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Abstract

This study aimed at chemically and mineralogically characterizing whole particulate air matter {PAM) oocurring at the Selebi
Fhikwe nickelcooper (Wi—Cu) area in Botswana, and postulating ts possible envimnmental implications, Heavy metals conoen-
tations in PAM samples around the Selebi Phikwe Ni-Cu plant were determined by atomic abscrption spectromztry and the
mineral phases idantified by X-ray powder diffraction technigue. The particles consisted of quartz, pymhaotite, chalcopyrite, albite
and djudeite. Concentration kvels of heavy metal: contained in PAM samples could be mlatad to minem] phases present. Chaite
significantly is the oocwrrence of djurkeite, which has not been found in both the orebody and sumounding soilkk, Drurleite poly-
morphs formed from secondary mineralization of chalcocite and the gases H,5 and 50, released from concentraion/smelting
processes, Possiblz envirommental chemistry of thewhole PAM based on its minera'ogy at Selebi Phikwe arca is discussed.
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1. Introduction

Recent growth in mining activities in Bolswana may
have penerated corresponding increase in particulate air
matier (FAM) considered as coviommenial contani-
narts. The Selebn Phikwe Ni—Cu mine area, wherz
miring and smelling activiies may pose as source of
environmer lal conlamination, is o particular concern
Lo the country, Selebi Phikwe is one of the main ur-
barised townships of Botswana, rated aler Gaborone,
Francistown, Maun, and Lobalse (Granl and Cimnt,
19495). The study area is located in the north-sastern part
of the country (Fig 1) betwesn longitudes 27° 47°E and
27 AFE, and latitudes 22° 355 and 227 0FS (Depart-
ment of Town and Regionzl Planning, 1996,

Previous studies conducted at Selebn Phikwe were
directed al understanding the petrogenesis  (Brown,
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198 T), structuml geology (Galon, 1986), and mineral-
oy (Mkoma and Ekosse, 1998, 1999, 2000) of the ore-
bodies The X-may powder diffraction (KR PD) siudies of
Mi—Cu orebodies [rom Selebn Phikwe identified transi-
tien sulphide mincrals, which  includs] chale pyrite,
pentlandite, parrhotite, bunsencte, chaleocite, penroseite
and magnetite Mkoma and Ekesse, 1959, 20000), Studies
on &0 mineralogy identified actinolite, albile, quarie,
microdling, ancrthite, perchotits, cuprite, illite, caclinite
and smectite as well as cobalt oxide and sihicen oxide
(Ekoss el al., 2003). However, no research on the PAM
around Selebd Phikwe has beern documented.

Ower the past vears, there has been zrowing concern
on some possible enviconmental implications of PAM
resulting from the mining and extradion activities al
Selebi Phikwe, Previouws air pollution studies cond ucted
(UUSA-EPA, 1995) show that PAM with an esd of = 10
pm could be inhaled into the human respiratory system
and could be deposited on the lungs. Acule exposure
may lead o loss of lurg Munction, aggmavation of exist-
ing respiratory and cardiovascular dseases, loss of
capacily b resist infection, carcinopenesis, s pres

mature death [NIOSH, 1995). In this work, chemical
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Fig. 1. Map of Bolswana showmg the sty ares.

analyss and XREPD study were carried oul o establish
the concentration levels of heavy metals and identily the
mineral constituents in PAM around Selebn Phikwe.

2. Materials and methods

Sampling for PAM from source and non-source
emission points according to US NIOSH Method 0500
(MIOSH, 1995, was conducted From January to July
2000 {Table 1), However, L was nol possible 0 oblain
PAM samples on a monthly basis due to unusually
heawvy rains during the wel season of the vear, Sic Gilian
Gilair—3 persoral air sampling svstem (South African
warsion ) lor low Tow and two Adreon 2 sonstant medium
flow samplers were used for sampling of PAM. The
medium Aow samplers were used Lo oblain samples over
a period of thres days at each of the sampling points.
The sunples foe low Qow were placed at the various

samplng points and allowed to run Jor 12 h ata low

rate of |=3 IVmin, as specified by the MIOSH Manual of
Analytical Methods (NIOSH, 1995,

Elements analveed were those consicerad o be those
associated with M—Cu mining and smelting. The ele-
ments included Cd, Cr, Co, Cu, Fe, Mi, S amd Zn,
which were likely 1o be fourd in Ni—Cu orebodies and
released inte the atmosphere through mining and
smelting activities lomic concentrations of Cd, Cr, Co,
Mi and 3¢ present in extracts of PANM sample were
determined using a Varian Soectra AA 400 plus slomic
absorplion spectrometer (AAS) with a zesman gmphite
Lube atomizer (GTA) 96, lonic concentrations of Cu, Fe
and Zn were messured witk a Varian Spectra AA [0
Flame Atomic Absorption Spectrometer (FAAS)

The sroeedure for the deermination of the wneen-
trations of heavy metals used in this study was adapted
from both Beach (1989) for the Zeeman GFAAS and
MIOSH (1995) manual of analviical methods for FAAS
depending on the analvie beng analveed. Analvtical
grade reagents were used in all the chemical analyses,
Samples were homogenized and 0.5 g of sample was
weighed into a 30 ml Teflon beaker. The sample solution
was heated slowly at low temperature o dry. Ashing of
analyle oecurred at a high emperature, subscquently
followed by atomization. Samples were treated with
HMNO, digestion al a temperature not eceeding 510 °C.
Fero point one gram of sarple was weighed into a Pt
crucble welled wath waler, Each samole was digesied
with 0.2 ml of 72 vol % perchloric acid and 5 ml of 48%
hydroMuoric acid on a sand bath at 200-225 *C in a
partially closed B crucible with lid. The residve was
collected by boiling the sample with 5 ml of & vol.%
HCT and 10-15 ml of water. The contents of the crucible
together with its Gd were washed into a 100 ml volu-
metric lask filled 1o mark with ultra pure water. rom
which very small aliquots were aspirated in  the
graphite furnace for atomisation and analvsis of the
heawvy metal concentrations in the samples,

The mineral phases contwined in the PAM, were
identified using XEPD technigues, In XREPD, diffraction
peaks occur when the path of the difffacted X-ravs is
equal o an integer multiple of the path difference ex-
pressed by Brage's equation which is given by

ni = 2dsin{ (1

where r is an inweger, 4 is the wavelergih, & is the in-
teratomic spacing, and @ is the diffraction angle (Bailey,

Tahle 1
[Dates whach particuate ar matler samples wae oblamed & the siudy abe
Manh Jaypary 200K February 2001 March XK Apml 2000 My 20600 June 21K July 20K
Diate 15 12 n 15 13 16 15
= 28 = 29 27 24 29
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1960). The samples were wcanned wsing a Philips PW
3710 XEPD svstem, from 2 20 w0 707 20, and the dif-
Iractograms were secordec lor scanned samples, The
andytical svstem operated at 40 kY and 45 mA, with a
Cuky cathode radiation source. The samples were
measured in stepscan mode with steps of 0027 20 and a
cownling tme of 25

The data was obtained with the aid o7 a graphite
monochromator P& 1877 Automated Powder Diffrac-
tion, and an X'PERT Data Collector soltware package.
The collectad data was processed For qualitative identi-
fication of the minerals from both the data and pattzrns
ohtained by scanning using a 1999 Philips X'PERT
Graphics and Tdeatify soltware packapge, The inter-
praed resudis were compared with data and patizrns
available i the Mmeral Powder Diffraction File, data
bowk and the search manuzl issued by the Internativnal
Centre [or Diffracton Dats (2001) for conlirmatior.

3, Resulis

Average concentration values of the heavy mela’s in
Pal are gven in Table 2. Concentration values for Fe,
Cu and Miin PAM were siznificanily higher than those
for Cd, Co, Cr, S and Zn. The resulis of the XEPD
anzlyses of the PAM samples were indicative of very line
quartz, pawrhotite, chalcopyrite, albite aod djudeite
mineral phases as shown in Fig. 2.

TaHe 2
Comcenirations of heave melak cemamed o parculsde ar mater
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4. Distussion
4.4, Metearological aspects

In the mornings, during sampling davs, the temper-
atures were low between 14 ard 28 *C during the day
The wind spead was also appropriate in the mornings
and during the dav ranged between 2 md 6 ms™', An-
nual Report from the Depariment of Mines (1998)
indicates that winds prevail from the Morth-East 4004 o7
the time, Prevaling winds carry PAM The velocity of
the prevailing winds during sampling periods was low
consequently reflected in very low quantities of PAM
which was sampled.

4.2 Coemical and mineralogical aspects

Querte, 50 pendandite, (FeMijwSs; chaleocite
(Cup5) penroseite, (N,CulSe; pyrrwtite, (Fe 5)
chalcopyrite, CuFeS;, magneite, (FeyOy), bunsenite
(M0 and albite, NaAlSi:05 have beer wdentifizd in the
Mi—Cu orebodies (Mkoma and Ekosse, 1998, 1999
20001, In thes swdy, tillerenl concentrabion levels o
heawvy metals, which induded Cd, Cr, Co, Cu, Fe, Mi, S¢
and Zn were identified in the PAM. Except for Zn, the
seven olther heavy metals were containel in the minerals
which have been identified in PAM, possibly due o
mining and smelting adivities, Very hizh concen tration
levels of Cu and Fe could be explained from the domi-
nance of chalecopyrite and djurleite which are Cu-bear-
ing minerals, and pyrrhotite and chaleepyrite which are
Fe bearing minerals, all contzined in the PAM. Low
concertration levels of ™Miand Co could be asociated
wilh effective extraction metallurgical processes at the
mine, and lower concentration levels of Cd, Cr and S«
could be attributed to their generally low level occur-
rences in Ni—Cu orebodies.

Djurleite which has so [ar aol been identifed from
previoes mineralogical studies of the erebody (Mkome
and Foonsse, 109R 1999 W00 Gallon, 1986), and the
surrounding seils {Ekosse et al, 2003) was Tound o be

“aThela

Fig. 2. X-ray powder difractogramn o the representaiive PAM simple (O iiquartz, F s pyrrhodte, O = chaleopyrile, A i albale and [ djurleste)
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present in the PAM. Consequently, itz pelymorphs
(Cug S and Cuyg95) could have been [ormed [rom
secondary mineralization of chaleocite and HaS released
from concentratonfsmelling processes, as expressed in
Eq. (2) below.

ICunSie + 16H:S + 80h — 22Cun S+ 16H20 (2]
e lalente ?

[

Dijurleite is secondary PAN, which possibly formed by
atmosnheric chemistry, by reactions of primary PAM
with atmospheric gases and fuids. During sampling a
pungeal odor of gases characteristic of H;S and 504
hoverad in the atmospherz. In the soils, cuprte was
identified (Ekosse et al, 2003) It is suggestad that
djurleite is oxidized o cuprite as shown in Eg. (3).
10U, S | 4750, + 3Cu,0 | 3280, (3
capee

Djurleite has a nonoclinic crystal svstem, with a hard-
ness of 2.5 to 3 on the Mohr's scale of hardness. It is
grayish blue to dlack with a metallic 1o opaque luster
(Roseboom, 1962). Maturzlly, it occars in enrichment
zones of copper deposits, and is mainly assocated with
chaleocite, chalcopyrite and pyrite. Djurleite polvmor-
phs are closely related 1w the chaleocite polymorphs,
Cua S, CupSe and CuygeS.

4.3 Eavironmental implications

Minerals maks up [4.6-69.9 wi.% of the major con-
stituert of atmospheric paricles (USA-EPA, [995). The
PAM at Selebi Fhikwe comsisted of particoulate released
into the atmosphere from mining and smel ting activities,
as well as spatialy transported acelimn particulate. Re-
gional climatic and geomorphic fadors such as draught
and desertification encroachment tended o increase the
quantity of PAM entering into both the atmosphere and
troposphere (Ringrose et dl., 1995). This phenemenon
might dilute the proportions of heavy metals contained
m Lthe Belebr Phnowe PAM

Particulate ai- matler can lorce soth cooling and
warming effects on its environment locally, regionally
and globally depending on the quantiy containgd in air
as eaplained by Prospero (1999) and discussed by Bu-
seck and Posfad (1999). Mineral particles absorb light,
creating a heating effect as explained by Buseck and
Powslai (1999 The surfaces of PAM particles are nsed as
reactive milieus for a wide varely of chemical reactions
in the atmosphere, which sgnificantly influence the cy-
cles of M, §, and oxidants in the air. When mineral
particks arc asscciated with hygroscopic § compounds,
they act as clouwd condensation nucei (CCN) and
modify the clowd radiative properties as mentioned in
Buseck and Posfai (1999). In this regard, they promote
precipiltion and concentration of ice. This phenome-
non may explair why Selebi Phikwe has slight'y more

rain than is neighboring areas even hough they are
classified within the same climate tvpe (Bhalotra, [987).

The mineral contents idenified in the PAM at Selebd
Phikwe is reflective of acidic nature., These minerals
could casily combing with HaS and 5On and ammo-
spheric moisture to release H,50,, which is the primary
chemical constituent of acid rain. Acide PAM deterio-
rates paint quality, marble buildings and bridges, and
vehicles wathim the sicomaly ol ils mlluence, Parbiculale
air matter may damapge crops, trees and shrobs, It may
congest the leaves and make it difficut for phowsyn-
thesis 1o take place, The plants become distoried and
eventualy die through suffocation,

5. Condusions

This work has chemicalls and mineralogically ana-
Ivead PAM occurnng at Selebi Phikwe by XRPD. Re-
sulis obwined rrom chemical analyses relate well with
minerals identified by XRPD for PAM samples. Djule-
rite has been identified as a neomineralized phase
cecurrirg as a result of Mi-Cu miningsmelting activi-
tics, W have further discussed the environmental
chemistry and mireralogy ard examined some possible
environmental implications likely 1o be cocurring as a
result of contamirated PAM at the Selebi Phikwe Ni-
Cu mine area.
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