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ABSTRACT
Mining activities are known to pollute the enviroemt in different ways. To
understand the status of heavy metal pollutionr@as surrounding the Geita Gold
mines, in Tanzania, a study was undertaken at Nps&aVillage close to Geita
Mining activities. The main objective was to quanthe level of heavy metals in
both soil and plants and to identify social proldemecrued from mining activities in
the study area. The presence and quantity of dexawy metals As, Cd, Cr, Pb, Hg,
Cu and Zn were analyzed using Atomic AbsorptioncBpeneter (AAS) from soils,
pasture species and three crop species. Plantressspecies of Sporobolus

pyramidalis Hyporreniarufa and_Cyperusp and three cultivated crops; Ze@ys

(maize), ManihotesculentgCassava) and Oryzsativa(rice) were collected from

the study area and analyzed. The cassava was adafgz both leaves and
roots/tubers.

The results indicated that in soils the heavy nsetaincentration ranged between
12.5mgkg* to 19,790mgkd while in plants the range was from 1mgkdo
7,695mgkd'dry weight. On average heavy metals pollution iitsssas between 36
to 6,000 times above the standards per metal, whilplants the heavy metals
concentration was between 3 to 9,000 times higeempetal than the standards set
by WHO and FAO. The results also indicated soil raHging from acidic (4.7) to
slightly basic (7.60) implying soil acidification.

All the respondents interviewed in Nyakabale Vi#agssociated the gold mining
activities to the emergency of new human diseasdssanificant increase in the
incidences of other common diseases such as malaoiabacterial diarrhoea,
Pneumonia and Acute Respiratory Infections. Froenrésults it can be concluded
that Nyakabale Village and the immediate environimeme severely polluted by
heavy metals from gold mining activities of Geitaol& Mines and hence
predisposing the areas to high risk of human heéltbstock and other terrestrial

and aquatic life and potentially to Lake Victoriadin at large.
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CHAPTER ONE

INTRODUCTION

1.1 Background information

Tanzania has a great mining potential for numerairgerals particularly for gold,
base metals, diamonds, coal and phosphate. Theldittn of the mining sector to
the county's GDP increased from 2.1 percent in 289®5 in 2005. From 1999 to
2005 gold production and export increased from @k8%o 52,236kg, contributing
USD 39,760m to 643,640m. This is about 50% of al-tradition exports (URT,
1999; 2005). The increase in both production ambexof gold has made Tanzania
the third-largest gold-producing country after $odtfrica and Ghana in Africa
(www.tanzania gold.com; mbendi.co.za/org). Invetimn has mainly been focused
on the greenstone belts around Lake Victoria walktipular attentiorto the shear
hosted gold mineralization associated with Banded Formations (BIF), tufts and
volcano-sedimentary exhalative (URT, 2002). Cutyerthere are six large-scale
and several medium and small-scale gold mines enlLthke Victoria Greenstone
Belt (www.nationsencylopedia.com/Africa). The largeale mines include Geita
Gold Mine (GGM), Resolute Golden Pride Mine in Naegulyanhulu Gold Mine
in Kahama, Placer Dome Gold Mine in Tarime, Buher@md Mine in Musoma

and Tulawaka Gold Mine in Ngara.

Historically gold mining in Geita has been on foamy years with the last major
operation being the Geita Underground Mine, whiglerated since 1930’s to the

1960’s with the on going small-scale mining. Thedem Geita Gold Mine (GGM)



has been operating since 1999, whereby the proxess$iores commenced in mid
2000 with most of the gold reserves located inGle@a Forest Reserve (Joukoff and
Purdey, 2004; Stephen and Kamugisha, 2002). Thige s currently one of the
largest gold producing open pit operations in Adriproducing 62 x Toounces of
pure gold from excess 70 x %Lbnes of material mined per annum. Most material
requires blasting, ranging from paddock blastingaft laterites and oxides, to hard

rock blasting in sapphires (Stephen and Kamugizd2).

Mining and refining of minerals, however, affecetknvironment in many ways.
The mining operations involve drilling, blastingscavation and pilling of material
that contains insufficient mineralization as wastek piles and separation of the
valuable minerals from the surrounding rock whicvolves the release of the
residual waste materials (tailing) into tailing danThese cause problems for the
growth and performance of flora and fauna becatdigbeorelease of toxic wastes
that affect animals and plant life (Montgomery, 3p0Some mine tailings contain
arsenic, lead, mercury, cadmium, copper, zinc amoroium that are harmful to
human and other macro and micro living organismmgé, 2004). In addition, use
of toxic chemicals such as cyanide in separatingaide mineral components from
the ores and the formation of Acid Mine Drainag®/() from the waste also cause
pollution in soils and water. The AMD is formed fnooxidation of sulphur when
sulphide minerals are exposed to air by miningvédms to form sulphuric acid.
These, may often lead to poor growth or death ¢ pptants and animals if exposed
for a long time even after closure of mines (Plung901; Montgomery, 2003;

Enger; 2004).



Consequently mining operations if not done calhgfatay often lead to severe
environmental degradation resulting into air, soitl water pollution, loss of scenic
quality and change or destruction of natural edesys. Environmental pollution is
converted to economic costs when controls measofgsollution are enforced

(Tillery et al,2001).

Metal leakage, soil erosion, and deforestationttamr@atening the extinction of many
plants (TED, 1997). Gold extraction using cyanid#éjch is a lethal chemical, is
causing immense environmental pollution leadingptdlic health hazards and
possibly congenital deformities. Cyanide also imilioés heavy metals when
released in the aquatic environment thereby crgaimother problem with longer
persistence of metals in the environment (Gold Albwww.moles.org). Leakage of
metals such as mercury, aluminium, copper, cadmalnmgmium, arsenic and others
from rock tailing into soil, surface and groundwateay cause higher concentration
of leached metals that raise toxic levels in org@nsi such as fish and crops resulting

to higher risks on human health (Montgomery, 2@3)ningham and Saigo, 2004).

Metal smelting and chemical treatment for extoactof minerals is another
operation that may destroy vegetation. Dense clofidsiiphide ores can result into
vegetation poisoning and acidification of soil cote the extent that nothing can
grow, leaving the land bare and susceptible toienoillery et al, 2001). Similar
cases could occur to Tanzania. However, there @@ mery little efforts have been
concerted to investigate the effects of miningwdidis on environmental pollution

in the surrounding localities of mines.



1.2 Statement of the Problem

From the year 2000, there have been undocumenpexitseon abnormal cases of
human and livestock diseases, deaths of human rinthls such as cattle, sheep,
goats, birds, amphibians, rats and fish in Nyalabdlage near GGM. Likewise,
there have been undocumented cases of tremendolusede crop production such
as maize, cassava, rice and beans in areas suimguhd gold mines. (Lissu, 2000;
Ackson, 2003). Being not sure of the contents afemground soil, Ackson (2003)
proposed an urgent need of conducting a reseandy sinto soil and vegetation to
assess the levels, and risks of heavy metals ollth the people, livestock and the
entire ecosystem. There after suggest proper ietgion measures to safeguard the

environment.

1.3 Significance of the Study

This study is very important especially during tiperiod where there is higher
increase in mining activities in the Lake Victoimeenstone Belt and else where in
Tanzania. Since there have not been any clearnwidon on the environmental
status of the areas around the mining locationstlamdavorries for the possibility of
environmental pollution, health and hence life #tref the living organisms, it was

important that this study be carried out.

The information obtained, therefore, will be helpfo various stakeholders in the
country such as policy and decision-makers, plan@iners, scientists, and the
local communities. The study will also be usefulaabase for decision making to

protect the environment in areas surrounding vargnid mines in the country.



1.4 Study Objectives

1.4.1 Overall Objective

The overall objective of the study was to assessritk level of heavy metals
pollution in plants and soils in areas surroundgayd mining sites in Nyakabale

village in Geita.

1.4.2 Specific Objectives
1. To quantify the levels of heavy metals; copper,czitead, arsenic,
chromium, cadmium, and mercury in both soils andntd of crop and
pastures.
2. To identify any other problem accrued from gold mgnactivities in the

area.

1.4.3 Hypotheses
The study was conducted based on the hypothedes tha
1. The area around Geita Gold Mining is significantighly polluted from
heavy metals.
2. There are significant differences in levels of heaetals and chemicals in

soil and plant species growing around gold minireaa.



CHAPTER TWO

LITERATURE REVIEW
2.1 Heavy metal geochemistry in Lake Victoria Greestone Belt
The rocks of Lake Victoria Green Belt are mainhamte-green stones. The
greenstones are made up of a variety of foldedavidcand sedimentary rocks. The
greenstones and the granite areas constitute déimepgreenstone terrain, the oldest
in East Africa, aging about 2,500 million years l{Bend Dodson, 1981). Geita is an
Archaean mesothermal mainly Banded Iron Format®it)( hosted deposit with
mineralization located in auriferous fluids, mowdng shears often on BIF-diorite
contacts (US Security Commission, 2006). Accordmlylontgomery (2001), heavy
metals such as copper, zinc, lead, and arsenicamtained in ores associated with
green stone belts where gold mining is conductemld @eposits are contained in
sulfide rocks such as pyrites (FBgSchalcopyrite (CuFefs Chalcocite (CeB),
galena (PbS), cinnabar (HgS) and sphalerite (4d@nan activities associated with
mining and ore processing result into increasingrxof weathering and leaching
of rocks containing these metals into the enviromim€&he environment has organic
matter and clay particles in the soil, which haasgé surface area for adsorption of
these pollutants resulting into ultimate sink (Myorhery, 2001; Tanabalasingam

and Pickering, 1985; Senat al.,1986).

2.2 Impact of mining on the environment
In line with rapid growth of mining activities inahzania, environmental pollution

and degradation has simultaneously increased. Byature, mining consumes and



diverts a large amount of water. Drainage watemfrmining operations contains
metals and toxic substances that may contaminaterwadies’ and land surface.
Tailing materials are usually stored in ponds ontamment. But if improperly

handled, they can leach out into land surface awdingl water causing serious
pollution that can last for many generations (Ranasal.,2003). Large quantities

of waste are generated from mining activities, Wwhiause pollution on land. Waste
rock and tailings often contain contaminants sucl@d generating sulfides, heavy
metals, and mining chemicals. After removal, wasiek is usually stored above
ground in large free draining piles (Ramasaral, 2003). The waste rock and
exposed bedrock walls from which it is excavatee @e source of most of the

metals pollution caused by mining.

Other impact of mining in the environment is thiease of particulate and gaseous
materials such as SOCO, CQ, N20O, N& and NO in the atmosphere (Ramastar
al., 2003). Depending on the nature of the ore, sneeltdo extract metals may
release As, Pb, Hg and other toxic elements thag pwlute the atmosphere

(Montgomery, 2003).

Invariably, mining also cause noise pollution arektduction of the eco-system
(Ramasaret al, 2003) which is the main source of metal pollution the
environment (Mackliret al., 2003). From exploitation stage to actual miningnen
tailing, waste rocks, and wastewater are createdl dast is emitted. These result in
the surrounding environment being severely pollutiéécklin et al., 2003). The

most serious problem is that associated with tilitam failure spilling toxic



materials in the environment. In 2000 alone, theeze several reported similar
accidents in many countries such as China, Rom&wagden, and USA, (Macklin

et al.,2003).

2.3 Effects of heavy metals on the environment ariving organisms

Metals are valuable natural resources. Howevamnpiproper control measures are
taken in mining and processing are adhered topgernvironmental damages can
occur (UNEP, 1995). The common feature with heaegats in the environment is
that they tend to accumulate in bodies of the degas that ingest them. This leads
to bio-concentration up in a food chain. Mining g@rdcessing can increase the rate
at which heavy metals weather out of rocks togeth#r discharges of heavy metals
into the environment. Metal leaching is greatly edlecated where acid mine
drainage occurs (Montgomery, 2003; Williams anddlap, 2001). Heavy metals,
even in trace amounts can be toxic to humans andlifei (Global Mining

Campaign, 2001).

Toxic effects of heavy metal poisoning are welculmented. In 1953, a major
industrial discharge of mercury near Mina Mata, alapresulted into fish
concentration of mercury from water up to 50ppm.aA®sult many people died and
others suffered permanent mercury poisoning effactvn as Mina Mata disease
(Montgomery, 2003; Cunningham, 2001). Another casdapan was associated
with cadmium poisoning. This occurred when cadmitoh mine waste were
dumped into Zintsu river which also were used fagation of paddy fields, due to

which many people suffered fronitai-ltai disease characterized by severe



abdominal pain, vomiting, and other unpleasant sgmp (Cunningham, 2001).
Metals such as mercury, lead, cadmium, and nickelhaghly toxic in a range of
ppm. However, lead has been found to be neurotxiery low concentrations to
the extent that EPA recommends that the allowainii in water should be less than
0.001ppm (Cunningham, 2001). According to the WH@96), the toxicity of lead
has now been demonstrated at very low levels witjysstion that there may be no

level of exposure below which Pb is harmless.

Mine drainage and leaching of mining wastes armggrsources of metal pollution
in soil and water (Cunningham, 2001). Water podutgth copper and lead changes
to a blue-green color. Copper intoxication causasiting, nausea, diarrhoea, and
anorexia following a short and long-term exposuteserious stages it causes liver

and kidney diseases (Williams and Langley, 2001;QVH996).

Crops can uptake toxic elements through their rémis contaminated soils, and
even leaves can absorb toxic metal elements deposit the leaf surface from
metal dust (Liuet al., 2005). Consumption of food stuff contaminated by Rb,
As, Cd and other metals may cause serious deplefitmdy stored Fe, vitamin C
and other essential nutrients, leading to decreasemiunological defenses,
intrauterine growth retardation, impaired psychoislo faculties and disabilities
associated with malnutrition (lyengar and Nair, @00 Ingestion of food
contaminated with arsenic is primarily associatetth wumors of the bladder, lung,
and skin in humans (Bates$ al.,1992; Moralet al.,2000). Arsenic is also known

to be a potential carcinogen (WHO, 1996). On thbeothand, a study by



1C

Tu'rkdogan et al. (2003evealed that high concentrations of metals (Ca, Flg
Mn, Ni and Cu) in fruits and vegetables in Van oegiof Eastern Turkey were
related to the high prevalence of upper gastrdiin@s(Gl) cancer rates. Lacatust
al., (1996), reported that soils and vegetables pollw@td Pb and Cd in Copsa
Mica and Baia Mare, Romania, significantly conttdul to decreased human life
expectancy within the affected areas, reducing apesrdeath age by 9-10 years.
Human exposure to As is known to be responsibl@foumber of disorders such as
anemia, neuropathies, hyper-pigmentation, andaiioms of the skin, mucous
membranes, and gastrointestinal tract. Chronic &x@s can lead to hyperkeratosis,

loss of skin pigmentation, cancers of the skindté&, and lung (WHO, 2001).

Plunket (1987) reported that Cr is a toxic melslttenters into human body by
inhalation and through broken skin. It is irritartprrosive, sensitizing and
casinogenic. The man made source of chromium in @heironment include

explosives, electroplating, welding, dyes, woodspreatives and pigment.

Excessive intake of Zinc may lead to vomiting, thaea, abdominal cramps,
nausea, fever, heart, liver and kidney damage kehin987). Generally, most
heavy metals act as carcinogen, once consumed dbeyot break down by
metabolic processes in organism thus remain sy years causing the effects

(Moranet al, 1980).

According to reports by the Global Mining Campai@®01), findings from other

parts of the world reveal that pollution from admebavy metals and cyanide; have
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been responsible for death of birds, fish, andlédin 1979 such cases occurred in
Zortman-Landusky mine in Montana USA. In Januar@@¢there was an overflow
of 10m® of mine tailings from Aurul gold mine in Baia Marin Romania polluting
Lapus, Tisza and Danube Rivers in Romania, HungadyYugoslavia, respectively.
In Honduras people staying within 42 metres fronn Sendre’s gold mine
complains of increased respiratory and skin disealseVietnam, gold extraction
using cyanide has polluted the environment caugnglic health hazards and

destruction of the ecosystem (Nicholas, 2004; Vé&i2006).

2.4 Effects of Cyanide on the environment

According to Willis (2002), Cyanide is a generatnmefor a group of chemicals
containing carbon (C) and nitrogen (N). Cyanide poands include both naturally
occurring and human-made chemicals. Cyanide iscaeaoxic and is lethal if
ingested or inhaledn contact with the body (skin), inhaled or swaltwy it may be
absorbed through the skin, especially if therecats to cause even fatal poisoning.
The dust of cyanide salts is irritating to the eylasthe presence of tears, it may
cause the symptoms of poisoning such as weakneaslabhe, confusion, nausea
and vomiting. In addition the dust of cyanide saitsy produce irritation of the nose
and skin. Strong solutions of cyanide salts areosore and may produce ulcers,
irritation/rashes. The dust is probably more ofishrproblem than the liquid, since

the liquid would be more toxic.

Human exposure to high levels of cyanide for artsperiod harms the central

nervous system, respiratory system, and cardiolassystem. Short-term exposure
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to high levels of cyanide (110ppm) can cause conudoa death within 30 minutes
to 1 hour. It has high toxic effects even at fawdo concentrations as low as five

micrograms per liter by inhibiting fish reproducti¢Gold Album, www.moles.org).



CHAPTER THREE

RESEARCH METHODOLOGY

3.1 The Study Area

This study was conducted in Nyakabale Village int&district. Geita, one of the
eight districts of Mwanza region in Tanzania isdted about 80 km southwest of
Mwanza city, between 6380'S and 0329'E. The district is highly endowed with
mineral resource particularly gold (URT, 2003). Shdistrict is the third highly
populated after Kinondoni and Temeke districts iar¥s-Salaam. With a total
population of 709,078, Geita district is the moenhskely populated of all rural the
districts in Tanzania (URT, 2005). However, despite potential for mineral
resources, the district remains poor, ranking thel tpoorest among 119 districts,

after Bunda and Musoma rural (URT, 2003; 2005).

This study was specifically undertaken in Nyakaballage. The village is located
about 6km and 2km west of Geita Township and GGddpectively. It is located at
02° 50'14.0"S and 032'16.2"E. Nyakabale village is the closest residérirea to
the mine, which is downhill and therefore the muatnerable site of risk for
pollution from mining activities. People in the laije depend on water from rivers

and natural wells both for human and livestock use.

Nyakabale village has a total population of 2,069vbich 600 are adults (URT,
2002). The people are engaged in crop productiah liaestock keeping as their

source of food and income. The village has a wit&,600 cattle and 440 goats and
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sheep. Major crops grown by farmers in this villagelude cassava, maize, rice,
sweet potatoes and legumes. The pasture land -dopnenated bySporobolus sp.,

Hyperrhenia rufa and Panicum gm the dry land an@yperus spon the wet land.
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3.2 Data collection
Both informations from the community and laborateamples were gathered in the

study area.

3.2.1 People's perception on environmental problem

The community information was collected using dwwed questionnaires

administered to both farmers and livestock keepine.groups of respondents were
first stratified on basis of location; gender argk @hen randomly picked among
each category. The respondents selected were beth®&0 years of age both
males and females. Information on human diseasesstdck diseases and crop
production was collected through interviewing MedicVeterinary and Crop

Officers in the area as well as undertaking figbdervations including the use of

secondary data.

3.2.2 3mpling of soil and plant materials

A total of 56 soil and plant samples were colleadédvhich 16 were soil samples
and 40 were plant samples. The plant samples ceetprof six plant species
namely; maize (Za MaysL), cassavaManhot esculentd.), Sporobolus sp L
thatching grassHyparrhenia rufa [), sedge gras<{perus sp Land rice Qryza
satival). The samples were collected depending on obsengafimnchanges in
physical characteristics such as color, textur@uodand deposition from run-off
streams and unusual plant and soil developmentsnadisators for pollutant
availability. The study village was divided intosdi locations each with three sub-

locations in order to avoid biasness and to rediarapling errors. One of these
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locations was considered by the residents to bg pedluted hence taken as a
control. Three preliminary samples for each makesiare taken from each sub
location then composited to form one laboratory ganof that material for the

particular sub location. Each sample was put inepasate polythene bag and
labeled, then packed with other sub location samje bigger polythene bags
bearing the label for the particular sub locatidndistance of about 500m interval

was used from one sampling site to another withénstub location.

3.2.3 Laboratory Analysis

3.2.3.1 Plant samples

About 0.5 kg of the foliar part of crop or pastusample was harvested at
approximately 3cm above ground, except for cassdwere both leaves and roots/
tubers were sampled. The plant samples were wastiedlistilled water, dried to
constant weight at room temperature for about thwveeks and then finely ground
using agate mortar and pestle. For each indivicizehple material about 1.0g
sample portions were analysed. The samples werim pest tubes then treated with
5ml of 5:1 mixture of Sulphuric acid 88Qs) and Perchloric acid (Hck) then
digested using thermal at 12D until complete digestion. After digestion, sansple
were left to cool, and then transferred to 100nplacaty volumetric flasks. The test
tubes were rinsed with distilled water and theingsvere added into the volumetric
flasks to 100ml before metal analysis using Atomsorption Spectrometer (AAS)

was performed.



3.2.3.2 Soil samples

Soil samples were collected using soil auger amitdof 0-30cm. The samples were
packed in polythene bags, labeled and kept in dmxes and transported for
laboratory analysis. After removal of unwanted mateby sieving with 2mm-
polyethylene sieve, samples were homogenized by @ad Quarter method.

Two measurements for Soil pH were performed usiegtenic pH meter. The first
pH reading was taken immediately after dissolvifg &f soil into 20ml of distilled
water, while the second pH reading was taken 24shtater in order to allow
maximum dissolution of metals. About 1.0g of eaample for analysis was treated
with 5ml of 5:1 mixture of Sulphuric acid é8Qs) and Perchloric acid (HcK), then
digested using Kjeldahl thermal for about 15 misut&fter digestion, the samples
were cooled, then transferred to 100ml capacitywaitric flasks and added with
rinsing from the sample test tubes to 100ml. Thaviienetal concentrations were

then determined using AAS.

3.3 Data analysis

The information gathered by interviews and quest@res from the communities
was statistically analyzed by Descriptive Analyssng a Computer Program for
Social Sciences (SPSS). One-way Analysis of VaggAdNOVA) and unpaired 't'
test was done using GRAPH PAD computer prograneso for significance at 95
percent confidence level for laboratory analyseh dslINITAB computer program
was also used for regression and correlation aisdhgtween changes in soil pH and

heavy metals concentrations in the soil to deteentime statistical relationship
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between the parameters where by the pattern andttbegth of the relationship

between these two variables were measured.
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CHAPTER FOUR

RESULTS
4.1 People's perception on environmental problems
4.1.1 Water pollution
The perceptions of the problems accrued from gadhing activities in Nyakabale
village are shown in Table 1. All the responded®000) indicated that the Mtakuja
River and numerous wells that are used as soufcdsneestic and livestock water
are polluted. The pollution indicators mentioned thg correspondents included
change in water colour from normal to red, whitmsiity, blue/green or metallic.
Other indicators were the change in water tastenfroormal to bitter often
accompanied by foul water smell. They also poirgatithat the colour and odour

tended to change with time and place particulaniyrdy the rain season.

4.1.2 Effects on crop production

Farmers in Nyakabale village expressed concernsihiagoil deposits and chemical
pollutants from the waste rock pile are the caudesigh decline in crops yields.
The symptoms of the effects of these waste rockenaé on crop plants, as
described by farmers, included; stunted growth,ting| discoloration, poor
germination and death of plants.

All the respondents (100%) indicated that thereehlb®en a tremendous decline in
crop yields of rice, maize and other crops in theaanear GGM. This is besides
farmers using improved crop husbandry practiceh sag farmyard manure and

good quality seeds for the aim of improving theiop productivity. Formerly
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farmers used to harvest about 5-14 (100kg) bagasterper acre as opposed to the
current produce of 5 or less bag per acre.

4.1.3 Pollution of Pasture

Areas around the river basin are the mains gralang for livestock herds in
Nyakabale village. Respondents indicated thatugoh of both water and pasture
could be the main causes of increasing number athdeof livestock that have been
occurring in the last seven years since the sfartagor mining activities by GGM.

In one incidence, respondents reported that 16shetdattle and two sheep died

instantly during grazing.

4.1.4 Major environmental problems as ranked by regsondents

The major environmental problems were grouped fiotw categories and ranked as
follows: Soil and Water pollution (28.8%), Air paotion from dust and other
particulate matter (28%) and Soil erosion (27.5%pwever, 15.7% of the
respondents indicated that there has been incoedssappearance of species both
fauna and flora in areas surrounding the GGM iemégears as compared to 7 years

ago.

4.1.5 Disease incidences

All the interviewees (100%) also indicated thatréhevas a marked increase in
human disease incidences (both common and newseéisgavhich were largely
linked with poisonous materials (gases, metalst, delsemicals) resulting from
mining activities. The diseases reported to beeasing prevalence were diarrhea,

coughing, skin diseases, vomiting, peptic ulcersl afceration of fingers, leg



swelling and ulcerative dermatitis. Of these, tlrstffive were reported to be

common diseases where the last three were regasdeelw diseases.

4.1.5.1 Incidences of diseases associated with watellution

Water pollution was identified as one of the maavironmental problems in the
area. All the interviewees (100%) indicated thatewgollution was strongly linked

to increased incidences of some human diseasesdibases largely associated
with this problem were; skin diseases, (rashes @ewhnatitis), abdominal pain,

diarrhea and peptic ulcers.

4.1.5.2 Incidence of diseases associated with dilt pollution
Air pollution from dust and other particulate matieas indicated by all respondents
(100%) to be mainly associated with respiratoryedses such as coughs and colds

particularly during the dry season.

4.1.5.3 Incidence of diseases associated with ptitha in rice fields

All rice farmers (100%) indicated that rice growing bunded paddies is now a
dangerous venture because of the high incidencessefses characterized by feet
swelling and ulceration of fingers. In addition,ne® respondents indicated their
tendency to abandon rice cultivation because ohipk incidences of such diseases
and the drastic decline in yields largely specddtebe associated with deposition

of toxic mining pollutants in most rice growinglfis in the village.
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4.1.5.4 Effects of mine blasting on humans

Social problems associated with mine blasting; Ilgtanoise and vibrations,

pungent and irritating smells and fumes of noxigases from explosives, house
cracking and pregnancy miscarriages are shown IleTa. The problems were

linked with increasing poverty and food insecustyong the community members.

4.2 Disease incidences obtained from hospital datase

The unpaired 't' test comparison of disease and tiieds of prevalence of
significant disease incidences before and aftestag of major mining activities of
Geita Gold Mines are shown in Table 2 and Figur8s i2spectively. Overall, total
disease incidences between before and after theoSt@ajor mining activities were
significantly different (P<0.01). On specific dises, there were significant increase
for malaria and non-bacterial diarrhoea (P<0.01@d gmeumonia and acute
respiratory infection (ARI) (P<0.05). Although tleewas no statistical differences in
disease incidences, the data for other diseasesesha@an increasing trend of
incidences among communities after the start obmaijning activities as compared

to the incidences before the start of major mirdntivities at GGM.

4.3 Heavy metals pollution in the village

4.3.1 Heavy metals in soil

Tables 3 and 4 show the concentrations of heavglmet soils at the study area. All
the metal levels detected in the soil were higlemtthe standards. The result
showed that Cr had the highest concentration witinge of 200-19,790 mgKRgnd

mean value of 3,620 mgKgfollowed by Pb (64 -14,945 mgkyand mean value



3,064 mgkd. The lowest concentrations were obtained for 4520 mgkgd) with

mean value of 58 mgkgand As (139-760 mgk with a mean value of 90 mgkg

4.3.2 Heavy metal concentrations and soil pH

The result indicated a varied range of soil pH frdm (acidic) to 7.6 (slightly basic)
(Appendix 1). The influence of soil pH on heavy mletoncentrations indicated
weak positive correlation for Hg (r = 0.321), Crx0.310), Pb (r = 0.305), Cd (r =
0.247) and As (r = 0.134) at (P> 0.05); and weakatiee correlation for Zn (r = -

0.203) and Cu (r = -0.054) at (P> 0.05) as showrigare 9-15.

4.3.3 Concentration of heavy metals in plants

Table 5 shows the range, mean and standard coatieng of the heavy metals in
plants growing in the study area. Pb had the higbescentration (7,695 mgKy
followed by Cr (6,380mgkd), Cu (5 120 mgkd) and Zn (4,105 mgkd. The

lowest accumulated metal in plants were Cd (4.2giipnd As (144 mgkg).

4.3.3.1 Heavy metals accumulation in food crops

Table 5; Figure 16a and 16b shows the concentsatbmeavy metals accumulated
in different plant species in Nyakabale village. ef¢n were differences in
accumulation of heavy metals in different crop sgecMaize accumulated more Cu
(1,656.0 mgkd), followed by Zn (1,221.3 mgkl. The crop however accumulated
least amount of Cr (588.2 mgKy Rice crop accumulated more Cu (2,824.5 mgkg
) and Zn (1,431.8 mgkl) than Pb (1,058.3 mgKy and Cr (110 mgk{). Cassava

accumulated more metals in its leaves than in tubér leaves the highly
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accumulated metals were Cu (2,457.0 mBkand Zn (1,606.7 mgky as compared
to Cr (450.3 mgkd) and Pb (4,65.0 mgky. The crop also accumulated more Cr (1,
647.0 mgkd) than Pb (407.5 mgkQ Zn (529.0 mgkd) and Cu (949.2 mgkd) in
tubers (Figure 16a). These levels however, were gstatistically significantly

different.

4.3.3.2 Heavy metal accumulation in pastures

In pasture specie§porobolus spand Cyperus spaccumulated more metals than
Hyparrhenia rufa The former accumulated more Cu (2,502.5 nykand Cr (1
792.9 mgkd) than Pb (1 309.4mgKy and Zn (1,215.0mgk), whereasCyperus
sp.accumulated highest amount of Cu (2,270.0ryleand Cr (1,805.3mgky than
Pb (1 522.5mgkg) and Zn (1 029.2mgkd. On the other handlyparrhenia rufa
accumulated highest amount of Cu (2,021.8nmykgnd Zn (1,267mgkd and

accumulated least amount of Cr (499.1mdkand Pb (655.8mgky (Figure 16b).

4.3.3.3 Relationship between soil and plant heavyatal concentrations

On overall the concentration of heavy metals imgdavere higher than that in soils
except for Cr in ric§Table 7). However, significant differences betwessil and
plant metal accumulation were observed with Cu &md elements. Cu was
significantly accumulated in cassava, tubers aravdse, Sporobolus sp.and
Hyparrhenia rufaat (P<0.01) as well as maize a@glperus spat (P<0.05). On the
other hand significant difference between Zn cotregions in soil and plants was
observed in cassava leav&gorobolus sp.Hyparrhenia rufaand Cyperus spat

P<0.05.
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Table 1. Respondent's perception of problems aswsti with environmental

pollution accrued from gold mining activities

Problem Category/Type Respondent %
Water quality Coloured, odour, bitter taste 100.0
Disease Abdominal, skin, respiratory, fingers, feet 100.0
Abnormal death Livestock, bird, frog, fish and Rats 100.C
Dust/Particulate Air pollution 10010
Decrease in crop yield Decline in soil fertilityelto pollution 100.p
Pollution source Mining activities ao
Less than 1km 68.3
Distance from GGM More than 1km 31.
Diseases 5313
Causes of abnormal deattPoisoning 477
Soil and water pollution 28.8
Dust/air pollution 28.0
Major problems Land degradation and erosion 27.5
Disappearance of species 15.7
Increased road distance 28.3
Pregnancy miscarriages 2B.4
Other Problems Erratic plant death and diseases 20.0
Noise and heavy vibrations 20.0
House cracking due to land tremor 0.02
Improper waste disposal 18.3
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Table 2. Unpaired 't’ test comparison of diseasgéd@nces before and after the start

of major miningactivities in Geita

Disease Mean before Mining  Mean after Mining P ¥alu
Dysentery 160 + 83.0000 297 + 33.30000.1070
Malaria 3735 + 378.7000 9386+ 900.4000 0.0013**
Bacterial diarrhoea 781 + 226.9000 1222 #0.2000 0.2831
Non bacterial diarrhoea 256 + 165.4000 1450+ 193.5000 0.0856*
Pneumonia 593 + 249.5000 1304+ 109.1000 0.0180*
Skin infection 225+ 61.2000 444 + ¥BDO 0.2362

ARI 717 + 124.9000 1502+ 180.4700 0.0128*
Asthma 110+ 89.0000 235+ 82.5000 4543
Peptic ulcers 40+ 4.8000 200 £4.0800 0.1659
Poisoning 14+ 3.0000 19+ 8000 0.0685

Non infectious skin disease 89+ 63.0000 50+ 17.1000 0.4035
Non infectious gastric disease 41 + 34.0000 88 + 7.6000 0.1771
Total cases 6 502 + 847.6000 16 168 + 1307.5000 0.0006**

** Significant at P<0.01 *Significant at P<0.05 Data are mean values + Standaftors

Source; Geita District Hospital, 2006

! Before the year 2000, mining in Geita were donétisanal minors only.
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Table 3. Concentration of heavy metals (mbkig different locations of Nyakabale village in iGe

Location As Cd Cr Pb Hg Cu Zn

Nyakabale ND ND 1700.3+1309.2 2268.0+1971.WD 2185+ 586.4 2469.8+ 381.3
R. East ND ND ND 90.0+x 21.7 ND 1446.7 2925 2469.8+ 342.7
R. West 369.7 £196.2 115.8+ 52.2 7683.3+83B3 6 255.5+2588.7 266.3+ 150.0 3081.79474 3126.7+12829
Paddy fields 80.8+ 80.8 173.3+173.3 836050798.7 6471.7+4352.8 1250.0+1250.0 3020 626.7 2965.0+ 608.5
Manga (control) ND ND 358.3+ 116.3 2318 421 ND 3728.3+24285 1327.0+ 6654

ND -not detected Data are mean &ti&tandard error
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Table 4. Comparison of concentration of heavy nsataNyakabale with standard

concentrations of surface soils

Trace element Observed Number of Standard
(mgkgh) times above (mgkgHh)
Range Mean standard Range Mean

Cr 200.000 -19 790.000 3 620.000 60 5:00000.000 60.000
As 139.000 - 760.000 90.000 36 .400 - 70.000 2.500
Cu 1 150.000 - 8 585.000 2 726.000 182 6-00060.000 15.000
Zn 107.000 - 5 555.000 2519.000 42 17:00025.000 60.000
Hg 280.000 - 3 750.000 303.000 6 060 0-004 0.700 0.050
Pb 64.000 -14 945.000 3 064.000 153 1-50080.000 20.000
Cd 12.500 - 520.000 58.000 232 .010- 2.500 0.250

Source: Fifield and Haines, 2000
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Table 5. Comparison of concentration of heavy nsatakampled plants from

Nyakabale with standard concentrations of metajgants

Trace element Observed Number of Standard
(mgkg* dry weight) times above (mgkg- dry weight)
Range Mean standard Range Mean

Cr 1.000 - 6 380.000 1136.314 5682 0.020.200 0.200
As 1.500 - 144.000 72.750 480 9.001.500 0.150
Cu 18.500 - 5120.000 2097.571 420 1.002.000 5.000
Zn 110.000 - 4 105.000 1185.814 40 12.000.0@0 30.000
Hg 1.000 - 270.000 90.667 9067 0.00@.040 0.010
Pb 325.000 - 7 695.000 927.043 927 0.30me00 1.000
Cd 1.400 - 4.200 2.800 3 0.020 - 0.500 0.100

Source: Fifield and Haines, 2000

Table 6. Upper limits of the safe dietary intakdrate elements

Trace element

mg/day safe limit

Cr
As
Cu
Zn
Hg
Pb

Cd

0.250

0.139

12.000

45.000

0.046

0.232

0.065

Source: WHO, 1996  Limit per 65kg body weights
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Table 7. Concentrations of heavy metals accumuiatethnts in relation to concentration in soilsNpakabale village (mgkd

Plant species Cr Pb Cu Zn

in soil In plants P In soll in plants P in soil ptants P in soil in plants P
Rice 2 436.670 110.170 0.152 386.670 1 058.330.573 | 142.670 2824.500 0.133 572.830 1431.830 160.3
Maize 294.170 588.250 0.615 90.000 1 07©.830.191 60.080 1655.670 0.026* 201.670 1221.33D062
Cassava tubers 1647.000 0.141 507 0.629 949.170  0.000* t 52900 0.062
Cassava leaves 450.330 0.758 65.000 0.687 2456.000 0.001* 16086 0.026*
Sporobolus sp " 1792.910 0.908 " 1309.410 0.715 " 2502500 0.006** " 1215.000 0.016*
Hyparrhenia sp " 499.080 0.679 " 655.830 0.813 " 2021.830 0.006* * " 1267.500 0.028*
Cyperus sp 1050.000 1805.330 0.551 192500 1522500 0.3131.000 2270.000 0.018* 169.850 1029.170 0.025*
*Significant at P<0.05 ** Significant at P<0.01 "As above
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CHAPTER FIVE
DISCUSSION

5.1 Heavy metal pollution in soil and plants
5.1.1 Heavy metal pollution in soil
In order to safeguard human health and environrenttainability, WHO, FAO
and IAEA have set standards of trace elementsadntg) foodstuffs and soils that
when exceeded, the area or material in questioorbes polluted and therefore
dangerous and unfit for human and livestock congiompor human settlement.
Findings from this study indicated that the soil gmants in the study area had
higher concentrations of trace elements (heavy Is)ethan the recommended
standards. On average the level of Hg in the sakeded the standards by 6,606
times while that of As was above standards by 8tes$i Other elements were
between 42 and 232 times higher (Table 4). In plém¢ concentration of Hg was
9,067 times higher while that of Cd was 3 timeshbigthan recommended. Other
metals were between 40 and 5,682 times above std@@able 5). This trend
implies that there is very high pollution of thevennment components by heavy
metals accrued from mining activities. The riskeein this area to human and
animal life will tremendously increase with timend immediate deliberate efforts
are taken to rescue the situation for the well dpedfi the current and future

generation in the area surrounding Geita Gold Mine.

The variations in soil pH from 4.7 (acidic), t&7slightly basic) as indicated in

Appendix | showed great disparities in chemicalktieas between sulphide ores,



oxygen and water, resulting into the formation efipBuric acid as Acid Mine

Drainage (AMD).

According to Thien and Graveed (1997), increasimgl aecreasing soil pH,
influences chemical reactions in the soil. Chemaaiments in the soil are more
adsorbed on the finest soil particles (colloidsjolhare clay and humus. Although
they are small in size, colloids play a major iefige in soil properties. They are
electronegative and have large surface area. Tinasproperties make them highly
reactive and adsorptive and therefore greatly @énfte the cation exchange capacity
of the soil. Soil acidification tend to increasesdption of basic cations (calcium,
magnesium, potassium, sodium and heavy metals) tr@ncolloids as they are
replaced by hydrogen ions. The desorption of heagtals such as As, Cd, Pb, Hg,
Zn, increase particularly in mining areas wheretes$rom sulphide ores oxidise to
form Sulphuric acid. Runoff and erosion from thele@osits cause pollution to the

soil, plants and water in the neighbouring aretst¢/a-d).

The correlation of soil pH and heavy metals avdlitgbin the soil (Figure 9-13)

shows that there was a weak positive correlatidwéen soil and As, Cd, Pb, Cr
and Hg. The weak positive correlation indicated tharease in soil pH results in
increased adsorption of the elements in the sdibids and therefore decreased
water and plants pollution. This confirms the poen findings reported by Brady
and Weil, (1999) and Thien and Graveed, (1997)wéi@r Zn and Cu indicated a

weak negative correlation (Figure 14 and 15).
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All the soil samples from the area (including tmmtrol) were found polluted with
heavy metals (Table 3). The control area was chedeut 3km away from the
prime-mining activities and free from the influermlesurface runoff from the waste
rock pile and other pollution sources. Its pollatisuggests that apart from runoff
water, wind deposition may also be another faceponsible for pollutant spread in
the area. According to Getet al., (2004), once pollutants are airborne, wind can
carry them hundreds of kilometers depositing thamffiom their source. Since the
findings of this study deals with only surface €800 cm deep) and that there was no
any influence of contamination of surface soil frtime bedrocks, atmospheric fall-
out of particulate matter and contamination of water due to large mining

operations may largely be responsible for pollutiothe study control area.

5.1.2 Heavy metal accumulation in plants

The concentrations of plants heavy metals sugpestpiant factors, differences in
metal characteristics and differences in soil ptglsand chemical properties can
influence the variations of metals in plants. Cantrto other heavy metals, Cu and
Zn are needed by plants as principle micro esdeakisments. This may be the
reason for their high level of accumulation by plaspecies. According to

Cunningham (2001) plant cells have mechanisms foadeumulation, selective

absorption and storage of a great variety of mdéscuThis allows them to

accumulate nutrients and essential minerals. Apamn being a cytochrome

constituent, Cu is also involved in protein synibesvhile Zn is associated with

auxin which is a plant growth hormone (Humphreag7).
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The higher level of Cu, Zn, and Pb in cassava ledkian in the tubers suggests
higher translocation of these metals by the cra@mfroots to shoots. Similarly,
Stoltz and Greger (2006) observed that when theardration of an element is low
in the root, there is a higher translocation togheot. The higher concentrations of
Cr in tubers than in the leaves suggest that lesgsas translocated to the shoots of
this crop. This observation emphasis on earliedifigs by Carvalhat al (2006);
that different metals accumulate differently within @ifént plant parts. Studies by
Sun et al (2006), Boominathan and Doran (2003) and Zhou aodgS(2004)
indicated that organic acids such as malic aciéti@acacid and citric acid are
involved in accumulation and translocation of mefal plant leaves. Organic acids
in plants are also important for the dissolutionnaétals from insoluble mineral
phases in soil, increasing metal mobility in theinity of roots and enhancing metal
phytoavailability to plants (Lopez-Buciet al.,2000). They can increase desorption
of heavy metals and rare earth elements from aoilsconsequently increase metal
concentrations in the soil solution (Q&t al., 2004), hence different plants and
differences in plant soil interactions may affebe tamount and type of metal
entering edible plant parts (Hiét al., 2002). Since the mechanisms and factors
associated with absorption and translocation ofalaeh plants was not established

by this study, further researches in this aresaggested.

5.1.3 Relationship between soil and plant heavy natconcentrations
The overall higher concentrations of metals in fgdhan in soils (Table 7) indicated
the ability of plants to accumulate small quansitid metals from the soil into their

tissues and organs. Toxins that are rather dilatehe environment can reach
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dangerous levels in the cells and tissues througiacbumulation process

(Cunningham, 2001). However, the results in thiglgtindicated low level of Cr in

rice as compared to that of soil, which suggedt tiiere was less absorption of this
element from the soil by the respective plant spedi was also observed in this
study that Cu was significantly accumulated inpddints except rice, while Zn was
significantly accumulated in all other species gxci rice, maize and cassava
tubers. The variations in metal accumulation bynfdan this study supports earlier
findings that different plants and differences hygical and chemical characteristics
and pollution status of the soil may affect the anmtand type of metal accumulated
by plant (Liet al.,2005;Hill et al.,2002;Janssemt al.,1997). High pH above 7 (as
observed in paddy growing areas) may limit the labdity of P, B, Cu, Fe, Mn, and

Zn to plants (Brady and Weil, 1999).

Bioconcentration of heavy metal in plants posesdidhealth risks to human and
other living organisms in the study area (TableDi)e to biomagnification through
food webs, toxic burden of a large number of organsi at lower trophic level is
accumulated and concentrated by a predator infehigophic level. Phytoplankton
and bacteria in aquatic ecosystem for instance, tatesy heavy metal from water or
sediments. Their predators (zooplankton) colleeséhtoxic materials from many of
them building up higher concentrations of toxinkieTtop carnivore in the food
chain such as humans accumulate very high toxialdethat they suffer adverse

health problems (Cunningham, 2001).



The higher concentrations of heavy metals in swd plants may be responsible for
increasing human health problems and diseases eath @f livestock and other
living organisms reported in the study area. Whiamts polluted with heavy metal
are consumed by livestock such as cattle, goagpsh@d poultry whose meat is
eaten by humans the level of heavy metals in humaesomes higher as

biomagnifications occur in the food web.

5.1.4 Problems associated with plant growth and yie of crops

During the study, observations in the field indezhtpoor growth of plants both
cultivated crops and wild species. Symptoms suchstasted growth, wilting,
discolorations and death of plants were observdds Bupports the claims by
farmers on the declining trends of crop yields alishppearance of some wild
species. Massive death of plants particulaRgphia farinifera (Gaertn) was
observed along the river Mtakuja adjacent to thénggs dam (plate 4c & d).
Although the cause of crop yield decline and degdtiplants was not specifically
established in this study, soil acidification arehfty metal toxicity may be one of
the major causes of these problems. Soil pH vailngke range of 6.5 - 6.9 are
optimum for most plant growth (Thien and Graveefl97). However, the soils
sampled from the study area revealed a range betdde(acidic) - 7.6 (slightly
basic). At soil pH below 5.5 toxic levels of exclgaable Al, excess Cu, Zn, Fe, Mn
and other trace elements occurs. Likewise, defagieaf major plant nutrient
elements such as Ca, K, N, Mg, Mo, P, S occursefThnd Graveed, 199Zandon,
1991). Under acidic conditions, phosphates combinitn Fe and Al to form

complex compounds that are not readily availableplant use hence creating P
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deficiency in such soils. Further more, bacterdivities are also reduced resulting
into significant retardation of nitrification of ganic matter, declining soil fertility

and hence crop yields (Landon, 1991).

5.2 Problems associated with human health in Nyakalbe

All of the interviewed respondents showed thatwiager both in the river and wells
was polluted from unknown chemicals. As a reswdtdhality is degraded and could
easily be detected by change in colour, odour asi#t The changes in water quality
may be a result of heavy metal pollution. Obseoratiby Williams and Langley
(2001) suggested that blue green change in watencelas attributed to pollution
from Cu and Pb. Other observations by Global Min@empaign (2001) indicated
that, the formation of AMD in areas where sulphafes are mined, changes water
color to red, orange or yellow easily recognizablauman eyes due to separation of
iron from solution. Water pollution was stronglykied with various human health
problems in the study area, which include skin #mmdat irritation, skin rashes, loss
of skin layer and ulcerative dermatitis, abdomipain, diarrhoea, and peptic ulcers.
In a study by Montgomery (2003) in Bingham Canyoi$A), residents reported on
metallic colour and testing water due to copper @ther toxic metal pollution to be

responsible for various significant health risks.
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Plate 1. Milky coloured water due to seepage frioetailing dam

On the other hand, 100% of the respondents alsocaitadl that there was an increase
of respiratory diseases characterised by coughs caids. The diseases were
associated with extensive air pollution particylaturing the dry season. According
to Ramasaet al. (2003) and Montgomery (2003) particulate and gasevnaterials
such as S& CO, CQ, N20, N, NO and heavy metals are released in the

atmosphere through metal extraction process bytsmgel

The hospital data on disease incidences in thdystdicated that, overall there was
a significant (P<0.01) increase in disease preealaiter the start of major mining
operations as compared to the period before thieaftanajor mining operations at
GGM. Likewise there was a significant difference intrease of malaria, non-

bacterial diarrhoea, pneumonia, and acute respyratéection (ARI) after the start
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of the major mining operations. This implies thatvieonmental pollution and
degradation due to gold mining may have largelgiatted to the escalating disease

incidences in the study area.

According to the medical staff in Geita, mining iaities have significantly

contributed to the increasing trend of diseaseglegce in the area. Activities such
as trenching, drilling, excavations and other foraisland degradation, tend to
increase water run-off and water poundage, whidirin increase the breeding sites
for malaria vectors (mosquitoes) (Plate 5a-f). WAdO (1997; 1998), observed that
environmental degradation and climate change dangito the increasing trend of

malaria infections in many parts of the developiragld.

The significant increase of non-bacterial diarrhcaaes in the study area may be
associated with pollution of water and food fromewticals particularly heavy
metals, emphasising on the findings reported bynldt (1987), Williams and
Langley (2001) and Tu'rkdogaet al. (2003). On the other hand, the increase in
pneumonia and ARI cases may be related to minitigitees through air pollution
as their pre-disposing factor. The data in Tabladlcated that many people in the
area stay at a distance less than 1.0km from thve miaing locality that generates a
lot of dust (Plate 6 c, d & €). Pneumonia and ARI eaused by microorganisms
such as bacteria, viruses and fungi. However, sEngninfections may follow
initial lung damage from noxious chemicals or expesto noxious gases

(www.wrongdiagnosis.com; www.virtualmedicalcentmrg. According to WHO



(1996), heavy metals pollution such as Cd intoxocatmay lead to chronic

bronchitis and increased human susceptibility se@ses infection.

From observations of cases and information coléeétem the society, the clinical
characteristics of disease cases include diarrhoeaghs, laboured breathing,
vomiting and peptic ulcers. Other symptoms inclpdegnancy miscarriages, skin
irritation, rashes and ulceration, swelling andewdtion of legs and fingers during
paddy cultivation, and dry skin (Plate 2 a-f). kimgs by WHO (1996) indicated that
excessive intake of heavy metals such as Zn, Can@rPb by humans may lead to
nausea, gastric irritation, vomiting, diarrhoeayndice, liver damage, coma and
death. Ulceration of the skin diseases observetddrstudy area were characterized
by peeling of the top layer of skin more relatedaxic epidermal necrosis than any
other infectious skin disease. Toxic epidermal ogisrcan cause the skin to peel off
in sheets, leaving large areas that look scaldedMwmm.edu). The loss of skin
causes fluids and salts to ooze from the raw, dathageas that can easily become
infected. The conditions can spread to eyes, mautil, genitals. Contrary to the
characteristics of toxic epidermal disease, tha fikngi diseases are more found in
dead, top layer of skin cells and in moist areahefbody, such as between the toes,
groin, and under the breasts. These infections caage only a small amount of
irritation (www.umm.edu). The characteristics ofoomon bacterial skin infections

are described in Appendix VI.
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Other health problems reported by the people instody area were ulceration of
fingers and pregnancy miscarriages. Table 1 shbas incidences of pregnancy
miscarriage in the study area was estimated tobbete23.4% and was associated

with the impact of vibrations that occur after hgasck blasting.

In rice fields, ulceration of fingers particularthe left hand forefinger which is
normally used to drill into the soil during paddgrisplanting was the most affected
among rice farmers. Another problem that paddy-gngwarmers encountered was
leg swellings. It was said to occur as a resulvofking into polluted water for a
long time. All these problems were associated witlh and water pollution from

unknown mining chemicals.

Most of the respondents (both residents and medie#fl) indicated that in reality
the disease incidences might be higher than wteabtficial records can provide.
This is because not all the people have accesgdical services for various reasons
that includes poor availability of medical serviéeghe villages and high costs for
some drugs and medical services. As a result masgscare not reported and hence
not recorded. Similar observation was made by Mutalaet al (2003) that despite
their importance in tracking the magnitude of thbl health threats; data from the
health management information system reports amtkgypological studies are not
enough. This is because many rural people seekcalesiervices from traditional
healers or drug kiosks whose data cannot be olstaldee to financial constraints
most of the people who were suffering from skinedses during the study were

using traditional healers. The non-significant @age in infectious diseases caused



by microorganisms notably bacteria, amoeba, fumgi @ruses, occurring due to
improper disposal of biological wastes, suggedt ttiea diseases are not related with

mining pollution.

Population growth could be one factor that conteluto increased number of
reported disease cases with time in the area. Ofhetors may include
environmental pollution and degradation from anplagenic activities such as
mining, climatic changes and increased diseaseaf@eee from biological agents.
However, the percentage change in population fr@8) 875 in 1996 to 787, 337
in 2005 is (27.1%), whereas the percentage changgmificant disease cases from
5, 160 in 1996to 16, 57% in 2005 is (68.9%) which is 2.5 times higher tiiaat of
population change. The higher percentage diffeienbetween increase in
population and disease incidences suggest theemft of other factors on the

increase of disease prevalence rather than populgitreases alone.

% The population values for the years 1996 and 208% calculated based on Census reports, 1988
and 2002 and Geita district annual population ghonate (3.4%)- Source; URT, 2003

3 Total cases (sum) of malaria, non-bacterial Hesar non infectious skin disease, pneumonia and
ARI.
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Plate 2. (a-f) Effects of mining pollutants on humgkin, fingers and legs. The effect occurs in

contact with polluted water particularly when bathin the river, transplanting or weeding in paddy

fields
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(©)

Plate 3. Human and animals are at high risk fromimgi pollution. Above Fig 3(a) Children playing

in polluted water from the rock pile (b) Artisamainers cleaningands for gold in polluted river

Mtakuja. (c) Cattle grazing on the foot of the raules.
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(©) (d)

(e) (f)

Plate 4. Effect of pollutants on soil and plang.$tunted crops growing in polluted areas (b)thgal

crops growing in pollution free areas in Geita.AMD discharges killing plant (d) Massive death of

plants in River Mtakuja (e) & (f) Barren land anartipan formation from metal deposition.
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(€) (d)

(e) 0

Plate 5. Land degradation and environmental polfuith Geita: (a) Forest resource in Geita

(b) Land degradation and deforestation in minirgaa (c) Formation of rills and gullies in the veast
rock piles (d) Deposition of eroded materials framaste rock piles in the residential areas (e) Waste

rock plies (f) Waste water poundage in residemtiabs.



6C

(e)

Plate 6. Environmental pollution from dust and imgnchemicals (a) & (b) Empty chemical

containers poorly disposed in the environment (¢%Noise and Air pollution from dust generated

by heavy trucks (e) Dust from an off loading truck.
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CHAPTER SIX

CONCLUSION AND RECOMMENDATION

6.1 Conclusion

Based on the findings of this study, gold miningiaitles of GGM are largely
responsible for heavy metal pollution and the asg$ed problems in Nyakabale
Village. Due to higher concentrations of heavy nseia food crop and pasture
plants, humans are at a very high risk becauseectrations of pollutants tend to be
magnified in higher trophic level through food webSince all the metal
concentrations found were extremely higher thandtamdard levels, food crops,
animal products, and water in this area are ndalsle for human consumption as

they may lead to associated adverse human he#ditief

Mining, however, remains to be an important seétorthe economic growth of

many developing countries like Tanzania for whible mining sector cannot be
avoided. As such there is a need of undertakintamable development strategies,
by striking a balance between economic developnsacial development as well as
safeguarding the environment against health hazaids is because, according to
general principles (EMA, 2004) section 4 (1) evpeyson living in Tanzania has a
right to a clean, safe and healthy environmentcé&iie environment is a common
heritage of present and future generation (EMA,4208ection 7 (3) (a), present
people’s survival and of the future generations etep on the harmonious
relationship and co-existence with the natural emmental components.

Tanzanians have no choice but to strive to manlagenvironment and its natural
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resources in away that can enhance the potentiagriovth and opportunity for
sustainable development of present and future géonas. A healthy economy and
healthy environment goes hand-in hand as theyattrerteeded for people’s survival

and prosperity (URT, 1997).

The present generation should ensure that in estegcits right to the beneficial use
of the environment, health, diversity and produttivof the environment is
maintained or enhanced for the benefit of futuneegations (EMA, 2004) 5 (3) (f).
Further more, adverse effects be prevented or nseuinthrough long term
integrated planning, coordination and cooperatibafforts (EMA, 2004) 7 (3) (c).
In that case any person causing adverse effectseornvironment shall according
to the polluter pay principle be required to payut social and environmental costs

of avoiding, mitigating, and or remedying those ede effects (EMA, 2004) 7 (3)

(d).

6.2 Recommendation

1. Since the whole of Nyakabale village is heavily lpi@d with high levels of
heavy metals and that it is located very close itung activities, the area should
be set a side as a buffer zone between miningigeshand residential life where
conservation measures and reclamation programnmsdsbe established. In
that regard, relocation of the people from thitagé should be thought of where

possible.



2. Further researches on pollutant identification gadntification, bio remediation
of polluted lands such as the use of bacterialstamations of polluted soils
and identification of indigenous metal phytoaccumtors should be conducted
in the area. This should be in line with intensivetland ecosystem research and

management along River Mtakuja.

3. Soil amendment programmes by emphasising on inedease of plant nutrients
like organic manure and liming should be estabtisheGeita especially in areas
around gold mining. Use of manure is known forrection of soil acidity and
firmly binding of metals within the soil colloidsakring them from being readily
available to the plants and water pollution throdghching process. Lime
application is useful in raising soil pH which reds metal availability and

hence toxicity.

4. Government authorities such as the agricultural fomdst departments, local
authorities and individuals in Geita, research naded institutions such as the
universities should be involved in pollution momit@, management and control
programmes. This will ensure proper implementatidnland reclamation as
required by the Mining (Environmental Managemerd Bnotection) regulations
(1999), part iv section 24 (c) and (d). The redafarequires that vegetation be
monitored for metal uptake and where harmful mdeiels are found,
reclamation procedures shall ensure that levelsaeefor plant and animal life.

In this case, this study suggests for frequent todng programs to check for
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environmental pollution in soil, water and plantsiair around the mining areas

in the country.

Immediate medical intervention measures should teught in order to
determine the extent and effects of human diseasseciated with mining
pollution not only in Geita but all over the areasrounding mining activities in

the country.
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APPENDICES

Appendix: I. Soil pH in various sampled areas

Sample number pH1 PH 2 Mean pH
Nyakabale 1 6.65 6.71 6.67
Nyakabale 2 6.30 6.27 6.29
Nyakabale 3 6.95 6.90 6.93
River east 1 7.24 6.78 7.01
River east 2 6.68 7.23 6.96
River east 3 7.50 7.26 7.38
River west 1 7.21 7.16 7.19
River west 2 4.77 4.70 4.74
River west 3 6.25 4.55 5.4
Paddy fields 1 7.63 7.44 7.54
Paddy fields 2 6.85 6.76 6.81
Paddy fields 3 6.98 7.42 7.2
Control 1 6.01 6.76 6.39
Control 2 6.26 6.22 6.24
Control 3 6.25 6.25 6.25

Control 4 6.13 6.68 6.41
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Appendix: Il. Concentrations of heavy metals t@allutants in various soil samples

in mgkg*

Sample number  As Cd Cr Pb Hg Cu Zn
Nyakabale 1 ND ND 826 505 ND 2225 34415
Nyakabale 2 ND ND ND 96 ND 1150 2160.5
Nyakabale 3 ND ND 4275 6 205 ND 3180 2524
River east 1 ND ND ND 64 ND 1400 24975
River east 2 ND ND ND 73 ND 1315 3049
River east 3 ND ND ND 133 ND 1625 1863
River west 1 760 180 7 380 5550 ND 1780 2630
River west 2 210 155 1200 2166.5 280 2540 5 555
River west 3 139 12.5 14 470 11 050 519 4925 1195
Paddy fields 1 242.5 520 19 790 14 945 3750 4115 14245
Paddy fields 2 ND ND 945 505 ND 3460 26425
Paddy fields 3 ND ND 4 345 3 965 ND 1995 2110
Control 1 ND ND 585 240 ND 1350 2397.5
Control 2 ND ND 290 300 ND 1250 107
Control 3 ND ND 200 155 ND 8 585 1476.5
Control 4 ND ND 3180 90 ND 1255 2475

ND -Not Detected



Appendix: 1ll. Concentration of heavy metals (extractable) inaasisoil samples in

mgkg®

Sample number  As Cd Cr Pb Hg Cu Zn
Nyakabale 1 3 ND 75 ND ND 50 481
Nyakabale 2 ND ND ND ND ND 1 117.5
Nyakabale 3 ND ND 1690 540 ND 250.5 315
River east 1 ND ND ND ND ND 25 125
River east 2 ND ND ND ND ND 18.5 180
River east 3 ND ND ND ND ND 7.5 125
River east 1 51 10 2760 180 ND 104.5 318
River west 2 45 45 670 230 ND 209 540
River west 3 55 1 2870 745 ND 444 104
Paddy fields 1 1 150 5045 950 ND 215 1277
Paddy fields 2 ND ND 895 75 ND 277.5 171
Paddy fields 3 215 ND 1370 135 ND 129 270.5
Control 1 ND ND ND ND ND 1 97
Control 2 ND ND ND ND ND 1 111
Control 3 ND ND ND ND ND 57 88.5
Control 4 ND ND ND ND ND 12.5 21.5

ND -Not Detected
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Appendix: IV. Concentration of heavy metals in mgldyy weight of various plant

species from different sites

Sample number As Cd Cr Pb Hg Cu Zn
Maize N1 ND ND 43.5 ND ND 1200 1450
Maize N2 ND ND 3045 3775 ND 3380 2990
Maize N3 ND ND 294.5 2 650 270 3650 2150
Cassava tubers N1 ND ND 193.5 ND ND 890 440
Cassava tubers N2 ND ND 1780 ND ND 870 1190
Cassava tubers N3 ND ND 3195 2 445 ND 530 240
Cassava leaves N1 ND ND ND 325 ND 4 370 4 105
Cassava leaves N2 ND ND 2 466.5 ND ND 2 160 830
Cassava leaves N3 ND ND 233.5 2465 ND 2515 aL 79
Sporobolus N1 ND ND 296 21715 ND 3090 2015
Sporobolus N2 ND ND 3 2240 ND 5120 1845
Sporobolus N3 ND ND 4747 3445 ND 3360 1820
Hyparrhenia N1 ND ND ND 2635 ND 2940 2835
Hyparrhenia N2 ND ND 167.5 ND ND 216 190
Hyparrhenia N3 ND ND 321 1300 ND 3690 2 085
Cyperus RE1 ND ND 2 ND ND 390 320
Cyperus RE2 ND ND ND ND ND 770 400
Cyperus RE3 ND ND 770.5 ND ND 870 540
Cyperus RW1 1.5 1.4 6 380.5 ND ND 4 480 2130
Cyperus RW2 ND ND 18 1440 ND 2 875 1400
Cyperus RW3 ND ND 3661 7 695 1 4 240 1385
Rice 1 ND ND 325 3175 1 4625 2150
Rice 2 ND ND 1 ND ND 18.5 110
Rice 3 144 4.2 4.5 ND ND 3830 2 035.5
Maize C1 ND ND 146.5 ND ND 1130 395
Maize C2 ND ND ND ND ND 264 178
Maize C3 ND ND ND ND ND 310 165
Cassava tubers C1 ND ND 8.5 ND ND 1125 053
Cassava tubers C2 ND ND 11 ND ND 1080 260
Cassava tubers C3 ND ND 4 695 ND ND 1200 515
Cassava leaves C1 ND ND ND ND ND 2 635 1135
Cassava leaves C2 ND ND ND ND ND 2785 1340
Cassava leaves C3 ND ND 2 ND ND 275 440
Sporobolus C1 ND ND 2500 ND ND 750 245
Sporobolus C2 ND ND 567 ND ND 495 135
Sporobolus C3 ND ND 2 644.5 ND ND 2200 1230
Hyparrhenia C1 ND ND 2435 ND ND 2 165 1115
Hyparrhenia C2 ND ND 71 ND ND 2545 825
Hyparrhenia C3 ND ND ND ND ND 575 555
Rice C ND ND 314 ND ND 820 535
ND -Not Detected

N-Nyakabale C-Control

RE-River East

RW-River West
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Appendix: V. Elemental uptake of plants grown imfmntaminated sites

Trace element Range (mgkgry weight)
As 0.004 - 0.009
Cu 3.500 -14.500
Zn 15.000 -67.000
Pb 0.800 - 3.400
Cd 0.050 - 0.140

Source: Fifield and Haines, 2000
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Appendix: VI. Description of common bacterial skifection

v

Infection Symptoms

Erysipelas A skin infection caused by hemolytiegtococci, this
condition usually affects the face, arms, legsylere the skin
Is cut. Symptoms may include:

-shiny, red, raised rash
-small blisters
-enlarged and tender lymph nodes

Erythrasma A skin infection of the top layers oinsknore prevalent in the
tropics. The condition mainly affects adults andspes with
diabetes. The condition usually appears in areahebody
where skin touches skin, such as under the bredshahe
groin area. Symptoms may include irregular pinicpas that
turn into brown scales.

Impetigo A skin infection caused by a staphylocactgction, which is
characterized by pus-filled blisters. Blisters cange in size
from peas to large rings. Impetigo tends to occuthe face,
arms, or legs.

Paronychia A skin infection around a fingernait@gnail. The infection
can be caused by a break in the skin due to a héngn
manicuring, or other chronic irritation. Symptomayn
include:

-pain
-pus-filled abscess

Folliculitis Papular or pustular inflammation ofih#ollicles

Furuncle Painful, firm or fluctuant abscess origiimg from a hair
follicle

Carbuncle A network of furuncles connected by simasts

Cellulitis Painful, erythematous infection of deskpn with poorly

demarcated borders

Source: Stulberg et al, 2002; www.umm.edu
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Appendix: VII. Questionnaire

Questionnaire number

Date

A: Introduction

1. Please fill the table bellow

Sex

Occupation

Education

Period of stay

B: General questions
2. How far from the mining activities do you live?
1. Less than 1 km, 2. Between 1 and 3 km 3. Maxe th
3. Where do you get water for domestic use?
1. Wells 2.Rivers 3. Rivers and wells 4. Others. (Bdespecify)
4. How is the quality of water in terms of colour, shaad taste/salinity?
(B) COl0OUN. .. e e
(D) SMEIL. . e e
(C) taStE/SAlINILY. .. ...t e e
5. Do the people get problems when using this water?
1. Yes2.No
2. If yes, what are the problems

L 2 K P
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Qoo S L
6. Is there abnormal death of organisms in this area?
1. Yes 2. No
7. If yes, what organisms are these?
1. Birds 2. Fish 3. Frogs 4. Rats 5. PlantsAlb
8. Do you have any land degradation or environmentéilfpon problem in this
area? (please rank)
1. SOOIl @rOSION. .. .. e e e
2. Soil and water pollution.............cooii i
3. Dust in air and plants
4. Death/disappearance of fauna and flora...................cooi i s

9. What measures do you take to solve the problems?

C: Pastoralists
10.What livestock do you keep?
1. Cattle 2. Goat 3. Sheep 4. Donkeys 5. Swine?

11.Where do you graze your animals?
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1. Near the river 2. In open areas 3. Along the fields
12.Where do you get water for your animals?
1. River 2. Wells 3. Others (please specify)
13. What problems related to livestock keepinyaolo get?
1. Diseases 2. Water shortage 3. Poisoning 4. Otpkrage specify)

14.When there are large numbers of livestock death dbgou associate with?

15.How many livestock have you lost in seven year&tim...........................
16.How many were you used to loose per year before
1. Between 1 and 3 2. Between 4 and 10 Be8veen 10 and 20 4. More
than 20
17.At what period of the year does many cases of thasdeath occurs?
1. Dry season 2. Rain season 3. Year around

18. At that time where do you graze your animals?

D: Farmers
19.What crops do you grow?
1. Maize 2. Paddy 3. Cassava 4. Others (please specify
20.How many acres doyou have.............cccoooiiiiiiiiiiiii e
21.0n average what was the yield per acre seven paat?.....................
1. <5 bags, 2. Between 5-14 bags 3. >5 bags
22. What is the production trend?

1. Increasing 2. Decreasing 3. Constant.
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23.What do you think is the reason for this?
1. Land scarcity 2. Fertility decline 3. Soil polluticand land degradation 4.
Use of good crop husbandry (explain)
24.How long have you been using this land
1. <7 years 2. >7 years

25. What changes do you experience when usingathisfor crop production?



