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Motivation for original study
Dr de Villiers (Stellenbosch Univ.): high number of leukaemia patients come from this area

- blood samples of  418 people from 120 localities (>16 a of age, 1993)
- water quality: 126 boreholes , AEC data (early 1980s)
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U-levels 
(126 boreholes)

Reddish colours:
U: >10 – 300 µg/l

abnormal Lymphocyte count
(418 residents from 120 localities)

Reddish colours: 30-100 % of sampled 
population with abnormally high 
lymphocyte count

� 3 x follow-up studies 
confirmed high U-levels and 
domestic use of water

500 000 grid cells correlated
r = 0,5731 

not analysed: food chain dust, agro-chemicals etc. 

U: radioactive and chemotoxic
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Namaqualand Mertamorphic Complex (NMC)
�gneiss + schist + quartzite

proven uranium depositU

U
U

U
U

U

U

U

Study area

many U-mines 
in Namibia
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U U

U

U

uraniferous rock/ aquifer

external radiation

Closing gaps: quantify U-transfer via meat consumption, dust inhalation and 
external radiation

grazing

mea
t

watering

du
st

drinking

salt lick

This paper: link between climate and U-related health risk
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(2) 
Climate and water 

quality
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~100 mm/a

~2000 mm/a

Drought
probability

20...25%
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0.5% total run-off SA

0.1…3 mm/a

EC >1000 µS/cm
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fractured aquifer (NMC)

sand-filled river beds

P

~
10

0

[mm/a] ET pot

~
20

00
R: 0.1…3 mm/a

little GW recharge
� nearly stagnant flow conditions
� long water-rock contact times

� high U-leaching rates

2 mg/kg22 mg/l

evaporative carbonate
and salt crusts (40-90 ppm U)
� partly re-dissolved in next rain event
� U recycled back into GW

capillary 
GW rise
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Groundwater:  av - conc. [% of TWQR] (n=14)
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U in sheep and tap water (n=14)

- 7 of 8 GW-samples well above new WHO limit (4…1500 times)
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- ‘sheep water’ partly also consumed by labourers
- commercial tap water filters remove U effectively (99,6%)
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Average U conc. in various sample types
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(3) 
U-transfer and 

exposure
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Uranium concentration in sheep samples  (n=4…5)
[µg/kg fresh w eight]
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U in water and corresponding sheep tissue at vartio us farms
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� suggests that polluted water is main pathway (exaccerbated by fodder and salt
crusts indirectly reflecting water quality)
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Av. U concentration ratio: water  - sheep tissue [fresh weight)
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U: Water –
kidney relation
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Uranium enrichment in sheep drinking water and diff erent types of sheep tissue 
 (= U measured : U nat. backgr.)
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(4) 
Health risks
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Risk assessment: External radiation

Range (gamma radiation): 1,2 … 4,2 mSv/a
control site: 1.4 mSv/a
ICRP limit anthropogenic sources: 1,0 mSv/a

� maximum measured directly on gneiss outcrop
- most sites 1.2…1.4, max. in-house: 2.2 mSv/a
���� generally of lesser concern

Dust inhalation

U in soil + dust close to natural background 
� dust generally 2-3 times higher U-levels than soils 
� associated U-inhalation unlikely to be of concern 
as U-levels are not higher than background
���� generally of no concern

Dust storm in the study area

Radiation measuring device (Radex) 
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Uranium Radiation Age-specific Dose  Calculator

http://www.wise-uranium.org/rdcua.html
ICRP 72
max. U-conc. Inner organs : 37 µg/kg fresh wt. (brain)
Age meat consumption*Dose rate **

[kg/a] [µSv/a] [% IAEA limit]***
3 months 5 0,021 2,1%
1 year 13 0,007 0,7%
5 years 50 0,004 0,4%

10 years 65 0,003 0,3%
15 years 80 0,003 0,3%

Adult 90 0,001 0,1%
* StrlSchV 2001 (Germany) *** 1 mSv/a

** calculated by Uranium Radiation Age-specific Dose Calculator (WISE 2013) 

Radiotoxic U-risk (ICRP limit): max. (brain): 37 ppb (WISE calculator)

Risk assessment: Meat consumption

Exposed humans Average Associated U-ingestion

Age Corresponding meat sheep inner organs sheep muscle meat

body weight consumption* max U-conc. [µg/kg fresh weight] 37 av. U-conc. [µg/kg fresh weight] 5,9 max U-conc. [µg/kg fresh  weight]18 av. U-conc. [µg/ kg fresh weight]4,1

[a] [kg] [kg meat/d] [µg/kg bw x d] % of TDI (WHO) [µg/kg bw x d] % of TDI (WHO) [µg/kg bw x d]% of TDI (WHO)

(0.6  µg U/kg bw x d) (0.6 µg U/kg bw x d) (0.6 µg U/kg bw x d)

<1 5 0,027 0,20 34% 0,03 5% 0,10 16% 0,02 4%
1 - 2 a 15 0,055 0,14 23% 0,02 4% 0,07 11% 0,01 2%
2 - 7 a 25 0,137 0,20 34% 0,03 5% 0,10 16% 0,02 4%
7 - 12 a 40 0,205 0,19 32% 0,03 5% 0,09 15% 0,02 4%
12 - 17 a 50 0,274 0,20 34% 0,03 5% 0,10 16% 0,02 4%
>17 a 60 0,274 0,17 28% 0,03 4% 0,08 14% 0,02 3%
* based on annual consumption of meat for dif ferent age groups as given in NECSA (2007a)

Chemotoxic U-risk (WHO-TDI)

max (brain): 37 ppb av. organs:6 ppb max. meat:18 ppb av. meat:4 ppb

0,1…2 %
of annual dose 

limit
���� no risk

23…34 % of TDI-
value

���� no risk

4…5 % of TDI-
value

���� no risk

11…16 % of 
TDI-value

���� no risk

2…4 % of TDI-
value

���� no risk

(1) Background ���� (2) Climatic controls ����(3) U-exposure ����(4) Health risks ���� (5) Conclusions



Exposed humans Average Associated U-ingestion

Age Corresponding water water

body weight consumption* max U gw [µg/l] 22100 max U tap [µg/l] 106 av. U tap [µg/l]57

[a] [kg] [l/d] [µg/kg bw x d] exc factor TDI (WHO)[µg/kg bw x d] exc factor TDI (WHO)[µg/kg bw x d]exc factor TDI (WHO)

(0.6  µg U/kg bw x d) (0.6 µg U/kg bw x d) (0.6 µg U/kg bw x d)

<1 5 0,5 2210 3683 10,60 18 5,70 9,5
1 - 2 a 15 0,3 442 737 2,12 4 1,14 1,9
2 - 7 a 25 0,3 265 442 1,27 2 0,68 1,1
7 - 12 a 40 0,6 332 553 1,59 3 0,86 1,4
12 - 17 a 50 2,0 884 1473 4,24 7 2,28 3,8
>17 a 60 2,0 737 1228 3,53 6 1,90 3,2
* based on annual consumption of meat for dif ferent age groups as given in NECSA (2007a)

max. GW: 22100 ppb max. tap water: 106 ppb av. tap water: 57 ppb

max.  U-conc. water : 22100 µg/l (U nat with progeny)

Age water consumption*Dose rate **
[l/a] mSv/a [% IAEA limit]***

3 months 55 12,7 1265%
1 year 100 3,9 391%
5 years 100 2,2 216%

10 years 150 1,6 159%
15 years 200 1,5 150%

Adult 350 0,7 70%
* StrlSchV 20 01 (Germany) *** 1 mSv/a

** calculated by Uranium Radiation Age-specific Dose Calculator (WISE 2013) 

max. GW: 22 100 ppb

max.  U-conc.tap water: 106 µg/l (U nat with progeny)
Age water consumption*Dose rate **

[l/a] mSv/a [% IAEA limit]***
3 months 55 0,067 6,7%
1 year 100 0,019 1,9%
5 years 100 0,010 1,0%

10 years 150 0,008 0,8%
15 years 200 0,007 0,7%

Adult 350 0,004 0,4%
* StrlSchV 20 01 (Germany) *** 1 mSv/a

** calculated by Uranium Radiation Age-specific Dose Calculator (WISE 2013) 

max . tap water: 106 ppb

Risk assessment: Drinking water

Chemotoxic U-risk (WHO-TDI)

…13 times
of annual dose limit

�high risk for babies + 
children

�(water not used as drinking water)

0.4…7 %
of annual dose limit

���� no risk

442…3700 times of 
TDI-value

�extremely high 
risk

for all ages

2…18
times of TDI-value

�very high
risk

for all ages

1,1…9
times of TDI-value

�high risk
for <1a and 

>12a

Radiologic U-risk (ICRP dose limit) – WISE calculator
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- Ca-uranyle-carbonate: highly soluble (i.e. bio-available) and mobile (neutral charge)
but: compared to U-phosphates relatively low toxicity (lower body absorption rate)

U-speciation: Ca2UO2(CO3)3(aq)
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Time-resolved Laser Fluorescence Spectroscopy
(TRLFS)

(1) Background ���� (2) Climatic controls ����(3) U-exposure ����(4) Health risks ���� (5) Conclusions



- potential health problems likely to be less obvious because of lack of central 
reporting point such as Stellenbosch for Bushmanland � pilot study recommended

….”Children should be eating animal organs
instead of carbohydrates such as pap and 
bread, says sport scientist Tim Noakes.”
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(5) 
Conclusions
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(1) Climate increases U–levels in water
- aridity naturally increases U-levels in water and evaporative crusts

despite moderate U-content of source rocks
� low dilution + long contact times + U-recycling through 

evaporation
� likely to affect many arid areas world wide

(2) U enriches in sheep
� water – fodder – salt crusts - (bones)

� highest in wool (good bio-indicator, mechanisms of U-excretion
� inner organs (highest polluted edible parts)

- good news: meat and lamb much less affected

(3) U poses chemo- and radiotoxic health risks 
� borehole water most important pathway
� sheep meat less important 
� chemotoxic + dose-based limits for water intake exceeded 
� local staple food mutton as adds to U-intake
� household water filters remove U effectively
� radon + radium need to be monitored (also leukaemia)
� survey of identified arid areas recommended

U
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