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The gold ore which occurs at Cbuasi is made up of the nmetal and
the conmbined forms such as pyrites, FeS,and arseno-pyrites, FeAsS
(Kesse, 1985). During the extraction of the metal, the ore is
first crushed and ground to fine powder. Free gold is precipita-
ted by gravitation. The sulphide is floated and roasted. In this
process the sul phur is converted to sul phur dioxide and the arsenic
to arsenic trioxide and other oxides. The netal is |eached with
excess dilute sodium cyanide solution. The filtrate is then
treated with zinc dust to precipitate the netal gold. The nolten
material is then reduced with HCl to give gold bullion which is
90-95%rich in gold. Thus in the processing of the ore for gold,
the flue dust may contain particles of the ore, ferric oxide,

oxi des of arsenic and sul phur. These may be carried into the at-
nmosphere and may settle on the soil, vegetation, crops, humans,
rivers and livestock in the neighbourhood during precipitation or
any ot her process. Studi es by Anpnoo- Nei zer (1980, 1989) and Anmasa
(1975) have shown large quantities of arsenic in soil, crops and
vegetation in locations near the nine. Sul phur di oxi de nmay be oxi -
dized to the trioxide by the air and be converted to the sul phate
in dew and rainwater. The acidic dew and rainwater and oxi des or
arsenic nay be responsible for the disappearance of the vegetation
in some |locations near this gold mne. According to Col ow (1993),
surface soil tends to adsorb pollutants which settle on it nore
than the vegetation, it may be a good naterial to sanple for pollu-
tion studies. In any case when vegetation die and decay whatever
they contain may be added to the surface soil. The only disadvan-
tage is that whatever is deposited on the surface soil nmay be
carried to greater depths with time by rainwater (G sh et al 1973).

The aim of the investigation reported here is to describe how
arseni ¢ and sul phate from gold mning processes are distributed in
the environs of Cbuasi and find out how far the effects of the
activities of the Ashanti GColdfields Corporation can be
experienced.
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MATERI ALS AND METHODS

Surface soil sanples were collected from various sites at neasured
di stances from Ghuasi (Fig. 1). At every site, six sanples were
randomy collected. The surface soil was scraped with a knife to
a depth of 5cm and m xed thoroughly and put in a polyethyl ene bag.
These were conveyed to the laboratory and spread out on sheets of
pol yethyl ene and allowed to dry to constant weight for a nunber of
days. The sanples were collected once a month for a period of one
year.

Three different portions of each sanple were treated and anal ysed

as follows: Accurately weighed 5g of dried ground soil sanple was
put into a 100OM conical flask, 20mM of 4M HO were added and the

m xture heated for 15 mins. The extract was filtered through

What man No. 41 filter paper and made up to 100m mark in a graduated
flask.

Arsenic (V) Content. Fifty nmillilitres of each extract was
neutralized with saturated solution of sodium hydroxide. The end
point was deternmined with a pH neter. The neutral solution was
heated in a sand bath and the volurme adjusted to 50m wth dis-
tilled water in a graduated flask. To this solution in |QOOm
conical flask were added 6g of solid ammoni um chloride and a few

drops of IMHO . This nmixture was stirred until all the solid
di ssolved and 3m of 0.029M zirconium nitrate solution were added
with constant stirring. It was heated to boil for 15 mn. and

then cooled and filtered through Whatman No. 41 filter paper.

The arsenic (V) was determned by Murphy et al, (1956) nodifi-
cation of the molybdenum blue nethod. To Im of each filtrate in
a test tube were added Inml each of 0.002M armmoni um nol ybdate sol u-
tion and 3MHCO . This mixture was mxed thoroughly and the test
tubes imersed in boiling water bath for 10 min. The test tube
was renoved and Iml of OIM ascorbic acid solution and Iml 0.3%
antinony tartrate added and then heated in water bath for further
20 mn. The test tube was renoved and allowed to cool. A blank
solution with distilled water instead of sanple or standard sol u-
tion was simlarly treated. Calibration solution with different
strengths of arsenic (V) from sodium arsenate were prepared and
simlarly treated.

The standard solutions, the sanple and the blank were neasured at
predeternined 745nm in Schimazu UV-120-02 spectrophotoneter. The
levels of arsenic (V) in the sanple extracts were read from the
calibration curves and converted to mg/kg of dry soil. As stated
earlier, three different portions of each sanple were anal ysed.
The nean for each of six sanples collected at each station were
cal cul at ed. Recovery studies with standard addition method gave
95 to 98.8% for 0.1 to 1.0ng/kg. The coefficient of variation was
2 to 11% and interference due to silica was 0.02% at |.0ng/kg.

Arsenic (Il1) Content. Fifty mllilitres of each extract was neu-
tralized with saturated solution of sodium hydroxide. To each
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Figure 1 Map showing places sampled. O Towns sampled

were added 2.0m of 20% hydrogen peroxide. This mixture was
thoroughly mixed and allowed to stand for 15 nin. The nixture was
heated for 30 min. for conplete oxidation and the deconposition of
the excess peroxide. The solution was put in |OOr conical flask
and treated with zirconium nitrate to renove phosphate as describ-
ed above. Arsenic (l11) content of the soil extract was obtained
by difference. That is the value obtained for the unoxidized
extract was subtracted from that of the oxidized extract. Spiked
soi |l sanples gave recoveries between 94 to 97.8% for 0.2 to

| . Ong/ kg.

Sul phate Content. As described for arsenic carefully weighed 5g
of dry surface soil was put in a 10O conical flask and 20m of
4M HO were added and mixture heated in a sand bath for 15 nin.
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Wiere coloured solution was produced, the mxture was heated with
2g of activated charcoal and filtered hot through Watnman No. 41
filter paper. The filtrate was made up to 200m in a graduated
flask. To 100m portion of the extract were added 5m of a condi-
tioning reagent (Greenberg et al 1992) and about 0.5 to 0.8g of
ground crystals of barium chloride was added with stirring for

1 min.  The turbidity was neasured at 30 sec. intervals for 6 mn.
at 420nm in the Schimazu UV-120-02 spectrophotoneter. The readings
remai ned constant between 4 and 8 min. Calibration solutions of
0-40ng/ | of sul phate from anhydrous sodium sul phate were simlarly
treated and the calibration curves were drawn. The anounts of

sul phate in the soil extracts were read from these curves. As |ow
as 1ng/l of sulphate was neasured with coefficient of variation
between 7 and 11%

RESULTS AND DI SCUSSI ONS

Al the three forms of arsenic (total, arsenic As (V) and As (III)

were higher in places close to Qohuasi. In the East-West direction,
places in the East which were close to Couasi had higher |evels of
arsenic in the surface soil than sinilar places on the West. The

amounts of arsenic in surface soil close to the Eastern side of
Qbuasi were nearly twice as high as anounts in the Wstern side
(see Fig. 2). This was due to the fact that the wind was bl ow ng
mainly in the Eastern direction. On each side in the East-West
direction of Cbuasi, arsenic decreased with distance sinilar to
what was observed by John (1971), Burkitt et al, (1972), and
Preston (1973). The decrease was nearly linear initially but
levelled off to a constant at various distances from Couasi. At
the point where it becane constant, the amounts could be regarded
as the mnimum or the natural background |evels.

Wiile on the Eastern side the levels decreased to the minimm or
background within 7km from Cbuasi, on the Wstern side the mninum
| evel was reached at a distance of 15km from Gouasi Fig.2a). This
m ght be because larger particles of dust were readily carried by
the wind and because of their weight and low velocity travelled
shorter distances from their origin and were quickly brought down
to the earth under gravity. Such large particles of dust mght
present surface areas to the large surface areas of finer and
lighter particles which nmight have been adsorbed on the |arger par-
ticles and be carried down as well. In addition, the surfaces of
the larger particles mght have |arger electrical charges which

m ght be opposite to the charges carried by the finer particles.
Hence the finer particles in the East were easily attracted to the
bi gger dust particles which conveyed them along their path. As
such when the bigger particles fell, the finer ones were certainly
depleted from the atnosphere in the East. But in the Western
direction there mght have been fewer |arge dust particles present
because nost of them night have nmoved with the wind to the East.
Thus the West mght contain mainly finer and |ighter particles.
There woul d have been | esser surface areas for adsorption. Since
these finer particles mght be carrying electrostatic charges of
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Figure 2 Variation of As in top soil with distance from the mine
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Figure 3 Variation of average sulphate in top soil with distance from the mine.



the same sign, they might be repelling each other and might not
have aggl onorated into bigger particles which could easily be
brought down to the surface of the earth under gravity. This
could be the reason why they remained bouyed |onger in the atnos-
phere and drifted slowy to |onger distances and hence the absence
of a defined path range in the Western direction. The novenent of
the finer particles in the Western direction mght be due not to
the wind but other processes such as diffusion, dispersion,
bouyance and ot hers unknown.

In the North-South direction, surface soil sanples close to Obuasi
in the North had higher levels of arsenic than the South (Fig. 2b).
The anpunts appeared to decrease sonewhat linearly with distance
but levelled off to a constant in both directions. The m ni mum or
background | evel was attained at a distance of about 6kmin the
North but it was at a distance of about 13km from Couasi in the
Sout hern portions (Fig. 2b). The explanation for the difference
mght be simlar to that given for the pattern observed in the
East-West direction. The wind direction was nmore to the North
than to the South. The anmount of sulphate in the surface soil

di spl ayed the sane pattern as shown by arsenic (Fig. 3). The

| evel s decreased with distance in the East-Wst and North-South
directions. The larger anounts were found in the Northern and
Eastern at places close to the mine. The decreases to mnimm
levels were attained in the North and East at distances between 6
and 8km but in the Wst and South the nmininmum was attained between
13 and 15km (Fig. 3). The pattern shown by sul phate al so |ends
credence to the fact that particle sizes mght be responsible for
di fferences observed. It mght be of interest to neasure the
sizes of particles of dust in the |leeward and opposite directions
of wind fromthe mine.

In the East-West direction, total arsenic background |evel was

I Ong/ kg and the North-South direction had background |evel of
total arsenic of between 3 and 7ng/kg but arsenic (l11) in both
directions was between 1 and 2ng/ kg in the background. According
to WHO (1981), As (IIl) of 1 to 2.5ng/kg in drinking water will
have effects on the skin of inhabitants. If the whole of arsenic
(1'11) could be washed into sources of drinking water the inhabi-
tants may suffer from hyperkeratosis, hyperpigmentation or dipig-
nmentation of the skin as observed on some individuals living in
Cbuasi and its environs.
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