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Abstract
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Concentration of heavy metals and major elements in shallow well water and

its relation with the evidence of oral and esophagus cancers in Namom District,

Songkhla Province
Songklanakarin J. Sci. Technol., 2004, 26(5) : 709-725

Altogether 39 water samples were collected from shallow wells in Namom district, Songkhla province.

Two groups of sampling wells were recognized, i.e., a cancer related group and a no-cancer related group,

which were related with the presence or absence of evidence of oral or esophagus cancers at the home of well

owner. The pH, TDS, hardness and concentration of heavy metals and major elements (Ba, Cr, Mn, Fe, Ni,

Cu, Cd, Zn, Pb, Mg and Ca) of water samples were measured. The results showed that the pH of all water

samples ranged from 4.5 to 7.4 among which 64.1% of water samples were not complied with the rural

drinking water quality criteria B.E. 2531. Heavy metal and major element concentrations in all samples did

not comply with the quality criteria except for cadmium in 1 sample (0.0055 mg/l) and iron in 2 samples

(0.77 and 0.59 mg/l).  Results of multivariate factor analysis showed that three factors were extracted from
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9 variables. Factor-1 included TDS, hardness, Mg and Ca, which were interpreted as a result of granite

decomposition. Factor-2 included the concentrations of Ba and Zn, which originated from decomposed

granite in the south of Krongrang and Tungkamin sub-districts before transporting towards the north into

the Klong-Wa. Factor-3 included a single element, iron, which had no relation with any others. Results of

the t-test revealed significant differences (p<0.1) for TDS, hardness, Mg and Ca between no-cancer related

group samples and cancer related group samples. The TDS, hardness, Mg and Ca content in water samples

were certainly not related to cancer in this area but another alkali earth metal ‘radium’, a natural radio-

active substance, which is a well known carcinogen, probably plays an important role in this case. Measure-

ment and analysis of radium and radon content in this water is urgently needed to confirm the radium

content and its relation with oral and esophagus cancers in this area.

Key words : heavy metals, major element, shallow well water, factor analysis,
cluster analysis, cancer
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®‡√ «ÿ≤‘»“ πå  ∏«—™ ™‘µµ√–°“√ ·≈– ‰µ√¿æ ºàÕß ÿ«√√≥

§«“¡‡¢â¡¢âπ‚≈À–Àπ—°·≈–∏“µÿÀ≈—°„ππÈ”∫àÕµ◊Èπ ·≈–§«“¡ —¡æ—π∏å°—∫Õÿ∫—µ‘°“√≥å‡°‘¥‚√§

¡–‡√Áß™àÕßª“°·≈–¡–‡√ÁßÀ≈Õ¥Õ“À“√„πæ◊Èπ∑’Ë Õ”‡¿Õπ“À¡àÕ¡ ®—ßÀ«—¥ ß¢≈“

«.  ß¢≈“π§√‘π∑√å «∑∑. 2547 26(5) : 709-725

‡°Á∫µ—«Õ¬à“ßπÈ”∫àÕµ◊Èπ„πÕ”‡¿Õπ“À¡àÕ¡ ®—ßÀ«—¥ ß¢≈“ ®”π«π∑—ÈßÀ¡¥ 39 µ—«Õ¬à“ß ·∫àß∫àÕ‡°Á∫µ—«Õ¬à“ß‡ªìπ

2 °≈ÿà¡ §◊Õ °≈ÿà¡∑’Ë¡’ª√–«—µ‘¡–‡√Áß™àÕßª“°·≈–¡–‡√ÁßÀ≈Õ¥Õ“À“√„π∫â“π∑’Ë„™âπÈ”∫àÕ °—∫°≈ÿà¡∑’Ë‰¡à¡’ª√–«—µ‘¡–‡√Áß„π∫â“π

µ√«®«—¥§à“æ’‡Õ™ ª√‘¡“≥ “√≈–≈“¬∑—ÈßÀ¡¥ §«“¡°√–¥â“ß §«“¡‡¢â¡¢âπ¢Õß∏“µÿ Ba, Cr, Mn, Fe, Ni, Cu, Cd, Zn,

Pb, Mg ·≈– Ca „πµ—«Õ¬à“ßπÈ”∑—ÈßÀ¡¥  §à“æ’‡Õ™¢ÕßπÈ”∫àÕµ—«Õ¬à“ß®”π«π 64.1% Õ¬Ÿà„π™à«ß 4.5-7.4 µ°‡°≥±å

§ÿ≥¿“æπÈ”¥◊Ë¡™π∫∑ æ.».2531 §«“¡‡¢â¡¢âπ‚≈À–Àπ—°∑’Ëµ√«®«—¥„πµ—«Õ¬à“ßπÈ”∑—ÈßÀ¡¥Õ¬Ÿà„π‡°≥±å§ÿ≥¿“æ  ¬°‡«âπ

§«“¡‡¢â¡¢âπ·§¥‡¡’¬¡ Ÿß°«à“‡°≥±å 1 µ—«Õ¬à“ß (0.0055 ¡°./≈.) §«“¡‡¢â¡¢âπ‡À≈Á° Ÿß°«à“‡°≥±å 2 µ—«Õ¬à“ß (0.77

¡°./≈. ·≈– 0.59 ¡°./≈.)  º≈«‘‡§√“–Àå ∂‘µ‘æÀÿ§Ÿ≥¥â«¬‡∑§π‘§«‘‡§√“–Àåªí®®—¬ æ∫«à“  “¡“√∂ °—¥ªí®®—¬‰¥â 3 ªí®®—¬

®“°®”π«π 9 µ—«·ª√ ªí®®—¬∑’Ë 1 ª√–°Õ∫¥â«¬ §à“ª√‘¡“≥ “√≈–≈“¬∑—ÈßÀ¡¥ §à“§«“¡°√–¥â“ß ·≈–§«“¡‡¢â¡¢âπ Mg

·≈– Ca ´÷Ëß‡™◊ËÕ«à“‡ªìπº≈®“°°“√™–≈â“ß¡“®“°À‘π·°√π‘µºÿ„πæ◊Èπ∑’Ë ªí®®—¬∑’Ë 2 ª√–°Õ∫¥â«¬ §à“§«“¡‡¢â¡¢âπ Ba

·≈– Zn ´÷Ëß¡“®“°À‘π·°√π‘µºÿ∑“ßµÕπ„µâ¢Õßµ”∫≈§≈ÕßÀ√—Ëß·≈–µ”∫≈∑ÿàß¢¡‘Èπ µàÕ‡π◊ËÕßÕÕ° Ÿà§≈ÕßÀ«– ‡¡◊ËÕ

∑¥ Õ∫π—¬ ”§—≠¢Õß§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬¥â«¬ t-test æ∫«à“ª√‘¡“≥ “√≈–≈“¬∑—ÈßÀ¡¥ §«“¡°√–¥â“ß ·≈–

§«“¡‡¢â¡¢âπ Mg ·≈– Ca ¢Õß°≈ÿà¡πÈ”∫àÕµ—«Õ¬à“ß∑’Ë¡’ª√–«—µ‘°“√‡ªìπ¡–‡√Áß °—∫°≈ÿà¡∑’Ë‰¡à¡’ª√–«—µ‘¡–‡√Áß ¡’§«“¡

·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ Ÿß°«à“ 90%  Õ¬à“ß‰√°Áµ“¡‡ªìπ∑’Ë·πàπÕπ«à“§à“ª√‘¡“≥ “√≈–≈“¬∑—ÈßÀ¡¥

§à“§«“¡°√–¥â“ß ·≈–§«“¡‡¢â¡¢âπ Mg ·≈– Ca ®–‰¡à¡’º≈‡°’Ë¬«¢âÕß°—∫°“√°àÕ¡–‡√Áß„πæ◊Èπ∑’Ë ·µà∏“µÿÀ¡Ÿà 2 Õ’°µ—«

Àπ÷Ëß§◊Õ ∏“µÿ°—¡¡—πµ√—ß ’‡√‡¥’¬¡ ´÷Ëß√Ÿâ®—°°—π¥’«à“‡ªìπ “√°àÕ¡–‡√Áß Õ“®‡°’Ë¬«¢âÕß°—∫Õÿ∫—µ‘°“√≥å¡–‡√Áß„πæ◊Èπ∑’Ëπ’È ®÷ß

§«√∑”°“√µ√«®«—¥·≈–«‘‡§√“–Àå∏“µÿ‡√‡¥’¬¡·≈–‡√¥Õπ„ππÈ”∫àÕµ—«Õ¬à“ßÕ¬à“ß‡√àß¥à«π ‡æ◊ËÕ¬◊π¬—π°“√ª√“°Ø¢Õß∏“µÿ

‡√‡¥’¬¡„ππÈ” ·≈–À“§«“¡ —¡æ—π∏å°—∫Õÿ∫—µ‘°“√≥å¡–‡√Áß„πæ◊Èπ∑’Ë„Àâ™—¥‡®π

°“√∑”‡À¡◊Õß·√à®—¥‡ªìπµâπ°”‡π‘¥ ”§—≠Õ—π¥—∫µâπÊ
¢Õß¡≈æ‘…‚≈À–„π ‘Ëß·«¥≈âÕ¡ (Lee and Stuebing, 1990)

‡π◊ËÕß®“°·√à¡’§à“ à«π„À≠à‡ªìπ “√ª√–°Õ∫¢Õß∏“µÿ‚≈À–
Àπ—°‡¢â¡¢âπ ‡»…·√àÀ√◊ÕÀ“ß·√à∑’Ëµ‘¥§â“ßÕ¬Ÿà„πæ◊Èπ∑’Ë ´÷Ëß„π

∑’Ë ÿ¥°Á®–‰ªªπ‡ªóôÕπ¥‘π πÈ”º‘«¥‘π·≈–πÈ”∫“¥“≈°àÕ„Àâ‡°‘¥
¡≈æ‘…µàÕ ‘Ëß·«¥≈âÕ¡ ·≈–Õ“®‡ªìπæ‘…µàÕ¡πÿ…¬å  §«“¡
‡¢â¡¢âπ¡≈æ‘…‚≈À–„ππÈ”¡’§«“¡ —¡æ—π∏åÕ¬à“ß —́∫ ấÕπ°—∫
°√–∫«π°“√∑“ß°“¬¿“æ·≈–™’«¿“æ ‰¥â·°à »—°¬å√’¥Õ°´å
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§«“¡·¢Áß·√ß¢ÕßÕ‘ÕÕπ·µà≈–™π‘¥ §à“æ’‡Õ™ ·≈–°‘®°√√¡
¢Õßµ—«¬÷¥®—∫Õ‘ÕÕπ∑—Èß™π‘¥Õ‘π∑√’¬å·≈–Õπ‘π∑√’¬å ‡ªìπµâπ
(Larocque and Rasmussen, 1998)

®—ßÀ«—¥ ß¢≈“¡’ª√–«—µ‘°“√∑”‡À¡◊Õß·√à àßÕÕ°π”
√“¬‰¥â‡¢â“ª√–‡∑»¡“‡ªìπ‡«≈“π“π  ·√à∑’Ë ”§—≠‰¥â·°à ·√à
¥’∫ÿ° ·≈–∑—ß ‡µπ  ‚¥¬¡’‡À¡◊Õß·√à°√–®“¬‰ª„πÀ≈“¬æ◊Èπ∑’Ë
 à«π„À≠à®–æ∫„π∫√‘‡«≥µÕπ„µâ¢Õß®—ßÀ«—¥ ‚¥¬‡©æ“–„π
‡¢µÕ”‡¿Õπ“À¡àÕ¡ Õ”‡¿Õ®–π– Õ”‡¿Õπ“∑«’ Õ”‡¿Õ‡∑æ“
·≈–Õ”‡¿Õ –‡¥“ „π√“«ªï æ.».2510 ‰¥â¡’°“√‡ªî¥‡À¡◊Õß
·√à¥’∫ÿ°À≈“¬·À≈àß„πÕ”‡¿Õπ“À¡àÕ¡  ‡™àπ  ‡À¡◊Õß·√à
§«π®ß ‡À¡◊Õß·√à‡∑’¬π«‘≈‘  ‡À¡◊Õß·√à´‘π‰∑∫’È ‡À¡◊Õß·√à
§ÿ≥º≈‘π  ‡À¡◊Õß·√à∫â“ππ“  ‡À¡◊Õß·√à∑ÿàß‚æ∏‘Ï-∑ÿàß¢¡‘Èπ  „π
°“√∑”‡À¡◊Õß¡—°µâÕß¡’°“√‡ªî¥Àπâ“¥‘π´÷Ëß‡ªìπªí®®—¬Àπ÷Ëß∑’Ë
∑”„Àâ ¿“æ¥‘π‡¥‘¡·≈– ¿“æπÈ”º‘«¥‘π¡’°“√‡ª≈’Ë¬π·ª≈ß‰ª
„πªí®®ÿ∫—π‡À¡◊Õß·√à‡À≈à“π’È‰¥âÀ¬ÿ¥°‘®°“√·≈â«∑—ÈßÀ¡¥

 ”À√—∫Õ”‡¿Õπ“À¡àÕ¡ „πªí®®ÿ∫—πæ◊Èπ∑’Ë´÷Ëß‡¥‘¡‡§¬
‡ªìπ‡À¡◊Õß·√à°Á∂Ÿ°·ª√ ¿“æ‰ª∑”°“√‡°…µ√  à«π„À≠à®–
∂Ÿ°æ≈‘°øóôπ‰ª‡ªìπ «π¬“ß  «πº≈‰¡â „πÕ”‡¿Õπ“À¡àÕ¡
‰¡à¡’‚√ßß“πÕÿµ “À°√√¡∑’Ë®–°àÕ¡≈æ‘…‚≈À–Àπ—°„π ‘Ëß
·«¥≈âÕ¡ ∑’Ë¡’Õ¬Ÿà∫â“ß°Á‡ªìπÕÿµ “À°√√¡Õ“À“√·≈–¬“ßæ“√“
ª√–™“°√„πÕ”‡¿Õπ“À¡àÕ¡ à«π„À≠à®÷ß¡’Õ“™’æ∑” «π¬“ß
 «πº≈‰¡â ·µà‡ªìπ∑’Ëπà“ —ß‡°µ«à“∞“π¢âÕ¡Ÿ≈Õÿ∫—µ‘°“√≥å¢Õß
‚√§¡–‡√Áß ≥ Àπà«¬¡–‡√Áß §≥–·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬
 ß¢≈“π§√‘π∑√å µ—Èß·µàªï æ.».2533-2537 æ∫«à“¡’ºŸâªÉ«¬
‚√§¡–‡√ÁßÀ≈Õ¥Õ“À“√·≈–¡–‡√Áß™àÕßª“°„πæ◊Èπ∑’ËÕ”‡¿Õ
π“À¡àÕ¡ ®—ßÀ«—¥ ß¢≈“ ‡ªìπ®”π«π¡“°º‘¥ª°µ‘  ‚¥¬¡’
§à“Õÿ∫—µ‘°“√≥å¡“µ√∞“πÕ“¬ÿ ASR (Age-Standardized

incidence Rates) ‡©æ“–„π‡æ»™“¬ ‡∑à“°—∫ 24.8 ·≈–
16.8 §πµàÕª√–™“°√· π§π µ“¡≈”¥—∫ ´÷Ëß‡ªìπ§à“∑’Ë Ÿß
¡“°‡¡◊ËÕ‡∑’¬∫°—∫Õ”‡¿ÕÕ◊ËπÊ  §à“ ASR ¢Õß¡–‡√ÁßÀ≈Õ¥

Õ“À“√·≈–¡–‡√Áß„π™àÕßª“°∑’Ë√Õß¡“®“°Õ”‡¿Õπ“À¡àÕ¡
§◊Õ Õ”‡¿Õ§«π‡π’¬ß ¡’§à“ ASR ‡∑à“°—∫ 11.9 ·≈– 13.3

(Tongsuksai et al., 1997) ®–‡ÀÁπ«à“§à“ ASR Õ—π¥—∫
 Ÿß ÿ¥·≈–Õ—π¥—∫√Õß≈ß¡“¡’§à“∑’Ë·µ°µà“ß°—πÕ¬à“ß‡ÀÁπ‰¥â™—¥
·≈–®“°º≈°“√√«∫√«¡¢âÕ¡Ÿ≈√–À«à“ßªï æ.».2532-2543

¢ÕßÕÿ∫—µ‘°“√≥å‚√§¡–‡√ÁßÀ≈Õ¥Õ“À“√·≈–¡–‡√Áß„π™àÕßª“°
„πÕ”‡¿Õπ“À¡àÕ¡ (Table 1) æ∫«à“‡æ»™“¬¡’‡ªÕ√å‡´Áπµå
¢Õß°“√‡ªìπ¡–‡√ÁßÀ≈Õ¥Õ“À“√·≈–„π™àÕßª“°¡“°°«à“‡æ»
À≠‘ß (Àπà«¬¡–‡√Áß ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å, µ‘¥µàÕ
 à«πµ—«)  ´÷ËßÕ“®®–‡°’Ë¬«¢âÕß°—∫æƒµ‘°√√¡°“√¥◊Ë¡‡À≈â“
°“√ Ÿ∫∫ÿÀ√’Ë °“√°‘πÀ¡“° °‘π¬“‡ âπ ∑’Ë‡™◊ËÕ°—π«à“‡ªìπªí®®—¬
∑’Ë¡’º≈‡æ‘Ë¡§«“¡‡ ’Ë¬ßµàÕ°“√‡ªìπ¡–‡√Áß„π™àÕßª“°¢Õß
ª√–™“™π„π¿“§„µâ¢Õßª√–‡∑»‰∑¬ (Prateepko, 1998)

·µàÕ¬à“ß‰√°Áµ“¡¬—ß‰¡à “¡“√∂¬◊π¬—π “‡Àµÿ¢ÕßÕÿ∫—µ‘°“√≥å
¡–‡√ÁßÀ≈Õ¥Õ“À“√·≈–¡–‡√Áß™àÕßª“°∑’Ë Ÿßº‘¥ª°µ‘„π
Õ”‡¿Õπ“À¡àÕ¡‰¥â

·À≈àß¡≈æ‘…‚≈À–Àπ—°„πÕ”‡¿Õπ“À¡àÕ¡®÷ßπà“®–
¡“®“°°“√ª√“°Ø¢Õß “¬·√à‚≈À–Àπ—°„πæ◊Èπ∑’Ë·≈–º≈æ«ß
®“°°“√∑”‡À¡◊Õß„πÕ¥’µ °“√ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—°∫“ß
™π‘¥∑’Ë‡ªìπæ‘…„ππÈ”∫√‘‚¿§ Õ“®‡ªìπªí®®—¬Àπ÷Ëß∑’Ë‡°’Ë¬«¢âÕß
°—∫Õÿ∫—µ‘°“√≥å¢Õß‚√§¡–‡√Áß ‡™àπ °“√ªπ‡ªóôÕπ¢Õß∏“µÿ
·§¥‡¡’¬¡ (Cd) ‚§√‡¡’¬¡ (Cr)  “√ÀπŸ (As) ·≈–π‘°‡°‘≈
(Ni) „ππÈ”¥◊Ë¡ ´÷Ëß∏“µÿ‚≈À–Àπ—°¥—ß°≈à“« ∑“ß ∂“∫—π«‘®—¬
¡–‡√Áß√–À«à“ßª√–‡∑» À√◊Õ International Agency for

Research on Cancer (IARC) ‰¥â®—¥„ÀâÕ¬Ÿà„π°≈ÿà¡ “√°àÕ
¡–‡√Áß ‚§√‡¡’¬¡«“‡≈π ’́ 6 (Cr+6) Õ“®°àÕ¡–‡√ÁßªÕ¥„π
¡πÿ…¬åºà“π∑“ß°“√À“¬„® (Costa, 2003) ·§¥‡¡’¬¡‡ªìπ
 “√°àÕ¡–‡√ÁßªÕ¥„π¡πÿ…¬å (Waalkes, 2000) ‡™àπ‡¥’¬«°—π
·≈–Õ“®‡°’Ë¬«¢âÕß‡ªìπ “√°àÕ¡–‡√Áß∑’ËµàÕ¡≈Ÿ°À¡“° ‰µ ·≈–
µ—∫ (prostate, kidney and liver cancers)   ”À√—∫

Table 1. Oral and esophagus cancer cases in Namom district of the 12 year period (B.E. 2532-2543).

Sub-district

Pijit Namom Tungkamin Klongrang

Male Population (2543) 2046 3495 2329 1916
Female Population (2543) 2140 3548 2379 2024
Oral cancer and Esophagus Cancer in Male population 17 14 11 14
Oral cancer and Esophagus Cancer in Female population 3 3 1 2



Songklanakarin J. Sci. Technol.

Vol. 26  No. 5  Sep.-Oct. 2004 712

Concentration of heavy metals and major elements

Wutthisasna, J., et al.

π‘°‡°‘≈®—¥‡ªìπ “√°àÕ¡–‡√ÁßªÕ¥·≈–¡–‡√Áß‚æ√ß®¡Ÿ°
(Kasprzak et al., 2003)  ´÷Ëß¡–‡√Áß∑’Ë‡°‘¥®“°æ‘…‚≈À–
 “¡µ—«¥—ß°≈à“«¡—°‡°‘¥°—∫°≈ÿà¡§πß“π∑’Ë∑”ß“π„π‚√ßß“π
Õÿµ “À°√√¡Àπ—°∑’Ë„™â “√π—ÈπÊ ‚¥¬‰¥â√—∫„πª√‘¡“≥¡“°
„π√–À«à“ß°“√∑”ß“π  à«π„À≠àºà“π∑“ß°“√À“¬„® (in-

halation)   “√ÀπŸ‡ªìπ “√°àÕ¡–‡√Áßº‘«Àπ—ß ‡™àπ ∑’Ëªπ
‡ªóôÕπÕ¬Ÿà„π¥‘π·≈–„ππÈ”∫àÕµ◊Èπ„πæ◊Èπ∑’Ë‡À¡◊Õß‡°à“„πÕ”‡¿Õ
√àÕπæ‘∫Ÿ≈¬å ®—ßÀ«—¥π§√»√’∏√√¡√“™ Õ¬à“ß‰√°Áµ“¡¬—ß‰¡à¡’
√“¬ß“π°“√‡™◊ËÕ¡‚¬ß√–À«à“ß‚≈À–Àπ—°„ππÈ”°—∫¡–‡√Áß
À≈Õ¥Õ“À“√·≈–¡–‡√Áß™àÕßª“° ´÷Ëß¡’Õÿ∫—µ‘°“√≥å¡–‡√Áß Ÿß
¡“°„πª√–™“°√‡æ»™“¬„πÕ”‡¿Õπ“À¡àÕ¡

∫∑§«“¡π’Èπ”‡ πÕº≈°“√»÷°…“§«“¡‡¢â¡¢âπ‚≈À–
Àπ—°·≈–∏“µÿÀ≈—°„ππÈ”∫àÕµ◊Èπ´÷Ëßπ‘¬¡„™â∫√‘‚¿§°—π„πÀ¡Ÿà
ª√–™“™π®“°Õ¥’µ®π∂÷ßªí®®ÿ∫—π   ·≈–√“¬ß“πº≈°“√
«‘‡§√“–Àå§«“¡ —¡æ—π∏åª√“°Ø√–À«à“ß§«“¡‡¢â¡¢âπ‚≈À–
Àπ—°·≈–∏“µÿÀ≈—°∫“ß™π‘¥„ππÈ”∫àÕµ◊Èπ°—∫Õÿ∫—µ‘°“√≥å¡–‡√Áß
À≈Õ¥Õ“À“√·≈–¡–‡√Áß™àÕßª“°¢Õßª√–™“™π„πÕ”‡¿Õ
π“À¡àÕ¡ ´÷Ëß¬—ß§ß„™âπÈ”∫àÕµ◊Èπ ”À√—∫∫√‘‚¿§·≈–Õÿª‚¿§„π
™’«‘µª√–®”«—πÕ¬Ÿà„πªí®®ÿ∫—π

∏√≥’«‘∑¬“„πÕ”‡¿Õπ“À¡àÕ¡

Õ”‡¿Õπ“À¡àÕ¡  Õ¬Ÿà„π‡¢µ®—ßÀ«—¥ ß¢≈“  µ—ÈßÕ¬Ÿà
√–À«à“ß‡ âπæ‘°—¥°√‘¥ 665000-680000 µ–«—πÕÕ° ·≈–
760000-777000 ‡Àπ◊Õ ≈—°…≥–¿Ÿ¡‘ª√–‡∑»ª√–°Õ∫¥â«¬
∑’Ë√“∫≈ÿà¡∫√‘‡«≥µÕπ°≈“ß¢Õßæ◊Èπ∑’Ë ´÷Ëß§√Õ∫§≈ÿ¡Õ”‡¿Õ
π“À¡àÕ¡ ‚¥¬¡’¿Ÿ‡¢“≈âÕ¡√Õ∫∑—Èß ’Ë¥â“π ≈—°…≥–∏√≥’«‘∑¬“
¢Õßæ◊Èπ∑’Ë»÷°…“ª√–°Õ∫¥â«¬À‘πµ–°Õπ À‘π·ª√ À‘πÕ—§π’
·≈–¥‘π ∑√“¬ °√«¥∑’Ë¬—ß‰¡à®—∫µ—« À‘πµ–°Õπ·≈–À‘π·ª√
¡’Õ“¬ÿª√–¡“≥µâπ¬ÿ§§“√å∫Õπ‘‡øÕ√—  ·≈–ª≈“¬¬ÿ§‰∑√-
·Õ ´‘° À‘πÕ—§π’¡’Õ“¬ÿª√–¡“≥ª≈“¬¬ÿ§‰∑√·Õ ´‘°∂÷ßµâπ
¬ÿ§®Ÿ·√ ´‘° ·≈–¥‘π ∑√“¬ °√«¥  – ¡µ—«„π¬ÿ§§«Õ‡∑Õ√å
π“√’ (Figure 1) ®“°º≈°“√«‘‡§√“–Àå∏√≥’‡§¡’¢ÕßÀ‘π
·°√π‘µ®“°‡À¡◊Õß∑ÿàß‚æ∏‘Ï„πÕ”‡¿Õπ“À¡àÕ¡ æ∫«à“¡’§«“¡
‡¢â¡¢âπ∏“µÿµ–°—Ë« (Pb) Õ¬Ÿà„π™à«ß 5-20 ¡°./°°.  —ß°– ’
(Zn) Õ¬Ÿà„π™à«ß 5-30 ¡°./°°. ·∫‡√’¬¡ (Ba) ¡’§à“ Ÿß ÿ¥
Õ¬Ÿà∑’Ë 127 ¡°./°°. ´÷Ëß¡’§à“πâÕ¬°«à“§«“¡‡¢â¡¢âπ·∫‡√’¬¡
„πÀ‘π·°√π‘µ∑—Ë«‰ª (830 ¡°./°°.) ·µà®–æ∫§«“¡‡¢â¡¢âπ
·∫‡√’¬¡¡’§à“ Ÿß ÿ¥„π∫√‘‡«≥„°≈â√Õ¬ —¡º— √–À«à“ßÀ‘π
·°√π‘µ°—∫À‘πµ–°Õπ (Pungrassami, 1984) πÕ°®“°π—Èπ

Figure 1. Geology map of Namom District, Songkhla province.

(Redrawn from Pungrassami, 1984)



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 26 ©∫—∫∑’Ë 5 °.¬.-µ.§. 2547
§«“¡‡¢â¡¢âπ‚≈À–Àπ—°·≈–∏“µÿÀ≈—°

®‡√  «ÿ≤‘»“ πå ·≈–§≥–713

¬—ßæ∫«à“À‘π·°√π‘µ„π‡À¡◊Õß·√à∑ÿàß‚æ∏‘Ï¡’°“√·ª√ ¿“æ
¥â«¬Õ‘∑∏‘æ≈¢Õß°ä“´·≈– “√≈–≈“¬√âÕπ ‚¥¬µ√«®æ∫°“√
·ª√ ¿“æ¢Õß·√à‡ø≈¥å ª“√å‰ª‡ªìπ·√à¥‘π¢“« (Kaolin)

À‘π·°√π‘µ∑’Ëπ’Ë®÷ß¡’≈—°…≥–æ‘‡»…  §◊Õ  ºÿ  √à«π  ·≈–æ√ÿπ
∑”„Àâ∏“µÿ‚≈À–„πÀ‘π¡’‚Õ°“ ∑’Ë®–∂Ÿ°™–≈â“ß≈–≈“¬‰ªÕ¬Ÿà„π
¥‘π ·≈–„ππÈ”„µâ¥‘π‰¥âßà“¬   ”À√—∫°√«¥∑√“¬∑âÕßπÈ”¢Õß
¬ÿ§§«Õ‡∑Õ√åπ“√’ (Quaternary) ‡°‘¥®“°°“√ºÿæ—ß¢ÕßÀ‘π
·≈– “¬·√à„π¬ÿ§°àÕπ·≈â« – ¡Õ¬Ÿàµ“¡∑’Ë√“∫≈ÿà¡≈”πÈ” ™—Èπ
°√«¥∑’Ë – ¡‡ªìπ™—ÈπÀπ“ 3-15 ‡¡µ√ (Changlow, 2001)

™—Èπ°√«¥∑√“¬∑âÕßπÈ”‡À≈à“π’È  À≈“¬Ê ∫√‘‡«≥‡ªìπ·À≈àß
≈“π·√à¥’∫ÿ° (Pungrassmi, 1984)

πÕ°®“°π—Èπ¬—ß¡’√“¬ß“π°“√µ√«®æ∫ ‘π·√à°—¡¡—π-
µ√—ß ’ Ÿß™π‘¥∑Õ√å‡∫Õ√å‰πµå (Torbernite  Ÿµ√‡§¡’ Cu

(UO
2
)

2
(PO

4
)

2
 8-12H

2
O) „π∫√‘‡«≥‡À¡◊Õß·√à∑ÿàß‚æ∏‘Ï

·√à°—¡¡—πµ√—ß ’ Ÿßπ’È¡’∏“µÿ¬Ÿ‡√‡π’¬¡ª√–°Õ∫Õ¬Ÿà∂÷ß 48%

‚¥¬πÈ”Àπ—°  ·√à¥—ß°≈à“«®—¥‡ªìπ·√à∑ÿµ‘¬¿Ÿ¡‘„πÀ‘π·°√π‘µ
‚¥¬®–æ∫·∑√°Õ¬Ÿàµ“¡√Õ¬·µ°„πÀ‘π  „π “¬§«Õµ ǻ
„πÀ‘π·°√π‘µ§«Õ√åµ‰´µå  ·≈–æ∫¡“°„πÀ‘π·°√π‘µºÿ
(Pungrassami, 1984) ∏“µÿ°—¡¡—πµ√—ß ’¬Ÿ‡√‡π’¬¡®– ≈“¬
µ—«∑“ßπ‘«‡§≈’¬√å‰ª‡ªìπ∏“µÿ°—¡¡—πµ√—ß ’‡√‡¥’¬¡ ·≈–°ä“´
°—¡¡—πµ√—ß ’‡√¥Õπ ÷́Ëß∑—Èß§Ÿà‡ªìπ “√°àÕ¡–‡√Áß ‚¥¬‡√‡¥’¬¡æ∫
‡ªìπ “√°àÕ¡–‡√Áß∑’Ë°√–¥Ÿ°  à«π‡√¥Õπ‡ªìπ “√°àÕ¡–‡√Áß
ªÕ¥ (National Academy of Science, 1999) Õ¬à“ß‰√
°Áµ“¡¬—ß‰¡à‡§¬¡’√“¬ß“π§«“¡‡°’Ë¬«¢âÕß‚¥¬µ√ß¢Õß‡√‡¥’¬¡
·≈–‡√¥Õπ„ππÈ”°—∫Õÿ∫—µ‘°“√≥å¡–‡√ÁßÀ≈Õ¥Õ“À“√·≈–
¡–‡√Áß™àÕßª“°

«— ¥ÿ Õÿª°√≥å·≈–«‘∏’°“√«‘®—¬

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

„π°“√‡≈◊Õ°∫àÕπÈ”µ◊Èπ∑’Ë®–‡°Á∫µ—«Õ¬à“ß ‰¥âµ√«® Õ∫
¢âÕ¡Ÿ≈‡∫◊ÈÕßµâπ®“°Àπà«¬¡–‡√Áß«à“∫â“π‡√◊Õπ„¥∑’Ë¡’ª√–«—µ‘¡’
 ¡“™‘°„π∫â“π‡ªìπ¡–‡√Áß„π™àÕßª“° ·≈–¡–‡√ÁßÀ≈Õ¥Õ“À“√
∑’Ë¡“√—∫°“√√—°…“∑’Ë‚√ßæ¬“∫“≈ ß¢≈“π§√‘π∑√å„π™à«ßªï æ.».
2532-2543  πÈ”∫àÕµ—«Õ¬à“ß∑’Ë‡°Á∫®“°∫â“π‡√◊Õπ¥—ß°≈à“«
®–°”Àπ¥„ÀâÕ¬Ÿà„π°≈ÿà¡µ—«Õ¬à“ß∑’Ë¡’ª√–«—µ‘¡–‡√Áß (cancer

group) ´÷Ëß¡’®”π«π 20 ®ÿ¥ ·≈–Õ’°°≈ÿà¡Àπ÷Ëß‡ªìπ°“√ ÿà¡
µ—«Õ¬à“ß®“°∫â“π‡√◊Õπ∑’Ë‰¡à¡’ ¡“™‘°„π∫â“π¡’ª√–«—µ‘¡“√—∫

°“√√—°…“‚√§¡–‡√Áß™àÕßª“°·≈–¡–‡√ÁßÀ≈Õ¥Õ“À“√∑’Ë
‚√ßæ¬“∫“≈ ß¢≈“π§√‘π∑√å ·≈–°”Àπ¥„ÀâπÈ”∫àÕµ—«Õ¬à“ßπ’È
Õ¬Ÿà„π°≈ÿà¡µ—«Õ¬à“ß∑’Ë‰¡à¡’ª√–«—µ‘¡–‡√Áß (no cancer group)

¡’®”π«π 19 ®ÿ¥ √«¡®ÿ¥‡°Á∫µ—«Õ¬à“ß∑—ÈßÀ¡¥ 39 ®ÿ¥ ·¡â«à“
∫â“π‡√◊ÕπÀ√◊Õª√–™“°√ à«π„À≠à„πÕ”‡¿Õπ“À¡àÕ¡®–®—¥
Õ¬Ÿà„π°≈ÿà¡‰¡à¡’ª√–«—µ‘¡–‡√Áß ́ ÷ËßÀ¡“¬§«“¡«à“πÈ”∫àÕµ—«Õ¬à“ß
∑’Ë§«√®–«‘‡§√“–Àå¢Õß°≈ÿà¡π’È§«√¡’®”π«πµ—«Õ¬à“ß¡“°°«à“π’È
À≈“¬‡∑à“µ—«‡æ◊ËÕ®–„Àâ‰¥â§à“‡©≈’Ë¬∑’Ë‡ªìπµ—«·∑π∑’Ë¥’∑’Ë ÿ¥¢Õß
°≈ÿà¡ ·µà‡π◊ËÕß®“°¡’ß∫ª√–¡“≥®”°—¥®÷ß„Àâ§«“¡ ”§—≠°—∫
°“√«‘‡§√“–ÀåπÈ”∫àÕ°≈ÿà¡∑’Ë¡’ª√–«—µ‘¡–‡√Áß ·≈â«®÷ß‡≈◊Õ° ÿà¡
∫àÕµ—«Õ¬à“ß°≈ÿà¡‰¡à¡’ª√–«—µ‘¡–‡√Áß®“°æ◊Èπ∑’Ë∑—ÈßÕ”‡¿Õ®”π«π
19 ∫àÕ¥—ß°≈à“« ‚¥¬µ”·Àπàß∫àÕ∑’Ë‡°Á∫πÈ”µ—«Õ¬à“ß®–°√–®“¬
§√Õ∫§≈ÿ¡æ◊Èπ∑’ËÕ”‡¿Õπ“À¡àÕ¡ (Figure 2) ÷́Ëß‰¥âµ√«®
 Õ∫æ‘°—¥¿Ÿ¡‘»“ µ√å¢Õß∫àÕ‡°Á∫µ—«Õ¬à“ß¥â«¬‡§√◊ËÕß∫Õ°æ‘°—¥
¿Ÿ¡‘»“ µ√å¥â«¬¥“«‡∑’¬¡ (Trimble Navigator, Basic

Plus, USA) ‡æ◊ËÕ«‘‡§√“–Àå°“√°√–®“¬¢Õß∏“µÿµà“ßÊ „π
æ◊Èπ∑’Ë»÷°…“

‰¥â‡°Á∫µ—«Õ¬à“ßπÈ”®“°∫àÕπÈ”µ◊Èπ∑’Ë‡≈◊Õ°‰«â·≈â« „π
™à«ß‡¥◊Õπ‡¡…“¬π-æƒ…¿“§¡ æ.».2546 ®”π«π∑—ÈßÀ¡¥
39 µ—«Õ¬à“ß ‚¥¬‡°Á∫πÈ”µ—«Õ¬à“ß≈– 1 ≈‘µ√ ∫√√®ÿ„π¢«¥
‚æ≈’‡Õ∑‘≈’π∑’Ë≈â“ß –Õ“¥¥â«¬πÈ”°≈—Ëπ  «—¥§à“æ’‡Õ™ (pH,

Eutech Instruments √ÿàπ pHScan1)  ·≈–§à“ª√‘¡“≥
¢Õß·¢Áß≈–≈“¬∑—ÈßÀ¡¥ (TDS) (Eutech Instruments √ÿàπ
TDScan1) °àÕπ∑’Ë®–ª√—∫·≈–√—°…“ ¿“æπÈ”µ—«Õ¬à“ß¥â«¬
°“√‡µ‘¡°√¥‰πµ√‘° (HNO

3
) §«“¡‡¢â¡¢âπ 1 N ª√‘¡“µ√

15 ¡≈. (APHA, 1998) °√Õßµ–°Õπ·¢«π≈Õ¬∑’Ëµ‘¥¡“
°—∫µ—«Õ¬à“ßπÈ”¥â«¬°√–¥“…°√Õß™π‘¥„¬·°â« (Whatman,

GF/F)  ‡°Á∫√—°…“‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 4ºC °àÕπ àß«‘‡§√“–ÀåÀ“
§«“¡‡¢â¡¢âπ‚≈À–Àπ—°·≈–∏“µÿÀ≈—°¥â«¬‡§√◊ËÕß ICP-AES

(Perkin Elmer √ÿàπ 4300 DV) ®”π«π 11 ∏“µÿ ª√–°Õ∫
¥â«¬ Mg, Ca, Ba, Cr, Mn, Fe, Ni, Cu, Cd, Zn ·≈– Pb

2. ‡∑§π‘§ ∂‘µ‘«‘‡§√“–Àå∑’Ë„™â

æ‘®“√≥“°“√°√–®“¬¢Õß‚≈À–Àπ—°·≈–∏“µÿÀ≈—°
·µà≈–∏“µÿ„ππÈ”∫àÕµ—«Õ¬à“ß  ‡æ◊ËÕ· ¥ß°“√°√–®“¬¢Õß
‚≈À–Àπ—°·≈–∏“µÿÀ≈—°„πæ◊Èπ∑’Ë ‚¥¬„™â‚ª√·°√¡ Surfer

(Golden Software, USA)  √â“ß·ºπ∑’Ë§Õπ∑—«√å¢Õß§à“
§«“¡‡¢â¡¢âπ‚≈À–„ππÈ”µ—«Õ¬à“ß
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º≈«‘‡§√“–Àå§«“¡‡¢â¡¢âπ‚≈À–Àπ—°·≈–∏“µÿÀ≈—°„π
πÈ”∫àÕµ—«Õ¬à“ß∑—ÈßÀ¡¥ 11 ∏“µÿ (11 µ—«·ª√) ®“°µ”·Àπàß
∫àÕ‡°Á∫µ—«Õ¬à“ß∑—ÈßÀ¡¥ 39 µ”·Àπàß √«¡∑—Èß§à“æ’‡Õ™ §à“
ª√‘¡“≥¢Õß·¢Áß≈–≈“¬∑—ÈßÀ¡¥ ·≈–§à“§«“¡°√–¥â“ß ∑”„Àâ
¢âÕ¡Ÿ≈∑’Ë®–«‘‡§√“–Àå¡’¢π“¥„À≠à·≈–´—∫´âÕπ ®÷ß‡≈◊Õ°„™â
‡∑§π‘§ ∂‘µ‘æÀÿ§Ÿ≥ (multivariate) „π°“√√«∫√«¡ ·¬°
°≈ÿà¡ ·≈–·ª≈§«“¡À¡“¬Õ¬à“ß¡’π—¬ ”§—≠   „™â‡∑§π‘§
°“√«‘‡§√“–Àåªí®®—¬ (factor analysis) ‡æ◊ËÕ„™âÕ∏‘∫“¬§«“¡
À¡“¬√–À«à“ßµ—«·ª√ (§«“¡‡¢â¡¢âπ¢Õß∏“µÿ·≈– ¡∫—µ‘
‡§¡’Õ◊ËπÊ) ∑’Ë¡’§«“¡ —¡æ—π∏å°—π ‚¥¬§”π«≥§à“πÈ”Àπ—°ªí®®—¬
(factor loading) ́ ÷Ëß‡ªìπ§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å®“°°“√
«‘‡§√“–Àå°“√®”·π°°≈ÿà¡ °“√«‘‡§√“–Àåªí®®—¬‡ªìπ‡∑§π‘§
°“√®”·π°°≈ÿà¡¢Õßµ—«·ª√ (Davis, 1973) ‡æ◊ËÕ∑’Ë®–≈¥
®”π«πµ—«·ª√≈ß‡ªìπªí®®—¬ ´÷Ëßµ—«·ª√∑’ËÕ¬Ÿà„πªí®®—¬‡¥’¬«
°—π ®–¡’§«“¡ —¡æ—π∏å·≈–Õ¬Ÿà„π∑‘»∑“ß‡¥’¬«°—π (¡’§à“
 —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å‡ªìπ∫«°) À√◊Õµ√ß¢â“¡°—π (¡’§à“
 —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å‡ªìπ≈∫) ·≈–„™â‡∑§π‘§«‘‡§√“–Àå
Õß§åª√–°Õ∫À≈—° (principal component analysis, PCA)

„π°“√·¬°ªí®®—¬ ´÷Ëß‡ªìπ‡∑§π‘§∑’Ëπ‘¬¡„™â°—π¡“°„π°“√
æ¬“°√≥å·∫∫®”≈Õß§≥‘µ»“ µ√å∑“ß‡§¡’®“°¢âÕ¡Ÿ≈ ¡∫—µ‘
‡§¡’¢Õß«— ¥ÿµ—«Õ¬à“ß (Chemometrics) ‡æ◊ËÕ„™â„π°“√

§âπÀ“§«“¡ —¡æ—π∏å√à«¡√–À«à“ßµ—«·ª√«à“‚Õπ‡Õ’¬ß‰ª„π
∑‘»∑“ß„¥ (Chapman, 1992)  ‚¥¬ªí®®—¬∑’Ë 1 ®–¡’§«“¡
 —¡æ—π∏å„π·∫∫‡™‘ß‡ âπ√–À«à“ßµ—«·ª√„πªí®®—¬  ·≈–¡’§à“
§«“¡·ª√ª√«π Ÿß ÿ¥ ªí®®—¬∑’Ë 2 °Á¡’§«“¡ —¡æ—π∏å‡™‘ß‡ âπ
‡™àπ°—π ‚¥¬ªí®®—¬∑’Ë 2 ®–µ—Èß©“°°—∫ªí®®—¬∑’Ë 1 ´÷ËßÀ¡“¬
§«“¡«à“ªí®®—¬∑’Ë 2 ‰¡à¡’§«“¡ —¡æ—π∏å°—∫ªí®®—¬∑’Ë 1  ”À√—∫
ªí®®—¬∑’Ë 3, 4 ·≈–µàÕÊ ‰ª°Á‡™àπ‡¥’¬«°—π æ‘®“√≥“§«“¡
º—π·ª√¢Õßªí®®—¬®“°§à“‰Õ‡°π (Eigen value) ´÷Ëß®–¡’§à“
≈¥≈ßÕ¬à“ß√«¥‡√Á« ‚¥¬‡≈◊Õ°æ‘®“√≥“ªí®®—¬∑’Ë¡’§à“‰Õ‡°π
¡“°°«à“ 1 ‡∑à“π—Èπ

„™â‡∑§π‘§°“√À¡ÿπ·°π·∫∫ Varimax (Kaizer,

1958) ‡æ◊ËÕ‡ªìπ°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√·¬°µ—«·ª√
ÕÕ°®“°°—π À¡ÿπ·°π„π°“√®—¥°≈ÿà¡µ—«·ª√«à“§«√Õ¬Ÿà„π
ªí®®—¬„¥ ·≈–‡æ◊ËÕ·¬°µ—«·ª√∑’Ë¡’§à“πÈ”Àπ—°ªí®®—¬°≈“ßÊ
„Àâ‡¥àπ™—¥¢÷Èπ  à«πµ—«·ª√∑’Ë¡’§à“πÈ”Àπ—°ªí®®—¬¡“°À√◊ÕπâÕ¬
®–™—¥‡®πÕ¬Ÿà·≈â« (Kaizer, 1958) ·≈–∑”°“√§”π«≥À“
§à“§–·ππªí®®—¬ (factor score) ¢Õß·µà≈–πÈ”∫àÕµ—«Õ¬à“ß
®“° 39 µ”·Àπàß ‚¥¬®–æ‘®“√≥“§à“∑’Ë‡ªìπ∫«°¡“° À√◊Õ
≈∫¡“° „π°“√Õ∏‘∫“¬§«“¡‡¢â¡¢âπ¢Õß‚≈À–Àπ—°„π·µà≈–
®ÿ¥‡°Á∫µ—«Õ¬à“ß  ·≈–π”§à“§–·ππªí®®—¬‰ª √â“ß·ºπ∑’Ë
§Õπ∑—«√å‡æ◊ËÕ®–„™âÕ∏‘∫“¬°“√°√–®“¬„πæ◊Èπ∑’Ë‰¥â™—¥‡®π

Figure 2.  Sampling sites of well water in the study area.
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§«“¡‡¢â¡¢âπ‚≈À–Àπ—°·≈–∏“µÿÀ≈—°

®‡√  «ÿ≤‘»“ πå ·≈–§≥–715

¬‘Ëß¢÷Èπ (Wang et al., 2001)

„π°“√·ª≈º≈§«“¡§≈â“¬°—πÀ√◊Õ§«“¡µà“ß°—π
(similarity) ¢ÕßπÈ”∫àÕµ—«Õ¬à“ß®“°µ”·Àπàß‡°Á∫µ—«Õ¬à“ß
µà“ßÊ ∑—Èß 39 µ”·Àπàß ‰¥â‡≈◊Õ°„™â‡∑§π‘§°“√«‘‡§√“–Àå°≈ÿà¡
(cluster analysis) ´÷Ëß‡ªìπ‡∑§π‘§°“√®—¥°≈ÿà¡µ“¡§«“¡
§≈â“¬§«“¡µà“ß¢Õßµ—«·ª√ ‚¥¬„π°“√»÷°…“π’È„™â§à“§«“¡
‡¢â¡¢âπ‚≈À–Àπ—°·≈–∏“µÿÀ≈—°„ππÈ”  §«“¡°√–¥â“ß  §à“
æ’‡Õ™ ·≈–§à“ª√‘¡“≥¢Õß·¢Áß≈–≈“¬∑—ÈßÀ¡¥ ∑”°“√®—¥
°≈ÿà¡¢Õß·µà≈–µ—«Õ¬à“ß  ‚¥¬µ—«Õ¬à“ß„π°≈ÿà¡‡¥’¬«°—π®–¡’
§«“¡§≈â“¬§≈÷ß°—π Ÿß (higher similarity) ·≈–°≈ÿà¡∑’Ë·¬°
®“°°—π®–¡’§«“¡µà“ß°—π ‚¥¬„™âÀ≈—°°“√√«¡°≈ÿà¡¢Õß Ward

(Ward’s Method) ´÷Ëß· ¥ß°“√‡™◊ËÕ¡‚¬ß°≈ÿà¡‚¥¬Õ“»—¬
√–¬–Àà“ß¬Ÿ‰§≈‡¥’¬π (Euclidean distance;  Reghunath

et al., 2002)

„™â°“√∑¥ Õ∫ t-test ‡æ◊ËÕÀ“√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ∑’Ë
®–‡ÀÁπ§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬¢Õßµ—«·ª√µà“ßÊ „π°≈ÿà¡
µ—«Õ¬à“ß 2 °≈ÿà¡ §◊Õ πÈ”∫àÕµ—«Õ¬à“ß°≈ÿà¡∑’Ë¡’ª√–«—µ‘°“√‡ªìπ
¡–‡√Áß °—∫πÈ”∫àÕµ—«Õ¬à“ß°≈ÿà¡∑’Ë‰¡à¡’ª√–«—µ‘°“√‡ªìπ¡–‡√Áß
«à“¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠À√◊Õ‰¡à ·≈–· ¥ß°√“ø
¢Õß°≈ÿà¡µ—«Õ¬à“ß 2 °≈ÿà¡¥—ß°≈à“«¥â«¬ Box plot ‚¥¬°“√

· ¥ß§à“‡©≈’Ë¬ (mean) §à“º‘¥æ≈“¥¡“µ√∞“π (standard

Error, SE) ·≈– 1.96 ‡∑à“¢Õß SE

º≈·≈–°“√«‘‡§√“–Àåº≈

1. °“√°√–®“¬¢Õß‚≈À–Àπ—°·≈–∏“µÿÀ≈—°„ππÈ”∫àÕµ◊Èπ„π

Õ”‡¿Õπ“À¡àÕ¡ ®—ßÀ«—¥ ß¢≈“

º≈°“√«—¥§à“æ’‡Õ™    §à“ª√‘¡“≥¢Õß·¢Áß≈–≈“¬
∑—ÈßÀ¡¥  §à“§«“¡°√–¥â“ß (hardness)  ·≈–§«“¡‡¢â¡¢âπ
∏“µÿ Mg, Ca, Ba, Cr, Mn, Fe, Ni, Cu, Cd, Zn ·≈– Pb

„ππÈ”∫àÕµ—«Õ¬à“ß (Table 2)  ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‡°≥±å
§ÿ≥¿“æπÈ”∫√‘‚¿§„π™π∫∑¢Õß§≥–°√√¡°“√∫√‘À“√
‚§√ß°“√®—¥„Àâ¡’πÈ” –Õ“¥„π™π∫∑∑—Ë«√“™Õ“≥“®—°√ æ.».
2531 æ∫«à“πÈ”∫àÕµ—«Õ¬à“ß¡’§à“æ’‡Õ™µË”°«à“‡°≥±å§ÿ≥¿“æ
(‡°≥±å§ÿ≥¿“æ 6.5 - 8.5) Õ¬Ÿà 25 µ—«Õ¬à“ß §‘¥‡ªìπ 64.1%

¢Õßµ—«Õ¬à“ß∑—ÈßÀ¡¥ §«“¡‡¢â¡¢âπ·§¥‡¡’¬¡ (Cd) ‡°‘π
‡°≥±å§ÿ≥¿“æ‡æ’¬ß 1 µ—«Õ¬à“ß (0.0055 ¡°./≈.  ‡°≥±å
§ÿ≥¿“æ 0.005 ¡°./≈.)  §«“¡‡¢â¡¢âπ‡À≈Á° (Fe) ‡°‘π
‡°≥±å§ÿ≥¿“æ‡æ’¬ß 2 µ—«Õ¬à“ß (0.59 ¡°./≈., 0.77 ¡°./
≈. ‡°≥±å§ÿ≥¿“æ 0.5 ¡°./≈.)  ·µà°Á¡’§à“ Ÿß°«à“‡°≥±å

Table 2. Average TDS, pH and concentration of heavy metal in shallow well water in the sub-district

of Namom District.

      Pijit      Tungkamin       Klongrang             Namom

mean range mean range mean range mean range

pH 6.5-8.5 6.3 5.3-7.1 5.9 4.8-7.4 6.1 4.7-6.8 5.6 4.5-6.7 -
TDS  (mg/l) 1000 114.1 32.7-255.0 101.8 31.5-434.0 130.9 52.0-224.0 87.7 28.2-164.0 -
Hardness (mg/l) 300 20.2 4.1-42.2 20.6 2.3-91.7 33.4 12.8-87.7 17.4 1.9-54.9 -
Mg (mg/l) - 1.308 0.168-3.630 0.957 0.246-3.220 1.746 0.306-5.420 0.804 0.010-1.270 0.56%
Ca (mg/l) - 5.92 1.22-13.50 6.67 0.50-31.4 10.52 4.59-26.20 5.63 0.60-20.40 1.58%
Ba (mg/l) - 0.37 0.21-0.72 0.41 0.17-0.70 0.34 0.22-0.49 0.34 0.17-0.66 830 mg/kg
Cr (mg/l) 0.05 N/D N/D 0.006 0.006 0.004 0.004 N/D N/D -
Mn (mg/l) 0.3 0.098 0.008-0.202 0.057 0.012-0.162 0.072 0.004-0.252 0.078 0.007-0.296 0.06%
Fe (mg/l) 0.5 0.212 0.022-0.593 0.159 0.006-0.774 0.082 0.007-0.272 0.103 0.005-0.435 2.7%
Ni (mg/l) - 0.007 0.007 0.006 0.006 0.008 0.008 0.005 0.005 -
Cu (mg/l) 1.0 0.012 0.005-0.018 0.027 0.007-0.047 0.019 0.015-0.023 0.017 0.016-0.018 20 mg/kg
Cd (mg/l) 0.005 0.003 0.002-0.006 0.002 0.001-0.003 0.002 0.001-0.003 0.002 0.002-0.003 -
Zn (mg/l) 5.0 0.044 0.014-0.122 0.060 0.010-0.138 0.035 0.009-0.112 0.034 0.004-0.106 60 mg/kg
Pb (mg/l) 0.05 N/D N/D 0.011 0.010-0.012 N/D N/D N/D N/D 20 mg/kg

N/D = non detectable

* Rural Drinking Water Quality Criteria (‡°≥±å§ÿ≥¿“æπÈ”∫√‘‚¿§„π™π∫∑ ‚¥¬§≥–°√√¡°“√∫√‘À“√‚§√ß°“√®—¥„Àâ¡’πÈ” –Õ“¥„π™π∫∑∑—Ë«√“™

Õ“≥“®—°√ 2531)

** Average concentration of elements in normal granite rocks (Govett, 1983)

sub-district
Quality

Criteria*

Average conc.

In granite**
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§ÿ≥¿“æ‰¡à¡“°π—°   à«π∏“µÿ∑’Ëµ√«®«—¥Õ◊ËπÊ ‰¥â·°à Mg,

Ca, Ba, Cr, Mn, Ni, Cu, Zn ·≈– Pb  ‰¡àæ∫«à“‡°‘π
‡°≥±å§ÿ≥¿“æ

‰¥â √â“ß·ºπ∑’Ë§Õπ∑—«√å¢Õß§à“§«“¡°√–¥â“ß §à“
ª√‘¡“≥¢Õß·¢Áß≈–≈“¬∑—ÈßÀ¡¥  §à“§«“¡‡¢â¡¢âπ∏“µÿ Mg,

Ca, Ba, Mn, Fe ·≈– Zn (Figure 3) ‚¥¬≈–‡«âπ‰¡à∑”
·ºπ∑’Ë§Õπ∑—«√å¢Õß∏“µÿ Cr, Cd, Cu, Ni ·≈– Pb ‡π◊ËÕß
®“°§à“§«“¡‡¢â¡¢âπ∏“µÿ¥—ß°≈à“«∑’Ë«—¥‰¥â„ππÈ”∫àÕµ—«Õ¬à“ß
 à«π„À≠à¡’§à“µË”°«à“¢’¥µ√«®«—¥ (Detection Limit) ¢Õß
‡§√◊ËÕß ICP-AES ´÷Ëß¢’¥‡√‘Ë¡µâπ§«“¡‡¢â¡¢âπ∑’Ë®–«‘‡§√“–Àå
‰¥â  ”À√—∫ Cr > 0.002 ¡°./≈., Cd > 0.001 ¡°./≈., Cu

> 0.0004 ¡°./≈., Ni > 0.005 ¡°./≈. ·≈– Pb > 0.002

¡°./≈. ‚¥¬®”π«πµ—«Õ¬à“ß∑’Ë “¡“√∂«—¥§«“¡‡¢â¡¢âπ‰¥â¡’
‡æ’¬ß‰¡à°’Ëµ—«Õ¬à“ß

ª√‘¡“≥¢Õß·¢Áß≈–≈“¬∑—ÈßÀ¡¥ (TDS) µ√«®æ∫
«à“„ππÈ”∫àÕµ—«Õ¬à“ß ¡’§à“ TDS „π™à«ß 28-434 ¡°./≈.
‡¡◊ËÕæ‘®“√≥“®“°·ºπ∑’Ë§Õπ∑—«√å„π Figure 3a æ∫«à“§à“
TDS ¡“°°«à“ 170 ¡°./≈. ®–®—∫°≈ÿà¡Õ¬Ÿà∫√‘‡«≥∑“ßµÕπ
„µâ¢ÕßÕ”‡¿Õπ“À¡àÕ¡ ‚¥¬¡’Õ’°∫√‘‡«≥Àπ÷Ëß πÈ”∫àÕµ—«Õ¬à“ß
®–¡’§à“ TDS „π™à«ß 170-220 Õ¬Ÿà„πµ”∫≈æ‘®‘µ√ ‰¥â¢’¥
‡ âπª√–≈ß„π·ºπ∑’Ë§Õπ∑—«√å‡æ◊ËÕ· ¥ß∫√‘‡«≥∑’Ë¡’§à“ TDS

º‘¥ª°µ‘„Àâ‡¥àπ™—¥¢÷Èπ §à“ TDS ¢ÕßπÈ”∫àÕµ—«Õ¬à“ß∑’ËÕ¬Ÿà„π
µ”∫≈æ‘®‘µ√ µ”∫≈∑ÿàß¢¡‘Èπ ·≈–µ”∫≈§≈ÕßÀ√—Ëß ¡’§à“‡©≈’Ë¬
∑’Ë„°≈â‡§’¬ß°—π   à«ππÈ”∫àÕµ—«Õ¬à“ß∑’ËÕ¬Ÿà„πµ”∫≈π“À¡àÕ¡
®–¡’§à“‡©≈’Ë¬ TDS πâÕ¬∑’Ë ÿ¥ ´÷Ëß§à“ª√‘¡“≥¢Õß·¢Áß≈–≈“¬
∑—ÈßÀ¡¥¢ÕßπÈ”∫àÕµ—«Õ¬à“ß∑—ÈßÀ¡¥ ¬—ß‰¡à Ÿß‡°‘π‡°≥±å
§ÿ≥¿“æπÈ”∫√‘‚¿§„π™π∫∑ 1000 ¡°./≈.

§«“¡°√–¥â“ß (Hardness) ∫√‘‡«≥∑’ËπÈ”∫àÕµ—«Õ¬à“ß
¡’§à“§«“¡°√–¥â“ß Ÿß°«à“ 30 ¡°./≈. æ∫Õ¬Ÿà∑“ßµÕπ„µâ¢Õß
µ”∫≈§≈ÕßÀ√—Ëß (Figure 3b) ·≈–µàÕ‡π◊ËÕßÕÕ°‰ª∑“ß
µ”∫≈∑ÿàß¢¡‘Èπ ·≈–Õ’°∫√‘‡«≥Àπ÷ËßÕ¬Ÿà„πµ”∫≈æ‘®‘µ√ πÈ”∫àÕ
µ—«Õ¬à“ß¡’§«“¡°√–¥â“ß„π™à«ß 40-50 ¡°./≈.  µ—«Õ¬à“ß
πÕ°‡Àπ◊Õ®“°π’È¡’§à“§«“¡°√–¥â“ßµË”°«à“ 40 ¡°./≈. ´÷Ëß
√–¥—∫§«“¡°√–¥â“ß¢ÕßπÈ”∫àÕµ—«Õ¬à“ß∑—ÈßÀ¡¥ ¬—ß‰¡à Ÿß‡°‘π
‡°≥±å§ÿ≥¿“æπÈ”∫√‘‚¿§„π™π∫∑ 300 ¡°./≈. ‡ âπª√–„π
·ºπ∑’Ë Figure 3b · ¥ß∫√‘‡«≥∑’ËπÈ”¡’§«“¡°√–¥â“ß Ÿß„Àâ
¡’§«“¡™—¥‡®π¢÷Èπ

·¡°π’‡´’¬¡ (Mg) §«“¡‡¢â¡¢âπ 2.4-4.8 ¡°./≈.

®—∫°≈ÿà¡Õ¬Ÿà∑“ßµÕπ≈à“ß µ”∫≈§≈ÕßÀ√—Ëß ·≈–µ”∫≈∑ÿàß¢¡‘Èπ
(Figure 3c) ́ ÷Ëß‡ªìπ∫√‘‡«≥∑’Ë§«“¡‡¢â¡¢âπ Ÿß ÿ¥®“°®”π«π
µ—«Õ¬à“ß∑—ÈßÀ¡¥ ‡ âπª√–≈ß„π·ºπ∑’Ë‡πâπ∫√‘‡«≥∑’Ë¡’§«“¡
‡¢â¡¢âπ Ÿß„Àâ¡’§«“¡™—¥‡®π¢÷Èπ πÈ”∫àÕµ—«Õ¬à“ß®“°∫√‘‡«≥
æ◊Èπ∑’Ë√“∫µÕπ°≈“ß®–¡’§à“§«“¡‡¢â¡¢âπ Mg πâÕ¬°«à“ 2.4

¡°./≈.
·§≈‡´’¬¡ (Ca) ¡’§«“¡‡¢â¡¢âπÕ¬Ÿà„π™à«ß 10-30

¡°./≈.   ®—∫°≈ÿà¡°—πÕ¬Ÿà„π∫√‘‡«≥∑“ßµÕπ„µâ¢Õßµ”∫≈
§≈ÕßÀ√—Ëß ·≈–µ”∫≈∑ÿàß¢¡‘Èπ (Figure 3d)   ‡ âπª√–„π
·ºπ∑’Ë‡πâπ∫√‘‡«≥∑’Ë¡’§«“¡‡¢â¡¢âπ Ÿß  πÈ”∫àÕµ—«Õ¬à“ß®“°
æ◊Èπ∑’Ë√“∫µÕπ°≈“ß¡’§«“¡‡¢â¡¢âπ Ca µË”°«à“ 15 ¡°./≈.
‚¥¬§à“‡©≈’Ë¬¢Õß§«“¡‡¢â¡¢âπ Ca „ππÈ”∫àÕµ—«Õ¬à“ß®“°
µ”∫≈§≈ÕßÀ√—Ëß ¡’§à“ Ÿß°«à“®“°µ”∫≈Õ◊ËπÊ

·∫‡√’¬¡ (Ba) §«“¡‡¢â¡¢âπ Ba „ππÈ”∫àÕµ—«Õ¬à“ß
Õ¬Ÿà„π™à«ß 0.4-0.6 ¡°./≈. ·≈–µàÕ‡π◊ËÕß®“°∑“ß„µâ µ”∫≈
§≈ÕßÀ√—Ëß ‰ª∂÷ß∑‘»µ–«—πµ°¢Õßµ”∫≈π“À¡àÕ¡ ·≈–Õ’°
∫√‘‡«≥Àπ÷Ëß§«“¡‡¢â¡¢âπ 0.4-0.6 ¡°./≈. ®–®—∫°≈ÿà¡Õ¬Ÿà„π
æ◊Èπ∑’Ëµ”∫≈æ‘®‘µ√ (Figure 3e)  ‡ âπª√–„π·ºπ∑’Ë‡πâπ
∫√‘‡«≥∑’Ë¡’§«“¡‡¢â¡¢âπ Ÿß  —ß‡°µ«à“§à“‡©≈’Ë¬§«“¡‡¢â¡¢âπ
¢Õß Ba „ππÈ”∫àÕµ—«Õ¬à“ß®“°∑ÿ°µ”∫≈¡’§à“„°≈â‡§’¬ß°—π

·¡ß°“π’  (Mn) ®—∫°≈ÿà¡§«“¡‡¢â¡¢âπ ŸßÕ¬Ÿà 2 °≈ÿà¡
„π™à«ß 0.16-0.28 ¡°./≈. „π‡¢µµ”∫≈π“À¡àÕ¡ ·≈–§à“
‡©≈’Ë¬§«“¡‡¢â¡¢âπ¢Õß Mn „π·µà≈–µ”∫≈‰¡à·µ°µà“ß°—π
¡“°π—° ´÷Ëß§à“§«“¡‡¢â¡¢âπ Mn „ππÈ”∫àÕµ—«Õ¬à“ß∑—ÈßÀ¡¥
¬—ß‰¡à Ÿß‡°‘π‡°≥±å¡“µ√∞“ππÈ”∫√‘‚¿§„π™π∫∑ 0.3 ¡°./
≈.

‡À≈Á° (Fe) ¡’§«“¡‡¢â¡¢âπ„π™à«ß 0.3-0.6 ¡°./≈.
√«¡µ—«°—πÕ¬Ÿà 3 ∫√‘‡«≥∑“ß¥â“πµ”∫≈æ‘®‘µ√µÕπ≈à“ß µ”∫≈
§≈ÕßÀ√—Ëß ·≈–µ”∫≈∑ÿàß¢¡‘Èπ ¡’‡æ’¬ß 2 µ—«Õ¬à“ß ∑’Ë¡’§à“
§«“¡‡¢â¡¢âπ Fe  Ÿß‡°‘π‡°≥±å§ÿ≥¿“æπÈ”∫√‘‚¿§„π™π∫∑
0.5 ¡°./≈.

 —ß°– ’ (Zn)  ¡’§«“¡‡¢â¡¢âπ„π™à«ß 0.04-0.12

¡°./≈. ®—∫°≈ÿà¡‡ªìπ·π«µàÕ‡π◊ËÕß ®“°∑“ßµÕπ„µâ¢Õßµ”∫≈
§≈ÕßÀ√—Ëß ÕÕ°‰ª∑“ß∑‘»µ–«—πµ°¢Õßµ”∫≈π“À¡àÕ¡ ·≈–
Õ’°°≈ÿà¡Àπ÷Ëß 0.04 -0.10 ¡°./≈. Õ¬Ÿà∫√‘‡«≥µ”∫≈æ‘®‘µ√
· ¥ß„Àâ™—¥‡®π¥â«¬‡ âπª√– ´÷Ëß§à“§«“¡‡¢â¡¢âπ Zn „ππÈ”
∫àÕµ—«Õ¬à“ß∑—ÈßÀ¡¥ ¬—ß‰¡à Ÿß‡°‘π‡°≥±å§ÿ≥¿“æπÈ”∫√‘‚¿§
„π™π∫∑ 5 ¡°./≈.
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ªï∑’Ë 26 ©∫—∫∑’Ë 5 °.¬.-µ.§. 2547
§«“¡‡¢â¡¢âπ‚≈À–Àπ—°·≈–∏“µÿÀ≈—°

®‡√  «ÿ≤‘»“ πå ·≈–§≥–717

Figure 3. Contour maps of the chemical properties of well water samples: (a) TDS, (b)

Hardness, (c) Mg, (d) Ca, (e) Ba, (f) Mn, (g) Fe and (h) Zn
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§à“ª√‘¡“≥¢Õß·¢Áß≈–≈“¬∑—ÈßÀ¡¥ §à“§«“¡°√–¥â“ß
·≈–§à“§«“¡‡¢â¡¢âπ Mg ·≈– Ca ¡’°“√°√–®“¬„πæ◊Èπ∑’Ë
≈—°…≥–§≈â“¬§≈÷ß°—π§◊Õ Õ¬Ÿà„π∫√‘‡«≥∑“ßµÕπ„µâ¢Õßµ”∫≈
§≈ÕßÀ√—Ëß ·≈–µ”∫≈∑ÿàß¢¡‘Èπ ·≈–Õ’°°≈ÿà¡Àπ÷Ëß∑’Ë°Á¡’§à“§«“¡
‡¢â¡¢âπ Ÿß‡™àπ°—πæ∫Õ¬Ÿà„πæ◊Èπ∑’Ëµ”∫≈æ‘®‘µ√ ‡¡◊ËÕ‡∑’¬∫‡§’¬ß
°—∫≈—°…≥–∑“ß∏√≥’«‘∑¬“¢Õßæ◊Èπ∑’Ë (Figure 1) æ∫«à“
∫√‘‡«≥§«“¡‡¢â¡¢âπ Ÿß¥—ß°≈à“« Õ¥§≈âÕß°—∫µ”·Àπàß∑’Ëæ∫
À‘π·°√π‘µ  ®÷ß‡™◊ËÕ«à“À‘π·°√π‘µ„πæ◊Èπ∑’ËÕ”‡¿Õπ“À¡àÕ¡
πà“®–‡ªìπ·À≈àß°”‡π‘¥¢Õß‚≈À–Àπ—°·≈–∏“µÿÀ≈—°∑’Ëµ√«®
æ∫„ππÈ”∫àÕµ—«Õ¬à“ß ‚¥¬‡©æ“–Õ¬à“ß¬‘ËßÀ‘π·°√π‘µ∫√‘‡«≥π’È
¡’≈—°…≥–ºÿ°√àÕπ·≈–æ√ÿπ ∑”„Àâ∏“µÿª√–°Õ∫„πÀ‘π∂Ÿ°πÈ”

™–≈â“ßÕÕ°¡“‰¥â‚¥¬ßà“¬  ”À√—∫§«“¡‡¢â¡¢âπ¢Õß∏“µÿ Ba

·≈– Zn „ππÈ”∫àÕµ—«Õ¬à“ß¡’°“√°√–®“¬∑’Ë§≈â“¬§≈÷ß°—π‚¥¬
¡’§«“¡µàÕ‡π◊ËÕß®“°∑“ßµÕπ„µâ¢ÕßÕ”‡¿Õπ“À¡àÕ¡ ·≈–
ÕÕ°‰ª∑“ß∑‘»µ–«—πµ°·≈–‡¡◊ËÕ‡∑’¬∫‡§’¬ß°—∫·ºπ∑’Ë∏√≥’
«‘∑¬“ °“√°√–®“¬¢Õß Ba ·≈– Zn ®–¡’∑‘»∑“ß§Ÿà¢π“π
‰ª°—∫∑“ßπÈ”∑’Ë‰À≈√«¡µ—«°—πÕÕ°∑“ß§≈ÕßÀ«–   à«π Fe

·≈– Mn ¡’°“√°√–®“¬ ≈—°…≥–°“√®—∫°≈ÿà¡°—π‰¡à™—¥‡®π
¡“°π—°

2. §«“¡ —¡æ—π∏å¢Õß‚≈À–Àπ—°„ππÈ”∫àÕµ—«Õ¬à“ß

º≈«‘‡§√“–Àå§«“¡ —¡æ—π∏å¢Õß‚≈À–Àπ—° ‚¥¬„™â

Figure 4.  Factor loading plots of corresponding factors after VARIMAX rotation.

Figure 6. Distribution of Factor score 2 (Ba and

Zn) in study area. Area in gray color

indicates Factor score < -0.7.

Figure 5. Distribution of Factor score 1 (TDS,

Hardness, Mg and Ca) in study area.

Area  in  gray  color  indicates  Factor

score > 0.7.
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Figure 7.  Dendrogram of the cluster analysis.

Figure 8. Cluster 1 and cluster 2 located at the

linkage distance of 20.

Figure 9. Cluster 1.1 and cluster 1.2 located at

the linkage distance of 12.5.
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‡∑§π‘§°“√«‘‡§√“–Àåªí®®—¬   «‘‡§√“–Àå®“°µ—«·ª√ 9 µ—«
ª√–°Õ∫¥â«¬ §à“æ’‡Õ™ §à“ª√‘¡“≥¢Õß·¢Áß≈–≈“¬∑—ÈßÀ¡¥
§à“§«“¡°√–¥â“ß  ·≈–§à“§«“¡‡¢â¡¢âπ¢Õß∏“µÿ Ba, Ca,

Mg, Fe, Mn ·≈– Zn ·≈â«„™â‡∑§π‘§«‘‡§√“–ÀåÕß§åª√–°Õ∫
À≈—° PCA  °—¥·¬°ªí®®—¬·≈â«µ“¡¥â«¬°“√À¡ÿπ·°π‚¥¬
„™â‡∑§π‘§ Varimax (Anazawa and Ohmori, 2001;

Morales et al., 1999; Simeonov et al., 2003) º≈°“√
 °—¥ªí®®—¬æ∫«à“¡’ 3 ªí®®—¬ ∑’Ë¡’§à“‰Õ‡°π¡“°°«à“ 1 (Table

2) ·≈–‰¥âπ”§à“πÈ”Àπ—°ªí®®—¬¡“≈ß®ÿ¥∫π°√“ø„Àâ‡ÀÁπ
™—¥‡®π¢÷Èπ ¥—ß· ¥ß„π Figure 4

ªí®®—¬∑’Ë 1  “¡“√∂Õ∏‘∫“¬‰¥â¥’∑’Ë ÿ¥ §‘¥‡ªìπ√âÕ¬≈–
44.81 ¢Õß§«“¡·ª√ª√«π ¡’§à“‰Õ‡°π‡∑à“°—∫ 4.03 (Table

3) Õ∏‘∫“¬°“√®”·π°ªí®®—¬‰¥â¡“°∑’Ë ÿ¥ª√–°Õ∫¥â«¬µ—«·ª√
‰¥â·°à §à“ª√‘¡“≥¢Õß·¢Áß≈–≈“¬∑—ÈßÀ¡¥ §à“§«“¡°√–¥â“ß
·≈–§à“§«“¡‡¢â¡¢âπ∏“µÿ Mg ·≈– Ca „ππÈ”∫àÕµ—«Õ¬à“ß
ªí®®—¬π’È¡’§à“πÈ”Àπ—°ªí®®—¬¡“°°«à“ 0.8 ·≈–‡¡◊ËÕ‡∑’¬∫‡§’¬ß
·ºπ∑’Ë °“√°√–®“¬¢Õßµ—«·ª√„πªí®®—¬∑’Ë 1 (Figures 3a,

3b, 3c, 3d) °—∫·ºπ∑’Ë∏√≥’«‘∑¬“ ∑”„Àâ “¡“√∂ √ÿª‰¥â«à“
µ—«·ª√„πªí®®—¬∑’Ë 1 πà“®–¡’§«“¡ —¡æ—π∏å°—∫°“√ª√“°Ø
¢ÕßÀ‘π·°√π‘µ ‡ªìπ‰ª‰¥â Ÿß«à“À‘π·°√π‘µºÿ„πæ◊Èπ∑’ËÕ”‡¿Õ

Figure 10.  Ternary diagram showing the correlation of the alkaline earth metals Ba, Ca and Mg.

Table 3. Varimax rotated factor loading matrix.

Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8

pH 0.406 0.158 0.065 0.037 0.897 -0.001 -0.001 -0.011
TDS 0.921 0.115 0.027 0.052 0.165 -0.034 0.036 -0.324
hardness 0.971 0.035 -0.002 -0.006 0.217 0.017 0.014 0.091
Mg 0.857 -0.151 -0.088 0.083 0.006 0.477 0.025 0.011
Ca 0.954 0.075 0.017 -0.026 0.255 -0.088 0.010 0.105
Ba -0.168 -0.911 -0.112 0.132 -0.063 -0.027 -0.325 0.030
Mn 0.033 -0.141 0.051 0.988 0.028 0.014 -0.004 -0.004
Fe -0.018 -0.018 0.997 0.049 0.049 -0.014 0.014 -0.003
Zn 0.081 -0.933 0.130 0.079 -0.121 0.070 0.283 -0.014

Eigen value 4.033 1.954 1.116 0.855 0.582 0.192 0.160 0.108

Percentage of variance 44.81 21.71 12.39 9.50 6.47 2.13 1.78 1.20

Cumulative percentage 44.81 66.52 78.91 88.41 94.88 97.01 98.80 100.00
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Figure 11. Box Plots and the T-test probability of the concentration of heavy metals in well water

sampled from no cancer related sites, N = 19 (left) and cancer related sites, N = 20 (right) of

each plot. (a) TDS, (b) Hardness, (c) Mg, (d) Ca, (e) Ba, (f) Mn, (g) Fe and (h) Zn (    Mean;

    Standard Error; Ι ± 1.96 ××××× Standard Error )

π“À¡àÕ¡π’È ‡ªìπµâπ°”‡π‘¥¢Õß‚≈À–Àπ—°·≈–∏“µÿÀ≈—°∑’Ëæ∫
„ππÈ”∫àÕµ—«Õ¬à“ß  ‚¥¬πà“®–‡°‘¥®“°°“√™–≈â“ßÀ‘π·°√π‘µ
ºÿ·≈–≈â“ß‡Õ“ Ca, Mg ÕÕ°¡“‚¥¬°√–∫«π°“√¢ÕßπÈ”„µâ¥‘π

ªí®®—¬∑’Ë 2  “¡“√∂Õ∏‘∫“¬‰¥â 21.71% ¡’§à“‰Õ‡°π
‡∑à“°—∫ 1.95 (Table 3) ‚¥¬¡’§à“§«“¡‡¢â¡¢âπ Ba ·≈– Zn

‡ªìπ ¡“™‘° ¡’§à“πÈ”Àπ—°ªí®®—¬πâÕ¬°«à“ -0.8  ´÷Ëß· ¥ß
§«“¡·µ°µà“ß°—π√–À«à“ßªí®®—¬∑’Ë 1 ·≈– 2 Õ¬à“ß™—¥‡®π
·ºπ∑’Ë· ¥ß°“√°√–®“¬¢Õß Ba ·≈– Zn „πæ◊Èπ∑’Ë (Figures

3e, 3h) æ∫«à“¡’°“√°√–®“¬‰ª„π∑‘»∑“ß‡¥’¬«°—π ·≈–¡’

∑‘»∑“ß§Ÿà¢π“π‰ª°—∫∑“ßπÈ”∑’Ë‰À≈‰ªÕÕ°§≈ÕßÀ«–„π
ªí®®ÿ∫—π  ‡Àµÿº≈Àπ÷Ëß∑’Ë∑”„ÀâπÈ”∫àÕµ—«Õ¬à“ß„π∫√‘‡«≥π’È
· ¥ß§«“¡ —¡æ—π∏å∑’ËµàÕ‡π◊ËÕß°—π Õ“®‡ªìπ‡æ√“–„π∑“ß
∏√≥’‡§¡’∏“µÿ Ba ·≈– Zn ®–∂Ÿ°®—¥Õ¬Ÿà„π°≈ÿà¡‡¥’¬«°—π∑’Ë
‡√’¬°«à“ Strati-form Sediment-Hosted (SSH-type) ∑’Ë
¡’∏“µÿ Zn - Pb - Ba ª√–°Õ∫°—πÕ¬Ÿà ·≈–‡ªìπº≈®“°°“√
ºÿæ—ß¢ÕßÀ‘π‡π◊ËÕß ®“°°“√ª–∑ÿ¢ÕßπÈ”„µâæ‘¿æÕÿ≥À¿Ÿ¡‘ Ÿß
´÷Ëß‡°‘¥°“√™–≈â“ß·≈â«æ—¥æ“„Àâ‡§≈◊ËÕπ∑’Ë‰ª‡¡◊ËÕ¡“‡®Õ°—∫·√à
°≈ÿà¡´—≈‰ø¥å°Á®–®—∫°≈ÿà¡√«¡µ—«°—π (Nassem et al., 2002)
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ªí®®—¬∑’Ë 3  “¡“√∂Õ∏‘∫“¬‰¥â 12.39% ¡’§à“‰Õ‡°π
‡∑à“°—∫ 1.116 (Table 3) ‚¥¬ªí®®—¬π’Èª√–°Õ∫¥â«¬µ—«·ª√
‡æ’¬ßµ—«‡¥’¬« §◊Õ§«“¡‡¢â¡¢âπ∏“µÿ Fe ¡’§à“πÈ”Àπ—°ªí®®—¬
¡“°°«à“ 0.8 ·≈–‰¡à· ¥ß§«“¡ —¡æ—π∏å°—∫∏“µÿÀ≈—°Õ◊Ëπ„¥
‡≈¬   ”À√—∫ªí®®—¬Õ◊ËπÊ ¡’§à“‰Õ‡°ππâÕ¬°«à“ 1 ®÷ß‰¡à‰¥âπ”
¡“«‘‡§√“–Àå

3. §«“¡ —¡æ—π∏å¢Õßµ”·Àπàß‡°Á∫µ—«Õ¬à“ß°—∫§«“¡‡¢â¡¢âπ

‚≈À–Àπ—°„ππÈ”

‡¡◊ËÕ§”π«≥§–·ππªí®®—¬ (factor score) ‡æ◊ËÕ √â“ß
·ºπ∑’Ë§Õπ∑—«√å¥Ÿ°“√°√–®“¬¢Õßªí®®—¬∑’Ë 1 (F1) ·≈–ªí®®—¬
∑’Ë 2 (F2) „πæ◊Èπ∑’Ë ‚¥¬°”Àπ¥„Àâ§à“§–·ππªí®®—¬∑’Ë¡“°
°«à“ 0.7 ®–· ¥ß‡ªìπ·∂∫ ’‡∑“ (Figure 5) ´÷Ëßæ∫«à“
∫√‘‡«≥∑’Ë¡’§–·ππªí®®—¬ F1 ¡’§à“¡“°°«à“ 0.7 ®–µ√ß°—∫
∫√‘‡«≥∑’Ë‡ªìπÀ‘π·°√π‘µ ‡™àπ ∑’Ëµ”∫≈æ‘®‘µ√  ·≈–∑“ß„µâ
¢Õßµ”∫≈∑ÿàß¢¡‘Èπ°—∫µ”∫≈§≈ÕßÀ√—Ëß ¬◊π¬—π¢âÕ √ÿª∑’Ë«à“§à“
ª√‘¡“≥¢Õß·¢Áß≈–≈“¬∑—ÈßÀ¡¥  §à“§«“¡°√–¥â“ß  §«“¡
‡¢â¡¢âπ∏“µÿ  Mg  ·≈–  Ca  „ππÈ”∫àÕµ—«Õ¬à“ß„πÕ”‡¿Õ
π“À¡àÕ¡π’È‡ªìπº≈¡“®“°°“√ºÿæ—ß¢ÕßÀ‘π·°√π‘µ ·≈–°“√
™–≈â“ß¢ÕßπÈ”„µâ¥‘π„πæ◊Èπ∑’Ë

 ”À√—∫§–·ππªí®®—¬ F2 ́ ÷Ëß¡’§«“¡ —¡æ—π∏åµ√ß¢â“¡
°—∫ F1 · ¥ß¥â«¬√–¥—∫ ’‡∑“„π∫√‘‡«≥∑’Ë¡’§à“πâÕ¬°«à“ -0.7

(Figure 6) ‡¡◊ËÕ‡∑’¬∫‡§’¬ß°—∫·ºπ∑’Ë∏√≥’«‘∑¬“ §–·ππ
ªí®®—¬ F2 ®–¡’§à“µàÕ‡π◊ËÕß®“°∑“ß„µâµ”∫≈§≈ÕßÀ√—Ëß ÕÕ°
‰ª¬—ß∑‘»µ–«—πµ°¢Õßµ”∫≈π“À¡àÕ¡ §Ÿà¢π“πÕÕ°‰ª≈ß Ÿà
§≈ÕßÀ«– ·≈–¡’Õ’°∫√‘‡«≥Àπ÷ËßÕ¬Ÿà∑’Ëµ”∫≈æ‘®‘µ√ Õ“® √ÿª
‰¥â«à“ Ba ·≈– Zn ∑’Ë¡’§«“¡ —¡æ—π∏åµàÕ‡π◊ËÕß°—π‡ªìπº≈®“°
∑‘»∑“ßπÈ”∑’Ë‰À≈ÕÕ° Ÿà§≈ÕßÀ«–·≈–≈–≈“¬ Ba ·≈– Zn

ÕÕ°¡“®“°À‘π·°√π‘µ∑’ËÕ¬Ÿà∑“ßµÕπ„µâ¢Õßµ”∫≈§≈ÕßÀ√—Ëß
‡¡◊ËÕ«‘‡§√“–Àå§«“¡ —¡æ—π∏å¢ÕßπÈ”∫àÕµ—«Õ¬à“ß ‚¥¬

„™â‡∑§π‘§°“√«‘‡§√“–Àå°≈ÿà¡  (Simenov et al., 2003;

Morales et al.,1999)  ®–æ∫«à“∑’Ë§«“¡Àà“ß¬Ÿ‰§≈‡¥’¬π
‡∑à“°—∫ 20  “¡“√∂®”·π°°≈ÿà¡‰¥â‡ªìπ 2 °≈ÿà¡„À≠à §◊Õ
°≈ÿà¡ C1 ·≈–°≈ÿà¡ C2 ‡¡◊ËÕπ”æ‘°—¥¿Ÿ¡‘»“ µ√å¢ÕßπÈ”∫àÕ
µ—«Õ¬à“ß„π°≈ÿà¡ C1 ·≈– C2 ≈ß∫π·ºπ∑’Ë∏√≥’«‘∑¬“·≈–
¢’¥‡ âπª√–· ¥ß¢Õ∫‡¢µ (Figure 8) ®–æ∫«à“°≈ÿà¡ C1

Õ¬Ÿà∑“ß„µâµ”∫≈§≈ÕßÀ√—Ëß·≈–∫√‘‡«≥µ”∫≈æ‘®‘µ√  °≈ÿà¡ C2

Õ¬Ÿà∫√‘‡«≥∑’Ë√“∫µÕπ°≈“ß ·≈–∑“ß∑‘»µ–«—πµ° ·≈–∑‘»

µ–«—πÕÕ°¢ÕßÕ”‡¿Õπ“À¡àÕ¡ ·≈–„π°≈ÿà¡ C1 ¬—ß “¡“√∂
®—¥°≈ÿà¡¬àÕ¬∑’Ë§«“¡Àà“ß¬Ÿ‰§≈‡¥’¬π‡∑à“°—∫ 12.5 ‰¥âÕ’° 2

°≈ÿà¡  ‡ªìπ°≈ÿà¡ C1.1 ·≈– C1.2 ‡¡◊ËÕ≈ßæ‘°—¥∫π·ºπ∑’Ë
∏√≥’«‘∑¬“·≈â«¢’¥‡ âπ∑÷∫· ¥ß¢Õ∫‡¢µ (Figure 9) °Á®–
‡ÀÁπ∂÷ßÕß§åª√–°Õ∫∑’Ë§≈â“¬°—π„πæ◊Èπ∑’ËµÕπ°≈“ß ∑“ß∑‘»
µ–«—πÕÕ°·≈–∑“ß∑‘»µ–«—πµ° ́ ÷Ëßµà“ß°—∫°≈ÿà¡πÈ”∫àÕµ—«Õ¬à“ß
„πæ◊Èπ∑’ËµÕπ‡Àπ◊Õ·≈–µÕπ„µâ¢ÕßÕ”‡¿Õπ“À¡àÕ¡

4. §«“¡ —¡æ—π∏å¢Õß∏“µÿ‚≈À–À¡Ÿà 2   (alkaline earth

metals) Ba, Ca ·≈– Mg

∏“µÿ‚≈À–À¡Ÿà 2   alkaline earth „πµ“√“ß∏“µÿ
ª√–°Õ∫¥â«¬ Be, Mg, Ca, Sr, Ba ·≈– Ra ÷́Ëß„πß“π
«‘®—¬π’È‰¥â· ¥ßº≈«‘‡§√“–Àå§«“¡‡¢â¡¢âπ∏“µÿÀ¡Ÿà 2 ‰¥â·°à
Ca, Mg ·≈– Ba ´÷Ëß«‘‡§√“–Àå‰¥â‰¡à¬“°π—°¥â«¬‡§√◊ËÕß¡◊Õ
«‘‡§√“–Àå ¡—¬„À¡à ‡™àπ „πß“π«‘®—¬π’È„™â‡§√◊ËÕß ICP-AES

„πß“π«‘‡§√“–Àå ¬°‡«âπ∏“µÿ‡√‡¥’¬¡´÷Ëß‡ªìπ∏“µÿ°—¡¡—πµ√—ß ’
„π∏√√¡™“µ‘∑’ËÕ“®æ∫¡’Õ¬Ÿà„ππÈ”„πª√‘¡“≥∑’ËπâÕ¬¡“°®π
‰¡à “¡“√∂«‘‡§√“–Àå‰¥â¥â«¬‡§√◊ËÕß¡◊Õ∑—π ¡—¬∑—Ë«‰ª

‡¡◊ËÕπ”§à“§«“¡‡¢â¡¢âπ¢Õß∏“µÿ Ba, Ca ·≈– Mg

´÷Ëß‡ªìπ∏“µÿ„πÀ¡Ÿà 2 ¡“‡¢’¬π°√“ø·∫∫ 3 ·°π ∑’Ë‡√’¬°«à“
Ternary diagram (Figure 10) æ∫«à“∑—Èß 3 ∏“µÿ¡’°“√®—∫
°≈ÿà¡°—π¥’ ¡’‡æ’¬ß 5 µ—«Õ¬à“ß (®“°∑—ÈßÀ¡¥ 39 µ—«Õ¬à“ß)

∑’ËÀ≈ÿ¥ÕÕ°¡“πÕ°°≈ÿà¡ ´÷ËßÕ“® √ÿª‰¥â«à“∏“µÿÀ¡Ÿà 2 „ππÈ”
∫àÕµ—«Õ¬à“ß (¬°‡«âπ ∏“µÿ‡∫√‘≈‡≈’¬¡  µ√Õπ‡∑’¬¡ ·≈–
‡√‡¥’¬¡ ∑’Ë‰¡à‰¥âµ√«®«—¥) „πæ◊Èπ∑’ËÕ”‡¿Õπ“À¡àÕ¡ ¡’°“√
°√–®“¬ ¡Ë”‡ ¡Õ‡ªìπ‡π◊ÈÕ‡¥’¬«°—π

5. §«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ‚≈À–„ππÈ”·≈–

Õÿ∫—µ‘°“√≥å‚√§¡–‡√Áß„π™àÕßª“° ·≈–À≈Õ¥Õ“À“√

πÈ”®“°∫àÕµ—«Õ¬à“ß®”π«π 20 ®ÿ¥ ®“°∑—ÈßÀ¡¥ 39

®ÿ¥ ‡ªìππÈ”µ—«Õ¬à“ß®“°∫â“π∑’Ë¡’ª√–«—µ‘°“√‡ªìπ‚√§¡–‡√Áß
™àÕßª“° ·≈–¡–‡√ÁßÀ≈Õ¥Õ“À“√∑’Ë¡“√—∫°“√√—°…“∑’ËÀπà«¬
¡–‡√Áß §≥–·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å
πÈ”∫àÕµ—«Õ¬à“ß®“°∫â“π∑’Ë‰¡à¡’ª√–«—µ‘¡–‡√Áß®”π«π 19 ®ÿ¥
√«¡∑—ÈßÀ¡¥®”π«π 39 ®ÿ¥ °√–®“¬ÕÕ°‰ª∑—Èßæ◊Èπ∑’ËÕ”‡¿Õ
π“À¡àÕ¡   ·≈–‰¥âπ”¢âÕ¡Ÿ≈§«“¡‡¢â¡¢âπ¢Õß‚≈À–Àπ—°
§à“ª√‘¡“≥¢Õß·¢Áß≈–≈“¬∑—ÈßÀ¡¥ ·≈–§«“¡°√–¥â“ß ¡“
∑¥ Õ∫ t-test  ·≈–· ¥ßº≈·∫∫ Box plot · ¥ß„π
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Figure 11

æ‘®“√≥“®“° Box plot æ∫«à“µ—«·ª√∑’Ë· ¥ß§à“
p>0.1 ª√–°Õ∫¥â«¬∏“µÿ Ba, Fe, Mn ·≈– Zn °≈à“«‰¥â«à“
4 ∏“µÿπ’È‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë√–¥—∫
§«“¡‡™◊ËÕ¡—Ëπ 90% ¢Õß§à“‡©≈’Ë¬√–À«à“ß°≈ÿà¡¢âÕ¡Ÿ≈∑’Ë¡’
ª√–«—µ‘‚√§¡–‡√Áß™àÕßª“°·≈–¡–‡√ÁßÀ≈Õ¥Õ“À“√°—∫°≈ÿà¡
¢âÕ¡Ÿ≈∑’Ë‰¡à¡’ª√–«—µ‘°“√‡ªìπ¡–‡√Áß  µ—«·ª√∑’Ë¡’§à“ p<0.1

‰¥â·°à §à“ª√‘¡“≥¢Õß·¢Áß≈–≈“¬∑—ÈßÀ¡¥ (p = 0.06)  §à“
§«“¡°√–¥â“ß (p = 0.07)  ·≈–§à“§«“¡‡¢â¡¢âπ Ca (p =

0.09) ·≈– Mg (p = 0.04) ´÷ËßÀ¡“¬§«“¡«à“§à“‡©≈’Ë¬¢Õß
µ—«·ª√∑—Èß ’Ë√–À«à“ß°≈ÿà¡¢âÕ¡Ÿ≈∑’Ë¡’ª√–«—µ‘°“√‡ªìπ¡–‡√Áß
°—∫°≈ÿà¡¢âÕ¡Ÿ≈∑’Ë‰¡à¡’ª√–«—µ‘¡–‡√Áß ¡’§«“¡·µ°µà“ß°—πÕ¬à“ß
¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ¡“°°«à“ 90%

‚¥¬‡©æ“– Mg ∑’Ë¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑’Ë√–¥—∫
§«“¡‡™◊ËÕ¡—Ëπ 96% Õ¬à“ß‰√°Áµ“¡¢Õ‡πâπ«à“§à“‡©≈’Ë¬¢Õß
°≈ÿà¡∑’Ë‰¡à¡’ª√–«—µ‘¡–‡√Áß¡“®“°®”π«πµ—«Õ¬à“ß∑’Ë ÿà¡¡“‡æ’¬ß
19 µ—«Õ¬à“ß „πÕ”‡¿Õπ“À¡àÕ¡ ´÷Ëß¬—ß‰¡à„™àµ—«·∑π∑’Ë¥’∑’Ë ÿ¥
¢Õß°≈ÿà¡∑’Ë‰¡à¡’ª√–«—µ‘¡–‡√Áß´÷Ëß‡ªìπª√–™“°√ à«π„À≠à

®“° Box plot · ¥ß„Àâ‡ÀÁπ«à“πÈ”∫àÕµ—«Õ¬à“ß„π
°≈ÿà¡∑’Ë¡’ª√–«—µ‘¡–‡√Áß®–¡’§à“ª√‘¡“≥¢Õß·¢Áß≈–≈“¬∑—ÈßÀ¡¥
§à“§«“¡°√–¥â“ß ·≈–§à“§«“¡‡¢â¡¢âπ Ca ·≈– Mg  Ÿß°«à“
πÈ”∫àÕµ—«Õ¬à“ß„π°≈ÿà¡∑’Ë‰¡à¡’ª√–«—µ‘¡–‡√Áß

 √ÿª·≈–‡ πÕ·π–

º≈«‘‡§√“–Àå§«“¡‡¢â¡¢âπ‚≈À–Àπ—°·≈–∏“µÿÀ≈—°
ª√–°Õ∫¥â«¬ Mg, Ca, Ba, Cr, Mn, Fe, Ni, Cu, Cd,

Zn ·≈– Pb „ππÈ”∫àÕµ◊Èπ„πÕ”‡¿Õπ“À¡àÕ¡ æ∫«à“¬—ß‰¡à
‡°‘π‡°≥±å§ÿ≥¿“æπÈ”∫√‘‚¿§„π™π∫∑¢Õß§≥–°√√¡°“√
∫√‘À“√‚§√ß°“√®—¥„Àâ¡’πÈ” –Õ“¥∑—Ë«√“™Õ“≥“®—°√ æ.».
2531 ¬°‡«âπ·§¥‡¡’¬¡ 1 µ—«Õ¬à“ß ·≈–‡À≈Á° ®”π«π 2

µ—«Õ¬à“ß ®“°∑—ÈßÀ¡¥ 39 µ—«Õ¬à“ß∑’Ëµ√«®«‘‡§√“–Àå ·µà°Á
 Ÿß°«à“‡°≥±å‰¡à¡“°π—° „π·ßà¢Õß‚≈À–Àπ—°ºŸâ π„®Õ“®
‡πâπ»÷°…“·§¥‡¡’¬¡·≈– “√ÀπŸ„ππÈ”∫àÕ‡æ‘Ë¡‡µ‘¡ ·µà§«√
æ‘®“√≥“‡≈◊Õ°‡§√◊ËÕß¡◊Õ«‘‡§√“–Àå∑’Ë¡’§«“¡≈–‡Õ’¬¥ Ÿß ‡™àπ
Hydride Generation AA À√◊Õ ICP-MS ‡ªìπµâπ ‡π◊ËÕß
®“°ª√‘¡“≥·§¥‡¡’¬¡·≈– “√ÀπŸ (‰¡à‰¥â√“¬ß“π) ∑’Ëµ√«®
æ∫„πß“π«‘®—¬π’È¡’§à“Õ¬Ÿà„π√–¥—∫µË”

§à“ª√‘¡“≥¢Õß·¢Áß≈–≈“¬∑—ÈßÀ¡¥ §à“§«“¡°√–¥â“ß
·≈–§«“¡‡¢â¡¢âπ¢Õß Ca ·≈– Mg „ππÈ”∫àÕµ◊Èπ „πÕ”‡¿Õ
π“À¡àÕ¡  ®—ßÀ«—¥ ß¢≈“  ¡’§«“¡ —¡æ—π∏å°—∫Õÿ∫—µ‘°“√≥å
¡–‡√Áß„π™àÕßª“°·≈–À≈Õ¥Õ“À“√  ·µà‡¡◊ËÕæ‘®“√≥“§à“
§«“¡‡¢â¡¢âπ‚≈À–Àπ—°·≈–∏“µÿÀ≈—°‡∑’¬∫°—∫‡°≥±å§ÿ≥¿“æ
πÈ”∫√‘‚¿§„π™π∫∑ æ∫«à“µ—«Õ¬à“ß‡°◊Õ∫∑—ÈßÀ¡¥¡’§à“Õ¬Ÿà„π
‡°≥±å§ÿ≥¿“æ ́ ÷ËßÕ“®°≈à“«‰¥â«à“§à“ª√‘¡“≥¢Õß·¢Áß≈–≈“¬
∑—ÈßÀ¡¥ §à“§«“¡°√–¥â“ß ·≈–§«“¡‡¢â¡¢âπ¢Õß Ca ·≈–
Mg „ππÈ”∫àÕ Õ¬Ÿà„π√–¥—∫ª°µ‘ ‰¡àπà“®–¡’§«“¡ —¡æ—π∏å„π
·ßà°àÕ„Àâ‡°‘¥¡–‡√Áß„πæ◊Èπ∑’Ë ·µà°“√∑’Ë∏“µÿÀ¡Ÿà 2 „π∫√‘‡«≥π’È
¡’°“√°√–®“¬·∫∫ ¡Ë”‡ ¡Õ‡ªìπ‡π◊ÈÕ‡¥’¬«°—π ·≈–∏“µÿ„π
À¡Ÿà 2 ¬—ß¡’∏“µÿ‡√‡¥’¬¡ (Ra) ´÷Ëß‡ªìπ∏“µÿ°—¡¡—πµ√—ß ’∑’Ë√Ÿâ®—°
°—π¥’«à“‡ªìπ “√°àÕ¡–‡√Áß„π¡πÿ…¬å∑’Ë¡’ ¡∫—µ‘∑“ß‡§¡’∑’Ë
§≈â“¬§≈÷ß°—∫·§≈‡ ’́¬¡  ¥—ßπ—ÈπÀ“°„ππÈ”∫àÕµ—«Õ¬à“ß¡’
‡√‡¥’¬¡Õ¬Ÿà¥â«¬ Õ“® “¡“√∂Õ∏‘∫“¬§«“¡‡°’Ë¬«æ—π°—∫Õÿ∫—µ‘-
°“√≥å¡–‡√Áß„πÀ≈Õ¥Õ“À“√·≈–„π™àÕßª“°¢Õßª√–™“™π„π
Õ”‡¿Õπ“À¡àÕ¡‰¥â ÷́Ëß®“°°“√§âπæ∫ ‘π·√à∑Õ√å‡∫Õ√å‰πµå
(Cu(UO

2
)

2
(PO

4
)

2
8-12H

2
O) ∑’Ë‡ªìπ·√à∑ÿµ‘¬¿Ÿ¡‘„πÀ‘π·°√π‘µ

„πÕ”‡¿Õπ“À¡àÕ¡ ∑’Ë¡’ à«πª√–°Õ∫¢Õß∏“µÿ¬Ÿ‡√‡π’¬¡´÷Ëß
‡ªìππ‘«‰§≈¥åµ—Èßµâπ∑’Ë®– ≈“¬µ—«∑“ßπ‘«‡§≈’¬√å‰ª‡ªìπ‡√‡¥’¬¡
√«¡∑—Èß®“°º≈°“√«‘®—¬¢Õß Bhongsuwan ·≈–§≥– (2001)

∑’Ëæ∫«à“πÈ”∫“¥“≈„πÕ”‡¿Õπ“À¡àÕ¡∫“ß·Ààß ¡’ª√‘¡“≥
°ä“´°—¡¡—πµ√—ß ’‡√¥Õπ Ÿß¡“° ·≈–º≈®“°°“√«‘‡§√“–Àå
‚¥¬„™â ∂‘µ‘æÀÿ§Ÿ≥„πß“π«‘®—¬™‘Èππ’È‰¥âº≈‡ªìπ∑’Ë™—¥‡®π«à“
§à“ª√‘¡“≥¢Õß·¢Áß≈–≈“¬∑—ÈßÀ¡¥ §à“§«“¡°√–¥â“ß ·≈–
§«“¡‡¢â¡¢âπ¢Õß Ca ·≈– Mg „ππÈ”∫àÕµ—«Õ¬à“ß ¡’§«“¡
 —¡æ—π∏å°—π·≈–¡’°”‡π‘¥®“°À‘π·°√π‘µºÿ„πæ◊Èπ∑’Ë ®÷ß‡ªìπ
‰ª‰¥âÕ¬à“ß¬‘Ëß«à“®–¡’°“√™–≈â“ß∏“µÿ‡√‡¥’¬¡„πÀ‘π·°√π‘µ
‚¥¬°√–∫«π°“√∑“ß∏√√¡™“µ‘„Àâ‰ªªπ‡ªóôÕπÕ¬Ÿà„π¥‘π·≈–
„ππÈ”„µâ¥‘π ¥—ßπ—Èπ‡æ◊ËÕ„Àâ‡°‘¥§«“¡™—¥‡®π„π‡√◊ËÕßπ’È §≥–
ºŸâ«‘®—¬®÷ß‰¥â¥”‡π‘π°“√«‘®—¬µàÕ‡π◊ËÕß ‡æ◊ËÕÀ“ª√‘¡“≥‡√‡¥’¬¡
„ππÈ”∫àÕµ◊Èπ„πÕ”‡¿Õπ“À¡àÕ¡π’È Õ¬à“ß‰√°Áµ“¡ ‡π◊ËÕß®“°
§«“¡‡¢â¡¢âπ‡√‡¥’¬¡„ππÈ”‚¥¬∑—Ë«‰ª®–¡’ª√‘¡“≥πâÕ¬¡“°„π
√–¥—∫ 10-3 π°./≈. (π“‚π°√—¡/≈‘µ√) ®÷ß‰¡à “¡“√∂«‘‡§√“–Àå
‰¥â¥â«¬‡§√◊ËÕß¡◊Õ«‘‡§√“–Àå∑—Ë«‰ª ®”‡ªìπµâÕß«‘‡§√“–Àå‚¥¬„™â
√–∫∫ ‡ª°‚µ√¡‘‡µÕ√å√—ß ’·°¡¡“À√◊Õ·Õ≈ø“√–¥—∫µË”¡“°
(low level gamma/alpha spectrometer) ´÷Ëß‡ªìπ‡∑§π‘§
∑’ËµâÕß„™â‡«≈“π“π„π°“√‡µ√’¬¡µ—«Õ¬à“ß·≈–‡«≈“µ√«®«—¥
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