metallic mercury in the environment once it is
released from gold mining activities is vital in order to predict long- and short-term impacts
of mercury pollution in African tropical ecosystems.

Preliminary mercury monitoring survey in Tanzania [2-4] indicated in some cases total
mercury concentrations (T-Hg) that are above background levels in various environmental
media in the gold fields. In the Lake Victoria gold field, average T-Hg concentrations were in
the order of 3.4 mg/kg in contaminated soils, 4.9 mg/kg in river sediment and 10 mg/kg in
ore tailings.

Fish mercury concentrations in a few surveyed areas of the Lake Victoria gold fields
were, however, low, usually in the range of 2-20 ppb [5-6]. Abnormally high urinary mercury
concentrations (range 130-410 |J.g/l) have been found in artisanal miners who are
occupational exposed to mercury vapour during mercury-gold amalgamation and burning of
amalgam [5]. In a recent study 36% of the occupational exposed group exceeded the WHO
guideline of 50 u,g Hg/g creatinine in urine [7].

No site specific studies have been carried out to determine the pathways and processes
that may influence the transformation of metallic mercury from gold mining into reactive and
bio-accumulative mercury species that are more toxic and hence posing greater health risks to
human population in the impacted areas. The proposed study is thus intended to elucidate the
dynamics of mercury cycling under tropical conditions in Tanzania.

2. SCIENTIFIC SCOPE OF THE PROJECT

The project has the following objectives:

(a) To investigate and map patterns of total mercury concentrations in two contaminated
sites of ecological importance in the Lake Victoria gold fields,

(b) To evaluate the role of physical and chemical parameters regulating the distribution of
total mercury in the local environment,

(c) To determine suitable bio-monitors for mercury contamination that could be used for
mercury exposure risk assessment in gold mining areas in the country, and

(d) Determine the factors that favor the transformation of elemental/metallic mercury
released from gold ore processing into reactive and bio-accumulative mercury species
in different tropical sediments and evaluate the partition of those species between
sediment, water, fish and other aquatic organisms.
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3. METHODS

The project will involve both field and laboratory investigations. Fieldwork will deal
mainly with the collection of samples of soil, sediment, water and biota from the Lake
Victoria gold fields (Fig. 1) for laboratory analysis and mercury methylation experiments.

The samples will be analysed for selected major elements (e.g. Fe, Mn, Al,) and trace
elements (e.g., Pb, Cd, As, Zn) by AAS and/or XRF using existing facilities in the
geochemical laboratory (Perkin-Elmer Model 2380 AAS) and in Physics Department (XRF)
at the University of Dar es Salaam (UDSM). Total mercury analysis will be done by cold
vapour atomic absorption spectrophotometry (CVAAS).

In addition, methylmercury and total mercury analysis will be done in Japan in
collaboration with scientists at the National Institute for Minamata Disease (NIMD).
Specialized methods developed by Akagi and Nishimura [8] for mercury speciation and
analysis in environmental samples will be used.

Wherever appropriate, radioisotope facilities at NIMD will be used for the
determination of mercury methylation rates in contaminated sediments from the Lake
Victoria gold fields, after incubating the sediments with 203Hg tracer [9].

4. OUTPUT (S) ALREADY AVAILABLE

The project is in early stages. Hence has notyielded tangible results. Mobilization of field
and laboratory equipment is in progress.

PROGRAMME OF WORK FOR 2000

The programme of work for 2000 consists of the following components:

(a) Fieldwork

Fieldwork will be conducted in the Mugusu-Nungwe Bay and Imweru-Bukobe Bay areas
of the Lake Victoria gold fields (Fig. 1). Soil, sediment, water, fish and other biota will be
collected for laboratory studies.

(b) Laboratory work

The laboratory work will deal mainly with the determination of total mercury and other
selected elements and the distribution patterns of these elements in various samples.
Atomic absorption and X-ray fluorescence techniques will be employed in the analysis of
the samples.

Trial aquarium experiments involving long periods of laboratory incubation of mercury
contaminated sediments under various conditions are also planned. Fish will be
introduced in some of the aquariums to estimate mercury uptake rates and optimal
incubation period [10] and conditions with minimal mortality rates of the fish in the
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aquariums. These trial experiments are necessary for proper planning of mercury
methylation and partition experiments that will be conducted in 2001.

(c) Synthesis and interpretation offieldwork and laboratory data.

(d) Compilation of a technical report and manuscripts for publication.

EXPECTED OUTPUT/RESULTS FOR 2000

The expected results for 2000 include:

(a) Database on the distribution of total mercury and related elements in various
environmental matrices of the study areas.

(b) A selected list of bio-monitors suitable for mercury exposure assessment in the local
environment.

(c) Estimates of mercury uptake rates by fish and an evaluation of confounding factors in
sediment-water systems contaminated by metallic mercury from gold extraction under
local tropical conditions.

(d) A model for the mobility and accumulation of mercury in contaminated gold mining
areas under specific tropical conditions.

5. APPROACH FOR 2001

For 2001, we anticipate conducting joint studies with researchers at the National
Institute for Minamata Disease (NIMD) in Japan on mercury methylation and partition in
water-sediment systems contaminated with elemental mercury under various environmental
conditions.

The aim of the studies will be to gain better understanding of rate-limiting steps and
factors in the environmental transformation of elemental mercury in areas contaminated by
mercury from gold extraction under various tropical conditions.

6. PROGRAMME OF WORK FOR 2001

The programme of work for 2001 will involve the following activities:

(a) Fieldwork

• Follow up work in the study areas based on project results for 2000
• Collection of more samples from the study areas

b) Laboratory studies

• Mercury methylation and partition experiments at UDSM (Tanzania) and/or NIMD
(Japan)

• Data synthesis and interpretation
• Preparation of a technical report and manuscripts for publication.

139



Fig. 1. Location map of Lake Victoria gold fields and the study area.
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