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Abstract

Natur"l radionuclides in soil such as '?6Ra, '?3"rh nnd 4'K 
are a significatr compoDent of rhe background exposure

sources of ihe populalion- Estimation ofthe exterllal exposue due to gamma-ray Ediation of narual radionuclides is
important because this may contribute signjncan y ro the iotal annual irdividuat dose- kngka Belitung ;s knolh as
the producer of tin and geolosi@lly, conrains several tines the concentmtjo' of'arural radio$clides jn compdison
to orher cormon arcas. The aim of this study is io detennine the radioactivity concerr'ation of 26R4 ,rTh 

and {K
in soil samples colieoted liom Bangka-Beljtuns provinc€ to ass€ss.heir contribution lo th€ e{emd dos€ exposurc.
Analysis of zh4 

"1'b ana "k has been caried out in soil saftples using y-my spechomelry. The acrivity
concentrafions of ?ha !,Ih 

and 10K v&ied from 4.8 - 544 Bqks ', 7.3 - 21 70 Bqkg ,, s.: - :68 oqtg' witt a
nean value of72.3,203 and 70.0 Bqkgi, respecfively. The absorbed alose mtes du€ to the pr€sence of 26R4 !1.h,
and 4k, jn soil sanpl€s in the strdied dea valy berween rhe rmge from 7.40 to 1569 ncyh r with I Ineatr vatue of
159 ncyh'. The conesponding outdoor €mual effective doses .eg€d betw€en 0.05 - 11.5 msv 11 uith a mean
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vahe of 1.17 mSry I. The dose mte in the almost whole area of Bngka Relitung prov;nce ws higher rhan the
backgromd levcl. Copyrisht O IJSEE, all righL reserved.

K€Wo.ds: Natuml .adionuclide. Radiarion €xposure, Gamma ray radiation, Absofted dos€ rarq A'nuat effeclive

Introduction

The major sourc€s of radiological qposure are na$Ial ndjonuclides namety '3U and ""rh series and 4K,

which occur in th€ ea-th's crust since its o.igin. Th€ extemal exposue of ftosr ofrhes€ rad;onuclides ro lhe hlnm
body ;s ca$ed by tleir ganina rsdiation l1 21. Since natural mdionuclids is the largest contrjbuior of exl€mat dose
to lhe hudan body, ass€ssment of gmlila Ediation dose fmm natuml mdionuclides sources is of parricular
importa.ce. The knowledge of the natBal Edionuclides onc€ntration level in the €nvi.onmen! is essenrial in the
assessmmt of the dose accruing and the health risk to a popllafio..

In nost places on ti€ earti, the nalural radionuclides vari€s only witbin rarow arsins, bui in some places
th€r€ a.€ wide deviations &oln nornal levels b€c6us€ of th€ abundance of min€mls with high radioacriviry such 6
monaziles, zircons and smite i2.31. The A€cific levek 6r€ related to tle tpes of mck fl-orn which the soils
oriSlnat€. H;gher radioactiviq in soil sar.pl$ may be link€d to rhe contoiburion of the parent mteriats rhat
constitule the soil type. The soil deriled f.o,n g?nite will have a higher mdioactiviry fian the soil f.om rhe other
roc\ [ pes 14.51.

Bangka Beiibrng islands is krolv, as tin pmducer places which form a pan of Souih East Asia Ti, Bet! the
richest ti. b€li in the world which is nnged fton Solth China - Thailand - Myanmar - Malaysia ro Indonesia 16l.
Bangka B€linDg is the produc€r of tin, which has a long hisiory of ftore tnar 200 hundren y€ers. Indoneda's
averag€ tin produclion reach aroDnd 70,000 metsic tones (tin consenirate) per yea., mosr of it from rhe Baqka -
BelilBng irlands [7]. Tin minins and p'ocessing of by-product-heavy minerals fom tin mining such as heary
rnineral sanq monazile, ilnenile, zirmn or x€notime contair nstuml mdioactive elements which co-e}jsr with the tin
ore or cassiterite in ihe ground has contribut€d a number ol nahnEl mdionuclides to the environnent [891.
Consequently, the activib/ of tin dressing and rcfidins du.ing tbe past years which spresd over the Bangka - B€litung
areas rnay cause tie €nhanc€nen! ofthe envimnllental dos€ mte due to natural mdionuclides.

Bangka-B€litung h o.e oflndoo€sia Fovirc€s, jrcludes two large islands, Bangka and Belinrng, and several
smaller ones, which Lie easl ol Sumatra, northeasr of South Sln1alra pmvince_ Bangka Belilung tslands prot ince is
the 31sl Pmvin()e in lndoneri4 one ofthe new€st pmvinces [101. Bangl<a - Belitung Islands ee locared ar l04o 50, "
109' 30 E and 0' 50' - 4" 10' S. The total am ofBangka-Belitung Islan& is abort 81,72J.14 lan', consisting of
lmd area atoiri 16124.14 km'?or 20.1 p€rcent of ile total area and sea ar€ about 65,301 knlz or 79.9 percent of
tbe lotal ar€a. The hill or moontnin lies at the center ofBangka and BelitDg klandi. Tle highest l€v€l ofropography
is 675 m at the mounta;n in the nonrr part ofBangka Island. tn gensal. tle slope at lhe center ofBangka Island
rBng€d nom 5% to 40olo, while near tie coastline, ihe slop€ is ve.y gentle [11].

The objective of this work ws io determire the radioactivi.y conceDt ation of zha rtl! and 6K in son
ssmpl€s colleded nrm Bargk& - Beiitung islelds and calculate the air absorbed dose rat€s due to th€ir gemma mys
and evaluate th€ annual €fiective dose to the population. The obtained Bults wifl sewe as base line dara for
radioactivity level in this environnent as the balis for tbe a$essnont offte degr€€ ofradioactive contanination or
pollution in lhe environment ot Bsgka - Beliilne Islards in the tulure.
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Theory

Human beirSs are e4os.d ouldoors b rhe nahral tereslrial radiation that onginates predornjrandy frorn dre

soil. A major contdbution to the total dose ofex!€mal exposur€ cones ftom radionuclides in !3U,'1r1'h series and
ak. ?ha is a maionuclide in the 3fu sries an.t its rwo main daughlen arc earnma rays e.nitter nmely "aPb (295.2

dd 351-9 kev) and'1IlBi (609.3 kev). The ourdoor air-abso$ed dose rates due ro leneshial ganma mys ar I m
above tne groud level can b€ calculared fiom 6Ra, 

''1]'h and 4K concenaation valu€s in soil by using the

followinS lormula : [3,12,13,r4]

D(nGyh-'\=0.442Ao+0.6MAb+0.0417 Ar (1)

where D is the absorbed dos€ .atr in nCy.F', atd An- Aa and A( are the sp€cific aaivities in Bg kB ' of zha
!1h, a or r*peotively. The conversion facton 0.462, 0.604, 0.0417 are the corepoDdins dose conlersion
coefiicients which trenslorm th€ spocific astivities inro absorbed dos€ and expressed in ncyh-r,tsg.kg t- These dose

coeffrcients 
'€r€ 

o.iginally daiv€d fiom norte Carlo calculation ushg mathemarical phantoms F,31.

ln order to es.imate lhe annual efrectile dose 
'ate 

in ai. to brll]@ body, the tro faciors of importance are th€

conversion coefffcient ftom cy h'r to Svli' and the o@upa.cy factoi Th€ fom€r sives the €quival€nt hunan dose ia
Sv y -r fiom lh€ absorbed dose mte in air (cy lir ) while tlp latter gives the fi'action of rhe dme an individual is
eryos€d to outdoor latliation. TINSCEAR [r,3] has be€n r€coitrmended tlal lhe conveNior @eflici€nt trom the

absorb€d dose in air to the efrective dose (0.? Svcir) and an outdoor occopan€y factor of02, which sussests that
&om absorbed dose in air to etrectiv€ dose receiv€d by adulls. Under th€se a-ssumptions, the annual effective dos€

equivalenr is calculdred by lhe lollowing equadon:

E(nsvrt) = D{ncyf)ru60(rh0.2r0.7(srcl,j)r10{ (2)

where E is th€ anoual efrectiv€ dose nte in air (nsvy-t) and D is the value of absorbed dose rate earlier calculat€d

liom equation 1. The value of 8760 is the tine for one year.

Materials and Method

Sample CollectioD and Preparation

Th€ snmpling pointr werE sol€cred by dividing each of the total area of$€ Bangka and Betiturg islands usjrg a

squde srid as d€scribed in sysi€malic randon sampling 1151. Geogmphical coordirates of sarnpling points vere
delennin€d usins CPS Map 60CItx nanufactu.ed by Ga.min. Soil sampl€s w€re taken al flal, spacious and

undislurbed sil€s. Sampling positions werc far fi"om Lees, buildings, roads or orher €onstructions to avoid the impacl
of slrarge malerials. Sanpl€s rcre obtained by clearing the surface veg€talion and removing dead organic natter
Fom the surface of th€ localion. A !o!al of at leasr 2 - 3 kg of soil was coll€cled at 5 to 20 cn depth levels al each

spot using shovel and scoop. At a collection point the soil sample was wmpp€d in black plastic bag and th€R tak€n ro

ln ihe laboBtory, ihe eil sanples wer€ dried in an oven al a tempemtu.e of 1050C to a constant weight to
remove any avajlabl€ moisture. Afrer dryin& the samples were crushed and sieved wjth a m€sh having holes each of
djameter of 2 mm in order to renov€ organic materials, stones aod lumps. Afterwards, lhe homogenized samples

were packed to fi1l r IEr narin€lii beakels. fhe narinelli beakers w€.e caretully sealed in order ro pevent trapp€d
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radon gas ftom €$ape and allowed lo sland fo. at leasa 4 weeks tbr seqrla! €quilibrium to be €stablished b€tween the

long-liv€d !€r€nr nuclides of zka and 31h, and $eir shortlived daughteF before measuenmt.

Srmple Countilrg

The measuremenl ofthe radionuclid€s i! the prepared samples were canied oul by using ORTEC P'type coaxial

high purify Gerrnaniun (HPGe) detecto. with a r€lativ. €fficiency of 60% dd a .€solution of 1.95 kev (full width at
balf maximun) for rhe peak of 1,33 k€V. Th€ detedor w4 crupled to a mulli cham€l campnt€r based analyzer. The

gamma rdy sp€ctnrm is recorded using a Pe.sonal Computer tased 4096 channel analyzer and prcces€d lsing
ORTEC Vission-32 Ganrma spectrum aralysis computer software. The deteotor is located inside a cylin&ical lead

shield of 10-1 cm lhickness with intemal diametd of2E cm and heieht ol40 m. The l€ad shield is linen with
various layers oftin and copp€r each of 0.5 and 1.6 nm lhick respecliv€ly.

Th€ det€ction efficiercy calibralion ollhe syslem for the determinalion ofmdionuclides in lhe pepared s&mples

wss caried olt u3ing c€rtified shndard source (mixel Gamma) and Intemational Atomic Enerry Agency (IAEA)
relerenc€ rnat€rials prepared in geomelrical shape and composition to simulai€ the sampler' matrix. The

measur€rnents w€re cani€d out in th€ counting room located in the basement of labomtory building. The

mea$ir€ment rime for samples and backgo$d was l7 hou.s. The backsround counts was used to corred th€ net
peak ar€a of gamma rays of measred isotopes. Qualit asstlrance was additionally Suaranteed by regular

padcipa ons ii narionalsd inlsnalional inler@mpaErisn e\ercise..

The gatula en€rgy pe3ks 352 k6v ol'?tlPb and 609.31 kev of '?raBi w€re wed to detemine ! rhe ganma
m€rsy peak of238.6 kev fron 'r'?Pb, 91ll a 969 kev garnma energy peek from 23Ac and J83 kev garnma

energy peak ftom stl were u!€d to det€rmine the 31h, and rhat bfdK was det€rmined fiom tbe gona qergJ
peak of 1460.83 k€V.

The activity con@ntratio.s (A) of "ha, "1t and 4K in Bq kgl for the sanples w€re deternin€d usinS the

followinp sprcsion:

(3)
e,PrtcA4

where; N. = n€i counts of a peak at en€rgy E, e. = the couriing €fiiciency of the detector system at en€rg/ E, Pl * the

ga ma ray emissior pmbability (garnna yi€ld) at enerey E, t" = sampl€ counting time, and M : mass ol sarnple

(kg). lf ther€ is morc than one peak in th€ energ/ analysis range for a radionuclid€, tben an asempt lo avemg€ the
peak activiti€s is made. Th€ .esults are ihen the weighted av€rage radioruclide activity.

Gamma dose rale and antrual effedive dose rate
calculation

Based on the ndioaotivity I€vets or 
2ha !'n oa a\< ln soil samples, the gamma absorbed dose mle in air

in ncy h r 
at om netor above the ground level was calculated fton equat'on I and annual effectiv€ dose mte was

$lculat€d by usins equation 2.
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Results and Discuslion

Activity cotrcentrations

The es ts oI activity concenlmdon me3suiemenis in the soil sarples collect€d Fom Bangka and Belirung
islands arc shom in Tab€l I md 2, respecrivoly. The acnvity concenrarions ofzha ranserl fmm l6.E + 1.3 to
543.8 + 36.3 Bqlgr in soils liom Bengka and flom 4.8 * 0-7 ro 258.1 + ti.7 Bqkgr h ;ib fi.oll Belirung uith
means of 83.8 Bqkg' and 60.87 Bqkg i, respectively. Th€ acrid9 concert arions of ath 

ranged irom 21 .3 + r.6 io
2l?0J + 65.2 BqkS_' in soils liom Bangka dd f.om 7.3 + 0-3 to 742.1 + 4J.6 Bql€ t in soils from tselitung wirh
m€ars of244.3 Bqke 1 and 160.94 Bqkg ', r€spectively. The acriviry concenhalions;i€K reged fron 144+2.4to
191.3 + 13.5 Bqkgr in soils Fom Bangka and trom 5j + 1.9 io 3679 + 21.3 Bqkg-' in so,ls fi.on Belitung wi*,
meansof55.l0 Bqkgtand 84.96 Bqkg t, respsriv€ly.

Ttbb r: Activity coc€ntRtions jn soil coilected tunr Bangka island

Sampl€
No.

Acrivir! co@Eaions rBd ts ',

t.
2.
3.
4.
5.
6.
7.
8_

9.
10.

11.
12.
13.

14.
15.

16.
17-
18.
19.

20.
21-
22.
23.
24.
25.
26.
21-

28.

39.0 + 2-6
26.2+2.0
16.8* 1.3

116-3 + 7 2
136.4+ 8.5
29.5+2.1
143.7+9.0
80.6+5.1
76.7+5-7
63.0 + 4.1
23.0 + 1.6

543.8+ 36.3
118.4 r't.4
91.2 + 5.9
54.5+3.6
64.4 t 4.3
43.2+ 3.8
46.0 + 3.1
42.1+2.9
99.6+6-9
115.2 +',|.3
25.4 + 1-9

29.2 +2.0
22.9 + t.l
61.6+4.t
139.64 8.5
66.3 + 4.3
32.0 +22

75.7+2.1
21.3 + 1.6
28.0 + 0.9

219;t + 5-9

601.2+33.3
62.5 + 1.E

3',n.4+ 102
252-6+ 6.8
231.0+ 6.6
15t-7 + 4.2
44.3 + 1.3

2170 +65.2
510.8+ 13.6
109.0 + 6.4
I15.0+ 0J
155.0+ 4.3
77.8 r 5.2
9t.4+2.7
t23-6+ 3.4
t58.9+4_6

206.a+11.6
81.4 r2.3
s9.o + 1.7
33.2+ 1.0

230.6+ l3.E
412.7 + t0.'l
159;7 + 4.3

73.2 +2.t

103.8+6-4
1,4.4 + 2.4
31.9+2.3
23.2 +2.1
67.6 !7-t
4E.0+3.3
34.3 + 3.3
45.',1 + 3.5

29.412.6
48.8 + 3.3

169.1+ ll.6
46.7 + 4.0

17.1+3.4
34.7 + 4-O

30.7 +2.7
191.3+13.5
54.1!3.7
85.3 + 5.5
7t.0 + 62
63.1+63
48.2+33
19.1+ 1.9
45.7 + 3.1

53-4 + 42
59.6r4.6
30.9 + 2.7
19.0+ 1.8

Ringe 16.8- 544 2t.3 21',70 14.4- 191
83.E 244 55.1

Tabl€ Lnd 2 shows ttut in general th€ avemge and rang$ of activity concentrat;ons or z6Ra ara a1t in
soil coll€cted fi'om Bangka island are iigh€r ihan those iom Belirimg island. High values of zha 

and a1h in soit
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samples collect€d fiom B gk. may be @nelatcd with d;trere.l patiems of mineralzation ;n borh islands. In
Bdgka Island, minernlialiors ee fomed around thc granite bodies, and tin deposils a.e found ma:nly in contact
zone. ln Belitung Island, minelaliztions de formed fd fiom tbe gmnjle bodies. The ahiludc ofrhe island above the
sea level on the Tertiary and Quaiemary period ha contribli€d in lhe wealherins irtonsity, so thal influence the
chalacte.ist;cs and existe.ces ofthe primary min€ral deposit [6]. Besides that, the in&easing oftin mining activities
by prtuate conp y and individual in Banska islard may also be .esponsible for the enhanc€d ndioacliviry in the
arca. Cenelal,y, tin minins leaves some nanral ndioactiviries which easily hansf€rs fi-om the mining localion io its
swourding envi.onm€ni which goes up to the land surfac€ n 6,17,181.

Table 2: Activity cocentmtions jn soil collected trom BelitunS island

sdmDle Aclitih oenmlions rBo lo ',
No. -"Ra '1h 4K

t.
2.
3.

5.
6.
7.
8.
9.

t0.
.

t2-
t3.
t4.
15.
16.
\7.
18.

19.

20.
2t.
22.
23.
24.
25.
26.
27.
28.
29.
10.
31.
32.
33.
34.
35.

109.5 + 7.5

71.8r4.7
22-l+ 1.6

57.6 + 3.7
41.5 + 2.8
68.1+4.5

18.8+ t_7

13.1+2.3
J4.6 + 2.3

10.7+0.9
101.5+6.3
169.3 + 10_6

55.6 + 3.8

5.8+0.6
46.8 + 3.1

80.1 + 5.0
18.3 + 1.4

89_5 + 5.7

36.6 *2.9
25-9 + 2.0
49.3 + 3.6
27 -9 r 2.O

46.2 * 3.1

46.0 + 3.2

53.4a3.5
258.1+ 15.7

2t.9 * 2.O

178.2 + 11.0

194.E + 12.2

34.2 r2.4
15.9+1.2
12.5 + 1.9

12.8 + 1.0

85.1 * 59

742 + 43.6
90.9 + 2.6
43.2+1.3
94.0 + 2.6
'76.3 + 2.2
212.0 r 6.0
8.7+0.8
45.4 + 3-2
73.5 +2.1

6',7.0 ! t-9
18.4+ 0.6

328.4 + 19.1
555.7 r:32.9
1853+ 5.2

7.3 + O.3

99.6 +2.8
I96.5+ 11.5
41.6+ 1.2

188.2+5.1
100.4+6.4
35.7 +23
102.5+6.4
46.0 + 13
119.6 + 7_2

78.1+ 4.8
653.8 + 38.0
46.0+ L3

376.7 + 10.2
492.8 + 28.',7

17.0+ 0.6
20.0 + 2.0
I1.9 + 0.4

308.9 + t8.2
99.6 + 2.8

56-3 +7.1
36.6+2.8
140-1+ 8.6

i78..1+ 10.6
47.0+3.3
40.9 + 3.2
5.3 + 1.9

65.4 + 4-9
81.1 + 5.2

13t.9 + 8.4
106.6 * 6.6
12.5 + 3.6
37.4 + 3.7
22.7 +2.2
7.4 +0.9
15.3 + 1.7

367.9 +21.3
49.i +3.3
28.2 +2.6

345.5 + 2l-t
65.6+4.8
95.3 * 7 -l
'72.7 t 4.7
77.4 + 5.0

26.1+2.2
298.0 + 17.6

72.7 + 4.7
94.216.5
37.2 + 5.4

252.2 * t4.5
lE.5 + 1.6

6.7 + 5.0
16.0+ 1.4
31.6+ 4.4
15.3 + 1.7

Range

60.87 161 84.96

4a -258 7.3 -742 5.3 368
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The activily concenttatioD of"ha, "h, am'r ir soil samples lrom studi€d arca was compared uirh those

Forn similar inv€stigarion in some o$er coDtdes as siven in Tabl€ 3. lt can be seen that 26ta and'?3'n vatues

higher than otler countrjes- In oonfi"st values ofoK obtained in tnis study fall within lhe low€st side ofali r€porred

vals€s fton olher countries. It may b€ caused by the possible rise in concerdalion l€vel due tl) accumulalion of
min€ral sads ftom various mining activiti€s in Bangka - Belitung islands.

Tlbte 3: Compadson Activity cocer{raliors in soil wilh those i! other countries [3,5,19]

CouEtry
Actitih @@tErio.s rBd ko I'

-..fh4K

Malaysia
Ec]"t
US
Argedina
Bangladesh
Chim
Hong Kong SAR
lndia

Thailalld
Korc4 Rep. of
Iran

B€lg;tlm

switzerland
Bulgaria
Polsrd
Romania

Spain

Hungary
C$rus
Nelhfflands
Irdia (Himachal Pradesh)

850
3r0 (r70-430)
32O (29-650\

370 000-700)
650 (540-750)
350 (130-610)
440 (9-1800)
530(80-110o)
400 (18-760)
310(15-990)
230 (1:7t2)

670 (17-1500)
640 (250-980)
460 (240-610)
380 (70-900)

620 (80n 800)
370 (40-1000)
400 (40,800)
410 (r10-970)

490 (250-1100)
360 (12-1570)

840 (220-t23O)
470 (25-1650)

(40-1340)
37O (79-570)
r40 (0-670)
(t20-730)

r36 (95,160)

50
67 (38-94)
17 (s-64)

40 (8-160)

34 Qt43\
12 (2440'

59 (20-1r0)
29 (7-81)
33 (6-98)

48 (11-78)

28 (E-55)
t7 (9:29)
26 (5-50)
35 (6-52)

40 (10-900)
45 (t2-2t0'
26 (s-120)
32 (8-60)

25 (1-240\
44 (8-65)

32 (6-Xol
(s-200)

33 (14:76\
17 (0-120)
23 (643)
57 (42-80\

45
82 (63-110)

18 (2-96)
35 (4-130)

41 0-360)
9s 06-200)
64 (14-160)

28 (2-88)
5r (7-120)

22 (5-42\
r9 (8-30)
27 (s-so)
50 (7"70)
25 (+70)

30 (7-160)
2l (4-7'
38 Ol-75)
21(1-190)
51(22-100)
33 Q:2ro]
(7-t34)

28 (1245)

(:8-71'
E2 (53-106)

30
723 (4.8-544) 202.6 (7.3-2170J 70.0(5J-368)

No16: - data is not available

Absorbed dose rate itr air

The t€nest lal gamrna dos€ rate in the outdoor air E€s evaluated iom lh€ a.tivit) concentration ofthe 2Si,
a,In ma ar rneasurea in soil samples as given in colum 2 and 4 of Table 4. The valn€s of absorbed dose mt6
were calcalated based on above equation L The yalues ofebsorbed dose rales in air due to ihe pres€nc€ of zh.a,
o216 ana ar in soit samples in the studied ar€a vary between the range fiom 25.57 to 1569 rcyh'i with a mear
value of 189 ncyhr for Bangka island and 7.40 to 527 rcylir with a mean value of 129 ncyh r for Belirung island.
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T1ble 4: Absorbed dose mte md Auual eff€crive dose nre ftom the soil at Bangka Island

Banaka Island Belituns Island
No. Abso$ed Dose rate Effeclive Dose Raie Absrbed Dose mle Efective Dos€ Ral€

{ncy.hi) (msvtt) (icy-li) (msv.y )
1.

2.
3.
4.
5.
6-
7.
8.
9.
10.

ll.
12.
13.

14.
15.

16.
t7.
t8.
19,
20.
21.

23-
24-
25.
26.
2t.
24.
29.
30.
31.
32-
33.
34.
35.
36.

0.50
0.19
0.19
1.38
3.16
0.39
2.18
1.41

1.31

0.90
029

11.55

2.69
0.80
0;tt
0.92
0.55
0.61

0.72
1.07
1.33

0.46
0.17
0.?4

3.69
0.66
0.31
0.67
0.49
1.19
0.06
o-29
o.46
0.46
0.15
1.El
3.06
1.02

0.05
0.61
r.26
o.26
1.15

0.68
0.27
0.65
o.32
o.11
0.69
0.54
3.81
0.32
z.3l
2.86
0.4
0.14
0.13
0.10
1.61

68.07
25.57
26.00

187.44
n8.96

53.38
29s.77
lgt.1t
177.35
t21..96
39.42

1569.15
365.17
10E.68

96.09
124.65
74.93
82.34
97.66

144.95
r80.76

62.91
49.92
32.54

169.97
316.25
128.38
59.79

50r.17
89.60
42.t5
90.83
67.22

161.3t
't.69

38.83
63.07
62.2t
20.50

246.60
415.42
138.62

'1.40

82.4
171.03
35.64

156.20
9t_96
36.26
88.66
43.71

96.81
9429
72,93

526.56
43.71

313-7E

389.20
81.70
18.39
r8-13
13.77

227.21

t.25

0.94
o.:o

82.42 0.6r
7.40 -52',1 0.05,3.87

Annual effective dose equivalent

Th6 resuits from th€ calcdation of annual €ff@tive dose values based o, equation 2 ar€ shoM in cotulnn 3

and 5 ofTable 4- It ca be seen that th€ outdmr mual effective doses at localions in Bangka and Belitung islands

vher€ the soil sanples have been c!flect€d vary between the ranse from 0.19 !o 11.55 nsv tr nith m avqaee

Range 25.57 -t569 0.19 11.s5
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value ofi.l9 msv yr for Bengka islmd and 0.05 to 3.s7 msvy-r with an a'€rage vahe of0.94 nsv y'1 for Belitutrs
island-

z1h had the highesr value of total absorbed dose mre among the thrce radionuclides detecre.l in th€ soil
smples collect€d from Bangka-Belihng islands, This indicate thar rlte .ain conrribuior io exremal samma mdjation
in Bangka Beliturg is !hh. Bas€d o' the acriviry con@ntmtions in Table I and 2, ir can b€ calc;bted fta. szrh
conhibut€s highly in the exiemal €xposure dose rat€ th 'ha 3nd @K in the bolh istalrds. The average p€rcenBge
conF butions ro rhe enemal dose rare tiom z"na 5'rir m d 

&K $e 2l o/t 77 qr 

^nd 
Z %rerpecli\ ety.

The r€solts obtained fi"om the calculation of absorb€d dose.aie and muar eff@rive dos€ values for Banska
and Belitung islaift are higher than the world averag€ as can be s€en in Table 5. The annual efrecr € dose ra.e for
Bdgka and Beliung islands are .esp€ctiv€ly 20 and I 3 rimes hieher rhan the wortd avdage value of 0.070 msvy'r
for outdoor rer€shial mdiation of regions of nomd backg.oud ediarion [31. Tbe lnetu value of outdoor amual
etrective dose equivalent estinate from rhis srudy is r.t ? msv.

Tablc 5: Comparison absorb€d dose mre and Etr€4ive dose rar6 with wortd ave.age [5,20,2122]

Bangka island I89 (25.57-r569) 1.39 (0.19-11.55)
isled 129 0.94 10.05-3

world avemge 0.070

Conclusion

The activity cancent?fions of latural radionuctide, (!ha, "1rh "nd 
{b i, 

"oit 
of Banska and Belitung

islands have b€en detemined by using ganlna-Ey sp€ct oscopy. Cenemlly, &€ av€rage and rans€s of ac(vity
concenhlions of Bdionuclides in soil collecred ftoin Bmgka and B€litung islan& ar€ higher lgn th€ r'lrld
average, except for 

4K. Bared on those radionuclid€s lev€ls i. soil, lhe nean vatue of rhe sai.ma absorb€d dose mte
in air was cal@lsted to te 159 ncy h'r. Then, $€ mean value of ourdoor ennual etr€criv€ dos€ €quivalenl €srimate
Som this study is r.r? msv. From this work, ir was fourd tllar Banska Belitune islands h3ve the annual ouldoor
etrective dose higher than rhe wo.ld average value of 0.0? msiy-t for outdoor rffr€srriat mdjarion of reeions witb
nor,nal background radiatior specified by UNSCEAR. Thus, ihe exposure level tor rhe memb€rs ofg€ner"al public js
higher than th€ recornnqded value of 1 insv.)-r. Therefor€, ttris js a' indicarrbn that tie miring actjvities in Bangka
Belitung islands app€ar 10 have any inpac! on tle mdiation burden ofthe €nvironment
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