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Uranium pollution in South Africa:
past research and future needs

Oneciscenje uranijem u JuznoafriCkoj Republici: prosla

Extracting gold for over a century from the Witwa-
tersrand basin in South Africa as the largest known deposit
on Earth, inadvertently also brought large amounts of radio-
active and chemotoxic uranium (U) into densely populated
environments. With well over 6000 million t of tailings, the
Witwatersrand goldfields contain more uraniferous mine
waste than all other U-producing countries worldwide com-
bined, exposing millions of mainly impoverished residents
to contaminated air, water, soil and food. Yet, to date, no sys-
tematic effort has been made to quantify reliably the extent
of the problem and assess associated health risks for the en-
tire region. Acknowledging that any concerted strategy for
addressing the U legacy requires a scientific base, this paper
briefly describes how research on U pollution in South Af-
rica developed, which topics were covered and some of the
gaps. Based on this, a radio-ecological approach is proposed
to be followed for systematically addressing the problem and
arriving at a sound scientific understanding of where U orig-
inates, how it migrates through the environment and what
the associated health risks are.

Key words: uranium, contamination, mining, health risk,
radio-ecology

istraZivanja i buduce potrebe

Vadenje zlata u razdoblju duljem od stoljeca iz bazena
Witwatersranda u Juznoafrickoj Republici, najvecega po-
znatog nalazista na Zemlji, nenamjerno je u gusto naseljen
okoli§ unijelo velike koli¢ine radioaktivnog i kemotoksi¢nog
uranija (U). S viSe od $est milijardi tona otpada witwater-
srandska zlatna polja sadrZavaju viSe uranijeve rudnicke
jalovine od svih drugih proizvodaca uranija na svijetu zajed-
no, izlazuéi milijune uglavnom siromasnoga stanovnistva
oneciséenu zraku, vodi, tlu i hrani. No do danas nije bilo
sustavnih napora da se pouzdano kvantificira opseg proble-
ma i procijene s njime povezani zdravstveni rizici za cijelu
regiju. Prihvacajuéi ¢injenicu da svaka uskladena strategija
usmjerena na uranijeve posljedice zahtijeva znanstvenu
podlogu, u radu se ukratko opisuju razvoj istrazivanja one-
¢isenja uranijem u Juznoafrickoj Republici, obradene teme
te neke od propustenih. Na temelju toga preporucuju se
radioekoloski pristup sustavnoj obradi problema te prona-
lazenje pouzdanoga znanstvenog razumijevanja podrijetla
uranija, njegova kretanja okoliSem i utvrdivanje s njim po-
vezanih zdravstvenih rizika.

Kljuéne rijeci: uranij, oneciscenje, rudarenje, zdravstveni
rizici, radioekologija

* This paper was presented on one of the recent meetings (2012-2014) of the Commission for Water Sustainability of the International Geographical

Union (IGU).

*Rad je predstavljen na jednom od skupova Komisije za vode Medunarodne geografske unije (IGU) odrzanih u razdoblju 2012.-2014.
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1. Infroduction

Of the 90 naturally occurring elements of the
periodic table that make up the universe, uranium
(U) is not only the heaviest one found in measur-
able quantities on Earth but also the one that has
perhaps shaped the face of planet Earth most pro-
foundly. Containing the only natural isotope able
to sustain a nuclear chain reaction, it is the radio-
active decay of ?*U and its daughter elements that
still provide the geothermal energy used inside the
Earth for melting rock into magma, creating and
moving whole continents and driving earthquakes,
tsunamis and volcanic eruptions that still pro-
foundly shape our environment.

In South Africa, more than in any other country
worldwide, humans removed U from the safe geo-
logical underground and introduced the radioactive
and chemically toxic metal into their own environ-
ment, simply by continuously extracting gold from
the world’s largest known deposit in the Witwa-
tersrand basin. Since both elements are exception-
ally heavy, they have historically been deposited in
identical environments, resulting in most gold reefs
(as the ore bodies are termed in SA) also contain-
ing appreciable amounts of U. Except for a 30-year
period during the Cold War (early 1950s to the
early 1980s) when U was produced as a by-prod-
uct of gold for military use in atomic weapons of
the USA, most of the U was dumped as waste onto
the large tailings deposits of the gold mines. These
deposits, locally known as “slimes dams” or “tailings
dams” are now defining features of the urban land-
scape of cities like Johannesburg that owe their very
existence to the mines.

Compared to other commodities, the mining of
gold creates an exceptionally large amount of waste,
simply because of gold’s low abundance that, while
making it precious, also requires large volumes of
rock to be mined before sufficient quantities are ob-
tained. Combined with the exceptionally long min-
ing period of nearly 130 years in the Witwatersrand,
this created by far the largest volume of uranifer-
ous mining waste deposited anywhere in the world.
Covering a large footprint area of some 400 km?,

1. Uvod

Od devedeset elemenata periodnog sustava koje
nalazimo u prirodi i od kojih je izgraden svemir
uranij (U) nije samo najtezi koji u mjerljivim koli-
¢inama pronalazimo na Zemlji nego je i onaj koji je
mozda najvise utjecao na izgled planeta. Kako sadr-
zava jedini prirodni izotop sposoban za podrzava-
nje nuklearne lanc¢ane reakcije, upravo radioaktivni
raspad *°U i njegovih produkata i danas u unu-
tradnjosti Zemlje stvara geotermalnu energiju koja
stijene tali u magmu te tako gradi i pokrece cijele
kontinente i uzrokuje potrese, cunamije i vulkanske
erupcije koji uvelike utjecu na izgled okolisa.

U Juznoafrickoj Republici, vise nego u bilo kojoj
drugoj zemlji na svijetu, ljudi su iskapali uranij te
iz podzemlja unosili radioaktivan i kemijski toksi-
¢an metal u vlastiti okoli§ jednostavnim vadenjem
zlata iz najbogatijega poznatog nalazista na svijetu
u bazenu Witwatersranda. Kako su oba elementa
osobito teska, u geoloskom vremenu su se natalo-
zila u identi¢nim okolisima koji su stvorili veéinu
zlatnih grebena (kako se u Juznoafrickoj Republi-
ci nazivaju lezista rudace) s mjerljivim koli¢inama
uranija. Osim tridesetogodi$njeg razdoblja tijekom
Hladnoga rata (od pocetka pedesetih do pocet-
ka osamdesetih godina 20. stoljeca), kad je uranij
kao nusproizvod zlata upotrebljavan u vojne svrhe
u atomskom naoruzanju SAD-a, veéina se uranija
kao jalovina odbacivala na velika odlagalista rud-
nika zlata. Ta odlagalista, koja se lokalno nazivaju
ysluzavim nasipima” ili ,jalovinskim nasipima”,
danas su prepoznatljiva obiljezja urbaniziranoga
krajolika gradova poput Johannesburga koji svoje

postojanje zahvaljuju upravo rudnicima.

U usporedbi s drugim sirovinama rudarenje zlata
stvara iznimno veliku koli¢inu otpada, jednostavno
zato $to zbog male koli¢ine zlata, koja je i razlog
njegove vrijednosti, zahtijeva vadenje velikih koli-
{ina stijena kako bi se dobilo dovoljno zlata. Zbog
iznimno dugog razdoblja rudarenja u Witwater-
srandu od gotovo 130 godina tako je nastala daleko
najveca koli¢ina odloZenog uranijem onecis¢enog
otpada na svijetu. Prekrivajuéi veliku povr§inu od
oko 400 km?, ta jalovina sadrzava vise od $est mili-

* Sluzbeni naziv drzave je Republika Juzna Afrika no u prijevodu ¢lanka se zbog prakti¢nih razloga koristi u hrvatskom jeziku ¢esci naziv Juznoafricka

Republika i njegova skracenica JAR.
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these tailings contain well over 6000 million t of
finely ground mine waste, most of which still con-
tains U in its original ore-levels (Chamber of Mines,
1999). In contrast to many other major U produc-
ers located in remote and scarcely populated areas
such as the Australian outback, the Arctic Circle of
Canada and deserts in the USA, nearly all of the
uraniferous tailings in South Africa are deposited
in densely populated regions with millions of peo-
ple living in the immediate vicinity. While U grades
vary significantly between slimes dams, on average,
gold tailings in SA contain some 100 g U per ton of
tailings amounting to well over 600,000 t, which are
exposed to a chemically aggressive atmosphere with
an abundance of free oxygen and water (Schoenfeld
et al. 2014). A map depicting the gold mining areas
of the Witwatersrand basin is displayed in Fig. 1.

jardi tona finomljevena rudnickog otpada, od kojeg
vedina i dalje sadrzava uranij u izvornoj koncentra-
ciji (Rudarska komora JAR-a, 1999). Za razliku od
brojnih drugih velikih proizvodac¢a uranija koji se
nalaze u izoliranim i slabo naseljenim podru¢jima
poput unutradnjosti Australije, kanadskoga polar-
noga kruga i pustinja u SAD-u, gotovo sva urano-
nosna jalovina u Juznoafri¢koj Republici odlaze se
u gusto naseljenim podrudjima s milijunima ljudi
u neposrednoj blizini. Iako se koli¢ina uranija jako
razlikuje medu nasipima, zlatna jalovina u JAR-uu
prosjeku sadrzava oko 100 g uranija po toni jalovi-
ne, a to znadi da je vise od 600.000 tona izlozZeno
kemijski agresivnoj atmosferi s mnogo slobodnoga
kisika i vode (Schoenfeld i dr.,2014). Karta podruc-
ja rudarenja zlata u bazenu Witwatersranda prika-
zana je na sl. 1.
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Fig. 1 Gold mining areas of the Witwatersrand basin in South Africa (based on mine lease areas)
SI. 1. Rudnici zlata u bazenu Witwatersrand u Juznoafrickoj Republici (na temelju rudnickih koncesija)

As a result, much of the U contained in the tailings
is mobilised and moves — dissolved in porewater — along
with seepage escaping from the waste deposits, into
the aquatic environment. Linear transport in receiving
streams and rivers rapidly dissipates U in the environ-
ment, exposing areas well outside the mining regions to
the toxic metal. Public streams used by — often informal
and poverty stricken — residents for domestic purposes,
including drinking and cooking, often contain U levels

Zbog toga se mnogo uranija iz jalovine mobilizi-
ra, otapa u podzemnoj vodi te iz odlagalista dospi-
jeva u vodeni okolis. Linearni transport teku¢icama
brzo §iri uranij i izlaze toksi¢nome metalu podrucja
koja su udaljena od rudarskih. U javnim vodoto-
kovima koje za potrebe svojih kuéanstava, izmedu
ostaloga kao pitku vodu i vodu za kuhanje, upotre-
bljavaju Cesto neuki i siromasni stanovnici uranij je

nerijetko daleko iznad dopustivih granica, iako se
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well above permissible levels, even though guideline val-
ues vary significantly between countries and legislation.

Given that recent findings suggest a much wid-
er spectrum of chemo- and radiotoxicity related to U,
it is paramount to assess the possibly associated risks
mining-related U pollution may pose to the health of
millions of exposed people.

Placed into a global context, a brief review on the
history and development of researching U pollution in
South Africa is provided, including references to the
media that have played and continue to play an import-
ant watchdog role in this field.

Based on this review, the paper identifies existing
knowledge gaps and proposes a radio-ecological ap-
proach for comprehensively assessing health risks. In
order to support the latter, crucial aspects of where U
originates, and how and along which pathways it is dis-
sipated throughout the environment are discussed. This,
in turn, will inform an improved ranking of contami-
nated sites according to health risk potential and allow
prioritising remediation.

2. Reviewing research on U pollution in South
Africa - an overview

The global context: Compared to decades of
state-sponsored, mostly confidential research into
the uses of U for nuclear weapons and power gen-
eration from the early 1940s on to the end of the
Cold War, investigations of environmental and
health aspects are a rather recent phenomenon that
started in earnest in the 1980s in the USA, as part
of the country’s efforts to remediate the legacy of
decades of uranium mining and milling activities

(UMTRA?) (Waggit, 1994).

The environmental research into U received a
major boost in the 1990s with the reunification of
Germany, as a condition of which the country as-
sumed the responsibility of remediating the largest
U-mining region in Europe — the formerly Sovi-
et-controlled Wismut area that produced most of
the U used in the atomic weapons programme of

1 UMTRA - Uranium Mills and Tailings Remediation Act

okvirne vrijednosti uvelike razlikuju medu zemlja-
ma i zakonodavstvima.

Kako nedavna istrazivanja upucuju na mnogo
giri spektar kemotoksi¢nosti i radiotoksi¢nosti po-
vezanih s uranijem, iznimno je vazno procijeniti
moguce rizike rudarskog onecis¢enja uranijem na
zdravlje milijuna izlozZenih ljudi.

Postavljen u $iri kontekst, u nastavku je sazetak
povijesti i razvoja istrazivanja oneciS¢enja uranijem
u Juznoafrickoj Republici, uklju¢ujuéi informacije o
medijima koji su imali, a i dalje imaju vaznu ulogu
u nadzoru na tom podrugju.

Na temelju tog sazetka u radu se isticu manjka-
vosti u poznavanju i predlaze radioekoloski pristup
sveobuhvatnoj procjeni zdravstvenih rizika. Upravo
radi zdrastvenih rizika razmatraju se klju¢ni aspekti
podrijetla uranija te putevi i nacini njegovog Sirenja
okoligem. Tako ¢e se dobiti informacije o redoslije-
du onecis¢enih podrudja u odnosu na potencijalni
zdrastveni rizik i omoguciti ustanovljavanje priori-
teta u poboljsavanju situacije.

2. Pregled istrazivanja oneciscenja uranijem v
Juznoafrickoj Republici

Globalni kontekst: U usporedbi s desetljecima
drzavno financiranih, uglavnom tajnih istrazivanja
iskori§tavanja uranija za nuklearno oruzje i proi-
zvodnju elektricne energije od pocetka Cetrdesetih
godina 20. stolje¢a do zavrsetka Hladnoga rata,
istrazivanja ekoloskih i zdravstvenih aspekata za-
pravo su pocela tek nedavno, osamdesetih u SAD-u
kao dio napora te zemlje da ispravi posljedice deset-
lje¢a rudarenja i prerade uranija (UMTRA?) (Wa-
ggit, 1994).

Ekoloska istrazivanja uranija velik su poticaj do-
bila devedesetih ponovnim ujedinjenjem Njemacke,
na temelju odgovornosti koju je ta drzava preuzela
kako bi popravila uvjete u najvecoj europskoj re-
giji za dobivanje uranija — podru¢ju pod upravom
tvrtke Wismut™, neko¢ pod sovjetskim nadzorom,
u kojem se vadio najveéi dio uranija upotrijeblje-

1 UMTRA - Uranium Mills and Tailings Remediation Act, Zakon o uklanjanju posljedica onecis¢enja u tvornicama uranija i uranijevoj jalovini.

** Wismut — tvrtka koja je upravljala rudnicima i preradom uranija u juznom dijelu nekadasnje Isto¢ne Njemacke (Njemacka Demokratska Republika).
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the Soviet Union. In an environmental rehabilita-
tion programme of unprecedented scale in terms of
resources and funding, the German Government
allocated over Deutschmark 15 bn (equivalent to €
7.5 bn) to remediate Wismut legacy sites. This was
scientifically complemented by a number of Ger-
man universities and research institutions, among
them the oldest university with a mining pro-
gramme — the Bergakademie in Freiberg (Freiberg
University on Mining and Technology) — which es-
tablished an international conference series on Ura-
nium Mining and Hydrogeology (UMH) that soon
became one of the most renowned global forums
on the topic. After the collapse of the Iron Curtain,
efforts also increased in other former countries of
the former Eastern Bloc to remediate legacy sites
including U mines, U production sites, etc. (e.g.
Cerne et al., 2010, Zoriy et al. 2010).

South Africa: When, in 2007, the SA Govern-
ment declared uranium a “strategic mineral” and
soon thereafter embarked on a nuclear expansion
programme with announced intentions, once again,
to become a global supplier of U, the country con-
tinued a tradition of several decades (Olivier, 2007;
Zhuwakinyu, 2007). Initiated by the Manhattan
Project in the USA to build the first atomic bomb,
large-scale production of U as a much needed
core component for this endeavour started in SA
in 1951, after a government-sponsored large-scale
U-programme provided the required infrastructure
and resources (Taverner, 1957). During the next
decades of the ensuing Cold War, South Africa
became the fourth largest U-producer worldwide
after the USA, Canada and East Germany. How-
ever, out-and-out U-mines remained the exception
as most of the U in South Africa was produced as
a by-product of deep level gold mines, since the
auriferous reefs often also contained significant U
grades.

Falling U-prices in the 1980s led to a significant
drop in U-production and the radioactive heavy
metal was again dumped along with tailings on the
many slimes dams, as happened during the 65 years
before the start of the South African U-programme.
Since the discovery of gold in the Witwatersrand
basin in 1886, gold mines produced well over 6 bn
t of gold tailings covering some 400 km” (Robb

nog za proizvodnju nuklearnog oruzja u Sovjet-
skom Savezu. U programu ekoloskog oporavka u
do tada nezabiljeZenim razmjerima resursa i finan-
ciranja, njemacka je vlada ulozila viSe od petnaest
milijardi maraka ($to odgovara 7,5 milijardi eura) u
uklanjanje onecis¢enja Wismutovih pogona. To je
znanstveno popratilo nekoliko njemackih sveucili-
$ta i istrazivackih instituta, medu njima i najstarije
rudarsko sveuciliste Bergakademie Freiberg, koje
je organiziralo niz medunarodnih simpozija Ruda-
renje i hidrogeologija uranija (Uranium Mining and
Hydrogeology, UMH), koji su se uskoro pokazali
jednim od najvaznijih globalnih foruma na tu temu.
Poslije pada Zeljezne zavjese i u drugim su se dr-
Zavama bivSega Isto¢nog bloka pojacali napori za
uklanjanje industrijskih onecis¢enja, medu njima i
rudnika uranija, tvornica za proizvodnju uranija itd.

(npr. Cerne i dr., 2010; Zoriy i dr., 2010).
Juznoafricka Republika: Kad je 2007. Vlada

JAR-a proglasila uranij ,strateskim mineralom” i
uskoro zapocela prosirivanje nuklearnog programa
s objavljenom namjerom da ponovno postane vazan
dobavlja¢ uranija na svijetu, nastavila je tradiciju
koja je trajala nekoliko desetljeca (Olivier, 2007;
Zhuwakinyu, 2007). Zapoceta u SAD-u Projektom
Manhattan za izgradnju prve atomske bombe, pro-
izvodnja uranija na veliko kao sredisnjeg dijela tog
programa u JAR-u je pocela 1951. posto je opsezan
program koji je financirala Vlada ponudio potrebnu
infrastrukturu i resurse (Taverner, 1957). Tijekom
sljede¢ih desetlje¢a Hladnoga rata Juznoafric-
ka Republika postala je Cetvrti najvedi proizvodal
uranija na svijetu, poslije SAD-a, Kanade i Isto¢ne
Njemacke. No rudnici namijenjeni samo dobivanju
uranija u Juznoafrickoj su Republici ostali iznim-
kom jer je veéina elementa bila nusproizvod zlata

koje se vadilo iz dubokih rudnika.

Pad cijena uranija u osamdesetima uzrokovao je i
pad njegove proizvodnje, a radioaktivni teski metal
ponovno se poleo odlagati na brojnim odlagalisti-
ma jalovine, bas kao i tijekom 65 godina prije po-
Cetka juznoafrickog programa proizvodnje uranija.
Od otkri¢a zlata u bazenu Witwatersrandu 1886.
rudnici zlata proizveli su viSe od $est milijardi tona
zlatne jalovine koja prekriva oko 400 km? (Robb i
Robb, 1998). S procijenjenim sadrzajem od oko 100
g uranija po toni (CoM, 1999) ta zlatna jalovina
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and Robb, 1998). With an estimated average of ap-
proximately 100 g U per ton (CoM, 1999) these
gold tailings contain higher U levels than many
genuine U-tailings elsewhere (e.g. in the Wismut
region: 70-90 g/t) and contain some 600,000 t of
U — nearly 4 times the amount exported during the
Cold War (ca. 150.000 t). Given the huge amount
of uraniferous tailings spread over large areas, it is
no surprise that many rivers and aquifers in mining
regions are now affected by U pollution (e.g. Winde
and Sandham, 2004).

However, it was only recently that the mining in-
dustry at large acknowledged that there is, in fact, a
problem and — at least partly — took on some respon-
sibility. The fact that U-production in SA, since its in-
ception, was surrounded by secrecy may have contrib-
uted to the culture of denial well into the 1990s. This
was despite the fact that suspicions on the adverse
effects of U-polluted mine water had been raised by
farmers as early as in 1967 (Stoch and Retief, 1967)
and had been confirmed by even earlier Government
investigations (Jordaan et al., 1960). These allegations
were finally followed up by a Government-led inves-
tigation conducted by the national veterinary research
station at Onderstepoort, which analysed various an-
imals for radionuclides that kept the (inconclusive)
results confidential (Die Komitee oor die Gehalte van
Water aan die Verre-Wesrand, 1971).

While the mining industry traditionally enjoyed
a very close relationship with Government that of-
ten resulted in the rather soft policy on enforcing
existing legislation, this changed, somewhat, after
the democratic elections in 1994. However, a few
years before the new political dispensation became
a reality in South Africa a number of internal inves-
tigations into radioactive pollution by gold mines
were conducted by the mining and nuclear indus-
try. This included studies on radioactive mine water
pollution by the Chamber of Mines Research Or-
ganisation (COMRO) in 1985 (COMRO 1985),
and uranium analyses of mine water from various
mines in the upper Wonderfonteinspruit catch-
ment (Dorling 1988). The Atomic Energy Corpo-
ration of SA Ltd (AEC), later renamed into Nucle-
ar Energy Corporation of South Africa, (NECSA)
investigated the concentrations of “*Ra in tailings
as well as nearby streams in the East, Central and
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sadrzava vi$e uranija nego u drugim pravim zlatnim
jalovinama u drugim dijelovima svijeta (na Wi-
smutovu podrudju izmedu 70 i 90 g/t) te otprilike
600.000 t uranija — gotovo Cetiri puta viSe nego §to
je izvezeno tijekom Hladnoga rata (oko 150.000 t).
Kad se uzme u obzir golema koli¢ina uranonosne
jalovine ragirene na velikom podrucju, ne ¢udi da su
brojne rijeke i podzemni vodonosnici u rudarskim
podrudjima onecidceni uranijem (npr. Winde i San-

dham, 2004).

No tek je nedavno rudarska industrija priznala
da problem zapravo postoji te je — barem djelomi-
ce — preuzela i dio odgovornosti za njega. To sto
je proizvodnja uranija u Juznoafrickoj Republici od
samoga pocetka bila zastiena velom tajne mozda je
sve do kasnih devedesetih pridonosilo kulturi negi-
ranja, usprkos tome $to su se sumnje u nepovoljne
ucinke rudnicke vode onecis¢ene uranijem pojavile
jos davne 1967. (Stoch i Retief, 1967) i bile potvr-
dene jo§ ranijim Vladinim istrazivanjima (Jordaan
i dr, 1960). Te su tvrdnje naposljetku potaknule
vlasti da pokrenu istrazivanje u organizaciji drzavne
veterinarske istrazivacke postaje u Onderstepoortu,
koja je razli¢ite Zivotinje analizirala na radionuklide,
ali su (neuvjerljivi) rezultati ostali tajni (Die Komi-
tee oor die Gehalte van Water aan die Verre-Wesrand,

1971).

Rudarska industrija tradicionalno je odrzavala
vrlo uske veze s Vladom, $to je Cesto za posljedicu
imalo izrazito meku politiku nadzora provodenja
zakond, no to se poslije demokratskih izbora 1994.
u odredenoj mjeri promijenilo. Ali nekoliko godina
prije nego $to je u Juznoafri¢koj Republici uspostav-
ljeno novo politicko vodstvo, rudarska i nuklearna
industrija provele su niz internih istrazivanja radio-
aktivnog onecis¢enja rudnika zlata. Medu njima je
bilo i istrazivanje radioaktivnog onecis¢enja vode
Istrazivacke organizacije Rudarske komore (Cham-
ber of Mines Research Organisation, COMRO) iz
1985. (COMRO, 1985), analize uranija u vodi iz
nekoliko rudnika u gornjem dijelu porijecja Won-
derfonteinspruita (Dorling, 1988). Korporacija
za atomsku energiju Juznoafricke Republike (7%e
Atomic Energy Corporation of SA Ltd, AEC), poslije
preimenovana u Korporaciju za nuklearnu energiju
Juznoafricke Republike (Nuclear Energy Corporati-
on of South Africa, NECSA) istrazila je koncentraci-



West Rand (de Jesus et. al 1987). A systematic
survey conducted by the COMRO in 1990 estab-
lished for a number of mines across the entire Wit-
watersrand basin significantly elevated uranium
levels in mine water (Pulles 1991). A spot sample
conducted later at Deelkraal Gold Mine found sig-
nificantly elevated uranium levels in urine of mine

workers (Deelkraal GM, 1995).

The first non-confidential report on the matter
by Funke (1990) provided an overview on the ura-
nium pollution potential of gold mines in South
Africa, without indicating concrete U levels. This
report was followed up with a study funded by
the Water Research Commission (WRC) jointly
conducted by the Earth and Environmental Tech-
nology Department of the AEC and zoologists of
the Rand Afrikaans University (Bain et al. 1994).
'The study analysed several gold mining areas in the
East, Central and West Rand for U and ***Ra pol-
lution of water and soils, as well as the associated
migration of uranium along the food chain, sam-
pling various vegetables, fish, cattle tissue, cow milk,
cattle dung, aquatic vegetation and water birds.
Apart from determining concentration ratios (also
known as “transfer factors”) for the water-soil, fod-
der-cattle, fodder-milk and fodder-dung pathways,
the report also calculated the associated effective
radiation dose for the various exposure pathways
and found that none exceeded the 0.25 mSv/a limit
applied for radiation from a single source (Bain et

al. 1994).
Specifically addressing pollution by gold mining

activities, two regional surveys of radioactive pol-
lution of rivers in and around the Witwatersrand
goldfields were now also conducted by the Govern-
ment (Department of Water Affairs and Forestry,
DWAF), confirming that a number of rivers and
streams were indeed significantly contaminated
(Faanhof et al., 1995; Kempster et al., 1996). Based
on these two surveys, in late 1996, the largest study
on U-pollution to date was launched by the then
Minister of Water Affairs Mr. Kader Asmal, focus-
sing on the Wonderfonteinspruit catchment where
the first complaints on adverse effects were reported

in the 1960s IWQS, 1999).

Interestingly, at around the same time, a WRC
study into health effects of naturally elevated

je **Ra u jalovini i obliznjim vodotokovima u Isto¢-
nom, Sredi$njem i Zapadnom Randu (de Jesus i dr.,
1987). Podrobnim istrazivanjem koje je COMRO
proveo 1990. u nekoliko su rudnika u cijelom ba-
zenu Witwatersranda pronadene znatno povecane
razine uranija u rudnickoj vodi (Pulles, 1991). Uzo-
rak poslije uzet iz rudnika zlata Deelkraal pokazao
je veliko povecanje razine uranija u mokraéi rudara

(Deelkraal GM, 1995).

Prvo izvjesce koje nije bilo tajno (Funke, 1990)
nudi pregled opasnosti od onecis¢enja uranijem u
rudnicima zlata u JuzZnoafrickoj Republici, ali ne
navodi konkretne koli¢ine uranija. To je izvjesce
popratilo istrazivanje koje je financirala Komisija
za istrazivanje voda (Water Research Commission,
WRC), a zajednicki su ga proveli Odjel za geolosku
i ekolosku tehnologiju AEC-a i zoolozi sa Sveuci-
lista Rand Afrikaans (Bain 1 dr., 1994). U istraZiva-
nju su se analizirali onecis¢enje vode i tla uranijem
i #*Ra u nekoliko zlatonosnih rudarskih podrudja u
Isto¢nom, Sredi$njem i Zapadnom Randu te s tim
povezano kretanje uranija kroz hranidbeni lanac, s
uzorcima iz povréa, ribe, tkiva goveda, kravljeg mli-
jeka, govedskog izmeta, vodenog raslinja i vodenih
ptica. Osim odredivanja omjera koncentracija (tzv.
transfernih ¢imbenika) za vodu i tlo, hranu i goveda,
hranu i mlijeko te hranu i izmet izvje$ée je izracu-
navalo i s tim povezane efektivne doze zracenja za
razli¢ite kanale izlaganja te je ustanovilo da nijedan
nije premasio granicu od 0,25 mSv/a vaze¢u za zra-
Cenje iz jednog izvora (Bain i dr., 1994).

Posebno se usredotocujuéi na oneciséenje aktiv-
nostima rudarenja zlata, Vlada je provela dva regi-
onalna istrazivanja radioaktivnog oneéiséenja rije-
ka na zlatnim poljima Witwatersranda i oko njih
(Odjel za vodoprivredu i Sumarstvo, Department
of Water Affairs and Forestry, DWAF) te ustanovila
da je nekoliko rijeka i potoka doista znatno oneci-
§¢eno (Faanhof i dr.,, 1995; Kempster i dr., 1996).
Na temelju tih dvaju istrazivanja tada$nji ministar
za vodoprivredu Kader Asmal pokrenuo je potkraj
1996. do tada najvece istrazivanje onecis¢enja ura-
nija usredotoceno na porije¢je Wonderfonteinspru-
ita, u kojem su $ezdesetih zabiljeZene prve prituzbe

na nezeljene posljedice (IWQS, 1999).

Zanimljivo, otprilike istodobno u susnome ov-
Carskom podrudju provincije Sjeverni Cape (oko
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U-levels was initiated in an arid sheep farming area
of the Northern Cape (around the town of Pofad-
der), which finally established a geo-statistical link
between U-levels in borehole water consumed by
farmers, and the occurrence of haematological ab-
normalities serving as proxy for leukaemia from
which an unnaturally high number of people suf-
fered in the area (Toens et al., 1998).

Although some individuals served on the steering
committees of both projects (i.e. the WFS and Pofad-
der study) there is no record of any cross-communica-
tion let alone collaboration between the two research
teams. This is puzzling as both studies investigated a
nearly identical problem. Although the alarming find-
ings of the Pofadder study were published a year before
the IWQS report was released, the latter contains not
a single reference to this highly relevant document. A
contributing factor to this could have been that the
title of the original Pofadder project was changed in
such a way that crucial keywords such as “uranium”
and “leukaemia” disappeared from the title of the final
publication, rendering any library search for these key
topics (at the time) unsuccessful (Toens et al., 1998).

A letter from the principle researcher of the Po-
fadder project, Dr. Dennis Toens to Kader Asmal,
requesting urgent intervention received a lukewarm
response, stating that no action could be taken as
the prevalence of leukaemia in the region could also
be caused by a range of other factors including toxic
agro-chemicals, contaminated dust etc. not explored
in the study. While three independent follow-up
studies meanwhile confirmed the elevated levels of
U in the region (Wullschleger et al., 1998; Sekoko
et al., 2005; van Wyck and Coetzee, 2006), no inves-
tigation into possible causes of the leukaemia cluster
have been attempted in the past 16 years since the
Toens report was published. Despite being plagued
by conflicting views of the various interest groups
represented at the steering committee (Stoch, E. J.,
MecLaren, A., personal communication, 1999), the
IWQS study in the WFS marked the beginning
of systematic scientific efforts to investigate the al-
leged pollution problem caused by gold mining. To
this date, the study remains the single most exten-
sive and comprehensive investigation on the topic
in South Africa, based on the amount of analysed
samples and time period covered.
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grada Pofaddera) pokrenuto je WRC-ovo istrazi-
vanje o zdravstvenim uéincima prirodno povisenih
razina uranija, kojim je nedvojbeno ustanovljena
geostatisti¢ka veza izmedu razine uranija u vodi iz
busotina koju su upotrebljavali farmeri i hematolos-
kih poremecaja kao indikatora leukemije od koje je
obolijevao neprirodno velik broj stanovnika u tom

podrudju (Toens i dr., 1998).

Iako su neke osobe bile u upravnim odborima
obaju projekata (4j. istrazivanja WES i Pofadder),
nema nikakvih zabiljezenih podataka o medusobnoj
komunikaciji, a kamoli suradnji medu dvama istra-
zivackim timovima. To doista iznenaduje jer su oba
istrazivanja proucavala gotovo istovjetni problem.
Tako su zabrinjavajuéa otkrica istrazivanja Pofadder
objavljena godinu dana prije IWQS-ova izvjesca,
ovo posljednje uopée ne spominje taj toliko vazni
dokument. Cimbenik koji je tome svakako mogao
pridonijeti jest promjena izvornog naslova projekta
Pofadder, tako da su iz njega nestale klju¢ne rijeci
poput ,uranija” i ,leukemije”, pa je knjizni¢na pre-
traga za tim temama (u to vrijeme) bila neuspjesna

(Toens i dr., 1998).

Pismo dr. Dennisa Toensa, vodeceg znanstvenika
projekta Pofadder, Kaderu Asmalu kojim je zahtije-
vao hitnu intervenciju dobilo je neuvjerljiv odgovor
u kojem se tvrdilo kako se na ucestalost leukemije u
tom podrudju ne moze djelovati jer je mogu uzroko-
vati i brojni drugi ¢imbenici, medu njima i toksi¢na
poljoprivredna sredstva, onecis¢ena prasina itd., ko-
jima se istrazivanje nije bavilo. Iako su tri neovisna
naknadna istrazivanja u meduvremenu potvrdila po-
visene razine uranija na tom podrucju (Wullschleger
idr., 1998; Sekoko i dr., 2005; van Wyck i Coetzee,
2006), u proteklih Sesnaest godina od objavljivanja
Toensova izvjesca nije obavljeno nijedno istrazivanje
o mogudim uzrocima leukemijskih bolesti. Usprkos
poteskoc¢ama zbog suprotstavljenih stavova razli¢i-
tih interesnih skupina predstavljenih u upravnom
odboru (Stoch, E. J., McLaren, A., osobno priopce-
nje, 1999), istrazivanje IWQS u WES-u oznadilo je
pocetak sustavnih znanstvenih pokusaja istrazivanja
navodnog onecis¢enja uzrokovanog rudarenjem zla-
ta. To je istrazivanje po koli¢ini analiziranih uzoraka
i razdoblju koje je obuhvatilo ostalo do danas jedino
siroko i sveobuhvatno istrazivanje te teme u Juzno-

africkoj Republici.



Since then there have been over 40 related stud-
ies conducted in the Wonderfonteinspruit (WES)
catchment alone, many encountering similar ob-
stacles caused by conflicting interests. One partic-
ular report (Coetzee et al., 2006) was, for example,
embargoed by intervention of a particular mining
house and a subsequent moratorium imposed on
the report by the then Department for Minerals
and Energy (DME). The report was published with
a two year delay only after repeated requests from
an environmental activist and a journalist (per-
sonal communication Liefferink, M., CEO of the
FSE and Tempelhoff. E., journalist 2005). When
the report was eventually released it was hailed as
first evidence of the “democratisation of science in
SA”(personal communication, Turton, A., CSIR re-
searcher, 2006).

However, the National Nuclear Regulator
(NNR) represented on the Steering Committee of
the project insisted on including a disclaimer in the
published version in which it disagreed with the risk
assessment methodology and undertook to conduct
its own investigation. After considerable delay, this
investigation finally got underway in 2006 when
a German company (Brenk Systemplanung) con-
ducted a radiological risk assessment on behalf of
the NNR (Barthel, 2007, 2011). The fact that this
report (known as “Brenk Report” even though its
author was Dr. R. Barthel) established even high-
er risks quotients triggered a public outcry accom-
panied by often sensationalising media reports in
which headline phrases such as Death in the water,
Lives at risks as mines coin if, Health nightmare and
Toxic tsunami were used, the latter latching onto
emotions the real tsunami in Indonesia had trig-
gered just a few months before (Avni, 2007; Tem-
pelhoft, 2007a; Beega, 2008a; Stuijt, 2008; Jordan
2009). The fact that the author of the Brenk Report
was subsequently prevented from presenting an al-
ready accepted paper at the Enviromin Conference
to be held in SA a few weeks later certainly did not
help to instil public trust in open and transparent

governance (Barthel et al., 2007).

After a shortened and edited version of the
original report was finally released by the NNR
mid-2007 on their website, a range of follow-up in-
vestigations started, concentrating on possible risk

Otada je samo u izravnom porije¢ju Wonder-
fonteinspruita (WES) provedeno vise od Cetrdeset
istrazivanja na tu temu, a mnoga su se morala suo-
Citi sa sliénim preprekama uzrokovanim sukoblje-
nim interesima. Na jedno je izvjes¢e (Coetzee i dr.,
2006) primjerice poslije intervencije jedne rudarske
tvrtke stavljena zabrana, uz moratorij na izvjesce
tadasnjeg Ministarstva za minerale i energiju (De-
partment for Minerals and Energy, DME). lzvjesce
je objavljeno tek dvije godine poslije, nakon broj-
nih zahtjeva jednoga ekoloskog aktivista i novinara
(osobno priopéenje, Liefferink, M., generalni direk-
tor FSE-a, i Tempelhoff, E., novinar, 2005). Kad je
izvjes¢e naposljetku objelodanjeno, smatralo ga se
prvim dokazom ,demokratizacije znanosti u Juzno-
africkoj Republici” (osobno priopéenje, Turton, A.,
istraziva¢ CSIR-a, 2006).

No Drzavna nuklearna regulatorna agencija
(National Nuclear Regulator, NNR) s predstavni-
kom u upravnom odboru projekta inzistirala je
da objavljena inalica sadrzava i upozorenje da se
Agencija ne slaze s metodologijom procjene rizika
te Ce provesti vlastito istrazivanje. Poslije odugovla-
Cenja to je istrazivanje pocelo 2006., kad je njemac-
ka tvrtka (Brenk Systemplanung) za ra¢un NNR-a
obavila procjenu radioloskog rizika (Barthel, 2007,
2011). To $to je izvjeSée (poznato kao ,lzvjesce
Brenk Report”, iako joj je autor bio dr. R. Barthel)
ustanovilo jo§ vece rizike izazvalo je javne prosvjede
popracene nerijetko senzacionalistickim napisima u
medijima s naslovima poput ,Smrt u vodi”, Zivoti
u opasnosti dok se rudnici bogate”, ,Zdravstvena
noc¢na mora” i , Toksi¢ni cunami”, a posljednji se
nadovezao na katastrofu pravog cunamija u Indo-
neziji, koji se dogodio samo nekoliko mjeseci pri-
je (Avni, 2007; Tempelhoff, 2007a; Beega, 2008a;
Stuijt, 2008; Jordan 2009). To sto je autor Brenkova
izvjes¢a odmah sprijeen da predstavi ve¢ prihva-
¢eni rad na simpoziju Enviromin koji se nekoliko
tjedana poslije trebao odrzati u JAR-u, svakako nije
javnosti ulilo povjerenje u otvorenu i transparentnu

vlast (Barthel i dr., 2007).

Posto je NNR sredinom 2007. na svojim inter-
netskim stranicama objavio skracenu i preraden
inadicu izvornog izvjesca, pokrenut je niz dopun-
skih istrazivanja koja su se usredotocila na mogudi
rizik u prehrambenom lancu, koji je u Brenkovu
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via the food chain as the main exposure pathway
identified in the Brenk Report (e.g. McCrindle,
2008; Hamman, 2012). Unfortunately, and this is
stated with all due respect, many of these studies
were conducted in an uncoordinated and ad hoc
manner by activists, residents and academics who
were often not familiar with this specialised field
of science, nor with the study area, this resulting
in contradictory and/or questionable findings that
added to, rather than eliminated the confusion sur-
rounding the issue. Associated newspaper articles
claimed, for example, that thousands of cattle had
to be shot because of pollution, that exposure to
dust while driving through the area could lead to
cancer and that extreme levels of U were found in
vegetable grown in the area (Tempelhoff, 2007b,
2008a/b; Botha 2008), triggering responses by read-
ers and journalists that questioned these statements
and even alleged deliberate distortion (e.g. Van
Heerden, 2007; Engelbrecht, 2008; Martins, 2008;
Tempelhoft, 2008c¢; Stoch, 2008; Louw, 2009a).

Following the Brenk Report and the recommend-
ed need for intervention, a combined initiative by the
DWAF and the NNR for rehabilitating the WES
catchment got underway with the aim of mitigating
radiological health risks in the Wonderfonteinspruit
catchment area (WCA).

In a first step, a Specialists Task Team (STT) was
appointed consisting of members from South Africa,
Canada and the USA tasked to compile a so-called
“hot-spot map” indicating the sites needing most ur-
gent intervention. The map was eventually produced
by the author employing a specifically developed risk
assessment methodology based on a combination of
the extent of contamination and the associated prob-
ability of exposure to members of the general public
(Winde, 2008). However, instead of the STT joint-
ly following up on how to address the identified 34
“hot spots”, the consulting company that was origi-
nally tasked merely to facilitate easier project admin-
istration took over and, in its own capacity, effectively
stopped further progress by compiling a final report
(Remediation Action Programme, RAP) that later
proved to be inadequate and was eventually reject-
ed by the Steering Committee (Iliso, 2008; Louw,
2009b).

In order to overcome this set-back, a new initia-
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izvjes¢u identificiran kao glavni ¢imbenik izlaganja
(npr. McCrindle, 2008; Hamman, 2012). Na nesre-
¢u, a to isticemo uz duzno postovanje, mnoga su od
tih istrazivanja neuskladeno i ad hoc provodili akti-
visti, stazisti i ¢lanovi akademske zajednice neupu-
¢eni u tu specijalisticku granu znanosti i podrudje
na kojem se istrazivalo, pa su rezultati nerijetko bili
kontradiktorni /ili upitni, a sve je to povecavalo, a
ne uklonilo zbrku u vezi s tim pitanjem. U novin-
skim ¢lancima o toj temi pisalo je primjerice da je
zbog oneciséenja moralo biti ustrijeljeno na tisuce
grla stoke, da je izloZenost pradini tijekom voznje
kroz to podrudje mogla uzrokovati rak te da su u
povréu uzgajanom u tom kraju pronadene ekstre-
mno visoke koli¢ine uranija (Tempelhoft, 2007b,
2008a/b; Botha 2008), sto je potaknulo odgovore
Citateljd i novinard koji su takve tvrdnje smatrali
upitnima te su ¢ak sumnjali u namjerno izvrtanje
podataka (npr. Van Heerden, 2007; Engelbrecht,
2008; Martins, 2008; Tempelhoff, 2008c; Stoch,
2008; Louw, 2009a).

Poslije Brenkova izvje$ca i preporucenih inter-
ventnih mjera zajedni¢kom inicijativom DWAF-a i
NNR-a pocelo je ¢iséenje razvoda WEFS-a kako bi
se uklonila radioloska opasnost za zdravlje u cije-

lom podru¢ju Wonderfonteinspruita (WCA).
U prvoj je fazi Specijalisticka skupina (Specialists

Tuask Team, STT) s ¢lanovima iz Juznoafricke Re-
publike, Kanade i Sjedinjenih Americkih Drzava
trebala izraditi tzv. kartu vruéih tocaka” s mjesti-
ma na kojima je intervencija bila najhitnija. Kar-
tu je autor naposljetku nacinio sluzeéi se posebno
razvijenom metodologijom procjene rizika uteme-
lienom na kombinaciji postoje¢ih oneciséenja i s
njim povezane vjerojatnosti izlaganja stanovnistva
tih podru¢ja (Winde, 2008). No umjesto da STT
zajednicki razradi kako se pozabaviti s pronadene
34 ,vruce tocke”, taj je dio posla preuzela konzul-
tantska tvrtka koja je izvorno ukljucena samo da
omogudéi lakse upravljanje projektom, pa je daljnji
napredak zapravo zaustavila sastavljanjem zavr$nog
izvijesca (Akcijski program poboljsavanja stanja, Re-
mediation Action Programme, RAP), koje se pokaza-
lo nedostatnim te ga je Upravni odbor naposljetku

odbacio (Iliso, 2008; Louw, 2009b).

Kako bi se krenulo dalje, pokrenuta je nova ini-
cijativa, ali ovaj put ne samo s predstavnicima vlasti



tive was started, this time not only involving govern-
mental representatives, as in the first attempt, but
also the local mining industry (represented by the
specially established Mining Interest Group, MIG),
environmental activists (FSE, WWTF) as well as the
affected municipalities. Having been appointed as
expert advisor to the Steering Committee, the author
was tasked to develop a remediation strategy for the
region. Unfortunately, progress has stalled since mid-
2011 following the involvement of newly appoint-
ed staft from NWU and resulting confusion on the
role of the institution in the process (Phillips, 2011;
2012).

Owing to the importance of the matter to the
health of people, as well as deliberate efforts of en-
vironmental activists to expose the matter, coverage
of the U-problem in the media increased significant-
ly. Apart from local weekly newspapers of the area
concerned, national daily and weekly newspapers re-
ported on the matter frequently on the front page,
allocating up to full double pages to the topic. Later
the international news media, including well-known
newspapers such as Die Welt (Germany), The Wash-
ington Post (USA), Le Monde (France), TV stations
(German ZDF/ 3SAT; a Chinese TV station, Al Ja-
zeera), South African prime-time TV shows (Card
Blanche, Fokus, Rooi Trok) as well as numerous
online media and radio broadcasters from overseas
(Canada, Belgium, Netherlands etc.) and South Af-

rica covered the story.

'The rise in public awareness following the Brenk
Report resulted, amongst other, in the formation of
residents-driven interest groups such as the “Won-
derfontein Action Group” which — dissatisfied with
the lack of governmental action — collaborated with
parts of the mining industry in an effort to quantify
the degree of sediment pollution (WAG, 2007). The
issues in the WES catchment also initiated the foun-
dation of NGOs such as the Public Environmental
Arbiters (PEA) and the Federation for a Sustainable
Environment (FSE) — now perhaps the most vo-
cal, active and influential NGO of SA in this field.
Largely owing to activities of the latter, the WES

matter was repeatedly tabled in Parliament (e.g. Lief-
ferink, 2008).

Although not located in the WES catchment, the
Tlokwe municipality (formerly Potchefstroom) and

kao u prvome pokusaju nego i s predstavnicima lo-
kalne rudarske industrije (koju je predstavljala po-
sebna Rudarska interesna skupina, Mining Interest
Group, MIG), ekoloskih aktivista (FSE, WWEF) i
stanovnika ugrozenih naselja. Kako ga je Upravni
odbor postavio za strunog savjetnika, autorov je
posao bio razvoj strategije poboljSanja stanja u re-
giji. Nazalost, napredak je sredinom 2011. zaustav-
ljen nakon ukljucivanja novopostavljenog osoblja
NWU-a (North-West University) i zbrke uzrokova-
ne nejasnom ulogom te ustanove u procesu (Phi-

Ilips, 2011, 2012).

Zbog vaznosti zastite zdravlja ljudi i velikih na-
pora ekoloskih aktivista problem oneciséenje ura-
nijem sve se Ce$¢e spominjao u medijima. Osim
lokalnih tjednika iz zahvacéenog podrudja temu su
na naslovnicama cesto isticale i nacionalne dnev-
ne i tjedne novine posvecujuéi joj mnogo prostora.
Pric¢u su poslije iznijeli i strani mediji, medu njima
i poznate novine, primjerice Die Welt (Njemacka),
The Washington Post (SAD), Le Monde (Francuska),
TV-postaje (njemacki ZDF/3SAT, kineska T'V-po-
staja, Al Jazeera), popularni juznoafricki TV-pro-
grami (Card Blanche, Fokus, Rooi Trok) te broj-
ni internetski mediji i radiopostaje iz inozemstva
(Kanada, Belgija, Nizozemska itd.) i Juznoafricke
Republike.

Sve veéa osvijestenost javnosti nakon objavlji-
vanja Brenkova izvjes¢a za posljedicu je, izmedu
ostaloga, imala i utemeljenje interesnih skupina lo-
kalnog stanovnistva poput Akcijske skupine Won-
derfontein (Wonderfontein Action Group, WAG),
koja je — nezadovoljna djelovanjem vlasti — s dije-
lom rudarske industrije suradivala u pokusaju kvan-
tificiranja stupnja onecid¢enosti sedimenta (WAG,
2007). Problemi u porije¢ju WES-a takoder su
potaknuli osnivanje nevladinih organizacija poput
Javnih ekoloskih arbitara (Public Environmental
Arbiters, PEA) i Saveza za odrzivi okoli§ (Federa-
tion for a Sustainable Environment, FSE) — danas
na tom podru¢ju mozda najglasnije, najaktivnije i
najutjecajnije nevladine organizacije u Juznoafric-
koj Republici. Uglavnom je zbog njezina rada pita-
nje WFS-a Cesto bilo na dnevnom redu parlamenta

(npr. Liefferink, 2008).
lako se ne nalazi u porije¢ju WFS-a, grad Tlo-

kwe (prije Potchefstroom) i sigurnost njegove op-
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the safety of its water supply soon became a major
focal point in media reporting. While the local news-
paper originally raised concerns about the problem
in line with national media, this later changed and
it increasingly assured residents that no problem ex-
isted anymore. This largely mirrored the changing
attitude of the City Council towards the issue, now
claiming that no U-problem existed, conveniently
forgetting that, in 2003, it had itself taken legal ac-
tions against an upstream gold mine for polluting the
town’s water resources with U (Anonymous 2010a).
In addition to a large (and presumably expensive)
public-relation campaign with billboards and flags
being placed across the entire town and full-page ad-
vertorials in local newspapers proclaiming the safety
of its water supply, the City Council also organised
a so-called “Water Lekotla” aimed — according to
the local newspaper — ...z0 get closure on the quality
of Potchefstroom’s water, once and for all while label-
ling the author as well as the head of research of the
Cancer Association of South Africa (CANSA) as
sceptics ... whose comments have once again set the cat
among pigeons (Anonymous, 2010a). The overall tone
of the announcement portrayed the forum as a kind
of “show-down” in which the sceptics would be put in
their place.

Media reports about the event, however, later por-
trayed a very different picture and generally agreed
that there were legitimate reasons for persisting con-
cerns (e.g. Anonymous, 2010b). Following up on
results that indicated ten times higher U-levels in
calcite scales of water kettles used in Potchefstroom
than in nearby Ventersdorp, which is not affect-
ed by mining pollution (Winde, 2003), the Cancer
Association of South Africa (CANSA) attempted a
survey on U-levels in teeth as possible bio-indicator
of U-exposure of residents (Albrecht C, Director of
Research of CANSA, personal communication 2012,
Beega, 2012a)%

The continued contradictions between reports in
local and national news media on the matter further
contributed to suspicions held in some quarters that
efforts were still being made behind the scenes to ob-

scure the true extent of the problem (Beega, 2008b;
Tempelhoff, 2008d). Recently released data of the

skrbe vodom uskoro su postali sredisnjom temom
medijskih napisa. Dok su mjesne novine isprva o
problemu pisale uskladeno s nacionalnim medijima,
to se poslije promijenilo te su sve ¢esée uvjeravale
lokalno stanovni$tvo da problem vise ne postoji. To
je uvelike odrazavalo promjenu stava gradske uprave
prema problemu, koja je sad stanovni§tvo uvjeravala
da onecis¢avanja uranijem vise nema, zaboravljajuéi
da je 2003. bas gradska uprava tuzila rudnik zlata
smjesten uzvodno jer oneciscuje gradske vodene re-
surse uranijem (anonimni autor, 2010a). Osim op-
sezne (i vjerojatno skupe) propagandne kampanje
s plakatima i zastavama po cijelome gradu te veli-
kim plaéenim ¢lancima u mjesnim novinama koji
su hvalili sigurnost vodoopskrbe gradsko je vijece
organiziralo i forum Voda Lekotla (Water Lekotla)
kako bi se, prema mjesnim novinama, ,jednom za
svagda rijesilo pitanje kakvocée vode u Potchefstro-
omu”, nazivajudi autora i voditelja istrazivanja Juz-
noafricke udruge za rak (Cancer Association of South
Africa, CANSA) ,skepticima (...) ¢iji su komentari
ponovno pustili macku medu golubove” (anonimni
autor, 2010a). Najavni ¢lanak opisivao je forum kao
svojevrsni ,konacni obra¢un’u kojem ¢e ,skeptici”
biti stavljeni na mjesto koje im pripada.

No kasniji medijski napisi o tom zbivanju bili su
u posve drukcijem tonu te su se opcenito slozili da
postoje dobri razlozi za zabrinutost (npr. anonimni
autor, 2010b). Nadovezujuéi se na rezultate koji
su upudivali na deseterostruko vece razine uranija
u kalcitnim naslagama kotli¢a za vodu u Potchef-
stroomu od onih u obliznjem Ventersdorpu, neza-
hvac¢enim rudnickim oneéidéenjem (Winde, 2003),
Juznoafricka udruga za rak (Cancer Association of
South Africa, CANSA) pokusala je istraziti razinu
uranija u zubima kao mogucéeg bioindikatora izlo-
zenosti mjesnog stanovnistva uraniju (Albrecht C,
direktor istrazivanja CANSA-e, osobno priopcenje,
2012; Beega, 2012a)?

Stalna proturjeja medu izvjeS¢ima mjesnih i
nacionalnih medija o toj temi potaknula su dodat-
ne sumnje nekih da se zakulisno pokusava prikriti
pravi opseg problema (Beega, 2008b; Tempelhoff,
2008d). Nedavno objavljeni podaci o testiranju vode
u Potchefstroomu (Tlokwe Municipality, 2013) po-

2 This survey was unsuccessful due to a lack of co-operation from a local dentist (C Albrecht, personal communication 2012).
2 To istrazivanje nije uspjelo zbog izostanka suradnje mjesnog zubara (C. Albrecht, osobno priopcenje 2012.).
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water-monitoring programme of Potchefstroom
(Tlokwe Municipality, 2013) indicate a significant
rise in U-levels in raw and in tap water - a possibility
predicted by the author on various occasions - appear

to vindicate the sceprics (Winde, 2013).

In addition to studies dedicated to investigating
U-pollution especially in gold mining areas, there
were also at least two efforts to determine U levels for
non-contaminated streams and groundwater bodies.
Kronfeld and Vogel (1991) surveyed 20 rivers across
the country while Sami and Druzinski (2003) used
geological information to model possible U-levels
in selected aquifers (unfortunately without provid-
ing concrete U-data). Neither of the two studies ad-
dressed the potentially associated pollution hazards.

3. Assessing the risks of U pollution:
a radio-ecological approach

When John Snow, in 1849, finished a treatise enti-
tled On the mode of communication of cholera, he was the
first scientist who establish a link between water quality
and human health and indeed to conduct what would
later be referred to as an epidemiological study.

At a time when it was common knowledge that ep-
idemics such as cholera, plague and other diseases were
caused by the offensive smells riddling the overcrowd-
ed industrial towns (e.g. the very term “Malaria” means
“bad air”) his findings were, however, ignored and even
ridiculed. The Lancet, now among the most renowned
medical journals, even suggested at the time that Snow
was in the pockets of industry that produced such smells
and his suggested water pathway was just a “red her-
ring™. It was only after another devastating outbreak of
cholera in Soho that killed 500 people in 10 days that
Snow’s suggestion to remove the handle from a pub-
lic water pump in Broad Street was followed and the
cholera eventually subsided (Bryson, 2004). The fate of
Snow’s work is one of the many examples for Schopen-
hauer’s three stages of dealing with new insights: at first
they are ridiculed, then fought against, and eventually
are used by everybody as being self-evident.

kazuju znatan porast koli¢ine uranija u tekucoj vodi
i vodovodu, pa moguénost koju je autor spominjao
u mnogo navrata ocito opravdava ,skeptike” (Win-

de, 2013).

Osim istrazivanja posveéenih onecis¢enju urani-
jem poglavito u podrudjima s rudnicima zlata, ba-
rem se dvaput pokusalo ustanoviti razine uranija u
neonecis¢enim tekucicama i podzemnoj vodi. Kron-
feld i Vogel (1991) istrazili su dvadeset rijeka diljem
zemlje, a Sami i Druzinski (2003) upotrijebili su ge-
oloske informacije za modeliranje mogucih razina
uranija u nekim vodonosnim slojevima (nazalost,
bez navodenja konkretnih podataka o uraniju). Ni-
jedno od ta dva istrazivanja nije se bavilo moguéim
opasnostima povezanim s oneciS¢ivanjem.

3. Procjena rizika onecis¢enja uranijem:
radioekoloski pristup

Kad je John Snow 1849. zavrsio traktat ,,O na-
¢inu prijenosa kolere”, bio je prvi znanstvenik koji
je utvrdio vezu kakvoce vode i ljudskog zdravlja te
je zapravo proveo ono §to ¢emo poslije nazvati epi-
demioloskim istrazivanjem.

U to su doba svi znali da je epidemije poput
onih kolere, kuge i drugih bolesti uzrokovao smrad
u prenapuenim industrijskim gradovima (rijec
ymalarija” znaci ,lo§ zrak”), pa su njegova otkrica
zanemarivali, ¢ak i ismijavali. Lancet, danas je-
dan od najcjenjenijih medicinskih ¢asopisa, ¢ak je
napisao da Snowa placa industrija koja stvara taj
smrad te da je njegova teorija o prenosenju vodom
samo pokusaj ,odvracanja pozornosti™. Tek je na-
kon jo§ jednog smrtonosnog izbijanja kolere u lon-
donskom Sohou, u kojem je u deset dana pomrlo
petsto ljudi, Snowov prijedlog da se ukloni rucica
s javne vodene crpke u Broad Streetu prihvacen te
je kolera naposljetku nestala (Bryson, 2004). Sud-
bina Snowova rada jedan je od brojnih primjera
Schopenhauerovih triju faza suocavanja s novim
spoznajama: najprije ih se ismijava, zatim se protiv
njih bori, a naposljetku ih svi prihvacaju jer su tako

bjelodane.

3 This reminds the author of a similar reaction by the Mail and Guardian on the ‘Winde report’ on the absence of flooding risks by underground gold

mines in Johannesburg, claiming that the report was a ‘ruse’ to downplay risks and polish the image of business in the city.

3 To autora podsjeca na sli¢nu reakciju Maila i Guardiana na ,Jzvjes¢e Winde” o nepostojanju opasnosti od potapanja podzemnih rudnika zlata u Johan-

nesburgu, koji su tvrdili da je izvjesce bilo ,smicalica” za umanjivanje opasnosti i uljepsavanje predodzbe o gradskoj industriji.
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The approach that allowed Snow to discover the
link between polluted water and health problems was
essentially geographic in nature and largely based on
analysing spatial patterns. Investigating the geograph-
ic occurrence of cholera deaths, which finally point-
ed to Broad Street as source of the problem, Snow’s
attention was drawn to two odd cases of deaths that
occurred kilometres away from there. After hiking out
to these sites and talking to relatives and neighbours
- in today’s terms conducting a reconnaissance study
with semi-structured interviews - he realised that in
both cases water from Broad Street had been actually
brought there — confirming results of his earlier spatial
analysis (Bryson, 2004).

Pristup koji je Snowu omogucéio da otkrije vezu
onediS¢ene vode i zdravstvenih tegoba u nacelu
je bio geografski, utemeljen uglavnom na analizi
prostornih obrazaca. Istrazujuéi geografsku po-
javnost smrti uzrokovanih kolerom koja je napo-
sljetku uputila na Broad Street kao izvor proble-
ma, Snowovu su pozornost privukla dva neobi¢na
slucaja smrti koja su se zbila kilometrima daleko
jedan od drugoga. Nakon §to je otiSao do njih i
razgovarao s rodacima i susjedima (danas bismo
to nazvali terenskim istrazivanjem s polustruktu-
riranim intervjuima), shvatio je da je u oba slucaja
voda donesena iz Broad Streeta, ¢ime je potvrdio
rezultate svoje prostorne analize (Bryson, 2004).
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Fig. 2 Model of the radio-ecological approach to assessing risks associated with U-pollution (after an idea

of Salbu, 2009)

SI. 2. Model radioekoloskog pristupa procjene rizika povezanog s onecis¢enjem uraniiem (prema Salbuovoj

zamisli, 2009.)
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Risk is commonly defined as the probability at which
a hazard may translate into real damage. In the context
of assessing health risks associated with U-pollution,
this means quantifying the existing hazard (i.e. the
health damage potential and extent of U-pollution) and
the probability that humans will be adversely aftected.
Linking pollution sources to receptors by investigat-
ing the pathways along which a contaminant moves
through the environment is at the core of geo-ecology,
also termed “radio-ecology” when radioactive substanc-
es are concerned (Salbu, 2009). The model underlying
the radio-ecological approach is depicted in Fig. 2.

Source term characterisation

In order to quantify a contamination hazard, two
major aspects are to be considered: the concentration
of the pollutant and its quantity.

Concentration refers to the mass, or volume of con-
taminants relative to the mass/volume of the media in
which they occur. Generally, associated risks increase
the higher the concentrations since, for example,
the ingestion of contaminated media result in rela-
tive large quantities of the contaminant entering the
body. Furthermore, large differences in concentration
between the contaminated site and the surrounding
environment create geochemical gradients promoting
the dispersion of the contaminant.

Quantity of the contaminant refers to the total
mass/volume of a contaminant in a certain area of
concern. Considering this aspect is important as high
contaminant concentrations in very minute quantities
may not pose a problem, while less high concentra-
tions occurring in very large quantities may.

In order to reduce environmental and health risks,
maximum allowable concentrations are legislated for
the various types of contaminants. If these limits are
exceeded in certain material, special precaution must
be taken such as deposition in specially designed
waste disposal sites.

Contaminant transport in the environment

'The transport aspect is also termed “environmen-
tal mobility” or “environmental fate” and refers to the
ability of a pollutant to move from a source through

Rizik se Cesto definira kao vjerojatnost po kojoj
¢e se opasnost pretvoriti u stvarnu $tetu. U kontek-
stu procjene zdravstvenih rizika povezanih s onedi-
$¢enjem uranijem to znadi kvantificiranje postojece
opasnosti (tj. potencijala narusavanja zdravlja i ra-
Sirenosti onecis¢enja uranijem) i vjerojatnosti da ¢e
to naskoditi ljudima. Povezivanje izvora oneciséenja
s receptorima istrazivanjem kanala Sirenja oneciséi-
vaca okoliSem sama je bit geoekologije, koju se kad
je rije¢ o radioaktivnim tvarima jo$ naziva ,radio-
ekologijom” (Salbu, 2009). Model na kojem pociva
radioekoloski pristup prikazan je na sl. 2.

Definicija izvornih pojmova

Kako bi se mogla kvantificirati opasnost od
oneciscenja, valja razmotriti dva glavna ¢imbenika:
koncentraciju onecisé¢ivaca i njegovu kolicinu.

Koncentracija se odnosi na masu, odnosno obu-
jam onecis¢ivaca prema masi/obujmu sredstva u
kojem se pojavljuje. Opcenito, rizici se povecavaju
s vi$im koncentracijama jer primjerice gutanje one-
CiS¢enog sredstva znadi uno$enje razmjerno velikih
koli¢ina oneciséivaca u tijelo. Usto, velike razlike u
koncentraciji izmedu oneci§¢enog lokaliteta i okol-
nog podrugja stvaraju geokemijske gradijente koji
poticu Sirenje onecis¢ivaca.

Koli¢ina onecis¢ivaca odnosi se na ukupnu masu/
obujam onecis¢ivaca u promatranom podrudju.
Istraziti taj aspekt vazno je jer visoke koncentraci-
je onediséivaca u vrlo malim koli¢inama ne moraju
predstavljati problem, dok manje koncentracije u
vrlo velikim koli¢inama mogu.

Kako bi se smanjili ekoloski i zdravstveni rizici,
za razliCite vrste onecis¢ivaca propisane su najvece
dopustene koncentracije. Ako se u nekome mate-
rijalu te granice prekorace, valja poduzeti posebne
mjere poput odlaganja na posebna odlagalista.

v 7o v

Prijenos oneciscivaca u okolis

Prijenos se naziva jos i ,ekoloska pokretljivost”
ili ,ekoloska sudbina”, a odnosi se na moguénost
prelaska oneciséivaca iz izvora kroz razlicita sred-
stva u okoli§, primjerice vodu, tlo ili zrak, prema
receptoru ili spremniku.
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various environmental media such as water, soil or air
towards a receptor or sink.

Since the concept of mobility is sometimes used
ambiguously, a distinction between “physical” and
“chemical mobility” is useful. While the former refers
to the physical transport of U in whatever form - as
particle, colloid, or dissolved - the concept of “chemi-
cal mobility” commonly refers to differences between
solid phases regarded as rather immobile [e.g. precip-
itates] and more mobile dissolved phases of a specific
contaminant. Changes from dissolved to solid phases
are thus referred to as “Uimmobilisation” with the re-
verse processes termed “re-mobilisation” (Fig. 2). If a
contaminant is immobilised in a repository, for ex-
ample. as a solid phase contained in sediment, or soil,
these repositories are termed “sinks” — lowering the
mobile amount of the contaminant in the environ-
ment.

Health impacts on exposed humans

This aspect refers to the damage which contami-
nants cause that finally impact on exposed organisms/
humans (“receptors”). The degree to which organisms
are affected depends on the actual health damage po-
tential of the contaminant (Zoxicity), the extent of con-
tact between the receptor and the contaminant (expo-
sure), the ease at which the contaminant can enter the
organism (bioavailability), and lastly, the vulnerability
of the affected receptor (Fig. 2).

Toxicity depends not only on the toxic properties of
the actual element of concern but also on the various
compounds, or species a contaminant may form that
are able to alter its properties, as well as its solubility
changing its biokinetical behaviour and effects inside
the organisms. Guidelines stipulating acceptable levels
for certain contaminants are generally based on their
toxicity. In many cases, toxicity was determined not
by epidemiological studies on humans but by animal
experiments using certain species such as small mam-
mals like rodents, mice and rabbits, and extrapolating
the results. While such extrapolation of results from
animals to humans is successful in many cases, medical
history also records cases where this approach failed
spectacularly and resulted in enormous human sufter-
ing (e.g. the Contergan scandal in Germany) (Hartung
2010, Kolukisaoglu et al., 2010).

48

Kako se pojam pokretljivosti katkad upotreblja-
va neodredeno, korisno je uvesti razliku fizikalne i
kemijske pokretljivosti. Dok se prvi pojam odnosi
na fizicki prijenos uranija u bilo kojem obliku — kao
Cestica, koloida ili otopljenoga — pojam kemijske
pokretljivosti obi¢no se odnosi na razlike izmedu
krute faze, koju se smatra razmjerno nepokretnom
i pokretljivije otopljene faze odredenog onecisci-
vaca. Promjene iz otopljenih u krute faze nazivaju
se imobilizacija, a obrnuti proces remobilizacija (sl.
2). Ako je oneci§éiva¢ imobiliziran u spremniku,
primjerice kao kruta faza u sedimentu ili tlu, takve
spremnike nazivamo ,izljevima’, koji smanjuju ko-
licinu pokretnog oneciséivaca u okolisu.

Utjecaj na zdravlje izlozenih ljudi

Taj se aspekt odnosi na $tetu koju onecisciva-
¢i uzrokuju i naposljetku djeluju na izloZene or-
ganizme/ljude (,receptori”). Stupanj u kojem su
organizmi ugroZeni ovisi o stvarnom potencijalu
ugrozavanja zdravlja oneci§éivaca (toksicnost), op-
segu kontakta receptora i onecis¢ivaca (izlogenost),
lako¢i s kojom onecidciva¢ moze uéi u organizam
(biodobavljivost) i naposljetku ranjivosti receptora

(sl. 2).

Toksicnost ne ovisi samo o toksi¢nim svojstvima
tvari o kojoj je rije¢ nego i o razli¢itim spojevima
ili vrstama onecis¢ivaca koje mogu nastati i pro-
mijeniti mu svojstva i topljivost te tako izmijeniti
biokineticko ponasanje i ucinke u organizmima.
Smjernice o prihvatljivim razinama nekog oneci-
$¢ivaca opéenito se temelje na njihovoj toksi¢nosti.
U mnogo slucajeva toksi¢nost nije odredena epi-
demioloskim istrazivanjem na ljudima, nego po-
kusima na Zivotinjama, obi¢no odredenim vrstama
poput malih sisavaca, primjerice glodavaca, miseva
i kunica, uz ekstrapolaciju rezultata. Iako su takve
ekstrapolacije rezultata sa Zivotinja na ljude Cesto
prikladne, medicinska povijest biljezi i slucajeve
kad se takav pristup pokazao katastrofalno losim
te je za posljedicu imao strasne ljudske patnje (npr.
skandal s Conterganom — talidomidom — u Nje-
mackoj) (Hartung, 2010; Kolukisaoglu i dr., 2010).

Pojam izloZenosti receptora odnosi se na kon-
takt oneciS¢ivaca s receptorom, a razli¢ite nacine



The term exposure of receptors refers to the contact
between contaminant and receptor while the various
manners and media via which this occurs are referred
to as exposure pathways and include, for example, the
consumption/ingestion of contaminated water and
food, the inhalation of dust etc. In many instances it
is useful to distinguish between “potential” and “realis-
tic” exposure pathways for quantifying associated risks.
While “potential” pathways refer to theoretical contact
possibilities that cannot be excluded, “realistic” path-
ways have a much higher probability of occurring. In
order to quantify the probability of realistic exposure,
statistical values, such as average water consumption
etc., are often used in risk assessments.

Bio-availability generally increases with higher sol-
ubility of contaminants as dissolved phases are general-
ly more readily absorbed than solid compounds. Solu-
bility, in turn, is often governed by the type of chemical
compound a contaminant forms (“speciation”) as well
as the physico-chemical conditions of the surrounding
environment.

Vulnerability refers to the sensitivity of an organism
to a particular toxin. While most guidelines aim to in-
clude differences in vulnerability of humans due to age
or gender when setting values for maximum allowable
concentrations, all limits are generally designed for a
healthy population (i.e. not considering the more vul-
nerable, or sick persons) and do not take individual hy-
persensitivity into account. Moreover, guidelines (for
example for toxins in water) are commonly set based
on statistically quantified behavioural pattern of the
targeted society (such as the average water consump-
tion) assuming a certain diet and “normal” socio-cul-
tural habits. Since such factors may vary significantly
between societies of differing economic development
levels (e.g. first vs. third world) and cultural identities
(East vs. West vs. South) the frequently practised ap-
plication of guideline values from other (mainly de-
veloped) countries in the West may not always be ap-
propriate for the less developed or culturally different
societies (Schonfeldt et al. 2015).

In conclusion, it is proposed to employ a systematic
radio-ecological approach to assessing the risks asso-
ciated with the vast amounts of uraniferous tailings
and other mining legacy sites currently affecting some
of the most densely populated areas in South Africa.
An improved understanding of the sources of U in the

i sredstva preko koji dolazi do kontakta nazivamo
kanalima izlozenosti. Oni primjerice ukljucuju pi-
jenje onecisc¢ene vode ili uzimanje hrane, udisanje
prasine itd. U mnogo je slu¢ajeva pri kvantificiranju
povezanih rizika korisno razlikovati potencijalne i
stvarne kanale izloZenosti. Dok se potencijalni ka-
nal odnosi na teoretsku moguénost kontakta koju
se ne moze iskljuciti, za stvarne kanale mnogo je
veca wjerojatnost da ée biti upotrijebljeni. Kako bi
se kvantificirala statisticka vjerojatnost stvarnoj
izlozZenosti, u procjeni rizika Cesto se upotrebljava-
ju ¢imbenici poput prosjeéne potrosnje vode.

Biodobavljivost se opcenito povecava s vecom
topljivoscu oneciséivaca jer je otopljene faze op-
Cenito lakse apsorbirati od krutih tvari. Topljivost
Cesto ovisi o tipu kemijskog spoja koji onecisc¢ivac
stvara (specijacija), ali i fizikalno-kemijskim uvje-
tima u okolisu.

Ranjivost oznacuje osjetljivost organizma na
odredeni toksin. Iako veéina smjernica pri odre-
divanju najve¢ih dopustenih koncentracija nastoji
ukljuditi razlike u ranjivosti ljudi razli¢itih dobi
ili spola, sve se granice opé¢enito odnose na zdra-
vu populaciju (dakle iskljucuju ranjivije ili bolesne
osobe) te ne uzimaju u obzir mogucéu osobnu pre-
osjetljivost. Usto, smjernice (primjerice za toksine
u vodi) obi¢no se postavljaju na statisticki kvan-
tificiranom obrascu ponasanja ciljane zajednice
(npr. prosjecna potro$nja vode) uz pretpostavke o
odredenom nacinu prehrane i ,normalnim” drus-
tveno-kulturnim navikama. Kako ti cimbenici
mogu biti vrlo razli¢iti medu drustvima razli¢itih
razina gospodarskog razvoja (npr. razvijene zemlje
u usporedbi s onima Treceg svijeta) i kulturoloskih
identiteta (Istok nasuprot Zapadu nasuprot Jugu),
Cesto upotrebljavana primjena vrijednosti smjerni-
ca iz drugih (uglavnom razvijenih) zemalja Zapa-
da ne mora uvijek biti prikladna za manje razvijena
ili kulturoloski razli¢ita drustva (Schonfeldt i dr.,
2015).

Kao zakljucak predlaze se uporaba sustavnoga
radioekoloskog pristupa procjeni rizika povezanih
s golemim koli¢inama uranijskonosne jalovine i
drugih rudnickih lokaliteta koji ugrozavaju neka
od najgusce naseljenih podrucja u Juznoafrickoj
Republici. Bolje razumijevanje izvora uranija u
obliku sveobuhvatnoga, georeferentnog popisa bio
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form of a comprehensive, geo-referenced inventory
would be a first step towards developing a strategy to
systematically address the problem. Since hazard po-
tential only translates into health risks once humans
are indeed exposed to elevated U levels and intake, it is
important to investigate how U is dissipated through
the environment and which factors govern its chem-
ical and physical mobility. Based on such knowledge
cost-effective intervention measures can be designed
for scenarios where source-control is not possible or
feasible by intersecting transport pathways for mini-
mising exposure of humans and sensitive environmen-
tal goods such as water, soil and food.

Summary and conclusion

Globally, as well as locally in South Africa, re-
search into on environmental and health aspects of
U started relatively late, several decades after indus-
trial-scale mining and production of U commenced
in the late 1940s. While attempts in the USA to re-
mediate the legacy effects of widespread U-mining
of the Cold War period started in the early 1980s, it
took another two decades or so before the issue was

acknowledged as a problem in South Africa.

A major reason for this delay was a general climate
of denial and secrecy still prevailing in the mining
industry after decades of confidentiality surrounding
all aspects of producing U for the nuclear arms race.
With mounting evidence on the extent and risks of
U-contamination, especially in the gold mining areas
of the Witwatersrand, it was only in the last 5 to 10
years or so that the mining industry was no longer
contesting the matter. Interestingly, resistance to ac-
knowledging the problem seems to be even higher at
some regulatory authorities such as the Department
for Water Affairs and Sanitation and the National
Nuclear Regulator, which frequently issue downplay-
ing reports and comments. This attitude may explain
why there is still no governmental strategy or effort
to systematically address the U-legacy as it was im-
plemented in the USA, Germany and many other
former U-producing countries.

In view of the recently announced nuclear expan-
sion programme of South Africa and its renewed
ambitions to become once again a major global sup-
plier of U, it becomes even more important for gov-
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bi prvi korak prema razvoju strategije sustavnog
pristupa problemu. Kako se potencijalna opasnost
pretvara u zdravstveni rizik tek kad se ljudi doista
izloze pove¢anim razinama uranija i on ude u or-
ganizam, vazno je istraziti kako se uranij §iri oko-
lisem te koji ¢imbenici utje¢u na njegovu kemijsku
i fizikalnu pokretljivost. Na temelju tih spoznaja
mogu se osmisliti troskovno ucinkovite mjere za
scenarije u kojima nadzor nad izvorima nije mo-
gu¢ ili primjeren, prekidajuéi transportne kanale
kako bi se izlozenost ljudi i osjetljivih dijelova
prirode poput vode, tla i hrane svela na najmanju

mjeru.

Sazetak i zakljuak

U svijetu, bas kao i u Juznoafrickoj Republi-
ci, istrazivanja ekoloskih i zdravstvenih posljedica
onecis¢enja uranijem pocela su razmjerno kasno,
nekoliko desetljeca nakon $to su potkraj cetrdese-
tih godina 20. stoljeca poceli industrijsko rudarenje
i proizvodnja uranija. Iako su pokusaji uklanjanja
Stete uzrokovane rudarenjem uranija tijekom Hlad-
noga rata poceli pocetkom osamdesetih, moralo je
prodi jos dvadesetak godina da se to u Juznoafrickoj

Republici prihvati kao problem.

Glavni razlog za to zaka$njenje opce je ozradje
poricanja i skrivanja koje i danas prevladava u ru-
darskoj industriji nakon desetlje¢a tajnosti namet-
nute svim oblicima proizvodnje uranija za utrku u
nuklearnom naoruzanju. Zbog sve vise dokaza o
rairenosti i opasnosti onecis¢enja uranijem, osobito
u podrudju Witwatersranda, tek u posljednjih pet
do deset godina rudarska industrija vise ne porice
stanje. Zanimljivo, otpor priznavanju problema ¢ak
je veéi u nekim regulatornim Vladinim ustanova-
ma poput Ministarstva voda i zdravstva te Drzavne
nuklearne regulatorne agencije, koji ¢esto objavlju-
ju ublazena izvjesca i komentare. Takav stav moze
objasniti zasto jo$ ne postoji Vladina strategija ili
napor da se sustavno pristupi problemu kao §to je
to u¢injeno u SAD-u, Njemackoj i mnogim drugim
drzavama u kojima se neko¢ proizvodio uranij.

U svjetlu nedavno najavljenog Sirenja nuklear-
nog programa u Juznoafrickoj Republici i obnov-
Jjenih nastojanja da ponovno postane veliki svjetski
dobavlja¢ uranija jos je vaznije da Vlada dokaze da



ernment to demonstrate its ability to effectively ad-
dress historical contamination in order to regain the
trust of affected citizens and foreign investors alike.

Adopting a sound scientific approach to the prob-
lem by inventarising legacy sites, reliably assessing
associated risks and prioritizing remediation needs
based on comprehensive radio-ecological research,
rather than standard applications of (contested)
guideline values, would be a first step towards a sys-

je sposobna ucinkovito rijesiti problem povijesnog
onecis¢enja kako bi vratila povjerenje zahvacenog
stanovnistva, ali i stranih ulagaca.

Prihvacajuéi ispravni znanstveni pristup proble-
mu, popisujuéi oneci$¢ena mjesta, pouzdano pro-
cjenjujuéi s tim opasnosti i odredujuéi prioritete
djelovanja na temelju sveobuhvatnih radioekoloskih
istrazivanja, a ne uobi¢ajenom primjenom (ospora-
vanih) smjernickih vrijednosti, uéinila bi prvi korak

tematic solution of the problem.
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