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Abstract
Nuanjing, P., Chittrakarn, T. and Bhongsuwan, T.
Natural radioactivity in the area of Nakhon Si Thammarat Province
Songklanakarin J. Sci. Technal., 2007, 29(4) : 1183-1198

Thisresearch work aimsto study the specific activity of natural radioactivity in soil, rock, constr uct-
ion sand and shallow well water samplesin the area of Nakhon Si Thammarat Province. Totally 161 samples
were collected and analysed using gamma-ray spectrometry technique. The specific activities of Ra-226,
Th-232 and K-40 in soil samples ranged from 8 to 203 (mean 96+18) Bqg/kg, 12 to 236 (mean 88+23) Bg/kg
and 21 to 1191 (mean 524+127) Bq/kg, in rock samplesranged from 11 to 113 (mean 46+14) Bg/kg, 3 to 113
(mean 47+16) Bg/kg and 18 to 1305 (mean 472+187) Bag/kg, in sand samplesranged from 3 to 91 (mean 42+5)
Ba/kg, 14 to 91 (mean 50+5) Bg/kg and 102 to 966 (mean 509+57) Bq/kg, respectively. Theradium equivalent
activity of soil samplesin 2 districts was found to be higher than 370 Bg/kg. The radiation hazard indices
calculated for assessment of theradiation hazardsarising dueto theuse of theserock and sand samplesin the
construction of dwellings were within the safety limits recommended by UNSCEAR. The mean estimated
outdoor doseratesin soil and rock sampleswere 119+23 and 70+21 nGy/h, respectively. The mean estimated
indoor dose rate in sand samples was 134+9 nGy/h. The specific activities of Ra-226 in well water samples
ranged from 2 to 179 (Mean 17+7) mBg/l. Only one water sample from Muang District had the Ra-226
specific activity of 179 mBg/l, which was higher than the maximum contaminant level (111 mBag/l).

Key words : natural radioactivity, radium-226, soil, rock, construction sand, shallow well water,
gammarray spectrometer
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Figure 1. Color map showing the concentration of equivalent uranium at ground surfacein
Nakhon Si Thammarat Province. (M odified from DMR, 1989)

(Color figure can be viewed in the electronic version)
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Figure2. Boundary map of Nakhon Si Thammarat Province showing the study area and

the sampling sites.
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yosAumnilan Ao o.dmssain (34£47 Bg/kg)
.NIVNAT (3724290 Bg/kg) Me.dnanata (3894219
Bg/kg) uar o.1iie9 (391+96 Bg/kg)
dovszsidulusmniuann NYALILAYNYDY
modiedu wuhimegluing 61-572 (1l 261£51)
Bq/ke (Table 1) enfouiiouiunanini 370 Bg/
kg (OECD, 1979) wuhil 2 éunaﬁﬁﬁuaﬁ'ﬂwmiw
wnausitnd@ fie 8.0 M (373£172 Bg/kg) waz a.nu
(425165 Bq/kg) Figure 7a 1 aanTWuiniananuag
Ml uyausidenlumogeduiianm
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NBL38N-232 wazlnun LEeN-40 Y8IRIBEIIHY
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Table 1. Average specific activities, Radium equivalent activity, absorbed doserate and annual

effective dose in soil samples

Specific activity (Bg/kg) Ra,, D Annual effective
District/ (Ba/kg)  (nGy/h) dose (mSv)
Sub-district Ra-226 Th-232 K-40
(No. of sample)
Range Mean Range Mean Range Mean Mean Mean Mean
Muang (5) 8-130 69+43  43-100 53+32 296-571  391+96 174+83 8037 0.10+0.05
Chawang (3) 71-100 85+16 136-170 154+19  466-968  719+284  361+59  162+28 0.20+0.03
Chang Klang (3) 39-142  85x59  25-128 7758 219-599  389x219  225+86  102+37 0.13+0.05
Lan Saka (3) 82-203 13073  75-178 118+61 670-1191 975+308  373x172 17277 0.21+0.09
Tham Phan Nara(3) 64-148 93+54 12-46 19+27 21-80 34+47 123+89 56+40 0.07+0.05
Phipun (3) 95-197 14658 102-236 162+77  488-833  616+214  425+165 191+72 0.23+0.09
Phrom Kiri (3) 41-108 84+41 21-94 4747  140-647  372¢290  179+118  82+54 0.10+0.07
Nopphitam (3) 57-139 03+48  54-115 94439 441-1111  788+380  289+18 133+10  0.16+0.01
Over dl (26) 8-203 96+18  12-236  88+23  21-1191 524+127  261+51 119+23  0.15+0.03
(90) (86) (477) (275) (124) (0.15)

Valuesin parenthesesrepresent the median.

The uncertainty of the mean valuesisrepresented by 95% confidence limits of the standard error about the mean.
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Figure 3. Specific activity map of (a) Ra-226, (b)
Th-232 and (c) K-40 in soil samples.
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Figure 4. Specific activity map of (a) Ra-226, (b)
Th-232 and (c) K-40in rock samples.

(Color figure can be viewed in the electronic version)
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Table 2. Average specific activities of Ra-226, Th-232 and K-40 in rock samples

Specific activity (Bg/kg)

District/

Sub-district Ra-226 Th-232 K-40

(No. of sample) Range Mean Range Mean  Range Mean
Chawang (3) 52-95 68+27 74-113 87+25 695-869 794+101
Lan Saka (3) 25-62 41+21 8-80 36+43 18-691 271+414
Tham Phan Nara (3) 18-31 258 31-35 22+22 137-151 96+94
Phipun (3) 27.78 4533 2582 50+33  162-821  405:410
Phrom Kiri (2) 56-69 62+13 53-90 72+37 1055-1305 1180+245
Nopphitam (4) 11-113  43+£50 3-84 30+38 31-638 360+302
Over all (18) 11-113 (43) 46+14 3-113(39) 47+16 18-1305(419) 472+187

Table 3. Average concentration of equivalent uranium, equivalent thorium and

potassium in rock samples

Concentration

District/

Sub-district ppm eU ppm eTh K (%)

(No. of sample) Range Mean Range Mean Range Mean
Chawang (3) 4.2-77 55+22 182-278 215462 22-28 2.6%0.3
Lan Saka (3) 2050 34+17 20-19.6 8.9+10.6 0.1-22 009+13
Tham PhanNara(3) 1.4-25 2006  7.6-87 54454 04-05 0.3x0.3
Phipun (3) 22-63 36x26 6.1-201 122+81 05-27 1.3%+13
Phrom Kiri (2) 4556 5.0+1.0 13.0-223 176+91 3442 3.8+038
Nopphitam (4) 09-92 3540 0.7-20.7 73194 01-21 1.2+10
Over dl (18) 0.9-9.2(3.5) 3.7+1.1 0.7-27.8 (9.6) 11.6+4.0 0.1-4.2 (1.4) 1.5+0.6

mnmIanmﬂuasJ fle 1.15, 1.17 uaz 1.18 wh mu
Sy leusnfinsanmusiiavesiiu Fulsznovday
duunsia Aunseuih uazfiufu waildn aseglu
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]
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~ o YY) a A o
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m
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Table 4. Average radium equivalent activity, absorbed doserate, annual effective dose and

hazard index in rock samples

District/Sub-district Ra,, D annual effective H., H.,

(No. of sample) (Bg/kg) (nGy/h) dose (mSv)

Chawang (3) 254+65 117+29 0.14+0.04 0.69+0.18 0.87+£0.25
Lan Saka (3) 114+113 52+52 0.06+0.06 0.31+0.30 0.42+0.36
Tham Phan Nara (3) 63+31 29+14 0.04+0.02 0.17+0.08 0.24+0.07
Phipun (3) 147+110 68151 0.08+0.06 0.40£0.30 0.52+0.38
Phrom Kiri (2) 255147 121+18 0.15+0.02 0.69+0.13 0.86+0.16
Nopphitam (4) 113+90 53+42 0.06+£0.05 0.31+0.24 0.42+0.35
Over al (18) 150445 (133) 70+21 (63) 0.09+0.03 (0.08) 0.41+0.12 (0.36) 0.53+0.15 (0.54)

Table 5. Average concentration of equivalent uranium, equivalent

thorium and potassium in rock samples

Concentration

Type of rock

(No. of sample) ppm eU ppm eTh K (%)
Range Mean Range Mean Range Mean

granite (6) 2292 57+20 105-27.8 155+79 07-42 25+1.0

siltstone (3) 4.2-63 5.0+1.3 18.2-20.1 19.0+11 22-28 2.6+0.3

limestone (9) 09-39 20+08 0.7-20.7 65+40 01-21 05+04

Table 6. Average specific activity of Ra-226, Th-232 and K-40 in sand samples

Specific activity (Bg/kQg)

District/Sub-district

Ra-226 Th-232 K-40
(No. of sample)
Range Mean Range Mean Range M ean

Muang (13) 3-60 3610 14-80 4011 102-742 379+116
Chawang (9) 25-56 40+7 16-83 55+14  440-716 620+57
Chang Klang (6) 10-73 45+21 26-91 53+18  486-691 609+61
Lan Saka (7) 22-91 4619 3577 57+11  182-966 582+188
Tham Phan Nara (6) 44-56 49+4 33-61 44+9 113-679 430+182
Phipun (5) 56-78 66+9 25-83 54+24  625-759 702+50
Phrom Kiri (9) 17-61 35+9 33-78 5010 106-916 390+227
Nopphitam (7) 20-60 31+10 45-72 567 250-749 531+129
Over dl (62) 3-91(40) 42+5 14-91(49) 50+5 102-966 (581) 509+57

kg) MuiuanmiInzneGon-232 1adedn qﬂ‘W‘Uﬁ
p.iled (40+11 By/kg) waz 9 afio.au m (ady 57
*11 Bq/kg) YusunefiiimmuiuamndmsInun -
\Fou-40 1dosn ,ﬂﬁaﬁ 9.1l09 (379£116 Bg/kg) uay
J qﬂﬁ a.ﬁﬂ'u (702+£50 Bg/kg) Figure 5 Lﬂ‘uLLNuﬁ‘

seau” 1 aemfuiuamwsnzvein lnadiuiunsa”

s 1 1 % A’ 4'4 1 o
ludiedransrene lunundnyviudazdnnely 9.
UATATHITNIY

HAMTIATIZAMANTUANIW uNaLSLAENYBY

nene 519 u adly Table 7 Fawuhieeglugi 66-
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Figure5. Specific activity map of (a) Ra-226, (b)
Th-232 and (c) K-40 in sand samples.
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Figure 6. Histogramsof absorbed doseratein (a)
soil, (b) rock and (c) sand samples.

(Color figure can be viewed in the electronic version)
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Table 7. Averageradium equivalent activity, absorbed dose rate, annual effective dose,
hazard index for building materialsin sand samples

o o Ra D Annual effective H.,, H.,
District/Sub-district (Bq/le<qg) (nGy/h) dose (mSv)
(No. of sample)

Mean Mean Mean Mean Mean

Muang (13) 122+19 10717 0.53+0.08 0.33+0.05 0.43+0.06
Chawang (9) 167+21 147+17 0.72+0.09 0.45+0.06 0.56+0.06
Chang Klang (6) 167+23 148+19 0.73+0.09 0.45+0.06 0.57+0.09
Lan Saka (7) 172+27 151+25 0.74+0.12 0.46%0.07 0.59+0.10
Tham Phan Nara (6) 145+24 128+7 0.63+0.03 0.39+0.07 0.52+0.07
Phipun (5) 197+40 176+32 0.87+0.16 0.53+0.11 0.71+0.12
Phrom Kiri (9) 137+28 119+26 0.58+0.13 0.37+0.08 0.47+0.08
Nopphitam (7) 152+9 1337 0.65+0.03 0.41+0.02 0.50+0.04
Over all (62) 153+10 (150) 134+9(135) 0.66+0.04 (0.66) 0.41+0.03 (0.41) 0.52+0.03 (0.52)

Table 8. Average specific activity of radium-226 in shallow well water and annual

effective dose

District/Sub-district Range Mean + 1.96 SE =~ Mean Annual effective

(No. of sample) (mBagll) (mBa/l) dose (USv)

Muang (11) 5-179 31+30 66

Chawang (6) 5-29 12+9 3+2

Chang Klang (6) 4-28 15+8 3+2

Lan Saka (8) 10-45 11411 242

Tham Phan Nara (7) 2-50 23+14 5+3

Phipun (4) 21-36 21+15 4+3

Phrom Kiri (6) 2-16 4+5 1+1

Nopphitam (7) 2-59 13+16 3+3

Over all 8 districts (55) 2-179 (10) 17+7 4+1(2)
Wizl inannfen-226 ameldsude namaisowu Idegahtenu 4 v 91n

a2 £ 4 .
Hanmsuilaahvesdsznsulunun 8 dunsves
2.uA5A5535NY Taeldinamiany WHO (2002) %4
dsziiumsuslamihin 2 aas/fu wse 730 ansAl
weldeitfade 2.8x107 Sv/Bq \fuifeds “msums
Uszidiudsnasa™ wyansameldsudetludlng (Adult
Annual Equivalent Dose) #Famanisiuiniiunm

= . P A Y o, X
sien-226 naemelasunnamsuslantineaun adu
Table 8 uonv1nil UNSCEAR (2000) d3larmua
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AISIAU 8 PSv Aol

v
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Nanue 55 Ue NS IAY 8 uSv aell laud
fmeagrannuly A9 8.9190819 0.1389 8.2219 uazdq
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Uszmsunuilanthvedinanazianu” ganelasy
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Figure9. Bar diagrams showing the values of
external and internal hazard index in
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Table 9. Comparison for the natural radioactivity contentsin soil and absorbed doseratein
Nakhon Si Thammarat Province (Thailand) with those in other countriesasgiven in
UNSCEAR (2000)

Specific activity in soil (Bg/kg) Absorbed doserate

iy =Ra =T o (nGy/h)
Mean Range Mean Range Mean Range Average Range
Egypt 17 5-64 18 2-96 320 29-690 32 20-133
United States 40 8-160 35 4-130 370 100-700 47 14-118
China 32 2-440 41 1-360 440 9-1800 62 2-340
Hong Kong 59 20-110 95 16-200 530 80-1100 87 51-120
India 29 7-81 64 14-160 400 38-760 56 20-1100
Japan 33 6-98 28 2-88 310 15-990 53 21-77
Malaysia 67 38-94 82 63-110 310 170-430 53 21-77
Iran 28 8-55 22 5-42 640 250-980 71 36-130
Denmark 17 9-29 19 8-30 460 240-610 52 35-70
Sweden 42 12-170 42 19-94 780  560-1150 56 40-500
Switzerland 40 10-900 25 4-70 370  40-1000 45 15-120
Poland 26 5-120 21 4-77 410 110-970 45 18-97
Greece 25 1-240 21 1-190 360 12-1570 56 30-109
Portugal 44 8-65 51 22-100 840 220-1230 84 4-230
Median 35 30 400 57
Present study 96 8-203 88 12-236 524 21-1191 119 56-191

Note data from other countries aretaken from UNSCEAR (2000)

e N3 wunhimegluga 58-224 (1ndy 13429)
nGy/h TasaiSinass Tunndinedidade snd 48
nGy/h (Table 7, Figure 6¢)
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