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Activity Ra-226

Annual Dose

Activity K-40

S. E N AR Wy Wyt fua (mBg/kg) S.D. (uSv) (Bg/kg) S.D.
1| 671620 | 770570 | finjs 1 HUNINg Wang 1365.80 180.0 22.9 100.72 2.49
2| 671620 | 770570 | dailnem 1 HUNIAg nIng 1637.43 328.0 27.5 4257 2.85
3| 675156 | 773681 | fini]s 1 (HUNIAS NNy 821.32 161.0 13.8 229.27 15.11
4| 675235 | 773658 | nizdu 1 HUNIAg nIng 1561.38 272.0 26.2 71.78 3.68
5| 675238 | 774031 | 91 1 HUNIAg nIng 1760.00 470.0 29.6 36.28 4.41
6 | 676186 | 771597 | AnMAY 2 Tania s 1128.57 161.0 19.0 60.13 2.20
7| 676186 | 771597 | finjq 2 Tanig s 297.62 126.0 5.0 64.77 1.96
8 | 676186 | 771597 | ugive 2 Tania s 1067.27 425.0 17.9 110.87 6.62
9 | 676731 | 771750 | dilnem 2 Tania WINg 671.22 426.0 11.3 59.85 7.35

10 | 676310 | 771434 | uzie 2 Tania nIng 649.53 391.0 10.9 149.88 11.56
11 | 676310 | 771434 | 910 2 Tania s 1065.83 652.0 17.9 28.40 5.77
12 | 673258 | 764808 | 912 2 Tania s 2849.41 622.0 47.9 14.29 2.88
13 | 675982 | 771061 | idin 2 Tanna s 2101.85 310.0 353 39.24 2.35
14 | 674491 | 772975 | fhads 3 Tanweo nIng 1484.70 1056.0 24.9 132.61 19.98
15 | 674649 | 772637 | 91 3 Tannoow s 809.22 393.0 13.6 47.97 5.74
16 | 674771 | 772920 | Amén 3 Tanwoow nIng 1068.41 200.0 17.9 31.37 1.94
17 | 672851 | 771242 | da#lnem 4 Thundaney WINg 167.27 79.7 2.8 32.85 1.42




Activity Ra-226

Annual Dose

Activity K-40

S. E N ¥iiAfn Wy fua (mBg/kg) S.D. (uSv) (Bg/kg) S.D.
18 | 671622 | 770570 | AAMAYD PIUIMNY nWang 1197.49 178.0 20.1 77.85 2.07
19 | 671622 | 770570 | N3¢ PIUIMNY Wang 2742.47 356.0 46.1 86.96 2.88
20 | 672351 | 770856 | e AQBIUNAN s 2063.80 1296.0 34.7 38.04 9.44
21 | 672373 | 771361 | ugiile AQDIUNAN a3 589.42 176.0 9.9 57.23 2.66
22 | 672560 | 771924 | fintja AABILIAN nWng 916.51 249.0 15.4 84.20 3.45
23 | 671694 | 771275 | 91 ABOILNAN nIng 631.76 4498 10.6 20.70 3.40
24 | 672351 | 770856 | fintja AABILIAN Wng 1584.60 516.0 26.6 167.16 11.89
25 | 672351 | 770856 | ugiile ABOILNAN nIng 1807.23 273.0 30.4 56.71 3.05
geomean 1081.94 316.8 18.2 59.71 4.18

1| 671542 | 769786 | nizdu 10 | Duauia WvNow 547.89 232.0 9.2 79.55 3.67
2 | 671615 | 770082 | Bmdn 10 | fhuduia WvNow 3251.62 420.0 54.6 42.66 3.01
3| 671542 | 769786 | Ainjq 10 | Thuduia WvNow 309.44 219.7 52 102.28 4.00
41 671511 | 769791 | dda 10 | fhuduia TRV EbY 2139.10 513.0 35.9 61.10 4.06
51671247 | 769065 | nszdu 9 | fhwmeyzng | winsiow 2467.09 340.0 41.4 75.08 3.50
6 | 671247 | 769065 | f1ds 9 | fhwmeyzng | winsiow 3850.23 569.0 64.7 55.89 4.09
7| 673757 | 769560 | fintls 7 | fhuseun wIniow 992.81 183.0 16.7 97.01 228
8 | 673757 | 769560 | naflnea 7 | thusnewn Wvlow 301.48 178.9 5.1 52.17 7.33
9| 673257 | 770060 | flnem 7 | Thusnewn WvNow 49.68 508.0 0.8 64.51 10.16
10 | 673257 | 770060 | ugiile 7 | thusnewn WvNow 705.22 207.0 11.8 56.25 2.28

€L



Activity Ra-226

Annual Dose

Activity K-40

S. E N wy:ﬁ'm aAa (mBg/kg) S.D. (uSv) (Bg/kg) S.D.
11 | 674756 | 769941 Tl TRIRILHY 1370.89 323.0 23.0 32.97 321
12 | 668078 | 770607 AU TRVLEUEY 1414.44 299.6 238 55.62 3.78
13 | 668021 | 770336 AU TRVLEUEY 1897.27 309.0 31.9 41.78 2.60
14 | 672929 | 768851 AU TRVLEUEY 1553.18 285.0 26.1 67.57 3.07
15 | 672929 | 768851 Thungn TRV 2774.34 408.0 46.6 131.57 4.42
16 | 669621 | 769282 Thungmn TRVEGRY 945.85 362.0 15.9 58.45 427
17 | 669621 | 769282 Thungmn TRV 764.00 237.0 12.8 41.71 297
18 | 674411 | 770596 Thusade TRRTEEY 1622.34 537.0 273 67.87 453
19 | 674411 | 770596 Tut)ede TRVEYGHY 4728.27 878.0 79.4 31.16 4.45
20 | 674825 | 770973 Tu1)ede TRLLEUEY 498.29 180.0 8.4 70.61 3.38
21 | 674825 | 770973 Tu1)ede TRRTEEY 1259.30 439.0 212 63.00 337
22 | 675051 | 769576 Tutjede TRVLEHEY 1102.46 236.0 18.5 38.05 227
23 | 674774 | 769775 Tutjede TRVLEHEY 2335.13 499.0 392 46.94 437
24 | 674768 | 769795 q Thurefe TRV 2536.62 518.0 42,6 44.11 4.46
25 | 675102 | 770929 alaua TRICETGY 3395.09 423.0 57.0 63.61 2.51
geomean 1219.79 341.09 20.5 58.11 3.68

1| 675022 | 768484 Thupaenss | Aneansa 435.52 143.0 7.3 44.80 2.20
2 | 673661 | 768201 tuiidlez AADINI 2301.74 314.0 38.7 47.41 1.70
3| 673216 | 764313 tuiidlez AADINI 1479.61 307.0 24.9 42,68 2.02

vL



Activity Ra-226

Annual Dose

Activity K-40

S. E N ¥iiAfn Wy fua (mBg/kg) S.D. (uSv) (Bg/kg) S.D.
4] 673184 | 768309 | f1dq huiiles ABDINSY 1940.77 435.0 326 59.92 4.59
5| 673541 | 768243 | d1ds Thuwiiles ABDINSY 2859.82 459.6 48.0 57.23 3.30
6 | 673346 | 768098 | Anluw huwiiles ABDINSI 1236.04 561.0 20.8 171.84 7.05
7| 673346 | 768098 | d1dq Thuwiiles ABDINSY 3202.45 522.0 53.8 79.62 4.62
s | 673802 | 768192 | Amén thusiley ARDINSI 2034.19 290.0 342 35.05 231
9 | 673802 | 768192 | f1ds thusiiley ARDINSI 1888.04 341.0 31.7 60.17 3.70

10 | 673802 | 768192 | nszdu thusiley ARDINSI 1994.38 364.0 335 75.99 4.01
11| 673179 | 768508 | Azih thusiley ARDINSI 1467.16 247.0 24.6 86.03 2.09
12 | 673179 | 768508 | fdq tThuwiiles ADDINSI 326.08 130.0 55 74.18 1.93
13 | 674953 | 768038 | Amén e ANDINTI 1394.37 459.0 23.4 40.18 3.63
14 | 674953 | 768038 | nizdu e ARDINTI 1830.61 366.0 30.8 57.97 4.09
15 | 674953 | 768038 | fdq e ARDINTI 2696.72 538.0 453 38.69 3.90
16 | 675195 | 769135 | fdds Thuuae ANDINTI 1987.82 479.0 33.4 110.62 5.84
17 | 675089 | 769065 | Fmidin e ARDINSI 1014.22 788.0 17.0 33.54 7.54
18 | 674291 | 763327 | dailne Thuduilsa ARDINSI 482.02 128.0 8.1 43.47 1.88
19 | 674291 | 763327 | ugidle Thuduilsa ARDINSI 1698.45 519.0 285 105.67 5.93

20 | 674601 | 763719 | #lnem Thuduilsa ARDINSI 481.68 116.0 8.1 33.88 1.53

21 | 674239 | 762931 | e Thuduilss ANOINTI 4211.91 1882.7 70.8 65.22 11.37

22 | 674220 | 762969 | e Muduils ABDINSI 1294.90 254.0 21.8 65.65 3.68

SL



Activity Ra-226 Annual Activity K-40
S. E N FUANN T Aa (mBg/kg) S.D. Dose (uSv) (Bg/kg) S.D.
23| 674149 | 762867 | fde thuduilsa AADIANTA 619.87 269.0 10.4 94.94 4.64
24 | 674519 | 762821 | Amdn huduilsa AADINTY 2627.86 317.0 44.1 46.12 233
25 | 673467 | 767226 | 41 thuduilsa ANDINT 2007.02 597.0 33.7 38.54 482
26 | 674170 | 762857 | 41 huduilsa AADINSY 2834.68 604.0 476 24.62 3.62
27 | 675082 | 771061 | Atwidin thuildnia AADINT 787.09 219.0 13.2 47.95 2.68
geomean 1457.19 356.25 245 56.41 3.50
1| 672591 | 768445 | @1da ﬁwuvquﬁu vjwﬁyu 1211.99 178.0 204 61.73 1.88
2| 671999 | 768105 | ailnen ﬁwuqumﬁu vjwﬁyu 25.53 273 0.4 67.27 7.41
3| 671999 | 768105 | AN ﬁmvjwﬁu vjwﬁyu 210.64 83.0 35 33.52 1.37
4| 673257 | 764085 | d1ds thuaulns ijﬁ,,u 2304.71 331.0 38.7 70.75 2.53
5| 673180 | 764369 | nyzdu thua'lng ijﬁ,,u 704.26 286.0 11.8 52.41 3.57
6| 672931 | 768850 | Ainijq thuaulns ijﬁ,,u 472391 400.0 79.4 56.70 2.00
7| 672931 | 768850 | @1d thuaulns vjwﬁyu 7882.38 849.7 132.4 64.80 3.45
8| 673253 | 764243 | Smn thua'lng vjwﬁyu 1041.18 344.0 17.5 41.62 3.10
9| 673342 | 763704 | nizdu thua'lng vjwﬁyu 1377.38 329.0 23.1 41.63 3.01
10| 673431 | 763448 | Aman thua'lng vjwﬁyu 1747.77 269.0 29.4 4276 2.67
11| 673567 | 762951 | finlaw thua'lng vjwﬁyu 7689.98 821.0 129.2 146.82 146.82
12| 673248 | 768501 | f1d thua'lng ijﬁ,,u 1148.37 339.0 19.3 60.96 4.00
13| 670922 | 764777 | AnIj huumesgn vjwﬁyu 3078.36 282.0 51.7 65.35 1.77

9L



Annual

Activity Ra-226 Dose Activity K-40

S, E N Wyt (mBg/kg) S.D. (uSv) (Bg/kg) S.D.
14 | 670922 | 764777 Tuumesqn 664.45 139.7 11.2 47.78 1.62
15| 670922 | 764777 Tuumesqn 1301.19 533.0 21.9 67.54 7.63
16 | 670971 | 764161 Srufalng 1452.09 399.0 24.4 66.31 4.11
17 | 670935 | 764112 Srufalng 1885.37 319.9 31.7 89.87 3.90
18 | 671106 | 764031 SrufaTng 2897.71 374.0 487 43.08 2.77
19 | 671159 | 763862 SrufaTng 1004.16 226.0 16.9 46.37 2.74
20 | 671159 | 763862 ﬁwquiw%d 460.48 160.0 7.7 98.37 4.52
21| 671159 | 763862 S Tng 1339.29 319.0 225 88.64 3.81

geomean 1252.99 271.33 21.1 60.65 3.69

LL



9 UNOVIINA

S. “Llﬂ'f’fi] AN weight(g) S.D. |Activity Ra-226 (mBg/kg)| Annual Dose (uSv) | S.D |Activity K-40 (Bq/kg)
1 |§ailnen 2750.3 0.2 657.1 11.0 1.8 33.4
2 |[AnmMav 1949.2 0.1 262.7 4.4 1.4 34.4
3 |ueive 2377.5 0.2 291.4 4.8 1.5 44.1
4 | 2137.6 0.1 408.7 6.9 2.2 84.1
5 [WNNI1999 2180.4 0.1 290.1 4.9 1.7 53.7
6 |A1ae 1269.5 0.2 806.7 13.6 2.5 66.8
7 |@1ae 896.9 0.3 906.8 15.2 3.1 70.6
8 |azth 2185.9 0.1 220.5 3.7 2.0 73.1
9 |dnTuwy 1757.3 0.1 514.2 8.6 1.9 54.4
10 [mdn 330.9 0.4 1729.4 11.6 3.9 35.1

8L
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o dwvinesiedanuly | anuusesidvesas | USnei1giuluusias
GAFEAL ' L 5
TIWNNY g U
eI 90 pg 30 pCi (1.1 Bq) 1.9 ug
501581 30 ug 3 pCi (0.11 Bq) 3ug
Tnunegown 17 mg 120 nCi (4.4 kBq) 0.39 mg
1518 31 pg 30 pCi (1.1 Bq) 23 pg
AT UBU-14 95 ug 0.4 uCi (15 kBq) 1.8 pg
ARG 0.06 pg 0.6 nCi (23 Bq) 0.003 pg
TnTawiew 0.2 pg 1 nCi (37 Bq) ~0.6 pg

Sources of Radiation Exposure to the US Population

Consumer Products
3
Other
<1

Muclear Medicine
4

Medical X-rays
11

Internal

113

Terrestrial
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Abstract: The monolayer of porphine molecules at air-water interface was investigated by molecular
dynamics simulation. The aggregation of porphine molecules is observed due to the interaction
between porphine molecules themselves. From this molecular model, it is suggested that the
experimental Langmuir-Blodgett technique may not be able to prepare smooth and stable film at the
same conditions. '

s DO0040-Specific Activity of Radium-226 in Vegetables Grown in NaMom District, Songkhla
Province Using Gamma-Ray Spectrometry
Siripom Angkunrat, Tripob Bhongsuwan, Tawat Chittrakam
Department of Physics, Faculty of Science, Prince of Songkla University, Hatyai, Songkhla, 90112,
Thailand

Abstract: Leaf vegetables were collected from Na Mom and Bang Klam Districts of Songkhla
province. Samples were dried and then burned to be ash. The vegetable ashes were measured for Ra-
226 using a gamma-ray spectrometer. Result showed that vegetables grown in Pijit, Thungkamin,
Namom and Klongrang sub-districts had the average Ra-226 specific activity of 759, 1,253, 810, and
937 mBq/kg, respectively. In comparison, this maximum Ra- 226 content in vegetables from Na Mom
sub-district is 7 times higher than those from Bang Klam sub-district (178 mBg/kg) and 20 times
higher than the world average (50 mBg/kg).

D0041-DISTRIBUTION OF RADIONUCLIDE RA-226 IN SHALLOW WELL WATER IN
NAKHON SI THAMMARAT PROVINCE

Preeda Nuanjing, Thawat Chittrakarn, Tripob Bhongsuwan

Department of Physics, Faculty of Science,

Prince of Songkla University, Hat Yai 90112, Thailand

Abstract: Water samples were collected from shallow wells in 4 districts of Nakhon Si Thammarat
province. Radium in water was absorbed by an ion exchange resin and the activity of Ra-226 was
analysed using a low background HPGe Gamma ray spectrometer.Results showed that the average
specific activity of Ra-226 in water samples in Chawang,Muang, Thamphannara and Changklang
districts is 12, 28, 23 and 15 mBq/l, respectively. These values are well below the 111 mBq/l, which is
the USEPA guideline level.

D0042-Determination of Specific Heat of Gases by Measurement of The Speed of Sound

Charine wattanateerakene, Bunleuo Pongdara and Sumsite Audsadornvised

Department of Physics, Faculty of Science, Prince of Songkhla University, Hatyai, Songhla 90112,
Thailand

Abstract: The specific heat of gases are obtained by measuring the speed of sound in the gases. The
direct time of flight method is used for measuring speed of sound. The required materials to build up
the equipment can be locally obtained at relatively low cost. With this equipment, the speed of sound
in air, O,, N, and Ar were 340.6, 324.0 345.8 and 323.6 m/s respectively and the ratio of specific heat
of air, O,, N; and Ar were 1.383, 1.383, 1.379 and 1.637 respectively. These experimental results are
closer to the theoretical results than the ones obtained from Adiabatic Gas Law Apparatus, which is
commercially available, at a much higher cost.

D0043-Improved simulation convergence in one dimension p/n semiconductor junction

Kanchana Sivalertporn, Tanakorn Osotchan ;
Capability Building Unit for Nanoscience and Nanotehnology, Department of Physics, Faculty of
Science, Mahidol University, Bangkok 10400, Thailand

E-mail: serippy(@hotmail.com

Abstract: In this work, the semiconductor device has been simulated for p/n junction in one
dimension. The finite difference was used to solve the couple differential equations of Poisson and the
continuity equations. This program also has been improved to increase the convergent rate by
increasing the value of the weight factor as linear and exponential functions of the error. With reduced
calculation time the appropriated function and values have been obtained at the same accuracy results.
The total electron and hole current densities were calculated at various values of the applied voltage by
using these weight factors.

200 31* Congress on Science and Technology of Thailand



88

o Al o = [ ﬁi 0& d. o L) [ [ v =y
maiuamwiuwizveusiaen-226 ludn Nlgnlumunsunermien Saniaaavar dramaiinanin
TAsuASTaaunNIn

Specific Activity of Radium-226 in Vegetables Grown in NaMom District, Songkhla
Province Using Gamma-Ray Spectrometry

e o [ dl v 2 W o 3
TWINT DINTIAU , "lﬂm‘w NEN?I'.IE?'D.J , FIY YAATLNTT

Siriporn Angkunrat, Tripob Bhongsuwan, Tawat Chittrakarn

"2 3pepartment of Physics, Faculty of Science,
Prince of Songkla University, Hatyai, Songkhla, 90112, Thailand.

ar 1 - [ Y ' M = w [

undage: udled1dnlulu e umten nay 8.u1and1 1. 09va1 WTouAI8019 TABNITOL HAZIN
1 Yy = o " ow oW s ° =1 ¥ ] o ar et
Hhud ud i zimanuiuan i@ unzveusidon-226 Aesruumlnlasiinessadunun
HAMIANYINUIIAALTUANTWI UNIITIABY-226 TUMIUANTAT YIVTU UIMLBN LAZAABINTI
Aunau 759, 1253, 810 uaz 937 mBg/kg Amd iy MAuiuan WS uwIzITIAGN-226 YBIANIIN 8.
Wi JA1gana1AneIN 8.119nd1 7 11 (178 mBg/kg) tazgandnaunagveslanda 20 111 (50
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Abstract: Leaf vegetables were collected from Na Mom and Bang Klam Districts of
Songkhla province. Samples were dried and then burned to be ash. The vegetable ashes were
measured for Ra-226 using a gamma-ray spectrometer. Result showed that vegetables grown
in Pijit, Thungkamin, Namom and Klongrang sub-districts had the average Ra-226 specific
activity of 759, 1,253, 810, and 937 mBq/kg, respectively. In comparison, this maximum Ra-
226 content in vegetables from Na Mom sub-district is 7 times higher than those from Bang
Klam sub-district (178 mBg/kg) and 20 times higher than the world average (50 mBg/kg).

Introduction: It has been shown that radon and radium content in groundwater and well
water in Na Mom district is much higher than those in the other districts of Songkhla
Province, indicating a possible correlation between radioactive radium-radon and cancer.
Granite is found to be an origin of natural radioactive contamination in the area. Weathering
and erosion processes likely washed these to soil and groundwater, which people use, for
growing vegetable, drinking and cleaning the vegetables. People might be contaminated by
drinking the water and eating the vegetables. Finally radium goes into the body and it is kept
in bones where it destroys the tissue, which is likely the beginning of cancer.

Methodology: Leaf vegetables were carefully washed in water, and then weighted. They
were dried at 200 °C for 5 hours and then burned to ash at 500 °C for 3-5 hours. The
vegetable ash was analysed for Ra-226 using a low background high sensitivity HPGe
gamma-ray spectrometer.
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Results, Discussion and Conclusion: The results show that the concentrations of Ra-226 in
vegetables in NaMom District, Songkhla Province are as following: Pijit 759 mBq/kg,
Thungkamin 1253 mBqg/kg, Namom 810 mBq/kg, and Klongrang 937 mBq/kg. An example
of gamma spectrum from a vegetable sample is shown in Figure 1.
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Figure 1 An example of gamma-ray spectrum of vegetable ash sample from the study area.

Table 1: Specific activity of Ra-226 in vegetables from the study area and other.

Sub-district Bang
Klam Sub-| Asia World
Namom | Pijit Klongrang Thungkamin district Average

Ra-226 specific
activity in
Vegetables 810 759 937 1253 178 75 50
(mBg/kg)

References:

(1) Z. Pietrzak-Flis (2001) Daily intake of 2**U, ‘U, **Th, #*°Th, ***Th and **°Ra in the
adult population of central Poland. The Science of the Total Environment, 163-169.

(2) KS., Adam (1995) Radium-226 Uptake by Vegetation Grown in Western Sudan. Journal
of Environment Radioactivity, 27-38.

(3) E.V,, Clulow (1998) Radium-226 in water, sediments and fish from lakes near the city of
Elliot Lake, Ontario, Canada. Environmental Pollution, 13-28.

(4) UNSCEAR (2000) The United Nations scientific committee on the effects of atomic
radiation, Sources and effects of ionizing radiation, United Nations New York.

Keywords: Ra-226, Cancer, Vegetables, Gamma-Ray Spectrometer
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Angkunrat, S., Bhongsuwan, T., Chittrakarn, T. and Bhongsuwan, D.

Specific Activities of Radium-226 in Vegetables Grown in Na Mom District, Songkhla
Province

Abstract

Specific activities of radium-226 in 13 types of vegetables grown in Namom district,
Songkhla province were analyzed using a low background gamma-ray spectrometer. The
analyzed vegetables included Ivy Gourd, Yellow Cassia, White Popinac, Yard Long Bean,
Rice, Peanut, Egg Plant, Spineless Amaranth, Swamp Cabbage, Mustart, Chinese Cabbage,
Collards and Cucumbers. The control vegetables were taken from Bangklum district, distant
from the study area in Namom district. The samples were weighted, dried in an oven and
finally burnt to ash in furnace before analyzed for a gamma ray of 186.2 keV emitted from
Radium-226. The results showed that the geometrical means of specific activity of radium-
226 of vegetables grown in Pijit, Namom, Klongrang and Thungkamin sub-district and over

the Namom district were 1082, 1220, 1457, 1253 and 1250 mBq/kg, respectively. The highest and

lowest values were 7882 and 26 mBq/kg, found in Ivy Gourd and Yard Long Bean,

respectively. The high specific activities of radium-226 in vegetables were found to be
distributed uniformly in the area. This probably indicated the source of radium-226 also
distributed uniformly in the shallow granitic bedrock throughout the area. We concluded the
radium-226 contents in vegetables grown in Namom district depended on the absorbability of
alkaline earth metals in vegetables themselves, geographic features and radium content in
natural water in the area. The estimated annual effective dose averaged over Namom district
was 21 uSv. Consumption of Ivy Gourd may receive the maximum annual effective dose of
132 pSv.

Key words: Radium-226, Gamma-Ray Spectrometer, Dose, Vegetables, Namom District
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Average specific activity of Radium-226 (mBq/kg) in different vegetables
Slll\? disftgict/A;' N Ivy  Yellow White Yard Egg Swamp . Spineless Chinese
(No. of Sample) Gourd Cassia Popinac kzgﬁ Plant Cabbage Rice  Peanut Amaranth Cabbage Mustard  Collards  Cucumbers

Area 1 (5) - - 1561 1637 - 1094 1760 - - - - - -
Area 2 (8) - 2102 - 671 858 298 1958 - - 1129 - - -
Area3 (3) - 1068 - - - - 809 1485 - - - - -
Area 4 (1) - - - 167 - - - - - - - - -
Area 5 (2) - - - - - - - - - 1198 2743 - -
Area 6 (6) - - - - 1198 1251 632 2064 - - - - -
Mean of Pijit sub-district (25) - 1498 1561 567 927 866 1223 1750 - 1163 2743 - -
Area7 (1) 3395 - - - - - - - - - - - -
Area 8 (7) 1898 2722 1060 - - - - - - - - - -
Area9 (3) - 764 946 - - - - - 2774 - - - -
Area 10 (3) 1553 1897 1414 - - - - - - - - - -
Area 11 (1) - 1371 - - - - - - - - - - -
Area 12 (4) - - - 176 705 993 - - - - - - -
Area 13 (2) 3850 - 2467 - - - - - - - - - -
Area 14 (4) 2139 3252 548 - - 309 - - - - - - -

Mean of Namom sub-district (25) 2274 1865 1065 122 705 553 - - 2774 - - - -
Area 15 (3) 1212 - - 26 - - - - - - - - 211
Area 16 (9) 3779 1395 1041 - - 4724 - - 7690 - - - -
Area 17 (3) - - - 1301 665 3078 - - - - - - -
Area 18 (6) 2175 - 1612 - - 461 - - - - - - -
Mean of Thungkamin sub-district (21) | 1949 1349 1251 184 665 1884 - - 7690 - - - 211
Area 19 (1) - - - 436 - - - - - - - - -
Area 20 (9) 2274 2034 1994 - - - - 1236 - 2302 - -
Area 21 (2) 326 - - - - - - - - - - 1467 -
Area 22 (5) 2697 1204 1831 - - - - 1988 - - - - -
Area 23 (9) - 2628 - 482 1698 - 2421 2042 - - - -
Area 24 (1) - 787 - - - - - - - - - - -

Mean of Klongrang sub-district (27) 1715 1428 1911 466 1698 - 2385 1610 1236 - 2302 1467 -
Minimum 326 764 498 26 589 298 632 620 1236 1130 2302 1467 211
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Maximum 7882 4728 2467 1630 1807 4724 2835 4210 7690 1197 2740 1467 211
Standard error 93 95 90 78 115 78 204 356 345 172 120 247 83
Geometric Mean in Namom District (98)| 1952 1603 1261 314 927 1000 1480 1655 2975 1163 2511 1467 211
Median 2040 1571 1414 459 710 954 1760 1736 2770 1164 2521 1467 211
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Table 2 Weight ratio, calcium content, annual effective dose rate and radiation risk factor in different types of

vegetables.
. . Calcium content in Mean annual  Radiation Risk
Type of vegetables ‘(z?g/l}t raltllo vegetables 100 g * Dose rate Factor
y/ fresh) (mg) 1SV) (RRF)
Ivy Gourd (§124) 0.024 126 33 413
Yellow Cassia (él!JymSﬂ) 0.049 156 27 3.38
White Popinac (N5%0U) 0.041 137 21 2.63
Yard Long Bean (5ﬂﬁﬂ81’3) 0.032 42 5 0.63
Swamp Cabbage (ﬁﬂ‘fl:ﬂ) 0.240 73 17 2.13
Egg Plant (W2130) 0.035 38 16 2.00
Rice (¥12) 0.250 8 25 3.13
Peanut (§28e19) 0.199 59 28 3.50
Spineless Amaranth (FnTua) 0.040 500 50 6.25
Chinese cabbage (RNMAVT) 0.015 147 20 2.50
Mustart (fnN2197) 0.020 220 42 5.25
Collards (ﬂz‘fﬁ) 0.018 250 25 3.13
Cucumbers (11194N1) 0.014 25 4 0.50

* Fyu, 2522, Tnyumans.

Table 3 Average concentration of Radium-226 in different types of vegetables in Namom and
Bangklam districts.

Concentration of Ra-226 in Vegetables grown in Namom District

(mBg/kg)
Bang
Type of vegetables Namom Pijit Thungkamin Klongrang Namom Klam
District sub-dist. sub-dist. sub-dist. sub-dist. Dist.
Ivy Gourd (#1d4) 1952 (20) - 1949 (7) 1715(7) 2274 (6)  857(2)

Yellow Cassia (Iwan) 1603 (16) 1498 (2) 1349 (2) 1428 (5)  1865(7)  689(1)

White Popinac (nszan) 1261 (13) 1560 (1) 1251 (4) 1911 (2) 1065 (6) -
Yard Long Bean

(Hne) 314 (10) 567 (3) 184 (2) 466 3)  122(2)  657(1)
Swamp Cabbage (finifs) 1((1)8? 866 (5) 1884 (3) - 553(2)  409(1)
Egg Plant (vz1ilo) 927(7) 927 (4) 664 (1) 1698 (1)  710(1)  291(1)
Rice (i) 1480 (7) 1223 (5) - 2385 (2) - -
Peanut (inaams) 1655 (6) 1750 (2) - 1610 (4) - -
Spineless Amaranth (sin

T 2975 (3) - 7690 (1) 1236 (1) 2770 (1)  514(1)

Chinese Cabbage
(inmavn) 1163 (2) 1163 (2) : . - 263()



Mustart (fnn11949)
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2511 (2) 2740 (1) - 2302 (1) - 290(1)
Collards (nzvi) 1467 (1) - - 1467 (1) - 220(1)
Cucumbers (1913n71) 211 (1) - 211 (1) - - i
Minimum 26 167 26 326 50 220
Maximum 7,882 2,850 7,882 4,212 4,728 907
Arithmetic mean 1,695 1,281 2,102 1,746 1,713 505
Median 1,404 1,130 1,339 1,831 1,414 461
Geometric mean 1,250 1,082 1,253 1,457 1,220 450
Mean annual dose (uSv) 21 18 21 24 20 8
Standard error 33 63 59 69 68 46

Note the number in parenthesis indicates the number of samples

Table 4 Specific activities, annual effective dose and radiation

vegetables in other studies.

risk factor for Radium-226 in

Region/Country IS{I:EIZ%C (g;;i:;;y Anr(llllgl\ll)?kose Risk Factor References
Europe
Germany 6 - 1,150 0.10-19.32 | 0.013-2.415 Globel et al., 1980
Italy 27 - 44 0.45-0.74 0.056-0.093 | De Bortoli et al., 1972
Poland 37-43 0.62-0.72 0.078-0.090 Pietrzak-Flis, 1997
U.K. 2.2-170 0.04-2.86 0.005-0.358 Bradley et al.,1993
gﬁﬁ: d"*S‘:;‘:relga 56 0.94 0.113 Fisenne et al.,1987
Asia
India 75 126 0.16 Zhuo et al. 2001
China
Namom District,
Songkhla Province 26 —7,882 0.44-132.42 0.055-16.55
Thailand
- Pijit sub-district 1,082 18 2.25
- Namom sub-district 1,220 20 2.50 This study
-Thungkamin sub- 1,253 21 2.63
district 1,457 24 3.00
- Klongrang sub-
district
Bang Klam District,
Songkhla Province 450 8 1.00 This study
Thailand

Reference value 50 0.84 0.105 UNSCEAR 2000

* Annual doses estimated using the factors in UNSCEAR (2000)
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Figure 1 Map of Namom District showing the sampling sites.
665‘000 67q000 675pOO 680900
7750001 1775000
770000 : ) r770000
"
% Q \& :x
7650001 X 765000
N 7 7 1
mECN i
L GR |
760000 T T T T 760000
665000 670000 675000 680000

107

Figure 2 Simplified geologic map of the Namom District, Songkhla Province. (53%3,

2527)
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Figure 3 Histograms showing the distribution of Ra-226 in all vegetables samples on

(a) linear scale and‘ (b) log spale.
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Figure 4 Specific activity of Ra-226 in different type of vegetables at the position
of sampling sites. Different symbol colors and sizes indicate the interval of Ra-226
concentration. Different types of vegetable are separately shown; (a) Ivy Gourd, (b)
Yellow Cassia, (c) White Popinac, (d) Yard Long Bean, (e) Swamp Cabbage, (f)
Egg Plant, (g) Rice and (h) Peanut.
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Figure 5 Specific activity of Ra-226 in vegetables at the position of sampling sites.
the
concentration are separately shown; (a) specific activities > 500 mBg/kg (b) >1000

mBg/kg and (¢) > 2000 mBg/kg.
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Figure 6 Box Whisker plot showing the specific activities of Ra-226 in different types
of vegetable in Namom District, Songkhla Province.
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Figure 7 Histograms showing the specific activities of Ra-226 in different types of
vegetable in Namom District, comparing with those in Bang Klam District, Songkhla
Province.
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Figure 8 Radiation risk factor for different types of vegetable grown in Namom
district.



