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π‘æπ∏åµâπ©∫—∫ « °√¡«‘∑¬ æ 2548; 47 (2) : 69 - 76

°“√æ—≤π“«‘∏’«‘‡§√“–Àåª√‘¡“≥ BADGE ·≈– BPA „πª≈“°√–ªÜÕß

‚¥¬«‘∏’‡Õ™æ’·Õ≈´’

Accepted for publication, 7 october 2004

 ÿ∏“∑‘æ¬å «‘∑¬å™—¬«ÿ≤‘«ß»å   ·≈–®—π∑√å©“¬ ·®âß «à“ß

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

∫∑§—¥¬àÕ °“√æ—≤π“«‘∏’«‘‡§√“–ÀåÀ“ª√‘¡“≥ bisphenol A diglycidyl ether (BADGE) ·≈– bisphenol A (BPA)

√«¡∑—Èß “√∑’Ë‡°‘¥®“°°“√‰Œ‚¥√‰≈´å¢Õß BADGE ‰¥â·°à BADGE.2H
2
O ·≈– BADGE.2HCl „πª≈“°√–ªÜÕß “¡“√∂«‘‡§√“–Àå

‰¥âÕ¬à“ßµàÕ‡π◊ËÕßæ√âÕ¡°—π  ‚¥¬°“√ °—¥µ—«Õ¬à“ß¥â«¬ n-heptane ·≈– acetonitrile ®“°π—Èπ∑”„Àâ∫√‘ ÿ∑∏‘Ï¥â«¬ Sep Pak C18

·≈â«À“ª√‘¡“≥‚¥¬‡§√◊ËÕß high performance liquid chromatograph §Õ≈—¡πå™π‘¥ reverse phase ∑’ËµàÕ°—∫‡§√◊ËÕßµ√«®«—¥™π‘¥

fluorescence ∑’Ë§«“¡¬“«§≈◊Ëπ excitation 275 π“‚π‡¡µ√ ·≈– emission 305 π“‚π‡¡µ√  º≈°“√∑¥ Õ∫§«“¡‡À¡“– ¡

¢Õß«‘∏’‰¥â¢’¥®”°—¥¢Õß°“√µ√«®æ∫ (limit of detection) §◊Õ 0.05 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡ ·≈–¢’¥®”°—¥¢Õß°“√«—¥

‡™‘ßª√‘¡“≥ (limit of quantitation) §◊Õ 0.5 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡  §à“‡©≈’Ë¬‡ªÕ√å‡ Á́πµå°“√°≈—∫§◊π (%recovery) ± §à“‡∫’Ë¬ß

‡∫π¡“µ√∞“π —¡æ—∑∏å (relative standard deviation, %RSD) ∑’Ë§«“¡‡¢â¡¢âπ 0.5, 1.0 ·≈– 2.0 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡

 ”À√—∫ BADGE.2H
2
O, BPA, BADGE.2HCl ·≈– BADGE ¡’§à“‡∑à“°—∫ 97.9 ± 5.13, 105.4 ± 4.32, 97.5 ± 6.87

·≈– 99.2 ± 7.55 µ“¡≈”¥—∫

∫∑π”

BADGE (bisphenol A diglycidyl ether)

·≈– BPA (bisphenol A) ‡ªìπ “√µ—Èßµâπ∑’Ë„™â

‚¥¬∑—Ë«‰ª„π°“√º≈‘µ epoxy resin πÕ°®“°π’È

BADGE ¬—ß∂Ÿ°„™â‡ªìπ stabilizer „π polyvinyl

chloride (PVC) resin  “√ resin æ«°π’È„™â„π°“√

‡§≈◊Õ∫¿“¬„π°√–ªÜÕß∫√√®ÿÕ“À“√(1) ∂â“¢∫«π

°“√‡°‘¥ resin ‰¡à ¡∫Ÿ√≥å®–‡°‘¥°“√µ°§â“ß¢Õß

BADGE ·≈– BPA ÷́Ëß “√¥—ß°≈à“« “¡“√∂≈–≈“¬

‰¥â„ππÈ”¡—π ‰¢¡—π ·≈–πÈ”  BADGE ¬—ß “¡“√∂∂Ÿ°

‰Œ‚¥√‰≈ ǻ°≈“¬‡ªìπ “√ (hydrolysis products)

Õ’°À≈“¬ Ê ™π‘¥ ‡™àπ BADGE.2H
2
O ·≈–

BADGE.2HCl ‡ªìπµâπ ‡¡◊ËÕ‡¥◊Õπ¡°√“§¡ªï 2544

 À¿“æ¬ÿ‚√ª‰¥âª√–°“» ¡ÿ¥ª°¢“«¥â“π§«“¡

ª≈Õ¥¿—¬Õ“À“√ (white paper on food safety)

‡æ◊ËÕ‡ √‘¡ √â“ß§«“¡‡¢â¡·¢Áß„π°“√§ÿâ¡§√ÕßºŸâ∫√‘‚¿§

®÷ß‰¥â¡’°“√ª√—∫ª√ÿß°Æ√–‡∫’¬∫µà“ß Ê ÷́Ëß√«¡∂÷ß

°Æ√–‡∫’¬∫§«“¡ª≈Õ¥¿—¬¢Õß¿“™π–∫√√®ÿÕ“À“√

¥â«¬ §≥–ºŸâ ‡™’Ë¬«™“≠‰¥â¡’°“√ª√–‡¡‘π§«“¡

ª≈Õ¥¿—¬¢Õß BADGE ·≈– “√∑’Ë‡°‘¥®“°°“√

‰Œ‚¥√‰≈ ǻ¢Õß BADGE „π∑’Ë ÿ¥®÷ß‰¥â°”Àπ¥ª√‘¡“≥

BADGE ·≈– “√∑’Ë‡°‘¥®“°°“√‰Œ‚¥√‰≈´å¢Õß

BADGE ∑’Ë®–≈–≈“¬ÕÕ°¡“„πÕ“À“√ (specific

migration limit for BADGE and certain of its

derivatives) ∑’Ë√–¥—∫ 1 ¡‘≈≈‘°√—¡/°‘‚≈°√—¡(2)  ·≈–

√–À«à“ß√Õ°“√»÷°…“°“√°àÕ„Àâ‡°‘¥°“√°≈“¬æ—π∏ÿå

(mutagenicity) §«“¡‡ªìπæ‘…‡√◊ÈÕ√—ß (chronic
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toxicity) ·≈–°“√°àÕ„Àâ‡°‘¥¡–‡√Áß (carcinogenicity)

‡æ‘Ë¡‡µ‘¡  À¿“æ¬ÿ‚√ª®÷ß¢¬“¬‡«≈“„π°“√„Àâ„™â
·≈–°“√æ∫ BADGE „πÕÿµ “À°√√¡∑’Ë‡°’Ë¬«¢âÕß
∂÷ßªï 2547(3) ‡π◊ËÕß®“°Õ—πµ√“¬∑’ËÕ“®‡°‘¥®“° “√
™π‘¥π’È∑’Ë≈–≈“¬ÕÕ°¡“ªπ‡ªóôÕπ„πÕ“À“√°√–ªÜÕß´÷Ëß
 àßÕÕ°‰ª À¿“æ¬ÿ‚√ª®”π«π¡“° ∑—Èßª√–‡∑»‰∑¬
¬—ß‰¡à¡’°“√»÷°…“‡√◊ËÕßπ’ÈÕ¬à“ß·æ√àÀ≈“¬ ¥—ßπ—Èπ
 ”π—°§ÿ≥¿“æ·≈–§«“¡ª≈Õ¥¿—¬Õ“À“√ ®÷ß¡’
«—µ∂ÿª√– ß§å®–µ√«®À“ BADGE √«¡∑—Èß “√
‰Œ‚¥√‰≈´å·≈– BPA ®“°√“¬ß“π°“√»÷°…“«‘∏’
«‘‡§√“–Àå “√¥—ß°≈à“« ¡’∑—Èß°“√„™â‡§√◊ËÕß High
Performance Liquid Chromatograph (HPLC)
§Õ≈—¡πå™π‘¥ reverse phase À√◊Õ normal phase
„™â‡§√◊ËÕßµ√«®«—¥™π‘¥µà“ß Ê πÕ°®“°π’È °Á¡’°“√„™â
‡§√◊ËÕß GC/MS À√◊Õ LC/MS ‡ªìπµâπ(4) ´÷Ëß®“°
°“√»÷°…“«‘∏’π’È  °“√ °—¥µ—«Õ¬à“ß„™â‡«≈“π“π
„™â “√‡§¡’ª√‘¡“≥¡“°·≈–‰¥â‡ªÕ√å‡´Áπµå°“√°≈—∫§◊π
‰¡à·πàπÕπ ®÷ß‰¥â»÷°…“«‘∏’¢Õß Food Standard
Agency(5) ́ ÷Ëß¡’«‘∏’°“√ °—¥‰¡à́ —∫´âÕπ „™â«— ¥ÿÕÿª°√≥å
‰¡à¡“° Õ¬à“ß‰√°Á¥’µâÕß¡’°“√æ—≤π“«‘∏’«‘‡§√“–Àå„Àâ
‡À¡“– ¡°—∫ÀâÕßªØ‘∫—µ‘°“√ ‚¥¬°“√‡æ‘Ë¡¢—ÈπµÕπ°“√
clean up  “√ °—¥ ¥â«¬°“√π”‰ªºà“π Sep Pak C18
°àÕπ«—¥ª√‘¡“≥‚¥¬„™â‡§√◊ËÕß HPLC §Õ≈—¡πå™π‘¥
reverse phase, gradient pump æ√âÕ¡‡§√◊ËÕßµ√«®
«—¥™π‘¥ fluorescence(6) ‡¡◊ËÕ‰¥â«‘∏’∑’Ë‡À¡“– ¡·≈â«
µâÕß∑¥ Õ∫§«“¡∂Ÿ°µâÕß¢Õß«‘∏’  (method
validation) °àÕππ”¡“„™â„πÀâÕßªØ‘∫—µ‘°“√
§ÿ≥ ¡∫—µ‘∑’Ë®–»÷°…“§◊Õ §«“¡·¡àπ §«“¡‡∑’Ë¬ß
§«“¡‡ªìπ‡ âπµ√ß ·≈–™à«ß¢Õß°“√«‘‡§√“–Àå
¢’¥®”°—¥¢Õß°“√µ√«®æ∫ ·≈–¢’¥®”°—¥¢Õß°“√«—¥
‡™‘ßª√‘¡“≥¢Õß«‘∏’ «‘∏’∑’Ëæ—≤π“¢÷Èππ’È®–¡’ª√–‚¬™πå
µàÕÀâÕßªØ‘∫—µ‘°“√∑’Ë‡°’Ë¬«¢âÕß  “¡“√∂π”‰ªµ√«®
«‘‡§√“–Àå “√ªπ‡ªóôÕπ BADGE ·≈– BPA „π
Õ“À“√°√–ªÜÕß ‡æ◊ËÕ§«“¡ª≈Õ¥¿—¬¢ÕßºŸâ∫√‘‚¿§
¿“¬„πª√–‡∑» ·≈–‡µ√’¬¡§«“¡æ√âÕ¡„π°“√
√Õß√—∫¡“µ√°“√§«∫§ÿ¡ “√¥—ß°≈à“«„πÕ“À“√
°√–ªÜÕß ∑’Ëª√–‡∑»‰∑¬ àß‰ª¬—ß À¿“æ¬ÿ‚√ª

«— ¥ÿ·≈–«‘∏’°“√

™π‘¥µ—«Õ¬à“ß ª≈“∑Ÿπà“°√–ªÜÕß

‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å

‡§√◊ËÕß‚§√¡“‚µ°√“ø™π‘¥¢Õß‡À≈«ª√–-

 ‘∑∏‘¿“æ Ÿß (HPLC) ¢Õß Shimadzu ª√–°Õ∫¥â«¬

2 ªíö¡ √ÿàπ LC-10AD, ‡§√◊ËÕß©’¥ “√Õ—µ‚π¡—µ‘

√ÿàπ SIL-10A ‡§√◊ËÕßµ√«®«—¥ª√‘¡“≥ “√™π‘¥

fluorescence √ÿàπ RF-10A ·≈–µŸâÕ∫§Õ≈—¡πå

√ÿàπ CTO-10A ‡§√◊ËÕß™—Ëß§«“¡≈–‡Õ’¬¥ 3 ·≈– 4

µ”·Àπàß ‡§√◊ËÕßº ¡ “√ (Homogenizer) ‡§√◊ËÕß

∫¥ªíòπ (Blender) ™ÿ¥°√Õß µ—«Õ¬à“ß‚¥¬ ÿ≠≠“°“»

°√–¥“…°√Õß™π‘¥ GF/C Sep Pak C18, 3 cc. Vac.

 ¿“«–¢Õß‡§√◊ËÕß HPLC: column: YMC-

Pack ODS-AM 5 µm ¢π“¥ 150 Ó 6.0 mm,

mobile phase: acetonitrile ·≈– πÈ” (HPLC),

gradient condition : µ—Èß‡«≈“ 5 π“∑’ linear gradient

®“°Õ—µ√“ à«π acetonitrile:πÈ”  50:50 ∂÷ß 60:40,

isocratic elution 5 π“∑’∑’ËÕ—µ√“ à«π 60:40, 5 π“∑’

linear gradient ®“° 60:40  ∂÷ß 100:0, isocratic

elution 5 π“∑’∑’ËÕ—µ√“ à«π 100:0, 3 π“∑’ linear

gradient ∂÷ß 50:50, isocratic elution 4 π“∑’∑’Ë

Õ—µ√“ à«π 50:50, flow rate: 1.0 ml/min, detection:

λ
Excitation

 275 nm, λ
Emission

 305 nm, temperature:

30oC, injection volume: 50 µl

 “√¡“µ√∞“π·≈– “√‡§¡’

 “√¡“µ√∞“π : BADGE (97%), BADGE.

2H
2
O (97%), BPA (97%) ·≈– BADGE.2HCl

(99%) ¢Õß Fluka,

 “√‡§¡’ : acetonitrile AR („™â °—¥µ—«Õ¬à“ß),

acetonitrile HPLC („™â‡µ√’¬¡ “√¡“µ√∞“π·≈–

‡ªìπ mobile phase), n-heptane AR, sodium

sulfate AR
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°“√‡µ√’¬¡ “√≈–≈“¬¡“µ√∞“π

°“√‡µ√’¬¡ “√≈–≈“¬¡“µ√∞“π BADGE,
BADGE.2H

2
O, BPA ·≈– BADGE.2HCl §«“¡

‡¢â¡¢âπ 1 ¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√ : ™—Ëß BADGE,
BADGE.2H

2
O, BPA ™π‘¥≈– 0.0103 °√—¡ ·≈–

BADGE.2HCl 0.0101 °√—¡ ·¬°„ à„π¢«¥ª√‘¡“µ√
¢π“¥ 10 ¡‘≈≈‘≈‘µ√ 4 ¢«¥ ª√—∫ª√‘¡“µ√¥â«¬
acetonitrile

°“√‡µ√’¬¡ “√≈–≈“¬¡“µ√∞“π BADGE,
BADGE.2H

2
O, BPA ·≈– BADGE.2HCl

§«“¡‡¢â¡¢âπ 100 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ : ªî‡ªµ
 “√≈–≈“¬§«“¡‡¢â¡¢âπ 1 ¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√
·µà≈–™π‘¥ª√‘¡“µ√ 1 ¡‘≈≈‘≈‘µ√„ à√«¡„π¢«¥
ª√‘¡“µ√¢π“¥ 10 ¡‘≈≈‘≈‘µ√ ª√—∫ª√‘¡“µ√¥â«¬
acetonitrile

°“√‡µ√’¬¡ “√≈–≈“¬¡“µ√∞“π BADGE,
BADGE.2H

2
O, BPA ·≈– BADGE.2HCl §«“¡

‡¢â¡¢âπ 1 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ : ‡®◊Õ®“ß “√
¡“µ√∞“π 100 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√„Àâ‰¥â 1
‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ª√—∫ª√‘¡“µ√¥â«¬ acetonitrile

°“√‡µ√’¬¡ “√≈–≈“¬¡“µ√∞“π BADGE,
BADGE.2H

2
O, BPA ·≈– BADGE.2HCl  ”À√—∫

 √â“ß°√“ø¡“µ√∞“π : ªî‡ªµ “√≈–≈“¬§«“¡‡¢â¡¢âπ
1 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ 100, 250, 500, 1000,
2000 ·≈– 4000 ‰¡‚§√≈‘µ√ „ à„π¢«¥ª√‘¡“µ√
¢π“¥ 5 ¡‘≈≈‘≈‘µ√ ‡µ‘¡πÈ”°≈—Ëπ 2.5 ¡‘≈≈‘≈‘µ√„π
5 ¢«¥·√° ·≈– 1 ¡‘≈≈‘≈‘µ√„π¢«¥ ÿ¥∑â“¬ ª√—∫
ª√‘¡“µ√¥â«¬ acetonitrile ®–‰¥â “√¡“µ√∞“π∑’Ë
§«“¡‡¢â¡¢âπ 0.02, 0.05, 0.10, 0.20, 0.40
·≈– 0.80 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√

°“√‡µ√’¬¡µ—«Õ¬à“ß

- ‡ªî¥°√–ªÜÕß·≈â«‡∑ à«π∑’Ë‡ªìπ¢Õß‡À≈«∑‘Èß
‚¥¬®—∫‡«≈“ 2 π“∑’ π” à«π‡π◊ÈÕ¡“∫¥≈–‡Õ’¬¥
‚¥¬‡§√◊ËÕß∫¥ªíòπ

- «‘∏’«‘‡§√“–Àå æ—≤π“®“°«‘∏’ HPLC(5) ¡’
√“¬≈–‡Õ’¬¥¥—ßπ’È

µ—«Õ¬à“ß∑’Ë∫¥·≈â«π”¡“™—Ëß 20 °√—¡ „ à≈ß„π
∂â«¬º ¡ “√ (homogenizer cup) ‡µ‘¡ n-heptane
20 ¡‘≈≈‘≈‘µ√ ·≈– acetonitrile 30 ¡‘≈≈‘≈‘µ√ π”‰ª
º ¡„Àâ‡¢â“°—π¥â«¬‡§√◊ËÕßº ¡ “√ ‡ªìπ‡«≈“ 3 π“∑’
®“°π—Èπ °√Õßºà“π°√–¥“…°√Õß GF/C ‚¥¬ªíö¡
 ÿ≠≠“°“» ≈â“ß∂â«¬¥â«¬ acetonitrile 10 ¡‘≈≈‘≈‘µ√
‡µ‘¡ sodium sulfate 10 °√—¡„π “√≈–≈“¬∑’Ë‰¥â
·≈â«ªî‡ªµ™—Èπ≈à“ß 2 ¡‘≈≈‘≈‘µ√ π”¡“ºà“π Sep Pak
C18 (ª√—∫ ¿“æ¥â«¬°“√ºà“π acetonitrile 2
¡‘≈≈‘≈‘µ√) µ“¡¥â«¬ acetonitrile : πÈ” (9:1) 2
¡‘≈≈‘≈‘µ√ ‚¥¬√Õß√—∫ “√≈–≈“¬∑’Ë‰¥â¥â«¬¢«¥
ª√‘¡“µ√¢π“¥ 5 ¡‘≈≈‘≈‘µ√ ª√—∫ª√‘¡“µ√¥â«¬
acetonitrile ®“°π—Èπªî‡ªµ “√≈–≈“¬∑’Ë‰¥â 0.5
¡‘≈≈‘≈‘µ√≈ß„π¢«¥ (vial) ‡µ‘¡πÈ” 0.5 ¡‘≈≈‘≈‘µ√
º ¡„Àâ‡¢â“°—π°àÕππ”‰ªµ√«®«—¥¥â«¬‡§√◊ËÕß HPLC

°“√∑¥ Õ∫§«“¡∂Ÿ°µâÕß«‘∏’«‘‡§√“–Àå

°“√ √â“ß°√“ø¡“µ√∞“π (calibration curve):
©’¥ “√≈–≈“¬¡“µ√∞“π·µà≈–™π‘¥¢Õß

BADGE ·≈– BPA §«“¡‡¢â¡¢âπ 0.02, 0.05,
0.10, 0.20, 0.40 ·≈– 0.80 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√
·≈â« √â“ß°√“ø¡“µ√∞“π√–À«à“ß§«“¡‡¢â¡¢âπ·≈–
æ◊Èπ∑’Ë„µâæ’° (peak area) ¢Õß “√¡“µ√∞“π·µà≈–™π‘¥

°“√∑¥ Õ∫§«“¡‡ªìπ‡ âπµ√ß·≈–æ‘ —¬
(linearity and range):

‡µ‘¡ “√¡“µ√∞“π§«“¡‡¢â¡¢âπ 100 ‰¡‚§√-
°√—¡µàÕ¡‘≈≈‘≈‘µ√ 100, 200 ·≈– 400 ‰¡‚§√≈‘µ√
≈ß„πµ—«Õ¬à“ß®–‰¥â§«“¡‡¢â¡¢âπ§◊Õ 0.5, 1.0 ·≈–
2.0 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡ ·≈â«∑”µ“¡«‘∏’«‘‡§√“–Àå
3 ´È” ®“°π—Èππ”§à“æ◊Èπ∑’Ë„µâæ’°¡“À“§«“¡ —¡æ—π∏å
‡™‘ß‡ âπ°—∫√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë‡µ‘¡

°“√À“¢’¥®”°—¥¢Õß°“√µ√«®æ∫ (limit of
detection, LOD):

‡µ‘¡ “√¡“µ√∞“π§«“¡‡¢â¡¢âπ 10 ‰¡‚§√-
°√—¡µàÕ¡‘≈≈‘≈‘µ√ 100 ‰¡‚§√≈‘µ√ ≈ß„πµ—«Õ¬à“ß
®–‰¥â§«“¡‡¢â¡¢âπ§◊Õ 0.05 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡
·≈â«∑”µ“¡«‘∏’«‘‡§√“–Àå 9 È́”
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°“√À“¢’¥®”°—¥¢Õß°“√«—¥ª√‘¡“≥ (limit of quan-

titation, LOQ)

‡µ‘¡ “√¡“µ√∞“π§«“¡‡¢â¡¢âπ 100 ‰¡‚§√-
°√—¡µàÕ¡‘≈≈‘≈‘µ√ 100 ‰¡‚§√≈‘µ√ „πµ—«Õ¬à“ß
®–‰¥â§«“¡‡¢â¡¢âπ §◊Õ 0.5 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡
·≈â«∑”µ“¡«‘∏’«‘‡§√“–Àå  3 È́”

°“√∑¥ Õ∫§«“¡·¡àπ (accuracy)

‡µ‘¡ “√¡“µ√∞“π§«“¡‡¢â¡¢âπ 100 ‰¡‚§√-
°√—¡µàÕ¡‘≈≈‘≈‘µ√ ª√‘¡“µ√ 100, 200 ·≈– 400
‰¡‚§√≈‘µ√ ≈ß„πµ—«Õ¬à“ß ®–‰¥â§«“¡‡¢â¡¢âπ§◊Õ 0.5,
1.0 ·≈– 2.0  ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡ ·≈â«∑”µ“¡«‘∏’
«‘‡§√“–Àå 3 ´È” §”π«πÀ“§à“§«“¡‡¢â¡¢âπ®“°°√“ø
·≈–§”π«π‡ªÕ√å‡´Áπµå°“√°≈—∫§◊π (%recovery)

°“√∑¥ Õ∫§«“¡‡∑’Ë¬ß (precision) ∑¥ Õ∫∑—Èß

§«“¡∑«π È́”‰¥â·≈–§«“¡∑”´È”‰¥â ¥—ßπ’È

§«“¡∑«π´È”‰¥â (repeatability)
‡µ‘¡ “√¡“µ√∞“π§«“¡‡¢â¡¢âπ 100 ‰¡‚§√°√—¡

µàÕ¡‘≈≈‘≈‘µ√ 100, 200 ·≈– 400 ‰¡‚§√≈‘µ√ ≈ß
„πµ—«Õ¬à“ß®–‰¥â§«“¡‡¢â¡¢âπ§◊Õ  0.5, 1.0 ·≈– 2.0
¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡ ·≈â«∑”µ“¡«‘∏’«‘‡§√“–Àå 3 ´È”
„π«—π‡¥’¬«°—π π”æ◊Èπ∑’Ë„µâæ’°Õà“πª√‘¡“≥¢Õß “√
®“°°√“ø¡“µ√∞“π ·≈â«§”π«≥§à“ %RSD

R

§«“¡∑”´È”‰¥â (reproducibility)

‡µ‘¡ “√¡“µ√∞“π§«“¡‡¢â¡¢âπ 100 ‰¡‚§√°√—¡
µàÕ¡‘≈≈‘≈‘µ√ 100, 200 ·≈– 400 ‰¡‚§√≈‘µ√ ≈ß
„πµ—«Õ¬à“ß®–‰¥â§«“¡‡¢â¡¢âπ§◊Õ 0.5, 1.0 ·≈– 2.0
¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡ ·≈â«∑”µ“¡«‘∏’«‘‡§√“–Àå
9 ´È” µà“ß«—πµà“ßµ—«Õ¬à“ß π”æ◊Èπ∑’Ë„µâæ’°Õà“π
ª√‘¡“≥¢Õß “√®“°°√“ø¡“µ√∞“π §”π«≥§à“
%RSD

R

‡°≥±å°“√ª√–‡¡‘π  ‡ªÕ√å‡´Áπµå°“√°≈—∫§◊π
81 - 110 ·≈– HORRAT ≤2 (7)

 ∂‘µ‘∑’Ë„™â«‘‡§√“–Àå¢âÕ¡Ÿ≈   t-test

º≈

≈—°…≥–‚§√¡“‚µ·°√¡°“√·¬°¢Õß “√
¡“µ√∞“π·µà≈–™π‘¥∑’Ë§«“¡‡¢â¡¢âπ 0.2 ‰¡‚§√°√—¡
µàÕ¡‘≈≈‘≈‘µ√, ‚§√¡“‚µ·°√¡¢Õßµ—«Õ¬à“ß∑’Ë‰¡à‰¥â
‡µ‘¡ “√¡“µ√∞“π·≈–‚§√¡“‚µ·°√¡¢Õßµ—«Õ¬à“ß∑’Ë
‡µ‘¡ “√¡“µ√∞“π·µà≈–™π‘¥§«“¡‡¢â¡¢âπ 1 ¡‘≈≈‘°√—¡
µàÕ°‘‚≈°√—¡ æ∫«à“ ¡’§à“°“√·¬° (resolution) ¢Õß
BADGE.2H

2
O = 2.04, BPA = 3.98, BADGE.

2HCl = 24.02 ·≈– BADGE = 2.35  ¥—ß¿“æ∑’Ë 1

¿“æ∑’Ë 1   Chromatogram ¢Õß “√¡“µ√∞“π§«“¡

‡¢â¡¢âπ 0.2 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ (A), µ—«Õ¬à“ß

∑’Ë¡’°“√‡µ‘¡ “√¡“µ√∞“π§«“¡‡¢â¡¢âπ 1.0 ¡‘≈≈‘°√—¡

µàÕ°‘‚≈°√—¡ (B), ·≈–µ—«Õ¬à“ß (C)
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°“√∑¥ Õ∫§«“¡‡ªìπ‡ âπµ√ß·≈–æ‘ —¬
æ∫«à“ §«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß “√
¡“µ√∞“π∑’Ë‡µ‘¡∑’Ë 0.5, 1.0 ·≈– 2.0 ¡‘≈≈‘°√—¡
µàÕ¡‘≈≈‘≈‘µ√°—∫æ◊Èπ∑’Ë„µâæ’° ¡’§«“¡‡ªìπ‡ âπµ√ß
‚¥¬§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å r

2
(correlation

coefficient) ¢Õß BADGE.2H
2
O, BPA ·≈–

BADGE.2HCl = 1  à«π BADGE §à“ = 0.9998
¥—ß¿“æ∑’Ë 2

¢’¥®”°—¥¢Õß°“√µ√«®æ∫ (LOD) ®“°
°“√«‘‡§√“–Àå 9 È́” §◊Õ 0.05 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡

„π°“√«‘‡§√“–Àå«—π‡¥’¬«°—πæ∫«à“ ‡ªÕ√å‡´Áπµå
°“√°≈—∫§◊π ± %RSD ∑’Ë§«“¡‡¢â¡¢âπ 0.5 (LOQ),
1.0 ·≈– 2.0 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡ ¢Õß
BADGE.2H

2
O, BPA, BADGE.2HCl ·≈–

BADGE · ¥ß„πµ“√“ß∑’Ë 1

¿“æ∑’Ë 2   °“√∑¥ Õ∫§«“¡‡ªìπ‡ âπµ√ß·≈–æ‘ —¬°“√«‘‡§√“–Àå¢Õß “√·µà≈–™π‘¥

800000

600000

400000

200000

0
0  0.5    1 1.5 2          2.5

§«“¡‡¢â¡¢âπ¢Õß “√¡“µ√∞“π∑’Ë‡µ‘¡„πµ—«Õ¬à“ß (¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡)

æ
◊Èπ∑

’Ë„µ
âæ

’°

™ÿ¥¢âÕ¡Ÿ≈ 1

™ÿ¥¢âÕ¡Ÿ≈ 2

™ÿ¥¢âÕ¡Ÿ≈ 3

™ÿ¥¢âÕ¡Ÿ≈ 4

™ÿ¥¢âÕ¡Ÿ≈ 1 BADGE.2H
2
O y = 288707x + 213557

R2 = 1, r = 1

™ÿ¥¢âÕ¡Ÿ≈ 2 BPA y = 314866x + 27623

™ÿ¥¢âÕ¡Ÿ≈ 3 BADGE.2HCI y = 270265x +71665
R2 = 1, r = 1

R2 = 1, r = 1

™ÿ¥¢âÕ¡Ÿ≈ 4 BADGE y = 290256x + 22941

R2 = 0.9996, r = 0.9998

µ“√“ß∑’Ë 1  · ¥ß accuracy ·≈– repeatability ¢Õß«‘∏’ («‘‡§√“–Àå«—π‡¥’¬«°—π) n = 3

BADGE.2H
2
O BPA BADGE.2HCI BADGE

§à“‡©≈’Ë¬¢Õß %RSD §à“‡©≈’Ë¬¢Õß %RSD §à“‡©≈’Ë¬¢Õß    %RSD §à“‡©≈’Ë¬¢Õß    %RSD
%Recovery %Recovery %Recovery %Recovery

0.5 99.1 4.61 104.7 2.83 97.8 1.30 96.1 7.51

1.0 93.6 9.29 102.7 6.27 102.0 5.34 104.0 4.53

2.0 92.4 3.46 102.0 4.53 100.7 1.78 100.8 2.07

§«“¡‡¢â¡¢âπ∑’Ë‡µ‘¡
(¡°/°°)
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º≈√«¡®“°°“√«‘‡§√“–Àåµà“ß«—πµà“ßµ—«Õ¬à“ß
æ∫«à“ ‡ªÕ√å‡´Áπµå°“√°≈—∫§◊π ± %RSD ∑’Ë§«“¡
‡¢â¡¢âπ 0.5 (¢’¥®”°—¥¢Õß°“√«—¥ª√‘¡“≥), 1.0

·≈– 2.0 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡ ¢Õß BADGE.2H
2
O,

BPA, BADGE.2HCl ·≈– BADGE · ¥ß„π
µ“√“ß∑’Ë 2

«‘®“√≥å

®“°°“√»÷°…“«‘∏’ °—¥µ—«Õ¬à“ßµ“¡«‘∏’¢Õß
Theobald(4) ‚¥¬°“√ °—¥‰¢¡—π®“°µ—«Õ¬à“ß¥â«¬
diethyl ether °àÕπ®–π”‰¢¡—π∑’Ë‰¥â °—¥Õ’°§√—Èß¥â«¬
acetonitrile ·≈â«®÷ßπ”‰ªºà“π Sep Pak C18 °àÕπ
®–«—¥ª√‘¡“≥¥â«¬ HPLC æ∫«à“ «‘∏’π’È‰¡à‡À¡“– ¡
‡π◊ËÕß®“°‡ªÕ√å‡´Áπµå°“√°≈—∫§◊π¡’§à“‰¡à·πàπÕπÕ¬Ÿà
„π™à«ß 0 ∂÷ß 112.0 ´÷ËßÕ“®¡“®“° “√∑’ËµâÕß°“√
À“¬‰ª√–À«à“ß°“√ °—¥¥â«¬ ether ·≈–«‘∏’π’È¬—ß
 ‘Èπ‡ª≈◊Õß‡π◊ËÕß®“°„™â ether ª√‘¡“≥¡“° ®÷ß»÷°…“
«‘∏’ °—¥¢Õß Food Standard Agency(5)  ´÷Ëß‡ªìπ°“√
 °—¥µ—«Õ¬à“ß¥â«¬ acetonitrile ·≈– n-heptane
®“°π—Èπ°√Õß “√∑’Ë °—¥‰¥âºà“π syringe filter ·≈â«
«—¥ª√‘¡“≥¥â«¬ HPLC ·µàæ∫«à“¡’æ’°√∫°«π∑”„Àâ
‰¥â§à“‡ªÕ√å‡´Áπµå°“√°≈—∫§◊π Ÿß¡“°°«à“ 200%
‡æ◊ËÕ¢®—¥ªí≠À“¥—ß°≈à“«®÷ß‡æ‘Ë¡¢—ÈπµÕπ clean up
‚¥¬π” acetonitrile ∑’Ë °—¥‰¥â¡“ºà“π Sep Pak C18
°àÕπ®–«—¥ª√‘¡“≥¥â«¬ HPLC æ∫«à“ «‘∏’∑’Ëæ—≤π“π’È
‡À¡“– ¡°—∫ÀâÕßªØ‘∫—µ‘°“√ ®“°π—Èπ®÷ßµâÕß¡’
°“√∑¥ Õ∫§«“¡∂Ÿ°µâÕß«‘∏’°àÕππ”‰ª„™â

º≈°“√∑¥ Õ∫«‘∏’ æ∫«à“ ≈—°…≥–‚§√¡“‚µ-
·°√¡¡’°“√·¬°¢Õß “√·µà≈–™π‘¥∑’Ë™—¥‡®π ‰¡à¡’

 “√√∫°«π®“°µ—«Õ¬à“ß ‚¥¬·µà≈–æ’°¡’§à“ resolution
¡“°°«à“ 1.5 ÷́ËßÕ¬Ÿà„π‡°≥±å∑’Ë¬Õ¡√—∫‚¥¬∑—Ë«‰ª
æ‘ —¬¢Õß§«“¡‡¢â¡¢âπÕ¬Ÿà„π™à«ß 0.5 - 2.0
¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡ ‚¥¬∑’Ë§«“¡ —¡æ—π∏å√–À«à“ß
§«“¡‡¢â¡¢âπ¢Õß “√¡“µ√∞“π∑’Ë‡µ‘¡·≈–æ◊Èπ∑’Ë„µâæ’°
¡’§«“¡‡ªìπ‡ âπµ√ß§à“ r ¡“°°«à“ 0.999 ¢’¥®”°—¥
¢Õß°“√«—¥‡™‘ßª√‘¡“≥∑’Ë‰¥â§◊Õ 0.5 ¡‘≈≈‘°√—¡µàÕ
°‘‚≈°√—¡ ÷́ËßµË”°«à“¢âÕ°”Àπ¥¢Õß À¿“æ¬ÿ‚√ª
§«“¡·¡àπ¢Õß«‘∏’„π°“√µ√«®«—¥ “√∑’Ë¡’√–¥—∫µË”
¡’§à“‡ªìπ‰ªµ“¡‡°≥±å°“√ª√–‡¡‘π ´÷Ëßª√–‡¡‘π
®“° Õß à«π§◊Õ ‡ªÕ√å‡´Áπµå°“√°≈—∫§◊π¡’§à“¡“°°«à“
80 ‚¥¬∑’Ë‡°≥±å°“√ª√–‡¡‘π§◊Õ 81 - 110(7) ‡¡◊ËÕ
∑¥ Õ∫∑“ß ∂‘µ‘‚¥¬„™â t-test æ∫«à“ §«“¡‡¢â¡¢âπ
∑’Ë‡µ‘¡≈ß‰ª„πµ—«Õ¬à“ß·≈–§«“¡‡¢â¡¢âπ∑’Ë‰¥â√—∫
‰¡à¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë
p value = 0.05  à«π§«“¡‡∑’Ë¬ß¢Õß«‘∏’π—Èπ∑—Èß§«“¡
∑«π´È”‰¥â´÷Ëßª√–‡¡‘π®“°§à“ %RSD ®“°°“√
«‘‡§√“–Àå«—π‡¥’¬«°—π ·≈–§«“¡∑”´È”‰¥â´÷Ëßª√–‡¡‘π
®“°§à“ %RSD ®“°°“√«‘‡§√“–Àåµà“ß«—πµà“ßµ—«Õ¬à“ß
‚¥¬º≈∑’Ë‰¥â∑—Èß Õß¡’§à“ HORRAT πâÕ¬°«à“ 2 ´÷Ëß
· ¥ß«à“«‘∏’π’È¡’§«“¡‡∑’Ë¬ß∑’Ë¬Õ¡√—∫‰¥â(7)

µ“√“ß∑’Ë 2  · ¥ß accuracy ·≈– reproducibility ¢Õß«‘∏’ (º≈√«¡°“√«‘‡§√“–Àåµà“ß°—π) n = 9

BADGE.2H
2
O     BPA BADGE.2HCI BADGE

§à“‡©≈’Ë¬¢Õß %RSD §à“‡©≈’Ë¬¢Õß %RSD §à“‡©≈’Ë¬¢Õß %RSD §à“‡©≈’Ë¬¢Õß %RSD
%Recovery %Recovery %Recovery %Recovery

§«“¡‡¢â¡¢âπ∑’Ë‡µ‘¡
(¡°/°°)

0.5 99.8 3.05 106.2 4.50 95.4 2.99 96.4 7.83

1.0 98.5 7.51 106.5 4.88 101.3 7.81 105.4 4.66

2.0 94.9 3.38 103.7 3.41 98.0 7.08 97.6 6.07
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 √ÿª

«‘∏’«‘‡§√“–ÀåÀ“ª√‘¡“≥ BADGE „πª≈“
°√–ªÜÕß∑’Ëæ—≤π“π’È ¡’«‘∏’°“√ °—¥∑’Ë‰¡à¬ÿàß¬“°´—∫´âÕπ
„™â«— ¥ÿÕÿª°√≥å‰¡à¡“°   ¿“«–¢Õß‡§√◊ËÕß HPLC ∑’Ë
‰¥âª√—∫ª√ÿß·≈â«‡À¡“– ¡°—∫‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å
∑’Ë¡’„πÀâÕßªØ‘∫—µ‘°“√ ´÷Ëß “¡“√∂·¬° BADGE,
BPA, BADGE.2H

2
O ·≈– BADGE.2HCl ‰¥â¥’

Õ’°∑—Èß‡§√◊ËÕß HPLC ‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë„™â„πÀâÕß
ªØ‘∫—µ‘°“√ à«π„À≠à ́ ÷Ëß®– “¡“√∂π”«‘∏’°“√π’È‰ª„™â‰¥â
πÕ°®“°π’Èº≈°“√∑¥ Õ∫· ¥ß∂÷ßª√– ‘∑∏‘¿“æ
¢Õß«‘∏’∑’Ë¡’§«“¡·¡àπ·≈–‡∑’Ë¬ß ‡À¡“– ¡°—∫°“√À“
 “√ª√‘¡“≥πâÕ¬Õ¬à“ß “√¥—ß°≈à“«¥â«¬

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥ §ÿ≥ªî¬π“∂ ≈’«‘«—≤πå  ”π—°
§ÿ≥¿“æ·≈–§«“¡ª≈Õ¥¿—¬Õ“À“√ °√¡«‘∑¬“»“ µ√å
°“√·æ∑¬å ∑’Ë„Àâ°“√ π—∫ πÿπß“π«‘®—¬π’È®π ”‡√Á®
≈ÿ≈à«ß¥â«¬¥’
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Method Development for Determination of BADGE and BPA in

Canned Fish by HPLC

ABSTRACT A simultaneous determination of bisphenol A diglycidyl ether (BADGE), bisphenol A (BPA)

and its hydrolysis products (BADGE.2H
2
O and BADGE.2HCl) from canned fish has been developed.

Extraction was based on sample homoginizing with n-heptane and acetonitrile. Then, the acetonitrile layer was

purified by passing through Sep-Pak C18. The quantification was carried out by reverse-phase high

performance liquid chromatograph with fluorescence detector at excitation wavelength 275 nanometer and

emission wavelength 305 nanometer. The detection limit was 0.05 mg/kg and the limit of quantification was

0.5 mg/kg. The average of %recovery ± relative standard deviation (%RSD) for spiked concentration of

0.5 - 2.0 mg/kg for BADGE.2H
2
O, BPA, BADGE.2HCl and BADGE was 97.9 ± 5.13, 105.4 ± 4.32,

97.5 ± 6.87 and 99.2 ± 7.55 respectively.

Key words: BADGE, BPA, canned fish, HPLC
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