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Abstract
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Concentration of heavy metal As, Pb, Mn, Ni, Sn, Zn, Cr, Fe and radon gas

in bottom sediment from abandoned tin mines in the Phuket Province
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This research is aimed at analyzing the heavy metals: As, Pb, Mn, Ni, Sn, Zn, Cr, Fe, and radon gas

emission in bottom sediment from six abandoned tin mines in Phuket Province. Fe, Mn, and Sn were found

in higher concentrations (but non-polluting) than Cr and Ni. As, Pb, and Zn were polluting at lower levels.

The concentration ranges for As, Pb, and Zn were 75.3-169, 98.6-547.5, and 120.4-323.3 mg/kg respectively.

The activity of radon gas emission from bottom sediment from an abandoned tin mine in Amphur Muang

was in the range of 162-212 Bq/kg., in the Amphur Katoo mine the range was 122-266 Bq/kg. and in the

Amphur Talang mine the range was 180-263 Bq/kg. All these sites have higher concentrations of radon gas

emissions than other similar sites. The heavy metals and radon gas come from geochemical materials such as

soil and granite rock, found around the abandoned tin mines.
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ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“¢âÕ¡Ÿ≈æ◊Èπ∞“πª√‘¡“≥‚≈À–Àπ—° ·°ä ‡√¥Õπ∑’Ë√–∫“¬ÕÕ°¡“®“°¥‘πµ–°Õπ∑âÕßπÈ”¢ÿ¡

‡À¡◊Õß‡°à“µà“ßÊ „π¥‘πµ–°Õπ∑âÕßπÈ”¢ÿ¡‡À¡◊Õß‡°à“ 6 ·Ààß„π®—ßÀ«—¥¿Ÿ‡°Áµ ª√‘¡“≥‚≈À–Àπ—°∑’Ëæ∫§àÕπ¢â“ß¡“°§◊Õ

‡À≈Á° (Fe) ·¡ß°“π’  (Mn) ·≈–¥’∫ÿ° (Sn)  √Õß≈ß¡“§◊Õ ‚§√‡¡’¬¡ (Cr) ·≈–π‘‡°‘≈ (Ni) ∑—Èß Õß°≈ÿà¡æ∫„π√–¥—∫

‰¡àªπ‡ªóôÕπ ‚≈À–Àπ—°∑’Ëæ∫«à“Õ¬Ÿà„π√–¥—∫ªπ‡ªóôÕπ‡æ’¬ß‡≈Á°πâÕ¬§◊Õ  “√ÀπŸ (As) µ–°—Ë« (Pb) ·≈– —ß°– ’ (Zn) ¡’

§à“§«“¡‡¢â¡¢âπÕ¬Ÿà„π™à«ß 75.3 ∂÷ß 169 ¡°./°°. 98.6 ∂÷ß 547.5 ¡°./°°. ·≈– 120.4 ∂÷ß 332.3 ¡°./°°. µ“¡≈”¥—∫

§«“¡·√ß√—ß ’¢Õß·°ä ‡√¥Õπ∑’Ë√–∫“¬ÕÕ°¡“®“°¥‘πµ–°Õπ „πæ◊Èπ∑’Ë¢ÿ¡‡À¡◊Õß‡°à“Õ”‡¿Õ‡¡◊Õß¡’§à“Õ¬Ÿà„π™à«ß 162 ∂÷ß

212 Bq/kg Õ”‡¿Õ°–∑Ÿâ¡’§à“Õ¬Ÿà„π™à«ß 122 ∂÷ß 266 Bq/kg ·≈–Õ”‡¿Õ∂≈“ß¡’§à“Õ¬Ÿà„π™à«ß 180 ∂÷ß 263 Bq/kg ´÷Ëß®—¥

«à“¡’·°ä √—ß ’‡√¥Õπ√–∫“¬ÕÕ°¡“§àÕπ¢â“ß¡“°‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ª√‘¡“≥·°ä √—ß ’‡√¥Õπ®“°æ◊Èπ∑’Ë́ ÷Ëß¡’≈—°…≥–§≈â“¬Ê

°—π ·À≈àß∑’Ë¡“¢Õß‚≈À–Àπ—°·≈–·°ä ‡√¥Õπ¡“®“°«— ¥ÿ∏√√¡™“µ‘æ«°¥‘π·≈–À‘π·°√π‘µ∑’Ë ≈“¬µ—«§ß§â“ß¡“®“°

°‘®°√√¡¢ÿ¡‡À¡◊Õß‡°à“„πÕ¥’µ

·ÕàßπÈ”„π®—ßÀ«—¥¿Ÿ‡°Áµ∑’Ëæ∫‡ÀÁπÕ¬Ÿà„πªí®®ÿ∫—π à«π
¡“°°≈“¬ ¿“æ®“°¢ÿ¡‡À¡◊Õß¥’∫ÿ°‡°à“∑’Ë¡’¢π“¥·µ°µà“ß°—π
ªí®®ÿ∫—π‰¥â¡’°“√π”πÈ”®“°¢ÿ¡‡À¡◊Õß‡°à“„π®—ßÀ«—¥¿Ÿ‡°Áµ¡“
„™â„π°“√Õÿª‚¿§ ‚¥¬Õ“»—¬°“√ Ÿ∫πÈ”„π·À≈àßπÈ”¥—ß°≈à“«
¢÷Èπ¡“  πÈ”∑’Ë∂Ÿ° Ÿ∫¢÷Èπ¡“π—ÈπÕ“®®–¡’¥‘πµ–°Õπ∑âÕßπÈ”
¢π“¥‡≈Á°·≈–‡∫“·¢«π≈Õ¬ª–ªπ¡“°—∫πÈ”∑’Ë∂Ÿ° Ÿ∫¢÷Èπ¡“
∫â“ß  ∑—Èßπ’È¥‘πµ–°Õπ∑âÕßπÈ”„π¢ÿ¡‡À¡◊Õß‡°à“∑’Ëæ∫„πªí®®ÿ∫—π
¡’∑’Ë¡“®“°À≈“¬ “‡Àµÿ  ‡™àπ ¡“®“°°“√°—¥‡´“–ºÿæ—ß ≈“¬
µ—«¢Õßº‘«¥‘πÀ√◊ÕÀ‘π„π∫√‘‡«≥æ◊Èπ∑’Ë„°≈â¢ÿ¡‡À¡◊Õß‡°à“ ¡“
®“° ‘Ëß§ß§â“ß®“°°“√∑”°‘®°“√‡À¡◊Õß·√à¥’∫ÿ°„πÕ¥’µ
„πß“π«‘®—¬π’È®–»÷°…“≈—°…≥–·≈–Õß§åª√–°Õ∫‚¥¬∑—Ë«‰ª
¢Õß¥‘πµ–°Õπ∑âÕßπÈ”¢ÿ¡‡À¡◊Õß‡°à“„π®—ßÀ«—¥¿Ÿ‡°Áµ¥â«¬«‘∏’
°“√∑“ßøî ‘° å ·≈–‡§¡’¡“æ‘®“√≥“ª√–°Õ∫√à«¡°—∫¢âÕ¡Ÿ≈
æ◊Èπ∞“π∑“ß¥â“π∏√≥’«‘∑¬“ ‡æ◊ËÕ„™â„π°“√ª√–‡¡‘π∂÷ßæ‘…¿—¬
·≈–§«“¡‡ªìπ‰ª‰¥â∑’Ë¥‘πµ–°Õπ¥—ß°≈à“«®– àßº≈°√–∑∫µàÕ
§π

°“√»÷°…“ª√‘¡“≥∏“µÿ‚≈À–Àπ—° As  Cr  Pb  Mn

Ni  Sn  Zn ·≈– Fe „π¥‘πµ–°Õπ∑âÕßπÈ” Õ“»—¬‡∑§π‘§
°“√«‘‡§√“–Àå‚≈À–Àπ—°∑“ß‡§¡’¥â«¬‡§√◊ËÕß ICP ∑’Ëµ√«®
À“§«“¡‡¢â¡¢âπ‚≈À–Àπ—°∑’Ë¡’Õ¬Ÿà§àÕπ¢â“ßπâÕ¬‰¥â¥’ ¥—ß‡™àπ

Robertson ·≈–§≥– (2003) „™â‡∑§π‘§∑“ß‡§¡’µ√«®«—¥
ª√‘¡“≥‚≈À–Àπ—°„π¥‘πµ–°Õπ¿“¬„π·≈–¿“¬πÕ°‡¡◊Õß
·¡π‡™ ‡µÕ√å ª√–‡∑»Õ—ß°ƒ… æ∫«à“¡’ Pb Mn ·≈– Zn

Õ¬Ÿà„π™à«ß 25 ∂÷ß 645 ‰¡‚§√°√—¡/°√—¡ 49 ∂÷ß 433

‰¡‚§√°√—¡/°√—¡  ·≈– 172 ∂÷ß 2,178 ‰¡‚§√°√—¡/°√—¡
µ“¡≈”¥—∫  Petrosky ·≈–§≥– (1998) „™âµ√«®«—¥§«“¡
‡¢â¡¢âπ‚≈À–Àπ—° Cu  Pb  Zn  Ni  Mn  Fe  Cd  Ti ·≈–
As „π¥‘πµ–°Õπ®“°∑–‡≈ “∫ Nechranice µÕπ‡Àπ◊Õ
¢Õß‚∫Œ’‡¡’¬ ª√–‡∑» “∏“√≥√—∞‡™Á° ‡æ◊ËÕ«‘‡§√“–Àå√–¥—∫
°“√ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—°‡ªìπæ‘…®“°‚√ß‰øøÑ“µàÕ ¿“æ
·«¥≈âÕ¡„πæ◊Èπ∑’Ë¥—ß°≈à“« ¥â«¬‡∑§π‘§°“√«‘‡§√“–Àå∑“ß‡§¡’
æ∫«à“¡’§«“¡‡¢â¡¢âπ‚≈À–Àπ—°Õ¬Ÿà„π™à«ß 102-305 ppm

38.7-126 ppm  367-1079 ppm  62.5-173 ppm  893-

3,304 ppm  53,100-63,800 ppm  0.3-7.5 ppm  3,530-

7,950 ppm ·≈– 97-597 ppm µ“¡≈”¥—∫ ·≈–®“°ß“π
¢Õß  ‰µ√¿æ  ·≈–¥√ÿ≥’  (2545)  ∑’Ë„™â‡∑§π‘§‡¥’¬«°—ππ’È
À“§«“¡‡¢â¡¢âπ‚≈À–Àπ—° Fe  Mn  Ni  Pb ·≈– Cr „π
¥‘πµ–°Õπ∑–‡≈ “∫ ß¢≈“‡æ◊ËÕ»÷°…“§«“¡ —¡æ—π∏å°—π¢Õß
º≈∑’Ëæ∫°—∫·À≈àß∑’Ë¡“¢Õß‚≈À–Àπ—°¥—ß°≈à“« ´÷Ëß·À≈àß∑’Ë¡“
¢Õß‚≈À–Àπ—°‚¥¬¡“°®–¡“®“°∏√√¡™“µ‘‡ªìπ à«π„À≠à
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∏ß™—¬   ÿ∏’√»—°¥‘Ï ·≈– ‰µ√¿æ  ºàÕß ÿ«√√≥643

·°ä ‡√¥Õπ (radon) ‡ªìπº≈º≈‘µ∑’Ë¡“®“°∏“µÿ
°—¡¡—πµ√—ß ’‡√‡¥’¬¡ (radium-226) æ∫‰¥â„πæ◊Èπ∑’Ë∑’Ë¡’∏“µÿ
¬Ÿ‡√‡π’¬¡ (U) ∏“µÿ‚æ·∑ ‡ ’́¬¡ (K) ·≈–∏“µÿ∑Õ‡√’¬¡ (Th)

(Faure, 1986) À‘π∑’Ë¡’¬Ÿ‡√‡π’¬¡ª–ªπ‚¥¬‡©≈’Ë¬§àÕπ¢â“ß Ÿß
‰¥â·°à À‘π·°√π‘µ À‘π¥‘π¥“π À‘πªŸπ·≈–À‘π∑√“¬ (Otton

et al., 1993) ´÷Ëß‡ªìπÀ‘π∑’Ë “¡“√∂æ∫‰¥â„πæ◊Èπ∑’Ë®—ßÀ«—¥
¿Ÿ‡°Áµ (Garson et al., 1975)  À‘π¥—ß°≈à“«‡¡◊ËÕºÿæ—ß·µ°
 ≈“¬µ—«®–∂Ÿ°æ—¥æ“°—π‰ª – ¡µ—«‡°‘¥‡ªìπÀ‘πµ–°Õπ‰¥â
(∏ß™—¬, 2531) ∏“µÿ°—¡¡—πµ√—ß ’‡√‡¥’¬¡ “¡“√∂≈–≈“¬πÈ”
ª–ªπ°—∫πÈ”„µâ¥‘π·≈–¥‘πµ–°Õπ‰¥â (Lucas and Ilcewiz,

1958) ∑—Èßπ’È∏“µÿ¥—ß°≈à“«®—¥«à“‡ªìπ “√°àÕ¡–‡√Áß™π‘¥Àπ÷Ëß
À“°∫√‘‚¿§πÈ”∑’Ë¡’¥‘πµ–°Õπ∑’Ë¡’∏“µÿ°—¡¡—πµ√—ß ’¥—ß°≈à“«
ª–ªπÕ¬Ÿà‡¢â“‰ª„π√à“ß°“¬„πª√‘¡“≥ ŸßÕ“®®–∑”„Àâ‡°‘¥‡ªìπ
‚√§¡–‡√Áßµ“¡Õ«—¬«–µà“ßÊ ‰¥â ‡™àπ ¡–‡√Áß„πªÕ¥ °√–¥Ÿ°
·≈–¡–‡√Áß„π‚æ√ß®¡Ÿ° (USEPA, 1993b)  °“√À“ª√‘¡“≥
§«“¡‡¢â¡¢âπ¢Õß·°ä √—ß ’‡√¥Õπ∑’Ëª≈¥ª≈àÕ¬ÕÕ°¡“®“°
¥‘πµ–°Õπ®–Õ“»—¬‡∑§π‘§ SSNTD (Solid State Nuclear

Track Detector) ´÷Ëß‡ªìπ∑’Ëπ‘¬¡„™â°—πÕ¬à“ß¡“°„π°“√
µ√«®«—¥·°ä √—ß ’‡√¥Õπ ‚¥¬„™â·ºàπæ≈“ µ‘° CR-39 „π
°“√√—∫√—ß ’·Õ≈ø“∑’Ë¡“®“°°“√ ≈“¬µ—«¢Õß·°ä √—ß ’‡√¥Õπ
∑’Ë√–∫“¬ÕÕ°¡“®“°¥‘πµ–°Õπ (‰µ√¿æ ·≈–§≥–, 2544;

 ÿ¢ «— ¥‘Ï, 2543) ®“°π—Èππ”º≈°“√»÷°…“∑’Ë‰¥â∑—ÈßÀ¡¥‰ª
‡ª√’¬∫‡∑’¬∫‡™‘ß¿Ÿ¡‘»“ µ√å¢Õßæ◊Èπ∑’Ë»÷°…“‡æ◊ËÕ«‘‡§√“–ÀåÀ“
 “‡Àµÿ·≈–·À≈àß∑’Ë¡“¢Õß‚≈À–Àπ—°·≈–·√à∑’Ë “¡“√∂ª≈¥
ª≈àÕ¬√—ß ’¥—ß°≈à“«

ß“π«‘®—¬π’È‡ªìπ à«πÀπ÷Ëß¢Õß‚§√ßß“π«‘®—¬°“√»÷°…“
 ¡∫—µ‘∑“ß·¡à‡À≈Á°·≈–§«“¡‡¢â¡√—ß ’Õ—≈ø“„π¥‘πµ–°Õπ
∑âÕßπÈ”®“°¢ÿ¡‡À¡◊Õß„π®—ßÀ«—¥¿Ÿ‡°Áµ  «—µ∂ÿª√– ß§å¢Õß
‚§√ßß“π«‘®—¬π’È  ª√–°Õ∫¥â«¬  (1)  «‘‡§√“–ÀåÀ“ª√‘¡“≥
‚≈À–Àπ—° As  Cr  Mn  Ni  Pb  Sn  Zn ·≈– Fe ∑’Ë¡’„π
¥‘πµ–°Õπ∑âÕßπÈ” (2) »÷°…“ª√‘¡“≥·°ä √—ß ’‡√¥Õπ∑’Ë
√–∫“¬ÕÕ°®“°¥‘πµ–°Õπ∑âÕßπÈ”«à“¡’§à“‡ªìπ‡™àπ‰√ ‡æ◊ËÕπ”
‰ªª√–‡¡‘π§«“¡‡ ’Ë¬ß®“°°“√„™âπÈ”®“°¢ÿ¡‡À¡◊Õß (3) »÷°…“
≈—°…≥–°“√°√–®“¬¢Õß‚≈À–Àπ—°¥—ß°≈à“« ‡æ◊ËÕ«‘‡§√“–Àå
º≈°√–∑∫∑“ß ‘Ëß·«¥≈âÕ¡ √«¡∑—Èß«‘‡§√“–Àå∑’Ë¡“¢Õß‚≈À–
Àπ—°·≈–ª√‘¡“≥√—ß ’∑’Ëæ∫„π¥‘πµ–°Õπ∑âÕßπÈ”«à“¡“®“°
 “‡Àµÿ„¥∫â“ß

∏√≥’«‘∑¬“¢Õßæ◊Èπ∑’Ë»÷°…“

‡°“–¿Ÿ‡°ÁµÕ¬Ÿà∑“ß„µâ¢Õßª√–‡∑»‰∑¬µ‘¥°—∫™“¬Ωíòß
∑–‡≈Õ—π¥“¡—π µ—ÈßÕ¬ŸàΩíòß∑–‡≈¥â“πµ–«—πµ°¢Õß§“∫ ¡ÿ∑√
¡≈“¬Ÿ Õ¬Ÿà√–À«à“ß‡ âπ√ÿâß∑’Ë 7º 45′ 23.3′′ ·≈– 8º 11′ 54.5′′
‡Àπ◊Õ ·≈–‡ âπ·«ß∑’Ë 98º 15′ 40.0′′ ·≈– 98º 26′ 53.0′′
·∫àß‡¢µ°“√ª°§√Õß‡ªìπ 3 Õ”‡¿Õ§◊Õ Õ”‡¿Õ‡¡◊Õß Õ”‡¿Õ
°–∑Ÿâ ·≈–Õ”‡¿Õ∂≈“ß   ¿“æ∑“ß∏√≥’«‘∑¬“¢Õß‡°“–‡ªìπ
À‘π·¢Áß∑’Ë¡’ “¬·√à§«Õµ™åª–ªπ°—∫À‘π·°√π‘µ¬ÿ§§√’‡µ‡™’¬ 
·≈–À‘πµ–°Õπ¬ÿ§‡æÕ√å‚¡-§“√å∫Õπ‘‡øÕ√å√—  (premo-

carboniferous sedimentary formation) ´÷Ëß‡√’¬°«à“ À‘π
™ÿ¥¿Ÿ‡°Áµ °“√·∑√°¥—πµ—«¢ÕßÀ‘π·°√π‘µ„πÀ‘π™ÿ¥¿Ÿ‡°Áµ®–
„Àâ·√à¥’∫ÿ°¢÷Èπ¡“¥â«¬ ‚¥¬·À≈àß·√à¥’∫ÿ°„πÕ¥’µ∫π‡°“–
¿Ÿ‡°Áµ®–‡ªìπ·À≈àß·√à·∫∫∑’Ë – ¡µ—«∫π∫° ÷́Ëßµâπ°”‡π‘¥
 à«π„À≠à®–¡“®“° “¬§«Õµ´å   “¬‡æ°¡“‰∑µå  ·≈– “¬
·Õ‰æ≈¥å (π‘√—π¥√å ·≈–π√“‡¡»«√å, 2536; Õ”‰æ, 2538)

«— ¥ÿÕÿª°√≥å ·≈–«‘∏’°“√∑¥≈Õß

1. °“√‡°Á∫µ—«Õ¬à“ß  ·≈–°“√‡µ√’¬¡µ—«Õ¬à“ß ”À√—∫

«‘‡§√“–Àåª√‘¡“≥‚≈À–Àπ—°

¢ÿ¡‡À¡◊Õß‡°à“∑’Ë®–»÷°…“¥‘πµ–°Õπ∑âÕßπÈ”¡’®”π«π
6 ·Ààß„π 3 Õ”‡¿Õ (Figure 1) ‰¥â·°à ¢ÿ¡‡À¡◊Õß‡°à“ (‰¡à¡’
™◊ËÕ)#3 (M1)  ·≈–¢ÿ¡‡À¡◊Õß‡°à“∫√‘…—∑‚°¬ ¡∫Ÿ√≥å ®”°—¥
#3 (M2) (Õ”‡¿Õ‡¡◊Õß)  ¢ÿ¡‡À¡◊Õß∫√‘…—∑ Õπÿ¿“… ®”°—¥
#3(K1) ·≈–¢ÿ¡‡À¡◊Õß π“¡°Õ≈åø≈ÁÕ°ª“≈å¡ (K2) (Õ”‡¿Õ
°–∑Ÿâ)  ¢ÿ¡‡À¡◊Õßπ° (T1)  ·≈–¢ÿ¡‡À¡◊Õß∫“ß¡–√«π#4

(T2) (Õ”‡¿Õ∂≈“ß)  ‡°Á∫µ—«Õ¬à“ß¥â«¬‡§√◊ËÕß‡°Á∫¥‘πµ–°Õπ
∑âÕßπÈ” ®“°π—Èππ”¥‘πµ–°Õπ‰ªÕ∫‰≈à§«“¡™◊Èπ∑’ËÕÿ≥À¿Ÿ¡‘
100ºC π“π 24 ™—Ë«‚¡ß ·≈â«§—¥·¬°¢π“¥¥â«¬µ–·°√ß
√àÕπ·¬°¢π“¥ ÷́Ëß∑”¥â«¬‡À≈Á°‰√â π‘¡ (Retsch, Germany)

‡≈◊Õ°‡©æ“–¥‘πµ–°Õπ¢π“¥‡≈Á°°«à“ 0.106 ¡¡.  ¡“
«‘‡§√“–Àåª√‘¡“≥‚≈À–Àπ—°·≈–·°ä √—ß ’‡√¥Õπ   °“√
«‘‡§√“–Àåª√‘¡“≥‚≈À–Àπ—° ‡√‘Ë¡µâπ®“°°“√¬àÕ¬ “√Õâ“ßÕ‘ß
¡“µ√∞“π IAEA SL-1 ·≈–¥‘πµ–°Õπµ—«Õ¬à“ß‡ªìπ “√
≈–≈“¬¥â«¬°√¥ ‚¥¬°“√π”¥‘πµ–°Õπ 200 ¡°. ¡“‡µ‘¡
 “√ aqua regia (Potts, 1992) 1 ¡≈. ·≈–‡µ‘¡°√¥ HF
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40% (Merck, Germany) 5 ¡≈.  ¬àÕ¬∑’ËÕÿ≥À¿Ÿ¡‘ 98-

100ºC ®πµ–°Õπ≈–≈“¬À¡¥ ‡µ‘¡ “√≈–≈“¬ H
3
BO

3
 50

¡≈. (Merck, Germany) ‡®◊Õ®“ß¥â«¬πÈ”°≈—Ëπ®π¡’ª√‘¡“µ√
100 ¡≈.  π”µ—«Õ¬à“ß¥‘πµ–°Õπ„π√Ÿª¢Õß “√≈–≈“¬π’È
‰ª«‘‡§√“–Àå¥â«¬‡§√◊ËÕß  ICP-AES  (Perkin  Elmer  √ÿàπ
4300DV) ‡æ◊ËÕÀ“ª√‘¡“≥‚≈À–Àπ—° ·≈–‡ªÕ√å‡´Áπµå°“√
·¬°√«¡ (% recovery) ¢Õß∏“µÿ‚≈À–Àπ—°‰ª‡ª√’¬∫‡∑’¬∫
°—∫§«“¡‡¢â¡¢âπÕâ“ßÕ‘ß„π„∫√—∫√Õß∑’Ë·π∫¡“°—∫ “√µ—«Õ¬à“ß
¡“µ√ (‰µ√¿æ ·≈– ¥√ÿ≥’, 2545)

2. °“√«‘‡§√“–Àå‡æ◊ËÕª√–‡¡‘π§«“¡‡ªìπ‰ª‰¥â„π°“√

ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—°„π¥‘πµ–°Õπ∑âÕßπÈ”¢ÿ¡‡À¡◊Õß

‡°à“

º≈§«“¡‡¢â¡¢âπ‚≈À–Àπ—°„π¥‘πµ–°Õπ∑âÕß®–∂Ÿ°
π”¡“·¬°»÷°…“‡ªìπ 3  à«π §◊Õ «‘‡§√“–Àå§«“¡‡ªìπæ‘…
¢Õß¥‘πµ–°Õπ‡¡◊ËÕ‡∑’¬∫°—∫§«“¡‡¢â¡¢âπ‚≈À–Àπ—°„π¥‘π
µ–°Õπ®“°æ◊Èπ∑’ËπÈ”®◊¥ ‚¥¬·¬°¢’¥®”°—¥¢Õß§«“¡‡ªìπæ‘…
‡ªìπ 2 ª√–‡¿∑ §◊Õ §«“¡‡¢â¡¢âπ‚≈À–Àπ—°¢—ÈπµË”∑’Ë®– àß

º≈°√–∑∫µàÕ ‘Ëß¡’™’«‘µ (threshold effect concentration:

TEC) ®“°§à“ ERL (effect rang low) ·≈–§«“¡‡¢â¡¢âπ
‚≈À–Àπ—°∑’Ëπà“®–¡’º≈°√–∑∫µàÕ ‘Ëß¡’™’«‘µ (probable effect

concentration: PEC) ®“°§à“ ERM (effect rang median)

(MacDonald et al., 2000; O'Connor and Paul, 2000)

 à«π∑’Ë Õß‡ªìπ°“√«‘‡§√“–Àå§«“¡º‘¥ª°µ‘¢Õß§«“¡‡¢â¡¢âπ
‚≈À–Àπ—°„π¥‘πµ–°Õπ ‡√‘Ë¡®“°°“√‡≈◊Õ°∏“µÿ‚≈À–Àπ—°¡“
‡ªìπ∏“µÿÕπÿ√—°…å (Szefer et al., 1995; ‰µ√¿æ ·≈–¥√ÿ≥’,
2545) „™âÕâ“ßÕ‘ß°“√ √â“ß°√“ø√–À«à“ß‚≈À–Àπ—°∑’Ë»÷°…“
°—∫∏“µÿÕπÿ√—°…å ‚¥¬‡°≥±å∑’Ë°”Àπ¥«à“§«“¡·ª√ª√«π¢Õß
§à“§«“¡‡¢â¡¢âπ‚≈À–Àπ—°∑’Ë¡’·À≈àß°”‡π‘¥®“°∏√√¡™“µ‘‰¡à
§«√‡°‘π™à«ß·∂∫°«â“ß ±2S

y/x
 ∑’Ë‡∫’Ë¬ß‡∫πÕÕ°®“°‡ âπµ√ß

∑’Ë‰¥â®“°°“√«‘‡§√“–Àå§«“¡∂¥∂Õ¬‡™‘ß‡ âπ (Szefer et al.,

1995) §à“∑’Ë‡°‘π™à«ß·∂∫°«â“ß ±2S
y/x

 ®—¥«à“‡ªìπ§à“§«“¡
º‘¥ª°µ‘‡™‘ß¿Ÿ¡‘¿“§∑’ËÕ“®¡’§«“¡‡°’Ë¬«æ—π°—∫°‘®°√√¡¢Õß
¡πÿ…¬å   à«π ÿ¥∑â“¬‡ªìπ°“√ª√–‡¡‘π¥â«¬§à“¥—™π’«—¥°“√
 – ¡‡™‘ß∏√≥’ (geoaccumulation index, Igeo) ®“° Ÿµ√
(Herr and Gray, 1997)

Figure 1. Map showing the study area in the Phuket province, and the abandoned tin mine

reservoir sampling sites in Phuket province.
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Igeo = log2

Cn

1.5Bn







‡¡◊ËÕ C
n
 ‡ªìπ§«“¡‡¢â¡¢âπ‚≈À–Àπ—°„π¥‘πµ–°Õπµ—«Õ¬à“ß

·≈– B
n
 ‡ªìπ§«“¡‡¢â¡¢âπ‚≈À–Àπ—°·µà≈–™π‘¥„π«— ¥ÿ

∏√√¡™“µ‘æ◊Èπ∑’Ë¥—ß°≈à“« (À‘π·°√π‘µ; Garson et al., 1975)

°“√«‘‡§√“–Àå§«“¡√ÿπ·√ß¢Õß°“√ªπ‡ªóôÕπÕ“»—¬‡°≥±å
‡¥’¬«°—∫∑’Ë„™â„πß“π¢Õß ‰µ√¿æ ·≈–¥√ÿ≥’ (2545) ·≈–
Herr ·≈– Gray (1997) §◊Õ Igeo ¡’§à“‡∑à“°—∫ 0 (‰¡àªπ
‡ªóôÕπ) 1 (‰¡àªπ‡ªóôÕπÀ√◊Õªπ‡ªóôÕπ‰¡à√ÿπ·√ß) 2 (ªπ‡ªóôÕπ
‰¡à√ÿπ·√ß)  3 (ªπ‡ªóôÕπ‰¡à√ÿπ·√ßÀ√◊Õªπ‡ªóôÕπ√ÿπ·√ß)

4 (ªπ‡ªóôÕπ√ÿπ·√ß) 5 (ªπ‡ªóôÕπ√ÿπ·√ßÀ√◊Õªπ‡ªóôÕπ
√ÿπ·√ß¡“°) ·≈– 6 (ªπ‡ªóôÕπ√ÿπ·√ß¡“°)

3. °“√‡µ√’¬¡µ—«Õ¬à“ß ”À√—∫µ√«®«—¥·°ä √—ß ’‡√¥Õπ

°“√«‘‡§√“–Àå·°ä √—ß ’‡√¥Õπ®–Õ“»—¬«‘∏’¢Õß ÿ¢ «— ¥‘Ï
(2543)  ∑’Ë‡√‘Ë¡®“°™—Ëß¥‘πµ–°Õπ  5  °√—¡¡“„ à„π°√–ªÜÕß
‡À≈Á°  π”·ºàπ CR-39 ¡“µ‘¥°—∫°âπ¢Õß∂â«¬æ≈“ µ‘°¥â“π
„π   §«Ë”„Àâ¥â“π∑’Ë¡’·ºàπ CR-39 À—π‡¢â“À“¥‘πµ–°Õπ
ªî¥Ω“¢Õß°√–ªÜÕß‡À≈Á°„Àâ¡‘¥™‘¥ µ—Èß∑‘Èß‰«â 40 «—π ®“°π—Èπ
π”·ºàπ CR-39 ¥—ß°≈à“«¡“°—¥¢¬“¬√Õ¬¥â«¬ “√≈–≈“¬
‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å (NaOH) ∑’Ë§«“¡‡¢â¡¢âπ 6.25 ‚¡≈/
≈‘µ√ ∑’ËÕÿ≥À¿Ÿ¡‘ 85ºC ‚¥¬„™â‡«≈“„π°“√°—¥¢¬“¬√Õ¬ 100

π“∑’  π”µ—«Õ¬à“ß·ºàπ CR-39 ∑’Ë°—¥¢¬“¬√Õ¬·≈â«¡“À“
§«“¡Àπ“·πàπ√Õ¬√—ß ’·Õ≈ø“¥â«¬°“√π—∫®”π«π√Õ¬√—ß ’

·Õ≈ø“∑’Ëæÿàß™π·ºàπ CR-39 ‚¥¬¥Ÿ®“°°≈âÕß®ÿ≈∑√√»πå™π‘¥
2 µ“°”≈—ß¢¬“¬ 100, 400 ·≈– 1,000 ‡∑à“ π”§«“¡Àπ“
·πàπ¢Õß√Õ¬√—ß ’·Õ≈ø“∑’Ë‰¥â‰ªÀ“§à“§«“¡·√ß√—ß ’®“°
 ¡°“√¢Õß°√“øª√—∫‡∑’¬∫¡“µ√∞“π∑’Ë¡“®“°°“√‡µ√’¬¡
 “√¡“µ√∞“π®“°ß“π¢Õß  ÿ¢ «— ¥‘Ï (2543) ¥—ß Figure 2

‚¥¬·∑π§à“§«“¡Àπ“·πàπ√Õ¬√—ß ’ (Tracks/cm2) ≈ß„π
 ¡°“√°√“øª√—∫‡∑’¬∫¡“µ√∞“π‡æ◊ËÕ§”π«≥¡“‡ªìπ§à“
§«“¡·√ß√—ß ’À√◊Õ§«“¡‡¢â¡¢âπ¢Õß·°ä ‡√¥Õπ∑’Ë√–∫“¬
ÕÕ°¡“®“°¥‘π

º≈·≈–°“√«‘‡§√“–Àåº≈°“√∑¥≈Õß

1.  —¥ à«π¢Õß¢π“¥‡¡Á¥µ–°Õπ„π¥‘πµ–°Õπ∑âÕßπÈ”

¢ÿ¡‡À¡◊Õß‡°à“

º≈®“°°“√§—¥·¬°¢π“¥‡¡Á¥µ–°Õπ‡ªìπ 4 ¢π“¥
‡¡Á¥µ–°Õπ „Àâ —¥ à«π‚¥¬¡«≈ (Weight fraction) ¢Õß
·µà≈–¢π“¥‡¡Á¥µ–°Õπ· ¥ß¥—ß Figure 3 æ∫«à“„πµ—«Õ¬à“ß
M1 ·≈– M2 ¡’¢π“¥ 150 ∂÷ß 300 ‰¡§√Õπ·≈–‡≈Á°°«à“
75 ‰¡§√Õπ§àÕπ¢â“ß¡“°  µ—«Õ¬à“ß K1 ·≈– K2 ®–æ∫
¢π“¥‡≈Á°°«à“ 75 ‰¡§√Õπ¡“°∑’Ë ÿ¥ (51 ·≈– 59 % ‚¥¬
¡«≈ µ“¡≈”¥—∫)  µ—«Õ¬à“ß T1 ·≈– T2 ¡’ —¥ à«π¢π“¥
‡¡Á¥µ–°Õπ·µ°µà“ß°—πÕ¬à“ß™—¥‡®ππ—Ëπ§◊Õ T1 ®–æ∫¢π“¥
‡≈Á°°«à“ 75 ‰¡§√Õπ¡“°∑’Ë ÿ¥  §≈â“¬°—∫∑’Ëæ∫„πµ—«Õ¬à“ß
K1 ·≈– K2    à«πµ—«Õ¬à“ß T2 æ∫§≈â“¬°—∫„πµ—«Õ¬à“ß
M1 ·≈– M2 §◊Õ¡’¢π“¥ 150 ∂÷ß 300 ‰¡§√Õπ·≈–‡≈Á°

Figure 2.  Graph for calibration concentration Rn emission from soil from track density.
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°«à“ 75 ‰¡§√Õπ§àÕπ¢â“ß¡“° ‡¡◊ËÕ‡∑’¬∫°—∫µ“√“ß°“√
®”·π°‡¡Á¥µ–°Õπ¢Õß  Unified  Soil  Classification

System (USCS) æ∫«à“¥‘πµ–°Õπ∑âÕßπÈ”¥—ß°≈à“«‡ªìπ
∑√“¬≈–‡Õ’¬¥∑’Ë¡’¢π“¥‡¡Á¥µ–°Õπ 60 ∂÷ß 200 ‰¡§√Õπ
·≈–¥‘π‡Àπ’¬«∑’Ë¡’¢π“¥‡¡Á¥µ–°Õπ‡≈Á°°«à“ 60 ‰¡§√Õπ

2. °“√¬àÕ¬ “√Õâ“ßÕ‘ß¡“µ√∞“π IAEA SL-1

º≈®“°°“√«‘‡§√“–Àåµ—«Õ¬à“ß¡“µ√∞“π IAEA SL-

1 ¥â«¬‡§√◊ËÕß ICP-AES ‰¥â‡ªÕ√å‡´Áπµå°“√·¬°√«¡®“°
°“√‡ª√’¬∫‡∑’¬∫°—∫§«“¡‡¢â¡¢âπ‚≈À–Àπ—°Õâ“ßÕ‘ß∑’Ë·π∫¡“
°—∫ “√µ—«Õ¬à“ß¥—ß Table 1  ‚¥¬‡ªÕ√å‡´Áπµå°“√·¬°√«¡
(% recovery) ¢Õß∏“µÿ‚≈À–Àπ—°∑’Ë»÷°…“„π∑’Ëπ’ÈÕ¬Ÿà„π™à«ß
73.2 ∂÷ß 100.6 ‚≈À–Àπ—°∑’Ë¡’§à“‡ªÕ√å‡´Áπµå°“√·¬°√«¡
 Ÿß ÿ¥§◊Õ‚≈À–Àπ—°‚§√‡¡’¬¡  (Cr)  (¡’§à“‡∑à“°—∫  100.6)

∏“µÿ‚≈À–Àπ—°∑’Ë¡’§à“‡ªÕ√å‡´Áπµå°“√·¬°√«¡µË”∑’Ë ÿ¥§◊Õ
‚≈À–Àπ—° —ß°– ’ (Zn) (¡’§à“‡∑à“°—∫ 73.2)  à«π‚≈À–Àπ—°

¥’∫ÿ°π—Èπ‰¡à¡’§à“ certified value ‡π◊ËÕß®“° “√µ—«Õ¬à“ß
IAEA SL-1 ∑’Ëπ”¡“„™â‰¡à‰¥â«‘‡§√“–Àå‚≈À–Àπ—°¥’∫ÿ°∑”„Àâ
‰¡à “¡“√∂§”π«≥À“§à“ ‡ªÕ√å‡´Áπµå°“√·¬°√«¡‰¥â ¥—ßπ—Èπ
∏“µÿ¥’∫ÿ°®–„™â§à“‡ªÕ√å‡´Áπµå°“√·¬°√«¡‡©≈’Ë¬ (¡’§à“‡∑à“°—∫
82.6) ∑’Ë¡“®“°‚≈À–Àπ—°∑—ÈßÀ¡¥∑’Ëµ√«®«—¥„π∑’Ëπ’È·∑π

3. §«“¡‡¢â¡¢âπ‚≈À–Àπ—°∑’Ëµ√«®«—¥„π¥‘πµ–°Õπ∑âÕßπÈ”

º≈®“°°“√«‘‡§√“–Àå§«“¡‡¢â¡¢âπ‚≈À–Àπ—° As  Cr

Mn  Ni  Pb  Sn  Zn ·≈– Fe „π¥‘πµ–°Õπ∑âÕßπÈ”¢π“¥
‡≈Á°°«à“ 106 ‰¡§√Õπ (Table 2) ‡ª√’¬∫‡∑’¬∫°—∫¢âÕ¡Ÿ≈
æ◊Èπ∞“π®“°æ◊Èπ∑’Ë»÷°…“·≈–Õ“»—¬‡°≥±å∑’Ë„™â∫Õ°¢’¥®”°—¥
¢Õß§«“¡‡ªìπæ‘…‡π◊ËÕß®“°‚≈À–Àπ—°¢Õß¥‘πµ–°Õπ„π
Table 3  ·≈–º≈°“√«‘‡§√“–Àå°“√ªπ‡ªóôÕπ („™â‚≈À–Àπ—°
Fe ‡ªìπ∏“µÿÕπÿ√—°…å; ‰µ√¿æ ·≈–¥√ÿ≥’, 2545) ¥—ß Figure

4  ·≈–§à“¥—™π’«—¥°“√ – ¡‡™‘ß∏√≥’ I
geo

 ®“° Figure 5

¡’º≈¥—ßπ’È

Figure 3. Weight fraction of bottom sediment from the 6 abandoned tin mine in Phuket

province.
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3.1  “√ÀπŸ (As) §«“¡‡¢â¡¢âπ‚≈À–Àπ—° As Õ¬Ÿà
„π™à«ß 75.3 ∂÷ß 169 ¡°./°°. æ∫¡“°„π¥‘π¢π“¥‡≈Á°°«à“
75 ‰¡§√Õπ  ‚¥¬ K1 ·≈– M1 ¡’§à“‡©≈’Ë¬ Ÿß∑’Ë ÿ¥ (151

·≈– 162 ¡°./°°. µ“¡≈”¥—∫) ‡∑’¬∫°—∫ª√‘¡“≥®ÿ≈∏“µÿ As

„πÀ‘πÕ—§π’ À‘πµ–°Õπ ¥‘π∑—Ë«‰ª ·≈–«— ¥ÿ„πæ◊Èπ∑’Ë»÷°…“
(Table 3)  æ∫«à“„π¥‘πµ–°Õπµ—«Õ¬à“ß¡’ As  Ÿß°«à“„π
«— ¥ÿ∏√√¡™“µ‘∑—Ë«‰ª ·µàµË”°«à“„π«— ¥ÿ∏√√¡™“µ‘¢Õßæ◊Èπ∑’Ë
»÷°…“  ·≈–¡’§«“¡‡¢â¡¢âπ Ÿß°«à“§à“  ERL  ·≈–  ERM

(Table 3) ®—¥«à“‡ªìπª√‘¡“≥∑’Ë¡“°æÕ∑’Ë®–°àÕ„Àâ‡°‘¥§«“¡
‡ªìπæ‘…µàÕ ‘Ëß¡’™’«‘µÀ“°‰¥â√—∫‡¢â“‰ª„π√à“ß°“¬®“°°“√
‡§≈◊ËÕπ¬â“¬„π√Ÿª¢Õß “√·¢«π≈Õ¬  πÕ°®“°π’È º≈¢Õß
¢âÕ¡Ÿ≈∑ÿ°Ê µ—«Õ¬à“ßÕ¬Ÿà„π™à«ß·∂∫°«â“ß ±2S

y/x
 (Figure

4a) ·≈–§à“ I
geo

 < 0  ¥—ßπ—Èπ As „π¥‘πµ–°Õππ’È¡’·À≈àß
°”‡π‘¥¡“®“°∏√√¡™“µ‘∑’Ëª√“»®“°°“√ªπ‡ªóôÕπ¢Õß‚≈À–
Àπ—°

3.2 ·¡ß°“π’  (Mn) §«“¡‡¢â¡¢âπ‚≈À–Àπ—° Mn

Õ¬Ÿà„π™à«ß 491 ∂÷ß 2,435 ¡°./°°. æ∫¡“°„πµ—«Õ¬à“ß K1

K2 ·≈– T1 ¡’§à“‡©≈’Ë¬Õ¬Ÿà„π™à«ß 1,627 ∂÷ß 2,092 ¡°./
°°. (¡’¡“°∑’Ë ÿ¥„π T1) ¡“°°«à“®ÿ≈∏“µÿ Mn „π¥‘π  à«π
3 µ—«Õ¬à“ß∑’Ë‡À≈◊Õæ∫µË”°«à“„π¥‘π (Table 3) ·µàÕ¬Ÿà„π
√–¥—∫‡¥’¬«°—∫ Mn ¢Õß«— ¥ÿ∏√√¡™“µ‘„πæ◊Èπ∑’Ë (Garson

et al., 1975) ‡∑’¬∫°—∫æ◊Èπ∑’Ë´÷Ëßæ∫°“√ªπ‡ªóôÕπ¢Õß Mn

Õ¬à“ß√ÿπ·√ß„πß“π¢Õß Petrovsky et al. (1998) (893 ∂÷ß
3,304 ¡°./°°.) æ∫«à“§«“¡‡¢â¡¢âπ‚≈À–Àπ—°¡’§à“µË”°«à“
∑’Ëæ∫„πß“π¥—ß°≈à“« πÕ°®“°π’Èº≈¢Õß¢âÕ¡Ÿ≈∑ÿ°Ê µ—«Õ¬à“ß

Õ¬Ÿà„π™à«ß·∂∫°«â“ß ±2S
y/x

 (Figure 4b) ·≈–§à“ I
geo

 < 0

¥—ßπ—Èπ Mn „π¥‘πµ–°Õπ∑âÕßπÈ”¥—ß°≈à“«¡“®“°«— ¥ÿ
∏√√¡™“µ‘∑’Ëª√“»®“°°“√ªπ‡ªóôÕπ¢Õß Mn

3.3 ‚§√‡¡’¬¡ (Cr) §«“¡‡¢â¡¢âπ‚≈À–Àπ—° Cr

æ∫¡“°„π‡¡Á¥µ–°Õπ¢π“¥‡≈Á°°«à“ 75 ∂÷ß 106 ‰¡§√Õπ
(™à«ß 24.6 ∂÷ß 55.9 ¡°./°°.) ¡’§«“¡‡¢â¡¢âπ‡©≈’Ë¬¢Õß∑—Èß
6 µ—«Õ¬à“ß¥—ß Table 2 ‡¡◊ËÕ‡∑’¬∫°—∫§à“‡©≈’Ë¬¢Õß®ÿ≈∏“µÿ
Cr „π¥‘π·≈–„π«— ¥ÿ∏√√¡™“µ‘¢Õßæ◊Èπ∑’Ëπ’È (Table 3) æ∫
«à“∑ÿ°µ—«Õ¬à“ß¡’ Cr µË”°«à“„πÀ‘π·°√π‘µ ·µà Ÿß°«à“„π¥‘π
µ–°Õπ – ¡µ—«®“°æ◊Èπ∑’Ë¥—ß°≈à“«  ·≈–¡’§«“¡‡¢â¡¢âπµË”°«à“
§à“ ERL ·≈– ERM ∑—Èßπ’È§«“¡‡¢â¡¢âπ‚≈À–Àπ—°¥—ß°≈à“«
Õ¬Ÿà„π√–¥—∫§«“¡‡ªìπæ‘…∑’Ë§àÕπ¢â“ß®–µË” πÕ°®“°π’Èº≈¢Õß
¢âÕ¡Ÿ≈∑—ÈßÀ¡¥µ°Õ¬Ÿà„π™à«ß·∂∫°«â“ß ±2S

y/x
 (Figure 4c)

·≈–¡’§à“ I
geo

 < 0 π—Ëπ§◊Õ Cr „π¥‘πµ–°Õπ∑âÕßπÈ”¥—ß°≈à“«
¡“®“°·À≈àß∏√√¡™“µ‘∑’Ëª√“»®“°°“√ªπ‡ªóôÕπ¢Õß Cr

3.4 π‘‡°‘≈ (Ni) §«“¡‡¢â¡¢âπ‚≈À–Àπ—° Ni Õ¬Ÿà„π
™à«ß 34.7 ∂÷ß 55.8 ¡°./°°. ¡’§à“‡©≈’Ë¬∑’Ë„°≈â‡§’¬ß°—π∑ÿ°
µ—«Õ¬à“ß (Table 2) ‡∑’¬∫°—∫§à“®ÿ≈∏“µÿ Ni ¢Õß¥‘π ¥‘π
µ–°Õπ – ¡µ—«·≈–À‘π·°√π‘µ„πæ◊Èπ∑’Ë  æ∫«à“ Ni ∑’Ëæ∫
¡’§à“πâÕ¬°«à“À√◊Õ‡∑à“°—∫§«“¡‡¢â¡¢âπ¢Õß«— ¥ÿÕâ“ßÕ‘ß„π
Table 3 ·µà¡’§«“¡‡¢â¡¢âπ Ÿß°«à“§à“ ERL ¡’‡æ’¬ßµ—«Õ¬à“ß
K1  ‡∑à“π—Èπ∑’Ë¡’§à“§«“¡‡¢â¡¢âπ‡°‘π°«à“§à“  ERM  ‡æ’¬ß
‡≈Á°πâÕ¬‡∑à“π—Èπ π—ËπÀ¡“¬§«“¡«à“µ—«Õ¬à“ß¥—ß°≈à“«¡’§«“¡
‡¢â¡¢âπ Ni ∑’Ë¡“°æÕ∑’Ë°àÕ„Àâ‡°‘¥§«“¡‡ªìπæ‘…µàÕ ‘Ëß¡’™’«‘µ
À“°‚≈À–Àπ—°¥—ß°≈à“«¡’°“√‡§≈◊ËÕπ¬â“¬‡¢â“‰ª„π√à“ß°“¬

Table 1. Heavy metals concentration in the reference material IAEA

SL-1 and percent recovery of heavy metals.

Certified Reference IAEA SL-1
Metal % Recovery

Concentration (mg/kg) Certified value (mg/kg)

As 35 27.6 78.9
Mn 4111.6 3460 84.2
Cr 103.4 104 100.6
Ni 55.5 44.9 80.9
Pb 46.5 37.7 81.1
Sn 39.8 - 82.6
Zn 304.8 223 73.2
Fe 85448 67400 78.9

Mean of percent recovery = 82.6 %
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Figure 4. Linear regressions for As, Cr, Mn, Ni, Pb, Sn and Zn as a function of Fe con-

centration. The regression line and twice standard deviation band according to

regional anomalies criterion (Szefer et al., 1995) are shown.
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„π√Ÿª¢Õß “√·¢«π≈Õ¬ πÕ°®“°π’Èº≈¢Õß¢âÕ¡Ÿ≈∑—ÈßÀ¡¥
Õ¬Ÿà„π™à«ß·∂∫°«â“ß ±2S

y/x
 (Figure 4d) ·≈–¡’§à“ I

geo
 < 0

· ¥ß«à“ Ni „π¥‘πµ–°Õπ∑âÕßπÈ”¡“®“°∏√√¡™“µ‘∑’Ëª√“»
®“°°“√ªπ‡ªóôÕπ¢Õß Ni

3.5 µ–°—Ë« (Pb) ‚≈À–Àπ—° Pb æ∫¡“°„π¢π“¥
‡≈Á°°«à“ 75 ‰¡§√Õπ ¡’§à“Õ¬Ÿà„π™à«ß 98.6 ∂÷ß 547.5 ¡°./
°°. (æ∫„π T1 ·≈– T2  §àÕπ¢â“ß¡“°) §à“§«“¡‡¢â¡¢âπ
‡©≈’Ë¬ Ÿß∑’Ë ÿ¥„πµ—«Õ¬à“ß T1 (512 ¡°./°°.) (Table 2)

‡∑’¬∫§à“¢Õß®ÿ≈∏“µÿ  Pb  ¢Õß¥‘π·≈–«— ¥ÿ∏√√¡™“µ‘æ◊Èπ∑’Ë
¥—ß°≈à“« (Table 3) æ∫«à“ª√‘¡“≥¢Õß Pb  Ÿß°«à“„π«— ¥ÿ
Õâ“ßÕ‘ß ·≈–¡’§à“¡“°°«à“§à“ ERL ·µàπâÕ¬°«à“§à“ ERM

¬°‡«âπ T1 ·≈– T2 ∑’Ë¡’§à“¡“°°«à“ ERM  ¥—ßπ—Èπ¥‘π

µ–°Õπµ—«Õ¬à“ß¥—ß°≈à“«Õ“®®–¡’§«“¡‡ªìπæ‘…¢Õß Pb µàÕ
 ‘Ëß¡’™’«‘µ  ·≈–§à“ I

geo
 > 0 ¡“®“°µ—«Õ¬à“ß T1 ·≈– T2

(0.62-1.89) §à“ I
geo

 ∑’Ëæ∫πâÕ¬°«à“ 2 ®—¥«à“Õ¬Ÿà„π√–¥—∫
°“√ªπ‡ªóôÕπ∑’Ë‰¡à√ÿπ·√ß ª√–°Õ∫°—∫º≈¢Õß¢âÕ¡Ÿ≈∑—ÈßÀ¡¥
Õ¬Ÿà„π™à«ß·∂∫°«â“ß ±2S

y/x
 (Figure 4e)  ¥—ßπ—Èπ Pb „π

¥‘πµ–°Õππà“®–¡“®“°·À≈àß°”‡π‘¥®“°∏√√¡™“µ‘·≈–®“°
°‘®°√√¡¢Õß¡πÿ…¬å√«¡°—π

3.6 ¥’∫ÿ° (Sn) §«“¡‡¢â¡¢âπ‚≈À–Àπ—° Sn Õ¬Ÿà„π
™à«ß 902 ∂÷ß 3,491 ¡°./°°. ´÷Ëß®—¥«à“ Ÿß¡“° §à“‡©≈’Ë¬¢Õß
§«“¡‡¢â¡¢âπ Sn ∑ÿ°µ—«Õ¬à“ß‡¡◊ËÕ‡∑’¬∫°—∫ª√‘¡“≥®ÿ≈∏“µÿ
Sn ¢Õß¥‘π ¥‘πµ–°Õπ – ¡µ—«·≈–À‘π·°√π‘µ æ∫«à“¡’§à“
 Ÿß°«à“∑’Ë· ¥ß„π Table 3 ·µà Õ¥§≈âÕß°—∫§«“¡‡¢â¡¢âπ

Table 2. Average heavy metal concentration and radon concentration in bottom sediment samples

from the abandoned tin mine reservoirs in Phuket province.

           Site As Mn Cr Ni Pb Sn Zn Fe Rn Gas

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (Bq/kg)

M1 < 75 µm 82 327 30 21 60 950 69 32,102 179
75-106 µm 87 369 30 20 54 1,950 53 30,761 212
Mean 83 336 30 20 58 1,172 65 31,805 205
Std. dev. 3 30 0 0 4 707 11 948 27

M2 < 75 µm 44 561 23 23 77 610 107 46,103 192
75-106 µm 39 468 21 19 54 659 93 39,201 162
Mean 43 535 22 22 70 624 103 44,194 170
Std. dev. 4 65 2 2 16 35 10 4,880 23

K1 < 75 µm 78 1,083 44 28 57 565 118 49,652 266
75-106 µm 78 1,226 44 30 62 577 121 53,596 122
Mean 78 1,112 44 28 58 568 118 50,461 152
Std. dev. 0 101 0 2 3 9 2 2,789 119

K2 < 75 µm 47 969 38 27 91 1,262 147 44,131 221
75-106 µm 40 826 28 19 79 1,081 117 35,928 122
Mean 46 951 37 26 90 1,239 143 43,106 134
Std. dev. 4 101 8 6 9 127 21 5,801 88

T1 < 75 µm 57 1,175 44 20 273 737 71 58,723 263
75-106 µm 58 1,424 47 21 297 754 70 63,850 180
Mean 57 1,223 44 20 278 740 71 59,709 247
Std. dev. 0 176 2 1 17 12 1 3,625 69

T2 < 75 µm 65 288 21 22 125 557 67 49,258 247
75-106 µm 52 287 23 20 113 504 72 49,258 260
Mean 60 288 22 21 121 537 69 49,258 255
Std. dev. 9 1 1 2 9 38 3 0 10
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‚≈À–Àπ—° Sn „πÀ‘π·°√π‘µæ◊Èπ∑’Ë¥—ß°≈à“« πÕ°®“°π’Èº≈
¢Õß¢âÕ¡Ÿ≈∑—ÈßÀ¡¥Õ¬Ÿà„π™à«ß·∂∫°«â“ß ±2S

y/x
 (Figure 4f)

·≈–§à“¥—™π’«—¥°“√ – ¡‡™‘ß∏√≥’ I
geo

 < 0 ¥—ßπ—Èπ Sn „π
¥‘πµ–°Õπ¡“®“°°“°·√à¥’∫ÿ°∑’Ë – ¡µ—«√à«¡°—∫¥‘πµ–°Õπ
 – ¡µ—«∑’Ë¡’¡“µ—Èß·µà§√—ÈßÕ¥’µ ÷́Ëßª√“»®“°°“√ªπ‡ªóôÕπ¢Õß
Sn

3.7  —ß°– ’ (Zn) §«“¡‡¢â¡¢âπ‚≈À–Àπ—° Zn Õ¬Ÿà
„π™à«ß 120.4 ∂÷ß 332.3 ¡°./°°. æ∫§«“¡‡¢â¡¢âπ‡©≈’Ë¬∑’Ë
 Ÿß„π K1  K2 ·≈– M2 æ∫¡“°∑’Ë ÿ¥„πµ—«Õ¬à“ß K2 (324

¡°./°°.) 3 µ—«Õ¬à“ß∑’Ë‡À≈◊Õ®–æ∫§à“§«“¡‡¢â¡¢âπÕ¬Ÿà√–¥—∫
∑’ËµË” ·µà Ÿß°«à“ª√‘¡“≥®ÿ≈∏“µÿ Zn „π¥‘π·≈–¥‘πµ–°Õπ
 – ¡µ—« (Table 3) ·µàÕ¬Ÿà„π√–¥—∫‡¥’¬«°—∫„πÀ‘π·°√π‘µ
§«“¡‡¢â¡¢âπ Zn π’È¡’§à“¡“°°«à“§à“ ERL ·µàπâÕ¬°«à“§à“
ERM  π—ËπÀ¡“¬§«“¡«à“¡’‚≈À–Àπ—°  Zn  Õ¬Ÿà„π√–¥—∫∑’Ë
¡“°æÕ∑’Ë°àÕ„Àâ‡°‘¥§«“¡‡ªìπæ‘…µàÕ ‘Ëß¡’™’«‘µ‰¥â ·≈–§à“ I

geo

> 0  (0.12-1.22)  ·µàπâÕ¬°«à“  2  ®—¥«à“Õ¬Ÿà„π√–¥—∫°“√
ªπ‡ªóôÕπ∑’Ë‰¡à√ÿπ·√ß ª√–°Õ∫°—∫º≈¢Õß¢âÕ¡Ÿ≈∑—ÈßÀ¡¥Õ¬Ÿà
„π™à«ß·∂∫°«â“ß ±2S

y/x
 (Figure 4g) ¥—ßπ—Èπ Zn ∑’Ëæ∫„π

¥‘πµ–°Õππà“®–¡“®“°·À≈àß°”‡π‘¥®“°∏√√¡™“µ‘·≈–®“°
°‘®°√√¡¢Õß¡πÿ…¬å√«¡°—π

3.8 ‡À≈Á° (Fe) §«“¡‡¢â¡¢âπ‚≈À–Àπ—° Fe Õ¬Ÿà„π
™à«ß 59,885 ∂÷ß 124,302 ¡°./°°. §«“¡‡¢â¡¢âπ¥—ß°≈à“«
®—¥«à“‡ªìπ§à“∑’Ë§àÕπ¢â“ß¡“° æ∫¡“° ÿ¥µ—«Õ¬à“ß T1 ·≈–
T2 (§à“‡©≈’Ë¬‡∑à“°—∫ 116,239 ·≈– 95,894 ¡°./°°.)
µ—«Õ¬à“ß∑’Ë‡À≈◊Õæ∫Õ¬Ÿà„π√–¥—∫∑’ËπâÕ¬°«à“ (Table 3) ‡π◊ËÕß
®“°«— ¥ÿ∏√√¡™“µ‘„πæ◊Èπ∑’Ë¥—ß°≈à“«¡’‚≈À–Àπ—°‡À≈Á°‡ªìπ
Õß§åª√–°Õ∫§àÕπ¢â“ß¡“° (Garson et al., 1975) ª√–°Õ∫
°—∫‚≈À–Àπ—° Fe ‡ªìπ®ÿ≈∏“µÿæ◊Èπ∞“π∑’Ëæ∫§àÕπ¢â“ß¡“°„π
∏√√¡™“µ‘‰¡à«à“®–‡ªìπ„π√Ÿª¢Õß “√ª√–°Õ∫ Fe2+ ·≈–/
À√◊Õ Fe3+ (»ÿ¿¡“», 2545) „π∑’Ëπ’Èæ∫¡“°„π√Ÿª¢Õß·√à‡À≈Á°
æ«°·¡°π’‰∑µå·≈–Œ’¡“‰∑µå ∑’Ëª–ªπ„π«— ¥ÿ∏√√¡™“µ‘
®”æ«°¥‘π »‘≈“·≈ß ·≈–À‘πµà“ßÊ

4. °“√«‘‡§√“–Àå À —¡æ—π∏å√–À«à“ß‚≈À–Àπ—°·µà≈–™π‘¥

‚≈À–Àπ—°∑’Ëæ∫·¬°‰¥â‡ªìπ Õß°≈ÿà¡§◊Õ °≈ÿà¡∑’Ëæ∫
«à“§«“¡‡¢â¡¢âπ‚≈À–Àπ—°„π√–¥—∫ª°µ‘ ‰¥â·°à ‚≈À–Àπ—°
Cr ·≈– Ni  ®“°§à“ —¡ª√– ‘∑∏å À —¡æ—π∏å (correlation

coefficient: R) √–À«à“ß‚≈À–Àπ—°∑—Èß Õß (Table 4) ∑”„Àâ
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∑√“∫«à“‚≈À–Àπ—°∑—Èß Õß¡’§«“¡ —¡æ—π∏å°—π„π√–¥—∫Àπ÷Ëß
(R ‡∑à“°—∫ 0.529)  à«π°≈ÿà¡∑’Ë Õß‡ªìπ°≈ÿà¡∑’Ë¡’§«“¡‡¢â¡¢âπ
‚≈À–Àπ—°∑’Ë§àÕπ¢â“ß¡“° ‰¥â·°à ‚≈À–Àπ—° As Mn Pb Sn

·≈– Zn æ‘®“√≥“§«“¡ —¡æ—π∏å√–À«à“ß‚≈À–Àπ—°∑—ÈßÀ¡¥
√à«¡°—π æ∫«à“¡’‡æ’¬ß‚≈À–Àπ—° Mn-Pb ‡∑à“π—Èπ ®–æ∫
§«“¡ —¡æ—π∏å°—π (R ‡∑à“°—∫ 0.533)  à«π‚≈À–Àπ—°∑’Ë
‡À≈◊Õ¡’§à“ R §àÕπ¢â“ßµË” (Table 4) ·≈–¡’§«“¡ —¡æ—π∏å
°—π‰¡à™—¥‡®π À“°æ‘®“√≥“§«“¡ —¡æ—π∏å¢Õß‚≈À–Àπ—°∑—Èß
 Õß°≈ÿà¡√à«¡°—π æ∫«à“‚≈À–Àπ—°„π°≈ÿà¡Àπ÷Ëß∑’Ë¡’§«“¡
 —¡æ—π∏å°—∫°≈ÿà¡∑’Ë Õß™—¥‡®π∑’Ë ÿ¥§◊Õ ‚≈À–Àπ—° Mn-Cr

·≈–‚≈À–Àπ—° Ni-Zn ¡’ R ‡∑à“°—∫ 0.897 ·≈– 0.665

 à«π R ∑’Ëæ∫¡“°„π≈”¥—∫∂—¥¡“§◊Õ‚≈À–Àπ—° Cr-Ni  Cr-

Pb  Mn-Ni ·≈– Mn-Zn ¡’§à“‡∑à“°—∫ 0.529 0.481 0.480

·≈– 0.411 µ“¡≈”¥—∫ ‚¥¬‚≈À–Àπ—° Mn  Cr  ·≈– Ni

¡’ À —¡æ—π∏å°—∫‚≈À–Àπ—°™π‘¥Õ◊Ëπ™—¥‡®π¡“°∑’Ë ÿ¥ ‡π◊ËÕß
®“°‚≈À–Àπ—°¥—ß°≈à“«‡ªìπ‚≈À–Àπ—°∑’Ëæ∫‰¥â∑—Ë«‰ª„π«— ¥ÿ
∏√√¡™“µ‘ (‰µ√¿æ ·≈–¥√ÿ≥’, 2545 ; Osan et al., 2002;

Manjunatha and Shankar, 1997) √«¡∑—Èß “¡“√∂‡ªìπ
‚≈À–Àπ—°∑’Ë∂Ÿ°¥Ÿ¥´—∫‰¥â¥â«¬«— ¥ÿ∏√√¡™“µ‘®”æ«°Õπÿ¿“§
¥‘πÀ√◊Õ·√à¥‘π‡Àπ’¬« (»ÿ¿¡“», 2545)

5. ª√‘¡“≥·°ä √—ß ’‡√¥Õπ∑’Ë√–∫“¬ÕÕ°¡“®“°¥‘πµ–°Õπ

∑âÕßπÈ” ·≈–°“√«‘‡§√“–Àåº≈‡™‘ß¿Ÿ¡‘»“ µ√å

º≈°“√µ√«®«—¥§«“¡·√ß√—ß ’¢Õß·°ä ‡√¥Õπ∑’Ë·æ√à
°√–®“¬ÕÕ°¡“®“°µ—«Õ¬à“ß¥‘πµ–°Õπ¢π“¥‡¡Á¥µ–°Õπ
‡≈Á°°«à“ 106 ‰¡§√Õπ„π 6 ¢ÿ¡‡À¡◊Õß‡°à“¥—ß· ¥ß„π Table

2   “¡“√∂·®°·®ßº≈°“√«‘‡§√“–Àå„πæ◊Èπ∑’Ëµà“ßÊ ‰¥â¥—ßπ’È

5.1 ¢ÿ¡‡À¡◊Õß‡°à“„πæ◊Èπ∑’ËÕ”‡¿Õ‡¡◊Õß

µ—«Õ¬à“ß M1 ·≈– M2 ¡’§à“§«“¡·√ß¢Õß
√—ß ’®“°·°ä ‡√¥Õπ‡∑à“°—∫ 205 Bq/kg  ·≈– 170 Bq/kg

µ“¡≈”¥—∫ µ—«Õ¬à“ß M1 ¡“®“°·À≈àß∑’Ëæ∫À‘π·°√π‘µ™π‘¥
‡¢“‚µä–·´–·°√π‘µ (G4 granite „π Figure 6)   à«π
µ—«Õ¬à“ß M2 ¡“®“°·À≈àß∑’Ëæ∫À‘π·°√π‘µ™π‘¥°–µ–·°√π‘µ
(G2 granite „π Figure 6) ∑”„Àâ “¡“√∂æ∫∏“µÿµâπ°”‡π‘¥
¢Õß·°ä ‡√¥Õπ®“°À‘π∑’Ë – ¡µ—«„π√Ÿª¢Õß¥‘πµ–°Õπ
¥—ß°≈à“«  §«“¡·√ß√—ß ’¥—ß°≈à“«‡ªìπ§à“∑’Ë§àÕπ¢â“ß Ÿß·≈–
„°≈â‡§’¬ß°—∫∑’Ëæ∫®“°¥‘π√Õ∫Ê ≈ÿà¡πÈ”∑–‡≈ “∫ ß¢≈“·≈–
¥‘π®“°Õ”‡¿Õπ“À¡àÕ¡ ®—ßÀ«—¥ ß¢≈“ (¡’§à“Õ¬Ÿà„π™à«ß 0.9

∂÷ß 201.1 ·≈– 1 ∂÷ß 67.9 Bq/kg µ“¡≈”¥—∫) „πß“π¢Õß
‰µ√¿æ ·≈–§≥– (2544) ·≈– ÿ¢ «— ¥‘Ï (2543)

5.2 ¢ÿ¡‡À¡◊Õß‡°à“„πæ◊Èπ∑’ËÕ”‡¿Õ°–∑Ÿâ

µ—«Õ¬à“ß K1 ¡’§à“§«“¡·√ß¢Õß√—ß ’®“°·°ä 
‡√¥Õπ‡∑à“°—∫ 152 Bq/kg  ¡“®“°·À≈àß∑’Ëæ∫À‘π™π‘¥‡¢“
‚µä–·´–·°√π‘µ (G4 granite „π Figure 6) ºÿæ—ß·≈–
 – ¡µ—«Õ¬Ÿà     à«πµ—«Õ¬à“ß K2 ¡’§à“§«“¡·√ß¢Õß√—ß ’
‡∑à“°—∫ 134 Bq/kg ¡“®“°·À≈àß∑’Ëæ∫À‘π™π‘¥°–µ–·≈–
‡¢“‚µä–·´–·°√π‘µ (G2 and G4 granite „π Figure 6)

§«“¡·√ß√—ß ’¥—ß°≈à“«®—¥«à“‡ªìπ§à“∑’Ë§àÕπ¢â“ß Ÿß ∂÷ß®–‰¡à Ÿß
‡∑à“°—∫¢Õß¢ÿ¡‡À¡◊Õß‡°à“∑’Ëºà“π¡“·µà°Á®—¥«à“ Ÿß°«à“§à“∑’Ëæ∫
„πÕ”‡¿Õπ“À¡àÕ¡ ( ÿ¢ «— ¥‘Ï, 2543) ·µà¬—ßÕ¬Ÿà„π™à«ß§à“
‡¥’¬«°—∫∑’Ë “¡“√∂æ∫‰¥â„πæ◊Èπ∑’Ë∑–‡≈ “∫ ß¢≈“ (‰µ√¿æ
·≈–§≥–, 2544)

5.3 ¢ÿ¡‡À¡◊Õß‡°à“„πæ◊Èπ∑’ËÕ”‡¿Õ∂≈“ß

µ—«Õ¬à“ß T1 ·≈– T2 ¡’§à“§«“¡·√ß¢Õß√—ß ’

Table 4. Correlation data for metal concentration of the bottom sediment

samples from the abandoned tin mines in Phuket province.

As Mn Cr Ni Pb Sn Zn Fe

  As  1.000 -0.021 0.357  0.334 -0.169  0.273 -0.349 -0.122
  Mn -0.021  1.000 0.897  0.480  0.533 -0.155  0.411  0.679
  Cr  0.357  0.897 1.000  0.529  0.481  0.018  0.221  0.567
  Ni  0.334  0.480 0.529  1.000 -0.262 -0.185  0.665  0.283
  Pb -0.169  0.533 0.481 -0.262  1.000 -0.198 -0.359  0.759
  Sn  0.273 -0.155 0.018 -0.185 -0.198  1.000 -0.127 -0.603
  Zn -0.349  0.411 0.221  0.665 -0.359 -0.127  1.000 0.02
  Fe -0.122  0.679 0.567  0.283  0.759 -0.603  0.020  1.000
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Figure 6. Geology map of concentration Rn from 6 abandoned tin mine reservoirs in Phuket

province.

G1 = Khao Prathiu granite, G2 = Kata Beach granite, G3 = Naithon Beach granite

and G4 = Khao Tosae granite

Figure 5. Plots between concentration of metal and Igeo index. Dashed lines indicate degree

of contamination of sediment according to Igeo criteria (Stoffers et al., 1986).



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 28 ©∫—∫∑’Ë 3 æ.§.
 

-
 

¡‘.¬. 2549
§«“¡‡¢â¡¢âπ‚≈À–Àπ—°·≈–·°ä ‡√¥Õπ„π¥‘πµ–°Õπ∑âÕßπÈ”

∏ß™—¬   ÿ∏’√»—°¥‘Ï ·≈– ‰µ√¿æ  ºàÕß ÿ«√√≥653

®“°·°ä ‡√¥Õπ‡∑à“°—∫  247  Bq/kg  ·≈–  255  Bq/kg

µ“¡≈”¥—∫  ∑—Èß Õßµ—«Õ¬à“ß¡“®“°·À≈àß∑’Ë¡’À‘πµ–°Õπ¬ÿ§
‡æÕ√å‚¡-§“√å∫Õπ‘‡øÕ√å√—  ´÷Ëßºÿæ—ß – ¡µ—«„π√Ÿª¢Õß¥‘π
µ–°Õπ™π‘¥µ–°Õπ – ¡µ—«µ“¡‰À≈à‡¢“ (Qc)  µ–°Õπ
∑’Ë√“∫≈ÿà¡·¡àπÈ” (Qf)  ·≈–µ–°Õπ∑’Ë‡°‘¥®“°°“√ºÿæ—ß¢Õß
À‘π·¢Áß (Qr) (π‘√—π¥√å ·≈–π√“‡¡»«√å, 2536)  ·≈–À‘π
·°√π‘µ™π‘¥‡¢“æ√–·∑«·°√π‘µ (G1 granite „π Figure

6) ´÷Ëß‡ªìπ§à“§«“¡·√ß∑’Ë Ÿß∑’Ë ÿ¥‡¡◊ËÕ‡∑’¬∫°—∫∑—Èß 4 µ—«Õ¬à“ß
®“° Õßæ◊Èπ∑’Ë∑’Ëºà“π¡“ ·≈–®—¥«à“ Ÿß°«à“∑’Ëæ∫„π¥‘πÕ”‡¿Õ
π“À¡àÕ¡¡“° ·µà¡“°°«à“æ◊Èπ∑’Ë∑–‡≈ “∫ ß¢≈“‰¡à¡“°π—°

 √ÿª

¥‘πµ–°Õπ¢π“¥‡¡Á¥µ–°Õπ‡≈Á°°«à“ 75 ‰¡§√Õπ
¡’ —¥ à«π‚¥¬¡«≈¢Õß¥‘πµ–°Õπ∑âÕßπÈ”∑’Ë¡“°„π Õß¢ÿ¡
‡À¡◊Õß‡°à“®“°Õ”‡¿Õ°–∑Ÿâ·≈–¢ÿ¡‡À¡◊Õß‡°à“¢ÿ¡‡À¡◊Õßπ°
„πÕ”‡¿Õ∂≈“ß   à«π “¡¢ÿ¡‡À¡◊Õß‡°à“∑’Ë‡À≈◊Õ®–æ∫„π√–¥—∫
ª“π°≈“ßª√–¡“≥Àπ÷Ëß„π “¡¢ÕßπÈ”Àπ—°¥‘πµ–°Õπ
∑—ÈßÀ¡¥ °“√µ√«®À“ª√‘¡“≥‚≈À–Àπ—° ·¡ß°“π’  (Mn)

‚§√‡¡’¬¡ (Cr)   “√ÀπŸ (As)  µ–°—Ë« (Pb)  π‘‡°‘≈ (Ni)

¥’∫ÿ° (Sn)  —ß°– ’ (Zn) ·≈–‡À≈Á° (Fe) „π¥‘πµ–°Õπ
∑âÕßπÈ”¢ÿ¡‡À¡◊Õß‡°à“∑—Èß 6 ·Ààß æ∫«à“¡’∏“µÿ¥’∫ÿ°§ß§â“ßÕ¬Ÿà
„π¥‘πµ–°Õπ®“°°“√∑”°‘®°“√¢ÿ¡‡À¡◊Õß‡°à“„πÕ¥’µ‡ªìπ
®”π«π¡“°  ‚≈À–Àπ—°∑’Ëæ∫¡“°„π≈”¥—∫∂—¥¡“§◊Õ ‡À≈Á°
·≈–·¡ß°“π’  ´÷Ëß¡’·À≈àß∑’Ë¡“®“°·√àÕß§åª√–°Õ∫„π«— ¥ÿ
∏√√¡™“µ‘∑’Ëºÿæ—ß¡“®“°¥‘π·≈–À‘π„πæ◊Èπ∑’Ë¥—ß°≈à“« – ¡µ—«
„π¥‘πµ–°Õπ∑âÕßπÈ”   à«π‚§√‡¡’¬¡ ·≈–π‘‡°‘≈ æ∫§«“¡
‡¢â¡¢âπ„π√–¥—∫ª“π°≈“ßÕ¬Ÿà„π‡°≥±å∑’Ë¬Õ¡√—∫‰¥â·≈–æ∫
‰¥â„π«— ¥ÿ∏√√¡™“µ‘∑’ËÕ¬Ÿà„°≈â°—∫·À≈àß°”‡π‘¥·√àµà“ßÊ ¬°‡«âπ
‚≈À–Àπ—° “√ÀπŸ µ–°—Ë« ·≈– —ß°– ’ ´÷Ëß‡ªìπ‚≈À–Àπ—°∑’Ë¡’
æ‘…„π ‘Ëß·«¥≈âÕ¡∑’Ë§«√„Àâ§«“¡ π„®‡ªìπæ‘‡»… ·¡â®–æ∫
Õ¬Ÿà§àÕπ¢â“ßπâÕ¬‡¡◊ËÕ‡∑’¬∫°—∫‚≈À–Àπ—°∑’Ëæ∫¡“°∑—Èß 5 ™π‘¥
°àÕπÀπâ“π’È·µà°Á‡°‘π‡°≥±å¢Õß§à“∑’Ë¬Õ¡√—∫‰¥â  ·µà®—¥«à“¡’
°“√ªπ‡ªóôÕπ∑’Ë‰¡à√ÿπ·√ßπ—° À“°‚≈À–Àπ—°¥—ß°≈à“«¡’°“√
‡§≈◊ËÕπ¬â“¬ª–ªπ„π “√≈–≈“¬¥‘π À√◊Õ√Ÿª¢Õß “√·¢«π
≈Õ¬‡¢â“‰ª„π√à“ß°“¬Õ“®°àÕ„Àâ‡°‘¥°“√ – ¡µ—«¢Õß‚≈À–
Àπ—°∑’Ë‡ªìπæ‘…„π√à“ß°“¬‰¥â

§«“¡·√ß√—ß ’¢Õß·°ä ‡√¥Õπ√–∫“¬ÕÕ°¡“®“°¥‘π
µ–°Õπ∑âÕßπÈ”¢ÿ¡‡À¡◊Õß‡°à“®“°æ◊Èπ∑’Ë»÷°…“∑—Èß 6 ·Ààß¡’§à“
§àÕπ¢â“ß¡“°À“°‡∑’¬∫°—∫æ◊Èπ∑’Ë´÷Ëßæ∫·°ä ‡√¥Õπ√–∫“¬
ÕÕ°¡“„π∏√√¡™“µ‘ ‡π◊ËÕß®“°¥‘πµ–°Õπ¥—ß°≈à“«¡“®“°
°“√ – ¡µ—«¢Õß«— ¥ÿ∏√√¡™“µ‘∑’Ë¡’∏“µÿ‡√‡¥’¬¡ ¬Ÿ‡√‡π’¬¡
·≈–∑Õ‡√’¬¡ ‡ªìπÕß§åª√–°Õ∫§àÕπ¢â“ß¡“°‰¥â·°à æ«°À‘π
µ–°Õπ¬ÿ§‡æÕ√å‚¡-§“√å∫Õπ‘‡øÕ√å√—   ´÷Ëßºÿæ—ß – ¡µ—«„π
√Ÿª¢Õß¥‘πµ–°Õπ¬ÿ§§«Õ‡∑Õ√åπ“√’Ë ·≈–À‘π·°√π‘µ∑’Ë¡’·√à
‰∫‚Õ‰∑µå  “¬·√à¥’∫ÿ° “¬ §«Õµ ǻ  “¬‡æ°¡“‰∑µå ·≈–
 “¬·Õ‰æ≈µå  ¥—ßπ—ÈπÀ“°¡’°“√∫√‘‚¿§πÈ”¥◊Ë¡∑’Ë¡’°“√ªπ‡ªóôÕπ
¢Õß¥‘πµ–°ÕπÀ√◊Õ√—∫‡Õ“¥‘πµ–°Õπ¢π“¥‡¡Á¥µ–°Õπ
¥—ß°≈à“«‡¢â“‰ª„π√à“ß°“¬‡ªìπ‡«≈“π“π®–∑”„Àâ‡°‘¥°“√
 – ¡µ—«¢Õß “√°—¡¡—πµ√—ß ’„π√à“ß°“¬   àßº≈„Àâ¡’§«“¡
‡ ’Ë¬ß∑’Ë®–‡ªìπ‚√§¡–‡√Áß‰¥â

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å  ∑’Ë‰¥â
 π—∫ πÿπ∑ÿπ®“°ß∫ª√–¡“≥·ºàπ¥‘π„π à«π¢Õßß“π«‘®—¬
®“°‚§√ß°“√µ“¡·ºπªØ‘∫—µ‘°“√¿Ÿ‡°Áµ‡¡◊Õßπ“π“™“µ‘
‚§√ß°“√¬àÕ¬‚§√ß°“√æ—≤π“∫ÿ§≈“°√¥â“π ‘Ëß·«¥≈âÕ¡‡æ◊ËÕ
™ÿ¡™ππà“Õ¬ŸàÕ¬à“ß¬—Ëß¬◊π¬ÿ∑∏»“ µ√å∑’Ë 3: °“√æ—≤π“§π·≈–
 —ß§¡ ª√–®”ªï 2546 „Àâ°—∫‚§√ß°“√«‘®—¬‡√◊ËÕß°“√»÷°…“
 ¡∫—µ‘∑“ß·¡à‡À≈Á°·≈–§«“¡‡¢â¡√—ß ’Õ—≈ø“„π¥‘πµ–°Õπ
∑âÕßπÈ”®“°¢ÿ¡‡À¡◊Õß„π®—ßÀ«—¥¿Ÿ‡°Áµ ∑’Ë‡ªìπ‚§√ß°“√„À≠à
¢Õß‚§√ßß“π«‘®—¬π’È ¢Õ∫§ÿ≥«‘∑¬“≈—¬™ÿ¡™π¿Ÿ‡°Áµ ‡¢µ°“√
»÷°…“¿Ÿ‡°Áµ ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å ∑’Ë‰¥â π—∫ πÿπ
«— ¥ÿ Õÿª°√≥å·≈–§√ÿ¿—≥±å„π°“√∑”«‘®—¬  ¢Õ∫§ÿ≥ ∂“∫—π
IPPS  ¡À“«‘∑¬“≈—¬ Upsala ª√–‡∑» «’‡¥π   ”À√—∫
‡§√◊ËÕß¡◊Õ«‘®—¬∑“ß·¡à‡À≈Á°   ¢Õ∫§ÿ≥¿“§«‘™“øî ‘° å ·≈–
Àπà«¬‡§√◊ËÕß¡◊Õ°≈“ß  §≥–«‘∑¬“»“ µ√å  ¡À“«‘∑¬“≈—¬
 ß¢≈“π§√‘π∑√å «‘∑¬“‡¢µÀ“¥„À≠à  ”À√—∫§«“¡™à«¬‡À≈◊Õ
µà“ßÊ ∑“ß¥â“π°“√«‘®—¬   ¢Õ∫§ÿ≥°√¡™≈ª√–∑“π ®—ßÀ«—¥
¿Ÿ‡°Áµ  ”À√—∫¢âÕ¡Ÿ≈‡°’Ë¬«°—∫·À≈àßπÈ”¢ÿ¡‡À¡◊Õß‡°à“µà“ßÊ
¢Õ∫§ÿ≥ ”π—°ß“π∑√—æ¬“°√∏√≥’‡¢µ 2 (¿Ÿ‡°Áµ)  ”À√—∫
¢âÕ¡Ÿ≈∑“ß∏√≥’«‘∑¬“‚¥¬∑—Ë«‰ª¢Õß‡°“–¿Ÿ‡°Áµ   ¢Õ∫§ÿ≥
Õß§å°“√æ≈—ßß“πª√¡“≥Ÿ√–À«à“ßª√–‡∑»∑’Ë‰¥â‡Õ◊ÈÕ‡æ◊ÈÕ π—∫-
 πÿπ “√Õâ“ßÕ‘ß¡“µ√∞“πµ–°Õπ∑–‡≈ “∫ IAEA SL-1
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