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ABSTRACT

This research work aims to study the activity concentration of natural radioactivity in
area of Phatthalung Province. Collected soil rock sand and shallow well water samples totally 258
samples.The activity concentration of 232Th, **Ra and “K in soil samples ranged from 42 to 208
(Mean 104 % 13) Bg/kg, 49 to 199 (Mean 109 £ 14) Bg/kg and <LLD to 757 (Mean 238 £ 40)
Bg/kg, in rock samples ranged from <LLD to 156 (Mean 42 * 23) Bg/kg, 10 to 234 (Mean
61+ 25) Bg/kg and <LLD to 1111 (Mean 219 £ 147) Bg/kg, in sand samples ranged from <LLD
to 181 (Mean 56+ 12) Bg/kg, 6 to 232 (Mean 65+ 14) Bg/kg and <LLD-550 (Mean 299 & 47)
Bg/kg, respectively. The radium equivalent activity of soil samples in Bangkaew district (519
Bg/kg) and rock samples in Pabon district (442 Bq/kg) Kongra district (427 Bq/kg) Sribanphot
district (424 Bg/kg) was found to be higher than the limit set in the OECD report (370 Bg/kg).
The radiation hazard indices calculated for assessment of the radiation hazards arising due to the
of these rock and sand samples in the construction of dwellings were within the safety limits
recommended by UNSCEAR. The estimated outdoor dose rates in soil and rock samples ranged
from 62 to 230 (Mean 123 + 13) nGy h' and 5 to 202 (Mean 63 + 29) nGy h', respectively. The
estimated indoor dose rate in sand samples ranged from 6 to 328 (Mean 146 * 24) nGy h'. The
specific activities of **Ra in well water samples ranged from <LLD to 186 (Mean 18+ 07)
mBq/l. Only one water sample from Bangkaew district (186 mBg/l), Which was higher than the
action level set by US EPA (111 mBg/1).

Key words : Natural Radioactivity, Radium-226, soil, rock, constucting sand, shallow well water,
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Figure 1 Simplified map showing the sampling localities in Phatthalung Province.

Table 1 Minimum, maximum and mean values including the standard error at the 95%

confidence of activities of 232Th,mRa and “'K in soil samples.

232 226 40.

District Th Ra K

* Sub-district (Bg/kg) (Bq/kg) (Bq/kg)
(No.of sample) Range Mean Range Mean Range Mean
Pakphayoon(2) 74-75 7412 65-109 88+ 42 <LLD-96 48+ 94
Pabon(3) 45-70 59t 15 87-162 109+ 53 184-757 481+ 325
Tamot(3) 110-134 120+ 14 127-184 157+ 32 197-635 485+ 282
Bangkaew(3) 129-208 162+ 46 121-199 164+ 45 122-286 202+ 93

KhaoChaison(3) 103-147 122+ 25 103-122  115% 11 44-586 2371343

Kongra(4) 83-90 853 49-146 96+ 48 65-639 342+ 273
Muang(4) 63-139 105+ 35 62-108 84+ 21 31-86 53+23
* Srinakarin(3) 49-166 98t 69 69-129 93+36 <LLD-692 310%398
Sribanphot(3) 93-170 119+ 49 95-143 103+41 <LLD-515 2244298

Khuankanun(3) 88-158 122 £ 40 57-154 117£59 <LLD-250  93£155

Paphayom(3) 42-88 71+29 58-121 84+ 38 13-266 102+ 162

Over all (34) 42-208 104t 13 49-199 109t 14 <LLD-757 238%40

* . < LLD (Lower limit of detection).



.. . e e 232, 226. 40 .
Table 2 Minimum, maximum and mean values of activities of ~ Th, ~ Raand K in sand

samples.
District “Th “Ra YK
* Sub-district (Bg/kg) (Bq/kg) (Bq/kg)
(No.of sample) Range Mean Range Mean Range Mean
Pakphayoon(2) 44-181 116 77 95-113 105+ 9 129-549 388+ 256
Pabon(3) 30-72 56t 27 32-84 61x30 188-360 263+ 100
Tamot(3) <LLD-6 38+43 42-78 57+t 21 <LLD-290 149+ 164
Bangkaew(3) 30-96 61+37 84-98 89+9 301-460 367194
KhaoChaison(3) 24-50 41+ 17 33-72 51+23 324-550 4051 143
Kongra(4) 75-112 89+ 23 63-232 141£96 341-544 412+ 129
Muang(4) 21-66 44+ 18 20-75 53+ 24 193-415 287197
* Srinakarin(3) <LLD-83 41+ 47 6-65 38t 34 <LLD-292 145X 165
Sribanphot(3) 34-59 48+ 14 22-47 39+ 15 243-372 320 £ 77
Khuankanun(3) 21-56 37t 21 32-45 378 200-448 321+ 140
Paphayom(3) 35-58 48+ 13 43-64 55t12 128-382 233+ 150
Over all (34) <LLD-181 56+ 12 6-232 65+ 14 <LLD-550 299147

Table 3 Minimum, maximum and mean values of activities of 232Th,226Ra and “’K in Rock

samples.
District **Th **Ra “K
* Sub-district (Bg/kg) (Bq/kg) (Bq/kg)

(No.of sample) Range Mean Range Mean Range Mean
Pakphayoon(2) 2 2 12 12 103 103
Pabon(3) 156 156 144 144 981 981
Tamot(3) 12-40 23+21 36-104 70t 67 37-115 76+ 76
KhaoChaison(3) 1 1 25 25 54 54
Kongra(4) 17-126 62+ 45 18-234 78+ 102 22-231 137+ 86
Muang(4) 3-6 5£3 31-39 35+ 8 <LLD <LLD

* Srinakarin(3) 1-112 38+ 38 28-67 53+ 27 <LLD -798 225+t244




Table 3 Minimum, maximum and mean values of activities of 232Th,226Ra and “’K in Rock

samples.
District “Th Ra K
* Sub-district (Bg/kg) (Bq/kg) (Bq/kg)
(No.of sample) Range Mean Range Mean Range Mean
Sribanphot(2) <LLD 144 72t141 10 133 71120
Khuankanun(1) 8 8 8 50 50 50
Over all (20) <LLD 156 42123 10 234 61125

Table 4 Minimum, maximum and mean values of radium equivalent activities in soil,sand and

rock samples

District Radium equivalent activities ( Bq/kg)

* Sub-district Soil (34 samples) Sand (34 samples) Rock (20 samples)

Range Mean Range Mean Range Mean

Pakphayoon 172-224 198 £ 51 168-413 300t 141 22 22
Pabon 190-308 230+ 76 93-202 156+ 75 442 442
Tamot 344-399 366+ 33 42-209 122+ 96 56-161 108t 103
Bangkaew 322-519 412t 113 151-261 205+ 69 - -
KhaoChaison 254-335 308+ 52 133-145 141 £ 58 31 31
Kongra 173-299 244+ 55  263-371 300+ 139  58-427 177% 166
Muang 156-292 238+ 58 110-167 137+ 58 40-44 4214

* Srinakarin 139-419 257+ 164 6-183 108+ 113 35-336  124+98
Sribanphot 206-377 291+97 121-150 132+ 41 10-424 217406
Khuankanun 185-399 298+ 121  85-131 115+ 48 68 68
Paphayom 139-243 194 £ 59 126-169 141 £ 43 - -
Over all 139-519 276t 5 6-413 169 £ 28 10-442 138+ 65
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Figure 4 Activity concentration map of (a) 4OK, (b) *Ra and (c) *Th and in rock samples
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Figure 5 Activity concentration map of radium equivalent activity in (a) soil,(b) sand and (c)

rocksamples.

Table 5 Minimum, maximum and mean values of hazard index in sand and rock samples.

Sand (34 samples)

Rock (20 samples)

District

* Sub-district H

Rang

Pakphayoon  0.45-1.12
Pabon 0.25-0.54
Tamot 0.11-0.57
Bangkaew 0.41-0.71
KhaoChaison  0.36-0.39
Kongra 0.71-1.00
Muang 0.30-0.45

X Srinakarin ~ 0.02-0.49
Sribanphot 0.33-0.40
Khuankanun  0.23-0.35
Paphayom 0.35-0.46
Over all 0.02-1.12

ex

ex H, H
Mean Rang Mean Rang
0.81+038 0.71-1.42 1.09%£3.39 0.06
0.44+0.18 0.34-0.77 0.60%£0.26 1.19
033+026 0.23-0.78 0.48%+0.31 0.15-0.44
0.55+£0.17 0.64-0.97 0.80%£0.19 -
0.38+0.02 0.48-0.56 0.52%0.04 0.08
0.81%£0.19 0.89-1.63 1.19%£0.44 0.15-1.15
0.37+£0.08 0.35-0.66 0.51%£0.13 0.11-0.12
0.29+0.28 0.03-0.61 0.40%X0.36  0.09-0.91
0.36+0.05 0.39-0.53 0.46%£0.08 0.03-1.15
0.31+0.08 0.32-047 0.41%£0.09 0.18
0.38+0.07 0.46-0.61 0.53%£0.09 -
0.46+0.08 0.03-1.63 0.63*0.11 0.03-1.19

Mean
0.06
1.19

0.291£0.28
0.08
0.48+0.45
0.11£0.01
0.331£0.27
0.59t£1.10
0.18

0.37%£0.17
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Figure 6 Bar diagram showing the values of external and internal hazard index in (a) rock and (b)

sand samples.

Table 6 Minimum, maximum and mean values of absorbed dose rate and annual effective doses

in soil samples.

District Absorbed dose rate Annual effective doses
(No.of sample) ( nGy ) (mSv y—l)
Min Max Mean Indoors Outdoors
Pakphayoon(2) 75 100 87124 0.43£0.09 0.11£0.03
Pabon(3) 86 143 106+ 37 0.52£0.16 0.13£0.05
Tamot(3) 156 181 165+ 15 0.81£0.06 0.20£0.02
Bangkaew(3) 143 230 182£ 50 0.89£0.22 0.23£0.06
KhaoChaison(3) 12 151 137+ 24 0.67£0.10 0.17£0.03
Kongra(4) 75 136 11026 0.54£0.13 0.14£0.03
Muang(4) 69 127 104+ 25 0.51£0.12 0.13£0.03
* Srinakarin(3) 62 189 115+ 75 0.56£0.32 0.14£0.09
Sribanphot(3) 90 168 129+ 44 0.63£0.19 0.16 £ 0.06
Khuankanun(3) 81 177 131£55 0.641£0.24 0.16£0.07
Paphayon(3) 63 107 86+ 25 0.421£0.11 0.11£0.03

Over all(34) 62 230 123+ 13 0.60%0.20 0.15+0.02




Table 7 Absorbed dose rate and annual effective doses in rock samples.

District

(No.of sample)

Pakphayoon(1)
Pabon(1)
Tamot(2)
KhaoChaison(1)
Kongra(4)
Muang(2)

% Srinakarin(6)
Sribanphot(2)
Khuankanun(1)
Over all (20)

Absorbed dose rate Annual effective doses
( nGyh") (mSvy")
Min Max Mean Mean
11 11 11 0.01
202 202 201 0.25
25 73 49 47 0.06 £ 0.06
15 15 15 0.02
26 191 79174 0.10£0.09
18 20 192 0.02 £ 0.002
17 154 57+ 45 0.07£0.06
5 195 100+ 186 0.12+£0.23
31 31 31 0.04
5 202 63129 0.0810.04

Table 8 Absorbed dose rate and annual effective doses in sand samples.

District

(No.of sample)

Pakphayoon(3)
Pabon(3)
Tamot(3)
Bangkaew(3)
KhaoChaison(3)
Kongra(3)
Muang(4)

% Srinakarin(3)
Sribanphot(3)
Khuankanun(3)
Paphayon(3)
Over all(34)

Absorbed dose rate Annual effective doses

( nGyh") (mSvy")

Min Max Mean Mean
146 346 255+ 114 1.251£0.56
81 172 139+ 57 0.6810.28
39 179 106+ 79 0.52+£0.39
136 223 179 £ 49 0.881£0.24
120 128 124+ 5 0.61£0.02
225 328 260+ 66 1.28+£0.33
94 149 119£26 0.59£0.13
6 153 92+ 87 0.451£0.42
103 127 114+ 14 0.56£0.06
77 115 101£23 0.50£0.11
106 146 122+ 24 0.60+0.12
6 328 146+ 24 071+ 0.12
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Figure 7 Rock type map of Phatthalung Province.
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Table 9 Average concentration in rock type

Rock type Concentration
(No.of sample) K (%) eU (ppm) eTh (ppm)
Range Mean Range Mean Range Mean
Granite(3) 0.2-0.6 04102 8.4-19.0 13.0x6.1 8.4-38.6 26.0+17.8
(3.3-3.5) (4-5)° (15-18)"
Limestone(11) <LLD-3.7 0.5£0.6 2.0-10.7 35%x1.5 0.3-35.7 6.0t 6.1
(0.3)° .2) .7’
Siltstone(5) <LLD-1.1 0.5t04 0.8-5.4 22*t1.6 <LLD-20.8 73187
(1.2)° (1.5 3.0
‘Quartz (1) 2.6 2.6 9.2 9.2 27.7 27.7

*:"1 sample.

° (Fowler,1990).



Table 10 Efficiency and activity of Ra-226 in standard.

Live Time = 43200 sec

Standard E Yield | Net Area Activity Activity Efficiency
(keV) (%) (counts) (Bq) (mBg/1) (CPS/Bq)
TAEA - RGU-1 186.2 328 | 20120 | 247022 82.33 0.057430

Table 11 Activity concentration of Ra-226 and annual effective dose in well water samples.

District

(No.of sample)

Pakphayoon(7)
Pabon(5)
Tamot(3)
Bangkaew(3)
KhaoChaison(6)
Kongra(7)
Muang(4)
%rinakarin(6)
Sribanphot(5)
Khuankanun(7)
Paphayon(3)
Over all(60)

Activity concentration

Rang
12-58
<LLD-16
<LLD-17
1-186
<LLD-32
<LLD-33
14-59
<LLD-77
<LLD-75
<LLD-17
1-27

<LLD-186

( mBg/l)

Mean
33 %13
03104
08106
691115
08110
16x11
41121
19125
21128
05105
12%£15

18107

annual effective doses

(HLSV)
Rang Mean

2.5-11.8 6.712.6
<LLD-3.3 0.610.9
<LLD-3.5 1.7%13

0.3-37.9 14.1123.5
<LLD-6.5 2.0£1.9
<LLD-6.8 33122

2.8-12.0 8.314.3
<LLD-15.8 3.815.1
<LLD-15.3 43157
<LLD-3.5 1.1E1.1

0.3-5.5 2.543.0
<LLD-37.9 3.811.5
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Figure 8 Activity concentration map of

**Ra in well water samples.

10

Frequency
40
35 | Well water 60 samples
30 - Mean 4 USv
Median 2 USv
25 u
1.96S.E 2 USv
20
15 1
10 4
5 |
0 ™ |:| | |
T T T T T 1
(0-3) @7 (8-11) (12-15) (16-19) (20-23) (24-27) (28-31) (32-35) (36-39)

Annual effective dose (LLSv)

Figure 9 Bar diagram showing annual

effective dose (JLSv) Rain

well water samples.





