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This study focused on the utilization of ozone to reduce endosulfan residues in Chinese cabbage. The

experimental design used in the study was Randomized Block Design (RCB). 35% w/v EC of Endosulfan-

organoclorine pesticide was used, with the recommended dose, to spray on Chinese cabbage every 7th day

for three weeks. Five days after the last spay, the Chinese cabbage was harvested and ozone-dissolved water

was used to reduce endosulfan residues in the cabbage at 5ºC at 5, 10, 15, 20, 25, 30, 35 and 40 minutes,

respectively. The result showed that ozone-dissolved water at 25 minutes could effectively reduce 71.93% of

endosulfan residues. This percentage was lower than the Maximum Residues Limit (MRL) of 2.0 mg/kg of
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Organization, 1984) ·≈–µ‘¥Õ—π¥—∫ 10 Õ—π¥—∫·√°¢Õß
ª√‘¡“≥ “√ÕÕ°ƒ∑∏‘Ï (active ingredient) ∑’Ëπ”‡¢â“√–À«à“ß
ªï 2536-2541 (∫ÿ≠ àß, 2540 ·≈– 2541)   ¿‘≠≠“ ·≈–
§≥– (2542) »÷°…“°“√·æ√à°√–®“¬¢Õß«—µ∂ÿ¡’æ‘…„ππÈ”
∫√‘‡«≥≈ÿà¡πÈ”·¡à°≈Õß·≈–§≈Õß·¬°µ≈Õ¥∑—Èß “¬ ´÷Ëß‰À≈
ºà“πæ◊Èπ∑’Ë‡°…µ√°√√¡ 3 ®—ßÀ«—¥ §◊Õ  ¡ÿ∑√ “§√, √“™∫ÿ√’
·≈–°“≠®π∫ÿ√’ ´÷Ëß‡ªìπ·À≈àßª≈Ÿ°¢â“« æ◊™‰√à æ◊™º—° ·≈–
º≈‰¡â  æ∫«à“¡’°“√ªπ‡ªóôÕπ¢Õß “√‡ÕÁπ‚¥ —́≈·øπ ·≈–
Õπÿæ—π∏ÿå (related derivatives) ª√‘¡“≥ Ÿß°«à“ “√æ‘…
™π‘¥Õ◊Ëπ„π°≈ÿà¡ÕÕ√å·°π‚π§≈Õ√’π∑’Ë∑”°“√«‘‡§√“–Àå „π
®—ßÀ«—¥ ¡ÿ∑√ “§√ ·≈–√“™∫ÿ√’   πÕ°®“°π’È ¿‘≠≠“ ·≈–
π«≈»√’ (2535) ∑”°“√«‘®—¬™π‘¥·≈–ª√‘¡“≥ “√æ‘…µ°§â“ß
„π¥‘π πÈ” ·≈–µ–°Õπ ∫√‘‡«≥·À≈àßª≈Ÿ°º—°Õπ“¡—¬„π‡¢µ
®—ßÀ«—¥ππ∑∫ÿ√’, ª√“®’π∫ÿ√’, °“≠®π∫ÿ√’, Õ¬ÿ∏¬“, ·æ√à,
‡æ™√∫Ÿ√≥å ·≈–»√’ –‡°… æ∫«à“¡’‡ÕÁπ‚¥ —́≈·øπ„π¥‘π

vegetables proscribed by CODEX. Furthermore, the study found that the more time used, the less the purity

of ozone-dissolved water. This resulted in the decrease of ozone efficiency to reduce endosulfan residues in

Chinese cabbage.

Key words : endosulfan, ozone, pesticide residue, Chinese cabbage
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°“√„™â‚Õ‚´π„π°“√≈¥ª√‘¡“≥ “√æ‘…µ°§â“ß‡ÕÁπ‚¥´—≈·øπ„πº—°°“¥¢“«

«. ß¢≈“π§√‘π∑√å «∑∑. 2547 26(©∫—∫æ‘‡»… 1) : 177-183

°“√»÷°…“‡√◊ËÕß°“√„™â‚Õ‚´π„π°“√≈¥ª√‘¡“≥ “√æ‘…µ°§â“ß‡ÕÁπ‚¥´—≈·øπ„πº—°°“¥¢“« «“ß·ºπ°“√∑¥≈Õß

·∫∫ ÿà¡„π∫≈ÁÕ§ ¡∫Ÿ√≥å (Randomized Block Design, RCB) ·≈–∑”°“√∑¥≈Õß‚¥¬°“√©’¥æàπº—°°“¥¢“«¥â«¬ “√

‡ÕÁπ‚¥´—≈·øπ 35 % w/v EC „πÕ—µ√“§«“¡‡¢â¡¢âπµ“¡·π–π” 3 §√—ÈßÀà“ß°—π§√—Èß≈– 7 «—π „π 3  —ª¥“Àå ÿ¥∑â“¬

°àÕπ°“√‡°Á∫‡°’Ë¬«  ·≈–∑”°“√‡°Á∫‡°’Ë¬«À≈—ß®“°°“√©’¥æàπ§√—Èß ÿ¥∑â“¬ 5 «—π  À≈—ß®“°π—Èπ∑”°“√≈¥ª√‘¡“≥‡ÕÁπ‚¥

´—≈·øπ∑’Ëµ°§â“ßÕÕ°®“°º—°°“¥¢“«‚¥¬„™âπÈ”∑’Ë≈–≈“¬¥â«¬‚Õ‚´π≈â“ßº—°°“¥¢“«∑’Ë‡«≈“ 5, 10, 15, 20, 25, 30, 35

·≈– 40 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 5
o

C æ∫«à“°“√≈â“ßº—°°“¥¢“«‚¥¬„™âπÈ”∑’Ë≈–≈“¬¥â«¬‚Õ‚´π‡ªìπ‡«≈“ 25 π“∑’ ¡’ª√– ‘∑∏‘¿“æ

 Ÿß ÿ¥ “¡“√∂≈¥ª√‘¡“≥ “√æ‘…‡ÕÁπ‚¥´—≈·øπµ°§â“ß‰¥â 71.93% ´÷ËßµË”°«à“§à“ª√‘¡“≥ Ÿß ÿ¥¢Õß “√æ‘…µ°§â“ß (MRL)

¢Õß Codex ´÷Ëß°”Àπ¥‰«â‰¡à‡°‘π 2.0 ¡°./°°. πÕ°®“°π’Èæ∫«à“„π°“√≈â“ßº—°°“¥¢“«‚¥¬„™âπÈ”∑’Ë≈–≈“¬¥â«¬‚Õ‚´π

‡¡◊ËÕ‡«≈“¢Õß°“√≈â“ß‡æ‘Ë¡¢÷Èπ§«“¡∫√‘ ÿ∑∏‘Ï¢ÕßπÈ”∑’Ë≈â“ß®–≈¥≈ß àßº≈„Àâª√– ‘∑∏‘¿“æ„π°“√≈¥ª√‘¡“≥ “√æ‘…µ°§â“ß

≈¥≈ßÕ’°¥â«¬

‡ÕÁπ‚¥´—≈·øπ ‡ªìπ “√°”®—¥»—µ√Ÿæ◊™°≈ÿà¡ÕÕ√å·°π
‚π§≈Õ√’π ‚¥¬¡’√–¥—∫Õ—πµ√“¬ª√–‡¿∑ 1b ·≈–§à“ LD50

∑“ßª“°„πÀπŸ §◊Õ 80-100 ¡°./°°. (¥’æ√âÕ¡, 2527)

‡∑§π‘§—≈‡ÕÁπ‚¥´—≈·øπ (technical endosulfan)  ®–
ª√–°Õ∫¥â«¬ 2 ‰Õ‚´‡¡Õ√å (isomer) §◊Õ Õ—≈øÉ“‡ÕÁπ‚¥
´—≈·øπ (α-endosulfan) æ∫«à“¡’ª√–¡“≥ 70% ·≈–
‡∫µâ“‡ÕÁπ‚¥´—≈·øπ (β-endosulfan) æ∫«à“¡’ª√–¡“≥
30% ·≈–‡¡◊ËÕ‡°‘¥°√–∫«π°“√‡¡·∑∫Õ≈‘´÷¡¢÷Èπ„πæ◊™ À√◊Õ
 ‘Ëß·«¥≈âÕ¡®–‡°‘¥‡ªìπ‡ÕÁπ‚¥´—≈·øπ´—≈‡øµ (endosulfan

sulfate) (World Health Organization, 1984)

‡ÕÁπ‚¥´—≈·øπ¡’°“√„™â°—πÕ¬à“ß·æ√àÀ≈“¬∑—Ë«‚≈°
„π°“√‡°…µ√°√√¡·≈–°“√ªÉ“‰¡â  πÕ°®“°π’È¬—ß‡ªìπ “√
°”®—¥·¡≈ß·≈–»—µ√Ÿæ◊™‡æ’¬ß‰¡à°’Ë™π‘¥∑’Ë¬—ßÕπÿ≠“µ„Àâ„™â„π
æ◊™‰√à ¡’°“√„™âÕ¬à“ß·æ√àÀ≈“¬„πª√–‡∑»‰∑¬‡æ‘Ë¡¢÷Èπ‡ªìπ
≈”¥—∫Õ¬à“ßµàÕ‡π◊ËÕßµ—Èß·µàªï æ.».2519  (World Health
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‡°…µ√°√√¡¡’ “√æ‘…µ°§â“ß¡“°™π‘¥·≈– Ÿß°«à“„ππÈ” ·≈–
æ∫„πµ–°Õπ¥‘ππâÕ¬¡“°   πÕ°®“°π’È °≈ÿà¡ß“π«‘®—¬º≈
°√–∑∫°“√„™â«—µ∂ÿ¡’æ‘…°“√‡°…µ√ °Õß«—µ∂ÿ¡’æ‘…°“√‡°…µ√
(2544) ∑”°“√»÷°…“°“√ªπ‡ªóôÕπ¢Õß “√æ‘…°“√‡°…µ√
„π·¡àπÈ”ªÉ“ —°, Àâ«¬πÈ”ÕŸπ „π‡¢µ®—ßÀ«—¥ °≈π§√, ·¡àπÈ”
 ß§√“¡ „π‡¢µ®—ßÀ«—¥π§√æπ¡ ·≈–≈ÿà¡πÈ”ª“°æπ—ß „π
‡¢µ®—ßÀ«—¥π§√»√’∏√√¡√“™ (»‘«“¿√≥å ·≈–§≥–, 2544)

æ∫°“√µ°§â“ß¢Õß‡ÕÁπ‚¥´—≈·øπ„ππÈ”·≈–µ–°Õπ¥‘π‡™àπ
°—π · ¥ß„Àâ‡ÀÁπ«à“ªí®®ÿ∫—π “√‡ÕÁπ‚¥´—≈·øπ∂Ÿ°„™â°”®—¥
»—µ√Ÿæ◊™Õ¬à“ß·æ√àÀ≈“¬„π‡¢µ‡°…µ√°√√¡·≈–¡’°“√µ°§â“ß
„π ‘Ëß·«¥≈âÕ¡¢Õßª√–‡∑»‰∑¬  ¬‘Ëß‰ª°«à“π—Èπæ∫«à“°“√
µ°§â“ß¢Õß‡ÕÁπ‚¥´—≈·øπ„πæ◊™º—°™π‘¥µà“ßÊ ∑’ËºŸâ∫√‘‚¿§
π‘¬¡√—∫ª√–∑“π ´÷Ëß°Õß«—µ∂ÿ¡’æ‘…°“√‡°…µ√ (2543) ∑”
°“√ ”√«®·≈– ÿà¡‡°Á∫µ—«Õ¬à“ßº—°°“¥¢“«®”π«π 28

µ—«Õ¬à“ß ®“°·À≈àß‡æ“–ª≈Ÿ°·≈–·À≈àß®”Àπà“¬∑—Ë«ª√–‡∑»
¡“«‘‡§√“–ÀåÀ“™π‘¥·≈–ª√‘¡“≥ “√æ‘…µ°§â“ß™π‘¥µà“ßÊ
‚¥¬°“√ °—¥«‘∏’√«¡ (Multiresidue analysis)  æ∫«à“
21.4% ¢Õßµ—«Õ¬à“ß∑—ÈßÀ¡¥¡’ “√æ‘…µ°§â“ß‡ÕÁπ‚¥´—≈·øπ
(endosulfan), ‡øπ«“‡≈Õ‡√∑ (fenvalerate), ‰¥Õ–´’πÕπ
(diazinon), §≈Õ√å‰æ√‘øÕ  (chlorpyrifos) ·≈–‰´‡æÕ√å-
¡’∑√‘π (cypermethrin)  ·≈–°Õß·ºπß“π·≈–«‘™“°“√
‡°…µ√ (2540) °≈à“«∂÷ßß“π«‘®—¬™π‘¥·≈–ª√‘¡“≥ “√æ‘…
µ°§â“ß„πæ◊™º—°µ√–°Ÿ≈°–À≈Ë”∑’Ë∑”°“√ ”√«®·≈–‡°Á∫
µ—«Õ¬à“ß  ‰¥â·°à  §–πâ“,  °–À≈Ë”¥Õ°,  °–À≈Ë”ª≈’  ·≈–
º—°°“¥¢“« √«¡∑—Èß ‘Èπ 120 µ—«Õ¬à“ß ®“°·À≈àßª≈Ÿ°·≈–
·À≈àß®”Àπà“¬∑—Ë«ª√–‡∑» ª√“°Ø«à“ 32% ¢Õßµ—«Õ¬à“ß
º—°∑—ÈßÀ¡¥∑’Ë‡°Á∫¡“«‘‡§√“–Àå¡’ “√æ‘…°≈ÿà¡ÕÕ√å·°π‚π-
§≈Õ√’πµ°§â“ß

„πß“π«‘®—¬π’È∑”°“√»÷°…“‡©æ“– “√‡ÕÁπ‚¥´—≈·øπ
2 ‰Õ‚´‡¡Õ√å 1 Õπÿæ—π∏å ‰¥â·°à Õ—≈øÉ“‡ÕÁπ‚¥´—≈·øπ ‡∫µâ“
‡ÕÁπ‚¥´—≈·øπ ·≈–‡ÕÁπ‚¥´—≈·øπ´—≈‡øµ µ“¡≈”¥—∫ ‚¥¬
∑”°“√ª≈Ÿ°º—°°“¥¢“«´÷Ëß‡ªìπº—°‡»√…∞°‘®∑’Ë ”§—≠™π‘¥
Àπ÷Ëß¢Õßª√–‡∑»‰∑¬ ∑—Èß„™â‡ªìπÕ“À“√ª√–®”«—π·≈– àß
®”Àπà“¬µà“ßª√–‡∑» (‰©π, 2542) ·≈–„™â “√°”®—¥·¡≈ß
‡ÕÁπ‚¥´—≈·øπ„π°“√©’¥æàπ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπµ“¡§”
·π–π” ‚¥¬∑‘Èß™à«ß√–¬–‡«≈“‡°Á∫‡°’Ë¬«‰«â 5 «—πÀ≈—ß®“°
°“√©’¥æàπ§√—Èß ÿ¥∑â“¬  ´÷Ëß®“°°“√ ”√«®°≈ÿà¡µ—«Õ¬à“ß

‡°…µ√°√ºŸâª≈Ÿ°°–À≈Ë”ª≈’„π Õ.∫â“π·∑àπ ®.™—¬¿Ÿ¡‘ æ∫«à“
‡°…µ√°√®–∑‘Èß™à«ß√–¬–‡«≈“πâÕ¬∑’Ë ÿ¥ 3 «—π ·≈–∑‘Èß™à«ß
√–¬–‡«≈“¡“° ÿ¥  7  «—π¢÷Èπ‰ª  §‘¥‡ªìπ§à“‡©≈’Ë¬  4  «—π
( “¬—πµå, 2542) ´÷ËßÀ“°¡’°“√µ°§â“ß¢Õß “√æ‘…„πº≈‘µº≈
∑“ß°“√‡°…µ√‡æ◊ËÕ°“√∫√‘‚¿§‡°‘π§à“¡“µ√∞“π¬àÕ¡°àÕ„Àâ
‡°‘¥º≈‡ ’¬‚¥¬µ√ßµàÕ ÿ¢¿“æ¢ÕßºŸâ∫√‘‚¿§ ∑”„Àâ‡°‘¥°“√
µ°§â“ß¢Õß “√æ‘… ·≈–‡°‘¥¡≈¿“«–µàÕ ¿“«–·«¥≈âÕ¡Õ’°
¥â«¬ ( ¡™“¬ ·≈–§≥–, 2539) ®÷ß∑”°“√»÷°…“µàÕ‰ª„π
°“√≈¥ª√‘¡“≥‡ÕÁπ‚¥ —́≈·øπ∑’Ëµ°§â“ßÕ¬Ÿà„πº—°°“¥¢“«
„πª√‘¡“≥∑’Ë ‡°‘π§à“ª√‘¡“≥ Ÿß ÿ¥¢Õß “√æ‘…µ°§â“ß
(Maximum Residue Limit À√◊Õ MRL) ¢Õß Codex

‡∑à“°—∫ 2.0 ¡°./°°. (°√¡«‘™“°“√‡°…µ√, 2539) ‚¥¬„™â
πÈ”∑’Ë≈–≈“¬¥â«¬‚Õ‚´π∑’ËÕÿ≥À¿Ÿ¡‘ 5ºC ‡π◊ËÕß®“°∑’ËÕÿ≥À¿Ÿ¡‘
µË” ‚Õ‚´π·≈–ÕÕ°´‘‡®π≈–≈“¬πÈ”‰¥âπ“π°«à“∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß
·∑π°“√≈â“ßº—°«‘∏’µà“ßÊ ¢Õß°Õß«—µ∂ÿ¡’æ‘…°“√‡°…µ√
(2543) ‰¥â·°à °“√≈â“ßπÈ”‰À≈ °“√·™àπÈ” ·≈–°“√≈â“ß‚¥¬
‡µ‘¡ “√‡§¡’™π‘¥µà“ßÊ ≈ß‰ª„ππÈ”≈â“ßº—°

«‘∏’°“√·≈–¢—ÈπµÕπ°“√»÷°…“

°“√«“ß·ºπ°“√∑¥≈Õß

∑”°“√ª≈Ÿ°º—°°“¥¢“«„π·ª≈ß∑¥≈Õß·≈â«©’¥æàπ
 “√°”®—¥·¡≈ß‡ÕÁπ‚¥´—≈·øπ„πÕ—µ√“§«“¡‡¢â¡¢âπµ“¡
§”·π–π”  ®“°π—Èππ”¡“ºà“π°√√¡«‘∏’°“√≈¥ª√‘¡“≥ “√
‡ÕÁπ‚¥ —́≈·øπµ°§â“ß ‚¥¬«“ß·ºπ°“√∑¥≈Õß∑“ß ∂‘µ‘·∫∫
RCB 10 °√√¡«‘∏’ 3 ´È” ¥—ßπ’È ‰¡à∑”°“√≈â“ßº—°°“¥¢“«,
∑”°“√≈â“ßº—°°“¥¢“«¥â«¬πÈ”°≈—Ëπ‡ªìπ‡«≈“ 10 π“∑’ ∑’Ë
Õÿ≥À¿Ÿ¡‘ 30ºC,  ∑”°“√≈¥ª√‘¡“≥ “√‡ÕÁπ‚¥ —́≈·øπ
µ°§â“ß‚¥¬„™âπÈ”∑’Ë≈–≈“¬¥â«¬‚Õ‚´π≈â“ßº—°°“¥¢“«∑’Ë‡«≈“
5, 10, 15, 20, 25, 30, 35 ·≈– 40 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 5ºC

‚¥¬„™â‡§√◊ËÕß°”‡π‘¥‚Õ‚´π√ÿàπ OZ 180  º≈‘µ‚¥¬∫√‘…—∑
‰∫√å∑‚´π 2000 ®”°—¥ ´÷Ëß “¡“√∂º≈‘µ‚Õ‚´π‰¥â 193.355

¡°./≈‘µ√„π 1 ™—Ëß‚¡ß  µ√«®«‘‡§√“–Àåª√‘¡“≥‚Õ‚´π∑’Ë
≈–≈“¬πÈ”µ“¡«‘∏’¢Õß  «√“¿√≥å  (2540)  ‚¥¬„™â«‘∏’ ‡ª°-
‚µ√‚ø‚µ√‡¡µ√‘° (Spectrophotometric method) ‚¥¬
µ√«®«—¥À“ª√‘¡“≥‰µ√‰Õ‚Õ‰¥¥åÕ‘ÕÕπ (triiodide ion) ∑’Ë
‡°‘¥®“°°“√∑”ªØ‘°‘√‘¬“√–À«à“ß‚Õ‚´π°—∫‚ª·µ ‡´’¬¡
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‰Õ‚Õ‰¥¥å (potassium iodide) ¥â«¬°“√ª≈àÕ¬‚Õ‚´π‡¢â“‰ª
∑”ªØ‘°‘√‘¬“°—∫ “√≈–≈“¬‚ª·∑ ‡´’¬¡‰Õ‚Õ‰¥¥å ª√‘¡“µ√
1 ≈‘µ√ ‡ªìπ‡«≈“ 1 π“∑’  ®“°π—Èππ”‰ªµ√«®«‘‡§√“–Àå
ª√‘¡“≥‚Õ‚´π¥â«¬‡§√◊ËÕß ‡ª°‚µ√‚ø‚µ√¡‘‡µÕ√å (spectro-

photometer) ∑’Ë§«“¡¬“«§≈◊Ëπ 352 π“‚π‡¡µ√
°“√ª≈Ÿ°º—°°“¥¢“« ∑”°“√ª≈Ÿ°º—°°“¥¢“« ‚¥¬

ª≈Ÿ°„π∂ÿßæ≈“ µ‘°¥”¢π“¥  5×7 π‘È«
°“√©’¥æàπ “√ ‡ÕÁπ‚¥´—≈·øπ  ¬’ËÀâÕ‡∫‡πøîµ 35

(Benefit 35) ™◊ËÕ “¡—≠§◊Õ ‡ÕÁπ‚¥´—≈·øπ (endosulfan)

∑”°“√©’¥æàπ„πÕ—µ√“§«“¡‡¢â¡¢âπµ“¡§”·π–π”¢â“ß©≈“°
40 ¡≈./πÈ” 20 ≈‘µ√ ·≈–∑”°“√‡°Á∫‡°’Ë¬«À≈—ß®“°©’¥æàπ
§√—Èß ÿ¥∑â“¬ 5 «—π  ·≈–‡«≈“„π°“√©’¥æàπ “√∑ÿ°§√—Èß§◊Õ
‡«≈“ 16.00 π.

°“√ °—¥·≈–°“√µ√«®«‘‡§√“–Àå “√æ‘…µ°§â“ß

¥—¥·ª≈ßµ“¡«‘∏’¢Õß McLeod and Graham (π‘µ¬“ ·≈–
√—µπ“, 2541) ‚¥¬„™âÕ–´‘‚µπ 150 ¡≈. º ¡°—∫µ—«Õ¬à“ß
50 °√—¡∑’ËÀ—π‡ªìπ™‘Èπ‡≈Á°Ê ·≈â«ªíòπ¥â«¬‡§√◊ËÕßªíòπ ®“°π—Èπ
°√Õßºà“π°√«¬°√Õß´÷Ëß√Õß¥â«¬°√–¥“…°√Õß‡∫Õ√å 1 ®“°
π—Èππ”¡“ºà“π¢—ÈπµÕπ≈‘§«‘¥-≈‘§«‘¥æ“√åµ‘™—Ëπ (liquid-liquid

partition) ‚¥¬‡µ‘¡ “√≈–≈“¬‰¥§≈Õ‚√¡’‡∏πµàÕ‡Œ°‡´π
 —¥ à«π 1:1 ª√‘¡“µ√ 100 ¡≈. ·≈– “√≈–≈“¬‚´‡¥’¬¡
§≈Õ‰√¥å∑’ËÕ‘Ë¡µ—« 10 ¡≈. ‡¢¬à“„Àâ‡¢â“°—πª√–¡“≥ 3 π“∑’
·≈â«ª≈àÕ¬∑‘Èß‰«â„Àâ·¬°™—Èπ ‡°Á∫™—Èπ¢Õßµ—«∑”≈–≈“¬ ‚¥¬
ºà“π‚´‡¥’¬¡´—≈‡øµ·Õπ‰Œ¥√— ≈ß„π¢«¥·°â«°âπ°≈¡ ∑”
°“√ °—¥´È”Õ’° 2 §√—Èß ‚¥¬„™â “√≈–≈“¬‰¥§≈Õ‚√¡’‡∑π
§√—Èß≈– 50 ¡≈. ‡¢¬à“„Àâ‡¢â“°—πª√–¡“≥ 3 π“∑’ ·≈â«ª≈àÕ¬
∑‘Èß‰«â„Àâ·¬°™—Èπ ‡°Á∫™—Èπ¢Õßµ—«∑”≈–≈“¬‡™àπ‡¥‘¡ π” “√
≈–≈“¬„π¢«¥°âπ°≈¡‰ª≈¥ª√‘¡“µ√¥â«¬‡§√◊ËÕß√–‡À¬
 Ÿ≠≠“°“» ·≈–ª√—∫ª√‘¡“µ√‚¥¬„™â‡Œ°‡´π„Àâ‰¥â·πàπÕπ
5 ¡≈.  À≈—ß®“°π—Èπ∑”°“√°”®—¥ ‘Ëß∑’Ë‰¡àµâÕß°“√ÕÕ° (clean

up) ‚¥¬„™â 6% ‰¥‡Õ∏‘≈Õ’‡∏Õ√å„πªî‚µ√‡≈’¬¡Õ’‡∏Õ√å ·≈–
15% ‰¥‡Õ∏‘≈Õ’‡∏Õ√å„πªî‚µ√‡≈’¬¡Õ’‡∏Õ√å µ—«Õ¬à“ß≈– 100

¡≈. ºà“π‚§√¡“‚∑°√“øî§§Õ≈—¡πå (chromatographic

column)  ∑’Ë∫√√®ÿ¥â«¬‚´‡¥’¬¡´—≈‡øµ·Õπ‰Œ¥√—  ·≈–
ø≈Õ√‘´‘≈ Àπ—° 8.5 °√—¡ ·≈– 10 °√—¡ µ“¡≈”¥—∫ ‚¥¬„™â
Õ—µ√“°“√À¬¥ 20 À¬¥/π“∑’ ‡°Á∫ à«π∑’Ë∂Ÿ°™– (effluent)

„π¢«¥°âπ°≈¡  ·≈â«π”‰ª√–‡À¬®π‡°◊Õ∫·Àâß∑’ËÕÿ≥À¿Ÿ¡‘

40ºC ¥â«¬‡§√◊ËÕß√–‡À¬ Ÿ≠≠“°“»ª√—∫ª√‘¡“µ√ ÿ¥∑â“¬
¥â«¬‡Œ°‡´π „π¢«¥‰«·Õ≈ 2 ¡≈.  ®“°π—Èππ” “√ °—¥
µ—«Õ¬à“ß∑’Ë °—¥‰¥â¡“µ√«®«‘‡§√“–ÀåÀ“ª√‘¡“≥¢Õß‡ÕÁπ‚¥
´—≈·øπ¥â«¬‡§√◊ËÕßµ√«®«‘‡§√“–Àå™π‘¥·°ä ≈‘§«‘¥‚§√¡“‚∑-
°√“ø¬’ËÀâÕ  Chrompack  √ÿàπ  CP 9001  §Õ≈—¡πå™π‘¥
WCOT fused silica √ÿàπ cp-sil-5 CB ™π‘¥·§ªî≈≈“√’
¬“« 30 ‡¡µ√ ‡ âπºà“π»Ÿπ¬å°≈“ß 0.25 ¡¡. µ‘¥µ—ÈßÀ—«µ√«®
·∫∫Õ‘‡≈Á°µÕπ·§æ‡®Õ√å (Electron Capture Detector,

ECD) ª√—∫ ¿“«–¢≥–∑”ß“π∑’Ë‡À¡“– ¡ ¥—ßπ’È  à«π©’¥
µ—«Õ¬à“ß (injection port) 250ºC   Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå
(column) 230ºC   ·≈–À—«µ√«®«—¥ (detecter) 280ºC

·°ä ‰π‚µ√‡®π‡ªìπ°ä“´æ“ (carrier gas) Õ—µ√“‡√Á« 40 ¡≈./
π“∑’ (ml/min) §«“¡¥—π¢Õß§Õ≈—¡πå (column pressure)

30 °‘‚≈æ“ §—≈ (kPa) ·≈–©’¥µ—«Õ¬à“ß§√—Èß≈– 1.0 ‰¡‚§√-
≈‘µ√ (µl)

°“√µ√«®«‘‡§√“–ÀåÕÕ°´‘‡®π≈–≈“¬πÈ” (Dissolved

oxygen) ∑”°“√µ√«®«‘‡§√“–Àåª√‘¡“≥ÕÕ°´‘‡®π≈–≈“¬πÈ”
„ππÈ”≈â“ßº—°À≈—ß®“°°“√≈â“ßº—°„π·µà≈–°√√¡«‘∏’√«¡ 9

°√√¡«‘∏’ 3 ́ È” ‚¥¬«‘∏’‰µ‡µ™—Ëπ (titration) (APHA, AWWA

and WEF, 1992)

º≈°“√∑¥≈Õß

º≈°“√∑¥≈Õß π”‡ πÕ¥—ß Table 1 ·≈– Table 2

 √ÿªº≈°“√∑¥Õß

1. °“√‡Õ“ “√°≈—∫§◊π (recovery)  ‡æ◊ËÕÀ“
ª√– ‘∑∏‘¿“æ¢Õß°“√ °—¥ “√æ‘…µ°§â“ß æ∫«à“√âÕ¬≈–°“√
‡Õ“ “√°≈—∫§◊π¢ÕßÕ—≈øÉ“‡ÕÁπ‚¥´—≈·øπ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ
2.0 ¡°./°°. ‡∫µâ“‡ÕÁπ‚¥´—≈·øπ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ 2.0

¡°./°°. ·≈–‡ÕÁπ‚¥ —́≈·øπ —́≈‡øµ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ
0.2 ¡°./°°. ¡’§à“ 97.07%, 92.70% ·≈– 90.62% µ“¡
≈”¥—∫ ·≈–º≈°“√µ√«®«‘‡§√“–Àåª√‘¡“≥ “√∑’Ëµ√«® Õ∫
‡ªìπ√–¥—∫µË” ÿ¥∑’Ë “¡“√∂µ√«® Õ∫‰¥â (Limit of Quanti-

fication: LOQ) ¢ÕßÕ—≈øÉ“‡ÕÁπ‚¥´—≈·øπ, ‡∫µâ“‡ÕÁπ‚¥
—́≈·øπ ·≈–‡ÕÁπ‚¥ —́≈·øπ —́≈‡øµ ¡’§à“‡∑à“°—∫ 0.067,



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 26 (©∫—∫æ‘‡»… 1) 2547 :
 ‘Ëß·«¥≈âÕ¡·≈–¢Õß‡ ’¬Õ—πµ√“¬

°“√„™â‚Õ‚´π„π°“√≈¥ª√‘¡“≥ “√æ‘…µ°§â“ß

‡ÕÁπ‚¥ —́≈·øπ

«—≤πå ‘∑∏‘Ï  »‘√‘«ß»å ·≈–§≥–
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Table 1. Amount of endosulfan residues (mg/l) in Chinese cabbage after cleaning with dissolved ozone

in water.

    Amount of Endosulfan residues (mg/l)

Alpha beta Endosulfan total

endosulfan** endosulfan * sulfate ** endosulfan **

1. Control (no clean) 1.643 b 1.702 c 1.534 b 4.879 d 0
2. Cleaned with distilled water 1.586 b 1.338 bc 0.274 a 3.199 c 34.43
3. Cleaned with dissolved ozone in water 5 min 1.419 b 1.405 bc 0.282 a 3.105 bc 36.35
4. Cleaned with dissolved ozone in water 10 min 1.393 b 1.093 abc 0.176 a 2.662 bc 45.45
5. Cleaned with dissolved ozone in water 15 min 1.649 b 0.714 ab 0.152 a 2.515 abc 48.45
6. Cleaned with dissolved ozone in water 20 min 1.420 b 0.764 ab 0.102 a 2.286 abc 53.15
7. Cleaned with dissolved ozone in water 25 min 0.834 a 0.395 a 0.141 a 1.370 a 71.93
8. Cleaned with dissolved ozone in water 30 min 0.822 a 0.371 a 0.135 a 1.328 a 72.78
9. Cleaned with dissolved ozone in water 35 min 1.557 b 0.358 a ND 1.915 ab 60.74

10. Cleaned with dissolved ozone in water 40 min 1.257 b 0.677 ab ND 1.934 abc 60.36

Mean 1.358 0.882 0.350 2.519 -

C.V. (%) 17.8 54.3 27.1 26.2 -

Comparisons between treatments within each column are significantly different (Duncan’s New Multiple Range Test

(DMRT), P>0.05), if marked with different small letters.

* All treatments are significantly different at P>0.05

** All treatments are significantly different at P>0.01

Treatments

Percent

reduction

of total

endosulfan

Table 2. Dissolved oxygen level (mg/l) after cleaning Chinese cabbage with

dissolved ozone in water.

                                 Treatments Dissolved Oxygen level** (mg/l)

1. Cleaned with distilled water 6.99 a
2. Cleaned with dissolved ozone in water 5 min 10.47 b
3. Cleaned with dissolved ozone in water 10 min 10.68 b
4. Cleaned with dissolved ozone in water 15 min 10.80 b
5. Cleaned with dissolved ozone in water 20 min 11.27 c
6. Cleaned with dissolved ozone in water 25 min 11.45 c
7. Cleaned with dissolved ozone in water 30 min 11.58 c
8. Cleaned with dissolved ozone in water 35 min 11.38 c
9. Cleaned with dissolved ozone in water 40 min 11.35 c

Mean 10.66

C.V. (%) 2.4

Comparisons between treatments are significantly different (DMRT, P>0.05), if marked with

different small letters.

** All treatments are significantly different at P>0.01
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0.034 ·≈– 0.100 ¡°./°°. µ“¡≈”¥—∫ ´÷ËßµË”°«à“ª√‘¡“≥
 “√æ‘…µ°§â“ß∑’Ëµ√«®«‘‡§√“–Àå‰¥â„πµ—«Õ¬à“ßº—°°“¥¢“«
¢Õßß“π«‘®—¬π’È∑—ÈßÀ¡¥

2. „π°“√≈¥ª√‘¡“≥‡ÕÁπ‚¥´—≈·øπ∑’Ëµ°§â“ßÕÕ°
®“°º—°°“¥¢“«∑’Ë‡°‘π°«à“§à“ª√‘¡“≥ Ÿß ÿ¥¢Õß “√æ‘…
µ°§â“ß ‚¥¬„™âπÈ”∑’Ë≈–≈“¬¥â«¬‚Õ‚´π 4 ≈‘µ√ ∑’Ë‡«≈“ 5, 10,

15, 20, 25, 30, 35 ·≈– 40 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 5ºC æ∫«à“
§«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥‡ÕÁπ‚¥´—≈·øπ√«¡∑’Ëµ°§â“ß
„πº—°°“¥¢“« ·≈–‡«≈“„π°“√≈â“ßº—°°“¥¢“«‚¥¬„™âπÈ”∑’Ë
≈–≈“¬¥â«¬‚Õ‚´π µ“¡ ¡°“√‡ âπµ√ß y = -0.0742x +

3.5101 ∑’Ë —¡ª√– ‘∑∏‘Ï°“√µ—¥ ‘π„® (r2 = 0.93)  ‡¡◊ËÕ y §◊Õ
ª√‘¡“≥ “√æ‘…‡ÕÁπ‚¥ —́≈·øπ∑’Ëµ°§â“ß„πº—°°“¥¢“« (¡°./
°°.) ·≈– x §◊Õ ‡«≈“„π°“√≈â“ßº—°°“¥¢“«‚¥¬„™âπÈ”∑’Ë
≈–≈“¬¥â«¬‚Õ‚´π (π“∑’) ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√≈â“ß
º—°°“¥¢“«∑’Ë‡«≈“∑’Ë 25 ·≈– 30 π“∑’ æ∫«à“°“√≈â“ßº—°
°“¥¢“«∑’Ë‡«≈“ 25 π“∑’π—Èπ„™â‡«≈“∑’ËπâÕ¬°«à“·≈–√âÕ¬≈–
°“√≈¥≈ß¢Õß‡ÕÁπ‚¥´—≈·øπ√«¡‰¡à¡’§«“¡·µ°µà“ß∑“ß
 ∂‘µ‘Õ¬à“ß¡’π—¬ ”§—≠ ®÷ß √ÿª‰¥â«à“°“√≈â“ßº—°°“¥¢“«‚¥¬
„™âπÈ”∑’Ë≈–≈“¬¥â«¬‚Õ‚´π‡ªìπ‡«≈“ 25 π“∑’ ¡’ª√– ‘∑∏‘¿“æ
 Ÿß‡À¡“– ¡ ”À√—∫°“√≈¥ª√‘¡“≥ “√æ‘…µ°§â“ß‡ÕÁπ‚¥
´—≈·øπ °≈à“«§◊Õ  “¡“√∂≈¥ª√‘¡“≥ “√æ‘…µ°§â“ßÕÕ°
®“°º—°°“¥¢“«‰¥â∂÷ß 71.93% ¢Õßª√‘¡“≥‡ÕÁπ‚¥´—≈·øπ
µ°§â“ßµ—Èßµâπ

3. ‡¡◊ËÕ‡ªî¥‡§√◊ËÕß°”‡π‘¥‚Õ‚´πµ≈Õ¥‡«≈“°“√≈â“ß
º—°°“¥¢“«π—Èπ ∑”„Àâª√‘¡“≥ÕÕ°´‘‡®π‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬Ê ®π
°√–∑—ËßÕÕ°´‘‡®π∑’Ë≈–≈“¬„ππÈ”Õ‘Ë¡µ—«  ‚¥¬ª°µ‘§à“°“√
≈–≈“¬πÈ”¢ÕßÕÕ°´‘‡®π Ÿß ÿ¥„ππÈ”∫√‘ ÿ∑∏‘Ï∑’Ëª√“»®“°
§≈Õ‰√¥å∑’ËÕÿ≥À¿Ÿ¡‘ 5ºC ®–‡∑à“°—∫ 12.80 ¡°./≈‘µ√ (Peavy

et al., 1985)  ·µà‡π◊ËÕß®“°ªØ‘°‘√‘¬“¢Õß‚Õ‚´π°—∫‡ÕÁπ‚¥
´—≈·øπ´÷Ëß‡ªìπ “√°”®—¥·¡≈ß°≈ÿà¡ÕÕ√å·°π‚π§≈Õ√’π
∑”„ÀâπÈ”≈â“ßº—°„π¢≥–‡°‘¥ªØ‘°‘√‘¬“π—Èπ‰¡à∫√‘ ÿ∑∏‘Ï ·≈–Õ“®
‡°‘¥°“√ªπ‡ªóôÕπ¢Õß§≈Õ‰√¥å∑’Ë‡°‘¥®“°°“√∑”ªØ‘°‘√‘¬“‰¥â
¥—ßπ—Èπ®÷ß∑”„Àâ§à“°“√≈–≈“¬πÈ”¢ÕßÕÕ° ‘́‡®π¢Õß°“√«‘®—¬π’È
µË”°«à“§à“°“√≈–≈“¬πÈ”¢ÕßÕÕ°´‘‡®π Ÿß ÿ¥„ππÈ”∫√‘ ÿ∑∏‘Ï∑’Ë
ª√“»®“°§≈Õ‰√¥å∑’ËÕÿ≥À¿Ÿ¡‘ 5ºC

¢âÕ‡ πÕ·π–

1.  ”À√—∫ºŸâ∫√‘‚¿§´÷Ëß≈â“ßº—°‚¥¬„™âπÈ”∑’Ë≈–≈“¬¥â«¬
‚Õ‚´π §«√®–§≈’Ë„∫º—°„Àâ·ºà°«â“ß ·≈–®—¥µ”·Àπàß°“√«“ß
„∫º—°„π¿“™π–≈â“ß „Àâº—°¡’‚Õ°“  —¡º— °—∫øÕß·°ä ‚Õ‚´π
¡“°∑’Ë ÿ¥®–∑”„Àâª√– ‘∑∏‘¿“æ„π°“√≈¥ª√‘¡“≥ “√æ‘…
µ°§â“ß‡æ‘Ë¡¢÷Èπ

2. „π°“√≈â“ßº—°‚¥¬„™âπÈ”∑’Ë≈–≈“¬¥â«¬‚Õ‚´π ‡¡◊ËÕ
‡«≈“¢Õß°“√≈â“ßº—°‡æ‘Ë¡¢÷ÈππÈ”∑’Ë≈–≈“¬¥â«¬‚Õ‚´π®–¡’°“√
ªπ‡ªóôÕπ®“° “√æ‘…µ°§â“ß ∑”„Àâ§«“¡∫√‘ ÿ∑∏‘Ï¢ÕßπÈ”∑’Ë
≈â“ßµË”≈ß®– àßº≈„Àâª√– ‘∑∏‘¿“æ„π°“√≈¥ª√‘¡“≥ “√æ‘…
µ°§â“ß≈¥≈ß ¥—ßπ—Èπ„π°“√≈â“ßº—°·µà≈–§√—Èß ºŸâ∫√‘‚¿§®÷ß
§«√‡ª≈’Ë¬ππÈ”∑’Ë„™â≈â“ß„Àâ∫àÕ¬§√—Èß¬‘Ëß¢÷Èπ

3. °“√≈¥ª√‘¡“≥ “√æ‘…µ°§â“ß∑’ËÕÿ≥À¿Ÿ¡‘µË”®–¡’
ª√– ‘∑∏‘¿“æ„π°“√≈¥ “√µ°§â“ß‡æ‘Ë¡¢÷Èπ ÷́ËßºŸâ∫√‘‚¿§
 “¡“√∂π”‰ªª√–¬ÿ°µå°—∫°“√≈â“ßº—°·≈–º≈‰¡â ¥â«¬«‘∏’Õ◊ËπÊ
‡™àπ °“√≈â“ßºà“ππÈ”‡¬Áπ ·≈–°“√·™à≈â“ß¥â«¬πÈ”‡¬Áπ ‡ªìπµâπ

‡Õ° “√Õâ“ßÕ‘ß

°√¡«‘™“°“√‡°…µ√. 2539. À≈—°·≈–«‘∏’°“√º≈‘µº—°Õπ“¡—¬.
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