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Radio-epidemiological evaluation and remediation in 
water sources from two mines in South Africa 

INTRODUCTION 

In	 South	 Africa,	 there	 are	 �ive	 gold	 mining	

basins	 and	 which	 collectively	 have	 resulted	 in	

the	largest	gold	and	uranium	mining	basin	in	the	

world.	Radionuclides	are	radioactive	isotopes	or	

unstable	forms	of	elements.	They	release	energy	

in	the	form	of		alpha,	beta	and	gamma	radiation	

during	 the	 unstable	 state	 to	 decompose	 to	 the	

stable	elements	(5).	Gamma	rays,	alpha	particles,	

and	 beta	 particles,	 which	 are	 given	 off	 by																

radioactive	decay,	have	very	different	properties	

but	are	all	 ionizing	radiation—each	 is	energetic	

enough	 to	 break	 chemical	 bonds,	 thereby															

possessing	 the	ability	 to	damage	or	destroy	 liv-

ing	 cells	 (6).	 This	 ionization	 can	 damage	 living	

cells	directly,	by	breaking	the	chemical	bonds	of	

important	 biological	 molecules	 viz.,	 DNA,	 or				

indirectly,	 by	 creating	 chemical	 radicals	 from	

water	 molecules	 in	 the	 cells,	 which	 can	 then													

attack	the	biological	molecules	chemically	 (7).	At	

some	 extent	 these	 molecules	 are	 repaired	 by	

natural	 biological	 processes,	 however,	 the											

effectiveness	of	this		repair	depends	on	extent	of	

damage	 (8).	 Obviously,	 if	 the	 repair	 is	 faulty	 or	

not	 made	 at	 all	 then	 the	 cells	 may	 die,	 or	 an							

impairment	in	the	natural	functioning	of	the	cell	

may	 occur	 leading	 to	 somatic	 effects	 (physical	

effects	suffered	by	the	irradiated	individual	only	

such	as	cancer)	or	a	permanent	alteration	of	the	

cell	 may	 result	 which	 is	 transmitted	 to	 a	 later	

generations	leading	to	genetic	effect	(9).	

Naturally	occurring	radionuclides	are	present	

in	 a	 wide	 range	 of	 concentrations	 in	 all	 rocks,	
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ABSTRACT 

Background: In this study, the health risk associated with three types of 

drinking waters (fissure, underground treated and surrounding waters) from 

two mines in South Africa were assessed. Materials and Methods: The 

measurement of the radionuclides concentra�on was carried out by liquid 

scin�lla�on counter and alpha spectrometer. The es�mated radiological risk 

pose to the people consuming the water types were evaluated based on the 

calculated radionuclide concentra�ons. Results: The value of the gross alpha 

was 1.08 ± 0.02 Bq/L and gross beta ac�vity was 0.65 ± 0.04 Bq/L in the 

treated underground water. These values were several fold above the limit 

value of 1.0 Bq/L for gross alpha and 0.1 Bq/L for gross beta. For the fissure 

water, the gross alpha ac�vity value was 0.59 ± 0.07 Bq/L which is less than 

the limit of 1.0 Bq/L and the gross beta ac�vity was high with a value of 0.54 ± 

0.05 Bq/L compared to the limit value of 0.1 Bq/L. The results around the 

Princess gold mine showed very high gross alpha and beta ac�vity in the 

collected water samples studied. In general, the concentra�ons of the natural 

radionuclides were high especially 
238

U,
 226

Ra, 
230

Th, 
235

U, 
234

U and 
210

Po in all 

the water samples. Conclusion: The calculated chemical toxicity, cancer 

mortality/morbidity and hazards quo�ent with respect to 
238

U were very high. 

Hence, the waters within these vicini�es are polluted with radionuclides and 

may posed serious health effect to the inhabitant.  
 

Keywords: Gross alpha and beta, cancer, water, radio-epidemiology, Gauteng, 
Princess Gold mine. 

*Corresponding	authors:	

Dr.	Raymond	L.	Njinga,	

E-mail:	

njingaraymond@yahoo.co.uk		

Revised: April 2016  
Accepted: Sept. 2016  

Int. J. Radiat. Res., July 2017;         
15(3): 307-315 

►  Original article 

DOI: 10.18869/acadpub.ijrr.15.3.307 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijr

r.
15

.3
.3

07
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
ai

l.i
jr

r.
co

m
 o

n 
20

26
-0

6-
21

 ]
 

                             1 / 10

http://dx.doi.org/10.18869/acadpub.ijrr.15.3.307
https://mail.ijrr.com/article-1-2063-en.html


soil,	and	water.	The	occurrence	and	distribution	

in	 ground	 water	 is	 controlled	 primarily	 by	 the	

local	 geology	 and	 geochemistry	 of	 rock	 and														

water	 as	 well	 as	 the	 anthropogenic	 activity	 (10,	

11).	 The	 radioactive	 elements,	 uranium-238	 and	

thorium-232,	 decay	 slowly	 and	 produce	 other	

radionuclides	 (daughter	 elements),	 such	 as															

radium	 and	 radon,	 which	 in	 turn	 undergo																	

further	 radioactive	 decay	 at	 a	 rate	 faster	 than	

that	 of	 uranium	 or	 thorium.	 These	 radioactive	

daughter	 elements	 have	 different	 chemical			

properties,	 decay	 at	 different	 rates,	 and	 emit		

different	 levels	 of	 radiation	 energy	 than	 either	

uranium	 or	 thorium	 which	 are	 harmful	 to	 our	

health	when	ingested	(12,	13).		

When	 a	 radionuclide	 gets	 into	 the	 human	

body	through	ingestion,	inhalation	or	absorption	

through	 the	 skin,	 it	 continues	 to	 decay	 by															

emitting	 radiation	 such	 as	 α,	 β	 or	 γ	 radiations	

such	 that	 the	 organ	 or	 tissue	 is	 continuously		

irradiated.	 The	 damage	 is	 greatest	 with	 α,	 and	

least	 with	 γ	 radiation	 (14).	 Some	 radio	 nuclides	

are	 chemically	 similar	 to	 some	minerals	 in	 the	

human	body	and	so	when	they	are	taken	into	the	

body,	 they	mimic	 those	minerals	 in	 the	 organs	
(15).	For	instance	226Ra,	38Sr	and	56Ba,	are	found	to	

have	 chemical	 similarity	 with	 20Ca	 in	 the	 bone	
(15).	When	these	radionuclides	get	into	the	body,	

they	are	deposited	 in	 the	bone	marrow	causing	

damage	 to	 the	 bone	 cells	 resulting	 to	 bone													

cancer	(6,	15).		

Research	 work	 on	 radionuclides	 contents	 of	

underground	 �issure	 and	 treated	 water	 in																	

relation	 to	mines	 in	 South	 Africa	 are	 scanty.	 In	

this	 study,	 three	 categories	 of	 water	 were																			

selected:-		

− The	 �issure	 water	 referred	 to	 as	 the																											

underground	 waters	 that	 were	 leaching	 out	

through	 the	 cracks	 of	 the	 rocks,	 soils,	 walls		

inside	the	mine	in	Gauteng.	

− The	treated	underground	water	referred	to	as	
the	 samples	 collected	 from	 the	 mine	 in																		

Gauteng	 which	 are	 treated	 (by	 the	 mine)															

before	 being	 dispatched	 to	 the	 general	 public	

and		

− The	 surface	 water	 from	 the	 surroundings																

environs	 of	 the	 Princess	 Gold	 mine,																											

Roodepoort.	This	water	constantly	pollute	the	

surrounding	 boreholes	 and	 wells	 which	 are	

used	in	drinking	and	cooking.			

The	 aim	 of	 this	 study	 was	 to	 determine	 the	

gross	 alpha/beta	 activity	 and	 radionuclides																

concentration	in	these	three	categories	of	water	

and	to	assess	the	radiological	health	risks	to	the	

people	living	around	these	vicinities.		

	
	

MATERIALS AND METHODS 

 

From	 the	 Princess	 Gold	 mine,	 Roodepoort,	

the	 water	 sampling	 was	 done	 during	 the	 rainy	

season	because	during	this	period	 large	volume	

of	 water	 get	 to	 the	 surrounding	 streams,	 river	

and	boreholes.	The	water	samples	from	Princess	

Gold	 mine,	 Roodepoort,	 were	 collected	 at	 the	

foot	of	the	tailings	and	along	the	water	�low	path	

before	 it	 joins	 other	 water	 sources.	 Figure	 1	

shows	 the	map	of	 the	abandoned	Princess	Gold	

mine	 tailings.	 The	 underground	 treated	 and															

�issure	 water	 samples	 were	 collected	 from	 a	

mine	in	Gauteng.		

The	 three	 categories	 of	 water	 samples																				

collected	were	 large	 enough	 (2	 L)	 for	 adequate	

aliquots	 to	 be	 taken	 in	 order	 to	 obtain	 the																

required	sensitivity.	The	samples	were	collected	

in	 plastic	 containers	 and	 transported																											

immediately	 to	 the	 laboratory.	 The	 samples	

were	 �iltered	 (X-121)	 using	 WhatmanTM									

1005-070	grade	5	 �ilter	paper	with	pore	size	of	

2.5	 µm	 to	 remove	 coarse	 materials,	 suspended															

particles	 and	 colloidal.	 Thereafter,	 the	 water	

samples	were	preserved	with	Nitric	acid	(HNO3)	

to	 ensure	 that	 the	 radionuclides	 are	 not																						

adsorbed	on	container	walls.		

The	 preparation	 and	 analysis	 of	 these																	

samples	 were	 performed	 in	 Nuclear	 Energy														

Corporation	 of	 South	 Africa	 (NECSA).	 An																			

outlined	in	the	South	Africa	National	Accredited	

System	 (SANAS).	 The	 accredited	 laboratory	

(Testing	 laboratory	 T0111)	 is	 based	 on																							

International	 Organizational	 Standard	 (ISO/IEC	

Standard	17025).	The	seven	analytical	methods	

developed	are	shown	in	table	1.	

Water	volume	of	50	ml	each	were	evaporated	

to	dryness	and	counted	for	300	minutes	on	a	gas	

proportional	 counter	 to	 screen	 for	 gross																				

alpha\beta	activity	(X-161).			

308 Int. J. Radiat. Res., Vol. 15  No. 3, July 2017 

Njinga and Tshivhase / Radio-epidemiological assessment 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijr

r.
15

.3
.3

07
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
ai

l.i
jr

r.
co

m
 o

n 
20

26
-0

6-
21

 ]
 

                             2 / 10

http://dx.doi.org/10.18869/acadpub.ijrr.15.3.307
https://mail.ijrr.com/article-1-2063-en.html


The	water	samples	were	further	analysed	for	

selected	 radionuclides	 in	 the	 uranium	 and																		

thorium	 decay	 series	 using	 alpha	 spectrometry	

(X-145	 to	 X-129).	 In	 the	 analyses	 of	 238U,	 234U,	
235U,	 230Th,	 227Th	 and	 228Th,	 the	 solid	 phase														

extraction	was	performed	to	�irst	extract	the	ra-

dionuclides	from	the	water	samples	before	using	

the	cation	exchange	resin.	A	volume	of	200	mL	of	

the	 water	 samples,	 each	 were	 acidi�ied	 with	

HNO3	 and	 pre-concentrated	 to	 a	 volume	 of	 10	

mL.	 This	 volume	 was	 loaded	 on	 a																												

pre-conditioned	 Truspec	 resin	 after	 which	 was	

rinsed	with	diluted	HNO3	and	hydrochloric	acid	

(HCl).	 The	 analytes	were	 eluted	with	 15	mL	 of	

0.1M	 HCl/0.1M	 HF	 (�irst	 eluent),	 15	 mL	 of	 2M	

HCl	(second	eluent),	and	15	mL	2M	H2SO4	(third	

eluent).	The	 �irst	eluent	was	rinsed	with	10	mL	

of	 0.1M	 HCl/0.01M	 HF.	 A	 volume	 of	 0.1	 mL													

lanthanum	 oxide,	 0.5	 mL	 concentrated	 HF	 and	

titanium	 chloride	 were	 added	 to	 the	 second												

eluent	while	0.1	mL	lanthanum	oxide	and	0.5	mL	

concentrated	HF	were	added	to	the	third	eluent	

to	 form	 a	 co-precipitation	 of	 uranium	 and																		

thorium	 respectively	 with	 lanthanum	 �louride	

precipitate.	 The	 precipitate	 was	 then	 collected	

by	�iltering	the	solution	using	a	�ilter	paper.	The	

�iltrate	 was	 then	 dried	 and	 analysed	 using	 an	

alpha	 spectrometer	 equipped	 with	 alpha	 spec	

Genie	software.	

In	 the	 analysis	 of	 226Ra,	 223Ra	 and	 224Ra,	 the	

radionuclides	 were	 extracted	 by	 adding															

barium	 solution	 into	 500	 mL	 of	 the	 water																

samples	 each.	 The	 radium	 radionuclides	 in	 the	

water	 samples	 were	 extracted	 by	 forming																		

co-precipitate	with	barium	sulphate	in	an	acidic	

solution.	 	 The	 precipitate	 was	 enhanced	 by																	

adding	 0.1M	 Ethylenediaminetetraacetic	 acid	

(EDTA)	 into	 the	 solution.	 The	 extract	 are																						

analysed	using	the	alpha	spectrometer	equipped	

with	 alpha	 spec	 Genie	 software.	 Finally,	 for										

polonium	radionuclide	(210Po),	a	volume	200	mL	

of	 the	water	 samples,	 each	were	 acidi�ied	with	

HCl.	 Thereafter,	 ascorbic	 acid	 was	 added	 as	 a	

reducing	agent	to	prevent	the	co-precipitation	of	

polonium	 with	 iron.	 	 A	 silver	 disk	 was	 then	

dropped	 into	 the	 solution	 to	 promote	 the							

Njinga and Tshivhase / Radio-epidemiological assessment 
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Figure 1. A map of the abandoned Princess Gold mine tailings (right) of the study area marked ‘A’ (le<). 

Table 1. Sample prepara�on and analy�cal/descrip�on 
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spontaneous	 deposition	 of	 polonium	 on	 to	 the	

surface	 of	 the	 silver	 disk.	 The	 solution	 was	

stirred	for	4	hours	to	enhance	the	process	(12	14).	

The	 platted	 disk	 was	 then	 removed	 and	 dried	

prior	 to	 its	 analysis	 (X-129)	 on	 the	 alpha												

spectrometer.		

Radionuclides	 analysis	 in	 SANAS	 accredited	

laboratory	 (Testing	 laboratory	T0111)	 is	 based	

on	 the	 ISO/IEC	 Standard	 17025	 (which	 is	 -the	

standard	for	which	most	laboratories	must	hold	

accreditation	 in	order	 to	be	deemed	technically	

competent)	 and	 all	 the	 analytical	 methods	 are	

documented	 in	 the	 RadioAnalysis	 Quality																			

System.	 Results	 of	 this	 analysis	 were	 obtained	

from	 one	 or	 more	 individual	 test	 reports																					

produced	by	accredited	methods.	

	

Alpha	spectra	genie	software	

Alpha-particle	 spectra	 are	 critically																				

dependent	 on	 the	 experimental	 set-up	 used	 in	

the	measurements.	Source	preparation,	detector	

size,	and	solid	angle	of	the	measurement,	among	

other	factors,	have	a	strong	in�luence	on	spectral	

parameters	such	as	energy	resolution	and	peak	

tailings.		

In	 alpha	 spectrometry	 analysis,	 peak	 search	

is	 performed	 using	 either	 a	 library	 driven							

routine	 (for	 spectra	 of	 known	 contents)	 or	 by	

the	Generalised	Second	Differential	Method	(for	

spectra	 of	 unknown	 contents).	 Peak	 areas	 are	

determined	either	by	summation	(singlets)	or	by	

non-linear	 least	 squares	 �itting	 (singlets	 and	

multiplets)	 using	 a	 modi�ied	 Marquardt																					

algorithm	for	fast	convergence.		

A	 statistical	 comparison	 based	 on																								

standardized	residuals	(the	differences	between	

reported	values	and	reference	values	divided	by	

their	 own	 uncertainties)	 was	 performed.	 Using	

all	 cases	 where	 both	 a	 reported	 area	 and	 a																		

reference	 area	 were	 available.	 	 A	 weighted																	

average	 and	 its	 uncertainty	 of	 the	 ratios	 of																	

reference	 peak	 areas	 and	 program	 output	 peak	

areas	were	determined.		

	

	

RESULTS AND DISCUSSION 

 

The	measured	 values	 of	 the	 gross	 alpha	 and	

gross	 beta	 activity	 concentrations	 in	 the	 water	

samples	are	presented	in	�igure	2.		

From	 �igure	 2,	 it	 is	 observed	 that	 the	 gross	

alpha	 and	 beta	 activity	 concentrations	 in	 the				

water	 samples	 were	 high	 compared	 to	 the																	

National	 Primary	 Interim	 Drinking	 Water																

Regulations	 (16).	 It	 was	 observed	 that	 the	 gross	

beta	activity	for	B1	(water	sample	collected	5	m	

before	 the	 drainage	 pipe	 was	 higher	 than	 the	

gross	 alpha	 activities	 compared	 to	 the	 other	

samples	 (Figure	 2).	 This	 could	 be	 attributed	 to	

Njinga and Tshivhase / Radio-epidemiological assessment 
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Figure 2. Gross alpha and beta distribu�on in the water samples 
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the	 proximity	 of	 the	 slimes.	 The	 gross	 beta															

activity	in	water	sample	primarily	comprised	of	

the	uranium	decay	products	which	 are	harmful	

to	 biological	 cells.	 The	 recommended	 levels	 of	

gross	beta	activity	concentration	by	WHO	is	1.0	

Bq/L.	 If	 this	 activity	 doses	 does	 not	 exceed	 1.0	

Bq/L,	 it	 can	 be	 assumed	 that	 the	 annual	 total				

indicative	dose	of	adults	should	be	less	than	0.1	

mSv	per	year.	The	results	obtained	in	this	study	

showed	 that	 the	 measured	 activity																															

concentrations	of	the	gross	beta	in	all	the	water	

samples	 are	 several	 folds	 above	 the																																		

recommended	1.0	Bq/L	limit	by	the	WHO	(17).		

A	 study	 by	 Wagner	 et	 al,	 (6)	 on	 the																											

radionuclides	 contents	 in	 the	 public	 drinking	

water	revealed	 the	possibility	of	 leukaemia	due	

to	 exposure	 of	 1.00	 -	 4.99	 µg/L	 in	 adults	 (6,	 8).	

They	also	found	that	women	with	exposure	level	

of	 >5µg/L,	 had	 a	 signi�icant	 elevated	 risk	 of															

kidney	cancer	(6,	8).	A	study	by	(18-20)	revealed	that	

over	 70%	 of	 the	 water	 used	 in	 both	 rural	 and	

urban	 areas	 in	 South	 Africa	 is	 surface	 water	

drawn	 from	 rivers,	 streams,	 lakes,	 ponds	 and	

springs.	 This	work	 as	 seen	 in	 �igure	 2	 revealed	

the	 activity	 concentration	 of	 natural																														

radionuclides	in	Bq/L.		

As	 observed	 in	 �igure	 2,	 the	 measured																				

radioactivities	of	the	treated	underground	water	

(D1)	 for	 all	 the	 radionuclides	 measured	 were	

higher	 than	 the	 activity	 concentration	 of	 the			

�issure	 water	 (E1)	 except	 for	 230Th	 and	 228Th.	

This	 implies	 that	 the	 activity	 concentration	 of	

the	radionuclides	in	the	water	before	treatments	

(�issure)	 were	 lower	 compared	 to	 the	 treated	

water.	It	was	also	observed	that	232Th	for	water	

sample	A1		collected	5	m	after	the	drainage	pipe	

had	 high	 values	 of	 0.24	 ±	 0.04	 and	 for	 sample	

Z1004	 collected	 5	 m	 just	 before	 the	 drainage	

pipe	had	the	highest	value	of	0.59	±	0.06.	These	

two	 sampling	 locations	 (A1	 and	 B1)	 also											

recorded	 higher	 values	 of	 238U	 (�igure	 2).	 The	

higher	 values	 of	 activity	 concentrations	 of	 238U	

and	 232Th	 in	 the	water	 samples	 collected	at	 the	

foot	of	 the	dump.	This	suggest	that	the	water	is	

more	acidic	due	 to	 the	mine	dumps	which	may	

contained	 uranium,	 manganese,	 aluminium,		

copper	 and	 potentially	 toxic	 radioactive	metals	

which	 �low	 uncontrolled	 into	 the	 water	 path	

(streams).		

From	 �igure	 2,	 it	 was	 observed	 that	 activity	

concentration	 of	 238U	 was	 very	 high	 in	 all	 the	

water	 samples	 with	 the	 lowest	 of	 4.46	 ±	 0.22	

Bq/L	for	E1	and	the	highest	of	181	±	3.00	Bq/L	

for	Z1004.	 Based	on	 this	 results,	 the	health	 risk															

assessment	 of	 238U	 in	 the	 water	 samples	 was	

evaluated	in	relation	to	lifetime	cancer	risk.	The	

lifetime	 cancer	 risks	 LCR,	 associated	 with	 the	

intake	of	 238U	was	evaluated	by	multiplying	 the	

applicable	risk	coef�icient	Rc	and	the	per	capita	

activity	intake	(PCAI)	as	follows:	

	 	 	 						(1)	

	

In	this	evaluation,	we	used	62.2	years	as	the	

average	 life	 expectancy	 at	 birth	 in	 South	Africa	

and	 731	 L	 as	 the	 annual	 consumption	of	water	

for	 an	 individual.	 From	 the	 average	 life																								

expectancy	at	birth	and	the	annual	consumption	

of	 water	 for	 an	 individual,	 we	 calculated	 the															

lifetime	intake	of	water	(LTI)	to	45468.2	L.		

From	(10)	and	(21),	we	obtained	the	cancer	risk	

coef�icients	 of	 238U	 to	 be	 1.13	 ×	 10–9	 Bq–1	 for	

mortality	 and	 1.73	 ×	 10–9	 Bq–1	 for	 morbidity.	

With	 the	 aid	 of	 equation	 (1),	 the																																

cancer	mortality	and	morbidity	risks	of	238U	over	

lifetime	 consumption	 of	 the	 water	 were															

calculated	as	(results	are	presented	in	table	3);		

PCAI>Activity	mBq/L	=LTI	=	5444	 														(2)	

Equation	 (3)	 was	 used	 to	 evaluate	 the																				

lifetime	 average	 daily	 dose	 (LADD)	 of	 238U	

through	water	 intake	 to	determine	 the	effect	of	

the	 carcinogenic	 and	 non-carcinogenic	 risks												

associated	with	238U	in	the	water	sample.	

      														 )3( 	

where	 LADD	 =	 lifetime	 average	 daily	 dose,	

EPC	=	exposure	point	concentration	(μg	L–1),	 IR	

=	water	 ingestion	 rate	 (L	day–1),	EF	=	exposure	

frequency	(days	year–1),	ED	=	total	exposure	du-

ration	(years),	AT	=	average	time	(days)	and	BW	

is	 the	 body	 weight	 (kg).	 From	 (11)	 and	 (18)	 we														

obtained	 the	 following	 data	 that	 were	 used	 in	

the	evaluation	of	LADD	and	hazard	quotient;	 IR	

=	 2	 L	 day–1,	 EF	 =	 350	 days,	 ED	 =	 62.2	 y,	 AT	 =	

22703	(obtained	from	62.2	×	365)	and	BW	=	70	

kg	 weight	 of	 a	 standard	 adult.	 The	 following		

conversions	were	made:	

Njinga and Tshivhase / Radio-epidemiological assessment 
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The	hazard	quotient	was	obtained	as	 shown	

in	 equation	 4.	 The	 results	 of	 the	 cancer																					

mortality,	 cancer	 morbidity,	 chemical	 toxicity	

risk	(LADD)	and	hazard	quotient	for	238U	over	a	

lifetime	 consumption	 the	 waters	 in	 the	 study	

sites	were	estimated	and	presented	in	�igure	3.	

								 	 	 	 	 														 )4( 	

	

In	 �igure	 3,	 the	 cancer	 mortality	 risk	 in	 the	

study	 site,	 ranged	 from	 2.29E+02	 for	 E1	 to	

9.30E+03	for	B1,	while	for	morbidity	risk	ranges	

from	 3.51E+02	 for	 E1	 to	 1.40E+04	 for	 A1.	 The	

highest	 cancer	mortality	value	was	 found	at	B1	

location	 and	 the	 highest	 cancer	 morbidity	 of	

1.42E+04	 at	 B1.	 In	 general,	 these	 values	 were	

between	10+2	and	10+4	higher	when	compared	to	

the	 acceptable	 level	 of	 10-3	for	 the	 radiological	

risk	(10)	by	a	factor	of	10+7.		

The	hazard	quotient	parameter	 is	de�ined	as	

the	ratio	of	the	potential	exposure	to	a	substance	

and	 the	 level	 at	 which	 no	 adverse	 effects	 are		

expected.	This	parameter,	when	calculated	to	be	

less	 than	 1,	 it	 shows	 that	 no	 adverse	 health																

effects	 would	 be	 expected	 as	 a	 result	 of	 the														

exposure	otherwise,	 the	 reverse	 is	 the	 case	 (11).	

The	 hazard	 quotient	 of	 the	 measured	 water			

samples	as	presented	in	�igure	4	were	far	above	

1	 in	 all	 the	 water	 samples	 which	 implies	 that	

adverse	 health	 effects	 would	 be	 expected	 as	 a	

result	of	the	exposure.	

As	 seen	 in	 �igure	 3,	 high	 values	 were																				

observed	 in	 water	 samples	 for	 C1,	 B1	 and	 A1	

that	 were	 obtained	 around	 the	 Princess	 gold	

mine	slimes.		

However,	 230Th,	 234U,	 226Ra,	 235U	 and	 210Po	

were	relatively	high	in	A1005	and	B1006	in	the	

treated	 and	 �issure	 water	 samples	 respectively	

obtained	from	the	mine	in	Gauteng.	This	relative	

high	 concentration	 of	 the	 above	 radionuclides	

(226Ra,	230Th,	235U,	234U	and	210Po)	content	in	the	

groundwater	 or	 drinking	 water	 may	 result	 to	

high	 incidence	 rate	 of	 renal	 cell	 carcinoma	

(kidney	cancer)	(8).	

Water	 pollutant	 or	 contamination	 caused	 by	

radionuclides	 is	 a	 signi�icant	 environmental	

problem	 particularly	 in	 densely	 populated																

developing	countries	where	human	habitats	are	

usually	 in	 close	 proximity	 to	 mine	 sites	 (22).														

Water	 draining	 from	 gold	 mines	 slimes																							

frequently	 contains	 radionuclides	 at	 high	 levels	

which	 could	 contaminate	 streams	 and																

agricultural	 lands.	 This	 study	 con�irmed	 to	 the	
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Figure 3. Distribu�on of radionuclides measured 
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high	values	of	radionuclides	pollution	identi�ied,	

affecting	 freshwater	 systems	 and	 resources	 in	

South	 Africa	 (22).	 Mine	 water	 is	 a	 growing																				

concern	 in	 water	 quality	 management	 and																

impacts	negatively	on	the	water	environment	by	

increasing	 the	 levels	 of	 radionuclides	 of	 the														

receiving	water	 resulting	 to	 increasing	 cases	 of	

kidney	 cancer	 (8).	 Dose	 rates	 due	 to	 the																									

radionuclides	 measured	 in	 the	 water	 samples	

were	 calculated	 according	 to	 guidelines	 in	 the	

National	 Nuclear	 regulatory	 licensing	 guide															

LG-1032	(23).	Consumption	rates	for	the	different	

age	 groups	 in	 this	 guide	 and	 dose	 rate																										

conversion	 factors	 published	 in	 IAEA	 Safety														

Series	115	(24)	were	used.	Where	the	activity	was	

less	than	the	MDA,	half	of	 the	values	were	used	

in	 the	 calculation.	 The	 dose	 rate	 values	 were		

reported	 with	 2	 signi�icant	 digits	 as	 shown	 in	

�igure	5.		

Figure	 5,	 shows	 the	 exposure	 annual	 dose	

rates	 of	 the	 members	 of	 the	 public	 to	 the																			

ionizing	 radiation	 emanating	 from	 these																			

samples	 measured.	 According	 to	 National														

Nuclear	Regulator	(NNR)	Regulatory	Guide	(23),	

the	 dose	 rates	 constraint	 applicable	 for																			

members	 of	 the	 public	 within	 the	 exposed															

population	 is	 250	 μSv/yr	 (25-27).	 The	 annual	

dose	rate	 for	<	1	yr	ranged	 from	420	µSv/yr	 to	
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Figure 4. Evaluated health risk parameter in the water samples 

Figure 5. Evaluated annual dose rate in different age groups. 
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6300	µSv/yr,	therefore,	these	water	samples	are	

not	 suitable	 for	 consumption	 by	 babies.	 The														

annual	 dose	 rate	 for	 A1,	 B1	 and	 C1	 (water														

samples	 collected	 around	 the	 Princess	 dump	

mine	 slimes)	were	 high	 and	 ranged	 from	 1200	

µSv/yr	 to	 6300	 µSv/yr	 for	 all	 the	 age	 groups	

measured.	 The	 annual	 dose	 rate	 due	 to																				

radionuclides	 in	 the	 water	 samples	 from	 the	

treated	 (D1)	 and	 �issure	 (E1)	 sources	 were													

below	 the	 limit	of	250	µSv/yr	 for	1	 to	>	17	yrs	

and	vary	from	95	to	220	μSv/yr.		

From	the	foregoing	analysis	it	is	evident	that	

there	 is	 an	 increase	 in	 gamma-emitting																						

radionuclides	pollutants	 in	water	 samples	 from	

the	mines	which	will	 end	 in	 the	 streams/rivers	

and	 threatens	 the	 scarce	 water	 resources	 of	

South	Africa,	and	as	a	 result	 also	human	health	

and	food	security	in	the	mining	areas.	The	water	

quality	 around	 the	 Princess	mine	 slimes	 to	 the	

surrounding	community	and	the	water	quality	of	

the	treated	or	 �issure	exceeds	the	standards	set	

by	DWAF	(19-21,	25-27).	From	these	studies,	 it	

is	seen	that	the	water	is	deteriorating	in	terms	of	

radionuclides	 pollutants	 due	 to	 torrential	 rains	

and	 �loods,	 lack	 of	 suf�icient	 drainage,																										

uncontrolled	 drainage,	 lack	 of	 adequate	

knowledge,	wrong	management	 decisions,	 very	

poor	 construction	 and	 rehabilitation	 rates	 of	

drainage	systems,	increase	of	irrigation	systems	

without	 paying	 any	 attention	 to	 their	 adverse	

impacts	 on	 soil	 and	 quality	 of	water	 resources,	

etc.	

	

	

CONCLUSION 

 

The	 assessed	 radioactivity	 concentration	 in	

the	three	types	of	waters	(�issure,	underground	

treated	 and	 surrounding	 waters)	 from	 the	 two	

mines	 indicate	 that	 the	 gross	 alpha	 and	 beta		

activity	 were	 high	 in	 the	 treated	 underground	

water	 compared	 to	 the	 �issure	 water.	 Also,	 the	

results	 around	 the	 Princess	 gold	 mine	 shows	

high	gross	alpha	and	beta	activity	concentration.	

The	concentrations	of	 the	natural	radionuclides	

(238U,	 234U,	 230Th,	 226Ra,	 210Po,	 235U,	 237Th,	 223Ra,	
232Th,	228Th,	and	224Ra)	were	relatively	high	in	all	

the	water	sample	types.	The	calculated	chemical	

toxicity,	 cancer	 mortality/morbidity	 and																	

hazards	quotient	with	respect	to	238U	were	high.	

Hence,	 the	 waters	 within	 these	 vicinities	 may	

posed	 serious	 health	 effect	 to	 the	 inhabitant.	

Therefore,	 the	 �issure/treated	 underground														

water	from	the	mine	in	Gauteng	should	undergo	

further	 and	 intensive	 treatments	 before	 usage	

by	miners	and	dispatch	to	the	public.	Around	the	

Princess	 Gold	 mine	 vicinity,	 suf�icient	 and																

controlled	 drainage	 system	 should	 be																											

emphasized.	
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