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ABSTHEACT

Studies on concentrations of primordial radionuclides in soil samples of Botswana were camied out
Measurements were made by gamma spectrometry employing a 41% relative efficiency HPGe detector.
The activity of ***Ra waz found to vary in the range 61-974 By ke " with a mean walue of 348 Boke
B jn 74-1100 Bg kg™ with a mean value of 41 8Bgke™" and that of K between 335 and
10857 By ke~ " with a meanvalue of 4327 Bg kg~ in surface soils. Existence of strong correlations in the
dizstributionz of thess radionuclides indicates that an individual rezult far amy one of the radianucide i=
a good predictor of the concentration of the other. The mean value of effective dose, due to the 22U
series, ¥*Th series and *7K in soil was 007 mSV. The results of the present study are compared with the
literature values reported for other nomal backgmound regions of the world and discussed.
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L Intreduction

The cnowlecgeofdistribution of rad onucides and radisactivity
vl in e powimoment s impeetant fne aseessing the wadiator
wparidiene o the popailation. The two aeorm ne nd oorees of sxhe ma
radiation are cosmic rays and terrectral gamma rays. Terrest-ia
samima rays are ecsentally due to radionuelide: belenging o iy
and *rh series and sngy acouring M that are present n the
earth's crust.

Measurcments of redioactvity in sails of Dotywane wene o
carried out so far Howesern radomeric studies tirough acta
surveys have beew canied ow with man emphasds on fod ng
digrmond mnesouroes (Ranganai er al., 2000, Botswana is endowed
weth a variety of minerals, especially diamonds, which coneribare
enormously Lo the eoonomic progress of the ouniry, However,
exlEnsive minng operations can degace the erviconmen
allecting the human popuaton in the sumounding vicinity.

Also, we lasge scale mining activities hawve the pobental oo
enhance e background radiation levels prevailing in the region
Since systematic studies on radaton lewels and radionudides
concentration were not carried out so far for Botswana, there was
a need for a deailed stady amed at egablishing baseline data on
background radiaton leve s Therefore, 2 systematc study onthese
aspects was inilated This paper reports the nitial resuts of “*Ra,
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B2k ard K activities in soll samples col eded aorg Gabowone-
Lobatse-Kame{waneng wal, [wareng diamond mine is the
world's largest open pit dizmond mine. The population density in
“har eegian selected for the present stody s hizher when com parrd
o nifbeer regzinng

2. Geology of the study area

The simplified regonal geological ard stractural setding of the
area g shrwn in Fig 1 Archaean [Kaapwaal craton ) hessment
rerain mainly ompisiag the Caborone ganite complex and the
Lawpe  volcanic  fbrmatdosa, uncenformably  overlain by eacly
Protesozoie (sedimentary ) rodis that are in twen party coversd by
facor samds and calfsilerete. The oldest rocks taversed by the
sampling route ar: tie lae Achecan Xamye Voleanic Fosmation
(EVF) of five-grained felsives that has a wides pread discibadon in
southeastern Bocswana and s bes exposed in the hills bevaoen
Lobatse, Galorone anmd Ranye (Fig. 1; Aldiss et a., 1969, Caney
et oal, 19594). The amye felsines ane closey assodated weh, awd
aartdy intraded by, the major, late Archatan to early Frofemeeic
aborone eranite Complex (LGC) that dominates the geology of
the area The GO s compased ol 2 multi-2hase granitic batholth
with 4 central rapakividestused core called the Thamaza granite,
‘olowed by he medium-grained granites maginal facies <gale
granite ard the equigranular Milhandhe micregranie at the
seciprery of Cw complex Boath the KV and the GGCoare
(unconformably) overlan by the ~ 27 Ga Lobatse Volcanic Groap
(MG, avolcano-sedimentary sequence (Ventersdorp Supergoup)
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Fig. 1. {a) Simplifizd gealogy of southessten Botswiana (b) Locafions of sail sampling along the Gabarons-Lobatse- Kamye-lwaneng main road.

which is widely distributed in neighbouring South Africa (Fig. 1).
The best exposures in Botswana occur at the eastern margin of
the GGC, in the range of hills between Ramotswa and Lobatse
where the unit comprises a diverse assemblage of add o inter-
mediate lavas, associated pyroclastics, and fine o coarse-grained
sediments (Carney et al, 1994). Transvaal Supergroup (Taupone)
dolomite and some syenites intrusions around Jwaneng - the
Jwaneng diamondiferous kimbeclite itself is hosted by a dolo-
mite-sandstone-shale succession within granitic country rock.
The Gaborone granite complex contains relatively large concen-
trations of potassium (K], wramum (U} and thodum (Th)
(Downey, 1996: Wormald and Downey, 1999: Ranganai et al.,
2006), the three most abundant, naturally occurring radioactive
elements on earth.

3. Materials and methods
20, Sample collection

Soil samples were ollected from 20 sampling stations along
Gaborone-Lobatse-KanyeJwaneng road (Fig. 1h). The names of
the sampling stations are given in column 2 of Table 1. Samples
were colleded along this road since the terminal point of the
present study is Jwaneng where there are large scale open pit
diamond mining activities going on. For soil samples, undisturbed
level surfaces situated sufficientdy away from public roads and
buildings were selected. About 1 m® area was marked and the Lop
layer of the soil (0-5 cm depth) was collected after removing plant
materials such as litver, root, stc.

Talide 1

®gs Thand YK Sctivity conaentrations in soil samples of Botswana

Semple code  Mame of the Activity {Bgkg") Almorbed dose (nGyh—") Total stmorbed  Fllecive
sampling station T g, Ay g 2 [ dose (nGy k") dode (mSv)

51 Mettam v aans river bridgs 366+ 07" S08+09 G451+ 116 159 37 2a9 5 ao0s

52 Baoatle 483 +048 539412 5810+ 105 223 326 242 7a1 (1811}

53 Wlste dispasal site 24 8+05 270 +0.7 2ME+59 115 163 115 392 a5

5 Baratane hill 669 £ 10 62513 7926+ 145 309 414 331 1053 a3

55 Mywane dam 272x06 35408 IFAGxTS5 2a 214 156 485 (il

55 Lobaste tile Bectory junction 4203 490 10 3266169 180 295 136 622 s

57 lobaste [vansng junction 568 +08 ST1x12 5587+ 105 262 345 232 838 (1L}

58 Malapova bajwang 499 + 08 609+12 S0 154 1 368 378 978 oz

3 20 kan fram Labstaa- LR+08 791 13 9630 160 221 498 402 100 (IR}
waneng junction

510 30 bam from Labatsa- 451 +12 680+ 1.7 G627+ 148 227 417 276 820 an
Jwaneng junction

an Kanye 87411 nag+15 10857 = 130 450 664 453 1567 ol

512 Mheslo river bridge 330 £07 489 10 9397+ 160 176 2585 352 853 an

513 20 lan ligm Kanye 194 £05 22308 55626 8.0 135 23 248 o3

514 30 lan from Kanye 15905 19706 77030 i3 115 12 225 o3

515 A0 ban from Kanye 14.4+05 1B8+06 1649+ 45 6.7 114 63 248 Qa3

5156 50 km lam Kanye 183 0.4 18.7+06 774£29 a5 113 iz 230 Qa3

517 50 km lam Kanye 8105 2907 3T4=%35 37 54 18 w07 (il ]

518 70 kam lrom Kanye 138 +04 162 +06 547+28 6.4 98 25 1856 aaz

519 A0 kam lrom Kanye 163 £ 05 137+06 3TD+25 75 a3 15 173 ooz

20 Jwaneng 6108 7404 335221 28 45 14 a7 (i
Rangs 61-974 74-1100 335-185.7 28-450 45-664 14-453 87-1567 Q-019
Baan 348 418 4327 161 252 180 594 (111 rd
S0 230 275 3681 10.6 166 154 414 a5

A % Value indicates the anmor 2iociated with the masursmeant.
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32 Sample processing

Thee samiples were prooessed following the standard procedures
(EML Procedure Manual, 1983) Soils were well mixed afver
rermoving e xtraneous materizls such 25 roots, mat portions, pledas
of stones and gravel. Samples were weig hed and then dried in an
oven at 105 °C overndght and re-welghed to find the water content.
Afver mixing thoroughly, the sampleswere shaken ina sieve shaloer
aivd partide szes of <250 microns were oblaned. Sieved samiples
wiere soaled in 300 ml plastic containers and stored for 2 minimum
period of 30 d to allow *#Ea to come into equilibrium with its
daughters, Froper sealing was ensured by providing double seal o
the lid of the container to avoid =R escaping oul.

33 Actvity determination

The concendtra ions of “Ra, 221h and ““K were determined by
gamima spectrometry employing a 41% relative efficiency n-type
HPGe detector {Canberra, USA) This facility is awailable at
University Saence Instrumentation Centre, Mangalore University,
India. The detector was endosed in a graded lead shield {Model
747, Canberra, USA)L The detzdor was conneded © the DEA-1000
(Canbierra, UsA - which has built in detector HV bias supply, ADC
and 16K MCA ) for d ata acquisition and spectrum was analyaed by
GENIE-2000 software. The detector efficiency calibration was
performed by using the LAEA quality assuran oo referenoe mate-
rials: RG WU-238, RG Th-232, RG K-1 and S0IL-G procured from
IAEA. The standard materials and samiples were taken in
containers of same size and type so that detection geometry
rermained  the same. Samples were counted  long  enough
(60,000 5) w0 reduce the counting error, The 2 activity was
evaluated From the weighted mean of the activities of three
Elu.lmpc-dks of “4pi (6093, 1203 and 1764.5 keV) and  one of
18p) (3520 keV) after applying Complon corrections. In the case
of Z21h one photopeak of 284 (911.2 keV) and two photopeaks
of 208 (5831 and 26145 keV) were used in the same way The
activity of e weas derived from the 14608 ke gamma line of
this isotope (Karunakara et al, 2001). The Minimum Detection
Lewels (MDL) for the zamma spectrometer system used in the
g&ﬂcrlﬁ[uﬂy V\.ﬂéan: 0.2 By kg'1. 135 By kg'1 and 1.2Hg kg'l foor

Ra, ““Th and ™K, respectively For & counting time of 60,000 &
sl & sample welght of 003 kg

4. Results and discussions

Thee results of soil radiosctivity measurement are presented in
Table 1. The “%Ra conce nration varied in the range 6.1-97.4 By kg~
with a mean of 348 Bg k5_1, “EThin the range 7.4-1100 By k5_1
with a mean of 4018 By Igg" and *K in the range 33.5-
1085.7 By kg" with a mean of 432.7 By k5'1.

It s interesting to note that the soil samples of the Metse-
maswaane (very near to Gaborone ) - Karye section (sample Code
Mo, 51 o512} showed higher concentrations of 28ga, 821 and K
when compared o the Mheelo- jwaneng section (sarmple Mo, $13-
S20). For example, the mean value of L0ps concentration in soil
samples ollected from Metsemaswaane - Kanye section is
487 Bg l-:g_l aid the same for the sol samples colleded from
Mheslo-Jwaneng section is 140 By kg'1_ This variation is more
predominant in the case of K, the mean value (6759 Bg ke ) for
the Metsemaswaane = Kanye section is 10 times higher when
compared to the mean value (678 Bg kg~ ") of conce ntration in soil
samples of Mheelo-waneng secton As discussed earlier in Section
2, examinations of geological maps of the study area show that the
region betwesn Lobatse and Kanye correspond 1o areas underlain
by granitic rocks with relatively thin soil cover (Key, 1983 ; Aldiss
et al, 1989% The higher values in Gaborone-Kanye are attributed to

the Gaborene granite which extends upto the starting point of
Kanye. It is well known that, granites contain high concentration of
uranium, thorium and potassivm (vanovich and Harmorn, 1982).
The uranium and thorium are incorporated into the rocks in the
ciystallization of the last magmas and residual solutions, since their
large ionic radil stop them from crystallizing out in the early sili-
cates. The lower concentration of these radionudides in the region
from Kanye to Jwaneng is due i the fact that the soll in this region
15 purely sedimental type, whidh 18 Knowin 0 contan lower
concentrations of 235, “2Th and #K when compared to soil of
granitic origin.

41. Absorbed dose rates

Frai the resuls of 2‘-"'ﬁl'-\'d.,‘23“)"[11 and YOK activities in the suiface
soil (Talsle 1) the gamira dose fales in af Wete calculated wsing the
dose coeficients (mGyh~ per By kg=') 0462 00604 and 004717
given in UNSCEAR (2000) for **Ra sub-series, Z*Th series and K
respectively and by assurning secular equilibrivm between 250
and ®*Ra. The absorbed dose is given by:

D = [[0:462 = Agy) + (0.604 = Ay) + (0.0417  Ay)] nGyh ™

where, Aza At and Ax are the woncentrations of “*Ra, ***Th and
"UK, respectively, in By qu".

It may be noted that about 98% of the external dose from
series is deliversd by 2%Ra sub-series. Therefore, the disequilib-
riwm, if any, between Z6pa and 2¥U does not affect the dose
estimation fram the messurement of 29%2a. The absorbed dose
values thus caloulated are presented in Columns 6-9 of Table 1.
The total absorbed dose deliv ered by these radionuclides ranged in
£7-156.7 nGy h™" with 2 mean value of 584nGyh™" which is
comparable with the world averape value of 51 nGy 1
(UNSCEAR, 2000, The aiiiiia | e Fective dose to the population die
o the soil radioactvity was estinsated using the dose coefficient
(0.7 5vGy ") and occupancy fador [02) for outdoors given in
UMSCEAR (2000). The effective doses thus calculated (presented in
Colurmn 10of Table 1) are found o vary in the range 0.01-0.19 mSv
with a mean of 007 mSv. The mean value of effective dose
abtained in the present study s exadly same as that given
(007 mSv) in UNSCEAR (2000) for worldwide representative
value

The percentage contributions of B2 2251 and K 1o the
external dose rates in air were also calculated. The mean values are
2006, 45.1, and 253% for 280, 221y and e, respectively. Kar-
uiakara et al. {2001 ) have reported these perc=ntage contributions
to be 402,423 and 17.5% due to Bgu,z‘u['hd.nd "jK, respee iw_'|y for
Kaiga, India. Mishra and Sadasivan (1971) have reporied these
Euru:rl[d,gu conteibitions in the order of 17,7, 336 zind 48.7 due to

ﬁLr, m'[h aid -IUK‘ tespectively for Indian envitans. UNSCEAR

(1982) has reporved the worldwide average va lues for che relative
contributions from *=1, #*Th and *K gamma dose rates in air to
be abour 25%, 405 and 35%, respectively.

BSU

42 Comperison of the resulie with other couniries

The concentration of “%Ra, 27Th and 'K obeerved in the
present study is compared with those reported for the normal
background regions of other cowntries in Table 2. 1 is evident from
the table that the concentrations observed in soils of Botswana are
comparable to those reported for worldwide range and average
values (UNSCEAR, 2000) and also to the walues reported for
European, Asian, South and MNorth American countries |Ana-
gnostakis et al, 1996; Baeza et al, 1992 Motualy and Moran,
1988; Merdanoglu and Altinsoy, 2006; Weng, 1996 Yang et al,
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Talbske 2

Comparison of "Ry, **Th snd K concantsati ons of 20il samples of Botowins witls that rapartsd fr other countries.

Epeqeg ") B egkg ™) e imqkg "y Region Relerence

61-74(34.3) 7.4-1100 (418} 335~ 10857 (432.7) Botawans Present stucly

83584 (305 S9.772 (3492} 14.5-344.8 {1522} West Caait of lidlia Kainakiis 2 &l (2005)
78-1520 (31} 175-1583 {3} 43766 {334) All lndia averag ¢ Kamath =t al {1936

1-238 (25) 1-193 (21} 12-1570 {360) Gresce Ansgnostakis et al. [1995)
13165 {46) 7-204 (48) A48-1586 {650} Spain Baezaet al (1952)

-84 (33 28828 15-230 (310 Japan Megumi et al { 1984)

100-200 (60) 360 (26) 4D0-800 (350 ) Treland McAuaty and Maran { 1988)
8.0-1500 {40) 4-130 (35) 100-700 {370} uUsA Byrick et all {1983)
§232-156.98 (1i5) 151.81-275563 {192) 5.4 148455 (1207) Turkey Aiersianogiu aned Altinsay {2006)
45-48 (31} 3-38(32) 42-1100 {480) Mamibis Seinhauder s Lettner (1992}
5-854(17) 2-96( 18) 206590 (320 Egvpet LINSCEAR (2000)

36 19:8-444 193-814 Taivean Weng [1995)

A02-42 (112} n6-881 (715) 440-913 {572) Chins Vang et sl (2005)

8-160 (32 4-130 (40) 100-700 {420 Warld rvarags UKSCEAR (2000

Waluss given in thee parenthe 53 are amean valuss

2005; Karunakara et al, 2005, Kamath et al, 1996; Myrick et al,
1983: Steinhausler and Letter, 1992 UNSCEAR, 2000).

4.3, Correlation studies

In l.II'IJ.!:I' {1} ﬁrul ﬂu: ExhEnt IJF [ILL'IL"(;S[L'[LL'I: Uf [hlﬂ-l_' rd.!lil.ld.!.'[iw
nuclides wgether at a partdcular place, wrreladon sodies were
'FFI.I rflﬂl |J|:|:WL'L'IL [|LL' l.l.ll[]l.l;fl-dr.il.lfl_‘-i l.IF rd.llil.lflLLC”llI'_‘i ”I(l: RﬁRd &
'2'['||_, 22rh g WY and ps YK A ey good corfelation was
observed betweesn the activities of “%Ra and “2Th with 2 signifi-
cant positive rrelaton coeficent (F=036, N=20). stmilaly,
strong correlations were also olserved between Z%Ra and K
(R=0.86) and 2Th & % (R=0%2). The stong correlations
bestweeen the actvites indicate that the individual resultfor amy one
of the radionuclide concentration ineach pair isa good predictor of
thee concentration of the other.

44, Actrvity ratios

The Mmjazl'h and Esmjﬂk concentration ratios were eval-
uated from the measured values of activity conentrations. The
mean values of EGRAFE}H[ andd zMRdFaK ratios were 0083 and
008, respectively. These are comparable to the mean values
reported for the soils of Greece (110 + 44% and 006 = 56%, Ana-
grostakis et a2, 1996), USA (115 and 011, UNSCEAR, 1993}, India
{142 and 0.26, Karunakara et al, 2001} and China (0.76 and 0.06,
UMSCEAR 1993)

5. Conclusions

Although the study has not coversd the entire country of Bot-
sywiana this is the first report on the data on radionuclides in soil of
Botswana, The results show that the concentrations of =R, *=Th
amd K in soil of Bolwana are comparable to the reported
worldwide range and mean values, More detailed study covering
different re giens of Botswana s in progress.
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