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Abstract
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Natural radioactivity in the area of Nakhon Si Thammarat Province
Songklanakarin J. Sci. Technol., 2007, 29(4) : 1183-1198

This research work aims to study the specific activity of natural radioactivity in soil, rock, construct-
ion sand and shallow well water samples in 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) Bq/kg, 12 to 236 (mean 88±23) Bq/kg
and 21 to 1191 (mean 524±127) Bq/kg, in rock samples ranged from 11 to 113 (mean 46±14) Bq/kg, 3 to 113
(mean 47±16) Bq/kg and 18 to 1305 (mean 472±187) Bq/kg, in sand samples ranged from 3 to 91 (mean 42±5)
Bq/kg, 14 to 91 (mean 50±5) Bq/kg and 102 to 966 (mean 509±57) Bq/kg, respectively. The radium equivalent
activity of soil samples in 2 districts was found to be higher than 370 Bq/kg. The radiation hazard indices
calculated for assessment of the radiation hazards arising due to the use of these rock and sand samples in the
construction of dwellings were within the safety limits recommended by UNSCEAR. The mean estimated
outdoor dose rates in soil and rock samples were 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) mBq/l. Only one water sample from Muang District had the Ra-226
specific activity of 179 mBq/l, which was higher than the maximum contaminant level (111 mBq/l).

Key words : natural radioactivity, radium-226, soil, rock, construction sand, shallow well water,
gamma-ray spectrometer
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ß“π«‘®—¬π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“°—¡¡—πµ¿“æ√—ß ’∏√√¡™“µ‘„πæ◊Èπ∑’Ë®.π§√»√’∏√√¡√“™ ‚¥¬‡°Á∫µ—«Õ¬à“ß¥‘π

À‘π ∑√“¬ ·≈–πÈ”∫àÕµ◊Èπ √«¡ 161 µ—«Õ¬à“ß «‘‡§√“–Àå¥â«¬‡∑§π‘§ ‡ª°‚µ√‡¡µ√’√—ß ’·°¡¡“  º≈°“√«‘®—¬æ∫«à“§à“

°—¡¡—πµ¿“æ®”‡æ“–¢Õß‡√‡¥’¬¡-226, ∑Õ‡√’¬¡-232 ·≈–‚æ·∑ ‡´’¬¡-40 „πµ—«Õ¬à“ß¥‘π Õ¬Ÿà„π™à«ß 8-203 (‡©≈’Ë¬

96±18) Bq/kg, 12-236 (‡©≈’Ë¬ 88±23) Bq/kg ·≈– 21-1191 (‡©≈’Ë¬ 524±127) Bq/kg µ“¡≈”¥—∫ „πµ—«Õ¬à“ßÀ‘π¡’§à“

Õ¬Ÿà„π™à«ß 11-113 (‡©≈’Ë¬ 46±14) Bq/kg, 3-113 (‡©≈’Ë¬ 47±16) Bq/kg ·≈– 18-1305 (‡©≈’Ë¬ 472±187) Bq/kg µ“¡

≈”¥—∫ „πµ—«Õ¬à“ß∑√“¬¡’§à“Õ¬Ÿà„π™à«ß 3-91 (‡©≈’Ë¬ 42±5) Bq/kg, 14-91 (‡©≈’Ë¬ 50±5) Bq/kg ·≈– 102-966 (‡©≈’Ë¬

509±57) Bq/kg µ“¡≈”¥—∫ §à“°—¡¡—πµ¿“æ ¡¡Ÿ≈‡√‡¥’¬¡¢Õß¥‘π„π 2 Õ”‡¿Õ¡’§à“ Ÿß°«à“ 370 Bq/kg ‡¡◊ËÕª√–‡¡‘π

§«“¡‡ ’Ë¬ß°“√‰¥â√—∫ —¡º— √—ß ’¢Õßª√–™“™π¥â«¬§à“¥—™π’«—¥§«“¡‡ ’Ë¬ß√—ß ’∑’Ë‰¥â√—∫®“°¿“¬πÕ°√à“ß°“¬ (H
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) ·≈–

¿“¬„π√à“ß°“¬ (H
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) ®“°°“√„™â«— ¥ÿ„π°“√°àÕ √â“ß∫â“π‡√◊Õπ æ∫«à“ µ—«Õ¬à“ßÀ‘π ·≈–∑√“¬ ¡’§à“ H

ex
 ·≈–§à“ H

in
 ‰¡à

‡°‘π√–¥—∫ª≈Õ¥¿—¬ °“√ª√–‡¡‘πª√‘¡“≥√—ß ’¥Ÿ¥°≈◊π„πÕ“°“» ”À√—∫¿“¬πÕ°Õ“§“√∫â“π‡√◊Õπ¢Õßµ—«Õ¬à“ß¥‘π·≈–À‘π

æ∫«à“ ¡’§à“‡©≈’Ë¬‡∑à“°—∫ 119±23 ·≈– 70±21 nGy/h µ“¡≈”¥—∫  °“√ª√–‡¡‘πª√‘¡“≥√—ß ’¥Ÿ¥°≈◊π„πÕ“°“» ”À√—∫

¿“¬„πÕ“§“√∫â“π‡√◊Õπ¢Õßµ—«Õ¬à“ß∑√“¬ æ∫«à“ ¡’§à“‡©≈’Ë¬‡∑à“°—∫ 134±9 nGy/h ·≈–®“°°“√À“§à“°—¡¡—πµ¿“æ®”‡æ“–

¢Õß‡√‡¥’¬¡-226 „ππÈ”∫àÕµ◊Èπ æ∫«à“ ¡’§à“Õ¬Ÿà„π™à«ß 2-179 mBq/l (‡©≈’Ë¬ 17±7 mBq/l) ‚¥¬¡’µ—«Õ¬à“ßπÈ”∫àÕµ◊Èπ 1 µ—«

Õ¬à“ß®“°Õ.‡¡◊Õß ∑’Ë¡’§à“°—¡¡—πµ¿“æ®”‡æ“–¢Õß‡√‡¥’¬¡-226 ‡∑à“°—∫ 179 mBq/l ´÷Ëß Ÿß°«à“§à“√–¥—∫ªπ‡ªóôÕπ Ÿß ÿ¥∑’Ë

¬Õ¡√—∫‰¥â (111 mBq/l)

„π™’«‘µª√–®”«—π¡πÿ…¬å‰¥â√—∫ —¡º— °—¡¡—πµ¿“æ√—ß ’
®“°∏√√¡™“µ‘∑’Ë¡’Õ¬Ÿà∑—Èß¿“¬„π·≈–¿“¬πÕ°√à“ß°“¬ °“√‰¥â√—∫
 —¡º— √—ß ’®“°¿“¬πÕ° (external exposure) ¡“®“°·À≈àß
°”‡π‘¥√—ß ’∑’Ë¡’Õ¬Ÿà„π∏√√¡™“µ‘∑—Èß„π¥‘π À‘π ·≈–®“°√—ß ’
§Õ ¡‘°®“°πÕ°‚≈°∑’Ë·ºà‡¢â“¡“¬—ß™—Èπ∫√√¬“°“»¢Õß‚≈°
°“√‰¥â√—∫ —¡º— °—¡¡—πµ¿“æ√—ß ’®“°¿“¬„π (internal
exposure) ¡“®“°π‘«‰§≈¥å°—¡¡—πµ√—ß ’∑’Ë¡’„πÕ“À“√ „ππÈ”∑’Ë
∫√‘‚¿§‡¢â“‰ª ·≈–„πÕ“°“»  °—¡¡—πµ¿“æ√—ß ’„π¥‘π¡“®“°
Õπÿ°√¡°—¡¡—πµ√—ß ’¬Ÿ‡√‡π’¬¡ ∑Õ‡√’¬¡·≈–‚æ·∑ ‡´’¬¡„π
∏√√¡™“µ‘ (Singh et al., 2005)  ‚¥¬¡’ U-238 ·≈–
∑Õ‡√’¬¡-232 ‡ªìππ‘«‰§≈¥å·¡à¢ÕßÕπÿ°√¡¬Ÿ‡√‡π’¬¡·≈–
∑Õ‡√’¬¡ µ“¡≈”¥—∫  º≈°√–∑∫®“°π‘«‰§≈¥å°—¡¡—πµ√—ß ’
‡À≈à“π’È‡°‘¥¢÷Èπ‡π◊ËÕß®“°π‘«‰§≈¥å°—¡¡—πµ√—ß ’®–¡’°“√ ≈“¬µ—«
„Àâ√—ß ’·Õ≈ø“ ∫’µ“ ·≈–·°¡¡“ ́ ÷Ëß‡ªìπ√—ß ’∑’Ë°àÕ„Àâ‡°‘¥‰ÕÕÕπ
(ionizing radiation) ¡’º≈°√–∑∫µàÕ ‘Ëß¡’™’«‘µ§◊Õ ‡¡◊ËÕ¡’
°“√‰¥â√—∫ —¡º— √—ß ’‡¢â“ Ÿà√à“ß°“¬®–∑”„ÀâÕ–µÕ¡À√◊Õ‚¡‡≈°ÿ≈
¡’°“√·µ°µ—« ´÷ËßÕ“®∑”„Àâ‡´≈≈å·≈–√–∫∫°“√∑”ß“π¢Õß

‡´≈≈å‡ª≈’Ë¬π·ª≈ß‰ª®π‡°‘¥Õ“°“√º‘¥ª°µ‘„π√à“ß°“¬ °“√‰¥â
√—∫ —¡º— √—ß ’®“°∏√√¡™“µ‘¥—ß°≈à“«·¡â®–¡’ª√‘¡“≥‰¡à Ÿß¡“°
π—° ·µàÀ“°‡ªìπ°“√‰¥â√—∫ —¡º— Õ¬à“ßµàÕ‡π◊ËÕß‡ªìπ√–¬–‡«≈“
π“πÀ≈“¬ ‘∫ªï °ÁÕ“® àßº≈°√–∑∫„π∑“ß≈∫µàÕ ÿ¢¿“æ‰¥â
‡π◊ËÕß®“°‰¡à¡’¢’¥‡√‘Ë¡„¥Ê „π°“√‰¥â√—∫ —¡º— √—ß ’·≈â«‰¡à‡°‘¥
º≈°√–∑∫µàÕ ÿ¢¿“æ °“√‰¥â√—∫ —¡º— √—ß ’ª√‘¡“≥ Ÿß¢÷Èπ °Á¬‘Ëß
‰ª‡æ‘Ë¡‚Õ°“ ∑’Ë®–‡°‘¥º≈°√–∑∫µàÕ ÿ¢¿“æ¡“°¢÷Èπ‡ªìπ
 —¥ à«π°—π  ¥—ßπ—Èπ®÷ß‡ªìπ‡√◊ËÕß ”§—≠∑’Ë®–µâÕßµ√«®«—¥§à“
°—¡¡—πµ¿“æ®”‡æ“–¢Õßπ‘«‰§≈¥å°—¡¡—πµ√—ß ’∏√√¡™“µ‘ ‡æ◊ËÕ
„™â„π°“√ª√–‡¡‘π°“√‰¥â√—∫ —¡º— °—¡¡—πµ¿“æ√—ß ’¢Õßª√–™“™π
·≈–µ√«® Õ∫√–¥—∫§«“¡ª≈Õ¥¿—¬®“°√—ß ’

°—¡¡—πµ¿“æ√—ß ’„π∏√√¡™“µ‘æ∫‰¥â∑—Ë«‰ª„π ‘Ëß·«¥≈âÕ¡
∑—Èß„π¥‘π À‘π æ◊™ πÈ” ·≈–Õ“°“» (Malanca et al., 1996)
¥—ßπ—Èπ°“√‰¥â√—∫ —¡º— √—ß ’®“°¿“¬πÕ°¢Õßª√–™“°√‚≈°‚¥¬
 à«π„À≠à®÷ ß ‡ªìπº≈¡“®“°°“√·ºà √— ß ’®“°∏√√¡™“µ‘
(UNSCEAR, 1988) º≈°“√ª√–‡¡‘πª√‘¡“≥√—ß ’‡©≈’Ë¬µàÕªï
∑’Ë¡πÿ…¬å‰¥â√—∫ —¡º— ®“°·À≈àß°”‡π‘¥√—ß ’∏√√¡™“µ‘ æ∫«à“¡’
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ª√’¥“  π«≈®√‘ß ·≈–§≥–1185

§à“ª√–¡“≥ 2.4 mSv (UNSCEAR, 2000) ·∫àß‡ªìπ°“√
‰¥â√—∫ —¡º— √—ß ’®“°√—ß ’§Õ ¡‘° 0.4 mSv ®“°°“√·ºà√—ß ’
¢Õßπ‘«‰§≈¥å°—¡¡—πµ√—ß ’∑’Ë¡’Õ¬Ÿà„π‚≈° 0.5 mSv ®“°°“√
À“¬„®‚¥¬°“√ Ÿ¥‡Õ“‡√¥Õπ·≈–π‘«‰§≈¥å≈Ÿ°∑’Ë‡°‘¥®“°°“√
 ≈“¬µ—«¢Õß‡√¥Õπ‡¢â“ Ÿà√à“ß°“¬ 1.2 mSv ·≈–®“°Õ“À“√
·≈–πÈ”∑’Ë‡√“∫√‘‚¿§‡¢â“‰ª 0.3 mSv

 ”À√—∫„πª√–‡∑»‰∑¬ º≈°“√µ√«®«—¥Õ—µ√“ª√‘¡“≥
√—ß ’¥Ÿ¥°≈◊π‡©≈’Ë¬„πÕ“°“»®“°·À≈àß°”‡π‘¥√—ß ’∏√√¡™“µ‘¢Õß
‚≈° (terrestrial gamma radiation) ¡’§à“‡∑à“°—∫ 77 ·≈–
48 nGy/h  ”À√—∫¿“¬πÕ° (outdoor) ·≈–¿“¬„π (indoor)
Õ“§“√∫â“π‡√◊Õπ µ“¡≈”¥—∫ (UNSCEAR, 2000) ∑—Èßπ’È°“√
‰¥â√—∫ —¡º— ª√‘¡“≥√—ß ’®“°¿“¬πÕ°∑’Ë·µ°µà“ß°—π ¢÷ÈπÕ¬Ÿà°—∫
§à“°—¡¡—πµ¿“æ®”‡æ“–¢Õßπ‘«‰§≈¥å°—¡¡—πµ√—ß ’„πÕπÿ°√¡
U-238, Õπÿ°√¡ ∑Õ‡√’¬¡-232 ·≈–‚æ·∑ ‡´’¬¡-40 ∑’Ë¡’
Õ¬Ÿà„π¥‘π  À‘π  µ“¡≈—°…≥–∑“ß∏√≥’«‘∑¬“„πæ◊Èπ∑’Ëπ—ÈπÊ
(Quindos et al., 1994)

®“°√“¬ß“π°“√«‘®—¬º≈°“√µ√«®«—¥ª√‘¡“≥¬Ÿ‡√‡π’¬¡
 ¡¡Ÿ≈ (equivalent uranium) ¢ÕßÀ‘π·°√π‘µ„πæ◊Èπ∑’Ë¿“§
„µâ¢Õßª√–‡∑»‰∑¬ (Ishihara, 1980) æ∫«à“ À‘π·°√π‘µ∑’Ë
‡¢“°√–™àÕß¡’§à“§«“¡‡¢â¡¢âπ 11 ppm ∑’Ë Õ.‡¡◊Õß ®. ß¢≈“
¡’§à“ 18 ppm ·≈–®“°°“√µ√«®«—¥ª√‘¡“≥¬Ÿ‡√‡π’¬¡„πÀ‘π

™π‘¥µà“ßÊ „πæ◊Èπ∑’Ë ®. ß¢≈“ æ—∑≈ÿß ·≈– ªíµµ“π’ ( ÿ¢ «— ¥‘Ï,
2537) æ∫«à“ ¡’ª√‘¡“≥¬Ÿ‡√‡π’¬¡ ¡¡Ÿ≈‡©≈’Ë¬ ”À√—∫À‘π
·°√π‘µ‡∑à“°—∫ 18.43±4.81 ppm À‘πªŸπ 3.12±2.83 ppm
À‘π¥‘π¥“π 17.97±3.53 ppm ·≈–À‘π∑√“¬ 1.28±3.83
ppm ‡¡◊ËÕ∑”°“√‡ª√’¬∫‡∑’¬∫ª√‘¡“≥¬Ÿ‡√‡π’¬¡„πÀ‘π·°√π‘µ
∑’Ë¡’§à“ 18.43 ppm °—∫ª√‘¡“≥¬Ÿ‡√‡π’¬¡„πÀ‘π·°√π‘µ∑—Ë«‰ª
∑’Ë¡’§à“‡∑à“°—∫ 4.8 ppm æ∫«à“¡’§à“ Ÿß°«à“∂÷ß 4 ‡∑à“ ´÷Ëß
· ¥ß„Àâ‡ÀÁπ«à“À‘π·°√π‘µ„πæ◊Èπ∑’Ë¿“§„µâ¡’§à“§«“¡‡¢â¡¢âπ
¬Ÿ‡√‡π’¬¡ Ÿß°«à“À‘π·°√π‘µ∑—Ë«‰ª¡“°

®“°°“√«‘‡§√“–Àå·ºπ∑’Ë°—¡¡—πµ¿“æ√—ß ’∑“ßÕ“°“»
(DMR, 1989) æ∫«à“ ¡’∫“ßæ◊Èπ∑’Ë„π ®.π§√»√’∏√√¡√“™ ¡’
§à“§«“¡‡¢â¡¢âπ¬Ÿ‡√‡π’¬¡ ¡¡Ÿ≈∑’Ëº‘«¥‘π Ÿß°«à“ 4 ppm (Figure
1) ´÷Ëß Ÿß°«à“§à“‡©≈’Ë¬‡√¢“§≥‘µ (geometrical mean) ¢Õß
§«“¡‡¢â¡¢âπ¬Ÿ‡√‡π’¬¡ ¡¡Ÿ≈∑’Ëº‘«¥‘π∑—Ë«ª√–‡∑»‰∑¬∑’Ë¡’§à“
‡∑à“°—∫ 2.1 ppm (‰µ√¿æ ºàÕß ÿ«√√≥, µ‘¥µàÕ à«πµ—«) ´÷Ëß
Õ“®∑”„Àâª√–™“™π∑’ËÕ“»—¬„πæ◊Èπ∑’Ë¥—ß°≈à“«¡’°“√‰¥â√—∫ —¡º— 
√—ß ’®“°∏√√¡™“µ‘ Ÿß°«à“„πæ◊Èπ∑’ËÕ◊Ëπ  ®“°¢âÕ¡Ÿ≈∑’Ë°≈à“«¡“
¢â“ßµâπ®÷ß‡ªìπ∑’Ë¡“¢Õß°“√»÷°…“°—¡¡—πµ¿“æ√—ß ’∏√√¡™“µ‘„π
æ◊Èπ∑’Ëπ’È

√“¬ß“π«‘®—¬π’È ‡ªìπº≈°“√»÷°…“°—¡¡—πµ¿“æ√—ß ’
∏√√¡™“µ‘„πæ◊Èπ∑’Ë®.π§√»√’∏√√¡√“™ ‰¥â·°à ¬Ÿ‡√‡π’¬¡ ¡¡Ÿ≈

Figure 1. Color map showing the concentration of equivalent uranium at ground surface in
Nakhon Si Thammarat Province. (Modified from DMR, 1989)

(Color figure can be viewed in the electronic version)
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À√◊Õ‡√‡¥’¬¡-226 (Ra-226) ∑Õ‡√’¬¡ ¡¡Ÿ≈ À√◊Õ∑Õ‡√’¬¡-
232 (Th-232) ·≈–‚æ·∑ ‡´’¬¡-40 (K-40) „πµ—«Õ¬à“ß
¥‘π À‘π ·≈–∑√“¬°àÕ √â“ß √«¡∑—Èß«‘‡§√“–Àåª√‘¡“≥‡√‡¥’¬¡-
226 „ππÈ”∫àÕµ◊Èπ ‚¥¬„™â‡§√◊ËÕß«‘‡§√“–Àå ‡ª°µ√—¡√—ß ’·°¡¡“
æ◊Èπ∑’Ë»÷°…“ª√–°Õ∫¥â«¬ 6 Õ”‡¿Õ 2 °‘ËßÕ”‡¿Õ ‰¥â·°à Õ.‡¡◊Õß
Õ.©«“ß  °‘ËßÕ.™â“ß°≈“ß  Õ.≈“π °“  Õ.∂È”æ√√≥√“  Õ.æ‘ªŸπ
Õ.æ√À¡§’√’ ·≈–°‘Ëß Õ.π∫æ‘µ” ´÷Ëß¡’≈—°…≥–∑“ß∏√≥’«‘∑¬“
¢ÕßÀ‘πª√–°Õ∫¥â«¬À‘π·°√π‘µ¡À“¬ÿ§¡’‚´‚´Õ‘°„π∫√‘‡«≥
µÕπ°≈“ß«“ßµ—«Õ¬Ÿà„π·π«‡Àπ◊Õ„µâ ¥â“π∑‘»µ–«—πµ°
ª√–°Õ∫¥â«¬À‘πªŸπ¬ÿ§ÕÕ‚¥«‘‡™’¬π µ–°Õπ¬ÿ§§«Õ‡∑Õ√åπ“√’
·≈–À‘π¥‘π¥“π¬ÿ§§“√å∫Õπ‘‡øÕ√—   à«π¥â“π∑‘»µ–«—πÕÕ°
ª√–°Õ∫¥â«¬µ–°Õπ§«Õ‡∑Õ√åπ“√’ ´÷Ëß«“ßµ—«‡ªìπ·π«°«â“ß

«— ¥ÿ Õÿª°√≥å·≈–«‘∏’°“√«‘®—¬

1. °“√‡°Á∫µ—«Õ¬à“ß

‡°Á∫µ—«Õ¬à“ß¥‘π„µâ™—ÈπÀπâ“¥‘π ‚¥¬¢ÿ¥≈÷°®“°º‘«¥‘π≈ß
‰ªª√–¡“≥ 15 cm ®”π«π 26 µ—«Õ¬à“ß µ—«Õ¬à“ßÀ‘π‡°Á∫
®“°À‘π‚º≈à„πæ◊Èπ∑’Ë»÷°…“ ®”π«π 18 µ—«Õ¬à“ß µ—«Õ¬à“ß∑√“¬
°àÕ √â“ß ‡°Á∫®“°®ÿ¥∑’Ë°”≈—ß¡’°“√°àÕ √â“ß∫â“π‡√◊Õπ ®”π«π
62 µ—«Õ¬à“ß ·≈–µ—«Õ¬à“ßπÈ”®“°∫àÕµ◊Èπ®”π«π 55 ∫àÕ ´÷Ëß
„π·µà≈–®ÿ¥®–‡°Á∫πÈ”®”π«π 20 L §√Õ∫§≈ÿ¡æ◊Èπ∑’Ë»÷°…“
Figure 2 · ¥ßµ”·Àπàßæ‘°—¥¿Ÿ¡‘»“ µ√å¢Õß®ÿ¥‡°Á∫µ—«Õ¬à“ß

µ√«® Õ∫¥â«¬‡§√◊ËÕß∫Õ°æ‘°—¥¿Ÿ¡‘»“ µ√å¥â«¬¥“«‡∑’¬¡
(Trimble Navigator, Basic Plus, USA)

2. °“√‡µ√’¬¡µ—«Õ¬à“ß¥‘π À‘π ∑√“¬°àÕ √â“ß ·≈–πÈ”∫àÕ

µ◊Èπ

π”µ—«Õ¬à“ß¥‘π ·≈–∑√“¬°àÕ √â“ß¡“∑”°“√§—¥·¬°
¢¬–ÕÕ°®“°µ—«Õ¬à“ß ·≈–π”‰ªÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 100C ‡ªìπ
‡«≈“ 10 h ‡æ◊ËÕ°”®—¥§«“¡™◊Èπ  à«πµ—«Õ¬à“ßÀ‘π®–∑”°“√∫¥
≈–‡Õ’¬¥°àÕπ®–π”‡¢â“µŸâÕ∫ «“ßµ—«Õ¬à“ß∑‘Èß‰«â„Àâ‡¬Áπ°àÕπ®–
π”‰ª√àÕπºà“πµ–·°√ß ‡æ◊ËÕ„Àâ‰¥âµ—«Õ¬à“ß∑’Ë¡’¢π“¥„°≈â‡§’¬ß
°—π  ®“°π—Èπ®–π”µ—«Õ¬à“ß∫√√®ÿ„ à°√–ªÿ° ™—ËßπÈ”Àπ—° ·≈–
ªî¥Ω“„Àâ π‘∑

π”µ—«Õ¬à“ßπÈ”∫àÕµ◊Èπ®”π«π 20 L ¡“ºà“πÕÿª°√≥å
®—∫‡√‡¥’¬¡„ππÈ”∑’Ë¿“¬„π∫√√®ÿ “√®—∫‡√‡¥’¬¡„ππÈ” ( ÿ¿—∑√,
2547; ®‡√, 2548) ‚¥¬„Àâµ—«Õ¬à“ßπÈ”ºà“π “√®—∫‡√‡¥’¬¡
¥â«¬Õ—µ√“ 2 L/min ®“°π—Èπ∫√√®ÿ “√®—∫‡√‡¥’¬¡∑’Ë‡µ√’¬¡‰¥â
≈ß„π°√–ªÿ°æ≈“ µ‘° ªî¥ºπ÷°°√–ªÿ°µ—«Õ¬à“ß„Àâ π‘∑ ‡æ◊ËÕ
‡µ√’¬¡«—¥√—ß ’·°¡¡“¢Õß‡√‡¥’¬¡-226 ¥â«¬‡§√◊ËÕß ‡ª°‚µ√-
¡‘‡µÕ√å√—ß ’·°¡¡“

3. °“√«‘‡§√“–Àå ‡ª°µ√—¡√—ß ’·°¡¡“¢Õßµ—«Õ¬à“ß

 ‡ª°µ√—¡√—ß ’·°¡¡“¢Õßµ—«Õ¬à“ß¥‘π À‘π ·≈–∑√“¬
°àÕ √â“ß®–∂Ÿ°«—¥¥â«¬‡§√◊ËÕß ‡ª°‚µ√¡‘‡µÕ√å√—ß ’·°¡¡“ ∑’Ë„™â

Figure 2. Boundary map of Nakhon Si Thammarat Province showing the study area and
the sampling sites.



«.  ß¢≈“π§√‘π∑√å «∑∑.
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°—¡¡—πµ¿“æ√—ß ’∏√√¡™“µ‘„πæ◊Èπ∑’Ë®—ßÀ«—¥π§√»√’∏√√¡√“™

ª√’¥“  π«≈®√‘ß ·≈–§≥–1187

À—««—¥º≈÷°‚´‡¥’¬¡‰Õ‚Õ‰¥µå (Gammadata, Model GDM
10, Sweden) ‚¥¬À—««—¥Õ¬Ÿà¿“¬„π∂È”µ–°—Ë«°”∫—ß√—ß ’¿Ÿ¡‘À≈—ß
Àπ“ 10 cm °“√ª√—∫‡∑’¬∫¡“µ√∞“π‡æ◊ËÕÀ“§à“°—¡¡—πµ¿“æ
®”‡æ“–¢Õß‡√‡¥’¬¡-226, ∑Õ‡√’¬¡-232 ·≈–‚æ·∑ ‡´’¬¡-
40  ∑”‚¥¬„™â “√Õâ“ßÕ‘ß¡“µ√∞“π¢Õß∑∫«ß°“√æ≈—ßß“π
ª√¡“≥Ÿ√–À«à“ßª√–‡∑» (International Atomic Energy
Agency, IAEA) ‰¥â·°à IAEA RGU-1 (IAEA, 1987),
IAEA RGTh-1 (IAEA, 1987) ·≈– KCl (Merck, USA)

„π°“√«‘‡§√“–Àå ‡ª°µ√—¡√—ß ’·°¡¡“∑’Ë‰¥â §à“°—¡¡—πµ-
¿“æ¢Õß¬Ÿ‡√‡π’¬¡ §”π«≥®“°¬Õ¥æ≈—ßß“π√—ß ’·°¡¡“¢Õß
Bi-214 ∑’Ëæ≈—ßß“π 1.76 MeV §à“°—¡¡—πµ¿“æ¢Õß∑Õ‡√’¬¡-
232 §”π«≥®“°¬Õ¥æ≈—ßß“π√—ß ’·°¡¡“¢Õß Tl-208 ∑’Ë
æ≈—ßß“π 2.62 MeV ·≈– ”À√—∫‚æ·∑ ‡´’¬¡-40 §”π«≥
®“°¬Õ¥æ≈—ßß“π 1.46 MeV  ·µà‡π◊ËÕß®“°„πµ—«Õ¬à“ß∑’Ë
»÷°…“¡—°®–¡’π‘«‰§≈¥å∑—Èß “¡√à«¡°—πÕ¬Ÿà„πª√‘¡“≥∑’Ëµà“ß°—π
´÷Ëß∑”„Àâ¡’°“√√∫°«π√—ß ’·°¡¡“´÷Ëß°—π·≈–°—π ®÷ßµâÕß∑”°“√
ª√—∫·°âº≈°“√√∫°«π√—ß ’·°¡¡“√–À«à“ßπ‘«‰§≈¥å∑—Èß “¡‚¥¬
„™â‡∑§π‘§ Compton Stripping (Chiozzi et al., 2000)

 ‡ª°µ√—¡√—ß ’·°¡¡“¢ÕßπÈ”∫àÕµ◊Èπ®–∂Ÿ°«—¥¥â«¬‡§√◊ËÕß
 ‡ª°‚µ√¡‘‡µÕ√å√—ß ’·°¡¡“∑’Ëµ‘¥µ—ÈßÀ—««—¥ HPGe (Canberra,
Model GC1319, USA) ´÷ËßÕ¬Ÿà¿“¬„π∂È”µ–°—Ë«°”∫—ß√—ß ’
¿Ÿ¡‘À≈—ß (Canberra, Model 747, USA)  À—««—¥¡’
ª√– ‘∑∏‘¿“æ —¡æ—∑∏å 13.9% ·≈–¡’°”≈—ß·¬° 1.75 keV ∑’Ë
æ≈—ßß“π√—ß ’·°¡¡“¢Õß‚§∫Õ≈µå-60 ∑’Ë 1332 keV ·≈–¡’
Õ—µ√“ à«π√–À«à“ß¬Õ¥æ≈—ßß“πµàÕ∞“π§Õ¡æåµ—π 44.8 : 1

°“√«‘‡§√“–Àå§à“°—¡¡—πµ¿“æ¢Õß‡√‡¥’¬¡-226 §”π«≥
®“°¬Õ¥æ≈—ßß“π√—ß ’·°¡¡“¢Õß‡√‡¥’¬¡-226 ∑’Ëæ≈—ßß“π
186.2 keV „™â‡«≈“«—¥√—ß ’ 21600 s ‚¥¬‰¥â∑”°“√ª√—∫
‡∑’¬∫¡“µ√∞“π√–∫∫ ‡ª°‚µ√¡‘‡µÕ√å√—ß ’·°¡¡“∑’Ë„™â„π°“√
«‘‡§√“–Àå‡√‡¥’¬¡-226 ∑’Ë¬Õ¥æ≈—ßß“π 186.2 keV ¥â«¬ “√
Õâ“ßÕ‘ß¡“µ√∞“π IAEA RGU-1 ‚¥¬¡’§à“ª√– ‘∑∏‘¿“æ
‡∑à“°—∫ 0.057430 cps/Bq §à“ª√– ‘∑∏‘¿“æ∑’Ë‰¥âπ’È®–„™â„π
°“√§”π«≥§à“°—¡¡—πµ¿“æ¢Õß‡√‡¥’¬¡-226 „π “√µ—«Õ¬à“ß
µàÕ‰ª

§à“°—¡¡—πµ¿“æµË” ÿ¥∑’Ë “¡“√∂µ√«®«—¥‰¥â À√◊Õ§à“¢’¥
®”°—¥¢Õß°“√«—¥ (the detection limit; Ln) ¢Õß√–∫∫
 ‡ª°‚µ√¡‘‡µÕ√å√—ß ’·°¡¡“∑’Ë„™â„π°“√»÷°…“§√—Èßπ’È  §”π«≥
®“° Ÿµ√¢Õß Rybach (1988)  ”À√—∫√–∫∫«—¥∑’Ë„™âÀ—««—¥

NaI(Tl) ¡’§à“¢’¥®”°—¥¢Õß°“√«—¥‡∑à“°—∫ 11, 4 ·≈– 3 Bq
 ”À√—∫‚æ·∑ ‡´’¬¡-40 ¬Ÿ‡√‡π’¬¡ ¡¡Ÿ≈ ·≈–∑Õ‡√’¬¡ ¡¡Ÿ≈
µ“¡≈”¥—∫   à«π√–∫∫∑’Ë„™âÀ—««—¥ HPGe ¡’§à“¢’¥®”°—¥¢Õß
°“√«—¥‡√‡¥’¬¡-226 ‡∑à“°—∫ 19 mBq

4. °—¡¡—πµ¿“æ ¡¡Ÿ≈‡√‡¥’¬¡

§à“°—¡¡—πµ¿“æ ¡¡Ÿ≈‡√‡¥’¬¡ (radium equivalent
activity; Ra

eq
) ‡ªìπ§à“º≈√«¡∂à«ßπÈ”Àπ—°¢Õß°—¡¡—πµ¿“æ

√—ß ’¢Õß∑—Èß 3 π‘«‰§≈¥å ®“°°“√»÷°…“æ∫«à“‡√‡¥’¬¡-226 ∑’Ë
¡’°—¡¡—πµ¿“æ 370 Bq/kg ®–„Àâ§à“Õ—µ√“ª√‘¡“≥√—ß ’‡∑’¬∫‡∑à“
∑Õ‡√’¬¡-232 °—¡¡—πµ¿“æ 259 Bq/kg À√◊Õ‚æ·∑ ‡´’¬¡-
40 °—¡¡—πµ¿“æ 4810 Bq/kg §à“°—¡¡—πµ¿“æ ¡¡Ÿ≈‡√‡¥’¬¡
§”π«≥‰¥â®“° ¡°“√ (1)

Ra
eq

= 370
A

Ra

370
+

A
Th

259
+

A
K

4810





 (1)

‡¡◊ËÕ A
Ra
, A

Th
 ·≈– A

K
 §◊Õ §à“°—¡¡—πµ¿“æ®”‡æ“–„πÀπà«¬

Bq/kg ¢Õß‡√‡¥’¬¡-226 ∑Õ‡√’¬¡-232 ·≈–‚æ·∑ ‡´’¬¡-
40 µ“¡≈”¥—∫

5. Õ—µ√“ª√‘¡“≥√—ß ’¥Ÿ¥°≈◊π„πÕ“°“»

5.1 Õ—µ√“ª√‘¡“≥√—ß ’¥Ÿ¥°≈◊π„πÕ“°“» ”À√—∫

¿“¬πÕ°Õ“§“√∫â“π‡√◊Õπ

Õ—µ√“ª√‘¡“≥√—ß ’¥Ÿ¥°≈◊π„πÕ“°“» À√◊Õ‚¥ ®“°
·À≈àß°”‡π‘¥√—ß ’∏√√¡™“µ‘¢Õß‚≈°  ”À√—∫¿“¬πÕ°Õ“§“√
∫â“π‡√◊Õπ ∑’Ë«—¥‡Àπ◊Õæ◊Èπ¥‘π 1 ‡¡µ√  §”π«≥®“°§à“
°—¡¡—πµ¿“æ®”‡æ“–¢Õß‡√‡¥’¬¡-226  ∑Õ‡√’¬¡-232  ·≈–
‚æ·∑ ‡´’¬¡-40 ‚¥¬ ¡¡µ‘«à“π‘«‰§≈¥å°—¡¡—πµ√—ß ’™π‘¥Õ◊Ëπ∑’Ë
¡’Õ¬Ÿà„π∏√√¡™“µ‘¡’§à“πâÕ¬¡“°®π “¡“√∂≈–∑‘Èß‰¥â (Kocher
and Sjoreen, 1985)  “¡“√∂§”π«≥‚¥ ‰¥â®“° ¡°“√ (2)
(UNSCEAR, 2000)

D(nGy / h) = 0.462A
Ra

+ 0.604A
Th

+ 0.0417A
K

(2)

5.2 Õ—µ√“ª√‘¡“≥√—ß ’¥Ÿ¥°≈◊π„πÕ“°“» ”À√—∫

¿“¬„πÕ“§“√∫â“π‡√◊Õπ

Õ—µ√“ª√‘¡“≥√—ß ’¥Ÿ¥°≈◊π„πÕ“°“» À√◊Õ‚¥ 
 ”À√—∫¿“¬„πÕ“§“√∫â“π‡√◊Õπ ∑’Ë«—¥®“°°“√Õ“»—¬Õ¬Ÿà¿“¬„π
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∫â“π À√◊Õ¿“¬„πÕ“§“√∑’Ë √â“ß¥â«¬«— ¥ÿ°àÕ √â“ß∑’Ë¡’π‘«‰§≈¥å
°—¡¡—πµ√—ß ’ª–ªπÕ¬Ÿà §”π«≥§à“‚¥ ‰¥â®“°§à“°—¡¡—πµ¿“æ
®”‡æ“–¢Õß‡√‡¥’¬¡-226 ∑Õ‡√’¬¡-232 ·≈–‚æ·∑ ‡ ’́¬¡-40
∑’Ë¡’„π«— ¥ÿ°àÕ √â“ß ®“° ¡°“√ (3) (EC, 1999)

D(nGy / h) = 0.92A
Ra

+1.1A
Th

+ 0.08A
K

(3)

6. ¥—™π’§«“¡‡ ’Ë¬ßÕ—πµ√“¬®“°√—ß ’¿“¬πÕ°·≈–¿“¬„π

√à“ß°“¬

§à“¥—™π’§«“¡‡ ’Ë¬ßÕ—πµ√“¬®“°√—ß ’∑’Ë‰¥â√—∫®“°¿“¬
πÕ°√à“ß°“¬ (external hazard index; H

ex
) ‚¥¬°—¡¡—πµ-

¿“æ√—ß ’∑’Ë‰¥â√—∫®“°¿“¬πÕ° à«π„À≠à®–‡ªìπ√—ß ’·°¡¡“∑’Ë¡’
Õ”π“®∑–≈ÿ∑–≈«ß Ÿß´÷Ëß¡“®“°·À≈àß°”‡π‘¥∏√√¡™“µ‘  §à“
H

ex
 §”π«≥‰¥â®“° ¡°“√ (4) (Beretka and Mathew,

1985)  ¡°“√π’È‡ªìπ√Ÿª·∫∫®”≈Õß¢Õß°“√‰¥â√—∫Õ—πµ√“¬
®“°√—ß ’®“°¿“¬πÕ° ‡¡◊ËÕ„™â«— ¥ÿ®“°∏√√¡™“µ‘ ‡™àπ À‘π ∑√“¬
¡“„™â„π°“√°àÕ √â“ß∫â“π‡√◊Õπ ‚¥¬√Ÿª·∫∫®”≈Õßπ’È®– ¡¡µ‘
«à“∫â“π∑’Ë°àÕ √â“ß¡’ºπ—ßÀπ“¡“° ‰¡à¡’Àπâ“µà“ß·≈–ª√–µŸ
(Krieger, 1981)

H
ex

=
A

Ra

370
+

A
Th

259
+

A
K

4810
(4)

‡¡◊ËÕ§à“ H
ex 

< 1.0 · ¥ß«à“ §«“¡‡ ’Ë¬ßÕ—πµ√“¬®“°√—ß ’¿“¬
πÕ°Õ¬Ÿà„π‡°≥±åª°µ‘ ‚¥¬∂â“ H

ex
 = 1.0 ºŸâ‰¥â√—∫ —¡º— √—ß ’

¿“¬πÕ°®–‰¥â√—∫ª√‘¡“≥√—ß ’¥Ÿ¥°≈◊π‡∑à“°—∫ 1.5 mGy/y
æÕ¥’ ·≈–∂â“ H

ex
 > 1.0 ºŸâÕ“»—¬„π∫â“π‡√◊Õπ¥—ß°≈à“«®–¡’

§«“¡‡ ’Ë¬ßÕ—πµ√“¬®“°°“√‰¥â√—∫ —¡º— √—ß ’®“°¿“¬πÕ° Ÿß
°«à“‡°≥±åª°µ‘ ‚¥¬„™â§à“π’È‡ªìπ‡°≥±å«à“‰¡à§«√®–π”«— ¥ÿ
‡À≈à“π’È¡“„™â„π°“√°àÕ √â“ß∫â“π‡√◊Õπ

§à“¥—™π’§«“¡‡ ’Ë¬ßÕ—πµ√“¬®“°√—ß ’∑’Ë‰¥â√—∫®“°¿“¬„π
√à“ß°“¬ (internal hazard index; H

in
) ¡“®“°°ä“´

°—¡¡—πµ√—ß ’‡√¥Õπ ∑Õ√Õπ ·≈–º≈º≈‘µ®“°°“√ ≈“¬µ—«„Àâ
√—ß ’·Õ≈ø“ ´÷Ëß‡ªìπÕ—πµ√“¬µàÕ√–∫∫À“¬„®   §”π«≥§à“
¥—ß°≈à“«‰¥â®“° ¡°“√ (5)

H
in

=
A

Ra

185
+

A
Th

259
+

A
K

4810
(5)

7. ª√‘¡“≥√—ß ’ª√– ‘∑∏‘º≈∑’Ë‰¥â√—∫µàÕªï

ª√‘¡“≥√—ß ’ª√– ‘∑∏‘º≈µàÕªï (annual effective

dose) ∑’Ë‰¥â√—∫®“°¿“¬πÕ°Õ“§“√∫â“π‡√◊Õπ  “¡“√∂À“‰¥â
®“°°“√·ª≈ßÕ—µ√“ª√‘¡“≥√—ß ’¥Ÿ¥°≈◊π„πÕ“°“» ‚¥¬„™â§à“
·ø°‡µÕ√å 0.7 Sv/Gy (UNSCEAR, 2000) ´÷Ëß„™â ”À√—∫
ª√–‡¡‘π°“√‰¥â√—∫√—ß ’„πºŸâ„À≠à ‚¥¬§‘¥«à“§π‡√“Õ“»—¬Õ¬Ÿà¿“¬
πÕ°Õ“§“√∫â“π‡√◊Õπ§‘¥‡ªìπ 20% ¢Õß‡«≈“∑—ÈßÀ¡¥ §”π«≥
ª√‘¡“≥√—ß ’ª√– ‘∑∏‘º≈∑’Ë‰¥â√—∫µàÕªï‰¥â®“° ¡°“√ (6)

Annual effective dose(mSv) = absorbed dose rate

(mGy / h) ×8,760h × 0.2 × 0.7SvGy−1 (6)

ª√‘¡“≥√—ß ’ª√– ‘∑∏‘º≈µàÕªï∑’Ë‰¥â√—∫®“°¿“¬„πÕ“§“√
∫â“π‡√◊Õπ  “¡“√∂À“‰¥â®“°°“√·ª≈ßÕ—µ√“ª√‘¡“≥√—ß ’¥Ÿ¥
°≈◊π„πÕ“°“» ‚¥¬„™â§à“·ø°‡µÕ√å 0.7 Sv/Gy ‡™àπ‡¥’¬«°—∫
°“√ª√–‡¡‘πª√‘¡“≥√—ß ’∑’Ë‰¥â√—∫®“°¿“¬πÕ°Õ“§“√∫â“π‡√◊Õπ
‚¥¬§‘¥«à“§π‡√“Õ“»—¬Õ¬Ÿà¿“¬„πÕ“§“√∫â“π‡√◊Õπ§‘¥‡ªìπ 80%
¢Õß‡«≈“∑—ÈßÀ¡¥ §”π«≥ª√‘¡“≥√—ß ’ª√– ‘∑∏‘º≈∑’Ë‰¥â√—∫µàÕªï
‰¥â®“° ¡°“√ (7)

Annual effective dose(mSv) = absorbed dose rate

(mGy / h) ×8,760h × 0.8 × 0.7SvGy−1 (7)

¡πÿ…¬å‡√“§«√‰¥â√—∫ —¡º— √—ß ’¿Ÿ¡‘À≈—ß®“°∏√√¡™“µ‘„Àâ
πâÕ¬∑’Ë ÿ¥ ‚¥¬µâÕß¡’§à“µË”°«à“¢’¥®”°—¥ª√‘¡“≥√—ß ’√“¬∫ÿ§§≈
 ”À√—∫§πß“π¥â“π√—ß ’ §◊Õ 100 mSv „π‡«≈“ 5 ªï  ”À√—∫
∫ÿ§§≈∑—Ë«‰ª §à“ª√‘¡“≥√—ß ’¢π“¥‡ ’Ë¬ß (committed dose)
∑’Ë‰¥â√—∫‰¡à§«√‡°‘π 0.1 mSv/y À√◊Õ‡∑à“°—∫ 1/10 ¢Õß
‡°≥±åª≈Õ¥¿—¬ (1 mSv/y; ICRP, 1991)

§à“ ∂‘µ‘∑’Ë„™â„πß“π«‘®—¬π’È ª√–°Õ∫¥â«¬ §à“‡©≈’Ë¬‡≈¢
§≥‘µ À√◊Õ§à“‡©≈’Ë¬  ´÷ËßÀ“‰¥â®“°°“√‡Õ“º≈√«¡¢Õß¢âÕ¡Ÿ≈
∑—ÈßÀ¡¥À“√¥â«¬®”π«π¢âÕ¡Ÿ≈∑—ÈßÀ¡¥ §à“¡—∏¬∞“π‡ªìπ§à“∑’ËÕ¬Ÿà
„πµ”·Àπàß°÷Ëß°≈“ß¢Õß¢âÕ¡Ÿ≈∑—Èß™ÿ¥ ‡¡◊ËÕ‡√’¬ß§à“¢âÕ¡Ÿ≈®“°
πâÕ¬∑’Ë ÿ¥‰ªÀ“¡“°∑’Ë ÿ¥ À√◊Õ®“°¡“°∑’Ë ÿ¥‰ªÀ“πâÕ¬ ÿ¥
§à“¡—∏¬∞“π‡ªìπ§à“∑’Ë· ¥ß„Àâ‡ÀÁπ«à“¡’®”π«π¢âÕ¡Ÿ≈∑’Ë¡“°°«à“
·≈–πâÕ¬°«à“§à“π’ÈÕ¬Ÿà√âÕ¬≈– 50  §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π
(standard deviation; SD) §à“§«“¡º‘¥æ≈“¥¡“µ√∞“π
(standard error; SE) ‚¥¬∑’Ë SE = SD / N  ‡¡◊ËÕ N
§◊Õ ®”π«πµ—«Õ¬à“ß„π°“√«‘‡§√“–Àå§à“∑“ß ∂‘µ‘¢Õß¢âÕ¡Ÿ≈„π
ß“π«‘®—¬π’È ®–· ¥ß¥â«¬§à“‡©≈’Ë¬‡≈¢§≥‘µ ±1.96×SE ´÷Ëß
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· ¥ß™à«ß¢âÕ¡Ÿ≈∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95% √Õ∫§à“‡©≈’Ë¬
‡π◊ËÕß®“°¢âÕ¡Ÿ≈¡’°“√·®°·®ß·∫∫§≈â“¬ª°µ‘

º≈·≈–°“√«‘‡§√“–Àåº≈

1. °“√°√–®“¬¢Õß°—¡¡—πµ¿“æ®”‡æ“– ‡√‡¥’¬¡-226,

∑Õ‡√’¬¡-232 ·≈–‚æ·∑ ‡´’¬¡-40 ¢Õßµ—«Õ¬à“ß¥‘π

Table 1 · ¥ß§à“°—¡¡—πµ¿“æ®”‡æ“–¢Õßπ‘«‰§≈¥å
°—¡¡—πµ√—ß ’„πµ—«Õ¬à“ß¥‘π „πæ◊Èπ∑’Ë 8 Õ”‡¿Õ¢Õß ®.π§√»√’-
∏√√¡√“™ æ∫«à“ §à“°—¡¡—πµ¿“æ®”‡æ“–¢Õß‡√‡¥’¬¡-226,
∑Õ‡√’¬¡-232 ·≈–‚æ·∑ ‡ ’́¬¡-40 Õ¬Ÿà√–À«à“ß 8-203 (‡©≈’Ë¬
96±18), 12-236 (‡©≈’Ë¬ 88±23) ·≈– 21-1191 (‡©≈’Ë¬
524±127) Bq/kg µ“¡≈”¥—∫  ‡¡◊ËÕæ‘®“√≥“§à“‡©≈’Ë¬·µà≈–
Õ”‡¿Õ æ∫«à“ §à“‡©≈’Ë¬°—¡¡—πµ¿“æ®”‡æ“–¢Õß‡√‡¥’¬¡-226
µË” ÿ¥æ∫∑’Ë Õ.‡¡◊Õß (69±43 Bq/kg) §à“‡©≈’Ë¬ Ÿß ÿ¥æ∫∑’Ë
Õ.æ‘ªŸπ (146±58 Bq/kg) §à“°—¡¡—πµ¿“æ®”‡æ“–‡©≈’Ë¬¢Õß
∑Õ‡√’¬¡-232 µË” ÿ¥ æ∫∑’ËÕ.∂È”æ√√≥√“ (19±27 Bq/kg)
·≈– Ÿß ÿ¥∑’Ë Õ.æ‘ªŸπ (162±77 Bq/kg)  ”À√—∫°—¡¡—πµ¿“æ
®”‡æ“– ‚æ·∑ ‡´’¬¡-40 §à“‡©≈’Ë¬µË” ÿ¥æ∫∑’Ë Õ.∂È”æ√√≥√“
(34±47 Bq/kg) ·≈– Ÿß ÿ¥∑’Ë Õ.≈“π °“ (975±308 Bq/
kg) Figure 3 · ¥ß·ºπ∑’Ë√–¥—∫ ’¢Õß§à“°—¡¡—πµ¿“æ
®”‡æ“–¢Õßπ‘«‰§≈¥å°—¡¡—πµ√—ß ’„πµ—«Õ¬à“ß¥‘π·µà≈–Õ”‡¿Õ„π
®.π§√»√’∏√√¡√“™ ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§à“‡©≈’Ë¬°—¡¡—πµ-

¿“æ√—ß ’„π¥‘π®“°∑—Ë«‚≈° ∑’Ë¡’§à“°—¡¡—πµ¿“æ®”‡æ“–¢Õß
‡√‡¥’¬¡-226, ∑Õ‡√’¬¡-232 ·≈–‚æ·∑ ‡´’¬¡-40 ‡∑à“°—∫
35, 30  ·≈– 400 Bq/kg µ“¡≈”¥—∫ (UNSCEAR, 2000)
æ∫«à“ §à“‡©≈’Ë¬°—¡¡—πµ¿“æ®”‡æ“–¢Õßπ‘«‰§≈¥å°—¡¡—πµ√—ß ’
∑—Èß “¡„πµ—«Õ¬à“ß¥‘π‡°◊Õ∫∑—ÈßÀ¡¥¢Õß ®.π§√»√’∏√√¡√“™ ¡’
§à“ Ÿß°«à“§à“‡©≈’Ë¬¢Õß¥‘π®“°∑—Ë«‚≈° ¬°‡«âπ§à“°—¡¡—πµ¿“æ
®”‡æ“–¢Õß∑Õ‡√’¬¡-232 „π Õ.∂È”æ√√≥√“ (19±27 Bq/
kg) ∑’Ë¡’§à“µË”°«à“§à“‡©≈’Ë¬®“°∑—Ë«‚≈°  ·≈–Õ”‡¿Õ∑’Ë¡’§à“
°—¡¡—πµ¿“æ®”‡æ“–¢Õß‚æ·∑ ‡´’¬¡-40 µË”°«à“§à“‡©≈’Ë¬
¢Õß¥‘π®“°∑—Ë«‚≈° §◊Õ Õ.∂È”æ√√≥√“ (34±47 Bq/kg)
Õ.æ√À¡§’√’ (372±290 Bq/kg) °‘ËßÕ.™â“ß°≈“ß (389±219
Bq/kg) ·≈– Õ.‡¡◊Õß (391±96 Bq/kg)

‡¡◊ËÕª√–‡¡‘π‡ªìπ§à“°—¡¡—πµ¿“æ ¡¡Ÿ≈‡√‡¥’¬¡¢Õß
µ—«Õ¬à“ß¥‘π æ∫«à“¡’§à“Õ¬Ÿà„π™à«ß 61-572 (‡©≈’Ë¬ 261±51)
Bq/kg (Table 1) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‡°≥±åª°µ‘ 370 Bq/
kg (OECD, 1979) æ∫«à“¡’ 2 Õ”‡¿Õ∑’Ë¡’§à“‡©≈’Ë¬ Ÿß°«à“
‡°≥±åª°µ‘ §◊Õ Õ.≈“π °“ (373±172 Bq/kg) ·≈– Õ.æ‘ªŸπ
(425±165 Bq/kg) Figure 7a · ¥ß°√“ø·∑àß·®°·®ß
§à“°—¡¡—πµ¿“æ ¡¡Ÿ≈‡√‡¥’¬¡„πµ—«Õ¬à“ß¥‘π∑’Ë»÷°…“

2. °“√°√–®“¬¢Õß°—¡¡—πµ¿“æ®”‡æ“–  ‡√‡¥’¬¡-226,

∑Õ‡√’¬¡-232 ·≈–‚æ·∑ ‡´’¬¡-40 ¢Õßµ—«Õ¬à“ßÀ‘π

§à“°—¡¡—πµ¿“æ®”‡æ“–‡√‡¥’¬¡-226, ∑Õ‡√’¬¡-232

Table 1. Average specific activities, Radium equivalent activity, absorbed dose rate and annual
effective dose in soil samples

Specific activity (Bq/kg) Raeq D Annual effective
(Bq/kg) (nGy/h) dose (mSv)

Ra-226 Th-232 K-40

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   80±37 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   85±59 25-128   77±58 219-599   389±219 225±86 102±37 0.13±0.05
Lan Saka (3) 82-203 130±73 75-178 118±61 670-1191   975±308   373±172 172±77 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) 95-197 146±58 102-236 162±77 488-833   616±214   425±165 191±72 0.23±0.09
Phrom Kiri (3) 41-108   84±41 21-94   47±47 140-647   372±290   179±118   82±54 0.10±0.07
Nopphitam (3) 57-139   93±48 54-115   94±39 441-1111   788±380 289±18  133±10 0.16±0.01
Over all (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)

Values in parentheses represent the median.
The uncertainty of the mean values is represented by 95% confidence limits of the standard error about the mean.

District/
Sub-district
(No. of sample)
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Figure 3. Specific activity map of (a) Ra-226, (b)
Th-232 and (c) K-40 in soil samples.

Figure 4. Specific activity map of (a) Ra-226, (b)
Th-232 and (c) K-40 in rock samples.

(Color figure can be viewed in the electronic version)

·≈–‚æ·∑ ‡´’¬¡-40 ¢Õßµ—«Õ¬à“ßÀ‘π · ¥ß„π Table 2
æ∫«à“¡’§à“√–À«à“ß 11-113 (‡©≈’Ë¬ 46±14) Bq/kg, 3-113
(‡©≈’Ë¬ 47±16) Bq/kg ·≈– 18-1305 (‡©≈’Ë¬ 472±187)
Bq/kg µ“¡≈”¥—∫ §‘¥‡ªìπ§à“§«“¡‡¢â¡¢âπ¬Ÿ‡√‡π’¬¡ ¡¡Ÿ≈
0.9-9.2 (‡©≈’Ë¬ 3.7±1.1) ppm §à“§«“¡‡¢â¡¢âπ∑Õ‡√’¬¡
 ¡¡Ÿ≈ ¡’§à“Õ¬Ÿà„π™à«ß 0.7-27.8 (‡©≈’Ë¬ 11.6±4.0) ppm
·≈–§à“§«“¡‡¢â¡¢âπ‚æ·∑ ‡´’¬¡¡’§à“Õ¬Ÿà„π™à«ß 0.1-4.2
(‡©≈’Ë¬ 1.5±0.6) % µ“¡≈”¥—∫ (Table 3) §à“°—¡¡—πµ¿“æ
®”‡æ“–¢Õß‡√‡¥’¬¡-226 ‡©≈’Ë¬µË” ÿ¥æ∫∑’Ë Õ.∂È”æ√√≥√“
(25±8 Bq/kg)  Ÿß ÿ¥∑’Ë Õ.©«“ß (68±27 Bq/kg) ∑Õ‡√’¬¡-
232 ‡©≈’Ë¬µË” ÿ¥∑’Ë Õ.∂È”æ√√≥√“ (22±22 Bq/kg) ·≈–

 Ÿß ÿ¥∑’Ë Õ.©«“ß (87±25 Bq/kg)   à«π‚æ·∑ ‡´’¬¡-40
‡©≈’Ë¬µË” ÿ¥æ∫∑’Ë Õ.∂È”æ√√≥√“ (96±94 Bq/kg) ·≈– Ÿß ÿ¥
æ∫∑’Ë Õ.æ√À¡§’√’ (1180±245 Bq/kg) Figure 4 · ¥ß
§à“°—¡¡—πµ¿“æ®”‡æ“–¢Õßπ‘«‰§≈¥å°—¡¡—πµ√—ß ’„πµ—«Õ¬à“ß
À‘π¢Õß·µà≈–Õ”‡¿Õ„π ®.π§√»√’∏√√¡√“™ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
§à“°—¡¡—πµ¿“æ®”‡æ“–„πµ—«Õ¬à“ßÀ‘π∑’Ë»÷°…“°—∫§à“°—¡¡—πµ-
¿“æ®”‡æ“–¢Õß‡√‡¥’¬¡-226, ∑Õ‡√’¬¡-232 ·≈–‚æ·∑ -
‡´’¬¡-40 ‡©≈’Ë¬®“°∑—Ë«‚≈°„πÀ‘π™—Èπ‡ª≈◊Õ°‚≈°∑’Ë¡’§à“‡∑à“°—∫
40, 40 ·≈– 400 Bq/kg (EC, 1999) æ∫«à“À‘π„πæ◊Èπ∑’Ë
®.π§√»√’∏√√¡√“™ ¡’§à“°—¡¡—πµ¿“æ®”‡æ“–‡√‡¥’¬¡-226,
∑Õ‡√’¬¡-232 ·≈–‚æ·∑ ‡´’¬¡-40  Ÿß°«à“§à“‡©≈’Ë¬¢ÕßÀ‘π
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®“°∑—Ë«‚≈°‡≈Á°πâÕ¬ §◊Õ 1.15, 1.17 ·≈– 1.18 ‡∑à“ µ“¡
≈”¥—∫ ‡¡◊ËÕ·¬°æ‘®“√≥“µ“¡™π‘¥¢ÕßÀ‘π ´÷Ëßª√–°Õ∫¥â«¬
À‘π·°√π‘µ À‘π∑√“¬·ªÑß ·≈–À‘πªŸπ º≈∑’Ë‰¥â· ¥ßÕ¬Ÿà„π
Table 5 ‚¥¬§«“¡‡¢â¡¢âπ¬Ÿ‡√‡π’¬¡ ¡¡Ÿ≈„πÀ‘π·°√π‘µ„π
æ◊Èπ∑’Ë ®.π§√»√’∏√√¡√“™ ¡’§à“‡©≈’Ë¬‡∑à“°—∫ 5.7±2.0 ppm
‡¡◊ËÕ‡∑’¬∫°—∫§à“§«“¡‡¢â¡¢âπ¬Ÿ‡√‡π’¬¡ ¡¡Ÿ≈„πÀ‘π·°√π‘µ∑—Ë«‰ª
∑’Ë¡’§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬ 4.8 ppm (Faure, 1986) æ∫«à“
À‘π·°√π‘µ„πæ◊Èπ∑’Ë ®.π§√»√’∏√√¡√“™ ¡’§à“§«“¡‡¢â¡¢âπ
¬Ÿ‡√‡π’¬¡ ¡¡Ÿ≈ Ÿß°«à“§à“§«“¡‡¢â¡¢âπ„πÀ‘π·°√π‘µ∑—Ë«‰ª 1.2
‡∑à“

Table 4 · ¥ßº≈°“√«‘‡§√“–Àå§à“°—¡¡—πµ¿“æ ¡¡Ÿ≈
‡√‡¥’¬¡¢Õßµ—«Õ¬à“ßÀ‘π ´÷Ëßæ∫«à“ ¡’§à“Õ¬Ÿà„π™à«ß 18-320
(‡©≈’Ë¬ 150±45) Bq/kg ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‡°≥±åª°µ‘
æ∫«à“∑ÿ°Õ”‡¿Õ∑’Ë¡’§à“‡©≈’Ë¬µË”°«à“‡°≥±åª°µ‘ °√“ø·∑àß°“√

·®°·®ß§à“°—¡¡—πµ¿“æ ¡¡Ÿ≈‡√‡¥’¬¡„πµ—«Õ¬à“ßÀ‘π  · ¥ß
„π Figure 7b

3. °“√°√–®“¬¢Õß°—¡¡—πµ¿“æ®”‡æ“–  ‡√‡¥’¬¡-226,

∑Õ‡√’¬¡-232 ·≈–‚æ·∑ ‡´’¬¡-40 ¢Õßµ—«Õ¬à“ß

∑√“¬°àÕ √â“ß

§à“°—¡¡—πµ¿“æ®”‡æ“–¢Õßπ‘«‰§≈¥å°—¡¡—πµ√—ß ’¢Õß
µ—«Õ¬à“ß∑√“¬°àÕ √â“ß · ¥ß„π Table 6 æ∫«à“§à“°—¡¡—πµ-
¿“æ®”‡æ“–‡√‡¥’¬¡-226, ∑Õ‡√’¬¡-232 ·≈–‚æ·∑ ‡´’¬¡-
40 Õ¬Ÿà√–À«à“ß 3-91 (‡©≈’Ë¬ 42±5) Bq/kg, 14-91 (‡©≈’Ë¬
50±5) Bq/kg ·≈– 102-966 (‡©≈’Ë¬ 509±57) Bq/kg
µ“¡≈”¥—∫ ‡¡◊ËÕ«‘‡§√“–Àåº≈„π√–¥—∫Õ”‡¿Õ æ∫«à“§à“°—¡¡—πµ-
¿“æ®”‡æ“–¢Õß‡√‡¥’¬¡-226 ‡©≈’Ë¬µË” ÿ¥æ∫∑’Ë °‘ËßÕ.π∫æ‘µ”
(31±10 Bq/kg) §à“‡©≈’Ë¬ Ÿß ÿ¥æ∫∑’Ë Õ.æ‘ªŸπ (66±9 Bq/

Table 2. Average specific activities of Ra-226, Th-232 and K-40 in rock samples

Specific activity (Bq/kg)

Ra-226 Th-232 K-40

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 25±8 31-35 22±22 137-151 96±94
Phipun (3) 27-78 45±33 25-82 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

District/
Sub-district
(No. of sample)

Table 3. Average concentration of equivalent uranium, equivalent thorium and
potassium in rock samples

Concentration

ppm eU ppm eTh K (%)

Range Mean Range Mean Range Mean

Chawang (3) 4.2-7.7 5.5±2.2 18.2-27.8 21.5±6.2 2.2-2.8 2.6±0.3
Lan Saka (3) 2.0-5.0 3.4±1.7 2.0-19.6    8.9±10.6 0.1-2.2 0.9±1.3
Tham Phan Nara (3) 1.4-2.5 2.0±0.6 7.6-8.7   5.4±5.4 0.4-0.5 0.3±0.3
Phipun (3) 2.2-6.3 3.6±2.6 6.1-20.1 12.2±8.1 0.5-2.7 1.3±1.3
Phrom Kiri (2) 4.5-5.6 5.0±1.0 13.0-22.3 17.6±9.1 3.4-4.2 3.8±0.8
Nopphitam (4) 0.9-9.2 3.5±4.0 0.7-20.7   7.3±9.4 0.1-2.1 1.2±1.0
Over all (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

District/
Sub-district
(No. of sample)
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Table 6. Average specific activity of Ra-226, Th-232 and K-40 in sand samples

Specific activity (Bq/kg)

Ra-226 Th-232 K-40

Range Mean Range Mean Range Mean

Muang (13) 3-60   36±10 14-80   40±11 102-742   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   46±19 35-77   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   50±10 106-916   390±227
Nopphitam (7) 20-60   31±10 45-72 56±7 250-749   531±129
Over all (62) 3-91 (40) 42±5 14-91 (49) 50±5 102-966 (581) 509±57

District/Sub-district
(No. of sample)

Table 4. Average radium equivalent activity, absorbed dose rate, annual effective dose and
hazard index in rock samples

District/Sub-district Ra
eq

D annual effective H
ex

H
in

(No. of sample) (Bq/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   68±51 0.08±0.06 0.40±0.30 0.52±0.38
Phrom Kiri (2) 255±47 121±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 all (18) 150±45 (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

ppm eU ppm eTh K (%)

Range Mean Range Mean Range Mean

granite (6) 2.2-9.2 5.7±2.0 10.5-27.8 15.5±7.9 0.7-4.2 2.5±1.0
siltstone (3) 4.2-6.3 5.0±1.3 18.2-20.1 19.0±1.1 2.2-2.8 2.6±0.3
limestone (9) 0.9-3.9 2.0±0.8 0.7-20.7 6.5±4.0 0.1-2.1 0.5±0.4

Type of rock
(No. of sample)

kg) §à“°—¡¡—πµ¿“æ®”‡æ“–∑Õ‡√’¬¡-232 ‡©≈’Ë¬µË” ÿ¥æ∫∑’Ë
Õ.‡¡◊Õß (40±11 Bq/kg) ·≈– Ÿß ÿ¥∑’ËÕ.≈“π °“ (‡©≈’Ë¬ 57
±11 Bq/kg)  à«πÕ”‡¿Õ∑’Ë¡’§à“°—¡¡—πµ¿“æ®”‡æ“–‚æ·∑ -
‡´’¬¡-40 ‡©≈’Ë¬µË” ÿ¥§◊Õ∑’Ë Õ.‡¡◊Õß (379±116 Bq/kg) ·≈–
 Ÿß ÿ¥∑’Ë Õ.æ‘ªŸπ (702±50 Bq/kg) Figure 5 ‡ªìπ·ºπ∑’Ë

√–¥—∫ ’· ¥ß§à“°—¡¡—πµ¿“æ®”‡æ“–¢Õßπ‘«‰§≈¥å°—¡¡—πµ√—ß ’
„πµ—«Õ¬à“ß∑√“¬°àÕ √â“ß„πæ◊Èπ∑’Ë»÷°…“·µà≈–Õ”‡¿Õ„π ®.
π§√»√’∏√√¡√“™

º≈°“√«‘‡§√“–Àå§à“°—¡¡—πµ¿“æ ¡¡Ÿ≈‡√‡¥’¬¡¢Õß
∑√“¬°àÕ √â“ß · ¥ß„π Table 7 ́ ÷Ëßæ∫«à“¡’§à“Õ¬Ÿà„π™à«ß 66-
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255 (‡©≈’Ë¬ 153±10) Bq/kg ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‡°≥±å
ª°µ‘ (370 Bq/kg) æ∫«à“∑ÿ°Õ”‡¿Õ∑’Ë»÷°…“¡’§à“‡©≈’Ë¬µË”°«à“
‡°≥±å Figure 7c · ¥ß°√“ø·∑àß°“√·®°·®ß§à“°—¡¡—πµ-
¿“æ ¡¡Ÿ≈‡√‡¥’¬¡„πµ—«Õ¬à“ß∑√“¬°àÕ √â“ß

4. °“√°√–®“¬§à“°—¡¡—πµ¿“æ®”‡æ“–¢Õß ‡√‡¥’¬¡-226

¢Õßµ—«Õ¬à“ßπÈ”∫àÕµ◊Èπ ·≈–°“√ª√–‡¡‘πª√‘¡“≥‡√‡¥’¬¡-

226 ∑’Ë√à“ß°“¬‰¥â√—∫µàÕªï

º≈°“√«‘‡§√“–Àå§à“°—¡¡—πµ¿“æ®”‡æ“–¢Õß‡√‡¥’¬¡-
226 „πµ—«Õ¬à“ßπÈ”∫àÕµ◊Èπ∑—ÈßÀ¡¥ 55 µ—«Õ¬à“ß  · ¥ß„π
Table 8 ‚¥¬¡’§à“Õ¬Ÿà√–À«à“ß 2-179 (‡©≈’Ë¬ 17±7) mBq/l

‡¡◊ËÕ‡∑’¬∫°—∫‡°≥±å¡“µ√∞“π°“√ªπ‡ªóôÕπ‡√‡¥’¬¡-226  Ÿß ÿ¥
∑’Ë¬Õ¡√—∫‰¥â (Maximum Contaminant Level; MCL)
¢Õß∑∫«ß°“√æ‘∑—°…å ‘Ëß·«¥≈âÕ¡¢Õßª√–‡∑» À√—∞Õ‡¡√‘°“
(US EPA, 1976) ‰¥â°”Àπ¥§à“°—¡¡—πµ¿“æ®”‡æ“–¢Õß
‡√‡¥’¬¡-226 „ππÈ”∫√‘‚¿§«à“‰¡à§«√‡°‘π 111 mBq/l ´÷Ëßº≈
®“°°“√«‘‡§√“–Àå‡√‡¥’¬¡-226 „ππÈ”∫àÕµ◊Èπ „π®.π§√»√’-
∏√√¡√“™ æ∫«à“¡’πÈ”∫àÕµ◊Èπ‡æ’¬ß 1 µ—«Õ¬à“ß „π Õ.‡¡◊Õß ¡’
§à“°—¡¡—πµ¿“æ®”‡æ“–‡∑à“°—∫ 179 mBq/l ´÷Ëß‡°‘π§à“ MCL
· ¥ß„Àâ‡ÀÁπ«à“πÈ”∫àÕµ◊Èπ à«π„À≠à„π∫√‘‡«≥∑’Ë∑”°“√»÷°…“¡’
§«“¡ª≈Õ¥¿—¬∑“ß√—ß ’ ¬°‡«âππÈ”∫àÕµ◊Èπ∑’Ëæ∫„π Õ.‡¡◊Õß 1
µ—«Õ¬à“ß

Figure 5. Specific activity map of (a) Ra-226, (b)
Th-232 and (c) K-40 in sand samples.

Figure 6. Histograms of absorbed dose rate in (a)
soil, (b) rock and (c) sand samples.

(Color figure can be viewed in the electronic version)
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‡¡◊ËÕª√–‡¡‘πª√‘¡“≥‡√‡¥’¬¡-226 ∑’Ë√à“ß°“¬‰¥â√—∫µàÕ
ªï®“°°“√∫√‘‚¿§πÈ”¢Õßª√–™“™π„πæ◊Èπ∑’Ë 8 Õ”‡¿Õ¢Õß
®.π§√»√’∏√√¡√“™ ‚¥¬„™â‡°≥±åµ“¡ WHO (2002) ´÷Ëß
ª√–‡¡‘π°“√∫√‘‚¿§πÈ”‰«â∑’Ë 2 ≈‘µ√/«—π À√◊Õ 730 ≈‘µ√/ªï
‡¡◊ËÕ„™â§à“ªí®®—¬  2.8×10-7  Sv/Bq  ‡ªìπªí®®—¬ ”À√—∫°“√
ª√–‡¡‘πª√‘¡“≥√—ß ’ ¡¡Ÿ≈∑’Ë√à“ß°“¬‰¥â√—∫µàÕªï„πºŸâ„À≠à (Adult
Annual Equivalent Dose) ´÷Ëßº≈°“√§”π«≥ª√‘¡“≥
‡√‡¥’¬¡-226 ∑’Ë√à“ß°“¬‰¥â√—∫®“°°“√∫√‘‚¿§πÈ”∫àÕµ◊Èπ· ¥ß„π
Table 8 πÕ°®“°π’È UNSCEAR (2000) ¬—ß‰¥â°”Àπ¥
ª√‘¡“≥√—ß ’∑’Ë‰¥â√—∫®“°‡√‡¥’¬¡-226 µàÕÕ“¬ÿ-πÈ”Àπ—° «à“‰¡à
§«√‡°‘π 8 µSv µàÕªï

º≈°“√«‘®—¬æ∫«à“ ¡’µ—«Õ¬à“ßπÈ”∫àÕµ◊Èπ 4 ∫àÕ ®“°
∑—ÈßÀ¡¥ 55 ∫àÕ ∑’Ë¡’ª√‘¡“≥√—ß ’‡°‘π 8 µSv µàÕªï ‰¥â·°à
µ—«Õ¬à“ß∑’Ëæ∫„π °‘Ëß Õ.™â“ß°≈“ß Õ.‡¡◊Õß Õ.©«“ß ·≈–°‘Ëß
Õ.π∫æ‘µ” ´÷Ëß¡’ª√‘¡“≥√—ß ’®“°‡√‡¥’¬¡-226 ∑’Ë‰¥â√—∫µàÕªï
¡’§à“ 9, 37, 10 ·≈– 12 µSv µ“¡≈”¥—∫  ´÷ËßÕ“®∑”„Àâ
ª√–™“™π∑’Ë∫√‘‚¿§πÈ”∫àÕ¥—ß°≈à“«®–¡’§«“¡‡ ’Ë¬ß∑’Ë®–‰¥â√—∫
ª√‘¡“≥√—ß ’®“°‡√‡¥’¬¡-226  Ÿß°«à“‡°≥±åª°µ‘ ‚¥¬‡©æ“–
µ—«Õ¬à“ßπÈ”∫àÕµ◊Èπ®“°Õ.‡¡◊Õß ®–¡’ª√‘¡“≥‡√‡¥’¬¡-226 ª–ªπ
Õ¬Ÿà Ÿß¡“°∑’Ë ÿ¥ Figure 8 · ¥ß°√“ø·®°·®ßª√‘¡“≥√—ß ’∑’Ë
‰¥â√—∫µàÕªï®“°‡√‡¥’¬¡-226 ®“°°“√∫√‘‚¿§πÈ”∫àÕµ◊Èπ

Table 7. Average radium equivalent activity, absorbed dose rate, annual effective dose,
hazard index for building materials in sand samples

Ra
eq

D Annual effective H
ex

H
in

(Bq/kg) (nGy/h) dose (mSv)

Mean Mean Mean Mean Mean

Muang (13) 122±19 107±17 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±9 133±7 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)

District/Sub-district
(No. of sample)

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) (mBq/l) (mBq/l) dose (µµµµµSv)

Muang (11) 5-179 31±30 6±6
Chawang (6) 5-29 12±9 3±2
Chang Klang (6) 4-28 15±8 3±2
Lan Saka (8) 10-45 11±11 2±2
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)
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5. °“√°√–®“¬ª√‘¡“≥√—ß ’∑’Ëª√–™“™π‰¥â√—∫®“°¥‘π À‘π

∑√“¬°àÕ √â“ß

º≈®“°°“√ª√–‡¡‘π§à“ª√‘¡“≥√—ß ’¿“¬πÕ°Õ“§“√
∫â“π‡√◊Õπ∑’Ëª√–™“™π®–‰¥â√—∫®“°µ—«Õ¬à“ß¥‘π ¡’§à“Õ¬Ÿà„π™à«ß
30-254 (‡©≈’Ë¬ 119±23) nGy/h ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§à“
ª√‘¡“≥√—ß ’¿“¬πÕ°Õ“§“√∫â“π‡√◊Õπ∑’Ëµ√«®«—¥„πª√–‡∑»‰∑¬
´÷Ëß¡’§à“‡©≈’Ë¬‡∑à“°—∫ 77 nGy/h (UNSCEAR, 2000) æ∫
«à“ ¡’ Õ.∂È”æ√√≥√“‡æ’¬ßÕ”‡¿Õ‡¥’¬«∑’Ë¡’§à“‡©≈’Ë¬µË”°«à“ 77
nGy/h (Table 1, Figure 6a)

º≈®“°°“√ª√–‡¡‘π§à“ª√‘¡“≥√—ß ’¿“¬πÕ°Õ“§“√
∫â“π‡√◊Õπ∑’Ë¡“®“°µ—«Õ¬à“ßÀ‘π æ∫«à“ ¡’§à“Õ¬Ÿà„π™à«ß 8-146
(‡©≈’Ë¬ 70±21) nGy/h ‚¥¬¡’ 2 Õ”‡¿Õ∑’Ë¡’§à“ª√‘¡“≥√—ß ’

‡©≈’Ë¬ Ÿß°«à“ 77 nGy/h ‰¥â·°à Õ.©«“ß (117±29 nGy/h)
·≈–Õ.æ√À¡§’√’ (121±18 nGy/h)  à«πÕ”‡¿ÕÕ◊ËπÊ ¡’§à“
‡©≈’Ë¬µË”°«à“ 77 nGy/h (Table 4, Figure 6b)

°“√ª√–‡¡‘π§à“ª√‘¡“≥√—ß ’∑’Ë¡“®“°µ—«Õ¬à“ß∑√“¬
°àÕ √â“ß®–§”π«≥‡ªìπª√‘¡“≥√—ß ’∑’Ëª√–™“™π‰¥â√—∫®“°°“√
Õ“»—¬Õ¬Ÿà¿“¬„πÕ“§“√∫â“π‡√◊Õπ ∑—Èßπ’È‡π◊ËÕß®“°°“√‰¥â√—∫ —¡º— 
√—ß ’®“°∑√“¬°àÕ √â“ß  à«π„À≠à®–¡“®“°°“√∑’Ë‡√“Õ“»—¬Õ¬Ÿà
¿“¬„π∫â“π∑’Ë∑”¥â«¬«— ¥ÿ°àÕ √â“ß∑’Ë¡’π‘«‰§≈¥å°—¡¡—πµ√—ß ’
ª–ªπÕ¬Ÿà º≈®“°°“√ª√–‡¡‘π§à“ª√‘¡“≥√—ß ’∑’Ë¡“®“°µ—«Õ¬à“ß

Figure 7. Histograms  of  radium  equivalent
activity in (a) soil, (b) rock and (c) sand
samples.

Figure 8. Histograms  of  annual  effective  dose
(µµµµµSv) Ra-226 in Nakhon Si Thammarat
Province.

Figure 9. Bar diagrams showing the values of
external and internal hazard index in
(a) rock and (b) sand samples.
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∑√“¬°àÕ √â“ß æ∫«à“¡’§à“Õ¬Ÿà„π™à«ß 58-224 (‡©≈’Ë¬ 134±9)
nGy/h ‚¥¬§à“ª√‘¡“≥√—ß ’„π∑ÿ°Õ”‡¿Õ¡’§à“‡©≈’Ë¬ Ÿß°«à“ 48
nGy/h (Table 7, Figure 6c)

6. §à“¥—™π’«—¥§«“¡‡ ’Ë¬ß√—ß ’∑’Ë‰¥â√—∫®“°¿“¬πÕ°·≈–

¿“¬„π√à“ß°“¬

Table 4 · ¥ßº≈°“√§”π«≥¥—™π’«—¥§«“¡‡ ’Ë¬ß√—ß ’
∑’Ë‰¥â√—∫®“°¿“¬πÕ° (H

ex
) ·≈–¿“¬„π√à“ß°“¬ (H

in
) ¢Õß

µ—«Õ¬à“ßÀ‘π Figure 9a · ¥ß°√“ø·∑àß¢Õß¥—™π’«—¥§«“¡
‡ ’Ë¬ß√—ß ’∑’Ë‰¥â√—∫®“°¿“¬πÕ°·≈–¿“¬„π√à“ß°“¬ ‚¥¬¡’§à“ H

ex

Õ¬Ÿà„π™à«ß 0.05-0.86 ‚¥¬‰¡à¡’Õ”‡¿Õ„¥∑’Ë¡’§à“‡©≈’Ë¬ H
ex
 >

1.0 ·≈–‡¡◊ËÕæ‘®“√≥“≈ß‰ª„π√–¥—∫Õ”‡¿Õ°Á‰¡àæ∫«à“¡’µ—«Õ¬à“ß
„¥∑’Ë¡’§à“ H

ex
 > 1.0 ·≈–‡¡◊ËÕæ‘®“√≥“§à“‡©≈’Ë¬ H

in
 ¢ÕßÀ‘π

æ∫«à“ ∑ÿ°Õ”‡¿Õ¡’§à“‡©≈’Ë¬µË”°«à“ 1.0 ·µà‡¡◊ËÕæ‘®“√≥“≈ß‰ª
„π√–¥—∫Õ”‡¿Õ æ∫«à“¡’µ—«Õ¬à“ßÀ‘π 1 µ—«Õ¬à“ß®“°Õ.©«“ß ∑’Ë
¡’§à“ H

in
 = 1.12 °≈à“«‚¥¬ √ÿªÀ‘π„πæ◊Èπ∑’Ëπ’È¡’§«“¡ª≈Õ¥¿—¬

·≈– “¡“√∂π”‰ª„™â‡ªìπ«— ¥ÿ„π°“√°àÕ √â“ß∫â“π‡√◊Õπ‰¥â

¬°‡«âπÀ‘π·°√π‘µ„πæ◊Èπ∑’ËÕ.©«“ß ´÷Ëß§«√¡’°“√»÷°…“‡æ‘Ë¡‡µ‘¡
Table 7 · ¥ßº≈°“√§”π«≥¥—™π’«—¥§«“¡‡ ’Ë¬ß√—ß ’

∑’Ë‰¥â√—∫®“°¿“¬πÕ°√à“ß°“¬ (H
ex
) ·≈–¿“¬„π√à“ß°“¬ (H

in
)

¢Õß∑√“¬°àÕ √â“ß Figure 9b · ¥ß°√“ø·∑àß¢Õß¥—™π’«—¥
§«“¡‡ ’Ë¬ß√—ß ’∑’Ë‰¥â√—∫®“°¿“¬πÕ°·≈–¿“¬„π√à“ß°“¬ ´÷Ëßæ∫
«à“¡’§à“ H

ex
 Õ¬Ÿà„π™à«ß 0.18-0.69 ‚¥¬‰¡à¡’Õ”‡¿Õ„¥∑’Ë¡’§à“

‡©≈’Ë¬ H
ex
 > 1.0 ·≈–‡¡◊ËÕæ‘®“√≥“≈ß‰ª„π√–¥—∫Õ”‡¿Õ°Á‰¡à

æ∫«à“¡’µ—«Õ¬à“ß„¥∑’Ë¡’§à“ H
ex
 > 1.0 ‡¡◊ËÕæ‘®“√≥“§à“¥—™π’«—¥

§«“¡‡ ’Ë¬ß√—ß ’∑’Ë‰¥â√—∫®“°¿“¬„π√à“ß°“¬ (H
in
) ∑’Ë‡°’Ë¬«¢âÕß

°—∫·°ä ‡√¥Õπ ∑Õ√Õπ ·≈–º≈º≈‘µ∑’Ë ≈“¬µ—«„Àâ√—ß ’·Õ≈ø“
¢Õß‡√¥Õπ ∑Õ√Õπ æ∫«à“∑√“¬°àÕ √â“ß∑ÿ°µ—«Õ¬à“ß¡’§à“ H

in

< 1.0 °≈à“«§◊Õ ∑√“¬°àÕ √â“ß„πæ◊Èπ∑’Ëπ’È¡’§«“¡ª≈Õ¥¿—¬ ·≈–
 “¡“√∂π”‰ª„™â‡ªìπ«— ¥ÿ„π°“√°àÕ √â“ß∫â“π‡√◊Õπ‰¥â

7. °—¡¡—πµ¿“æ√—ß ’∏√√¡™“µ‘„πæ◊Èπ∑’Ëπ§√»√’∏√√¡√“™ °—∫

æ◊Èπ∑’Ë Õ.π“À¡àÕ¡ ®. ß¢≈“

º≈°“√‡ª√’¬∫‡∑’¬∫§à“°—¡¡—πµ¿“æ®”‡æ“–¢Õß

Table 9. Comparison for the natural radioactivity contents in soil and absorbed dose rate in
Nakhon Si Thammarat Province (Thailand) with those in other countries as given in
UNSCEAR (2000)

Specific activity in soil (Bq/kg)
226Ra 232Th 40K

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 are taken from UNSCEAR (2000)

Absorbed dose rate
 (nGy/h)

Region/
Country



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 29 ©∫—∫∑’Ë 4 °.§. -  .§. 2550
°—¡¡—πµ¿“æ√—ß ’∏√√¡™“µ‘„πæ◊Èπ∑’Ë®—ßÀ«—¥π§√»√’∏√√¡√“™

ª√’¥“  π«≈®√‘ß ·≈–§≥–1197

‡√‡¥’¬¡-226, ∑Õ‡√’¬¡-232, ‚æ·∑ ‡´’¬¡-40 ·≈–§à“ Ra
eq

¢Õß∑√“¬°àÕ √â“ß„πæ◊Èπ∑’Ë Õ.π“À¡àÕ¡ ®. ß¢≈“ (‰µ√¿æ ·≈–
·æ√, 2549) ÷́Ëß¡’§à“Õ¬Ÿà„π™à«ß 34-90 (‡©≈’Ë¬ 56±17) Bq/
kg, 19-124 (‡©≈’Ë¬ 47±27) Bq/kg, 377-1421 (‡©≈’Ë¬
1048±355) Bq/kg ·≈– 106-330 (‡©≈’Ë¬ 204±68) Bq/
kg µ“¡≈”¥—∫ °—∫∑√“¬°àÕ √â“ß„πæ◊Èπ∑’Ë ®.π§√»√’∏√√¡√“™
∑’Ë¡’§à“Õ¬Ÿà„π™à«ß 3-91 (‡©≈’Ë¬ 42±5), 14-91 (‡©≈’Ë¬ 50±5)
·≈– 102-966 (‡©≈’Ë¬ 509±57) ·≈– 66-255 (‡©≈’Ë¬ 153
±10) Bq/kg µ“¡≈”¥—∫  æ∫«à“  ∑√“¬°àÕ √â“ß„πæ◊Èπ∑’Ë
Õ.π“À¡àÕ¡ ¡’§à“°—¡¡—πµ¿“æ®”‡æ“–¢Õß‡√‡¥’¬¡-226 ·≈–
∑Õ‡√’¬¡-232 Õ¬Ÿà„π™à«ß„°≈â‡§’¬ß°—∫„πæ◊Èπ∑’Ë®.π§√»√’∏√√¡√“™
‚¥¬∑√“¬°àÕ √â“ß„πæ◊Èπ∑’ËÕ.π“À¡àÕ¡ ¡’§à“‡©≈’Ë¬¢Õß‡√‡¥’¬¡-
226 ¡“°°«à“„πæ◊Èπ∑’Ë®.π§√»√’∏√√¡√“™ 1.3 ‡∑à“

8. °“√ª√–‡¡‘πª√‘¡“≥√—ß ’ª√– ‘∑∏‘º≈∑’Ë√à“ß°“¬‰¥â√—∫µàÕªï

ª√‘¡“≥√—ß ’ª√– ‘∑∏‘º≈∑’Ë√à“ß°“¬‰¥â√—∫µàÕªï∑’Ë¡“®“°
µ—«Õ¬à“ß¥‘π (Table 1) ¡’§à“ 0.04-0.31 mSv (‡©≈’Ë¬ 0.15
±0.03 mSv) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫‡°≥±åª√‘¡“≥√—ß ’¢π“¥‡ ’Ë¬ß
∑’Ë∫ÿ§§≈∑—Ë«‰ª‰¥â«à“§«√‰¥â√—∫‰¡à‡°‘π 0.1 mSv æ∫«à“ ‡°◊Õ∫
∑ÿ°Õ”‡¿Õ∑’Ë¡’§à“‡©≈’Ë¬ Ÿß°«à“ 0.1 mSv ¬°‡«âπÕ.∂È”æ√√≥√“
‡æ’¬ßÕ”‡¿Õ‡¥’¬«∑’Ë‰¥â√—∫√—ß ’‰¡à‡°‘π 0.1 mSv

ª√‘¡“≥√—ß ’ª√– ‘∑∏‘º≈∑’Ë√à“ß°“¬‰¥â√—∫µàÕªï ∑’Ë¡“®“°
µ—«Õ¬à“ßÀ‘π (Table 4) ¡’§à“ 0.01-0.18 mSv (‡©≈’Ë¬ 0.09
±0.03) ‚¥¬¡’ 2 Õ”‡¿Õ∑’Ë¡’§à“‡©≈’Ë¬ Ÿß°«à“ 0.1 mSv ‰¥â·°à
Õ.æ√À¡§’√’ ·≈–Õ.©«“ß

ª√‘¡“≥√—ß ’ª√– ‘∑∏‘º≈∑’Ë√à“ß°“¬‰¥â√—∫µàÕªï®“°∑√“¬
°àÕ √â“ß (Table 7) ¡’§à“ 0.29-1.10 mSv (‡©≈’Ë¬ 0.66±

0.04 mSv) ‚¥¬∑ÿ°Õ”‡¿Õ¡’§à“‡©≈’Ë¬ Ÿß°«à“ 0.1 mSv

 √ÿª

°“√«‘®—¬‡æ◊ËÕµ√«®«—¥°—¡¡—πµ¿“æ√—ß ’∏√√¡™“µ‘„πæ◊Èπ∑’Ë
®—ßÀ«—¥π§√»√’∏√√¡√“™ ‰¥â·°à Õ.‡¡◊Õß Õ.©«“ß °‘ËßÕ.™â“ß°≈“ß
Õ.≈“π °“  Õ.∂È”æ√√≥√“  Õ.æ‘ªŸπ  Õ.æ√À¡§’√’  ·≈–°‘Ëß
Õ.π∫æ‘µ” „πµ—«Õ¬à“ß¥‘π À‘π ∑√“¬°àÕ √â“ß ·≈–πÈ”∫àÕµ◊Èπ
‚¥¬„™â‡§√◊ËÕß¡◊Õ«‘‡§√“–Àå ‡ª°µ√—¡√—ß ’·°¡¡“ º≈∑’Ë‰¥âæ∫«à“
æ◊Èπ∑’Ë∑’Ë¡’§à“°—¡¡—πµ¿“æ®”‡æ“–¢Õßπ‘«‰§≈¥å°—¡¡—πµ√—ß ’ Ÿß
 Õ¥§≈âÕß°—π∑—Èß„πµ—«Õ¬à“ß¥‘π À‘π ∑√“¬°àÕ √â“ß ‰¥â·°à

Õ.æ‘ªŸπ Õ.≈“π °“ Õ.©«“ß Õ.æ√À¡§’√’ ·≈– °‘ËßÕ.π∫æ‘µ”
´÷Ëßæ◊Èπ∑’Ë‚¥¬ à«π„À≠à„πÕ”‡¿Õ¥—ß°≈à“«¡’≈—°…≥–∑“ß∏√≥’-
«‘∑¬“‡ªìπÀ‘π·°√π‘µ  à«πÕ”‡¿Õ∑’Ë¡’§à“°—¡¡—πµ¿“æ®”‡æ“–
¢Õßπ‘«‰§≈¥å°—¡¡—πµ√—ß ’µË” §◊Õ Õ.∂È”æ√√≥√“ ‚¥¬‡©æ“–§à“
°—¡¡—πµ¿“æ®”‡æ“–¢Õß‚æ·∑ ‡´’¬¡-40 ‡π◊ËÕß®“°æ◊Èπ∑’Ëπ’È¡’
≈—°…≥–∑“ß∏√≥’«‘∑¬“‡ªìπÀ‘πªŸπ ́ ÷ËßÀ‘π™π‘¥π’È¡’ à«πª√–°Õ∫
‚¥¬ à«π„À≠à‡ªìπ·§≈‡´’¬¡§“√å∫Õ‡πµ (CaCO

3
) ®÷ß∑”„Àâ

¡’π‘«‰§≈¥å°—¡¡—πµ√—ß ’„πª√‘¡“≥µË” ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“
°—¡¡—πµ¿“æ®”‡æ“–¢Õß‡√‡¥’¬¡-226, ∑Õ‡√’¬¡-232 ·≈–
‚æ·∑ ‡´’¬¡-40 „πµ—«Õ¬à“ß¥‘π„πæ◊Èπ∑’Ë ®.π§√»√’∏√√¡√“™
°—∫æ◊Èπ∑’Ë»÷°…“„π¿Ÿ¡‘¿“§Õ◊Ëπ¢Õß‚≈° æ∫«à“ §à“°—¡¡—πµ¿“æ
®”‡æ“–¢Õß‡√‡¥’¬¡-226 ¢Õßæ◊Èπ∑’Ë ®.π§√»√’∏√√¡√“™¡’§à“
 Ÿß°«à“∑’Ëµ√«®æ∫„πÀ≈“¬Ê ª√–‡∑» (Table 6) §à“°—¡¡—πµ-
¿“æ®”‡æ“–¢Õß∑Õ‡√’¬¡-232 ¡’§à“„°≈â‡§’¬ß°—∫∑’Ëµ√«®«—¥„π
ª√–‡∑»¡“‡≈‡ ’́¬ ¢Õß‚æ·∑ ‡ ’́¬¡-40 ¡’§à“„°≈â‡§’¬ß°—∫∑’Ë
µ√«®«—¥„πŒàÕß°ß  à«πµ—«Õ¬à“ßπÈ”∫àÕµ◊Èπ„πæ◊Èπ∑’Ë»÷°…“¡’§à“
°—¡¡—πµ¿“æ®”‡æ“–‡√‡¥’¬¡-226 Õ¬Ÿà„π‡°≥±åª≈Õ¥¿—¬
 “¡“√∂„™â„π°“√∫√‘‚¿§‰¥â ¬°‡«âπµ—«Õ¬à“ßπÈ”∫àÕµ◊Èπ 1 µ—«Õ¬à“ß
®“°Õ.‡¡◊Õß∑’Ë¡’§à“°—¡¡—πµ¿“æ®”‡æ“–‡√‡¥’¬¡-226 ‡∑à“°—∫
179 mBq/l ‡°‘π§à“ MCL (111 mBq/l)

°‘µµ‘°√√¡ª√–°“»

ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥∫—≥±‘µ«‘∑¬“≈—¬∑’Ë„Àâ∑ÿπ π—∫ πÿπ
ß“π«‘∑¬“π‘æπ∏å ¢Õ¢Õ∫§ÿ≥¿“§«‘™“øî ‘° å §≥–«‘∑¬“»“ µ√å
¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å ∑’Ë‰¥âÕπÿ≠“µ„Àâ„™â‡§√◊ËÕß¡◊Õ∑’Ë
®”‡ªìπ„π°“√∑”«‘®—¬ ·≈–¢Õ¢Õ∫§ÿ≥ ∂“π«‘®—¬ “√ π‡∑»
¿Ÿ¡‘»“ µ√åœ  §≥–°“√®—¥°“√ ‘Ëß·«¥≈âÕ¡  ¡À“«‘∑¬“≈—¬
 ß¢≈“π§√‘π∑√å ∑’Ë‰¥âÕπÿ≠“µ„Àâ¬◊¡·ºπ∑’Ë ”À√—∫°“√ÕÕ°‡°Á∫
µ—«Õ¬à“ß

‡Õ° “√Õâ“ßÕ‘ß

®‡√ «ÿ≤‘»“ πå. 2548. §«“¡‡¢â¡¢âπ‡√‡¥’¬¡-226 „ππÈ”∫√‘‚¿§
(πÈ”∫àÕµ◊Èπ) „πÕ”‡¿Õπ“À¡àÕ¡ ®—ßÀ«—¥ ß¢≈“. «‘∑¬“-
π‘æπ∏å«‘∑¬“»“ µ√¡À“∫—≥±‘µ.  “¢“«‘™“øî ‘° å §≥–
«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å.

‰µ√¿æ ºàÕß ÿ«√√≥ ·≈– ·æ√ π’√π“∑√—ß √√§å. 2549. °—¡¡—πµ-
¿“æ®”‡æ“–¢Õßπ‘«‰§≈¥å°—¡¡—πµ√—ß ’∏√√¡™“µ‘ ‡√‡¥’¬¡-
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