
INTRODUCTION

Development in the final lapse of the 20th century has

taken a new twist that not only focuses on economic growth,

but also, encompasses the aspect of environmental conserva-

tion in a new phenomenon termed ‘sustainable development’.

South Africa is faced with the problem of scarcity of fresh

water resources and highly variable hydrological conditions

leading to every major river in the country being regulated in

order to ensure adequate water supply for development1. The

inverse side of the water scarcity issue involves the pollution

of natural water systems like rivers and streams by anthropo-

genic activities which include mining, industrial activities and

farming.

The Wonderfonteinspruit catchment has been at the center

of contemporary research in the area of water pollution as a

result of mining activities. Coetzee2 reported on the airborne

γ-ray scan of the upper Wonderfonteinspruit and concluded

that the Wonderfonteinspruit is an important transport line of

radioactive material from gold mine slime dams. Winde3

analyzed sediment and water samples from the Wonderfonteinspruit

catchment and determined the presence of radio nuclides and
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heavy metals which were mostly trapped in the sediments and

concluded that they might possibly be remobilized under

certain conditions like variations in pH, redox conditions and

by re-suspension of sediments during flood events into the

water column. Due to the presence of these gold deposits in

the area, a great number of informal settlements have erupted

in the catchment. These informal settlements lack clean water

(piped water systems/potable drinking water) giving rise to

utilization of untreated river water for drinking and personal

hygiene in the catchment4.

A broad spectrum of effects, varying from shortness of

breath to different types of cancers may occur, in the event of

ingestion of drinking water containing significant amounts of

trace metals5-8. The deadlier diseases like edema of the eyelids,

tumor, congestion of nasal mucous membranes and pharynx,

gastrointestinal , muscular, reproductive, neurological and

genetic malfunctions caused by some of the metals have been

documented9-11. In other studies relating to exposure of pregnant

women to relatively low concentrations of heavy metals and

other industrial chemicals in drinking water results have

revealed that the neural development of fetuses can be compro-

mised resulting in the mental retardation of the offspring12-14.
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There has been little effort to establish the drinking water

sources and correlations between the presence of these conta-

minants in water and the occurrence of the health risk asso-

ciated with these contaminants amongst people living in the

catchment area. Winde15 concluded that there had not been

any investigation aimed at establishing possible health impli-

cations in affected communities that had been conducted in

the Wonderfonteinspruit by 2006. In addition, the only health

related concerns that are currently addressed by the legislation,

pertain to occupational health and safety of mine workers

ignoring the off-mine populations who are usually affected

by pollution from upstream activities16. Therefore, the purpose

and main objective of this study was to link the environmental

pollution in the Wonderfonteinspruit to the human element by

determining the presence of radioactive and heavy metal conta-

minants in the drinking water then establishing the subsequent

health risks.

EXPERIMENTAL

The main methods of data collection for this study were

through structured questionnaires, collection and analysis of

drinking water samples from the study area. Questionnaires

were administered to 160 households in the catchment to

establish their drinking water sources as well as the prevalent

and endemic water quality related diseases.

The Wonderfonteinspruit (WFS) river (Fig. 1) is located

between latitude 28°S 53'E and longitude 25°S 48'E and runs

90 km from the outskirts of Johannesburg to the south west,

past the towns of Krugersdorp, Bekkersdal, Carletonville and

Khutsong and flows into the Mooi river near Potchefstroom.

As such the townships used for this study were Bekkersdal,

Khutsong and Carletonville, from where sampling points were

selected taking into consideration that the Lancaster dam is

the entry point and that the exit is Harry’s dam and two points

within the study area the Cooke attenuation dam and the

Boskop dam. These points were also acting as reference points

for the selection of other sampling points which were off the

river, depending on the extensive use of the sources of water

for domestic and other different activities.

Fig. 1. Map of the study area and water sampling points

The water samples were collected in the following

manner; two sets of water samples, from 12 sampling sites,

were collected during the wet season (March 2012) and in the

dry season (August 2012). For each sampling site, samples

were collected in triplicates to increase accuracy of findings,

total 72 samples. In order to ensure that the sampling points

were the same, a GPS was used to record the coordinates for

each sampling point. Random sampling was used to collect

water samples in within the informal settlements Khutsong,

Bekkersdal and Carletonville based on distance of the drinking

water sources from the mines and the Wonderfonteinspruit river.

Using 1L high density polyethylene bottles washed with

1 % concentrated HNO3, water samples were drawn from the

different identified water sources. It should also be noted that

the bottles were rinsed with the sample for three times before

any sample was collected. The rinsing of the bottles with the

sample was done for acclimatization purposes especially for

the microbial cultures. The high density polyethylene bottles

are good at preservation and have a high ability of reducing

contamination of the sample. In situ measurements for tempe-

rature, hydrogen potential (pH), total dissolved solids (TDS)

and electric conductivity (EC) were done using standard

procedures17 by way of field meters. The information was then

captured onto field data sheets. The water samples were pre-

treated with 3 mL of HNO3 for preservation purposes to avoid

microbial activity. The water samples were then placed in

cooler bags with ice to maintain a temperature of 4 ºC and

immediately transferred to Set Point Laboratories (ISO 17025

accredited) for analysis.

The water samples were analyzed for heavy metal (Co,

Cd, Zn, Pb and As) concentrations as well as U isotopes using

inductively coupled plasma-mass spectrometry (ICP-MS). Calcu-

lations of radiological annual doses for uranium isotopes were

done to estimate the absorbed radiation from ingestion of

contaminated drinking water. The calculations were based on

the following equation;

ii WnND ×Σ= (1)

where; D = radiological annual dose (m/Sv), N = the amount

of water consumed in a year (L), Wi = the concentration of the

given radioisotope (Bq/L), ni = Age dependent dose conversion

factor (mSv/Bq) for the i-th isotope, respectively.

The dose conversion factors are defined for specific age

groups and take into consideration negative influence of in-

gested radionuclides for the whole consumer’s life. The de-

termination of the risk quotients for all the contaminants un-

der study was done using eqn. 2:

ioncontaminatfor limit  Regulatory

tcontaminan of ionConcentrat
quotientRisk = (2)

The lifetime cancer risks, R, either for mortality or morbi-

dity, associated with intake of a given radionuclide were

estimated from the product of the applicable risk coefficient r

(mortality or morbidity) and the per capita activity intake I

expressed in eqn. 3.

IrR ×= (3)

This equation takes into consideration the activity of the

radionuclide in water and the amount of water consumed the

product of which is represented by r and the life expectancy

of the consumers (I).
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Mean and standard deviation were computed for each

sampling point since the samples were collected in triplicates

per site. The independent t-test (eqn. 4) was used to establish

variations of risk seasonally and as well as according to settle-

ment types.
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The Pearson’s correlation was used to establish the asso-

ciation between the presence of contaminants in the drinking

water and the incidence of contamination related diseases.
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rx y = correlation coefficient of two variables, ΣXi, ΣYi = sum

of individuals.

RESULTS AND DISCUSSION

Arsenic: Arsenic concentrations in water are determined

by various complex, geochemical, chemical and biochemical

reactions. Its solubility is largely dependent on the pH where

it becomes more soluble with an increase in pH. Arsenic tends

not to migrate over long distances thus its distribution in water

tends to be localized around the source of pollution. This is

attributed to the strong affinity of oxide minerals for As under

mildly neutral to acidic conditions. Table-1 shows results of

arsenic concentrations from the study area at the various sam-

pling points during the wet and dry seasons.

TABLE-1a 

MEAN AND STANDARD DEVIATION VALUES FOR ARSENIC 

 
Arsenic(µg/L) 

Wet season Dry season 

Khutsong informal pt 1 

Khutsong informal pt 2 

Khutsong formal pt1 

Carletonville informal pt 1 

Carletonville informal pt 2 

Carletonville Jojo tank 1 

Carletonville Jojo tank 2 

Carletonville formal pt 1 

Bekkersdal informal pt 1 

Bekkersdal informal pt 2 

Bekkersdal standpipe 1 

Bekkersdal formal 

8.2 ± 0.13 

7.9 ± 0.06 

0.7  ± 0.09 

14.2 ± 0.06 

14.9 ± 0.2 

0.5 ± 0.04 

0.6 ± 0.01 

0.6 ± 0.01 

11.6 ± 0.4 

12 ± 0.2 

0.65 ± 0.03 

0.7 ± 0.01 

10.8 ± 1.2 

12 ± 3.4 

0.5 ± 0 

16.2 ± 0.55 

14.3 ± 0.15 

0.5 ± 0 

0.5 ± 0 

0.49 ± 0.001 

9.6 ± 0.4 

4.3 ± 0.4 

0.5 ± 0 

0.5 ± 0 

Guidelines (µg/L) 

SANS 241 10 

WHO(2011) 10 

 
The concentrations of arsenic were high along the river

compared to the formal water sources for both the dry and

wet seasons recording 16.17 and 14.93 µg/L, respectively, com-

pared to the formal water sources which had a maximum of

0.67 µg/L (wet) and 0.49 µg/L (dry). Several points along the

river were observed to be exceeding WHO and SANS (241)

2011standards in Carletonville, Khutsong and Bekkersdal.

Noticeable were the relatively higher arsenic concentrations

for the formal water sources during the wet season compared

to the dry season. However, the trend was completely opposite

for informal water sources where arsenic concentrations were

higher during the dry season.

To determine the risk emanating from the recorded arsenic

concentrations in drinking water, a risk quotient was calcu-

lated against the maximum allowable risk of 1 (Fig. 2). The

trend depicts association between high concentrations in

excess of the standards and the maximum risk allowed.
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Fig. 2. Arsenic risk quotient in the Wonderfonteinspruit

The highest risk quotient for arsenic was recorded along

the river in Carletonville (1.6) and the least in carletonville

formal (0.05). All points along the river were above the maxi-

mum allowable risk quotient 1. The risk quotient for arsenic

follows the same pattern as the concentrations, very high along

the river and negligible in the formal water sources. In terms

of seasonal variation of the risk, the plot suggests that for

informal water sources, such as in Carletonville, consumption

of water poses a significant health risk from As both during

the dry and wet seasons (1.18-1.6). Whilst in Khutsong, the

health risk from As is high during the dry season for Bekkersdal

it is high during the wet season. Formal water sources have a

minimal risk quotient during both seasons suggesting they are

safe for consumption during both periods.

Using Pearson’s correlation coefficient, an association was

observed (R = 0.564, p < 0.05) between the arsenic concen-

trations observed during the wet season and the occurrence of

skin lesions. A slightly stronger association (R = 0.681, p <

0.05) was observed for arsenic concentrations in the dry season.

Similarly, evidence of risk of skin lesions from arsenic exposure

in drinking water at concentrations less than 50 µg/L were

reported in a longitudinal health study in Bangladesh18. Arsenic

concentrations in the range of 8.1-40 µg/L were associated

with adjusted prevalence odds ratios of skin lesions of 1.91 at

95 % confidence intervals. Ahsan et al.18 noted that the risk of

skin lesions was also influenced by the body mass index (BMI),

where the risk of skin lesions was inversely proportional to

the BMI, which is reflective of the nutritional status. On the

contrary, in another study in West Bengal India, on arsenic

concentrations in groundwater and its impacts on health, a

majority of the people under study did not exhibit any skin

lesions but their hair and blood samples contained elevated

levels of arsenic suggesting that they were sub-clinically affected19.

Table-1b shows the distribution of skin lesions with gender.

There are variations in the risk of skin lesions based on

gender, where 59 % of the people who had suffered skin lesions

were women as compared to 49 % for men. Correspondingly,

9304  Marara et al. Asian J. Chem.



TABLE-1b 

CROSS TABULATION OF SKIN LESIONS AND GENDER 

Gender  
Suffered skin lesions 

Yes No 

Male 
Count 20 54 

Within suffered skin lesions (%) 41 47.8 

Female 
Count 27 59 

Within suffered skin lesions (%) 59 52.2 

 
Haque et al.20 observed high prevalence in women relative to

men. This was attributed to low privilege and poor malnutrition

and the fact that usually women are more involved in house-

hold activities, thus more exposed to the contaminated water.

The Wonderfonteinspruit catchment has been described to be

rife with acute malnutrition and has been dubbed the HIV

capital of South Africa21 hence consumption of water conta-

minated with arsenic exacerbates the risk of developing skin

lesions.

Uranium (U): Uranium is one of the hazardous substances

that evoke two different and totally unrelated effects, one due

to its radioactivity and the other due to its chemical nature. It

has a low specific radioactivity and an extremely long half-

life of 4.5 billion years. In this study, only two isotopes of U

were determined U235 andU238. Results of their mean concen-

trations are shown in Table-2.

The chemical concentrations of both U235 and U238 follo-

wed the same trend as arsenic, high along the river and very

low in the formal water sources. The highest concentration

for U235 and U238being 62.3 and 59.9 µg/L, respectively and

the lowest being 0.2 and <0.2 µg/L, respectively. Along the

river in Khutsong, both isotopes were very high in the dry

season and falling within the standards during the wet season.

In Carletonville along the river, both isotopes recorded high

concentrations throughout the dry and wet seasons (ranging

between 51 and 59.9 µg/L). In Bekkersdal, all the points were

in excess of the standards with the highest U isotope concen-

trations observed during the dry season relative to the wet season.

These high values along the river could be attributed to the

discharge of acidic mine water.

The magnitude of chemical effects that U has on the health

of the Wonderfonteinspruit catchment communities, compu-

tation of the risk quotient was done for U235 and U238 (Figs. 3

and 4). An independent t-test was carried out to determine

whether the risk was more significant in either of the seasons.

Fig. 3. U235 risk quotient in the Wonderfonteinspruit

Fig. 4 . U238 risk quotient in the Wonderfonteinspruit

Results revealed no statistically significant difference

between the mean concentrations for U235 isotopes in the two

seasons at 95 % confidence interval (t = 0.319 ). In this study,

the insignificant difference in U concentrations which were

slightly higher in the dry season could be attributed to the fact

that during the wet season there were rainfall events, which

caused the dilution of the concentrated pollutants or possibly

the fact that, the stormy rainfall events which occurred during

the dry season, could have caused the resuspension of sedi-

ments thereby reintroducing pollutants in the water column.

On the contrary, there was a statistically significant difference

in the concentrations for U235 between the formal and informal

TABLE-2 

MEAN AND STANDARD DEVIATION VALUES FOR URANIUM 

 
Uranium235 (µg/L) Uranium238 (µg/L) 

Wet season Dry season Wet season Dry season 

Khutsong informal pt 1 

Khutsong informal pt 2 

Khutsong formal pt1 

Carletonville informal pt 1 

Carletonville informal pt 2 

Carletonville Jojo tank 1 

Carletonville Jojo tank 2 

Carletonville formal pt 1 

Bekkersdal informal pt 1 

Bekkersdal informal pt 2 

Bekkersdal standpipe 1 

Bekkersdal formal 

8.5 ± 0.2 

8.3 ± 0.2 

0.2 ± 0.005 

51.2 ± 1.4 

59 ± 1.5 

0.2 ± 0.006 

0.2 ± 0.005 

0.2 ± 0.005 

22.4 ± 0.056 

23.1 ± 0.5 

0.2 ± 0.006 

0.2 ± 0.006 

52.7 ± 0.6 

56 ± 9.6 

0.3 ± 0.1 

53.7 ± 2.1 

48.3 ± 0.6 

0.3 ± 0.02 

0.31 ± 0.08 

7.8 ± 13.14 

62.3 ± 1.16 

11.7 ± 0.55 

0.277 ± 0.04 

0.25 ± 0.05 

8.483 ± 0.18 

8.4 ± 0.46 

<0.2 ± 0 

57.9 ± 1.51 

59.9 ± 0.7 

0.22 ± 0.01 

<0.2 ± 0 

0.207 ± 0.012 

22.6 ± 1.06 

23.2 ± 0.61 

0.27 ± 0.02 

0.2 ± 0.02 

56 ± 0 

57.7 ± 7.2 

0.3 ± 0.05 

56.3 ± 2.5 

51 ± 1 

0.28 ± 0.03 

0.26 ± 0.01 

0.21 ± 0.021 

63 ± 1 

12. ± 0.67 

0.3 ± 0.012 

0.24 ± 0.04 

Guidelines (µg/L) 

SANS 241 

WHO (2011) 

15 
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settlements (t = 0) at a 95 % confidence interval. Results suggest

that informal settlements are at a higher risk of consuming

water contaminated by U235 this is supported by the high risk

which was in excess of the maximum allowable risk recorded

for all informal settlements compared to the very low values

for formal settlements.

An independent t-test was also carried out to determine

whether the risk from U238 was more significant in either of

the seasons. The results similar to those of U235 revealed no

statistically significant difference between the mean concen-

trations for both isotopes in the two seasons at 95 % confi-

dence interval (t = 0.365). There was also a statistically signi-

ficant difference in the concentrations for U238 between the

formal and informal settlements (t = 0) at a 95 % confidence

interval suggesting that informal settlements are at a higher

risk of consuming water contaminated by U238. At many formal

settlements, the risk was 0 suggesting that there is no chemical

risk from U238 either in the wet or dry season.

Calculation of radiological annual doses was used to esti-

mate the absorbed radiation from ingestion of contaminated

drinking water. By definition, radiological annual dose is the

annual dose rate caused by absorption of natural radioactive

elements in water, based on the assumption that a man drinks

N litres per year using eqn. 1 as stated in the WHO drinking

water guidelines (1998). Fig. 5 shows the calculated annual

radiological dose for U235 in the Wonderfonteinspruit during

the wet season sampling.

Fig. 5. Annual radiological dose for U235 in Wonderfonteinspruit (wet season)

The highest recorded radiological dose for U235during the

wet seasonwas observed in Carletonville along the river (9.92

× 10-5 mSv/yr) and this was for the category of less than a

year. The lowest observed was in Khutsong formal and

Carletonville Jojo tank which both recorded 1.23 × 10-7 mSv/yr

for the category of 7-12 years.

During the dry season, the radiological absorbed dose for

U235 the maximum was observed in Bekkersdal (1.062 × 10-4

mSv/yr) for the category of <1year (Fig. 6) and it should be

noted that compared to the wet season the radiological

absorbed dose at all points along the river for infants (<1year)

was higher in the dry season. The least observed during the

dry season was from Carletonville jojo tank which recorded

1.19 × 10-7 mSv/yr for the category of < 1 year. All the

sampling points were within the WHO 2011 and SANS

241(2011) standard which is pegged at 0.1 mSv/yr for U235

for both seasons.

Fig. 6. Annual radiological absorbed dose U235 in Wonderfonteinspruit (dry

season)

The highest recorded radiological dose forU238 during the

wet season was observed in Carletonville along the river (1.01

× 10-4 mSv/yr) and this was for the category of < 1 year. The

lowest observed was in a Carletonville jojo tank, which

recorded 1.18 × 10-7 mSv/yr for the category of 7-12 years

(Fig. 7). For the dry season the radiological absorbed dose for

U238 was at its highest in Bekkersdal (1.06 × 10-4 mSv/yr) this

was for the category of <1year (Fig. 8). The least observed

dose for U238 during the dry season was from Carletonville tap

water which recorded 1.279 × 10-7 mSv/yr for the category of

< 1 year. All the sampling points were within the WHO 2011

and SANS 241(2011) standard which is pegged at 0.1 mSv/yr

for U235 for both seasons. These results imply that the age group

of < 1 year are at the highest risk of contracting diseases arising

from the consumption of U contaminated water like, kidney

and lung inflammation22,23, since they recorded the highest dose

in both seasons, but it suffices to mention that although the

dose was well within the standards, Busby and Schnug24

reported increases in infant leukemia from low dose exposure

to uranium.

Fig. 7. Annual radiological dose U238 (wet season)

Similarly, other authors analyzed radioactivity in bottled

mineral water in Greece. Results revealed that the contribution

of U to the internal exposure of adults from the consumption

of mineral water with the maximum determined activity was

0.77 × 10-3 mSv/yr. This value increased by a factor of 2.7,

1.8, 1.5 and 1.5 for the age groups of 1-2, 2-7, 7-12 and 12-

17, respectively. Comparable findings were obtained by

Zamora et al.25 from a study in an aboriginal community in

Australia. The highest dose of uranium calculated was 2.1 mSv

and this was the cumulative dose over a 15-year period. The

study concluded that the risk of cancer was 13 in 100000 which
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was insignificant for the population size studied meaning that

chemical toxicity would be a greater health concern than the

radiation dose. Based on the annual dose concentrations for

U235 and U238 from the current study, similar conclusions can

be drawn (Figs. 5-8).

Fig. 8. Annual radiological absorbed dose U235 (dry season)

Cancer risk: In order to determine whether there is a

significant risk from radiation properties of uranium a life time

cancer risk for mortality and morbidity was computed based

on uranium activity in water for both seasons using eqn. 3.

Table-3 shows the cancer mortality and morbidity for U235 and

U238 during the wet season.

Results indicate that during the wet season, highest cancer

mortality risk is from U235 that was 6.19 × 10-5 noted in

Carletonville along the river and least from U238 (2.73 × 10-7)

observed for Bekkersdal standpipes. Whilst the cancer

morbidity risk was the highest for U235 in Carletonville informal

settlements and the least was for U238 for Carletonville Jojo

tanks.

The cancer mortality and morbidity risk for U235 and U238

during the dry season was generally higher relative to the wet

season (Table-4).

During the dry season, highest cancer mortality risk was

from U235 that was 6.74 × 10-5 noted in Bekkersdal along the

river and least from U238 (2.43 × 10-7) observed for Bekkersdal

tap water samples. Conversely, the cancer morbidity risk was

the highest for U235 (1.04 × 10-4) in Bekkersdal along the river

and the least was for U238 for Carletonville tap water (3.35 ×

10-7). Based on another reported study, the results reflect no

significant radiological risk from both isotopes of uranium in

the Wonderfonteinspruit during the wet and dry seasons, since

all the values recorded are lower than 10-3. Similar findings

were observed in a study on the chemical and radiological

risk assessment of uranium in borehole water in Nigeria26 with

the magnitude of radiological cancer risks in range of 10-4.

In addition, an association was observed between the

occurrence of kidney problems and the average U235 and U238

for the two seasons using Pearson’s correlation coefficient (r =

0.68 and 0.69, respectively, p < 0.001). These findings only

serve to confirm the conclusion reported by Amakom and

Jibiri26, that the chemical properties of uranium are more likely

to cause health effects compared to radiological in the

Wonderfonteinspruit catchment.

Conclusion

The quality of water from the informal water sources in

particular river water, is not in compliance with the SANS

TABLE-3 

CANCER MORTALITY AND MORBIDITY FOR U235 AND U238 (WET SEASON) 

 Cancer mortality risk U235 Cancer mortality risk U238 Cancer morbidity risk U235 Cancer morbidity risk U238 

Khutsong informal pt 1 

Khutsong informal pt 2 

Khutsong formal pt1 

Carletonville informal pt 1 

Carletonville informal pt 2 

Carletonville jojo tank 1 

Carletonville jojo tank 2 

Carletonville formal pt 1 

Bekkersdal informal pt 1 

Bekkersdal informal pt 2 

Bekkersdal standpipe 1 

Bekkersdal formal 

9.23 × 10-6 

8.94 × 10-6 

2.16 × 10-7 

6.19 × 10-5 

6.39 × 10-5 

2.49 × 10-7 

2.16 × 10-7 

2.20 × 10-7 

2.42 × 10-5 

2.50 × 10-5 

2.67 × 10-7 

2.46 × 10-7 

8.57 × 10-6 

8.51 × 10-6 

2.02 × 10-7 

5.85 × 10-5 

6.05 × 10-5 

2.22 × 10-7 

2.02 × 10-7 

2.09 × 10-7 

2.28 × 10-5 

2.34 × 10-5 

2.73 × 10-7 

2.36 × 10-7 

1.43 × 10-5 

1.39 × 10-5 

3.36 × 10-7 

9.61 × 10-5 

9.92 × 10-5 

3.87 × 10-7 

3.36 × 10-7 

3.41 × 10-7 

3.77 × 10-5 

3.88 × 10-5 

4.15 × 10-7 

3.82 × 10-7 

1.31 × 10-5 

1.30 × 10-5 

3.10 × 10-7 

8.96 × 10-5 

9.27 × 10-5 

3.40 × 10-7 

3.10 × 10-7 

3.20 × 10-7 

3.50 × 10-5 

3.58 × 10-5 

4.17 × 10-7 

3.61 × 10-7 

 
TABLE-4 

CANCER MORTALITY AND MORBIDITY FOR U235 AND U238 (DRY SEASON) 

 Cancer mortality risk U235 Cancer mortality risk U238 Cancer morbidity risk U235 Cancer morbidity risk U238 

Khutsong informal pt 1 

Khutsong informal pt 2 

Khutsong formal pt1 

Carletonville informal pt 1 

Carletonville informal pt 2 

Carletonville jojo tank 1 

Carletonville jojo tank 2 

Carletonville formal pt 1 

Bekkersdal informal pt 1 

Bekkersdal informal pt 2 

Bekkersdal standpipe 1 

Bekkersdal formal 

5.70 × 10-5 

6.06 × 10-5 

3.57 × 10-7 

5.81 × 10-5 

5.23 × 10-5 

2.99 × 10-7 

3.35 × 10-7 

8.48 × 10-6 

6.74 × 10-5 

5.63 × 10-5 

2.99 × 10-7 

2.71 × 10-7 

5.65 × 10-5 

5.83 × 10-5 

3.10 × 10-7 

5.69 × 10-5 

5.15 × 10-5 

2.83 × 10-7 

2.63 × 10-7 

2.19 × 10-7 

6.37 × 10-5 

1.22 × 10-5 

2.69 × 10-7 

2.43 × 10-7 

8.85 × 10-5 

9.41 × 10-5 

5.55 × 10-7 

9.02 × 10-5 

8.12 × 10-5 

4.65 × 10-7 

5.21 × 10-7 

1.32 × 10-5 

1.04 × 10-4 

8.75 × 10-5 

4.65 × 10-7 

4.20 × 10-7 

8.64 × 10-5 

8.92 × 10-5 

4.74 × 10-7 

8.71 × 10-5 

7.89 × 10-5 

4.33 × 10-7 

4.02 × 10-7 

3.35 × 10-7 

9.75 × 10-5 

1.86 × 10-5 

4.13 × 10-7 

3.71 × 10-7 
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241 and WHO 2011 for arsenic and uranium and as such,

informal settlements of Carletonville, Bekkersdal and Khutsong

are at risk of serious health problems. The elements of

concern in terms of health are arsenic and U235 and U238 which

are very high along the river and in excess of the standards.

Significant health effects from uranium are likely to arise from

its chemical properties rather than its radiological properties

or the synergistic effect of the two. Since no statistically signi-

ficant seasonal variability was observed, it can be concluded

that those consuming water along the river, are equally at risk

of contracting water related diseases in both the dry and wet

seasons.
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