the possibility of cccupying contaminated land and water. This study alerts developers
and mine owners to do preliminary studies on radionuclide levels in water, sediments and

land, particularly where agricultural production occurs. This will assure the public that
potential doses are well within limits.

ABSTRACT

Investigations were made into the occurrence and concentraclon values of 226Ra and
uraninm in some gold and uranium mine pollured aquatic eavironments in'the Transvaal.
An gverview is given on aspects of the passible environmental effects of 22ﬁRa and
uranium as well as background data on factors affecting the biclogical uptake and
transport of both radionuclides in some terrestrial and aguaric organisms. A brief
discussion is given on the prevailing physical and chemical canditions of the irrigation
water and agricultural soils at three localities where analyses were made for the
presence and concentrations of both radionuclides in the water, in stream sedimeants,
in selected aquatic plants, in a decapod macro-invertebrate, in fish and in water birds.
In order to evaluate the potential effects of ﬁlﬁgse radionuclides on man, studies were
also conducted on the concenrration ratlos of Raand uranium In these organisms and
the abiotic environment in which they occur, including selected vegetable crops
irrigated with mine polluted river water.  The experimental uptake of radivm by
beecroot and cabbage under controlled environmental conditlons was also investigated.
These data were then used in a dose assessment mode! looking at various potentisl
pathways of both radionuclides to man including via soil, drinking water, vegetables, a
cereal and fish,

Field results obrained shawed that in vircually sll cases the presence and concentrations
recorded for boch radionuclides were (and possibly are also at other affected areas) at
least an order of magnitude lower than concentrations found in countries such as Japan,
Germany and the USA, and that in 2ll cases comcentration values found for both
radtonuclides In the present study fall below the maximum recommended guldeline
values laid down by the Council for Nuclear Safety (CNS) of South Africa.

The dose assessments [or the scenarins chasen indicare that the annual effective dose
for uranium and radium is a fraction of the maximum allowable limit for members of
the public. However it is possible that certain site specific concentration valies may
require contrals to limic expasura,

vili



CONTENTS

Page
ACKNOWLEDGEMEDBITE 4 1 5 o v o wosoes & 5 & 5 srsviners & 8 5 & savas i @ § maaion @ 0 4 i
EXECUTIVE SUMMA R Y . . . i i i et et ot e et e e e b e e e e e e e s iv
ABS T RACT . . i i i e e e e viii
i INTRODUCTION . . .t i i it e i s e et es ee e e n e s meaaa e 1
2 LITERATURE REVIEW . . . ....... SO ENIERGE RS PR RN 8 N e 3
2.1 Uranium resources inSouth Afrlca . . . .. oo v v v i o i eceeonn . 3
2.2 Nuclear properties of uranivm , , . . ., e e e e e e e e e e 3
2.3 Uptake, metabolism and physiology of uranium in plants, animals and
HMUETEBTIS 6 6 5 4 v @ voaa 0 % o o 6 o siemnis & @ @ & SUaTidie B4 & 4 & EER A R A S 5 aie 3
2.3.1 Effects on micro-organisms and pIAnES . . . . .o vt v i e K|
2.3.2 Non - radiclogical effects of vraniom . . . .. .. .. . ... 3
2.3.3 Somartic and hereditary effects of radiation .. ........ ...... |
2.4 Toierance levels and limiting concentrations of wranium . ., ... ... ... d

2.4.1 Normal daily intake and assessment of uranium levels in food groups ... 4

2.4.2 Chemical toxicity threshold to Uramium ... .... ... ... ionn 3
243 BUMMAETY & o 6 v v o coaves 4 @ o @ Waaisis 5 a & & Warsalens © i ¥ weeste @ @ % v i it
2.5  Historical introduction and overview of radium . ............... .. 7
2.5.1 Nuclear properties of radium . ...... U e @ wLETE s ¥ swETR e % e 6 7
2.5.2 Uses, health hazards and environmental effects of radium ... .. D |

2.6  Biclogical uptake and transpoert of radium by aquatic plants and animals . 8

2.8.1 The mechanisms of radium uptake and transpoTL .« v« v v e v v e v v o n o 8
2.8.2 AQUALIC BLIBELE 4 4 it v v v b s e e v v bbb et s e e ae s e ey 8
2.8 Concentration FaLlDS . . . . oy vt vt v o a e b r o m e e e e 8



2,73
2.7.4
2.8

2.8.1

28,2

3.1
d.1.1
3.1.3
3.2
3.2.1
3.2.2
3.2.3
3.2.4
3.3
3.4
3.4.1

3.4.2

3.4.3

3.5

Biological uptake of radium by terrestrialplants .. ... ............ [
The extent of radium accumulacion .. ... .. .0 vinin i n. .. It
Factors affecting the availability of radium from soil ta plants .., .. .. LG
Distribution of radiwm in plaar cissue ....... R R WRTRE R B R WARE B 2 ]
Speciation of radium inplants . ., .......... C e e e 9
The behaviour, effects and radiation dosimetry of radium in man . . . . _ . i9
Behaviour and effects on the human boady .. .. ... oo oo .. 20
Dose assessment and madelling . .. . ... i e e vew 22
MATERIALS AND METHODS . .. ..ottt et ie ettt e e tsenas 25
Factors affecting the selection of sampling localities . ... ....... L. 25
Geology of the study @area . . . ... ot e i v e i n e onn. VAN G e .. 2D
Aquatic pathways for radionuclide contamination of agricultural land. .. 27
Samphling localities . .. ... . it v s a s e e 6 %W § R 28
EBSE RANO . . i it i i it e e e e e e e 28
Central Rand . .. ... . e e e e e e e 32
West Bamdl i cu 50 s g st oo 3 S R v en A G P oS 5 ¥ ¢ SR G 32
Orkney/Klerksdorp and OFS goldfields .. ... ...y 36
Selection of radionuclides . . .. ... e RS E MIANG W AR N W & e 36
Experimental uptake of 226, by two selected vegetable crops vawa 3T
Alrn of the eXpBrIent . » o« s v v v cieeen v o o woei 5 5 8 See e § A K e a7
Preparation of 225&3‘ srandard salutions for irrigation on experimental
PIARES, s osms o s s s n st B T 0 85 Seem & O § W@l O W g gaeas don I 5 SE 37
Irrigation system and dose application . . ... ... ... iy 38
Collection, identificetion and preparation of water, sediment and
biological samples for Raand uranivmanalysis ... ... o0 v 39



4.1

4.1.1

4,1.2

4.1.3

4.2

4.3

4.4

4.4.1

4.4.2

4.5

4.6

Water 3amples v vaui 5 o« 5 & o eieis s E 0 T aEeenE W B B ST G 4 4 0T & e . 39
Sediment samples ..., ., €K B TS R N R RIPET W W R TR BB ¥ SRR & 39
Biological samples . . . .0 .. e e e s e e 39
Concentration Ratios . .. .., . Ve s e v eeae s e e e 41
Scenarios for dose assessment modelling . . ... . ¢ SR TR R S 42
RESULTS . « o s o vvions oo s % % o oosvwnes 5 % 6 salall o 4 8 0 o o 55ais 0 & o a0a%els 4 44

Physical and chemical characteristics of irrigation water and soil samples

collected at the Marievale, Vlakfontein and Luipaardsvlei farms ., .,.... d4
MErievale TaITI o v vsvi v 5 0 s ¢ v oo vene o 0 0 @ @ls0a @ 5 5 8 & ai e & 5 o e 44
Vigkfontein .. ..ot vvav v OeLE R R R D UL e K R R B e S . 45
Luipaardsvlel ...... .« e enunrnnn '. e 48

Uranium and 226Ra in the water and soils of the Marievale, Viakfontein
and Luipaardsviei study areas . . .o v i i e e e e 46

Utraninm and 226Ra concentrations in some aquatic organisms . ... ... 49

A
Uranium and 228Ra in selected vegetable crops and cattle fodder from the

three different farms at Marievale, Viakfontein and Luipaardsviei .. ... 51
Marievale Farm . .. .. . .o i i s s e e e e 52
Vigkfontein FAarm . . . . . oL 0 it i e i e e e e e 32
Experimental uptake of 226&3 by cabbage and beetroot . ... ... ... .. B1
Dose assessment results & . . .. . 0t i vt it e e e e e e e 66
Drinki;'lg water and vegetable pathway . ... v v e i iy 66
Cereal DatRWaAY - o . v v e v v v v st s s e e s s e e .. 67
Fish pathway . ... . .. . @i it i e i e ae o i § 0w AL § G 67
h";iscellaneous paﬁhways ..... S W B e E e B R TR By 6§ e e 87
SUMMATY + v v v e v v v v en v s o %W SR § 8 E R E R N SR T i G 67
DISCUSSION AND RECOMMENDATIONS . ... ...... caewnw e s TD

xi



3.1 Radium and uranium in effluents and surface waters
5.2  Radium and uranium in algae and aquatic vegetation
5.3  Radium and uranium in aquatic fauna ,
5.4 Radium and uranium in vegetables
5.3  Concentration Ratios . . ... .. .
5.6 Dosea.saessment..._.......
5.7 Comments and recommendations . ....,.... o TR e ¥ v

6 REFERENCES

Takle 2.1:

Table 2.2:

- Table 2.3:

Tahle 2.4

Table 3.1:

Table 3.2,

Table 3.3:
Table 3.4:

Table 3.5
Table 3.6
Table 4.1a
Table 4.1b

Table 4.22

LISTOF TABLES

Annual intake of uranium through various agricultural crops from
New Yark, Chicago and San Francisco. (After Welford & Baird,
1987).
Concentrations and concentration ratios (CR) of 225Ra in plants
and edible crops under normal environmental conditions.
(After Simon & lbrahim, 1990)
Concentrations and concentration ratios (CR) of 229Ra in plants
and edible crops found under experimental conditions.
(After Simon & Ibrahim, 1990)
Concentrations and concentration ratios (CR) of 226R3 in plants
and crops grown on uranium mill tailings systems and under control
conditions.
Activity of 22ERa on various slimes dams on the East, West and
Central Rand as well as the Klerksdorp and OFS goldfields {(After
de Jesus et al,, 1987).

Ra levels of dams and lakes in the study area accessible to the
public (Alter de Jesus et al., 1987).
Radioisatopes formed by the decay of 238y

Ra irrigation scheme showing the daily dosage and calculated
weekly values for 6 successive weeks.
Organisms collected for 26Ra and uranium analysis.
Input parameters for GENII dose asessment code
Water quality of the Marievale larm irrigation water
Soil pH and organic content of several field plots on the Marie-
vale farm
Water quality of the Vlakfontein irrigation water

..............

---------------------------

............................

........................................

Page

14

29
36

38
40
43
44

xii



Table 4.2b
Tabie 4.3a
Tahle 4.3b
Tahle 4.4a
Table 4.4b
Table 4.5a

Table 4.5b

Table 4.6

Table 4.7

Table 4.8

Table 4.9

Table 4,10

Table 4.11
Table 4.12
Table 4.13
Table 4.14
Table 4.15
Table 4.18
Table 4.17
Table 4.18
Table 4.19

Table 5.1

Soil pH and arganic content of randomly collected soil samples at
Vlakfontein farm

Water guality of the Luipaardsviei irrigation water

Soil pH and orgaric content of the three Luipaardvlei farms
Cancentrations of uranium and Ra in water samples collected
at the Marievale, Vlakfontein and Luipaardsvlei Farms.
Concentrations of uranium and Ra in soil samples collected at
the Marievale, Vizkfontein and Luipaardsvle! farms.

Aquatic plants, macro-invertebrates, Ffish and aquatic birds
collected for uranium and 225Ra analysis during 1989-1890.
Aquatic plants collected at Luipaardsviei during 1991-1992 and
analyzed for uranium and 26Ra.

Concentrations of uranium and 226Ra in root vegetables [carrots
and beetroot) collected at Marievale farm with an indication of
CRs (soil) and CRw (water) values.

Concentrations of uranium and Ra in lettuce collected at
Marievale farm with an indication of CRs (sail} and CRw (water)
values,

Concentrations of uranium and 226Ra in cabbage collected at

Marievale farm with an indication of CRs (soil) and CRw (water)
values.

Concentrations ¢f uranium and 2261:{& in cauliflower collected at
Marievale farm with an indication of CRs {scil) and CRw (water)
values,

Caoncentrations of uranium and 226Ra in selected vegetable crops
collected at Vlakfontein farm wit!. an indication of CRs (soil) and
CRw (water) values.

Luipaardsvlei {Localities 1-3 (LP! - LP3): Water and sediment
transfer to cattle fodder)

Luipaardsviei (Localities 1-2 (LP1 - LP2): Cattle fodder to milk
transfer)

Lulpaardsvlei {Localities 1-3 (LP1 - LP3): Cattle fodder to faeces
transfer}

Ear:é(gmlmd values for vegetables used in experimental vptake of
2260,

Experimental uptake of 226pa by the roots of beetroot
Experimental vptake af Ra by the leaves of beetroot
Experimental uptake of 225Ra by the roots of cabbage
Experimental uptake of 220Ra by the leaves of cabbage

Arnnual Effective dose (D) and Annual Committed Effective Dose
(D50} from various ingestion pathways - Units: uSv.
Concentrations of uranium and Ra in vegetable crops from
different countries of the world including South Africa

43
46
46

47

54

38

60

61
62
63
G4
635

69

xill



Figure 2.1
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4

Figure 3.5

LIST OF FIGURES

Pathways for the trapsport of radionuclides from the source to
humans, After National Technical Planuing Group {1981). ......
East Rand Goldfield locality map. After Antrobus (1986) and
Engelbrecht (1889). ........ Y 0 N RGN % e VTR % % S S
Central Rand Goldfield locality map. After Antrobus {1886} and
Engelbrecht (1989}, . ... ... . ... .
West Rand Goldfield locality map, After Antrobus (1986) and
Engelhrecht (F9B9). . . i iv e cnn iine s sav et s oo v s
Klerksdorp Goldfield locality map. After Antrobus (1986) and
Engelbracht (1989). . . vvciu v b v oo s s meiiissssssonssss
Orange Free State Goldfield locality map. After Antrobus {1986}
and Engelbrecht (1589). . . .. . B B SeMN 1 3 W BRI K ¥ & RERG 5 5 @ E

Page

24

Xiv



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

