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‡§√◊ËÕß·°ä ‚§√¡“‚∑°√“ø (Gas chromatograph, GC)

‡ªìπ‡§√◊ËÕß¡◊Õ«‘‡§√“–Àå∑’Ë„™â°—π¡“°„πÀâÕßªØ‘∫—µ‘°“√ °“√∑’Ëº≈°“√

«‘‡§√“–Àå®“°‡§√◊ËÕß GC ®–¡’§«“¡∂Ÿ°µâÕßπà“‡™◊ËÕ∂◊Õ‰¥â πÕ°®“°

§«“¡ “¡“√∂¢ÕßºŸâªØ‘∫—µ‘ß“π ·≈–°“√‡≈◊Õ°„™â«‘∏’«‘‡§√“–Àå∑’Ë

‡À¡“– ¡∑’Ë‰¥â√—∫°“√µ√«® Õ∫§«“¡„™â‰¥â¢Õß«‘∏’·≈â« ¬—ß¢÷ÈπÕ¬Ÿà°—∫

§ÿ≥¿“æ¢Õß‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√«‘‡§√“–Àå ¥—ßπ—Èπ®÷ß®”‡ªìπÕ¬à“ß¬‘Ëß

∑’ËºŸâ „™â‡§√◊ËÕß¡◊ÕµâÕß¡’‡Õ° “√∑’Ë√«∫√«¡§ÿ≥ ¡∫—µ‘¢Õß‡§√◊ËÕß¡◊Õ

«‘‡§√“–ÀåÀ√◊Õ Analytical Instrument Qualification (AIQ)

‡æ◊ËÕ¬◊π¬—π«à“‡§√◊ËÕß¡◊Õ¥—ß°≈à“«¡’§ÿ≥ ¡∫—µ‘ ∑’Ë “¡“√∂„Àâº≈°“√«—¥

∑’Ëπà“‡™◊ËÕ∂◊Õ  Õ¥§≈âÕß°—∫«—µ∂ÿª√– ß§å µ≈Õ¥™à«ß‡«≈“∑’Ë„™âß“π

°“√®—¥∑” AIQ ·∫àßÕÕ°‡ªìπ 4 ¢—ÈπµÕπµ“¡≈”¥—∫ ¥—ßπ’È

1. §ÿ≥ ¡∫—µ‘°“√ÕÕ°·∫∫ (Design Qualification, DQ)

¡’‡Õ° “√∑’Ë· ¥ß ¢âÕ°”Àπ¥§ÿ≥≈—°…≥–¢Õß‡§√◊ËÕß¡◊Õ√«¡∂÷ß

À≈—°‡°≥±å„π°“√§—¥‡≈◊Õ°ºŸâº≈‘µ·≈–ºŸâ®”Àπà“¬∫πæ◊Èπ∞“π¢Õß

§«“¡ Õ¥§≈âÕß°—∫«—µ∂ÿª√– ß§å°“√„™âß“π ¢—ÈπµÕππ’ÈµâÕß®—¥∑”

°àÕπ°“√®—¥´◊ÈÕ‡§√◊ËÕß¡◊Õ

2. §ÿ≥ ¡∫—µ‘°“√µ‘¥µ—Èß (Installation Qualification, IQ)

¡’‡Õ° “√∑’Ë· ¥ß °“√ àß‡§√◊ËÕß¡◊Õ§√∫∂â«πµ√ßµ“¡¢âÕ°”Àπ¥

§ÿ≥≈—°…≥–∑’Ë°”Àπ¥‚¥¬‰¡à¡’§«“¡‡ ’¬À“¬ √«¡∑—Èß‰¥â√—∫°“√µ‘¥µ—Èß

„π¿“«–∑’Ë‡À¡“– ¡µàÕ°“√„™âß“π ºŸâ®”Àπà“¬‡§√◊ËÕß¡◊Õ‡ªìπºŸâ√—∫º‘¥™Õ∫

„π°“√®—¥∑” IQ

3. §ÿ≥ ¡∫—µ‘°“√∑”ß“π (Operational Qualification,

OQ) ¡’‡Õ° “√∑’Ë· ¥ß°“√µ√«® Õ∫§ÿ≥≈—°…≥–∑’Ë ”§—≠¢Õß

‡§√◊ËÕß¡◊Õ ‚¥¬¡’º≈°“√µ√«® Õ∫∑’Ë· ¥ß«à“ ‡§√◊ËÕß¡◊Õ “¡“√∂

∑”ß“π‰¥âµ“¡¢âÕ°”Àπ¥µà“ßÊ ¿“¬„µâ¿“«–·«¥≈âÕ¡∑’Ë°”Àπ¥„π

 ∂“π∑’Ë„™âß“π °“√µ√«® Õ∫°“√∑”ß“π¢Õß‡§√◊ËÕß¡◊ÕÀ≈—ß®“°

°“√µ‘¥µ—Èß ‚¥¬™à“ßºŸâ™”π“≠®“°ºŸâ®”Àπà“¬

4. §ÿ≥ ¡∫—µ‘¥â“π ¡√√∂π– (Performance  Qualifi-

cation, PQ) ¡’‡Õ° “√∑’Ë· ¥ß«à“ ‡§√◊ËÕß¡◊Õ “¡“√∂ß“π‰¥âµ√ß

µ“¡¢âÕ°”Àπ¥§ÿ≥≈—°…≥–¢Õß‡§√◊ËÕß¡◊Õ ·≈–¢âÕ°”Àπ¥¢Õß«‘∏’∑¥ Õ∫

µ—Èß·µà‡√‘Ë¡„™âß“π®π°√–∑—Ëßµ≈Õ¥Õ“¬ÿ°“√„™âß“π °“√µ√«® Õ∫

 ¡√√∂π–¢Õß‡§√◊ËÕß¡◊Õ (performance check) ®—¥∑”‚¥¬™à“ß

ºŸâ™”π“≠®“°ºŸâ®”Àπà“¬√à«¡°—∫ºŸâ„™â‡§√◊ËÕß¡◊Õ  à«π°“√µ√«® Õ∫

 ¡√√∂π–°àÕπ°“√„™âß“π·≈–√–À«à“ß°“√„™âß“ππ—Èπ ºŸâªØ‘∫—µ‘ß“π

 “¡“√∂®—¥∑”‰¥â‡Õß

°“√∑¥ Õ∫ PQ ¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ√«∫√«¡À≈—°∞“π∑’Ë

· ¥ß«à“ ‡§√◊ËÕß¡◊Õ∑”ß“π‰¥âÕ¬à“ß∂Ÿ°µâÕßµ≈Õ¥‡«≈“√–À«à“ß

°“√„™âß“π·∫àß‡ªìπ 2 ™à«ß‡«≈“ ‰¥â·°à

™à«ß‡√‘Ë¡µâπ°“√„™â‡§√◊ËÕß¡◊Õ ®—¥∑”À≈—ß®“°¢—ÈπµÕπ

°“√∑¥ Õ∫ OQ ‡ªìπ°“√µ√«® Õ∫ ¡√√∂π–¢Õß‡§√◊ËÕß¡◊Õ∑—Èß√–∫∫

‚¥¬µ√«® Õ∫§«“¡‡∑’Ë¬ß ·≈–§«“¡∂Ÿ°µâÕß¢Õß°“√«—¥‚¥¬‡§√◊ËÕß¡◊Õ

√«¡∂÷ß™à«ß°“√«—¥∑’Ë‡ªìπ‡ âπµ√ß ´÷Ëß∑”‚¥¬„™â¡“µ√∞“πÕâ“ßÕ‘ß

(measurement standards) ∑’Ë‡À¡“– ¡ ‚¥¬∑¥ Õ∫Õ¬à“ßπâÕ¬

10 §√—Èß §”π«≥§à“‡©≈’Ë¬‡ª√’¬∫‡∑’¬∫°—∫§à“¢Õß “√≈–≈“¬¡“µ√∞“π

·≈–§”π«≥§à“ %RSD ‡ª√’¬∫‡∑’¬∫°—∫‡°≥±å∑’Ëµ—Èß

™à«ß√–À«à“ß°“√„™âß“π‡ªìπ°“√∑¥ Õ∫°àÕπ ·≈–√–À«à“ß

°“√∑”ß“πª√–®”«—π ª√–°Õ∫¥â«¬°“√µ√«® Õ∫§«“¡‡À¡“– ¡

¢Õß√–∫∫ (system suitability testing) ·≈–°“√§«∫§ÿ¡§ÿ≥¿“æ

°“√«‘‡§√“–Àå (analytical quality control)

°“√µ√«® Õ∫§«“¡‡À¡“– ¡¢Õß√–∫∫‡ªìπ°“√µ√«® Õ∫

ª√– ‘∑∏‘¿“æ¢Õß√–∫∫°“√·¬° “√ª√–°Õ∫¥â«¬ °“√À“®”π«π

‡æ≈µµ“¡∑ƒ…Ø’ (number of theoretical plates, N) §à“°“√

·¬° “√ (resolution, Rs) §«“¡ ¡¡“µ√¢Õßæ’° (peak tailing)

·≈–§«“¡ “¡“√∂«—¥´È”¢Õß‡§√◊ËÕß¡◊Õ ∑¥ Õ∫‚¥¬°“√©’¥ “√≈–≈“¬

¡“µ√∞“π™π‘¥∑’ËµâÕß°“√∑¥ Õ∫¿“¬„µâ¿“«–°“√«‘‡§√“–Àåµ—«Õ¬à“ß

µ“¡«‘∏’∑’Ë°”Àπ¥ §”π«≥§à“µà“ßÊ ¥—ß°≈à“«®“°‚§√¡“‚∑·°√¡

ª√–‡¡‘πº≈ ‚¥¬‡ª√’¬∫‡∑’¬∫°—∫‡°≥±å∑’Ë¬Õ¡√—∫¢Õß«‘∏’∑¥ Õ∫

∑’Ë „™â ”À√—∫°“√§«∫§ÿ¡§ÿ≥¿“æ°“√«‘‡§√“–Àåπ—Èπ ∑¥ Õ∫‚¥¬

°“√©’¥ “√≈–≈“¬¡“µ√∞“πª√–‡¡‘πº≈ ‚¥¬‡ª√’¬∫‡∑’¬∫§à“¢Õß

ª√‘¡“≥∑’Ë«—¥‰¥â°—∫§à“¢Õßª√‘¡“≥Õâ“ßÕ‘ß

°“√°”Àπ¥æ“√“¡‘‡µÕ√å∑’Ëµ√«® Õ∫·≈–‡°≥±å¬Õ¡√—∫

 ”À√—∫°“√µ√«® Õ∫ ¡√√∂π–¢Õß‡§√◊ËÕß¡◊Õ¢÷ÈπÕ¬Ÿà°—∫ª√–‡¿∑¢Õß

µ—«Õ¬à“ß «‘∏’«‘‡§√“–Àå·≈–‡§√◊ËÕß¡◊Õ∑’Ë„™â ”À√—∫ºŸâ«‘‡§√“–Àå∑’Ë√—∫º‘¥™Õ∫
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°“√µ√«® Õ∫§«“¡‡À¡“– ¡¢Õß√–∫∫ ”À√—∫°“√∑¥ Õ∫

π’È°”Àπ¥„Àâ„™â Reference solution B „πµ“√“ß∑’Ë 1 ´÷Ëß‡µ√’¬¡‚¥¬

°“√π”‡Õ“‡Õ∑“πÕ≈∑’ËµâÕß°“√∑¥ Õ∫¡“‡µ‘¡¥â«¬ methanol ·≈–

acetaldehyde „Àâ¡’§«“¡‡¢â¡¢âπ ÿ¥∑â“¬¢Õß “√·µà≈–™π‘¥‡∑à“°—∫

10 ppm ·≈â«π”‰ª«‘‡§√“–Àåæ√âÕ¡°—∫™ÿ¥ “√≈–≈“¬µ—«Õ¬à“ß π”¢âÕ¡Ÿ≈

∑’Ë‰¥â¡“ª√–‡¡‘π§«“¡‡À¡“– ¡¢Õß√–∫∫ ‚¥¬æ‘®“√≥“§à“°“√·¬° (Rs)

¢Õßæ’°¢Õß acetaldehyde ·≈–æ’°¢Õß methanol §”π«≥‰¥â®“°

Rs =       
tb - ta

0.5 (W b + W a)

ta ·≈– tb §◊Õ retention time ¢Õß acetaldehyde ·≈–

methanol µ“¡≈”¥—∫

wa ·≈– wb §◊Õ §«“¡°«â“ß∞“πæ’° ¢Õß acetaldehyde ·≈–

methanol µ“¡≈”¥—∫

§à“°“√·¬° ¢Õß “√ Õß™π‘¥π’È „™âª√–‡¡‘π√–∫∫°“√

«‘‡§√“–Àå«à“ ¡’§«“¡‡À¡“– ¡ ”À√—∫°“√∑¥ Õ∫µ—«Õ¬à“ßÀ√◊Õ‰¡à

‚¥¬‡ª√’¬∫‡∑’¬∫°—∫‡°≥±å∑’Ë°”Àπ¥¢Õß«‘∏’ ´÷Ëß„π BP 2002 °”Àπ¥

„Àâ§à“ Rs ‰¡àπâÕ¬°«à“ 1.5  “‡Àµÿ∑’Ëæ‘®“√≥“ Õßæ’°π’È ‡π◊ËÕß®“°

acetaldehyde ·≈– methanol ¡’¡«≈‚¡‡≈°ÿ≈·≈–¡’ ¿“æ¢—È«

(polarity) „°≈â‡§’¬ß°—π∑”„Àâ “√ Õß™π‘¥π’ÈÕÕ°®“°§Õ≈—¡πå„π

‡«≈“∑’Ë„°≈â‡§’¬ß°—π   ·≈–„π°“√µ√«® Õ∫§ÿ≥¿“æ¢Õß‡Õ∑“πÕ≈

µâÕß„™âæ◊Èπ∑’Ëæ’°¢Õß “√¥—ß°≈à“«„π°“√ª√–‡¡‘πº≈ °“√·¬°∑“ß

‚§√¡“‚∑°√“øï∑’Ë‡À¡“– ¡ ”À√—∫°“√∑¥ Õ∫π’ÈµâÕß·¬° Õßæ’°π’È

®–·¬°ÕÕ°®“°°—π‰¥âÕ¬à“ß ¡∫Ÿ√≥å∂÷ß‡ âπ∞“π (baseline) ‡æ◊ËÕ„Àâ

 “¡“√∂§”π«≥æ◊Èπ∑’Ëæ’°‰¥â∂Ÿ°µâÕß ·≈–‡ªìπ‡°≥±å¡“µ√∞“π‡¥’¬«

∑’Ë°”Àπ¥‰«â„π«‘∏’∑¥ Õ∫¢Õß BP 2002

*Conditions

Column : material: fused silica, size: l = 30 m,

∅ = 0.32 mm, stationary phase: poly[(cyanopropyl)

(phenyl)][dimethyl]siloxane R (film thickness 1.8 µm).

Carrier gas : helium for chromatography R. Linear

velocity: 35 cm/s. Split ratio: 1:20.

Temperature : 0-12 min at 40 ÌC, 12-32 min 40 ÌC to

240 ÌC, 32-42 min at 240 ÌC.

Injection port temperature: 280 ÌC

Flame ionization detector temperature: 280 ÌC

°“√∑¥ Õ∫ PQ µâÕß¡’§«“¡√Ÿâ ¡’∑—°…–„π°“√„™â‡§√◊ËÕß¡◊Õ·≈–

µâÕßºà“π°“√Õ∫√¡°“√„™â‡§√◊ËÕß¡◊Õ®π “¡“√∂„™âß“π‰¥âÕ¬à“ß¡’

ª√– ‘∑∏‘¿“æ  “√≈–≈“¬∑’Ëπ”¡“„™â„π°“√∑¥ Õ∫ PQ ®–µâÕß¡’

°“√µ√«® Õ∫§«“¡‡ ∂’¬√ ‡æ◊ËÕ„Àâ·πà„®«à“ “√¬—ß§ß ¿“æ√–À«à“ß

°“√∑¥ Õ∫ PQ √«¡∑—Èß‡§√◊ËÕß¡◊ÕµâÕß‰¥â√—∫°“√ Õ∫‡∑’¬∫

(calibration) °“√ à́Õ¡∫”√ÿß (preventive maintenance) ·≈–

clean-up °àÕπ°“√∑¥ Õ∫ PQ ·≈–ß“π«‘‡§√“–Àå∑¥ Õ∫

°“√µ√«® Õ∫ ¡√√∂π–¢Õß‡§√◊ËÕß‚§√¡“‚∑°√“ø

æ√âÕ¡µ—«Õ¬à“ß°“√µ√«® Õ∫ ¡√√∂π–¢Õß‡§√◊ËÕß·°ä ‚§√¡“‚∑°√“ø

 ”À√—∫°“√«‘‡§√“–Àå “√ªπ‡ªóôÕπ∑’Ë√–‡À¬‰¥âßà“¬„π‡Õ∑“πÕ≈

∑’Ëπ”‡ πÕ®–‡ªìπ·π«∑“ßªØ‘∫—µ‘ ”À√—∫ºŸâ„™â‡§√◊ËÕß·°ä ‚§√¡“‚∑°√“ø

„π°“√µ√«® Õ∫ ¡√√∂π–¢Õß‡§√◊ËÕß¡◊Õ ·≈– “¡“√∂„™â‡§√◊ËÕß¡◊Õ

‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

µ—«Õ¬à“ß°“√µ√«® Õ∫§«“¡‡À¡“– ¡¢Õß√–∫∫
¢Õß‡§√◊ËÕß GC

µ—«Õ¬à“ß°“√«‘‡§√“–Àå “√ªπ‡ªóôÕπ∑’Ë√–‡À¬‰¥âßà“¬„π

‡Õ∑“πÕ≈‚¥¬‡∑§π‘§·°ä ‚§√¡“‚∑°√“øï ‚¥¬„™â«‘∏’®“° British

Pharmacopoeia 2002 Volume 1 Àπâ“ 700-705  “√ªπ‡ªóôÕπ

∑’ËµâÕß°“√«‘‡§√“–Àå ‰¥â·°à methanol, benzene, acetal,

acetaldehyde ·≈– “√Õ◊ËπÊ  “√‡À≈à“π’ÈÕ“®‡°‘¥¢÷Èπ√–À«à“ß°√–∫«π

°“√º≈‘µ ·≈–Õ“®®–‰¡à„™à “√‡§¡’„¥Ê ∑’Ë„™â‡ªìπ “√µ—ÈßµâπÀ√◊ÕÕ“®

‡ªìπ “√∑’Ë‡°‘¥®“°°“√ ≈“¬µ—«¢Õßº≈‘µ¿—≥±å °“√ª√–‡¡‘πº≈

°“√∑¥ Õ∫„π BP 2002 ‰¥â°”Àπ¥¢’¥®”°—¥ª√‘¡“≥¢Õß methanol,

benzene, acetal ·≈– acetaldehyde  à«π “√ªπ‡ªóôÕπÕ◊ËπÊ °”Àπ¥

‡ªìπ¢’¥®”°—¥‡∑’¬∫°—∫ª√‘¡“≥¢Õß 4-methyl pentan-2-ol °“√«‘‡§√“–Àå

À“ª√‘¡“≥ „™âÀ≈—°°“√¢Õß°“√‡µ‘¡ (spike)  “√¡“µ√∞“π≈ß„πµ—«Õ¬à“ß

‡Õ∑“πÕ≈∑’ËµâÕß°“√µ√«® Õ∫§ÿ≥¿“æ √“¬≈–‡Õ’¬¥¥—ßµ“√“ß∑’Ë 1

µ“√“ß∑’Ë 1  “√≈–≈“¬∑’Ë„™â∑¥ Õ∫À“ª√‘¡“≥ “√·≈–µ√«® Õ∫

§«“¡‡À¡“– ¡¢Õß√–∫∫¢Õß ‡§√◊ËÕß GC

 “√≈–≈“¬  “√∑’Ë‡µ‘¡≈ß„π‡Õ∑“πÕ≈

§«“¡‡¢â¡¢âπ ÿ¥∑â“¬ (ppm) v/v

Test solution A no spike

Test solution B 4-methyl pentan-2-ol, 300 ppm

Reference solution A methanol, 200 ppm

Reference solution B methanol, 10 ppm +

acetaldehyde, 10 ppm

Reference solution C acetal, 30 ppm

Reference solution D benzene, 2 ppm
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¿“æ∑’Ë 1 ‡ªìπµ—«Õ¬à“ß‚§√¡“‚∑·°√¡· ¥ß§à“ retention time ¢Õß acetaldehyde ∑’Ëª√–¡“≥ 2.83 π“∑’ ·≈–¢Õß methanol

∑’Ë 3.03 π“∑’ ´÷Ëß§”π«≥ §à“ Rs ‰¥â¡“°°«à“ 1.5 ¥—ßπ—Èπ „π°√≥’π’È ºŸâ∑¥ Õ∫‰¥â∑”°“√ª√—∫¿“«–¢Õß°“√«—¥„Àâ¡’§«“¡‡À¡“– ¡ ”À√—∫

°“√∑¥ Õ∫µ—«Õ¬à“ß ´÷Ëß Õ¥§≈âÕßµ“¡«—µ∂ÿª√– ß§å∑’Ë√–∫ÿ‰«â„π«‘∏’∑¥ Õ∫¢Õß¡“µ√∞“π BP 2002

°“√µ√«® Õ∫ ¡√√∂π–¢Õß‡§√◊ËÕß GC ∑’Ë„™â„π°“√«‘‡§√“–Àå ‚¥¬°“√∑¥ Õ∫§«“¡‡À¡“– ¡¢Õß√–∫∫„π«‘∏’π’È ‡æ◊ËÕ¬◊π¬—π§«“¡

πà“‡™◊ËÕ∂◊Õ¢Õßº≈°“√∑¥ Õ∫ À“°√–∫∫¢Õß‡§√◊ËÕß GC ¡’°“√º‘¥æ≈“¥ ®π‰¡à “¡“√∂·¬° “√‰¥âÀ√◊Õ‰¡àæ∫ —≠≠“≥¢Õßæ’° ºŸâªØ‘∫—µ‘ß“π

 “¡“√∂·°â‰¢§«“¡º‘¥æ≈“¥µ—Èß·µà√–¬–‡√‘Ë¡µâπ·≈–∑—π∑à«ß∑’

°“√µ√«® Õ∫ ¡√√∂π–¢Õß‡§√◊ËÕß¡◊Õ∑’Ë„™âß“πª√–®”®–¬◊π¬—π‰¥â«à“ ‡§√◊ËÕß¡◊Õ∑’Ë„™â¡’§«“¡‡À¡“– ¡µàÕ°“√∑¥ Õ∫µ—«Õ¬à“ßµ“¡∑’Ë
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Volatile impurities : a mixture of ethanol and 16 impurities
1. acetaldehyde 7. methylethylketone 13. acetal

2. methanol 8. 2-butanol 14. methylisobutylketone

3. ethanol 9. cyclohexane 15. pentanol

4. acetone 10. benzene 16. furfural

5. 2-propanol 11. 2-methyi-propanol 17. octanol

6. tert-butanol 12. butanol




