
154

√“¬ß“π®“°ÀâÕßªØ‘∫—μ‘°“√ « °√¡«‘∑¬ æ 2552; 51 (2) : 154-169

Accepted for publication, 27 February 2009

°—≠≠“ æÿ° ÿàπ °√√≥‘°“ ®‘μμ‘¬»√“ ·≈–∑‘æ«√√≥ π‘ËßπâÕ¬

 ”π—°§ÿ≥¿“æ·≈–§«“¡ª≈Õ¥¿—¬Õ“À“√  °√¡«‘∑¬“»“ μ√å°“√·æ∑¬å  ∂ππμ‘«“ππ∑å   ππ∑∫ÿ√’ 11000

°“√ª√–‡¡‘π§«“¡ “¡“√∂ÀâÕßªØ‘∫—μ‘°“√«‘‡§√“–ÀåπÈ”∑“ß‡§¡’

ªï æ.». 2550

∫∑§—¥¬àÕ §ÿ≥¿“æπÈ”‚¥¬‡©æ“–πÈ”∫√‘‚¿§¡’§«“¡ ”§—≠Õ¬à“ß¡“°μàÕ ÿ¢¿“æ °“√μ√«®«‘‡§√“–Àå§ÿ≥¿“æ

·≈–§«“¡ª≈Õ¥¿—¬¢ÕßπÈ”∫√‘‚¿§®÷ß‡ªìπ‡√◊ËÕß ”§—≠‚¥¬º≈°“√«‘‡§√“–Àå®–μâÕß¡’§«“¡∂Ÿ°μâÕß·≈–πà“‡™◊ËÕ∂◊Õ ‡π◊ËÕß®“°

„πª√–‡∑»‰∑¬¡’ÀâÕßªØ‘∫—μ‘°“√«‘‡§√“–ÀåπÈ”‡ªìπ®”π«π¡“°°√–®“¬Õ¬Ÿà∑—Ë«ª√–‡∑»  ”À√—∫„πªï æ.». 2550 °√¡

«‘∑¬“»“ μ√å°“√·æ∑¬å ‚¥¬ ”π—°§ÿ≥¿“æ·≈–§«“¡ª≈Õ¥¿—¬Õ“À“√ ®÷ß‰¥â¥”‡π‘π°“√ª√–‡¡‘π§«“¡ “¡“√∂¢Õß

ÀâÕßªØ‘∫—μ‘°“√μà“ßÊ „π°“√∑¥ Õ∫§à“§«“¡‡ªìπ°√¥-¥à“ß ª√‘¡“≥ “√∑—ÈßÀ¡¥ §«“¡°√–¥â“ß∑—ÈßÀ¡¥ §≈Õ‰√¥å ø≈ŸÕÕ‰√¥å

‰π‡μ√∑ ·≈–´—≈‡øμ √«¡ 7 √“¬°“√ ‚¥¬ àßμ—«Õ¬à“ß∑’Ë·∫àß¡“®“°μ—«Õ¬à“ß∑’Ë‡ªìπ‡π◊ÈÕ‡¥’¬«°—π„ÀâÀâÕßªØ‘∫—μ‘°“√∑’Ë ¡—§√‡¢â“

√à«¡°“√∑¥ Õ∫ ‡æ◊ËÕ«‘‡§√“–Àå·≈– àßº≈«‘‡§√“–Àå°≈—∫¿“¬„π‡«≈“∑’Ë°”Àπ¥ ®“°π—Èππ”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“«‘‡§√“–Àå·≈–ª√–‡¡‘π

¥â«¬§–·ππ¡“μ√∞“π (z-score) ¡’ÀâÕßªØ‘∫—μ‘°“√‡¢â“√à«¡®”π«π 45 ·Ààß „π®”π«ππ’È 19 ·Ààß√“¬ß“πº≈§√∫∑—Èß 7 √“¬°“√

‚¥¬¡’º≈°“√∑¥ Õ∫Õ¬Ÿà„π‡°≥±å∑’Ëπà“æÕ„®∑ÿ°√“¬°“√ 8 ·Ààß   à«πÕ’° 26 ·Ààß√“¬ß“πμ—Èß·μà 1 - 6 √“¬°“√ º≈°“√

ª√–‡¡‘π§«“¡ “¡“√∂„π°“√∑¥ Õ∫§à“§«“¡‡ªìπ°√¥-¥à“ß·≈–°“√«‘‡§√“–Àåª√‘¡“≥ “√∑—ÈßÀ¡¥  §«“¡°√–¥â“ß∑—ÈßÀ¡¥

§≈Õ‰√¥å ø≈ŸÕÕ‰√¥å ‰π‡μ√∑ ·≈–´—≈‡øμ ¡’ÀâÕßªØ‘∫—μ‘°“√∑’Ë∑¥ Õ∫μ“¡√“¬°“√μà“ßÊ ¥—ß°≈à“« ®”π«π 43, 40, 40, 39, 28,

31 ·≈– 28 ·Ààß μ“¡≈”¥—∫ æ∫«à“ ¡’ÀâÕßªØ‘∫—μ‘°“√∑’ËÕ¬Ÿà„π‡°≥±å∑’Ëπà“æÕ„®§‘¥‡ªìπ√âÕ¬≈– 90.7, 85.0, 80.0, 76.9,

89.3, 87.1 ·≈– 85.7 μ“¡≈”¥—∫ Õ¬Ÿà„π‡°≥±å∑’Ëπà“ ß —¬√âÕ¬≈– 0, 10.0, 5.0, 7.7, 3.6, 3.2 ·≈– 10.7 μ“¡≈”¥—∫ Õ¬Ÿà

„π‡°≥±å‰¡àπà“æÕ„®√âÕ¬≈– 9.3, 5.0, 15.0, 15.4, 7.1, 9.7 ·≈– 3.4 μ“¡≈”¥—∫ º≈«‘‡§√“–Àå∑’ËÕ¬Ÿà„π‡°≥±åπà“ ß —¬·≈–

‰¡àπà“æÕ„®π’È Õ“®‡°‘¥®“° “‡Àμÿμà“ßÊ ∑’Ë‡°’Ë¬«¢âÕß°—∫ “√‡§¡’ ‡§√◊ËÕß¡◊Õ °“√ªØ‘∫—μ‘μ“¡¢—ÈπμÕπ°“√«‘‡§√“–Àå °“√‚Õπ∂à“¬

¢âÕ¡Ÿ≈ °“√√“¬ß“πº≈ ‡ªìπμâπ ÷́ËßÀâÕßªØ‘∫—μ‘°“√μâÕß§âπÀ“ “‡Àμÿ·≈–·°â‰¢ª√—∫ª√ÿß„Àâ¥’¢÷Èπ ÀâÕßªØ‘∫—μ‘°“√«‘‡§√“–ÀåπÈ”

 à«π„À≠à¡’§«“¡ “¡“√∂„π°“√«‘‡§√“–Àå‰¥âÕ¬à“ß∂Ÿ°μâÕß·≈–„°≈â‡§’¬ß°—π πÕ°®“°π’È¬—ß “¡“√∂‡ª√’¬∫‡∑’¬∫º≈√–À«à“ß

ÀâÕßªØ‘∫—μ‘°“√‰¥â °“√®–§ß‰«â´÷Ëß»—°¬¿“æ¢ÕßÀâÕßªØ‘∫—μ‘°“√„Àâ‰¥â¡“μ√∞“π ®”‡ªìπμâÕß¥”‡π‘π°“√ª√–‡¡‘π§«“¡ “¡“√∂

Õ¬à“ß ¡Ë”‡ ¡Õ·≈–μàÕ‡π◊ËÕß

μà“ßÊ ∑’Ë¡’Õ¬Ÿà®–μâÕß‰¡à°àÕ„Àâ‡°‘¥‚∑…μàÕ√à“ß°“¬

‰¡à¡’°“√ªπ‡ªóôÕπ®“° “√æ‘…À√◊Õ‡™◊ÈÕ®ÿ≈‘π∑√’¬å

„π√–¥—∫∑’Ë∑”„Àâ‡°‘¥‚√§  πÈ”∑’Ë„™â∑”πÈ”∫√‘‚¿§Õ“®

¡“®“°·À≈àßπÈ”„μâ¥‘π (πÈ”∫àÕ πÈ”∫“¥“≈ πÈ”·√à) À√◊Õ

·À≈àßπÈ”º‘«¥‘π (·¡àπÈ”  Õà“ß‡°Á∫πÈ”)  πÈ”‡À≈à“π’È¡’

 à«πª√–°Õ∫∑’Ë·μ°μà“ß°—π∫â“ßμ“¡∏√√¡™“μ‘¢Õß

∫∑π”

πÈ” ‡ ªì π ªí ® ®— ¬ À ≈— ° Õ ¬à “ ß À π÷Ë ß  ” À √— ∫

°“√¥”√ß™’«‘μ ¡πÿ…¬å„™âπÈ”¥â«¬«—μ∂ÿª√– ß§åμà“ßÊ

∑’Ë ”§—≠∑’Ë ÿ¥§◊Õ„™â∫√‘‚¿§ ·≈–ª√ÿßÕ“À“√ ¥—ßπ—Èπ

πÕ°®“°¡’ª√‘¡“≥∑’Ë ‡æ’¬ßæÕ·≈â«πÈ”®–μâÕß¡’

§ÿ≥¿“æ¥’¥â«¬ ‚¥¬‡©æ“–πÈ”∫√‘‚¿§®–μâÕß¡’

§ÿ≥¿“æ¥’·≈–¡’§«“¡ª≈Õ¥¿—¬ Ÿß  ·√à∏“μÿÀ√◊Õ “√
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°“√ª√–‡¡‘π§«“¡ “¡“√∂ÀâÕßªØ‘∫—μ‘°“√«‘‡§√“–ÀåπÈ”∑“ß‡§¡’ °—≠≠“  æÿ° ÿàπ ·≈–§≥–

·À≈àßπÈ” À√◊Õ®“°°“√ªπ‡ªóôÕπμà“ßÊ ®÷ßμâÕßºà“π

°√–∫«π°“√°”®—¥ “√æ‘… ·≈–ª√—∫ ¿“æπÈ”„Àâ

‡À¡“– ¡°—∫°“√∫√‘‚¿§ À√◊Õ°“√„™â„π°‘®°√√¡Õ◊Ëπ

 ”À√—∫πÈ”∫√‘‚¿§Õß§å°“√Õπ“¡—¬‚≈°(1,2) ‰¥â®—¥∑”

·π«∑“ß ”À√—∫§ÿ≥¿“æπÈ”¥◊Ë¡¢÷Èπ ‡æ◊ËÕ„Àâª√–‡∑»

μà“ßÊ „™â„π°“√°”Àπ¥¡“μ√∞“π∑’Ë‡À¡“– ¡°—∫

ª√–‡∑»π—ÈπÊ  ”À√—∫ª√–‡∑»‰∑¬¡’¡“μ√∞“π‡°’Ë¬«

°—∫πÈ”¥◊Ë¡ ‡™àπ ¡“μ√∞“ππÈ”∫√‘‚¿§(3,4,5) ¡“μ√∞“π

πÈ”™π∫∑(6) ·≈–¡“μ√∞“ππÈ”∫“¥“≈(7) ‡ªìπμâπ

‚¥¬¡’°“√°”Àπ¥§à“¢Õß “√μà“ß Ê „ππÈ”∑’Ë¡’º≈μàÕ

§ÿ≥¿“æ §«“¡ª≈Õ¥¿—¬ μ≈Õ¥®π√ ™“μ‘¢ÕßπÈ”

‡™àπ §à“§«“¡‡ªìπ°√¥-¥à“ß ª√‘¡“≥ “√∑—ÈßÀ¡¥

§«“¡°√–¥â“ß∑—ÈßÀ¡¥ §≈Õ‰√¥å ø≈ŸÕÕ‰√¥å  ‰π‡μ√∑

·≈–´—≈‡øμ πÕ°®“°π’È¬—ß¡’‚≈À– ·√à∏“μÿ  “√μ°§â“ß

·≈–®ÿ≈‘π∑√’¬åμà“ß Ê ‡ªìπμâπ °“√∑’Ë®–¡—Ëπ„®«à“πÈ”∑’Ë

„™â∫√‘‚¿§¡’§ÿ≥¿“æμ“¡¢âÕ°”Àπ¥¥—ß°≈à“« ®”‡ªìπ

μâÕß¡’°“√¬◊π¬—π¥â«¬°√–∫«π°“√μ√«®«‘‡§√“–Àå

∑“ßÀâÕßªØ‘∫—μ‘°“√

ª√–‡∑»‰∑¬¡’ÀâÕßªØ‘∫—μ‘°“√«‘‡§√“–ÀåπÈ”

°√–®“¬Õ¬Ÿà∑—Ë«ª√–‡∑» ´÷Ëß¡’∑—Èß¢Õß√“™°“√ ·≈–

¢Õß‡Õ°™π ‚¥¬Õ“®‡ªìπÀâÕßªØ‘∫—μ‘°“√Õ‘ √–∑’Ë

∫√‘°“√μ√«®«‘‡§√“–Àå∑—Ë«‰ª À√◊ÕÀâÕßªØ‘∫—μ‘°“√

„π‚√ßß“πÕÿμ “À°√√¡ º≈°“√μ√«®«‘‡§√“–ÀåπÈ”∑’Ë

‰¥â√—∫®“°ÀâÕßªØ‘∫—μ‘°“√‡À≈à“π’È ºŸâº≈‘μ‰¥âπ”‰ª„™â

„π°“√§«∫§ÿ¡§ÿ≥¿“æ°“√º≈‘μπÈ”¥◊Ë¡  πÈ”·√à

∏√√¡™“μ‘ Õ“À“√·≈–‡§√◊ËÕß¥◊Ë¡ ‡§√◊ËÕß ”Õ“ß·≈–

‡«™¿—≥±åμà“ßÊ  ”À√—∫‡®â“Àπâ“∑’Ëμ“¡°ÆÀ¡“¬

®–π”‰ª„™â„π°“√§«∫§ÿ¡ºŸâº≈‘μ‡æ◊ËÕ°“√§ÿâ¡§√Õß

ºŸâ∫√‘‚¿§ √“¬ß“πº≈°“√μ√«®«‘‡§√“–Àå®÷ß¡’§«“¡

 ”§—≠Õ¬à“ß¬‘Ëß ®–μâÕß∂Ÿ°μâÕß ™—¥‡®π

°“√ª√–‡¡‘π§«“¡ “¡“√∂¢ÕßÀâÕßªØ‘∫—μ‘-

°“√∑”‰¥âÀ≈“¬«‘∏’ «‘∏’∑’Ë¬Õ¡√—∫‚¥¬∑—Ë«‰ª§◊Õ

°“√∑¥ Õ∫§«“¡™”π“≠À√◊Õ∑¥ Õ∫§«“¡ “¡“√∂

ÀâÕßªØ‘∫—μ‘°“√ (proficiency testing)(8) «‘∏’π’ÈÀâÕß

ªØ‘∫—μ‘°“√·μà≈–·Ààß “¡“√∂‡ª√’¬∫‡∑’¬∫°“√

ªØ‘∫—μ‘ß“π¢Õßμπ‡Õß°—∫¡“μ√∞“πÕâ“ßÕ‘ß®“°

¿“¬πÕ° ·≈–‡ª√’¬∫‡∑’¬∫°—∫ÀâÕßªØ‘∫—μ‘°“√Õ◊ËπÊ‰¥â

·≈–π”‰ª Ÿà°“√æ—≤π“§ÿ≥¿“æ°“√ªØ‘∫—μ‘ß“π„Àâ

‡ªìπ∑’Ë¬Õ¡√—∫¬‘Ëß¢÷Èπ πÕ°®“°π’È¬—ß®—¥‡ªìπ°“√

§«∫§ÿ¡§ÿ≥¿“æ®“°¿“¬πÕ° ÷́Ëß‡ªìπ¢âÕ°”Àπ¥ μ“¡

¡“μ√∞“π ISO/IEC 17025(9) ·≈–‡ªìπ‡§√◊ËÕß¡◊Õ

„π°“√μ√«®√—∫√Õß§«“¡ “¡“√∂ÀâÕßªØ‘∫—μ‘°“√

Õ’°¥â«¬(10)

°“√ª√–‡¡‘π§«“¡ “¡“√∂°“√μ√«®«‘‡§√“–Àå

Àπà«¬ß“π∑’Ë‡ªìπºŸâ¥”‡π‘π°“√®–®—¥∑”·ºπ∑¥ Õ∫

æ√âÕ¡√“¬≈–‡Õ’¬¥ ·≈–®—¥ àß‰ªæ√âÕ¡°—∫μ—«Õ¬à“ß

„ÀâÀâÕßªØ‘∫—μ‘°“√∑’Ë‡¢â“√à«¡‚§√ß°“√‡æ◊ËÕμ√«®

«‘‡§√“–Àå·≈– àßº≈¿“¬„π√–¬–‡«≈“∑’Ë°”Àπ¥

®“°π—Èπ®÷ßπ”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“«‘‡§√“–Àå¥â«¬ ∂‘μ‘∑’Ë

‡À¡“– ¡(11,12,13)  ”À√—∫‡°≥±å∑’Ëπ‘¬¡„™â„π°“√

μ—¥ ‘π®–„™â§–·ππ¡“μ√∞“π (z-score) ∑’Ë§”π«≥

®“°§«“¡·μ°μà “ß√–À«à “ßº≈«‘ ‡§√“–Àå®“°

ÀâÕßªØ‘∫—μ‘°“√°—∫§à“Õâ“ßÕ‘ß (bias) ·∫àß§«“¡

 “¡“√∂‡ªìπ 3 √–¥—∫  ‰¥â·°à §à“  |z-score| ≤ 2

®—¥‡ªìπ√–¥—∫∑’Ëπà“æÕ„® §à“ 2 < |z-score| <3

®—¥Õ¬Ÿà„π√–¥—∫∑’Ëπà“ ß —¬  à«π§à“ |z-score| ≥ 3

‡ªìπ√–¥—∫∑’Ë‰¡àπà“æÕ„®(8) ÀâÕßªØ‘∫—μ‘°“√∑’Ë¡’º≈

«‘‡§√“–ÀåÕ¬Ÿà„π√–¥—∫π’È§«√À“ “‡Àμÿ·≈–·°â‰¢

¢âÕ∫°æ√àÕß∑’Ë‡°‘¥¢÷Èπ‡æ◊ËÕªÑÕß°—π°“√‡°‘¥ªí≠À“ È́”

„πªï æ.». 2550  °√¡«‘∑¬“»“ μ√å°“√·æ∑¬å

‚¥¬ ”π—°§ÿ≥¿“æ·≈–§«“¡ª≈Õ¥¿—¬Õ“À“√ ‰¥â

∑”°“√ª√–‡¡‘π§«“¡ “¡“√∂¢Õß°“√«‘‡§√“–ÀåπÈ”

7 √“¬°“√ ‰¥â·°à §à“§«“¡‡ªìπ°√¥-¥à“ß  ª√‘¡“≥

 “√∑—ÈßÀ¡¥ §«“¡°√–¥â“ß∑—ÈßÀ¡¥ §≈Õ‰√¥å

ø≈ŸÕÕ‰√¥å ‰π‡μ√∑ ·≈–´—≈‡øμ ‡æ◊ËÕ√«∫√«¡

·≈–ª√–‡¡‘πº≈„ÀâÀâÕßªØ‘∫—μ‘°“√‰¥âπ”‰ª„™â„π°“√

æ—≤π“ÀâÕßªØ‘∫—μ‘°“√„Àâ¡’§«“¡ “¡“√∂¬‘Ëß¢÷Èπ
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Patterns of Drug Use among Rave-Goers in Pattaya, Chonburi in 2002 Varaporn  cholumpai at al.Evaluation of the Performance of Laboratories for Chemical Analysis of Water Kanya  Puksun et al.

«— ¥ÿ·≈–«‘∏’°“√

ÀâÕßªØ‘∫—μ‘°“√∑’Ë‡¢â“√à«¡

¥”‡π‘π°“√·ºπ∑¥ Õ∫§«“¡ “¡“√∂

‚¥¬ àß·∫∫ Õ∫∂“¡‰ª¬—ßÀâÕßªØ‘∫—μ‘°“√μà“ßÊ ¡’

ÀâÕßªØ‘∫—μ‘°“√ ¡—§√‡¢â“√à«¡®”π«π 48 ·Ààß

∑—Ë«ª√–‡∑» §◊Õ »Ÿπ¬å«‘∑¬“»“ μ√å°“√·æ∑¬å

13 ·Ààß Àπà«¬ß“π√“™°“√Õ◊Ëπ·≈–ÀâÕßªØ‘∫—μ‘°“√

∫√‘…—∑‡Õ°™π 35 ·Ààß

μ—«Õ¬à“ß ”À√—∫°“√∑¥ Õ∫

‡μ√’¬¡μ—«Õ¬à “ßπÈ” ”À√—∫°“√∑¥ Õ∫

§«“¡ “¡“√∂ ®”π«π 3 μ—«Õ¬à“ß §◊Õ

W 201  ”À√—∫∑¥ Õ∫°“√«—¥§à“§«“¡

‡ªìπ°√¥-¥à“ß ‚¥¬‡μ‘¡ potassium dihydrogen

orthophosphate (KH
2
PO

4
) ·≈– disodium

hydrogen orthophosphate (Na
2
HPO

4
) ≈ß„π

πÈ”°≈—Ëπ„Àâ§à“§«“¡‡ªìπ°√¥-¥à“ß ª√–¡“≥ 7.5

W 202  ”À√—∫∑¥ Õ∫°“√«‘‡§√“–Àå

À“ª√‘¡“≥¢Õß·¢Áß∑—ÈßÀ¡¥  §«“¡°√–¥â“ß∑—ÈßÀ¡¥

‚¥¬°“√º ¡πÈ”ª√–ª“·≈–πÈ”°≈—Ëπ„Àâ¡’ª√‘¡“≥ “√

∑—ÈßÀ¡¥ª√–¡“≥ 140 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ·≈–§«“¡

°√–¥â“ß∑—ÈßÀ¡¥ª√–¡“≥ 70 ¡‘≈≈‘°√—¡μàÕ≈‘μ√

W 203  ”À√—∫∑¥ Õ∫°“√«‘‡§√“–Àå

À“ª√‘¡“≥§≈Õ‰√¥å  ø≈ŸÕÕ‰√¥å  ‰π‡μ√∑  ´—≈‡øμ

‚¥¬°“√‡μ‘¡ sodium fluoride (NaF), sodium

chloride (NaCl), potassium nitrate (KNO
3
) ·≈–

sodium sulphate (Na
2
SO

4
) ≈ß„ππÈ”°≈—Ëπ „Àâ¡’

ª√‘¡“≥¢Õß§≈Õ‰√¥å ø≈ŸÕÕ‰√¥å ‰π‡μ√∑ ·≈– —́≈‡øμ

ª√–¡“≥ 50, 1.5, 4.0 ·≈– 40 ¡‘≈≈‘°√—¡μàÕ≈‘μ√

μ“¡≈”¥—∫

·μà≈–μ—«Õ¬à“ßº ¡„Àâ‡ªìπ‡π◊ÈÕ‡¥’¬«°—π

·∫àß∫√√®ÿ„π¢«¥ high density polyethylene

(HDPE)  ‚¥¬μ—«Õ¬à“ß W 201, W 202 ·≈– W203

∫√√®ÿ„π¢«¥¢π“¥ 250, 500 ·≈– 500 ¡‘≈≈‘≈‘μ√

μ“¡≈”¥—∫

°“√∑¥ Õ∫§«“¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π

 ÿà¡μ—«Õ¬à“ßπÈ”∑’Ë∫√√®ÿ„π¢«¥μ—«Õ¬à“ß≈– 10

¢«¥ ·μà≈–¢«¥«‘‡§√“–Àå 2 ´È”·∫∫ ÿà¡‚¥¬∑ÿ°

√“¬°“√∑’Ë‡°’Ë¬«¢âÕß∑¥ Õ∫§«“¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π

¥â«¬°“√«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫∑“ß‡¥’¬«

(One-Way Analysis of Variance)(10,12)    ”À√—∫

«‘∏’«‘‡§√“–Àå∑’Ë„™â¥—ßπ’È§◊Õ «—¥§à“§«“¡‡ªìπ°√¥-¥à“ß

¥â«¬ pH meter À“ª√‘¡“≥ “√∑—ÈßÀ¡¥¥â«¬«‘∏’

Gravimetry À“ª√‘¡“≥§«“¡°√–¥â“ß∑—ÈßÀ¡¥¥â«¬«‘∏’

Titration  À“ª√‘¡“≥§≈Õ‰√¥å ø≈ŸÕÕ‰√¥å ‰π‡μ√∑

·≈–´—≈‡øμ¥â«¬«‘∏’ Ion Chromatography ‚¥¬

ªØ‘∫—μ‘μ“¡  Standard Methods for the Examination

of  Water and  Wastewater, 2005(14)

°“√ àßμ—«Õ¬à“ßπÈ”„ÀâÀâÕßªØ‘∫—μ‘°“√

 àßμ—«Õ¬à“ßπÈ” 3 μ—«Õ¬à“ß„ÀâÀâÕßªØ‘∫—μ‘°“√

·μà≈–·Ààß∑’Ë‡¢â“√à«¡°“√∑¥ Õ∫∑“ß‰ª√…≥’¬å¥à«π

æ‘‡»… (EMS) ‚¥¬∫√√®ÿ¢«¥μ—«Õ¬à“ß∑’Ëªî¥ π‘∑

·≈–ºà“π°“√∑¥ Õ∫°“√√—Ë« ÷́¡≈ß„π°≈àÕß°√–¥“…

¡’«— ¥ÿ°—π°√–·∑°æ√âÕ¡∑—Èß·π∫‡Õ° “√∑’Ë‡°’Ë¬«¢âÕß

‰¥â·°à ¢âÕ·π–π”μà“ßÊ ·∫∫ ”À√—∫μÕ∫√—∫ ·≈–

·∫∫√“¬ß“πº≈°“√«‘‡§√“–Àå

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈º≈°“√«‘‡§√“–Àåμ—«Õ¬à“ß

º≈°“√«‘ ‡§√“–Àåμ— «Õ¬à “ß∑¥ Õ∫®“°

ÀâÕßªØ‘∫—μ‘°“√∑’Ë àßº≈μ“¡‡«≈“∑’Ë°”Àπ¥π”¡“

«‘‡§√“–Àå‡æ◊ËÕ°”Àπ¥§à“ assigned (assigned values)

 ”À√—∫·μà≈–√“¬°“√∑¥ Õ∫ „π°“√»÷°…“§√—Èßπ’È„™â

robust statistics «‘‡§√“–Àå ‚¥¬„™â§à“ median ¢Õß

º≈°“√«‘‡§√“–Àå∑—ÈßÀ¡¥‡ªìπ§à“ assigned ·≈–„™â§à“

normalized interquartile range (NIQR) ‡ªìπ§à“

‡∫’Ë¬ß‡∫π¡“μ√∞“π¢Õß°“√∑¥ Õ∫§«“¡ “¡“√∂

(standard deviation for proficiency assessment)

∑—Èß§à“ assigned ·≈–§à“‡∫’Ë¬ß‡∫π¡“μ√∞“π¢Õß
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°“√ª√–‡¡‘π§«“¡ “¡“√∂ÀâÕßªØ‘∫—μ‘°“√«‘‡§√“–ÀåπÈ”∑“ß‡§¡’ °—≠≠“  æÿ° ÿàπ ·≈–§≥–

°“√∑¥ Õ∫π’È ®–„™â„π°“√ª√–‡¡‘π§«“¡ “¡“√∂

ÀâÕßªØ‘∫—μ‘°“√(11,12,13)

°“√ª√–‡¡‘π§«“¡ “¡“√∂¢ÕßÀâÕßªØ‘∫—μ‘°“√

°“√ª√–‡¡‘π§«“¡ “¡“√∂¢ÕßÀâÕßªØ‘∫—μ‘-

°“√·μà≈–·Ààß „™â§–·ππ¡“μ√∞“π‚√∫—  (robust

z-score) ´÷Ëß§”π«≥®“°

  (Result - Median)

                      NIQR

‚¥¬  Result   =  §à“∑’ËÀâÕßªØ‘∫—μ‘°“√√“¬ß“π

§à“  |z-score| ≤ 2   · ¥ß«à“ÀâÕßªØ‘∫—μ‘°“√

¡’§«“¡ “¡“√∂„π√–¥—∫∑’Ëπà“æÕ„®

§à“  2 <  |z-score| < 3  ®—¥Õ¬Ÿà„π√–¥—∫

∑’Ëπà“ ß —¬

§à“  |z-score|  ≥  3 ‡ªìπ√–¥—∫∑’Ë‰¡àπà“æÕ„®(8)

º≈

°“√∑¥ Õ∫§«“¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π¢Õß

·μà≈–μ—«Õ¬à“ß¥â«¬ ∂‘μ‘ One-Way Analysis of

Variance ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95% (α = 0.05)

æ∫«à“μ—«Õ¬à“ß¡’§«“¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π∑ÿ°√“¬°“√∑’Ë

∑¥ Õ∫ §◊Õ §à“§«“¡‡ªìπ°√¥-¥à“ß ª√‘¡“≥ “√

∑—ÈßÀ¡¥ §«“¡°√–¥â“ß∑—ÈßÀ¡¥ §≈Õ‰√¥å  ø≈ŸÕÕ‰√¥å

‰π‡μ√∑ ·≈–´—≈‡øμ ‚¥¬¡’§à“ p ‡∑à“°—∫ 0.783,

0.987, 0.580, 0.838, 0.480, 0.925 ·≈– 0.857

μ“¡≈”¥—∫

ÀâÕßªØ‘∫—μ‘°“√∑’Ë àßº≈°“√«‘‡§√“–Àå°≈—∫

¿“¬„π√–¬–‡«≈“∑’Ë°”Àπ¥ ®”π«π 45 ·Ààß  ®÷ß‰¥â

√—∫°“√∑¥ Õ∫§«“¡ “¡“√∂§√—Èßπ’È√«¡ 45 ·Ààß

(μ“√“ß∑’Ë 1)

ÀâÕßªØ‘∫—μ‘°“√ 19 ·Ààß√“¬ß“πº≈°“√

«‘‡§√“–Àå§√∫∑—Èß 7 √“¬°“√  à«πÕ’° 26 ·Ààß

√“¬ß“πº≈°“√«‘‡§√“–Àåμ—Èß·μà 1 - 6 √“¬°“√

(μ“√“ß∑’Ë 2) §à“ assigned ·≈–§à“‡∫’Ë¬ß‡∫π

¡“μ√∞“π ”À√—∫√“¬°“√«‘‡§√“–Àåμà“ß Ê §”π«≥

®“°º≈¢ÕßÀâÕßªØ‘∫—μ‘°“√∑’Ë àßº≈„π‡«≈“∑’Ë°”Àπ¥

(μ“√“ß∑’Ë 3 ·≈– 4)

º≈°“√ª√–‡¡‘π§«“¡ “¡“√∂ÀâÕßªØ‘∫—μ‘°“√

¥â«¬§à“ z-score ¢Õß√“¬°“√«‘‡§√“–Àåμà“ßÊ

¡’¥—ßπ’È

§«“¡‡ªìπ°√¥-¥à“ß ®”π«πÀâÕßªØ‘∫—μ‘°“√

43  ·Ààß æ∫«à“º≈°“√«‘‡§√“–ÀåÕ¬Ÿà„π‡°≥±å∑’Ëπà“æÕ„®

39 ·Ààß §‘¥‡ªìπ√âÕ¬≈– 90.7 ‰¡àæ∫º≈°“√

«‘‡§√“–Àå∑’ËÕ¬Ÿà„π‡°≥±å∑’Ëπà“ ß —¬ æ∫Õ¬Ÿà„π‡°≥±å

∑’Ë‰¡àπà“æÕ„® 4 ·Ààß  §‘¥‡ªìπ√âÕ¬≈– 9.3  (μ“√“ß

∑’Ë 1 ·≈–¿“æ∑’Ë 1)

Robust z-score  =
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√“¬°“√«‘‡§√“–Àå ®”π«πÀâÕßªØ‘∫—μ‘°“√ §à“ assigned §à“ NIQR §à“ robust CV (%)

W 201

§«“¡‡ªìπ°√¥-¥à“ß (pH unit) 43 7.44 0.03 0.40

W 202

ª√‘¡“≥ “√∑—ÈßÀ¡¥ (mg/L) 40 128 12.79 9.99

§«“¡°√–¥â“ß∑—ÈßÀ¡¥ (mg/L) 40 69.0 1.82 2.63

W 203

§≈Õ‰√¥å  (mg/L) 39 49.1 2.00 4.10

ø≈ŸÕÕ‰√¥å (mg/L) 28 1.48 0.16 11.0

‰π‡μ√∑ (mg/L) 31 3.97 0.53 13.4

´—≈‡øμ (mg/L) 28 40.1 2.70 6.80

μ“√“ß∑’Ë 3  §à“ assigned, NIQR ·≈– robust CV ¢Õß·μà≈–√“¬°“√«‘‡§√“–Àå

19 §«“¡‡ªìπ°√¥-¥à“ß ª√‘¡“≥ “√∑—ÈßÀ¡¥  §«“¡°√–¥â“ß∑—ÈßÀ¡¥ 7

§≈Õ‰√¥å  ø≈ŸÕÕ‰√¥å  ‰π‡μ√∑ ´—≈‡øμ

4 §«“¡‡ªìπ°√¥-¥à“ß ª√‘¡“≥ “√∑—ÈßÀ¡¥  §«“¡°√–¥â“ß∑—ÈßÀ¡¥ 6

§≈Õ‰√¥å  ø≈ŸÕÕ‰√¥å  ´—≈‡øμ

2 §«“¡‡ªìπ°√¥-¥à“ß ª√‘¡“≥ “√∑—ÈßÀ¡¥  §«“¡°√–¥â“ß∑—ÈßÀ¡¥ 6

§≈Õ‰√¥å  ‰π‡μ√∑ —́≈‡øμ

2 §«“¡‡ªìπ°√¥-¥à“ß ª√‘¡“≥ “√∑—ÈßÀ¡¥  §«“¡°√–¥â“ß∑—ÈßÀ¡¥ 6

§≈Õ‰√¥å  ø≈ŸÕÕ‰√¥å  ‰π‡μ√∑

5 §«“¡‡ªìπ°√¥-¥à“ß ª√‘¡“≥ “√∑—ÈßÀ¡¥  §«“¡°√–¥â“ß∑—ÈßÀ¡¥ 5

§≈Õ‰√¥å  ‰π‡μ√∑

3 §«“¡‡ªìπ°√¥-¥à“ß ª√‘¡“≥ “√∑—ÈßÀ¡¥  §«“¡°√–¥â“ß∑—ÈßÀ¡¥ 5

§≈Õ‰√¥å  ´—≈‡øμ

1 §«“¡‡ªìπ°√¥-¥à“ß ª√‘¡“≥ “√∑—ÈßÀ¡¥  ø≈ŸÕÕ‰√¥å  ‰π‡μ√∑ 4

1 §«“¡‡ªìπ°√¥-¥à“ß ª√‘¡“≥ “√∑—ÈßÀ¡¥  §«“¡°√–¥â“ß∑—ÈßÀ¡¥ 4

‰π‡μ√∑

2 §«“¡‡ªìπ°√¥-¥à“ß ª√‘¡“≥ “√∑—ÈßÀ¡¥  §«“¡°√–¥â“ß∑—ÈßÀ¡¥ 4

§≈Õ‰√¥å

1 §«“¡‡ªìπ°√¥-¥à“ß ª√‘¡“≥ “√∑—ÈßÀ¡¥  §«“¡°√–¥â“ß∑—ÈßÀ¡¥ 3

1 §«“¡‡ªìπ°√¥-¥à“ß §≈Õ‰√¥å  ‰π‡μ√∑ 3

1 §«“¡‡ªìπ°√¥-¥à“ß §«“¡°√–¥â“ß∑—ÈßÀ¡¥ §≈Õ‰√¥å 3

2 ø≈ŸÕÕ‰√¥å 1

1 §«“¡‡ªìπ°√¥-¥à“ß 1

μ“√“ß∑’Ë 2  ®”π«πÀâÕßªØ‘∫—μ‘°“√·≈–®”π«π√“¬°“√∑’Ë∑¥ Õ∫

®”π«π ®”π«π
√“¬°“√∑’Ë∑¥ Õ∫

ÀâÕßªØ‘∫—μ‘°“√ √“¬°“√∑’Ë∑¥ Õ∫
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°“√ª√–‡¡‘π§«“¡ “¡“√∂ÀâÕßªØ‘∫—μ‘°“√«‘‡§√“–ÀåπÈ”∑“ß‡§¡’ °—≠≠“  æÿ° ÿàπ ·≈–§≥–

√“¬°“√«‘‡§√“–Àå ®”π«πÀâÕßªØ‘∫—μ‘°“√  º≈°“√«‘‡§√“–Àå «‘∏’∑’Ë„™â«‘‡§√“–Àå

W 201

§«“¡‡ªìπ°√¥-¥à“ß 39 πà“æÕ„® pH meter, APHA 4500 H+B, Electrical method,

AOAC 973.41, Electrode, TIS257, ‰¡à√–∫ÿ

- πà“ ß —¬ -

4 ‰¡àπà“æÕ„® AOAC 973.41, ¡Õ°.257,  pH meter,

APHA 4500 H+B

W 202

ª√‘¡“≥ “√∑—ÈßÀ¡¥ 34 æÕ„® APHA 2540 B, gravimetry, drying, TDS

meter, AOAC 920.193, standard method, ‰¡à√–∫ÿ

4 πà“ ß —¬ APHA 2540 B, ¡Õ°.257

2 ‰¡àπà“æÕ„® APHA 2540 B

§«“¡°√–¥â“ß∑—ÈßÀ¡¥ 32 πà“æÕ„® APHA 2340 C, titrimetric, AOAC 973.52,

‰¡à√–∫ÿ

2 πà“ ß —¬ APHA 2340 C, ¡Õ°.257

6 ‰¡àπà“æÕ„® APHA 2340 C, ‰¡à√–∫ÿ

W 203

§≈Õ‰√¥å 30 πà“æÕ„® APHA 4500 Cl B, APHA 4110 B

titration, mercuric thiocyanate, Mohr method,

Argentometric, ¡Õ°.257, ‰¡à√–∫ÿ

3 πà“ ß —¬ Spectrometry, Argentometric,  ‰¡à√–∫ÿ

6 ‰¡àπà“æÕ„® Argentometric, IC, APHA 4500 Cl B, ISE,

‰¡à√–∫ÿ

ø≈ŸÕÕ‰√¥å 25 πà“æÕ„® APHA 4500 F D, SPADNS, ISE, IC, APHA,

APHA 4110 B, Ion analyzer, APHA 4500 F C,

‰¡à√–∫ÿ

1 πà“ ß —¬ ISE

2 ‰¡àπà“æÕ„® APHA 4500 F D, APHA 4110 B

‰π‡μ√∑ 27 πà“æÕ„® Spectrophotometry, Photometric, BP 2001, APHA

4500 NO
3
, AOAC 973.50, ISE, IC,  Cadmium

reduction, APHA 4110 B

1 πà“ ß —¬ APHA 4500 NO
3

3 ‰¡àπà“æÕ„® Spectrophotometry, APHA 4500 NO
3 
E, ‰¡à√–∫ÿ

´—≈‡øμ 24 πà“æÕ„® APHA 4500 SO
4
 E, APHA 4110 B, ¡Õ°.257,

Turbidimetry, Sulfa Ver 4, ‰¡à√–∫ÿ

3 πà“ ß —¬ APHA 4500 SO
4
 E, Sulfa Ver 4, IC

1 ‰¡àπà“æÕ„® APHA 4500 E

μ“√“ß∑’Ë 4   º≈°“√«‘‡§√“–Àåμ—«Õ¬à“ß·≈–«‘∏’∑’ËÀâÕßªØ‘∫—μ‘°“√μà“ßÊ „™âμ√«®«‘‡§√“–Àå
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ª√‘¡“≥ “√∑—ÈßÀ¡¥ ®”π«πÀâÕßªØ‘∫—μ‘°“√

40 ·Ààß æ∫«à“º≈°“√«‘‡§√“–ÀåÕ¬Ÿà„π‡°≥±å∑’Ëπà“æÕ„®

34 ·Ààß §‘¥‡ªìπ√âÕ¬≈– 85.0 Õ¬Ÿà„π‡°≥±å∑’Ëπà“ ß —¬

4 ·Ààß §‘¥‡ªìπ√âÕ¬≈– 10.0 æ∫Õ¬Ÿà„π‡°≥±å∑’Ë

‰¡àπà“æÕ„® 2 ·Ààß §‘¥‡ªìπ√âÕ¬≈– 5.0 (μ“√“ß∑’Ë 1

·≈–¿“æ∑’Ë 2)

¿“æ∑’Ë 1 §à“ z-score ¢ÕßÀâÕßªØ‘∫—μ‘°“√∑’Ë‡¢â“√à«¡∑¥ Õ∫§«“¡‡ªìπ°√¥-¥à“ß®”π«π 43 ·Ààß

z-score

6.00

4.00

2.00

0.00

-2.00

-4.00

-6.00

z-score

6.00

4.00

2.00

0.00

-2.00

-4.00

-6.00

√À— ¢ÕßÀâÕßªØ‘∫—μ‘°“√

¿“æ∑’Ë 2 §à“ z-score ¢ÕßÀâÕßªØ‘∫—μ‘°“√∑’Ë‡¢â“√à«¡∑¥ Õ∫ª√‘¡“≥ “√∑—ÈßÀ¡¥®”π«π 40 ·Ààß

√À— ¢ÕßÀâÕßªØ‘∫—μ‘°“√
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°“√ª√–‡¡‘π§«“¡ “¡“√∂ÀâÕßªØ‘∫—μ‘°“√«‘‡§√“–ÀåπÈ”∑“ß‡§¡’ °—≠≠“  æÿ° ÿàπ ·≈–§≥–

z-score

30
24
18
12
6
0

-6
-12
-18
-24
-30

√À— ¢ÕßÀâÕßªØ‘∫—μ‘°“√

¿“æ∑’Ë 3  §à“ z-score ¢ÕßÀâÕßªØ‘∫—μ‘°“√∑’Ë‡¢â“√à«¡∑¥ Õ∫§«“¡°√–¥â“ß∑—ÈßÀ¡¥®”π«π 40 ·Ààß

§«“¡°√–¥â“ß∑—ÈßÀ¡¥ ®”π«πÀâÕßªØ‘∫—μ‘°“√

40 ·Ààß æ∫«à“º≈°“√«‘‡§√“–ÀåÕ¬Ÿà„π‡°≥±å∑’Ëπà“æÕ„®

32 ·Ààß §‘¥‡ªìπ√âÕ¬≈– 80.0 Õ¬Ÿà„π‡°≥±å∑’Ëπà“ ß —¬

2 ·Ààß §‘¥‡ªìπ√âÕ¬≈– 5.0 æ∫Õ¬Ÿà„π‡°≥±å

∑’Ë‰¡àπà“æÕ„® 6 ·Ààß §‘¥‡ªìπ√âÕ¬≈– 15.0  (μ“√“ß

∑’Ë 1 ·≈–¿“æ∑’Ë 3)

§≈Õ‰√¥å ®”π«πÀâÕßªØ‘∫—μ‘°“√ 39 ·Ààß

æ∫«à“º≈°“√«‘‡§√“–ÀåÕ¬Ÿà„π‡°≥±å∑’Ëπà“æÕ„® 30 ·Ààß

§‘¥‡ªìπ√âÕ¬≈– 76.9 Õ¬Ÿà„π‡°≥±å∑’Ëπà“ ß —¬ 3 ·Ààß

§‘¥‡ªìπ√âÕ¬≈– 7.7 æ∫Õ¬Ÿà„π‡°≥±å∑’Ë‰¡àπà“æÕ„®

6 ·Ààß §‘¥‡ªìπ√âÕ¬≈– 15.4 (μ“√“ß∑’Ë 1 ·≈–

¿“æ∑’Ë 4)

z-score

30
24
18
12

6
0

-6
-12
-18
-24
-30

√À— ¢ÕßÀâÕßªØ‘∫—μ‘°“√

¿“æ∑’Ë 4 §à“ z-score ¢ÕßÀâÕßªØ‘∫—μ‘°“√∑’Ë‡¢â“√à«¡∑¥ Õ∫§≈Õ‰√¥å®”π«π 39 ·Ààß
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z-score
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-4.00
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√À— ¢ÕßÀâÕßªØ‘∫—μ‘°“√

¿“æ∑’Ë 5 §à“ z-score ¢ÕßÀâÕßªØ‘∫—μ‘°“√∑’Ë‡¢â“√à«¡∑¥ Õ∫ø≈ŸÕÕ‰√¥å®”π«π 28 ·Ààß

z-score

10.00
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2.00
0.00

-2.00
-4.00
-6.00
-8.00

-10.00

√À— ¢ÕßÀâÕßªØ‘∫—μ‘°“√

¿“æ∑’Ë 6 §à“ z-score ¢ÕßÀâÕßªØ‘∫—μ‘°“√∑’Ë‡¢â“√à«¡∑¥ Õ∫‰π‡μ√∑®”π«π 31 ·Ààß

ø≈ŸÕÕ‰√¥å ®”π«πÀâÕßªØ‘∫—μ‘°“√ 28 ·Ààß

æ∫«à“º≈°“√«‘‡§√“–ÀåÕ¬Ÿà„π‡°≥±å∑’Ëπà“æÕ„® 25 ·Ààß

§‘¥‡ªìπ√âÕ¬≈– 89.3 Õ¬Ÿà„π‡°≥±å∑’Ëπà“ ß —¬ 1 ·Ààß

§‘¥‡ªìπ√âÕ¬≈– 3.6 æ∫Õ¬Ÿà„π‡°≥±å∑’Ë‰¡àπà“æÕ„®

2 ·Ààß §‘¥‡ªìπ√âÕ¬≈– 7.1 (μ“√“ß∑’Ë 1 ·≈–

¿“æ∑’Ë 5)

‰π‡μ√∑ ®”π«πÀâÕßªØ‘∫—μ‘°“√ 31 ·Ààß

æ∫«à“º≈°“√«‘‡§√“–ÀåÕ¬Ÿà„π‡°≥±å∑’Ëπà“æÕ„® 27 ·Ààß

§‘¥‡ªìπ√âÕ¬≈– 87.1 Õ¬Ÿà„π‡°≥±å∑’Ëπà“ ß —¬ 1 ·Ààß

§‘¥‡ªìπ√âÕ¬≈– 3.2 æ∫Õ¬Ÿà„π‡°≥±å∑’Ë‰¡àπà“æÕ„®

3 ·Ààß §‘¥‡ªìπ√âÕ¬≈– 9.7 (μ“√“ß∑’Ë 1 ·≈–

¿“æ∑’Ë 6)
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z-score

10.00
8.00

6.00
4.00
2.00
0.00

-2.00
-4.00
-6.00
-8.00

-10.00

√À— ¢ÕßÀâÕßªØ‘∫—μ‘°“√

¿“æ∑’Ë 7 §à“ z-score ¢ÕßÀâÕßªØ‘∫—μ‘°“√∑’Ë‡¢â“√à«¡∑¥ Õ∫´—≈‡øμ®”π«π 28 ·Ààß

 ́ —≈‡øμ ®”π«πÀâÕßªØ‘∫—μ‘°“√ 28 ·Ààß æ∫

«à“º≈°“√«‘‡§√“–ÀåÕ¬Ÿà„π‡°≥±å∑’Ëπà“æÕ„® 24 ·Ààß

§‘¥‡ªìπ√âÕ¬≈– 85.7 Õ¬Ÿà„π‡°≥±å∑’Ëπà“ ß —¬ 3 ·Ààß

§‘¥‡ªìπ√âÕ¬≈– 10.7 æ∫Õ¬Ÿà„π‡°≥±å∑’Ë‰¡àπà“æÕ„®

1 ·Ààß §‘¥‡ªìπ√âÕ¬≈– 3.4 (μ“√“ß∑’Ë 1 ·≈–

¿“æ∑’Ë 7)

 ”À√—∫ÀâÕßªØ‘∫—μ‘°“√∑’Ë àßº≈§√∫∑—Èß 7

√“¬°“√ ®”π«π 19 ·Ààß æ∫«à“º≈«‘‡§√“–Àå

Õ¬Ÿà„π‡°≥±åπà“æÕ„®∑ÿ°√“¬°“√ 8 ·Ààß §◊ÕÀâÕß

ªØ‘∫—μ‘°“√√À—  03  09  13  17  36  39  42  ·≈–

46 ÀâÕßªØ‘∫—μ‘°“√∑’Ë¡’º≈«‘‡§√“–Àå∑’Ë‡ªìπ outlier

1 √“¬°“√ 7 ·Ààß §◊Õ√À—  04  06  10  12  25  32

·≈– 40 μ—Èß·μà 2 √“¬°“√¢÷Èπ‰ª 2 ·Ààß §◊Õ√À—  01

·≈– 20  ”À√—∫º≈∑’Ëπà“æÕ„® 5 √“¬°“√ ·≈–

πà“ ß —¬ 2 √“¬°“√ 1 ·Ààß §◊Õ√À—  33 º≈πà“æÕ„®

6 √“¬°“√ ·≈–πà“ ß —¬ 1 √“¬°“√ 1 ·Ààß §◊Õ

√À—  48

  «‘®“√≥å

„π°“√ª√–‡¡‘π§«“¡ “¡“√∂ÀâÕßªØ‘∫—μ‘°“√

 ‘Ëß ”§—≠ª√–°“√·√° §◊Õ μ—«Õ¬à“ßμâÕß¡’§«“¡‡ªìπ

‡π◊ÈÕ‡¥’¬«°—π °“√»÷°…“§√—Èßπ’È‰¥â‡μ√’¬¡μ—«Õ¬à“ß‚¥¬

º ¡„Àâ‡ªìπ‡π◊ÈÕ‡¥’¬«°—π´÷Ëß‡ªìπ ‘Ëß∑’Ë∑”‰¥â‰¡à¬ÿàß¬“°

‡π◊ËÕß®“°μ—«Õ¬à“ß§◊ÕπÈ” ‡æ◊ËÕ‰¡à„Àâ¡’ªí≠À“‚μâ·¬âß

„π°√≥’∑’Ëº≈«‘‡§√“–Àå¡’§«“¡·μ°μà“ß°—π¡“°

®÷ß‰¥â¬◊π¬—π§«“¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π∑ÿ°√“¬°“√ ‚¥¬

°“√∑¥ Õ∫¥â«¬ ∂‘μ‘ One-Way Analysis of

Variance ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95% ¥—ßπ—Èπ§à“

z-score ∑’Ë‡°‘π ± 2 · ¥ß«à“º≈«‘‡§√“–Àåπ—Èπ

Õ¬ŸàπÕ°¢Õ∫‡¢μ°“√¬Õ¡√—∫∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ

95% ®÷ß‰¡à¡’ “‡Àμÿ®“°§«“¡·μ°μà“ß„πμ—«Õ¬à“ßπÈ”

°“√°”Àπ¥§à“ assigned ·≈–§à“‡∫’Ë¬ß‡∫π

¡“μ√∞“π¢Õß°“√∑¥ Õ∫§«“¡ “¡“√∂Õ“®„™â‰¥â

À≈“¬«‘∏’‚¥¬·μà≈–«‘∏’¡’¢âÕ¥’·≈–¢âÕ‡ ’¬·μ°μà“ß°—π

‡™àπ ∂â“„™â§à“∑’Ë‰¥â√—∫°“√√—∫√Õß (certified value)

®–„°≈â‡§’¬ß°—∫§à“®√‘ß·≈–‰¥â√—∫°“√¬Õ¡√—∫ Ÿß ·μà

¢âÕ‡ ’¬§◊Õ §à“„™â®à“¬ Ÿß¡“° ·≈–∫“ß√“¬°“√

«‘‡§√“–Àå‰¡à “¡“√∂À“‰¥â °“√»÷°…“§√—Èßπ’È®÷ß‰¥â„™â



166

Patterns of Drug Use among Rave-Goers in Pattaya, Chonburi in 2002 Varaporn  cholumpai at al.Evaluation of the Performance of Laboratories for Chemical Analysis of Water Kanya  Puksun et al.

§à“Õ‘ß°≈ÿà¡´÷Ëß‰¥â®“°º≈«‘‡§√“–Àå¢ÕßÀâÕßªØ‘∫—μ‘°“√

∑’Ë‡¢â“√à«¡ (participantûs consensus) ÷́Ëß∑”„Àâ

‰¡àμâÕß‡ ’¬§à“„™â®à“¬‡æ‘Ë¡‡μ‘¡ °“√„™â§à“Õ‘ß°≈ÿà¡π’È

Õ“®„™â‰¥âÀ≈“¬·∫∫ ‡™àπ °“√°”Àπ¥§à“ assigned

Õ“®°”Àπ¥‚¥¬„™â§à“‡©≈’Ë¬‡≈¢§≥‘μ (arithmetic

mean) À√◊Õ§à“¡—∏¬∞“π (median) °√≥’π’Èæ∫«à“

¢âÕ¡Ÿ≈º≈«‘‡§√“–Àå∑’Ë‰¥â¡’°“√°√–®“¬§àÕπ¢â“ß Ÿß

∂â“®–„™â§à“‡©≈’Ë¬‡≈¢§≥‘μ ÷́Ëß‡ªìπ§à“∑’Ë‰¥â√—∫º≈

°√–∑∫®“°¢âÕ¡Ÿ≈∑’Ë·μ°μà“ß®“°°≈ÿà¡¡“°Ê (outlier)

®”‡ªìπμâÕß°”®—¥º≈°“√«‘‡§√“–ÀåÀ≈“¬§à“ ∑”„Àâ

ÀâÕßªØ‘∫—μ‘°“√À≈“¬·Ààß‰¡à¡’ à«π„π°“√°”Àπ¥

§à“π’È®÷ß‰¥â‡≈◊Õ°„™â§à“¡—∏¬∞“π ´÷Ëß‡ªìπ§à“∑’Ë¡’§«“¡

∑π Ÿß (robust) ‡æ√“–‰¡à‰¥â√—∫º≈°√–∑∫®“°°“√

¡’§à“ outlier ∑”„Àâ‰¡à®”‡ªìπμâÕß°”®—¥§à“‡À≈à“π—Èπ

·≈–‡æ◊ËÕ„Àâ Õ¥§≈âÕß°—π®÷ß‰¥â‡≈◊Õ°„™â§à“ NIQR ‡ªìπ

§à“‡∫’Ë¬ß‡∫π¡“μ√∞“π¢Õß°“√∑¥ Õ∫ ́ ÷Ëß§à“ NIQR

π’È®–¡’§à“„°≈â‡§’¬ß°—∫§à“‡∫’Ë¬ß‡∫π¡“μ√∞“πª°μ‘

(standard deviation)

‡π◊ËÕß®“°§à“ robust z-score ®–∫Õ°∂÷ß

º≈«‘‡§√“–Àå¢ÕßÀâÕßªØ‘∫—μ‘°“√μà“ßÊ «à“Àà“ß®“°

§à“ median ¡“°πâÕ¬‡æ’¬ß„¥‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—π

§à“ z-score ∑’Ë„°≈â 0 À¡“¬§«“¡«à“º≈«‘‡§√“–Àå

¢ÕßÀâÕßªØ‘∫—μ‘°“√π—Èπ Õ¥§≈âÕß°—∫ÀâÕßªØ‘∫—μ‘-

°“√Õ◊ËπÊ „π°≈ÿà¡ ‚¥¬√«¡®–‡ÀÁπ«à“§à“ z-score ¢Õß

ÀâÕßªØ‘∫—μ‘°“√μà“ßÊ ́ ÷Ëß‡ªìπ§à“μ—¥ ‘π§«“¡ “¡“√∂

¢ÕßÀâÕßªØ‘∫—μ‘°“√„π™à«ß‡«≈“∑’Ë∑¥ Õ∫  à«π„À≠à

¡’º≈°“√«‘‡§√“–ÀåÕ¬Ÿà„π‡°≥±å∑’Ëπà“æÕ„®„π°“√

∑¥ Õ∫§à“§«“¡‡ªìπ°√¥-¥à“ß ª√‘¡“≥ “√∑—ÈßÀ¡¥

§«“¡°√–¥â“ß∑—ÈßÀ¡¥ §≈Õ‰√¥å ø≈ŸÕÕ‰√¥å ‰π‡μ√∑

·≈–´—≈‡øμ ¢ÕßÀâÕßªØ‘∫—μ‘°“√∑’Ë∑¥ Õ∫μ“¡

√“¬°“√μà“ßÊ ®”π«π 43, 40, 40, 39, 28,

31 ·≈– 28 ·Ààß μ“¡≈”¥—∫ §‘¥‡ªìπ√âÕ¬≈– 90.7,

85.0, 80.0, 76.9, 89.3, 87.1 ·≈– 85.7 μ“¡

≈”¥—∫ · ¥ß«à“ÀâÕßªØ‘∫—μ‘°“√ à«π„À≠à¡’§«“¡

 “¡“√∂„π°“√«‘‡§√“–Àå„°≈â‡§’¬ß°—π  à«ππâÕ¬

‰¡àÕ¬Ÿà„π°≈ÿà¡¡’º≈°“√«‘‡§√“–Àå¬—ßπà“ ß —¬À√◊Õ

‰¡àπà“æÕ„® ´÷Ëß®–∑√“∫‰¥â«à“μπ‡Õß¡’§«“¡ “¡“√∂

„π°“√μ√«®«‘ ‡§√“–Àå√“¬°“√∑’Ë∑¥ Õ∫π—ÈπÊ

πâÕ¬°«à“ÀâÕßªØ‘∫—μ‘°“√Õ◊Ëπ„π°≈ÿà¡ ∑”„ÀâμâÕßÀ“

 “‡Àμÿ‡æ◊ËÕ·°â‰¢ª√—∫ª√ÿß„Àâ¥’¢÷Èπ ®“°¢âÕ¡Ÿ≈«‘∏’

«‘‡§√“–Àå∑’ËÀâÕßªØ‘∫—μ‘°“√√–∫ÿ‰«âæ∫«à“«‘∏’«‘‡§√“–Àå

∑’ËÀâÕßªØ‘∫—μ‘°“√„™â à«π„À≠àÕâ“ßÕ‘ß®“° Standard

Methods for the Examination of Water and

Wastewater (APHA)  à«ππâÕ¬Õâ“ßÕ‘ß®“°

Association of Analytical Communities (AOAC)

·≈–¡“μ√∞“πº≈‘μ¿—≥±åÕÿμ “À°√√¡ (¡Õ°.)

‡ªìπμâπ ´÷Ëß«‘∏’‡À≈à“π’È‡ªìπ∑’Ë¬Õ¡√—∫°—π∑—Ë«‰ª ¥—ßπ—Èπ

 “‡Àμÿ¢Õß°“√‡ªìπ outlier ®÷ß‰¡àπà“®–‡°‘¥®“°

«‘∏’«‘‡§√“–Àå∑’Ë„™â‡π◊ËÕß®“°∑ÿ°√“¬°“√∑’Ë∑¥ Õ∫π—Èπ

ÀâÕßªØ‘∫—μ‘°“√∑’Ë¡’º≈°“√«‘‡§√“–Àå∑’Ëπà“ ß —¬À√◊Õ

‰¡àπà“æÕ„®¡—°„™â«‘∏’«‘ ‡§√“–Àå‡¥’¬«°—π°—∫ÀâÕß

ªØ‘∫—μ‘°“√∑’Ë¡’º≈°“√«‘‡§√“–Àå∑’Ëπà“æÕ„®  ”À√—∫

§à“ z-score ∑’Ë ŸßÀ√◊ÕμË”¡“°Õ¬à“ßº‘¥ª°μ‘ ‡™àπ

º≈°“√∑¥ Õ∫°“√«‘‡§√“–Àå§«“¡°√–¥â“ß∑—ÈßÀ¡¥

¡’ÀâÕßªØ‘∫—μ‘°“√ 4 ·Ààß∑’Ë¡’§à“ z-score μË”¡“° §◊Õ

-27.75, -19.23, -12.53 ·≈– -11.26 º≈°“√

«‘‡§√“–Àå§≈Õ‰√¥å¡’ÀâÕßªØ‘∫—μ‘°“√ 2 ·Ààß∑’Ë¡’§à“

z-score μË”¡“° §◊Õ -24.20 ·≈– Ÿß¡“°§◊Õ

15.05 °√≥’‡™àππ’ÈÀâÕßªØ‘∫—μ‘°“√§«√∑∫∑«π

«à“°“√«‘‡§√“–Àå‡ªìπ‰ªÕ¬à“ß§√∫∂â«πμ“¡¢—ÈπμÕπ

¡’§Ÿà¡◊Õ°“√«‘‡§√“–Àå∑’Ë‡¢’¬π«‘∏’ªØ‘∫—μ‘‰«â™—¥‡®π °“√

∂à“¬‚Õπ°“√∫—π∑÷°¢âÕ¡Ÿ≈ °“√§”π«≥μ≈Õ¥®π°“√

„™â Ÿμ√ °“√§«∫§ÿ¡§ÿ≥¿“æ¿“¬„π‡À≈à“π’È§√∫∂â«π

∂Ÿ°μâÕßÀ√◊Õ‰¡à À√◊Õ§«“¡ “¡“√∂¢ÕßºŸâ«‘‡§√“–Àå

„π√“¬°“√π—Èπ√«¡∑—Èß “‡ÀμÿÕ◊ËπÊ ‡™àπ  “√‡§¡’∑’Ë„™â

°“√∑”ß“π¢Õß‡§√◊ËÕß¡◊Õ °“√ªπ‡ªóôÕπ ‡ªìπμâπ ´÷Ëß

μâÕßÀ“ “‡Àμÿ„Àâæ∫‡æ◊ËÕ®–‰¥â·°â‰¢ª√—∫ª√ÿß„Àâ

∂Ÿ°μâÕßμàÕ‰ª
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‡§¡’ à«π„À≠à¡’§«“¡ “¡“√∂„π°“√∑¥ Õ∫·≈–
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§«“¡°√–¥â“ß∑—ÈßÀ¡¥ §≈Õ‰√¥å ø≈ŸÕÕ‰√¥å ‰π‡μ√∑

·≈–´—≈‡øμ Õ¬Ÿà„π√–¥—∫∑’Ëπà“æÕ„® πÕ°®“°π’È¬—ß

∑”„ÀâÀâÕßªØ‘∫—μ‘°“√·μà≈–·Ààß∑√“∫∂÷ß ∂“π¿“æ

¢Õßμπ‡Õß ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ÀâÕßªØ‘∫—μ‘°“√Õ◊ËπÊ

·≈–¢âÕ¡Ÿ≈μà“ßÊ∑’Ë‰¥âÀâÕßªØ‘∫—μ‘°“√ “¡“√∂π”‰ª
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Evaluation  of  the  Performance of Laboratories  for Chemical Analysis

of Water in the year 2007

Kanya Puksun Kannika Jittiyossara and Tipawan Ningnoi

Bureau of Quality and Safety of Food, Department of  Medical Sciences, Tiwanond Road, Nonthaburi 11000, Thailand.

ABSTRACT   The quality of drinking water is very important to health, analysis for quality and safety is,

therefore, important in order to obtain the results that are accurate and reliable. Since there are a vast number

of laboratories distributing countrywide that are capable of analysis of water including drinking  water, in 2007,

the Bureau of Quality and Safety of Food, Department of Medical Sciences, conducted a program to evaluate

the competence of laboratories in determining pH, total solids, total hardness, chloride, fluoride nitrate and

sulfate in water. In this study, portions of homogeneous water sample were distributed to participating

laboratories to be analyzed. Then the analytical results from laboratories were analyzed and evaluated

statistically. The value of z-score was used to evaluate the competence of the individual laboratories.  There

were 45 laboratories involved in this study. Among these, 26 laboratories submitted 1-6 tests results and

19 laboratories submitted the results of all tests, 8 of which reported all 7 results that are satisfactory.

It was found that the percentage of laboratories that reported the satisfactory results for pH, total solids,

total hardness, chloride, fluoride, nitrate and sulfate from 43, 40, 40, 39, 28, 31 and 28 laboratories

were  90.7, 85.0, 80.0, 76.9, 89.3, 87.1 and 85.7 respectively,  questionable results were  0, 10.0, 5.0,

7.7, 3.6, 3.2 and 10.7 respectively,  unsatisfactory results were 9.3, 5.0, 15.0, 15.4, 7.1, 9.7 and 3.4

respectively. The results that are questionable or unsatisfactory might be caused by, for example,

inappropriate chemicals and reagents, malfunctioning instrument, deviation from the procedure, transfer of

data, reporting the wrong result. It is recommended that laboratories investigate the sources of problems and

implement corrective action to prevent the recurring of problems and to improve the performance.  In conclusion,

most of participating laboratories were competent in analyzing water samples. Moreover, from this study,

individual laboratories could compare itself with other laboratories. However, in order to predict the

long term performance,  more data from  further studies are needed.

Key words : laboratory performance, drinking water, interlaboratory comparison, proficiency testing
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