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®≈π»“ μ√å¢Õß°“√≈¥¢ÕßÕ‘π∑√’¬ “√„π√Ÿª´’‚Õ¥’·≈–∏“μÿ‰π‚μ√‡®π
„ππÈ”‡ ’¬‚¥¬°“√„™â√–∫∫∫÷ßª√–¥‘…∞å·∫∫πÈ”‰À≈„μâ¥‘π„π·π«πÕπ
Kinetic of COD and Nitrogen Removals by Horizontal Flow Subsurface

Constructed Wetlands
¡’»—°¥‘Ï ¡‘≈‘π∑«‘ ¡—¬ [1]  ÿ¥“ Õ‘∑∏‘ ÿ¿√≥å√—μπå [1] ÕàÕπ®—π∑√å ‚§μ√æß…å [1] ·≈–™«≈“ ‡ ’¬ß≈È” [1]

Mesak Milintawisamai  Suda Ittisupornrat  Onchan Kottrapong and  Chawala Sienglum

∫∑§—¥¬àÕ
‡æ◊ËÕ π—∫ πÿπ™ÿ¡™π·≈–«‘ “À°‘®™ÿ¡™π¢π“¥°≈“ß·≈–‡≈Á°„Àâ “¡“√∂ √â“ß√–∫∫∫”∫—¥πÈ”‡ ’¬∑’Ë¡’§à“

°àÕ √â“ßμË” ·≈–‡¥‘π√–∫∫ßà“¬ »Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡®÷ß‰¥â∑”°“√«‘®—¬‡æ◊ËÕæ—≤π“√–∫∫

∫”∫—¥πÈ”‡ ’¬∫÷ßª√–¥‘…∞å·∫∫πÈ”‰À≈„μâ¥‘π„π·π«πÕπ ‚¥¬∑¥≈Õß √â“ß√–∫∫∑’Ë¡’¢π“¥§«“¡¬“« 10 ‡¡μ√

°«â“ß 1 ‡¡μ√ ·≈–≈÷° 1 ‡¡μ√ ®”π«π 4 Àπà«¬ ∑”°“√∑¥≈Õßª≈Ÿ°°°°≈¡„π°√«¥ ·≈–∑”°“√∫”∫—¥πÈ”

‡ ’¬∑’Ë¡’§«“¡‡¢â¡¢âπ¢ÕßÕ‘π∑√’¬ “√„π√Ÿª¢Õß ’́‚Õ¥’ 2 √–¥—∫ ·≈–πÈ”‡ ’¬ —ß‡§√“–Àå∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß‰π‡μ√μ

10 ¡‘≈≈‘°√—¡/≈‘μ√ ‡æ◊ËÕ»÷°…“ª√– ‘∑∏‘¿“æ°“√∫”∫—¥¢Õß√–∫∫ ·≈–À“§à“§ß∑’Ë¢Õß°“√≈¥´’‚Õ¥’ ·≈–‰π‡μ√μ

·∫∫ªØ‘°‘√‘¬“Õ—π¥—∫ 1 º≈°“√∑¥≈Õßæ∫«à“√–∫∫¥—ß°≈à“«  “¡“√∂∫”∫—¥´’‚Õ¥’„ππÈ”‡ ’¬‰¥â√âÕ¬≈– 87 ·≈–

¬—ß “¡“√∂∑”°“√∫”∫—¥‰π‚μ√‡®π „π√Ÿª¢Õß∑’‡§‡ÕÁπ·≈–·Õ¡‚¡‡π’¬‰¥â¡“°°«à“√âÕ¬≈– 80 ‡¡◊ËÕ„π√–∫∫¡’

‰π‚μ√‡®π„π√Ÿª¢Õß‰π‡μ√μ Ÿß∂÷ß 10 ¡‘≈≈‘°√—¡/≈‘μ√ æ∫«à“ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥ ‰π‡μ√μ¡’§à“¡“°°«à“

√âÕ¬≈– 99 ·≈–®“°°“√»÷°…“æ∫«à“§à“§ß∑’Ë¢ÕßªØ‘°‘√‘¬“Õ—π¥—∫1 (K
t
) ∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬ 

¢Õß°“√≈¥´’‚Õ¥’ ·Õ¡‚¡‡π’¬·≈–‰π‡μ√μ¡’§à“ 1.92 1.2 ·≈– 14.4 μàÕ«—π μ“¡≈”¥—∫

§” ”§—≠ : ∫÷ßª√–¥‘…∞å ·≈–°“√∫”∫—¥πÈ”‡ ’¬

[1]  à«π«‘®—¬·≈–æ—≤π“‡∑§‚π‚≈¬’¥â“ππÈ”

E-mail:mesak@deqp.go.th
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Abstract
To promote small communities to be able to treat their wastewater by appropriate

technology, Environmental Research and Training Center conducted a research to develop a

pilot scale horizontal flow subsurface constructed wetland. The wetland are composed of 4

units. Each has a dimension of 10 m X 1 m X 1 m and planted with Bulrush in three units. The

units were loaded with 2 concentration levels of COD and synthesized wastewater of concen-

tration 10 mg/L nitrate. The units have efficiency of 87%, 80% and 99% in removing COD,

ammonia and nitrate, respectively.

First order rate of reaction constant (K
t
) at temperature 30 ÌC was 1.92 1.2 and 14.4 per

day for COD, ammonia and nitrate respectively.

Keywords : Constructed wetland and Wastewater treatment
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§”π” �
ªí≠À“¡≈æ‘…∑“ßπÈ”‡ªìπªí≠À“„À≠àªí≠À“

Àπ÷Ëß¢Õßª√–‡∑» πÈ”‡ ’¬®“°™ÿ¡™π‡¡◊Õß∑—Èß¢π“¥

„À≠à·≈–¢π“¥‡≈Á° ®”‡ªìπμâÕß‰¥â√—∫°“√®—¥°“√

Õ¬à“ß∂Ÿ°«‘∏’ °àÕπª≈àÕ¬≈ß Ÿà·À≈àßπÈ”∏√√¡™“μ‘ ÷́Ëß

√–∫∫∫”∫—¥πÈ”‡ ’¬¢Õß™ÿ¡™π¢π“¥„À≠à ‡™àπ ‡∑»∫“≈

π§√ ·≈–‡∑»∫“≈‡¡◊Õß à«π„À≠à®–„™âß∫ª√–¡“≥

∑’Ë§àÕπ¢â“ß Ÿß∑—Èß¥â“π°“√ÕÕ°·∫∫°“√°àÕ √â“ß·≈–

°“√¥Ÿ·≈√–∫∫ πÕ°®“°π—Èπ„πÀ≈“¬°√≥’ ¬—ßæ∫«à“

√–∫∫∫”∫—¥πÈ”‡ ’¬∑’Ë‰¥â√—∫°“√ÕÕ°·∫∫·≈â« ‰¡à¡’

§«“¡‡À¡“– ¡°—∫≈—°…≥–¢ÕßπÈ”‡ ’¬  àßº≈„Àâ

μâÕß‡ ’¬§à“„™â®à“¬„π°“√∫”∫—¥πÈ”‡ ’¬ Ÿß‡°‘π§«“¡

®”‡ªìπ  ”À√—∫™ÿ¡™π¢π“¥‡≈Á° ‡™àπ ‡∑»∫“≈μ”∫≈

‚√ß‡√’¬π ‡√◊Õπ®”·≈–Õß§å°“√∫√‘À“√ à«π∑âÕß∂‘Ëπ œ

 à«π„À≠à¬—ß¢“¥√–∫∫∫”∫—¥πÈ”‡ ’¬„π°“√∫”∫—¥πÈ”

‡ ’¬¢Õßμπ‡Õß‡π◊ËÕß®“° °“√¢“¥·§≈πß∫ª√–¡“≥

¢“¥·§≈π∫ÿ§≈“°√∑’Ë™”π“≠„π°“√¥Ÿ·≈·≈–√—°…“

√–∫∫ ¥—ßπ—Èπ »Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß

·«¥≈âÕ¡®÷ß∑”°“√»÷°…“·≈–æ—≤π“«‘∏’°“√∫”∫—¥

πÈ”‡ ’¬πÈ”‡ ’¬™ÿ¡™π‚¥¬„™â√–∫∫∫÷ßª√–¥‘…∞å·∫∫πÈ”

‰À≈„μâ¥‘π„π·π«πÕπ´÷Ëß‡ªìπ‡∑§‚π‚≈¬’∑’Ë¡’μâπ∑ÿπ

„π°“√°àÕ √â“ßμË” ·≈–„™â‡∑§‚π‚≈¬’∑’Ë‰¡à¬ÿàß¬“° —́∫

´âÕπ¢÷Èπ ∫÷ßª√–¥‘…∞å·∫∫πÈ”‰À≈„μâ¥‘π„π·π«πÕπ

¡’À≈—°°“√∑”ß“π§≈â“¬∂—ßªØ‘°√≥å∑’Ë¡’®ÿ≈‘π∑√’¬å∑’Ë

‡°“–μ‘¥Õ¬Ÿà°—∫μ—«°√Õß ¡’°“√‡®√‘≠‡μ‘∫‚μ·≈–∑”

Àπâ“∑’Ë„π°“√∫”∫—¥ “√Õ‘π∑√’¬å„ππÈ”‡ ’¬·≈–¡’√Ÿª

·∫∫°“√∑”ß“π‡ªìπ·∫∫‰À≈μ“¡°—π (plug flow

reactor) ´÷Ëß ¡°“√∑’Ë„™â„π°“√ÕÕ°·∫∫‡æ◊ËÕ∫”∫—¥

 “√Õ‘π∑√’¬å„π√Ÿª¢Õß ∫’‚Õ¥’ À√◊Õ∏“μÿÕ“À“√Õ◊ËπÊ

· ¥ß‰¥â¥—ß ¡°“√∑’Ë 1 [1]

Ce/Co = e-KtT    (1)

‚¥¬∑’Ë Ce = §à“∫’‚Õ¥’„ππÈ”∑‘Èß∑’ËÕÕ°®“°√–∫∫

(¡‘≈≈‘°√—¡/≈‘μ√)

Co = §à“∫’‚Õ¥’„ππÈ”∑‘Èß∑’Ë‡¢â“ Ÿà√–∫∫

(¡‘≈≈‘°√—¡/≈‘μ√)

K
t

= §à“§ß∑’Ë¢ÕßªØ‘°‘√‘¬“Õ—π¥—∫ 1

∑’Ë¢÷ÈπÕ¬Ÿà°—∫ Õÿ≥À¿Ÿ¡‘

(Õß»“‡´≈‡´’¬ )

T = ‡«≈“„π°“√‡°Á∫°—° («—π)

®“° ¡°“√®–‡ÀÁπ«à“ª√– ‘∑∏‘¿“æ¢Õß√–∫∫

„π°“√≈¥§à“∫’‚Õ¥’ ®–¢÷ÈπÕ¬Ÿà°—∫ §à“ K
t
 ·≈– T ´÷Ëß

§à“ K
t
 ¢Õß√–∫∫∫÷ßª√–¥‘…∞å·∫∫πÈ”‰À≈„μâ¥‘π„π

·π«πÕππ’È¬—ß‰¡à‰¥â¡’°“√»÷°…“¡“°π—° ¥—ßπ—Èπ°“√

»÷°…“‡æ◊ËÕÀ“§à“ K
t
 ∑’Ë‡À¡“– ¡ ”À√—∫√–∫∫¥—ß

°≈à“«®–¡’ª√–‚¬™πåμàÕ°“√π”‰ª„™â„π°“√ÕÕ°·∫∫

√–∫∫∫÷ßª√–¥‘…∞å„Àâ¡’§«“¡∂Ÿ°μâÕß ·≈–‡ªìπ°“√

‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥πÈ”‡ ’¬„Àâ¥’¬‘Ëß¢÷Èπ Õ’°

∑—Èß‡ªìπ°“√≈¥æ◊Èπ∑’Ë‡æ◊ËÕ„™â„π°“√°àÕ √â“ß√–∫∫„Àâ

‡À¡“– ¡ ·≈–¡’º≈∑“ßÕâÕ¡„π°“√ª√–À¬—¥ß∫

ª√–¡“≥„π°“√°àÕ √â“ßÕ’°¥â«¬¥—ßπ—Èπß“π«‘®—¬π’È®÷ß

‰¥â∑”°“√∑¥≈Õß‡æ◊ËÕ

1. »÷°…“ª√– ‘∑∏‘¿“æ¢Õß°“√≈¥§«“¡

 °ª√°„ππÈ”‡ ’¬ „π√Ÿª¢ÕßÕ‘π∑√’¬ “√  “√

‰π‚μ√‡®π„π√–∫∫∫÷ßª√–¥‘…∞å·∫∫πÈ”‰À≈„μâ¥‘π„π

·π«πÕπ¢Õß»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡

∑’Ë √â“ß¢÷Èπ

2. À“§à“§ß∑’Ë (K
t
) ¢Õß°“√≈¥§«“¡ °ª√°

¢Õß “√Õ‘π∑√’¬å„π√Ÿª´’‚Õ¥’ ·≈– “√‰π‡μ√μ ‚¥¬

√–∫∫∫÷ßª√–¥‘…∞å·∫∫πÈ”‰À≈„μâ¥‘π„π·π«πÕπ¢Õß

»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡∑’Ë √â“ß¢÷Èπ ‡æ◊ËÕ

π”‰ª„™â‡ªìπ·π«∑“ß„π°“√ÕÕ°·∫∫√–∫∫∑’Ë‡À¡“– ¡
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«‘∏’°“√∑¥≈Õß �
√–∫∫∫÷ßª√–¥‘…∞å·∫∫πÈ”‰À≈„μâ¥‘π„π·π«

πÕπ¢Õß»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡

√–∫∫∫÷ßª√–¥‘…∞å·∫∫πÈ”‰À≈„μâ¥‘π„π·π«

πÕπ¢Õß»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡‡ªìπ

√–∫∫∫÷ßª√–¥‘…∞å∑’Ë √â“ß¢÷Èπ¿“¬„π»Ÿπ¬åœ ´÷Ëß√–∫∫

¥—ß°≈à“«ª√–°Õ∫¥â«¬√–∫∫∫÷ßª√–¥‘…∞å 4 Àπà«¬

∑¥≈Õß ·μà≈–Àπà«¬¡’≈—°…≥–‡ªìπ∫àÕ§Õπ°√’μ ¢π“¥

¬“«10 ‡¡μ√ °«â“ß 1 ‡¡μ√ ·≈–≈÷° 1 ‡¡μ√„π

·μà≈–Àπà«¬®–„ à°√«¥´÷Ëß¡’¢π“¥μà“ßÊ °—π ‡™àπ 3-

6 ¡‘≈≈‘‡¡μ√ 5-10 ¡‘≈≈‘‡¡μ√ 6-12 ¡‘≈≈‘‡¡μ√ ·≈–

8-16 ¡‘≈≈‘‡¡μ√ ‚¥¬™—Èπ°√«¥¡’§«“¡Àπ“ 0.5 ‡¡μ√

¡’°“√ª≈Ÿ°°°°≈¡„πÀπà«¬∑¥≈Õß 3 Àπà«¬ ·≈–Õ’°

1 Àπà«¬®–‰¡àª≈Ÿ°æ◊™‡æ◊ËÕ„™â‡ªìπÀπà«¬§«∫§ÿ¡¢Õß

√Ÿª∑’Ë 1 · ¥ß·ª≈π°“√«“ß√–∫∫∫÷ßª√–¥‘…∞å¢Õß»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡

°“√∑¥≈Õß ¥—ß· ¥ß„π√Ÿª∑’Ë 1

„π°“√∑¥≈Õß∫”∫—¥πÈ”‡ ’¬ ‰¥â∑”°“√

∑¥ Õ∫°—∫πÈ”‡ ’¬À≈“¬ª√–‡¿∑ ‰¥â·°à πÈ”‡ ’¬®“°

∫àÕ‡°Á∫πÈ”‡ ’¬¢Õß»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß

·«¥≈âÕ¡´÷Ëß¡’§«“¡ °ª√°¢ÕßÕ‘π∑√’¬ “√„π√–¥—∫

§àÕπ¢â“ßμË” πÈ”‡ ’¬®“°∑’ËÕ◊ËπÊ ‡™àπ ®“°‡√◊Õπ®”∑’Ë

Õ¬Ÿà„°≈â°—∫»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ ́ ÷Ëß

¡’§«“¡ °ª√°„π√Ÿª¢ÕßÕ‘π∑√’¬ “√§àÕπ¢â“ß Ÿß ·≈–

πÈ” ‡ ’ ¬∑’Ë  — ß ‡§√“–Àå¢÷È π ‡æ◊Ë Õ „Àâ¡’ ª√‘ ¡“≥ “√

‰π‚μ√‡®π„π√Ÿª¢Õß‰π‡μ√μ„π√–¥—∫∑’Ë¡’§«“¡‡¢â¡

¢âπ Ÿß ´÷ËßπÈ”‡ ’¬‡À≈à“π’È®–∂Ÿ° Ÿ∫¢÷Èπ‰ª‡°Á∫‰«â∫π∂—ß

æ—°πÈ”‡æ◊ËÕ¬°√–¥—∫πÈ”„Àâ Ÿß·≈–ª≈àÕ¬‡¢â“ Ÿà√–∫∫

∑¥≈Õß¥â«¬·√ß‚πâ¡∂à«ß
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°“√«—¥À“‡«≈“°“√‡§≈◊ËÕπ∑’Ë¢Õß “√¡≈æ‘…

¿“¬„π™—Èπ°√«¥‚¥¬„™â “√‡√◊Õß· ß

 „π°“√»÷°…“«‘®—¬π’ÈπÕ°®“°μâÕß°“√À“

ª√– ‘∑∏‘¿“æ¢Õß°“√≈¥ª√‘¡“≥§«“¡ °ª√°μà“ßÊ

∑’ËÕ¬Ÿà„ππÈ”‡ ’¬‚¥¬√–∫∫∫÷ßª√–¥‘…∞å∑’Ë √â“ß¢÷Èπ·≈â«

¬—ßμâÕß°“√∑√“∫Õ—μ√“°“√≈¥¢Õß§«“¡ °ª√°μà“ßÊ

π—Èπ¥â«¬ ®÷ß®”‡ªìπμâÕßÀ“§à“§«“¡‡¢â¡¢âπ¢Õß§«“¡

 °ª√°∑’Ë≈¥≈ßμ“¡‡«≈“μà“ßÊ ∑’Ë “√§«“¡ °ª√°

„ππÈ”‡ ’¬‰À≈‡¢â“‰ªÕ¬Ÿà„π∫”∫—¥Àπà«¬∑’Ë 1 ·≈– 2 ¡“

‡©≈’Ë¬°—π ÷́Ëß®–‰¥â§à“ 2.76 ≈Ÿ°∫“»°å‡¡μ√ ¡“„™â„π

°“√§”π«≥À“§à“‡«≈“∑’Ë§«√‡°Á∫μ—«Õ¬à“ß∑’Ë√–¬–μà“ßÊ

´÷Ëß§“¥«à“§«“¡º‘¥æ≈“¥¢Õß°“√§”π«≥‡«≈“„π

°“√‡°Á∫μ—«Õ¬à“ß‰¡àπà“®–¡’º≈μàÕ°“√‡ª≈’Ë¬π·ª≈ß

¢Õß§ÿ≥¿“æπÈ”¡“°π—° ‡æ√“–§ÿ≥¿“æ¢ÕßπÈ”‡ ’¬∑’Ë

ª≈àÕ¬‡¢â“√–∫∫®–∂Ÿ°º ¡„Àâ‡¢â“°—πÕ¬à“ß¥’„π∂—ßæ—°

μ—«Õ¬à“ßπÈ”°àÕπª≈àÕ¬„Àâ‰À≈‡¢â“√–∫∫∫÷ßª√–¥‘…∞å∑’Ë

„™â„π°“√∑¥≈Õß ¥—ßπ—Èπ “¡“√∂Õπÿ¡“π‰¥â«à“πÈ”

‡ ’¬∑’Ëª≈àÕ¬‡¢â“√–∫∫®–¡’§à“§«“¡‡¢â¡¢âπ¢Õß§«“¡

 °ª√°™π‘¥μà“ßÊ ®–‰¡à‡ª≈’Ë¬π·ª≈ß¡“°π—°„π

™à«ß∑’Ë∑”°“√∑¥≈Õß √–∫∫∫÷ßª√–¥‘…∞å´÷Ëß§à“Õ—μ√“

°“√≈¥¢Õß§«“¡ °ª√°π’È®–¡’ª√–‚¬™πå„π°“√„™â

ÕÕ°·∫∫√–∫∫∫÷ßª√–¥‘…∞å™π‘¥‡¥’¬«°—ππ’È°—∫πÈ”‡ ’¬

„π∑’ËÕ◊ËπÊ μàÕ‰ª

„π¢≥–∑’ËπÈ”‡ ’¬‰À≈ºà“π√–∫∫®– “¡“√∂

∑”°“√‡°Á∫μ—«Õ¬à“ßπÈ”∑’Ëºà“π°“√∫”∫—¥ ·≈–∑’Ë√–¬–

μà“ß°—π‰¥â §◊Õ∑’Ë√–¬–Àà“ß®“°®ÿ¥πÈ”‰À≈‡¢â“√–∫∫ 2

4 6 8 ·≈– 10 ‡¡μ√ μ“¡≈”¥—∫ ´÷Ëß√–¬–∑’ËÀà“ß

®“°®ÿ¥πÈ”‡¢â“¡“°‡∑à“„¥ À¡“¬§«“¡«à“πÈ”‡ ’¬¡’

‡«≈“ —¡º— °—∫μ—«°≈“ß„π√–∫∫¡“°‡∑à“π—ÈπÀ√◊Õ

‡«≈“°—°æ—°∑“ß™≈»“ μ√å¢ÕßπÈ”‡ ’¬„π√–∫∫¥—ß

°≈à“«®–¡“°¢÷Èπ °“√·ª≈ß√–¬–∑“ß∑’Ë‡°Á∫πÈ”‡ ’¬ ‰ª

‡ªìπ‡«≈“°—°æ—°∑“ß™≈»“ μ√åπ’È  “¡“√∂∑”‰¥â‚¥¬

°“√∑¥≈ÕßÀ“‡«≈“¢Õß°“√‰À≈¢ÕßπÈ”∑’ËÕ¬Ÿà„π™—Èπ

°√«¥‚¥¬„™â«‘∏’°“√μ‘¥μ“¡¥â«¬ “√‡√◊Õß· ß ’·¥ß

Rhodamine WT ´÷Ëß‡ªìπ “√∑’Ë¡’§«“¡‡ ∂’¬√ ‰¡à¡’

°“√‡ª≈’Ë¬π·ª≈ß§ÿ≥ ¡∫—μ‘‡¡◊ËÕ„ à‡¢â“‰ª„π√–∫∫

‡æ◊ËÕ‡≈’¬π·∫∫°“√‡§≈◊ËÕπ∑’Ë¢Õß “√§«“¡ °ª√°∑’Ë

‡§≈◊ËÕπ∑’ËÕ¬Ÿà„π√–∫∫ ‚¥¬‡μ‘¡ “√ Rhodamine WT

ª√‘¡“μ√ 5 ¡‘≈≈‘≈‘μ√ ªπ‡¢â“°—∫πÈ”‡ ’¬∑’Ë‰À≈ºà“π√–¬–

2 ‡¡μ√ À≈—ß®ÿ¥πÈ”‰À≈‡¢â“ ®“°π—Èπ®÷ß∑”°“√«—¥

§«“¡‡¢â¡¢âπ¢Õß “√¥—ß°≈à“«∑’Ë√–¬–∑“ß 4 ‡¡μ√

Õ¬à“ßμàÕ‡π◊ËÕß ‚¥¬„™â‡§√◊ËÕßø≈ŸÕÕ‚√¡‘‡μÕ√å ´÷Ëß®–

∑”°“√∫—π∑÷°§à“§«“¡‡¢â¡¢âπ¢Õß “√ Rhodamine

WT ∑ÿ°Ê π“∑’ „πÀπà«¬‰¡‚§√°√—¡/¡‘≈≈‘≈‘μ√  “¡“√∂

· ¥ßμ—«Õ¬à“ß¢Õßº≈°“√∑¥≈Õß¢Õß∫àÕ∑’Ë 1 ‰¥â ¥—ß

√Ÿª∑’Ë 2

√Ÿª∑’Ë 2 §à“§«“¡‡¢â¡¢âπ¢Õß “√ Rhodamine WT ∑’Ë‡«≈“μà“ßÊ∑’Ë®ÿ¥
Àà“ß®“°®ÿ¥‡μ‘¡ “√ 2 ‡¡μ√ „π∫àÕ∫÷ßª√–¥‘…∞åÀπà«¬∑’Ë 1

®“°º≈°“√∑¥≈Õß„πÀπà«¬∑’Ë 1 ·≈– 2 ®–

‡ÀÁπ‰¥â«à“ ‡¡◊ËÕª≈àÕ¬πÈ”‡ ’¬‡¢â“√–∫∫∫÷ßª√–¥‘…∞å„π

Õ—μ√“ 8 ·≈– 5.4 ≈‘μ√μàÕπ“∑’  ”À√—∫√–∫∫∫÷ß

ª√–¥‘…∞åÀπà«¬∑’Ë 1 ·≈– 2 μ“¡≈”¥—∫ æ∫«à“‡«≈“

°—°æ—°∑“ß™≈»“ μ√å¢Õß√–∫∫ ®–‡ªìπ 7.0 ·≈– 6.7

™—Ë«‚¡ß μ“¡≈”¥—∫ ¥—ßπ—ÈπÀ“°π”§à“Õ—μ√“°“√ª≈àÕ¬
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πÈ”‡ ’¬‡¢â“√–∫∫¡“§Ÿ≥°—∫‡«≈“°—°æ—°∑“ß™≈»“ μ√å

¥—ß°≈à“« ®–∑”„Àâ‰¥â§à“ª√‘¡“μ√™àÕß«à“ß„π™—Èπ°√«¥

∑’ËπÈ”‡ ’¬ “¡“√∂‰À≈ºà“π‡ªìπ 3.36 ·≈– 2.17

≈Ÿ°∫“»°å‡¡μ√ μ“¡≈”¥—∫ À“°§‘¥ª√‘¡“μ√¢Õß™—Èπ

°√«¥∑—ÈßÀ¡¥‡ªìπª√–¡“≥ 5 ≈Ÿ°∫“»°å‡¡μ√ ·≈â«

§à“ —¥ à«π¢Õß™àÕß«à“ß„π™—ÈπÀ‘π°√«¥¢Õß√–∫∫

∫”∫—¥Àπà«¬∑’Ë 1 ·≈– 2 ®–¡’§à“ª√–¡“≥√âÕ¬≈– 67

·≈– 43 μ“¡≈”¥—∫ §à“™àÕß«à“ß∑’ËπÈ”‰À≈ºà“π‰¥âπ’È

 “¡“√∂π”‰ª§”π«≥À“‡«≈“∑’ËπÈ”‰À≈ºà“π®ÿ¥‡°Á∫

μ—«Õ¬à“ß∑’Ë√–¬– 2 4 6 8 ·≈– 10 ‡¡μ√ ‰¥â À“°

ª≈àÕ¬πÈ”‡ ’¬‡¢â“√–∫∫„πÕ—μ√“∑’Ë·μ°μà“ß®“°‡¥‘¡

 ”À√—∫√–∫∫∫”∫—¥Àπà«¬∑’Ë 3 ·≈–Àπà«¬§«∫§ÿ¡π—Èπ

‡π◊ËÕß®“°‰¡à¡’°“√∑¥≈ÕßÀ“‡«≈“°—°æ—°∑“ß™≈

»“ μ√å‚¥¬μ√ß ®÷ßπ”§à“ª√‘¡“≥™àÕß«à“ß∑’ËπÈ”‰À≈

ºà“π¢Õß√–∫∫∫”∫—¥Àπà«¬∑’Ë 1 ·≈– 2 ¡“‡©≈’Ë¬°—π

´÷Ëß®–‰¥â§à“ 2.76 ≈Ÿ°∫“»°å‡¡μ√ ¡“„™â„π°“√

§”π«≥À“§à“‡«≈“∑’Ë‡°Á∫μ—«Õ¬à“ß∑’Ë√–¬–μà“ßÊ ÷́Ëß

§“¥«à“§«“¡º‘¥æ≈“¥¢Õß°“√§”π«≥‡«≈“„π°“√

‡°Á∫μ—«Õ¬à“ß‰¡àπà“®–¡’º≈μàÕ°“√‡ª≈’Ë¬π·ª≈ß¢Õß

§ÿ≥¿“æπÈ”¡“°π—° ‡æ√“–§ÿ≥¿“æ¢ÕßπÈ”‡ ’¬∑’Ë

ª≈àÕ¬‡¢â“√–∫∫®–∂Ÿ°º ¡„Àâ‡¢â“°—πÕ¬à“ß¥’ „π∂—ß

æ—°μ—«Õ¬à“ßπÈ”°àÕπª≈àÕ¬„Àâ ‰À≈‡¢â“√–∫∫∫÷ß

ª√–¥‘…∞å∑’Ë„™â„π°“√∑¥≈Õß ¥—ßπ—Èπ “¡“√∂Õπÿ¡“π

‰¥â«à“πÈ”‡ ’¬∑’Ëª≈àÕ¬‡¢â“√–∫∫®–¡’§à“§«“¡‡¢â¡¢âπ

¢Õß§«“¡ °ª√°μà“ßÊ §àÕπ¢â“ß§ß∑’Ë

°“√∑¥≈Õß‡æ◊ËÕ»÷°…“°“√≈¥§«“¡ °ª√°¢Õß

Õ‘π∑√’¬ “√∑’Ë§«“¡‡¢â¡¢âπμË”·≈– Ÿß

‡æ◊ËÕ»÷°…“ª√– ‘∑∏‘¿“æ¢Õß°“√≈¥§«“¡

 °ª√° ‚¥¬√–∫∫∫÷ßª√–¥‘…∞å·∫∫πÈ”‰À≈„μâ¥‘π„π

·π«πÕπ∑’Ë„™â°°°≈¡‡ªìπæ◊™∑¥≈Õß ®÷ß∑”°“√ Ÿ∫

πÈ”‡ ’¬ 2 ª√–‡¿∑ºà“π√–∫∫ §◊ÕπÈ”‡ ’¬®“°Õ“§“√

»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ ´÷Ëß¡’§«“¡

 °ª√°„π√Ÿª¢ÕßÕ‘π∑√’¬ “√„π√–¥—∫μË”§◊Õ BOD ‰¡à

‡°‘π 20 ¡‘≈≈‘°√—¡/≈‘μ√ ·≈–πÈ”‡ ’¬¢Õß∑—≥± ∂“π

∫”∫—¥æ‘‡»…§≈ÕßÀâ“ Õ. ∏—≠∫ÿ√’ ®. ª∑ÿ¡∏“π’ ÷́Ëß¡’

BOD „π√–¥—∫ª“π°≈“ß §◊Õª√–¡“≥ 100 ¡‘≈≈‘°√—¡/

≈‘μ√ π”¡“„™â∑¥≈Õß §ÿ≥¿“æ¢ÕßπÈ”‡ ’¬¥—ß°≈à“«

· ¥ß‰¥â¥—ßμ“√“ß∑’Ë 1

À≈—ß®“° Ÿ∫πÈ”‡ ’¬Õ¬à“ßμàÕ‡π◊ËÕßºà“π√–∫∫∫÷ß

ª√–¥‘…∞å‡ªìπ√–¬–‡«≈“ 1-2 «—π ·≈â«∑”°“√‡°Á∫

μ—«Õ¬à“ßπÈ”·≈–«‘‡§√“–Àå§ÿ≥¿“æπÈ”∑’Ë√–¬–‡«≈“μà“ßÊ

°—π ∑’Ë®ÿ¥‡°Á∫μ—«Õ¬à“ß 2 4 6 8 ·≈– 10 ‡¡μ√ μ“¡

≈”¥—∫ ‚¥¬‡«≈“∑’Ë‡°Á∫μ—«Õ¬à“ß·μà≈–®ÿ¥π—Èπ ®–‡ªìπ

‡«≈“∑’Ë§”π«≥·≈â««à“ ®–‡ªìπ¡«≈¢ÕßπÈ”‡ ’¬°âÕπ

‡¥’¬«°—π∑’Ë‰À≈ºà“π√–∫∫∫÷ßª√–¥‘…∞å·∫∫πÈ”‰À≈

μ“¡°—π ´÷Ëß‡«≈“∑’Ë∑”°“√‡°Á∫μ—«Õ¬à“ß®–‡ªìπ‡«≈“∑’Ë

‰¥â®“°°“√‡ª√’¬∫‡∑’¬∫°—∫°“√‡§≈◊ËÕπ∑’Ë¢Õß ’

Rhodamine WT

°“√∑¥≈Õß‡æ◊ËÕ»÷°…“°“√≈¥ª√‘¡“≥‰π‡μ√μ

‡π◊ËÕß®“°√–∫∫∫”∫—¥πÈ”‡ ’¬·∫∫∫÷ßª√–¥‘…∞å

™π‘¥πÈ”‰À≈„μâ¥‘π„π·π«πÕπ ‡ªìπ√–∫∫∑’Ë°ä“´

ÕÕ°´‘‡®π®“°∫√√¬“°“» ÷́¡ºà“π≈ß‰ª Ÿà™—Èπ„μâ¥‘π‰¥â

¬“° ¥—ßπ—Èπ«‘∏’∑’Ë√–∫∫®– “¡“√∂π”°ä“´ÕÕ°´‘‡®π

≈ß‰ª‰¥â §◊Õ °“√¥Ÿ¥‡Õ“°ä“´ÕÕ° ‘́‡®π≈ß‰ª¥â“π

≈à“ßºà“π∑“ß√“°æ◊™ ÷́Ëß‡ªìπ§ÿ≥ ¡∫—μ‘æ‘‡»…∑’Ë¡’Õ¬Ÿà

„πæ◊™πÈ” §“¥«à“°“√ àßºà“ππ’È®–‰¥âÕÕ° ‘́‡®π‰¡à

¡“°π—° ´÷Ëß®–∑”„Àâ∫√‘‡«≥∑’ËÕ¬Ÿà„°≈âÊ °—∫√“°æ◊™

®–‡ªìπ∫√‘‡«≥∑’Ë¡’ÕÕ°´‘‡®π‡æ’¬ßæÕ  à«π∫√‘‡«≥

‰°≈ÕÕ°‰ª®“°∫√‘‡«≥¥—ß°≈à“« ®–‡ªìπ∫√‘‡«≥∑’Ë‰√â

ÕÕ°´‘‡®π ÷́Ëß ¿“«–‡™àππ’È®–‡ªìπ ¿“æ∑’Ë‡À¡“– ¡

μàÕ°“√‡°‘¥°√–∫«π°“√¥’‰πμ√‘øî‡§™—π (denitrifica-

tion)  ”À√—∫®ÿ≈‘π∑√’¬å™π‘¥∑’Ë “¡“√∂‡ª≈’Ë¬π√Ÿª∏“μÿ
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μ“√“ß∑’Ë 1 §ÿ≥¿“æπÈ”‡ ’¬∑’Ëπ”¡“„™â„π°“√∑¥≈Õß

                        ·À≈àß¢ÕßπÈ”‡ ’¬

æ“√“¡‘‡μÕ√å »Ÿπ¬å«‘®—¬ œ ‡√◊Õπ®” «‘∏’«‘‡§√“–Àå/‡§√◊ËÕß¡◊Õ*

ª∑ÿ¡∏“π’

Õÿ≥À¿Ÿ¡‘ ( ÌC) 30 30 Thermometer

pH 7.6 7.5 pH meter

BOD (mg/l) 14 111 Azide modification

COD (mg/l) 42 266 Close reflux by Potassium

dichromate digestion

TKN (mg/l) 0.35 1.26 Kjedahl

NH
3 
(mg/l) 0.26 0.98 Kjedahl

NO
2
 (mg/l) 0.03 ND Colorimetric method

NO
3
 (mg/l) <0.05 <0.05 Cadmium reduction ·≈– Colorimetric

method

ND À¡“¬∂÷ß§à“∑’Ë«‘‡§√“–Àå‰¥â¡’§à“μË”°«à“§«“¡ “¡“√∂μË” ÿ¥¢Õß«‘∏’∑’Ë„™â„π°“√«‘‡§√“–Àå

*«‘∏’«‘‡§√“–Àåμ“¡¡“μ√∞“π [2]

‰π‚μ√‡®π„π√Ÿª¢Õß‰π‡μ√μ ·≈–‰π‰μ√μå „Àâ‡ªìπ

°ä“´‰π‚μ√‡®π‰¥â¥’ (denitrifying bacteria) πÕ°®“°

π—Èπ “√‰π‡μ√μ„ππÈ”Õ“®∂Ÿ°π”‰ª„™â‚¥¬°°°≈¡∑’Ë

ª≈Ÿ°Õ¬Ÿà„π·ª≈ß∑¥≈Õß ¥—ßπ—Èπ®÷ß‰¥â∑”°“√∑¥ Õ∫

ª√– ‘∑∏‘¿“æ¢Õß√–∫∫μàÕ°“√≈¥≈ß¢Õß∏“μÿ

‰π‚μ√‡®π„π√Ÿª¢Õß “√‰π‡μ√μ ·μà‡π◊ËÕß®“°

πÈ”‡ ’¬¢Õß»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡¡’

ª√‘¡“≥°“√ªπ‡ªóôÕπ¢Õß “√‰π‡μ√μÕ¬ŸàμË” §◊Õ 0.05

¡‘≈≈‘°√—¡/≈‘μ√ ¥—ßπ—Èπ®÷ß®”‡ªìπμâÕß —ß‡§√“–ÀåπÈ”

‡ ’¬∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß “√‰π‡μ√μ∑’Ë≈–≈“¬Õ¬Ÿà„π

πÈ”„Àâ Ÿß¢÷Èπ ‚¥¬°“√π”πÈ”‡ ’¬¢Õß»Ÿπ¬å«‘®—¬·≈–Ωñ°

Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ ¡“‡μ‘¡ “√‚æ·μ ‡´’¬¡‰π

‡μ√μ (KNO
3
) „π∂—ß‡°Á∫πÈ”‡ ’¬∑’Ë¡’ª√‘¡“μ√§«“¡®ÿ 1

≈Ÿ°∫“»°å‡¡μ√ ®π°√–∑—ËßπÈ”‡ ’¬¡’§«“¡‡¢â¡¢âπ¢Õß

 “√‰π‡μ√μ Ÿß¢÷Èπ„π√–¥—∫ 10 ¡‘≈≈‘°√—¡/≈‘μ√ À≈—ß

®“°ºà“ππÈ”‡ ’¬¥—ß°≈à“«‡¢â“√–∫∫·≈â« ®÷ß∑”°“√

‡°Á∫μ—«Õ¬à“ß∑’Ë‡«≈“μà“ßÊ∑’Ë§”π«≥·≈â««à“ ¡«≈¢Õß

πÈ”‡ ’¬¥—ß°≈à“« ‰À≈ºà“π®ÿ¥‡°Á∫μ—«Õ¬à“ß∑’Ë√–¬– 2 4

6 8 ·≈– 10 ‡¡μ√ Àà“ß®“°®ÿ¥∑’ËπÈ”‰À≈‡¢â“√–∫∫

μ“¡≈”¥—∫ „π¢≥–‡°Á∫μ—«Õ¬à“ß°Á∑”°“√«—¥§à“

Õÿ≥À¿Ÿ¡‘ pH §à“ ¿“æÕÕ° ‘́‡¥™—π-√’¥—°™—π ·≈–π”

μ—«Õ¬à“ß‰ª«‘‡§√“–ÀåÀ“§à“ª√‘¡“≥ COD ·≈– “√

‰π‡μ√μ „πμ—«Õ¬à“ß ´÷Ëßº≈°“√μ√«®«—¥ “¡“√∂

· ¥ß‰¥â ¥—ßμ“√“ß∑’Ë 2
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μ“√“ß∑’Ë 2 º≈§ÿ≥¿“æπÈ”‡ ’¬ —ß‡§√“–Àå‡©≈’Ë¬„π°“√∑¥≈ÕßÀ“ª√– ‘∑∏‘¿“æ¢Õß°√–∫«π°“√≈¥‰π‡μ√μ ¢Õß√–∫∫

∫÷ßª√–¥‘…∞å·∫∫πÈ”‰À≈„μâ¥‘π„π·π«πÕπ

º≈°“√∑¥≈Õß·≈–«‘®“√≥å
ª√– ‘∑∏‘¿“æ¢Õß°“√≈¥Õ‘π∑√’¬ “√·≈–·Õ¡‚¡‡π’¬

√Ÿª∑’Ë 3 Õ—μ√“°“√≈¥¢ÕßÕ‘π∑√’¬ “√„π√Ÿª¢Õß COD ‡¡◊ËÕ√–∫∫∫÷ß
ª√–¥‘…∞å√—∫πÈ”‡ ’¬∑’Ë¡’Õ‘π∑√’¬ “√∑’Ë¡’§«“¡‡¢â¡¢âπμË”

√Ÿª∑’Ë 4 Õ—μ√“°“√≈¥¢ÕßÕ‘π∑√’¬ “√„π√Ÿª¢Õß COD ‡¡◊ËÕ√–∫∫∫÷ß
ª√–¥‘…∞å√—∫πÈ”‡ ’¬∑’Ë¡’Õ‘π∑√’¬ “√∑’Ë¡’§«“¡‡¢â¡¢âπ Ÿß

‡«≈“À≈—ß®“°πÈ”‡ ’¬‡¢â“√–∫∫ Õÿ≥À¿Ÿ¡‘ pH ORP (mv) COD (mg/l) Nitrate

(™—Ë«‚¡ß) ( ÌC) (mg/l)

0 30.1 7.6 -278 42.0 13.3

3.5 31.0 8.1 -163 33.2 2.4

7.0 31.2 7.7 -200 26.5 0.4

10.5 31.2 7.5 -129 43.5 <0.05

14.0 30.8 7.3 -184 32.2 <0.05

17.5 31.3 7.5 -183 30.0 <0.05
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μ“√“ß∑’Ë 3 · ¥ßº≈°“√¬àÕ¬ ≈“¬¢Õßæ“√“¡‘‡μÕ√åμà“ßÊ ¢Õß√–∫∫∫÷ßª√–¥‘…∞å·∫∫πÈ”‰À≈„μâ¥‘π·π«πÕπ

®“°º≈°“√»÷°…“ ª√– ‘∑∏‘¿“æ°“√≈¥¢ÕßÕ‘π∑√’¬

 “√„π√Ÿª¢Õß ’́‚Õ¥’∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß´’‚Õ¥’μË” ¥—ß

√Ÿª∑’Ë 3 ´÷Ëß∑—Èß 3 ∫àÕ∑’Ëª≈Ÿ°°°‚¥¬„™â¢π“¥¢Õß

°√«¥·μ°μà“ß°—π √«¡∂÷ß∫àÕ§«∫§ÿ¡∑’Ë‰¡à‰¥â∑”°“√

ª≈Ÿ°æ◊™ · ¥ßº≈°“√≈¥≈ß¢Õß§à“ ’́‚Õ¥’‰¡à¡“°π—°

·μà§à“§«“¡‡¢â¡¢âπ¢Õß´’‚Õ¥’„π∫àÕ§«∫§ÿ¡®–· ¥ß

º≈°“√≈¥≈ß¡“°Õ¬à“ß™—¥‡®π‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫

°“√≈¥≈ß®“°∑—Èß 3 ∑’Ë¡’°“√ª≈Ÿ°°° ∑—Èßπ’ÈÕ“®‡π◊ËÕß

¡“®“°§à“§«“¡‡¢â¡¢âπ¢ÕßÕ‘π∑√’¬ “√∑’ËÕ¬Ÿà„π∫àÕ

∑¥ Õ∫∑’Ë∑”°“√ª≈Ÿ°°°π’È ¡’‡»…°“√¬àÕ¬ ≈“¬¢Õß

™‘Èπ à«πμà“ßÊ ·≈–√“°¢Õßæ◊™ πÕ°®“°π—Èπæ◊™¬—ß¡’

°√–∫«π°“√ —ß‡§√“–Àå “√Õ‘π∑√’¬å∫“ß™π‘¥„π¢≥–

‡®√‘≠‡μ‘∫‚μ ®÷ß∑”„Àâ§à“´’‚Õ¥’∑’Ë‰¥â¡’§à“ Ÿß°«à“∫àÕ

§«∫§ÿ¡  Õ¥§≈âÕß°—∫°“√§âπæ∫¢Õß Reed ·≈–§≥–[3]

∑’Ë√“¬ß“π«à“∫÷ßπÈ”ÕÕ°®“°√–∫∫ª√–¥‘…∞å®–¡’§à“

Õ‘π∑√’¬ “√„π√Ÿª¢Õß∫’‚Õ¥’ª√–¡“≥ 10 ¡‘≈≈‘°√—¡/

≈‘μ√‡ ¡Õ  ”À√—∫∑’ËπÈ”ÕÕ°¢Õß∫àÕ§«∫§ÿ¡ “¡“√∂

≈¥§«“¡‡¢â¡¢âπ¢Õß ’́‚Õ¥’‰¥â®π‡À≈◊Õ 3-4 ¡‘≈≈‘°√—¡/

≈‘μ√ ´÷ËßμË”°«à“πÈ”∑’ËÕÕ°®“°∫àÕ∑’Ëª≈Ÿ°°°°≈¡  à«π

ª√– ‘∑∏‘¿“æ°“√≈¥¢ÕßÕ‘π∑√’¬ “√„π√Ÿª¢Õß ’́‚Õ¥’

∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß ’́‚Õ¥’„π√–¥—∫ Ÿß  “¡“√∂· ¥ß

º≈°“√≈¥≈ß¢Õß·μà≈–æ“√“¡‘‡μÕ√å‰¥â¥—ßμ“√“ß∑’Ë 3

·≈–„π√Ÿª∑’Ë 4 πÈ”‡ ’¬∑’Ë‡¢â“√–∫∫‡¡◊ËÕºà“π√–∫∫∫÷ß

ª√–¥‘…∞å·∫∫πÈ”‰À≈„μâ¥‘π·π«πÕπ ∑—Èß 4 ∫àÕ ∑’Ë¡’

¢π“¥¢Õß°√«¥·μ°μà“ß°—π  “¡“√∂∑’Ë®–≈¥§«“¡

 °ª√°¢Õßæ“√“¡‘‡μÕ√å¥—ß°≈à“«‰¥â ‚¥¬°“√≈¥≈ß

¢Õß´’‚Õ¥’„π∫àÕ∑’Ë 1 2 3 ·≈–∫àÕ§«∫§ÿ¡‡ªìπ√âÕ¬≈–

89 82 97 ·≈– 95 μ“¡≈”¥—∫ ´÷Ëß„π√–∫∫·∫∫πÈ”

‰À≈„μâ¥‘π·π«πÕππ’È ®–¡’°“√º ¡º “π¢Õß°“√

¬àÕ¬ ≈“¬∑—Èß·∫∫„™âÕÕ°´‘‡®π ·≈–·∫∫‰¡à„™â

ÕÕ°´‘‡®π ‚¥¬°√–∫«π°“√À≈—°∑’Ë∑”ß“π πà“®–¡“

®“° ®ÿ≈‘π∑√’¬å∑’ËÕ“»—¬Õ¬Ÿà¿“¬„π√–∫∫∑—Èß·∫∫∑’Ë‰¡à

„™âÕÕ°´‘‡®π ·≈–„™âÕÕ°´‘‡®π ´÷ËßÕÕ°´‘‡®π∑’Ë‰¥âπ’È

¡“®“°√“°¢Õßμâπ°°∑’Ë¥÷ßÕÕ° ‘́‡®π≈ß¡“ºà“π

°√–∫«π°“√ —ß‡§√“–Àå· ß ∑”„Àâ‡Õ◊ÈÕª√–‚¬™πåμàÕ

®ÿ≈‘π∑√’¬å∑’Ë‡°“–μ‘¥Õ¬Ÿàμ“¡√“°¢Õßæ◊™ “¡“√∂„™âÕÕ°

´‘‡®π‡æ◊ËÕπ”‰ª„™â„π°“√¬àÕ¬ ≈“¬Õ‘π∑√’¬ “√‰¥â [4]

πÕ°®“°π—Èπæ◊™¬—ß “¡“√∂¥Ÿ¥·Õ¡‚¡‡π’¬‰ª„™â

‡«≈“ COD (¡‘≈≈‘°√—¡/≈‘μ√) ∑’‡§‡ÕÁπ (¡‘≈≈‘°√—¡/≈‘μ√) ·Õ¡‚¡‡π’¬ (¡‘≈≈‘°√—¡/≈‘μ√)

(™—Ë«‚¡ß) 1 2 3 §«∫§ÿ¡ 1 2 3 §«∫§ÿ¡ 1 2 3 §«∫§ÿ¡

0 266 266 266 266 1.26 1.26 1.26 1.26 0.98 0.98 0.98 0.98

8 122 154 149 201 1.12 0.98 1.12 0.98 0.70 0.84 0.84 0.84

16 36 160 160 15 0.70 0.56 0.42 0.56 0.56 0.28 0.42 0.56

24 21 39 19 37 0.56 0.28 0.23 0.42 0.42 0.28 0.12 0.35

32 17 18 18 18 0.33 0.33 0.14 0.42 0.30 0.16 0.14 0.30

40 28 48 8 13 0.14 0.14 0.23 0.33 0.21 0.12 0.16 0.26

√âÕ¬≈–

°“√∫”∫—¥
89 82 97 95 89 89 82 74 79 88 84 74
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∑”„Àâª√‘¡“≥‰π‚μ√‡®π„ππÈ”‡ ’¬≈¥≈ß ‚¥¬√âÕ¬≈–

ª√– ‘∑∏‘¿“æ°“√≈¥≈ß¢Õß∑’‡§‡ÕÁπ„π∫àÕ∑’Ë 1 2 3

·≈–∫àÕ§«∫§ÿ¡ ¡’§à“‡ªìπ 89 89 82 ·≈– 74 μ“¡

≈”¥—∫ ·≈–≈¥·Õ¡‚¡‡π’¬„π∫àÕ∑’Ë 1 2 3 ·≈–∫àÕ

§«∫§ÿ¡ ¡’§à“‡ªìπ 79 88 84 ·≈– 74 μ“¡≈”¥—∫

‚¥¬ √ÿªª√– ‘∑∏‘¿“æ„π°“√≈¥¢Õß ´’‚Õ¥’ ∑’‡§‡ÕÁπ

·≈–·Õ¡‚¡‡π’¬∑—Èß 4 ∫àÕ ‡©≈’Ë¬®–≈¥≈ß∂÷ß√âÕ¬≈– 91

84 ·≈– 81 μ“¡≈”¥—∫ πÕ°®“°π’È √–∫∫¬—ß

 “¡“√∂∑’Ë®–≈¥§«“¡ °ª√°„π√Ÿª¢Õß‚§≈‘øÕ√å¡

∑—ÈßÀ¡¥ (total coliform) ·≈–øï§Õ≈‚§≈‘øÕ√å¡ (fe-

cal coliform) ‰¥â‡©≈’Ë¬¡“°°«à“√âÕ¬≈– 99 ·≈–

 “¡“√∂°√Õßμ–°Õπ·¢«π≈Õ¬‚¥¬ºà“π™—Èπ°√«¥

ÕÕ°®“°πÈ”‡ ’¬‰¥â¥’

≈—°…≥–∑“ß®≈π»“ μ√å¢Õß°“√≈¥ª√‘¡“≥Õ‘π∑√’¬

 “√ ·≈–·Õ¡‚¡‡π’¬

 “¡“√∂· ¥ß„π√Ÿª∑’Ë 4  ”À√—∫√–∫∫∫”∫—¥Àπà«¬∑’Ë

1 2 ·≈– 3 ®“°°√“øæ∫«à“ —¡ª√– ‘∑∏‘Ï¢Õß°“√

≈¥ª√‘¡“≥Õ‘π∑√’¬ “√·∫∫ first order rate of

reaction (Kt) ®–¡’§à“‡©≈’Ë¬ 1.9 μàÕ«—π ‡¡◊ËÕ‡ª√’¬∫

‡∑’¬∫°—∫§à“¢Õß√–∫∫∫÷ßª√–¥‘…∞å·∫∫πÈ”‰À≈∫πº‘«

¥‘π´÷Ëß¡’§à“ 0.01 μàÕ«—π [5] ®–‡ÀÁπ«à“¡’§à“ Ÿß°«à“¡“°

· ¥ß«à“ª√– ‘∑∏‘¿“æ¢Õß√–∫∫∫÷ßª√–¥‘…∞å·∫∫πÈ”

‰À≈„μâ¥‘π„π·π«πÕπ Ÿß°«à“√–∫∫∫÷ßª√–¥‘…∞å·∫∫

πÈ”‰À≈∫πº‘«¥‘π

‡¡◊ËÕæ‘®“√≥“∂÷ß§à“∑“ß®≈π»“ μ√å°“√≈¥≈ß

¢Õß·Õ¡‚¡‡π’¬ (§à“ Kt)  “¡“√∂· ¥ß‰¥â¥—ß√Ÿª∑’Ë 5

´÷Ëß§à“§ß∑’Ë Kt ¢Õß∫àÕ∑’Ë 1 2 ·≈– 3 ¡’§à“‡©≈’Ë¬ 1.2

μàÕ«—π ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ßÀπà«¬∑¥≈Õß∑’Ë

ª≈Ÿ°æ◊™°—∫‰¡àª≈Ÿ° æ∫√–∫∫∑’Ëª≈Ÿ°æ◊™®–¡’

ª√– ‘∑∏‘¿“æ„π°“√≈¥ª√‘¡“≥·Õ¡‚¡‡π’¬‰¥â§àÕπ

¢â“ß Ÿß°«à“√–∫∫∑’Ë‰¡à¡’°“√ª≈Ÿ°æ◊™ ∑—Èßπ’È‡æ√“–

√–∫∫∑’Ë¡’æ◊™®–¡’°“√ àßºà“πÕÕ° ‘́‡®π≈ß‰ª Ÿà™—Èπ

„μâ¥‘π‰¥â¥’°«à“√–∫∫∑’Ë‰¡à¡’æ◊™ª≈Ÿ°Õ¬Ÿà [6] ∑”„Àâ

®ÿ≈‘π∑√’¬å™π‘¥∑’Ë “¡“√∂‡ª≈’Ë¬π·Õ¡‚¡‡π’¬‰ª‡ªìπ‰π

‡μ√μ (nitrifying bacteria)  “¡“√∂∑”ß“π‰¥â¥’

Õ¬à“ß‰√°Áμ“¡°“√»÷°…“π’È‰¡à‰¥â∑”°“√μ√«® Õ∫

°√–∫«π°“√¥—ß°≈à“«‚¥¬μ√ß πÕ°®“°π—Èπæ◊™ª≈Ÿ°

„π√–∫∫ “¡“√∂¥Ÿ¥·Õ¡‚¡‡π’¬‰ª„™â‰¥âÕ’°∑“ßÀπ÷Ëß

¥â«¬ “‡Àμÿ 2 ª√–°“√π’È®÷ß∑”„Àâ√–∫∫∫÷ßª√–¥‘…∞å

∑’Ëª≈Ÿ°æ◊™ “¡“√∂≈¥·Õ¡‚¡‡π’¬‰¥â¥’°«à“√–∫∫∑’Ë‰¡à

ª≈Ÿ°æ◊™

≈—°…≥–∑“ß®≈π»“ μ√å¢Õß°“√≈¥ª√‘¡“≥‰π‡μ√μ

‡¡◊ËÕ∑¥ Õ∫ ‚¥¬°“√„™âπÈ”‡ ’¬ —ß‡§√“–Àå¢Õß

»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ ∑’Ë∑”°“√

‡μ‘¡‚æ·∑ ‡´’¬¡‰π‡μ√μ≈ß‰ª∑’Ë§«“¡‡¢â¡¢âπ‡√‘Ë¡μâπ

13.3 ¡‘≈≈‘°√—¡/≈‘μ√ º≈°“√≈¥≈ß¢Õß‰π‡μ√μ · ¥ß

‡¡◊ËÕπ”§à“°“√≈¥¢ÕßÕ‘π∑√’¬ “√„π√Ÿª¢Õß ’́

‚Õ¥’∑’Ë‰À≈ºà“π√–∫∫∫÷ßª√–¥‘…∞å·∫∫πÈ”‰À≈„μâ¥‘π

„π·π«πÕπ∑’Ë‡«≈“μà“ßÊ °—π¡“‡¢’¬π°√“ø´÷Ëß

√Ÿª∑’Ë 5 · ¥ßº≈°“√≈¥≈ß¢Õß·Õ¡‚¡‡π’¬„π√–∫∫∫÷ßª√–¥‘…∞å·∫∫
πÈ”‰À≈„μâ¥‘π„π·π«πÕπ¢Õß∫àÕ∑’Ë 1 2 3 ·≈–∫àÕ§«∫§ÿ¡
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«à“√–∫∫∫÷ßª√–¥‘…∞å·∫∫πÈ”‰À≈„μâ¥‘π„π·π«πÕπ

 “¡“√∂∑”°“√≈¥§«“¡‡¢â¡¢âπ¢Õß‰π‡μ√μ‰¥â®π

‡À≈◊ÕπâÕ¬°«à“ 0.05 ¡‘≈≈‘°√—¡/≈‘μ√ ¿“¬„π‡«≈“ 10

™—Ë«‚¡ß À√◊Õ¡’ª√– ‘∑∏‘¿“æ°“√≈¥≈ß¡“°°«à“√âÕ¬≈–

99 ·≈–§à“§ß∑’Ë¢Õß°“√≈¥ª√‘¡“≥‰π‡μ√μ·∫∫

ªØ‘°‘√‘¬“ first order reaction (§à“ Kt) ¢Õß∫àÕ∑’Ë 1

2 3 ·≈–∫àÕ§«∫§ÿ¡ ¡’§à“‡©≈’Ë¬ 14.4 μàÕ«—π ¥—ß√Ÿª∑’Ë 6

°“√‡°‘¥ªØ‘°‘√‘¬“°“√≈¥≈ß¢Õß‰π‡μ√μπ’ÈÕ“®

‡π◊ËÕß¡“®“°°√–∫«π°“√¢Õß®ÿ≈‘π∑√’¬å·∫∫‰¡à„™â

Õ“°“» „π°“√‡ª≈’Ë¬π√Ÿª¢Õß‰π‡μ√μ‡ªìπ°ä“´

‰π‚μ√‡®π ´÷Ëß Õ¥§≈âÕß°—∫°“√μ√«®«—¥∑’Ë√–∫∫¡’

 ¿“«–‰√âÕÕ°´‘‡®π §◊Õ¡’§à“¢Õß»—°¬å√’¥Õ° å‡ªìπ≈∫

´÷Ëß®“°°“√∑¥≈Õß¢Õß Hunt ·≈–§≥– [7] °≈à“««à“

ªØ‘°‘√‘¬“°“√‡°‘¥¥’‰πμ√‘øî‡§™—π‡À¡“– ¡À√◊Õ‰¡àπ—Èπ

¢÷ÈπÕ¬Ÿà°—∫§«“¡≈÷°¢ÕßπÈ” π—ËπÀ¡“¬§«“¡«à“  ¿“«–

∑’Ë‡À¡“– ¡§«√®–Õ¬Ÿà „π ¿“æ°÷Ëß‰√âÕ“°“»À√◊Õ

 ¿“«–∑’Ë√–∫∫¡’»—°¬å√’¥Õ° å‡ªìπ≈∫π—Ëπ‡Õß

πÕ°®“°π’È ªí®®—¬®”°—¥¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“

¥’‰πμ√‘øî‡§™—π„π√–∫∫®–¢÷ÈπÕ¬Ÿà°—∫ª√‘¡“≥§«“¡

‡¢â¡¢âπ¢Õß‰π‡μ√μ‡ªìπªí®®—¬À≈—° ¡“°°«à“°“√

√Ÿª∑’Ë 6 · ¥ßº≈°“√≈¥≈ß¢Õß‰π‡μ√μ„π√–∫∫∫÷ßª√–¥‘…∞å·∫∫
πÈ”‰À≈„μâ¥‘π„π·π«πÕπ

æ‘®“√≥“∂÷ß§«“¡‡¢â¡¢âπ¢ÕßÕ‘π∑√’¬ “√ ∂÷ß·¡â«à“

ª√‘¡“≥§«“¡‡¢â¡¢âπ¢ÕßÕ‘π∑√’¬ “√®–¡’Õ‘∑∏‘æ≈μàÕ

Õ—μ√“°“√‡°‘¥ªØ‘°‘√‘¬“¥’‰πμ√‘øî‡§™—π„π√–∫∫°Áμ“¡ [8]

πÕ°®“°π—Èπ‰π‡μ√μÕ“®∂Ÿ°æ◊™¥Ÿ¥‰ª„™â„π°“√‡®√‘≠

‡μ‘∫‚μ‰¥âÕ’°¥â«¬ πÕ°®“°π’È°“√»÷°…“«‘®—¬π’È‰¡à‰¥â

∑”°“√∑¥≈Õß‡æ◊ËÕÀ“ ¡¥ÿ≈¡«≈¢Õß‰π‡μ√μ„π

√–∫∫∫”∫—¥®÷ß‰¡à “¡“√∂∫Õ°‰¥â«à“‰π‡μ√μ∂Ÿ°≈¥

‰ª®“°πÈ”‡ ’¬‚¥¬∑—Èß Õß°√–∫«π°“√π’È„π —¥ à«π

‡∑à“„¥ Õ¬à“ß‰√°Áμ“¡‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ §à“ Kt ¢Õß

°“√≈¥ª√‘¡“≥‰π‡μ√μ °—∫¢Õß°“√≈¥´’‚Õ¥’ ·≈–

·Õ¡‚¡‡π’¬ æ∫«à“¡’§à“ Ÿß°«à“ 10 ∂÷ß 13 ‡∑à“ ®÷ß

‡ÀÁπ‰¥â«à“√–∫∫∫”∫—¥πÈ”‡ ’¬·∫∫∫÷ßª√–¥‘…∞å™π‘¥

πÈ”‰À≈„μâ¥‘π„π·π«πÕπ∑’Ë ‰¥â∑”°“√∑¥≈Õßπ’È

πÕ°®“°®–‡ªìπ√–∫∫∑’Ë¡’ª√– ‘∑∏‘¿“æ∑’Ë®– “¡“√∂

π”¡“≈¥ª√‘¡“≥§«“¡ °ª√°„ππÈ”‡ ’¬∑—Èß„π√Ÿª

¢ÕßÕ‘π∑√’¬ “√ ·Õ¡‚¡‡π’¬ ‰¥â·≈â« ¬—ß‡À¡“–∑’Ë®–

π”¡“∫”∫—¥πÈ”‡ ’¬∑’Ë¡’‰π‡μ√μªπ‡ªóôÕπ‰¥âÕ¬à“ß¡’

ª√– ‘∑∏‘¿“æ ŸßÕ’°¥â«¬

 √ÿªº≈·≈–¢âÕ‡ πÕ·π– �
®“°º≈°“√∑¥ Õ∫√–∫∫∫÷ßª√–¥‘…∞å·∫∫πÈ”

‰À≈„μâ¥‘π„π·π«πÕπ (horizontal subsurface flow

constructed wetland) ‚¥¬∑’ËπÈ”‡ ’¬®–‰À≈ºà“π

™—Èπ°√«¥·≈–μâπæ◊™π—Èπ æ∫«à“√–∫∫π’È¡’§«“¡‡À¡“–

 ¡ ”À√—∫∫”∫—¥πÈ”‡ ’¬∑’Ë¡’ª√‘¡“≥Õ‘π∑√’¬ “√„π√Ÿª

¢Õß´’‚Õ¥’¡“°°«à“ 200 ¡‘≈≈‘°√—¡/≈‘μ√ À√◊Õ„π√Ÿª

¢Õß∫’ ‚Õ¥’¡“°°«à“ 100 ¡‘≈≈‘°√—¡/≈‘μ√ ·≈–¬—ß

 “¡“√∂∑”°“√∫”∫—¥‰π‚μ√‡®π„π√Ÿª¢Õß∑’‡§‡ÕÁπ

·≈–·Õ¡‚¡‡π’¬‰¥â¡“°°«à“√âÕ¬≈– 80 πÕ°®“°π’È

 ¿“æ¢Õß√–∫∫∑’Ë‡ªìπ√–∫∫°÷Ëß‰√âÕ“°“» ¬—ß‡Õ◊ÈÕμàÕ

°“√‡ª≈’Ë¬π√Ÿª·≈–°“√≈¥≈ß¢Õß‰π‡μ√μ‰¥â¥’ ‡¡◊ËÕ

„π√–∫∫¡’‰π‚μ√‡®π„π√Ÿª¢Õß‰π‡μ√μ Ÿß∂÷ß 10
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¡‘≈≈‘°√—¡/≈‘μ√ æ∫«à“ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥‰π

‡μ√μ¡’§à“¡“°°«à“√âÕ¬≈– 99 · ¥ß„Àâ‡ÀÁπ«à“ √–∫∫

∫÷ ßª√–¥‘… ∞å ·∫∫πÈ”‰À≈„μâ¥‘π„π·π«πÕπ¡’

»—°¬¿“æ„π°“√√Õß√—∫πÈ”‡ ’¬∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß

Õ‘π∑√’¬ “√·≈– “√ª√–°Õ∫‰π‡μ√μ‰¥â Ÿß ®÷ß¡’

§«“¡‡ªìπ‰ª‰¥â«à“ √–∫∫¥—ß°≈à“«π’È  “¡“√∂π”‰ª

ª√–¬ÿ°μå„™â≈¥§«“¡‡¢â¡¢âπ¢Õß‰π‡μ√μ „ÀâÕÕ°‰ª

®“°√–∫∫‰¥â¥’
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∫∑§—¥¬àÕ

®“°°“√§—¥‡≈◊Õ°·∫§∑’‡√’¬ “¬æ—π∏ÿå∫√‘ ÿ∑∏å∑’Ë¡’»—°¬¿“æ„π°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π ·≈–

øïπÕ≈®“°·À≈àßπÈ”∏√√¡™“μ‘ πÈ”‡ ’¬™ÿ¡™π ·≈–πÈ”„μâ¥‘π∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π æ∫«à“

·∫§∑’‡√’¬∑’Ë¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π ·≈–øïπÕ≈¥â«¬°√–∫«π°“√√à«¡¬àÕ¬ ≈“¬

(cometabolism) ‰¥â¥’ §◊Õ Burkholderia cepacia AW201 ‡¡◊ËÕ∑”°“√∑¥ Õ∫ ¿“«–∑’Ë‡À¡“– ¡„π°“√

¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π ·≈–øïπÕ≈„π∂—ßªØ‘°√≥å™’«¿“æ ·∫∫μàÕ‡π◊ËÕß æ∫«à“Õ—μ√“‡©≈’Ë¬¢Õß°“√

¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’πÕ¬Ÿà∑’Ë 0.03 ¡‘≈≈‘°√—¡‰μ√§≈Õ‚√‡Õ∑∏‘≈’πμàÕ¡‘≈≈‘°√—¡‚ª√μ’π-«—π ·≈–øïπÕ≈Õ¬Ÿà∑’Ë

3.0 ¡‘≈≈‘°√—¡ øïπÕ≈μàÕ¡‘≈≈‘°√—¡‚ª√μ’π-«—π ‚¥¬∑’Ë·∫§∑’‡√’¬ B. cepacia AW201  “¡“√∂„™âøïπÕ≈‡æ◊ËÕ

‡ªìπ·À≈àßæ≈—ßß“π·≈–·À≈àß§“√å∫Õπ‰¥â¥’ ÷́ËßøïπÕ≈„ππÈ”ÕÕ°®“°∂—ßªØ‘°√≥å¡’§à“§«“¡‡¢â¡¢âπμË”°«à“ 0.2

¡‘≈≈‘°√—¡μàÕ≈‘μ√ „π¢≥–‡¥’¬«°—π “¡“√∂≈¥§«“¡‡¢â¡¢âπ‡√‘Ë¡μâπ¢Õß “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π 3 ¡‘≈≈‘°√—¡μàÕ

≈‘μ√ ‰¥â¡“°°«à“√âÕ¬≈– 90 ®“°º≈°“√»÷°…“ ®÷ß¡’§«“¡‡ªìπ‰ª‰¥â∑’Ë®–æ—≤π“√–∫∫∂—ßªØ‘°√≥å™’«¿“æ‚¥¬„™â

B. cepacia AW201 ‡æ◊ËÕ„Àâ “¡“√∂π”‰ª„™â∫”∫—¥πÈ”∑‘Èß∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π‰¥â

§” ”§—≠ : ‰μ√§≈Õ‚√‡Õ∑∏‘≈’π øïπÕ≈ ∂—ßªØ‘°√≥å™’«¿“æ °√–∫«π°“√√à«¡¬àÕ¬ ≈“¬

°“√∫”∫—¥ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π¢Õß·∫§∑’‡√’¬ “¬æ—π∏ÿå
Burkholderia cepacia AW201„π∂—ßªØ‘°√≥å™’«¿“æ·∫∫μàÕ‡π◊ËÕß

Biodegradation of Trichloroethylene by Burkholderia cepacia AW201
in a Continuous Bioreactor

ªí≠®“ „¬∂“«√ [1]  ÿ¥“ Õ‘∑∏‘ ÿ¿√≥å√—μπå [1]  ‘√‘√—μπå æ«ß∑Õß [1] ·≈–‰°√ √ «ß»√’≈“ [1]

Panja Yaithavorn, Suda Ittisupornrat, Sirirat Paungthong and Krisorn Wongsrila

[1]  à«π«‘®—¬·≈–æ—≤π“‡∑§‚π‚≈¬’¥â“ππÈ”

E-mail: suda@deqp.go.th
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Abstract

Bacterial pure strain Burkholderia cepacia AW201 was isolated from rivers, municipal

wastewater and groundwater contaminated with trichloroethylene. The strain was tested for its

efficiency in degrading trichloroethylene and phenol. It was found that the strain is able to

degrade trichloroethylene and phenol by cometabolism process. By testing in a continuous

flow bioreactor, average degradation rate of trichloroethylene is 0.03 mg TCE/mg protein-day

and phenol is 3.0 mg phenol/mg protein-day. Moreover, the strain can use phenol as sole

carbon and energy sources and consequently decrease phenol concentration in effluent

lower than 0.2 mg/l. Simultaneously the cometabolism process can effectively decrease

trichloroethylene at concentration of 3 mg/L by the efficiency of more than 90%. The results

showed that it could be possible to use B. cepacia AW201 in bioremediation process of

trichloroethylene.

Keywords : trichloroethylene, phenol, bioreactor, cometabolism
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§”π” �
 “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π¡—°æ∫«à“¡’°“√ªπ

‡ªóôÕπ„π ‘Ëß·«¥≈âÕ¡‡π◊ËÕß¡“®“°°“√®—¥‡°Á∫·≈–∑‘Èß “√

¥—ß°≈à“«Õ¬à“ß‰¡à∂Ÿ°«‘∏’ [1] ́ ÷Ëß “¡“√∂°àÕ„Àâ‡°‘¥§«“¡

‡ªìπæ‘…μàÕ ‘Ëß¡’™’«‘μ‰¥â ‡æ√“– “√¥—ß°≈à“«¡’

§ÿ≥ ¡∫—μ‘‡ªìπ “√°àÕ¡–‡√Áß  “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π

®—¥Õ¬Ÿà„π°≈ÿà¡ “√Õ‘π∑√’¬å√–‡À¬™π‘¥∑’Ë¡’§≈Õ√’π‡ªìπ

Õß§åª√–°Õ∫ (Chlorinated Aliphatic Hydrocar-

bons) ·≈–¡’°“√„™â„πÕÿμ “À°√√¡À≈“¬ª√–‡¿∑

‡æ◊ËÕ‡ªìπμ—«™–≈â“ß‰¢¡—π ‡™àπ „πÕÿμ “À°√√¡Õ‘‡≈§

‚∑√π‘§ Õÿμ “À°√√¡ ‘Ëßæ‘¡æå Õÿμ “À°√√¡‡§√◊ËÕß¬πμå

·≈–Õÿμ “À°√√¡´—°·Àâß ‡ªìπμâπ

‡¡◊ËÕ‡°‘¥°“√ªπ‡ªóôÕπ¢Õß “√‰μ√§≈Õ‚√‡Õ∑∏‘

≈’π„π ‘Ëß·«¥≈âÕ¡ ®”‡ªìπμâÕß∑”°“√∫”∫—¥ ÷́Ëß

 “¡“√∂∑”‰¥âÀ≈“¬«‘∏’ ‡™àπ «‘∏’∑“ß‡§¡’ «‘∏’∑“ßøî ‘° å

·≈–«‘∏’∑“ß™’«¿“æ ´÷Ëß«‘∏’°“√∑“ß™’«¿“æ ‡ªìπ«‘∏’

Àπ÷Ëß∑’Ë “¡“√∂„™â„π°“√°”®—¥ “√æ‘…∑’Ëªπ‡ªóôÕπ„π

 ‘Ëß·«¥≈âÕ¡‰¥â‡ªìπÕ¬à“ß¥’ ·≈–‰¥â√—∫§«“¡π‘¬¡¡“°

„πμà“ßª√–‡∑»‚¥¬‡©æ“–°“√„™â ‘Ëß¡’™’«‘μ„π∏√√¡™“μ‘

‰ª¬àÕ¬ ≈“¬ “√æ‘…∑’Ëªπ‡ªóôÕπ„Àâ‡ª≈’Ë¬π√Ÿª‰ª‡ªìπ

 “√Õ◊Ëπ ∑’Ë‰¡à°àÕ„Àâ‡°‘¥§«“¡‡ªìπæ‘… À√◊Õ “√∑’Ë¡’

§«“¡‡ªìπæ‘…πâÕ¬°«à“ °“√∫”∫—¥ “√‰μ√§≈Õ‚√

‡Õ∑∏‘≈’π‚¥¬ ¿“æ∑’Ë¡’Õ“°“»®–„™â°√–∫«π°“√√à«¡

¬àÕ¬ ≈“¬ (cometabolism) ‚¥¬„™â°≈ÿà¡¢Õß

·∫§∑’‡√’¬∑’Ë „™â “√™π‘¥Õ◊Ëπ‡ªìπ·À≈àßμâπμÕ¢Õß

§“√å∫Õπ ´÷Ëß‡¡◊ËÕ®ÿ≈‘π∑√’¬å„™â “√¥—ß°≈à“«‡ªìπ·À≈àß

§“√å∫ÕπÀ√◊Õ‡ªìπÕ“À“√·≈â«  “¡“√∂∑’Ë®–º≈‘μ‡ÕÁπ

‰´¡å„π°≈ÿà¡¢ÕßÕÕ°´‘®’‡π  ÷́Ëß “¡“√∂∑”°“√¬àÕ¬

 ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π‰¥â  “√∑’Ë®ÿ≈‘π∑√’¬å

 “¡“√∂„™â‡ªìπ·À≈àßμâπμÕ¢Õß§“√å∫Õπ∑’Ë¡’°“√

»÷°…“«‘®—¬°—π¡“° ‰¥â·°à ¡’‡∑π, ‚æ√‡æπ, Õ’‡∑π,

øïπÕ≈ ·≈– ‚∑≈ŸÕ’π ‡ªìπμâπ [2, 3, 4, 5, 6] Hopkins ·≈–

§≥– [7] æ∫«à“®ÿ≈‘π∑√’¬å∑’Ë„™â “√øïπÕ≈‡ªìπ·À≈àß

μâπμÕ¢Õß§“√å∫Õπ ¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬

 ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π‰¥â¥’°«à“æ«°°≈ÿà¡¢Õß

®ÿ≈‘π∑√’¬å∑’Ë„™âæ«°¡’‡∑π À√◊Õ·Õ¡‚¡‡π’¬ ‡ªìπμ—«

°√–μÿâπ πÕ°®“°π’È øïπÕ≈¬—ß¡’§«“¡ “¡“√∂„π

°“√≈–≈“¬πÈ”‰¥â¥’°«à“ ·≈–¡’§«“¡‡ªìπæ‘…πâÕ¬°«à“

‚∑≈ŸÕ’π ®÷ß¡’§«“¡‡À¡“– ¡°«à“∑’Ë®–∑”°“√»÷°…“

‡æ◊ËÕπ”‰ª„™â„π°“√∫”∫—¥ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π‰¥â

Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ„πÕπ“§μ [8]

¥—ßπ—Èπ »Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡

®÷ß¡’·π«§‘¥∑’Ë®–æ—≤π“‡æ◊ËÕª√–¬ÿ°μå„™â®ÿ≈‘π∑√’¬å

 “¬æ—π∏ÿå B. cepacia AW201 ∑’Ë§—¥·¬°‰¥â„Àâ

 “¡“√∂π”‰ª „™â ª √– ‚¬™πå ‰ ¥â ® √‘ ß „π √–¥— ∫

Õÿμ “À°√√¡ ®÷ß‰¥â∑”°“√»÷°…“«‘®—¬°“√¬àÕ¬ ≈“¬

 “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π‚¥¬„™â∂—ßªØ‘°√≥å™’«¿“æ

·∫∫μàÕ‡π◊ËÕß„π√–¥—∫ÀâÕßªØ‘∫—μ‘°“√ ‡æ◊ËÕ∑¥ Õ∫

ª√– ‘∑∏‘¿“æ¢Õß°“√∫”∫—¥ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π

·≈–°“√¬àÕ¬ ≈“¬ “√øïπÕ≈¢Õß®ÿ≈‘π∑√’¬å “¬æ—π∏ÿå

∫√‘ ÿ∑∏‘Ï B. cepacia AW201

Õÿª°√≥å·≈–«‘∏’°“√ �
1.  ¿“«–°“√‡≈’È¬ß‡™◊ÈÕ·∫§∑’‡√’¬

ªí≠®“ ·≈–§≥– [9] ‰¥â∑”°“√§—¥·¬° “¬

æ—π∏ÿå·∫§∑’‡√’¬®“°·À≈àßμà“ßÊ „πª√–‡∑»‰∑¬ ∑’Ë¡’

ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π

‚¥¬°“√„™â “√øïπÕ≈‡ªìπ·À≈àß§“√å∫Õπ ¥—ßπ—Èπ®÷ß

‰¥âπ”μ—«Õ¬à“ß‡™◊ÈÕ·∫§∑’‡√’¬‡À≈à“π—Èπ ¡“∑”°“√§—¥

·¬°„Àâ‡ªìπ·∫§∑’‡√’¬ “¬æ—π∏ÿå∫√‘ ÿ∑∏‘Ï ·≈–∑¥ Õ∫

ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π

´÷Ëßæ∫«à“‡™◊ÈÕ·∫§∑’‡√’¬ “¬æ—π∏ÿå∫√‘ ÿ∑∏‘Ï Burkholderia

cepacia AW201 ¡’ª√– ‘∑∏‘¿“æ¥’∑’Ë ÿ¥„π°“√

¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π ®÷ß‰¥âπ”
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√Ÿª∑’Ë 1 √–∫∫∂—ßªØ‘°√≥å™’«¿“æ„π°“√∑¥ Õ∫°“√¬àÕ¬ ≈“¬ “√øïπÕ≈·≈– “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π

·∫§∑’‡√’¬ “¬æ—π∏ÿå¥—ß°≈à“«¡“∑¥ Õ∫ ¿“«–∑’Ë

‡À¡“– ¡„π°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π

„π∂—ßªØ‘°√≥å™’«¿“æ ‚¥¬°“√¢¬“¬À—«‡™◊ÈÕ·∫§∑’‡√’¬

´÷Ëß∑”°“√‡≈’È¬ß·∫§∑’‡√’¬„πÕ“À“√ basal salt me-

dia (BSM) ¢Õß Owen ·≈– Kiddie [10] ∑’Ë¡’°“√

‡μ‘¡‡©æ“– “√øïπÕ≈‡ªìπ·À≈àß§“√å∫Õπ∑’Ë§«“¡‡¢â¡¢âπ

500 ¡‘≈≈‘°√—¡/≈‘μ√ À≈—ß®“°∫à¡‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß

∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ∫π‡§√◊ËÕß‡¢¬à“∑’Ë§«“¡‡√Á«√Õ∫ 200

√Õ∫/π“∑’ ®– —ß‡°μ‡ÀÁπ°“√‡®√‘≠¢Õß‡™◊ÈÕ

·∫§∑’‡√’¬¢÷Èπ ‚¥¬ “¡“√∂«—¥§«“¡¢ÿàπ∑’Ë§«“¡¬“«

§≈◊Ëπ· ß 600 π“‚π‡¡μ√ ‰¥â 0.8-1.0 ®÷ßπ”‰ª„™â

‡ªìπÀ—«‡™◊ÈÕ·∫§∑’‡√’¬ ”À√—∫∑¥ Õ∫„π∂—ßªØ‘°√≥å

™’«¿“æ

2. ≈—°…≥–¢Õß∂—ßªØ‘°√≥å™’«¿“æ

∂—ßªØ‘°√≥å™’«¿“æ (bioreactor) ∑’Ë∑”°“√

∑¥ Õ∫º≈‘μ®“°«— ¥ÿ plexy glass ¡’§«“¡Àπ“ 2

¡‘≈≈‘‡¡μ√ ·∫àßÕÕ°‡ªìπ 2 Àπà«¬ ‰¥â·°à ∂—ß

ªØ‘°√≥å™’«¿“æ ”À√—∫‡≈’È¬ß‡™◊ÈÕ (growth bioreactor)

·∫§∑’‡√’¬ B. cepacia AW201 ‚¥¬„™â “√øïπÕ≈

‡ªìπ·À≈àß§“√å∫Õπ ¡’§«“¡®ÿ 7 ≈‘μ√ ‡ âπºà“π

»Ÿπ¬å°≈“ß 14 ‡´πμ‘‡¡μ√ §«“¡ Ÿß 35 ‡´πμ‘‡¡μ√

‚¥¬¡’ª√‘¡“μ√ ”À√—∫∑”°“√∑¥ Õ∫ (working

volume) 5.3 ≈‘μ√ ·≈–∂—ßªØ‘°√≥å™’«¿“æ ”À√—∫

∑¥ Õ∫°“√¬àÕ¬ ≈“¬ (transformation reactor)

 “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π ¡’¢π“¥ 2 ≈‘μ√ ‡ âπºà“π

»Ÿπ¬å°≈“ß 10 ‡´πμ‘‡¡μ√ §«“¡ Ÿß 25 ‡´πμ‘‡¡μ√

‚¥¬¡’ª√‘¡“μ√ ”À√—∫∑”°“√∑¥ Õ∫ 900 ¡‘≈≈‘≈‘μ√

®”π«π 2 ™ÿ¥  ”À√—∫∑¥ Õ∫ª√– ‘∑∏‘¿“æ°“√

¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π ‚¥¬·∫§∑’‡√’¬

B. cepacia AW201 ·≈–∂—ßªØ‘°√≥å§«∫§ÿ¡ (con-

trol reactor) ´÷Ëß¡’°“√μàÕ “¬¢Õß∂—ßªØ‘°√≥å

™’«¿“æ∑—Èß§Ÿà‡æ◊ËÕ∑”°“√∑¥ Õ∫ºà“π peristaltic pump

(Ismatech, Switzerland) ¥—ß√Ÿª 1
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3. °“√∑¥ Õ∫°“√¬àÕ¬ ≈“¬ “√øïπÕ≈„π∂—ß

ªØ‘°√≥å™’«¿“æ

∑”°“√‡≈’È¬ß·∫§∑’‡√’¬ B. cepacia AW201

„π∂—ßªØ‘°√≥å™’«¿“æ·∫∫μàÕ‡π◊ËÕß ´÷Ëß‡√‘Ë¡μâπ§«“¡

¢ÿàπ¢Õß°“√‡®√‘≠Õ¬Ÿà„π™à«ß 0.8-1.0 ∑’Ë§«“¡¬“«

§≈◊Ëπ· ß 600 π“‚π‡¡μ√ ∂—ßªØ‘°√≥å™’«¿“æ∫√√®ÿ

¥â«¬Õ“À“√ BSM ®“°π—Èπ®÷ßªÑÕπøïπÕ≈§«“¡‡¢â¡

¢âπ„π™à«ß 4,000-6,000 ¡‘≈≈‘°√—¡/≈‘μ√„πÕ—μ√“ 15

¡‘≈≈‘≈‘μ√/π“∑’ ·≈–Õ“À“√ BSM „πÕ—μ√“ 45

¡‘≈≈‘≈‘μ√/π“∑’ ́ ÷Ëß∑”„ÀâøïπÕ≈∂Ÿ°‡®◊Õ®“ß„πÕ—μ√“ 0.01

μàÕ™—Ë«‚¡ß ·≈– “¡“√∂§”π«≥‡ªìπ√–¬–‡«≈“°“√

°—°æ—°∑“ß™≈»“ μ√å¢ÕßøïπÕ≈„π∂—ßªØ‘°√≥å‡∑à“°—∫

88 ™—Ë«‚¡ß ®“°π—Èπ„ÀâÕ“°“»„πÕ—μ√“ 350-450

¡‘≈≈‘≈‘μ√/π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß «‘‡§√“–Àå°“√‡®√‘≠

¢Õß·∫§∑’‡√’¬‚¥¬«—¥§«“¡¢ÿàπ∑’Ë§«“¡¬“«§≈◊Ëπ· ß

600 π“‚π‡¡μ√ ‡ª√’¬∫‡∑’¬∫°—∫°“√«‘‡§√“–Àå

ª√‘¡“≥‚ª√μ’π μ“¡«‘∏’¢Õß Bradford [11] ‚¥¬„™â

bovine serum albumin (BSA) ‡ªìπ “√‚ª√μ’π

¡“μ√∞“π ·≈–«‘‡§√“–Àå°“√≈¥≈ß¢ÕßøïπÕ≈ μ“¡

«‘∏’¢Õß Martin [12] ¥â«¬‡§√◊ËÕß ‡ª°‚μ√‚ø‚μ¡‘‡μÕ√å

∑’Ë§«“¡¬“«§≈◊Ëπ 460 π“‚π‡¡μ√ ∑ÿ°«—π‡ªìπ‡«≈“π“π

3 ‡¥◊Õπ §”π«≥Õ—μ√“°“√¬àÕ¬ ≈“¬ “√øïπÕ≈‚¥¬

·∫§∑’‡√’¬ B. cepacia AW201 „π∂—ßªØ‘°√≥å

™’«¿“æ·∫∫μàÕ‡π◊ËÕß ·≈–°“√∫”∫—¥ “√øïπÕ≈„π

Àπà«¬¡‘≈≈‘°√—¡øïπÕ≈/¡‘≈≈‘°√—¡‚ª√μ’π-«—π ·≈–

√âÕ¬≈–°“√∫”∫—¥ “√øïπÕ≈ μ“¡≈”¥—∫

4. °“√∑¥ Õ∫°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√

‡Õ∑∏‘≈’π„π∂—ßªØ‘°√≥å™’«¿“æ

À≈—ß®“°∑’ËπÈ”ÕÕ°¢Õß∂—ßªØ‘°√≥å™’«¿“æ¡’

§«“¡‡¢â¡¢âπ¢Õß “√øïπÕ≈μË”°«à“ 0.2 ¡‘≈≈‘°√—¡/≈‘μ√

·≈â« ®÷ß∑”°“√∑¥ Õ∫°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√

‡Õ∑∏‘≈’π „π∂—ßªØ‘°√≥å™’«¿“æ·∫∫μàÕ‡π◊ËÕß ∑’Ë

Õ—μ√“°“√‡®◊Õ®“ß¢ÕßπÈ”‡¢â“√–∫∫ ‡∑à“°—∫ 0.07 μàÕ

™—Ë«‚¡ß ·≈–¡’Õ—μ√“°“√‡μ‘¡Õ“°“» ∑’Ë 30-50 ¡‘≈≈‘≈‘μ√/

π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß«‘‡§√“–Àåª√‘¡“≥§«“¡‡¢â¡¢âπ

¢Õß “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π ®“°π—Èπ∑”°“√‡ª√’¬∫

‡∑’¬∫ª√– ‘∑∏‘¿“æ °“√≈¥≈ß¢Õß “√‰μ√§≈Õ‚√

‡Õ∑∏‘≈’π „ππÈ”ÕÕ°¢Õß∂—ßªØ‘°√≥å™’«¿“æ∑’Ë∫√√®ÿ

¥â«¬·∫§∑’‡√’¬ B. cepacia AW201 ∑’Ë‡≈’È¬ß¥â«¬øïπÕ≈

°—∫∂—ßªØ‘°√≥å∑’Ë∫√√®ÿ‡©æ“–Õ“À“√‡≈’È¬ß‡™◊ÈÕ (cell-free

medium) §”π«≥Õ—μ√“°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ

‚√‡Õ∑∏‘≈’π ¢Õß B. cepacia AW201 ·≈–√âÕ¬≈–

¢Õß°“√∫”∫—¥ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π ®“°∂—ßªØ‘°√≥å

™’«¿“æ∑’Ë∑¥ Õ∫‰μ√§≈Õ‚√‡Õ∑∏‘≈’π „πÀπà«¬

¡‘≈≈‘°√—¡‰μ√§≈Õ‚√‡Õ∑∏‘≈’π/¡‘≈≈‘°√—¡‚ª√μ’π-«—π ·≈–

√âÕ¬≈–°“√∫”∫—¥ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π μ“¡≈”¥—∫

5. °“√«—¥ª√‘¡“≥ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π

«—¥ª√‘¡“≥ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π ¥â«¬‡∑§π‘§

head space ‚¥¬„™â¢«¥ vial ¢π“¥ 16 ¡‘≈≈‘≈‘μ√

´÷Ëß¡’πÈ”μ—«Õ¬à“ß 5 ¡‘≈≈‘≈‘μ√ ́ ÷Ëß‡μ‘¡ 100 ‰¡‚§√≈‘μ√

¢Õß 1M HCl ‡æ◊ËÕÀ¬ÿ¥ªØ‘°‘√‘¬“¢Õß‡™◊ÈÕ·∫§∑’‡√’¬

∑”°“√ªî¥Ω“¥â«¬ PTFE aluminum seal butyl

rubber π”‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 25 ÌC ‡ªìπ‡«≈“Õ¬à“ß

πâÕ¬ 1 ™—Ë«‚¡ß ∑”°“√©’¥μ—«Õ¬à“ß‚¥¬ª√‘¡“μ√¢Õß

μ—«Õ¬à“ß°ä“´∑’Ë∑”°“√∑¥ Õ∫‡∑à“°—∫ 20 ‰¡‚§√≈‘μ√

¥â«¬°“√„™â gas tight syringe ¢π“¥ 100 ‰¡‚§√≈‘μ√

´÷Ëß¡’ ¿“«–¢Õß‡§√◊ËÕß Gas Chromatograph GC

12 A, Shimadzu ¥—ßπ’È

Column Restex Rtx-5 ; Length 30m, ID

0.53 mm; Film thickness 1 μm

Temperature injector 70 ÌC

Oven 70 ÌC
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Detector 250 ÌC

Detector ECD

Gas make up gas N 25 ml/min

carrier gas N 17 ml/min

º≈°“√∑¥≈Õß·≈–«‘®“√≥å �
1. °“√¬àÕ¬ ≈“¬øïπÕ≈„π∂—ßªØ‘°√≥å™’«¿“æ

®“°°“√»÷°…“°“√¬àÕ¬ ≈“¬ “√øïπÕ≈ ‡æ◊ËÕ

‡ªìπ·À≈àßæ≈—ßß“π·≈–§“√å∫Õπ ”À√—∫·∫§∑’‡√’¬

 “¬æ—π∏ÿå B. cepacia AW201 ∑’Ë‡≈’È¬ß„π∂—ß

ªØ‘°√≥å™’«¿“æ·∫∫μàÕ‡π◊ËÕß ‡ªìπ‡«≈“ 3 ‡¥◊Õπ ‚¥¬

¡’√–¬–‡«≈“°—°æ—°∑“ß™≈»“ μ√å 88 ™—Ë«‚¡ß  “¡“√∂

· ¥ßÕ—μ√“°“√¬àÕ¬ ≈“¬øïπÕ≈ ·≈–√âÕ¬≈–¢Õß

°“√∫”∫—¥ “√øïπÕ≈Õ¬à“ßμàÕ‡π◊ËÕß‰¥â¥—ß√Ÿª∑’Ë 2 ·≈–

3 μ“¡≈”¥—∫ ®“°√Ÿª∑’Ë 2 ‰¥â∑”°“√∑¥ Õ∫°“√„Àâ

øïπÕ≈∑’Ë¡’¡«≈ “√‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬Ê ®“° 5,000-9,000

¡‘≈≈‘°√—¡/√Õ∫ ´÷Ëß„π™à«ß«—π∑’Ë 56-67 ¡’°“√ª√—∫

Õ—μ√“√–¬–‡«≈“°—°æ—°∑“ß™≈»“ μ√å„Àâ —Èπ≈ß‡ªìπ 34

™—Ë«‚¡ß ́ ÷Ëßμ√ß°—∫°“√„Àâ¡«≈ “√øïπÕ≈μàÕ√Õ∫‡∑à“°—∫

5,000 ¡‘≈≈‘°√—¡ ®– —ß‡°μ‡ÀÁπ«à“Õ—μ√“°“√¬àÕ¬

 ≈“¬øïπÕ≈¡’§à“ Ÿß¢÷Èπ ‚¥¬¡’§à“ Ÿß ÿ¥∂÷ß 7 ¡‘≈≈‘°√—¡/

¡‘≈≈‘°√—¡‚ª√μ’π-«—π ∑—Èßπ’È Õ“®‡ªìπ‡æ√“–√–¬–‡«≈“

°—°æ—°∑“ß™≈»“ μ√å„π™à«ß¥—ß°≈à“« ∑”„Àâ‡°‘¥°“√

 – ¡¢Õß øïπÕ≈„π√–∫∫‡æ‘Ë¡¢÷Èπ∂÷ßª√–¡“≥ 100

¡‘≈≈‘°√—¡/≈‘μ√ ‚¥¬„π«—π∑’Ë 60 ¡’°“√ – ¡øïπÕ≈

¡“°°«à“ 400 ¡‘≈≈‘°√—¡/≈‘μ√ ∑”„Àâ®”π«π¢Õß

·∫§∑’‡√’¬‰¡à —¡æ—π∏å°—∫°“√„™âøïπÕ≈‡ªìπ “√Õ“À“√

À√◊Õ· ¥ß«à“·∫§∑’‡√’¬„™â “√øïπÕ≈‰¡à∑—π°—∫Õ—μ√“

°“√ªÑÕπ “√ À≈—ß®“°π—Èπ®÷ß‰¥â∑”°“√ª√—∫‡ª≈’Ë¬π

§à“‡«≈“°—°æ—°∑“ß™≈»“ μ√å„Àâ‡∑à“‡¥‘¡ ∑”„Àâ‡°‘¥

°“√¬àÕ¬ ≈“¬øïπÕ≈¢÷Èπ‰¥âÕ¬à“ß ¡∫Ÿ√≥å Õ—μ√“°“√

‡®√‘≠‡μ‘∫‚μ·≈–°“√¬àÕ¬ ≈“¬øïπÕ≈®÷ß§àÕπ¢â“ß§ß∑’Ë

∂÷ß·¡â«à“„π¿“¬À≈—ß®–¡’°“√‡æ‘Ë¡°“√„Àâ¡«≈ “√

¢ÕßøïπÕ≈μàÕ√Õ∫ Ÿß∂÷ß 8,000-9,000 ¡‘≈≈‘°√—¡ ∑—Èßπ’È

Õ—μ√“°“√¬àÕ¬ ≈“¬øïπÕ≈‚¥¬‡©≈’Ë¬·≈â«®–Õ¬Ÿà∑’Ë 3.0

¡‘≈≈‘°√—¡/¡‘≈≈‘°√—¡‚ª√μ’π-«—π  à«π„π√Ÿª∑’Ë 3 · ¥ß

ª√‘¡“≥øïπÕ≈∑’Ë·∫§∑’‡√’¬ “¡“√∂¬àÕ¬ ≈“¬‰¥âμàÕ«—π

Õ¬Ÿà„π™à«ßμ—Èß·μà 1,000-2,500 ¡‘≈≈‘°√—¡/«—π · ¥ß

„Àâ‡ÀÁπ«à“·∫§∑’‡√’¬ “¬æ—π∏ÿå B. cepacia AW201

¡’§«“¡ “¡“√∂∑’Ë®–¬àÕ¬ ≈“¬ ·≈–∑πμàÕ§«“¡

‡ªìπæ‘… ¢Õß§à“§«“¡‡¢â¡¢âπøïπÕ≈‰¥â„π√–¥—∫ Ÿß ́ ÷Ëß

§à“‚¥¬‡©≈’Ë¬ “¡“√∂∫”∫—¥øïπÕ≈‰¥â Ÿß∂÷ß 1,700

¡‘≈≈‘°√—¡/«—π ‚¥¬‡©æ“–„π™à«ß«—π∑’Ë 68-91 «—π À≈—ß

®“°ª√—∫Õ—μ√“°“√‰À≈„Àâ¡’§à“‡«≈“°—°æ—°∑“ß™≈

»“ μ√å‡∑à“‡¥‘¡§◊Õ 88 ™—Ë«‚¡ß æ∫«à“§à“∑’Ë‰¥â§àÕπ

¢â“ß§ß∑’Ë §◊Õ øïπÕ≈≈¥≈ß¡“°°«à“ 2,400 ¡‘≈≈‘°√—¡/

«—π πÕ°®“°π’È§«“¡‡¢â¡¢âπ¢ÕßøïπÕ≈∑’Ë‡À≈◊Õ„ππÈ”

ÕÕ°®“°®“°∂—ßªØ‘°√≥å™’«¿“æ  à«π„À≠à®–¡’§à“

πâÕ¬°«à“ 0.2 ¡‘≈≈‘°√—¡/≈‘μ√ ´÷Ëß√âÕ¬≈–§«“¡‡¢â¡

¢âπ¢Õß°“√°”®—¥øïπÕ≈Õ¬à“ßμàÕ‡π◊ËÕß¡’§à“‡©≈’Ë¬Õ¬Ÿà

∑’Ë 94

2. °“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π„π

∂—ßªØ‘°√≥å™’«¿“æ

®“°°“√∑¥ Õ∫°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√

‡Õ∑∏‘≈’π„π∂—ßªØ‘°√≥å™’«¿“æ ®“°°“√ªíö¡

·∫§∑’‡√’¬®“°∑àÕπÈ”ÕÕ°¢Õß∂—ßªØ‘°√≥å™’«¿“æ∑’Ë

‡≈’È¬ß¥â«¬øïπÕ≈„π∂—ßªØ‘°√≥å™’«¿“æÕ¬à“ßμàÕ‡π◊ËÕß

¥â«¬ peristaltic pump ‡¢â“ Ÿà∂—ßªØ‘°√≥å™’«¿“æ∑’Ë

∑¥ Õ∫°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π „π

Õ—μ√“°“√‡®◊Õ®“ß 0.07 μàÕ™—Ë«‚¡ß ‡ªìπ‡«≈“ 17 «—π

æ∫«à“ „π°“√∑¥≈Õß√–¬–·√° ‡¡◊ËÕ∑”°“√∑¥ Õ∫

°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π„π∂—ßªØ‘°√≥å

™’«¿“æ‚¥¬‰¡à‡μ‘¡Õ“°“»„Àâ·°à√–∫∫º≈ª√“°Ø«à“

§à“§«“¡‡¢â¡¢âπ¢Õß “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π‰¡à¡’°“√
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≈¥≈ß ´÷Ëß‡ªìπ‰ª‰¥â«à“ ÕÕ°´‘‡®π¡’Õ‘∑∏‘æ≈μàÕ°“√

≈¥≈ß¢Õß “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π„π∂—ßªØ‘°√≥å™’«¿“æ

·≈–‡¡◊ËÕ∑”°“√∑¥ Õ∫‚¥¬°“√‡μ‘¡‰Œ‚¥√‡®π‡ªÕ√å

ÕÕ°‰´¥å∑’Ë§«“¡‡¢â¡¢âπ√âÕ¬≈– 0.01 ‡æ◊ËÕ„™â‡ªìπ “√

∑’Ë∑”„Àâ·∫§∑’‡√’¬ “¡“√∂º≈‘μ‡ÕÁπ‰´¡å§–μ“‡≈ 

(catalase) ‡æ◊ËÕ∑”°“√‡ª≈’Ë¬π‰Œ‚¥√‡®π‡ªÕ√å

ÕÕ°‰´¥å„Àâ°≈“¬‡ªìπÕÕ° ‘́‡®π ·∑π∑’Ë°“√„Àâ

ÕÕ°´‘‡®π„Àâ°—∫√–∫∫ º≈∑’Ë‰¥â§◊Õ ·∫§∑’‡√’¬‰¡à

 “¡“√∂∑’Ë®–∑”°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘

≈’π‰¥â ∑—Èßπ’È Õ“®‡ªìπ‡æ√“–°“√∑’Ë·∫§∑’‡√’¬μâÕß„™â

æ≈—ßß“π„π°“√º≈‘μ‡ÕÁπ‰´¡å§“μ–‡≈ ‡æ◊ËÕ„™â„π°“√

‡ª≈’Ë¬π‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å‡ªìπÕÕ°´‘‡®π ¡“°

°«à“·∑π∑’Ë®–„™âæ≈—ßß“π‡æ◊ËÕ°“√‡ª≈’Ë¬π “√‰μ√

§≈Õ‚√‡Õ∑∏‘≈’π¥â«¬°√–∫«π°“√√à«¡¬àÕ¬ ≈“¬ À√◊Õ

°“√¬àÕ¬ ≈“¬‚¥¬„™â “√‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å

‡ªìπ·À≈àßÕÕ° ‘́‡®π„Àâ°—∫√–∫∫π—Èπ ∑”„ÀâªØ‘°‘√‘¬“

√Ÿª∑’Ë 3 · ¥ßª√– ‘∑∏‘¿“æ·≈–Õ—μ√“°“√¬àÕ¬ ≈“¬ “√øïπÕ≈¢Õß·∫§∑’‡√’¬ B. cepacia AW201 „π∂—ßªØ‘°√≥å™’«¿“æ·∫∫μàÕ‡π◊ËÕß

√Ÿª∑’Ë 2 · ¥ßÕ—μ√“°“√¬àÕ¬ ≈“¬ “√øïπÕ≈·≈–≈—°…≥–°“√‡®√‘≠¢Õß‡´≈·∫§∑’‡√’¬ B. cepacia AW201 „π∂—ßªØ‘°√≥å™’«¿“æ·∫∫μàÕ‡π◊ËÕß
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°“√≈¥≈ß¢Õß°√–∫«π°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√

‡Õ∑∏‘≈’π‡°‘¥¢÷Èπ‰¥â™â“ ·≈–√–∫∫‰¥â∑”°“√‡¥‘πÕ¬à“ß

μàÕ‡π◊ËÕß ∑”„Àâ°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥¢÷Èπ ‰¡à

 “¡“√∂ —ß‡°μ‡ÀÁπ‰¥â ¥—ßπ—Èπ ®÷ß‰¥â∑”°“√∑¥ Õ∫

‚¥¬°“√„ÀâÕÕ°´‘‡®π°—∫√–∫∫‚¥¬μ√ß ·μà‡π◊ËÕß®“°

 “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π ¡’§ÿ≥ ¡∫—μ‘∑’Ë√–‡À¬‰¥âßà“¬

·¡âÕ¬Ÿà„π ¿“«–∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ®÷ß‰¥â∑”°“√‡μ‘¡

Õ“°“»„πÕ—μ√“∑’Ë 30-50 ¡‘≈≈‘≈‘μ√/π“∑’ ®“°º≈

°“√∑¥ Õ∫∑”„Àâæ∫«à“ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π®“°

™ÿ¥§«∫§ÿ¡ “¡“√∂‡°‘¥°“√√—Ë«ÕÕ°®“°√–∫∫ (abiotic

loss) ‰¥â‡©≈’Ë¬∂÷ßª√–¡“≥√âÕ¬≈– 50 ´÷Ëß°“√∑¥≈Õß

‰¥â∑”°“√À—°≈∫§à“°“√≈¥≈ß¢Õß “√‰μ√§≈Õ‚√

‡Õ∑∏‘≈’π®“°™ÿ¥§«∫§ÿ¡‡æ◊ËÕ¥Ÿª√– ‘∑∏‘¿“æ¢Õß

·∫§∑’‡√’¬∑’Ë¡’º≈μàÕ°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√

‡Õ∑∏‘≈’π‡æ’¬ßÕ¬à“ß‡¥’¬« º≈°“√§”π«π√âÕ¬≈–°“√

¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π  “¡“√∂· ¥ß‰¥â

¥—ß√Ÿª∑’Ë 4 º≈∑’Ë‰¥â· ¥ß«à“ B. cepacia AW201

 “¡“√∂¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π ‡©≈’Ë¬‰¥â

¡“°°«à“ √âÕ¬≈– 80 ∑’Ë√–¬–‡«≈“°—°æ—°∑“ß™≈»“ μ√å

13.4 ™—Ë«‚¡ß ·≈– “¡“√∂∑”°“√∫”∫—¥ “√‰μ√§≈Õ

‚√‡Õ∑∏‘≈’π‰¥â „π™à«ß 0.01-0.08 ¡‘≈≈‘°√—¡/¡‘≈≈‘°√—¡

‚ª√μ’π-«—π ́ ÷Ëß¡’§à“‡©≈’Ë¬Õ¬Ÿà∑’Ë 0.03 ¡‘≈≈‘°√—¡/¡‘≈≈‘°√—¡

‚ª√μ’π-«—π ‚¥¬≈¥§«“¡‡¢â¡¢âπ¢Õß “√‰μ√§≈Õ‚√

‡Õ∑∏‘≈’π „π∂—ßªØ‘°√≥å™’«¿“æ‰¥â‡©≈’Ë¬∂÷ß 2.67

¡‘≈≈‘°√—¡/≈‘μ√-«—π

‡π◊ËÕß®“°«‘∂’°“√¬àÕ¬ ≈“¬¢ÕßøïπÕ≈π—Èπ

·∫§∑’‡√’¬®–∑”°“√‡ª≈’Ë¬πøïπÕ≈‡ªìπ§“∑’§Õ≈  (cat-

echol) ¥â«¬‡ÕÁπ‰´¡åøïπÕ≈‰Œ¥√Õ°´’‡≈  (phenol

hydroxylase) À√◊ÕøïπÕ≈‚¡‚πÕÕ° ’́®‘‡π  (phenol

monooxygenase) ·≈–§“∑’§Õ≈ “¡“√∂∂Ÿ°¬àÕ¬

 ≈“¬‡ªìπÕπÿæ—π∏å¬àÕ¬μàÕ¥â«¬‡ÕÁπ‰´¡å§“∑’§Õ≈ÕÕ°

´’®‘‡π  (catechol oxygenase) ®÷ß‰¥â∑”°“√

∑¥ Õ∫‡æ◊ËÕ»÷°…“≈—°…≥–°“√¬àÕ¬ ≈“¬¢Õß “√

‰μ√§≈Õ‚√‡Õ∑∏‘≈’π∑’Ë‡°‘¥¢÷Èπ„π∂—ßªØ‘°√≥å™’«¿“æ

«à“πÕ°®“°øïπÕ≈∑’Ë„™â‡ªìπ “√μ—Èßμâπ„π°√–∫«π°“√

√à«¡¬àÕ¬ ≈“¬·≈â«  “√§“∑’§Õ≈ “¡“√∂∑’Ë®–∂Ÿ°

π”‰ª„™â„π°√–∫«π°“√√à«¡¬àÕ¬ ≈“¬‰¥âÀ√◊Õ‰¡à ‚¥¬

∑”°“√∑¥ Õ∫°“√„™â “√§“∑’§Õ≈ ‡ªìπ·À≈àß

√Ÿª∑’Ë 4 √âÕ¬≈–°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π¢Õß B. cepacia  AW201 „π∂—ßªØ‘°√≥å™’«¿“æ·∫∫μàÕ‡π◊ËÕß
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§“√å∫Õπ„Àâ°—∫·∫§∑’‡√’¬ ́ ÷Ëß‰¥â∑”°“√∑¥ Õ∫·∫∫°–

(batch test) μàÕ°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√

‡Õ∑∏‘≈’π æ∫«à“ °“√„™â§“∑’§Õ≈ ‡ªìπ·À≈àßμâπμÕ

¢Õß§“√å∫Õπ ‰¡à¡’º≈μàÕ°“√≈¥≈ß¢Õß “√‰μ√§≈Õ

‚√‡Õ∑∏‘≈’π π—ËπÀ¡“¬§«“¡«à“ ‡ÕÁπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß

„π°√–∫«π°“√√à«¡¬àÕ¬ ≈“¬ ¡“®“°°“√„™âøïπÕ≈

‡ªìπ·À≈àß§“√å∫Õπ §◊Õ‡ÕÁπ‰´¡å øïπÕ≈‰Œ¥√Õ°´’‡≈ 

À√◊ÕøïπÕ≈‚¡‚πÕÕ°´’®‘‡π   à«π‡ÕÁπ‰´¡å∑’Ëº≈‘μ‰¥â

®“°°“√„™â§“∑’§Õ≈‡ªìπ·À≈àß§“√å∫Õππ—Èπ ‰¡à

 “¡“√∂∑’Ë®–∑”°“√√à«¡¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√

‡Õ∑∏‘≈’π‰¥â [13, 14,15]

º≈Õ—μ√“°“√¬àÕ¬ ≈“¬ “√øïπÕ≈ ·≈– “√

‰μ√§≈Õ‚√‡Õ∑∏‘≈’π„π∂—ßªØ‘°√≥å™’«¿“æ·∫∫μàÕ

‡π◊ËÕß√–¥—∫ÀâÕßªØ‘∫—μ‘°“√ ‚¥¬·∫§∑’‡√’¬ B. cepacia

AW201 ¡’§à“‡©≈’Ë¬‡ªìπ 3.0 ¡‘≈≈‘°√—¡øïπÕ≈/¡‘≈≈‘°√—¡

‚ª√μ’π-«—π ·≈– 0.03 ¡‘≈≈‘°√—¡ ‰μ√§≈Õ‚√‡Õ∑∏‘≈’π/

¡‘≈≈‘°√—¡‚ª√μ’π-«—π μ“¡≈”¥—∫ À√◊Õª√–¡“≥ 2.67

¡‘≈≈‘°√—¡‰μ√§≈Õ‚√‡Õ∑∏‘≈’π/≈‘μ√-«—π ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫

Õ—μ√“°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π ®“°ºŸâ

»÷°…“«‘®—¬∑à“πÕ◊Ëπ ‚¥¬∑¥ Õ∫„π∂—ßªØ‘°√≥å™’«¿“æ

„π≈—°…≥–∑’Ë‡´≈·¢«π≈Õ¬ (suspended cell) æ∫

«à“ Pseudomonas putida F1 √à«¡°—∫ mix cul-

tures ·≈– Alcaligenase eutrophus JMP134 ÷́Ëß

„™â “√øïπÕ≈‡ªìπ·À≈àß§“√å∫Õπ Õ—μ√“°“√¬àÕ¬

 ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π ‡ªìπ 1.7-3.0 ·≈– 6.7-

9.5 ¡‘≈≈‘°√—¡‰μ√§≈Õ‚√‡Õ∑∏‘≈’π/≈‘μ√-«—π μ“¡≈”¥—∫

·≈–·∫§∑’‡√’¬ æ«°„™â¡’‡∑π‡ªìπ·À≈àß§“√å∫Õπ

(methanotrophs) ‚¥¬ Methylosinus trichosporium

OB3b Õ—μ√“°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π

‡ªìπ 0.2-3.0 ¡‘≈≈‘°√—¡‰μ√§≈Õ‚√‡Õ∑∏‘≈’π/≈‘μ√ ¢Õß

∂—ßªØ‘°√≥å™’«¿“æ-«—π [16, 17, 18]

 √ÿªº≈·≈–¢âÕ‡ πÕ·π– �
 “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π‡ªìπ “√ —ß‡§√“–Àå∑’Ë¡’

°“√π”¡“„™â¡“°„π¿“§Õÿμ “À°√√¡ ‡¡◊ËÕ¡’°“√„™â

·≈–À≈—ß®“°°“√„™â·≈â«  “√¥—ß°≈à“«®–°≈“¬‡ªìπ

¢Õß‡ ’¬ ´÷Ëß®”‡ªìπμâÕßπ”¡“∫”∫—¥Õ¬à“ß∂Ÿ°«‘∏’ °“√

«‘ ®— ¬ π’È ‰¥â ∑”°“√§—¥·¬°·∫§∑’ ‡ √’ ¬ “¬æ—π∏ÿå

Burkholderia cepacia AW201 ®“°·À≈àßπÈ”

∏√√¡™“μ‘ πÈ”‡ ’¬™ÿ¡™π ·≈–πÈ”„μâ¥‘π®“°∫√‘‡«≥∑’Ë

¡’°“√ªπ‡ªóôÕπ¢Õß “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π ‡æ◊ËÕπ”

¡“∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß°“√¬àÕ¬ ≈“¬ “√‰μ√

§≈Õ‚√‡Õ∑∏‘≈’π ‚¥¬„Àâ “√øïπÕ≈‡ªìπ·À≈àß

æ≈—ßß“π·≈–·À≈àß§“√å∫Õπ·°à·∫§∑’‡√’¬ “¬æ—π∏ÿå

¥—ß°≈à“« °“√∑¥≈Õß∑”„π∂—ßªØ‘°√≥å™’«¿“æ·∫∫

μàÕ‡π◊ËÕß æ∫«à“Õ—μ√“‡©≈’Ë¬¢Õß°“√¬àÕ¬ ≈“¬ “√

‰μ√§≈Õ‚√‡Õ∑∏‘≈’πÕ¬Ÿà∑’Ë 0.03 ¡‘≈≈‘°√—¡ ‰μ√§≈Õ‚√

‡Õ∑∏‘≈’π/¡‘≈≈‘°√—¡‚ª√μ’π-«—π ·≈–øïπÕ≈Õ¬Ÿà∑’Ë 3.0

¡‘≈≈‘°√—¡øïπÕ≈/¡‘≈≈‘°√—¡‚ª√μ’π-«—π μ“¡≈”¥—∫ ‚¥¬∑’Ë

§«“¡‡¢â¡¢âπ¢Õß “√øïπÕ≈„ππÈ”ÕÕ°®“°∂—ß

ªØ‘°√≥å¡’§à“μË”°«à“ 0.2 ¡‘≈≈‘°√—¡/≈‘μ√ „π¢≥–

‡¥’¬«°—π “¡“√∂≈¥§«“¡‡¢â¡¢âπ‡√‘Ë¡μâπ¢Õß “√‰μ√

§≈Õ‚√‡Õ∑∏‘≈’π 3 ¡‘≈≈‘°√—¡/≈‘μ√ ‰¥â¡“°°«à“√âÕ¬≈–

90 ®“°º≈°“√»÷°…“ ®÷ß¡’§«“¡‡ªìπ‰ª‰¥â∑’Ë®–

æ—≤π“√–∫∫∂—ßªØ‘°√≥å™’«¿“æ‚¥¬„™â B. cepacia

AW201 ‡æ◊ËÕ„Àâ “¡“√∂π”‰ª„™â∫”∫—¥πÈ”∑‘Èß∑’Ë¡’°“√

ªπ‡ªóôÕπ¢Õß “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π‰¥â Õ¬à“ß‰√°Áμ“¡

‡π◊ËÕß®“°°“√∑¥ Õ∫°“√¬àÕ¬ ≈“¬ “√‰μ√§≈Õ‚√

‡Õ∑∏‘≈’π‚¥¬°√–∫«π°“√√à«¡¬àÕ¬ ≈“¬ ‰¥â∑”°“√

∑¥ Õ∫„π√–¥—∫ÀâÕßªØ‘∫—μ‘°“√ ∑’Ë„™âπÈ”‡ ’¬ —ß‡§√“–Àå

∑’Ë¡’·μà “√øïπÕ≈‡ªìπ·À≈àß§“√å∫Õπ„Àâ°—∫·∫§∑’‡√’¬

 “¬æ—π∏ÿå B. cepacia AW201 ‡æ’¬ßÕ¬à“ß‡¥’¬«

¥—ßπ—Èπ „π°“√∑’Ë®–¢¬“¬º≈‡æ◊ËÕ∑”„Àâ·∫§∑’‡√’¬ “¬

æ—π∏ÿå B. cepacia AW201  “¡“√∂π”‰ª„™â∫”∫—¥
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πÈ”‡ ’¬∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π

‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æπ—Èπ §«√∑’Ë®–∑”°“√∑¥ Õ∫

°—∫πÈ”‡ ’¬∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß “√‰μ√§≈Õ‚√‡Õ∑∏‘

≈’π®√‘ß ‡æ◊ËÕ»÷°…“»—°¬¿“æ·≈–ªí®®—¬·«¥≈âÕ¡Õ◊ËπÊ

∑’Ë¡’º≈„π°“√‡Õ◊ÈÕª√–‚¬™πåÀ√◊Õ¡’º≈¬—∫¬—ÈßμàÕ°“√

∑”ß“π¢Õß·∫§∑’‡√’¬ “¬æ—π∏ÿå B. cepacia AW201

‡æ◊ËÕ„Àâº≈°“√»÷°…“∑’Ë ‰¥â “¡“√∂∑’Ë®–æ—≤π“„π

°“√π”‰ª„™âª√–‚¬™πåμàÕ°“√∫”∫—¥πÈ”‡ ’¬∑’Ë¡’°“√

ªπ‡ªóôÕπ¢Õß “√‰μ√§≈Õ‚√‡Õ∑∏‘≈’π‰¥â®√‘ß„π√–¥—∫
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∫∑§—¥¬àÕ

®“°°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ°“√∫”∫—¥πÈ”‡ ’¬¢Õß‡√◊Õπ®”·≈– –æ“πª≈“ ‚¥¬„™â∂—ß°√Õß‰√âÕ“°“»

∑’Ë¡’μ—«°≈“ß‡ªìπæ≈“ μ‘°·∫∫ pall ring ‚¥¬°“√·ª√‡ª≈’Ë¬π§à“‡«≈“°—°æ—°∑“ß™≈»“ μ√å ‡æ◊ËÕÀ“ ¿“«–∑’Ë

‡À¡“– ¡„π°“√π”‰ª„™â‡ªìπ‡°≥±å„π°“√ÕÕ°·∫∫ ÷́Ëß§à“‡«≈“°—°æ—°∑“ß™≈»“ μ√å¢ÕßπÈ”‡ ’¬®“°‡√◊Õπ®”

∑’Ë‰¥â∑”°“√∑¥≈Õß§◊Õ 2 «—π 1.5 «—π 1 «—π 16 ™—Ë«‚¡ß 12 ™—Ë«‚¡ß ·≈– 8 ™—Ë«‚¡ß §‘¥‡ªìπÕ—μ√“¿“√–

∫√√∑ÿ°Õ‘π∑√’¬å‡©≈’Ë¬‡∑à“°—∫ 0.2 0.26 0.47 0.78 0.93 ·≈– 1.57 °‘‚≈°√—¡´’‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π

μ“¡≈”¥—∫ æ∫«à“ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥πÈ”‡ ’¬‚¥¬√«¡Õ¬Ÿà∑’Ë√âÕ¬≈– 66-73 ́ ÷Ëß§à“‡«≈“°—°æ—°∑“ß™≈»“ μ√å

12 ™—Ë«‚¡ß ¡’Õ—μ√“¿“√–∫√√∑ÿ°Õ‘π∑√’¬å‡∑à“°—∫ 0.93 °‘‚≈°√—¡ ’́‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π ¡’§«“¡

‡À¡“– ¡∑’Ë ÿ¥„π°“√π”‰ª„™â„π°“√ÕÕ°·∫∫√–∫∫  à«π∑’Ë√–¬–‡«≈“°—°æ—°∑“ß™≈»“ μ√å 4 «—π¢ÕßπÈ”‡ ’¬

®“° –æ“πª≈“ ¡’Õ—μ√“¿“√–∫√√∑ÿ°Õ‘π∑√’¬å‡©≈’Ë¬∑’Ë∑”°“√∑¥≈Õß 2 √–¥—∫§◊Õ 1.70 ·≈– 0.74 °‘‚≈°√—¡´’

‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π ∑’Ë√–¬–‡«≈“°—°æ—°∑“ß™≈»“ μ√å 3 «—π ́ ÷Ëß¡’Õ—μ√“¿“√–∫√√∑ÿ°Õ‘π∑√’¬å‡∑à“°—∫

1.94 °‘‚≈°√—¡ ’́‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π ∑’Ë√–¬–‡«≈“°—°æ—°∑“ß™≈»“ μ√å 2 «—π ¡’Õ—μ√“¿“√–

∫√√∑ÿ°Õ‘π∑√’¬å‡©≈’Ë¬∑’Ë∑”°“√∑¥≈Õß 2 √–¥—∫§◊Õ 1.48 ·≈– 3.86 °‘‚≈°√—¡´’‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-

«—π ∑’Ë√–¬–‡«≈“°—°æ—°∑“ß™≈»“ μ√å 1.5 «—π ¡’Õ—μ√“¿“√–∫√√∑ÿ°Õ‘π∑√’¬å‡∑à“°—∫ 3.88 °‘‚≈°√—¡´’‚Õ¥’μàÕ

≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π ·≈–∑’Ë√–¬–‡«≈“°—°æ—°∑“ß™≈»“ μ√å 1 «—π ¡’Õ—μ√“¿“√–∫√√∑ÿ°Õ‘π∑√’¬å‡∑à“°—∫

7.17 °‘‚≈°√—¡´’‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π æ∫«à“§à“‡«≈“°—°æ—°∑“ß™≈»“ μ√å 3 «—π ´÷Ëß¡’Õ—μ√“¿“√–

∫√√∑ÿ°Õ‘π∑√’¬å‡∑à“°—∫ 1.94 °‘‚≈°√—¡´’‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π ¡’§«“¡ “¡“√∂„π°“√√Õß√—∫§«“¡

·ª√ª√«π¢Õß§à“§«“¡‡¢â¡¢âπ¢Õß “√Õ‘π∑√’¬å‰¥â¥’ ®÷ß¡’§«“¡‡À¡“– ¡∑’Ë ÿ¥„π°“√π”‰ª„™â„π°“√ÕÕ°·∫∫√–∫∫

®“°‡°≥±å¥—ß°≈à“«‰¥âπ”¡“„™â„π°“√ª√–‡¡‘π§à“°“√°àÕ √â“ß√–∫∫∂—ß°√Õß‰√âÕ“°“» ‡æ◊ËÕ∫”∫—¥πÈ”

‡ ’¬®“°‡√◊Õπ®”„Àâ¡’§«“¡ “¡“√∂√—∫πÈ”‡ ’¬∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß ’́‚Õ¥’ 800 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ·≈–ª√‘¡“≥πÈ”‡ ’¬

300 ≈Ÿ°∫“»°å‡¡μ√μàÕ«—π‰¥â  à«π√–∫∫∂—ß°√Õß‰√âÕ“°“»‡æ◊ËÕ∫”∫—¥πÈ”‡ ’¬®“° –æ“πª≈“ „Àâ¡’§«“¡

 “¡“√∂√—∫πÈ”‡ ’¬∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß ’́‚Õ¥’ 6,600 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ·≈–ª√‘¡“≥πÈ”‡ ’¬ 200 ≈Ÿ°∫“»°å

‡¡μ√μàÕ«—π‰¥â

§” ”§—≠: ∂—ß°√Õß‰√âÕ“°“» °“√∫”∫—¥πÈ”‡ ’¬ πÈ”‡ ’¬®“°‡√◊Õπ®” ·≈– –æ“πª≈“

*‡ªìπß“π«‘®—¬∑’Ë®—¥®â“ß ‚¥¬»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡

[1] ¿“§«‘™“«‘»«°√√¡ ‘Ëß·«¥≈âÕ¡ ¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’

°“√æ—≤π“√–∫∫∫”∫—¥πÈ”‡ ’¬∂—ß°√Õß‰√âÕ“°“» ”À√—∫∫”∫—¥πÈ”‡ ’¬
®“°‡√◊Õπ®”·≈– –æ“πª≈“*

Development of Anaerobic Filters for the Treatment of Wastewater from
a Prison and a Fishery Pier

®‘πμå Õ‚π∑—¬[1] °¡≈™π° ®√μ√–°“√[1] ·≈– √ÿ®‘√—μπå ‡¢¡«“ [1]

Jin Anotai, Kamolchanok Jortrakan and Ruchirat Khemawas
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Abstract

To measure treatment efficiency of anaerobic filters using pall ring as a media, waste

water of a prison and a fishery pier was fed to the lab-scale anaerobic filters with varying

hydraulic retention times (HRT). The wastewater of the prison was treated at HRT of 2 days, 1.5

days, 1 day, 16 hours, 12 hours and 8 hours with corresponding to organic loading rates (OLR)

of 0.2, 0.26, 0.47, 0.78, 0.93 and 1.57 kgCOD/m3 of media - day respectively. The filters treating

wastewater of the prison has efficiency in the range of 66-73 %. The HRT of 12 hours with OLR

of 0.93 kgCOD/m3 of media-day is suitable value to effectively operate the filters treating

wastewater of the prison. The wastewater of the fishery pier was treated at HRT of 4 days with

2 levels of OLR of 1.70 and 0.74 kgCOD/m3 of media-day, HRT of 3 days with OLR of 1.94

kgCOD/m3 of media-day, HRT of 2 days with 2 levels of OLR of 1.48 and 3.86 kgCOD/m3 of

media-day, HRT of 1.5 days with OLR of 3.88 kgCOD/m3 of media-day and HRT of 1 day with

OLR of 7.17 kgCOD/m3 of media-day. The HRT of 3 days with OLR of 1.94 kgCOD/m3 of media-

day is suitable value to effectively operate the filters treating wastewater of the fishery pier.

The HRT and OLR obtained was used to design large scale anaerobic filter units. The unit

of the prison was designed to receive wastewater having COD of 800 mg/L and loading rate

of 300 m3/d while the unit of the fishery pier was designed to receive wastewater having COD

of 6,600 mg/L and loading of 200 m3/d.

Keywords: anaerobic filter, wastewater treatment, wastewater of a prison and a fishery pier
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§”π” �
ª√–‡∑»‰∑¬ª√– ∫°—∫ªí≠À“¥â“π¡≈æ‘…∑“ß

πÈ”Õ¬à“ß√ÿπ·√ß„πÀ≈“¬æ◊Èπ∑’Ë ∂÷ß·¡â«à“¿“§√—∞‰¥â

∑”°“√°àÕ √â“ß√–∫∫√«∫√«¡·≈–∫”∫—¥πÈ”‡ ’¬√«¡

¢÷Èπ‡ªìπ®”π«π¡“° ·μà¬—ß‰¡à “¡“√∂§√Õ∫§≈ÿ¡

·À≈àß°”‡π‘¥πÈ”‡ ’¬∑—ÈßÀ¡¥‰¥â Õ—π‡π◊ËÕß¡“®“°¢âÕ

®”°—¥∑“ß¥â“π‡»√…∞»“ μ√å °≈à“«§◊Õ„π™ÿ¡™π∑’Ë¡’

Õ—μ√“°“√°”‡π‘¥πÈ”‡ ’¬μàÕæ◊Èπ∑’ËμË”®–‰¡à¡’§«“¡§ÿâ¡

∑ÿπ„π°“√°àÕ √â“ß√–∫∫∑àÕ√«∫√«¡πÈ”‡ ’¬ ®”‡ªìπ

μâÕßÕ“»—¬√–∫∫∫”∫—¥πÈ”‡ ’¬·∫∫μ‘¥°—∫∑’Ë (on-site

treatment) °“√ª√–¬ÿ°μå„™â∂—ß°√Õß‰√âÕ“°“»

(anaerobic filter) ´÷Ëß¡’ª√– ‘∑∏‘¿“æ„π°“√

∫”∫—¥πÈ”‡ ’¬‰¥â‡ªìπÕ¬à“ß¥’ ‰¡à®”‡ªìπμâÕß¥Ÿ·≈·≈–

∫”√ÿß√—°…“Õ¬à“ß„°≈â™‘¥ ¡’§à“„™â®à“¬„π°“√¥”‡π‘π

ß“π∑’ËμË” ·≈–¡’°“√»÷°…“®“°ºŸâ«‘®—¬À≈“¬Ê ∑à“π

æ∫«à“ ∂—ß°√Õß‰√âÕ“°“» “¡“√°”®—¥ “√¡≈æ‘…

Õ‘π∑√’¬å„π√Ÿª¢Õß´’‚Õ¥’‰¥â√âÕ¬≈– 50 ∂÷ß 92 ∑’Ë

Õ—μ√“¿“√–∫√√∑ÿ° “√Õ‘π∑√’¬å 0.08 ∂÷ß 2.4 °‘‚≈°√—¡

´’ ‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√-«—π „π™à«ß‡«≈“°—°æ—°∑“ß

™≈»“ μ√å 3 ∂÷ß 48 ™—Ë«‚¡ß „π°√≥’¢ÕßπÈ”‡ ’¬™ÿ¡™π

·≈–√âÕ¬≈– 68 ∂÷ß 92 ∑’ËÕ—μ√“¿“√–∫√√∑ÿ° “√Õ‘π∑√’¬å

3 ∂÷ß 15 °‘‚≈°√—¡´’‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√-«—π „π

™à«ß‡«≈“°—°æ—°∑“ß™≈»“ μ√å 0.5 ∂÷ß 4.4 «—π  ”À√—∫

°“√∫”∫—¥πÈ”‡ ’¬®“°Õÿμ “À°√√¡∑’Ë‡°’Ë¬«¢âÕß°—∫

Õ“À“√∑–‡≈ [1-6]

»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ ‡≈Áß

‡ÀÁπ∂÷ßªí≠À“¡≈æ‘…∑“ßπÈ” ”À√—∫™ÿ¡™π¢π“¥‡≈Á°

·≈–‰¥â¡Õ∫À¡“¬„Àâ¿“§«‘™“«‘»«°√√¡ ‘Ëß·«¥≈âÕ¡

¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ ¥”‡π‘π

°“√«‘®—¬‡æ◊ËÕÀ“ ¿“«–∑’Ë‡À¡“– ¡„π°“√∫”∫—¥πÈ”

‡ ’¬∑’Ë‡°‘¥®“°‡√◊Õπ®” ́ ÷Ëß‡ªìπμ—«·∑π¢ÕßπÈ”‡ ’¬™ÿ¡™π

·≈–πÈ”‡ ’¬®“° –æ“πª≈“ ´÷Ëß‡ªìπμ—«·∑ππÈ”‡ ’¬

®“°°‘®°√√¡‡©æ“–ª√–‡¿∑∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß

 “√Õ‘π∑√’¬å·≈–‡°≈◊Õ§àÕπ¢â“ß Ÿß ‚¥¬°“√„™â√–∫∫

∂—ß°√Õß‰√âÕ“°“» æ√âÕ¡∑—Èßπ”¢âÕ¡Ÿ≈∑’Ë ‰¥â¡“

ª√–¬ÿ°μå„™â‡ªìπ‡°≥±å„π°“√ÕÕ°·∫∫√“¬≈–‡Õ’¬¥

¢Õß√–∫∫∂—ß°√Õß‰√âÕ“°“» ‡æ◊ËÕ∫”∫—¥πÈ”‡ ’¬∑’Ë‡°‘¥

¢÷Èπ°àÕπ∑’Ë®–√–∫“¬‡¢â“ ŸàÀπà«¬∫”∫—¥Õ◊ËπÊ ‡æ◊ËÕ≈¥

ª√‘¡“≥§«“¡ °ª√° ·≈–≈¥§à“„™â®à“¬∑’Ë‡°‘¥¢÷Èπ„π

°“√π”‰ª∫”∫—¥¥â«¬«‘∏’Õ◊ËπμàÕ‰ª πÈ”∑’Ëºà“π°“√

∫”∫—¥·≈â« “¡“√∂√–∫“¬≈ß Ÿà·À≈àßπÈ”∏√√¡™“μ‘‰¥â

‚¥¬‰¡à°àÕ„Àâ‡°‘¥¿“«–¡≈æ‘… Õ—π®–‡ªìπ°“√Õπÿ√—°…å

·≈–√—°…“§ÿ≥¿“æπÈ”„π∏√√¡™“μ‘„Àâ “¡“√∂„™â

ª√–‚¬™πå‰¥âÕ¬à“ß¬—Ëß¬◊πμàÕ‰ª

Õÿª°√≥å·≈–«‘∏’°“√ �
1. ≈—°…≥–¢ÕßπÈ”‡ ’¬

πÈ”‡ ’¬∑’Ë„™â∑¥ Õ∫ ·∫àßÕÕ°‡ªìπ 2 ª√–‡¿∑

§◊ÕπÈ”‡ ’¬®√‘ß®“°‡√◊Õπ®” ´÷Ëß‡ªìπμ—«·∑π¢ÕßπÈ”

‡ ’¬™ÿ¡™π ¡’§à“§«“¡‡¢â¡¢âπ¢Õß ’́‚Õ¥’ Õ¬Ÿà„π™à«ß 289-

728 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ·≈–πÈ”‡ ’¬®“°°‘®°√√¡

 –æ“πª≈“ ´÷Ëß‡ªìπμ—«·∑π¢ÕßπÈ”‡ ’¬®“°°‘®°√√¡

‡©æ“–ª√–‡¿∑ ∑’Ë¡’§à“§«“¡‡¢â¡¢âπ¢Õß´’‚Õ¥’ Õ¬Ÿà„π

™à«ß 1,738 - 6,591 ¡‘≈≈‘°√—¡μàÕ≈‘μ√

2. ≈—°…≥–¢Õß∂—ß°√Õß‰√âÕ“°“»

∂—ß°√Õß‰√âÕ“°“»º≈‘μ®“°Õ–§√‘≈‘°√Ÿª

∑√ß°√–∫Õ°∑’Ë¡’‡ âπºà“π»Ÿπ¬å°≈“ß 30 ‡´πμ‘‡¡μ√

·≈– Ÿß 1 ‡¡μ√ ÷́Ëß¡’ª√‘¡“μ√„™âß“π (empty bed

volume) 63 ≈‘μ√®”π«π 4 ™ÿ¥ ”À√—∫∑¥ Õ∫πÈ”

‡ ’¬®“°‡√◊Õπ®” 2 ™ÿ¥ ·≈–πÈ”‡ ’¬®“° –æ“πª≈“

2 ™ÿ¥ ·μà≈–™ÿ¥®–¡’®ÿ¥‡°Á∫μ—«Õ¬à“ßπÈ” 6 ®ÿ¥ ∑’Ë∑ÿ°

§«“¡ Ÿß 15 ‡´πμ‘‡¡μ√  à«πμ—«°≈“ß∑’Ë∑¥ Õ∫

‡ªìπμ—«°≈“ßæ≈“ μ‘° ´÷Ëß¡’æ◊Èπ∑’Ëº‘«®”‡æ“– 104.55
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√Ÿª∑’Ë 2 μ—«°≈“ßæ≈“ μ‘°∑’Ë „™â‡ªìπ«— ¥ÿ¬÷¥‡°“–„π√–∫∫∂—ß°√Õß‰√âÕ“°“»

√Ÿª∑’Ë 1 ≈—°…≥–√–∫∫∂—ß°√Õß‰√âÕ“°“»
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μ“√“ß‡´πμ‘‡¡μ√μàÕ≈Ÿ° ∫√√®ÿ≈ß„π∂—ß°√Õß‰√â

Õ“°“»®”π«π 1,024 ≈Ÿ° ∑”„Àâ¡’ —¥ à«π™àÕß«à“ß

(void ratio) ‡∑à“°—∫√âÕ¬≈– 70 ¥—ß√Ÿª∑’Ë 1 ·≈– 2

μ“¡≈”¥—∫

3. °“√μ√÷ßøî≈å¡®ÿ≈™’æ∫πμ—«°≈“ß

„π√–¬–·√° π”μ–°Õπ®ÿ≈™’æ®“°∑âÕß√àÕß

√–∫“¬πÈ”„π¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“

∏π∫ÿ√’ ¡“‡√‘Ë¡∑”°“√μ√÷ßøî≈å¡®ÿ≈™’æ∫πμ—«°≈“ß

æ≈“ μ‘° „π∂—ßæ≈“ μ‘° ¢π“¥ 120 ≈‘μ√ √à«¡°—∫

πÈ”‡ ’¬∑’Ë∑¥ Õ∫·μà≈–ª√–‡¿∑ ·≈–∑”°“√ª√—∫

 ¿“æ®ÿ≈™’æ„Àâ§ÿâπ‡§¬°—∫πÈ”‡ ’¬ (acclimation) ‰ª

æ√âÕ¡Ê °—π ‚¥¬∑’Ë¥â“π≈à“ß¢Õß∂—ß®–¡’‡§√◊ËÕß Ÿ∫

μ–°Õπ‡æ◊ËÕÀ¡ÿπ‡«’¬π¡«≈®ÿ≈™’æ∑’Ëμ°μ–°ÕπÕ¬Ÿà

¥â“π≈à“ß¢Õß∂—ß¢÷Èπ¡“¬—ß∫πμ—«°≈“ß ·≈–∑”°“√

ªÑÕππÈ”‡ ’¬®“°‡√◊Õπ®”·≈– –æ“πª≈“‡¢â“„π∂—ß

μ√÷ßøî≈å¡ª√–¡“≥√âÕ¬≈– 20 ·≈–√âÕ¬≈– 10 ¢Õß

ª√‘¡“μ√°—°πÈ”μ“¡≈”¥—∫ ®“°π—Èπ∑”°“√«‘‡§√“–Àå

´’‚Õ¥’ ·≈–§«“¡‡ªìπ°√¥-¥à“ß¢ÕßπÈ”„π∂—ß∑ÿ°«—π ‡¡◊ËÕ

§à“´’‚Õ¥’„π∂—ßμ√÷ßøî≈å¡≈¥≈ß¡“°°«à“√âÕ¬≈– 80 ®–

∑”°“√ªÑÕππÈ”‡ ’¬„πª√‘¡“≥∑’Ë‡æ‘Ë¡¢÷Èπ√âÕ¬≈– 20 μ“¡

≈”¥—∫ ´÷Ëß„™â‡«≈“ª√–¡“≥ 6  —ª¥“Àå ®πøî≈å¡∑’Ë

‡°“–∫πμ—«°≈“ß¡’ª√‘¡“≥¡“°æÕ®π “¡“√∂¡Õß

‡ÀÁπ‰¥âÕ¬à“ß‡¥àπ™—¥ ®÷ßπ”μ—«°≈“ß∑’Ë‰¥â∫√√®ÿ≈ß„π

∂—ß°√Õß‰√âÕ“°“»

4. °“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß∂—ß°√Õß‰√ â

Õ“°“»∑’Ë∫√√®ÿ¥â«¬μ—«°≈“ßæ≈“ μ‘°„ππÈ”‡ ’¬®“°

‡√◊Õπ®”·≈–πÈ”‡ ’¬®“° –æ“πª≈“

‡¡◊ËÕ∫√√®ÿμ—«°≈“ß∑’Ë¡’øî≈å¡®ÿ≈™’æ‡°“–Õ¬Ÿà≈ß

„π∂—ß°√Õß‰√âÕ“°“»·≈â« ‡√‘Ë¡∑”°“√ªÑÕππÈ”‡ ’¬‡¢â“

 Ÿà∂—ß°√Õß‰√âÕ“°“» ∑”°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ

¢Õß√–∫∫‚¥¬°“√ª√—∫‡ª≈’Ë¬π‡«≈“°—°æ—°∑“ß™≈

»“ μ√å„Àâ —Èπ≈ß ´÷ËßπÈ”‡ ’¬®“°‡√◊Õπ®”®–∑”°“√

∑¥ Õ∫‡«≈“°—°æ—°∑“ß™≈»“ μ√å (HRT) ∑’Ë 2 «—π

1.5 «—π 1 «—π 16 ™—Ë«‚¡ß 12 ™—Ë«‚¡ß ·≈– 8 ™—Ë«‚¡ß

μ“¡≈”¥—∫ „π∂—ßªØ‘°√≥å ° ·≈– ¢  à«ππÈ”‡ ’¬

®“° –æ“πª≈“®–∑”°“√∑¥ Õ∫‡«≈“°—°æ—°∑“ß

™≈»“ μ√å∑’Ë 4 «—π 3 «—π 2 «—π 1.5 «—π ·≈– 1 «—π

μ“¡≈”¥—∫ „π∂—ßªØ‘°√≥å § ·≈– ß ¥—ß· ¥ß„π

μ“√“ß∑’Ë 1 ·≈– 2 μ“¡≈”¥—∫

μ“√“ß∑’Ë 1 ‡«≈“°—°æ—°∑“ß™≈»“ μ√å (HRT) ·≈–

Õ—μ√“¿“√–∫√√∑ÿ°Õ‘π∑√’¬å (OLR)  ”À√—∫

πÈ”‡ ’¬®“°‡√◊Õπ®”

°“√ ∂—ßªØ‘°√≥å °      ∂—ßªØ‘°√≥å ¢

∑¥≈Õß HRT OLR* HRT OLR*

1 2.0 d 0.19-0.27 2.0 d 0.19-0.27

(0.20) (0.20)

2 1.5 d 0.19-0.50 1.5 d 0.19-0.50

(0.26) (0.26)

3 1.0 d 0.27-1.16 12 hr 0.54-2.32

(0.47) (0.93)

4 16 hr 0.39-1.64 8 hr 0.79-3.28

(0.78) (1.57)

À¡“¬‡Àμÿ: * ¡’Àπà«¬‡ªìπ°‘ ‚≈°√—¡´’ ‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√

μ—«°≈“ß-«—π ·≈–§à“„π«ß‡≈Á∫§◊Õ§à“‡©≈’Ë¬
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º≈°“√∑¥≈Õß·≈–«‘®“√≥å �
1. ª√– ‘∑∏‘¿“æ¢Õß∂—ß°√Õß‰√âÕ“°“»∑’Ë

∫√√®ÿμ—«°≈“ßæ≈“ μ‘°μàÕ°“√∫”∫—¥πÈ”‡ ’¬®“°

‡√◊Õπ®”

®“°°“√∑¥≈Õß∑’Ë√–¬–‡«≈“°—°æ—°∑“ß™≈

»“ μ√å 2 «—π „π™ÿ¥°“√∑¥≈Õß∑’Ë 1 ´÷Ëß¡’Õ—μ√“

¿“√–∫√√∑ÿ°Õ‘π∑√’¬åÕ¬Ÿà„π™à«ß 0.19-0.27 °‘‚≈°√—¡

´’ ‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π‡ªìπ√–¬–‡«≈“

ª√–¡“≥ 2 ‡¥◊Õπ ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ¢Õß´’‚Õ¥’

‡∑à“°—∫ 255-378 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ æ∫«à“∂—ßªØ‘°√≥å

° ·≈– ¢ ¡’ª√– ‘∑∏‘¿“æ°“√∫”∫—¥„°≈â‡§’¬ß°—π

‡©≈’Ë¬Õ¬Ÿà∑’Ë√âÕ¬≈– 71 ·≈–‡¡◊ËÕ∑”°“√ª√—∫√–¬–‡«≈“

°—°æ—°∑“ß™≈»“ μ√å‡ªìπ 1.5 «—π „π™ÿ¥°“√∑¥≈Õß

∑’Ë 2 ́ ÷Ëß‡∑’¬∫‡ªìπÕ—μ√“¿“√–∫√√∑ÿ°Õ‘π∑√’¬åÕ¬Ÿà„π™à«ß

0.19-0.50 °‘‚≈°√—¡´’‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-

«—π ‡ªìπ√–¬–‡«≈“‡°◊Õ∫ 4 ‡¥◊Õπ æ∫«à“≈—°…≥–

 ¡∫—μ‘¢ÕßπÈ”‡ ’¬∑’ËÕÕ°®“°∂—ßªØ‘°√≥å∑—Èß 2 ∂—ß∑’Ë

μ“√“ß∑’Ë 2 ‡«≈“°—°æ—°∑“ß™≈»“ μ√å (HRT) ·≈–

Õ—μ√“¿“√–∫√√∑ÿ°Õ‘π∑√’¬å (OLR)  ”À√—∫

πÈ”‡ ’¬®“° –æ“πª≈“

°“√ ∂—ßªØ‘°√≥å °      ∂—ßªØ‘°√≥å ¢

∑¥≈Õß HRT OLR* HRT OLR*

1 4.0 d 0.93-2.48 4.0 d 0.93-2.48

(1.70) (1.70)

2 4.0 d 0.65-0.93 2.0 d 1.36-1.66

(0.74) (1.48)

3 3.0 d 0.87-3.09 1.5 d 2.10-6.50

(1.94) (3.88)

4 2.0 d 3.42-4.89 1.0 d 6.84-9.77

(3.86) (7.17)

À¡“¬‡Àμÿ: * ¡’Àπà«¬‡ªìπ°‘ ‚≈°√—¡´’ ‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√

μ—«°≈“ß-«—π ·≈–§à“„π«ß‡≈Á∫§◊Õ§à“‡©≈’Ë¬

„°≈â ¿“«–§ßμ—«¬—ß¡’§à“§≈â“¬§≈÷ß°—π‡À¡◊Õπ°—∫

°“√∑¥ Õ∫„π™ÿ¥°“√∑¥≈Õß∑’Ë 1 °≈à“«§◊Õ¡’§à“

§«“¡‡¢â¡¢âπ´’‚Õ¥’∑—ÈßÀ¡¥ ·≈–´’‚Õ¥’°√Õß‡©≈’Ë¬‡∑à“°—∫

135 ·≈– 80 ¡‘≈≈‘°√—¡μàÕ≈‘μ√  ”À√—∫∂—ßªØ‘°√≥å °

·≈–‡∑à“°—∫ 147 ·≈– 98 ¡‘≈≈‘°√—¡μàÕ≈‘μ√  ”À√—∫

∂—ßªØ‘°√≥å ¢ μ“¡≈”¥—∫ ·≈–¡’ª√– ‘∑∏‘¿“æ„π

°“√∫”∫—¥´’‚Õ¥’‡©≈’Ë¬‡∑à“°—∫√âÕ¬≈– 73 ·≈– 71 μ“¡

≈”¥—∫ μàÕ¡“‰¥â∑”°“√ª√—∫≈¥√–¬–‡«≈“°—°æ—°∑“ß

™≈»“ μ√å ≈ß‡À≈◊Õ 1 «—π ·≈– 12 ™—Ë«‚¡ß  ”À√—∫

∂—ßªØ‘°√≥å ° ·≈– ¢ μ“¡≈”¥—∫ „π™ÿ¥°“√∑¥≈Õß∑’Ë

3 ‡ªìπº≈„Àâ¿“√–∫√√∑ÿ°Õ‘π∑√’¬å‡©≈’Ë¬ ‡æ‘Ë¡¢÷Èπ‡ªìπ

0.47 ·≈– 0.93 °‘‚≈°√—¡ ’́‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√

μ—«°≈“ß-«—π μ“¡≈”¥—∫ º≈∑’Ë‰¥â§◊Õ§à“´’‚Õ¥’°√Õß

‡©≈’Ë¬¢ÕßπÈ”ÕÕ°®“°∂—ßªØ‘°√≥å∑—Èß Õß¡’§à“„°≈â

‡§’¬ß°—π§◊Õ 93-96 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ®–‡ÀÁπ«à“§à“´’

‚Õ¥’¢ÕßπÈ”ÕÕ°¡’§à“ Ÿß°«à“„π™ÿ¥°“√∑¥≈Õß∑’Ëºà“π¡“

∑—Èßπ’ÈÕ“®‡ªìπº≈¡“®“°ª√‘¡“≥®ÿ≈™’æ„π√–∫∫¬—ß‰¡à

‡æ’¬ßæÕ ”À√—∫°“√¬àÕ¬ ≈“¬ “√¡≈æ‘…Õ‘π∑√’¬å∑’Ë

‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß®“°¡’Õ—μ√“°“√‡®√‘≠‡μ‘∫‚μμË” ·≈–

Õ—μ√“°“√‰À≈¢ÕßπÈ”‡ ’¬∑’Ë Ÿß¢÷Èπ∑”„Àâ®ÿ≈™’æ∑’Ë¡’Õ¬Ÿà

‰¡à “¡“√∂¬àÕ¬ ≈“¬ “√¡≈æ‘…Õ‘π∑√’¬å∫“ßª√–‡¿∑

∑’Ë¡’Õ—μ√“°“√¬àÕ¬ ≈“¬μË”‰¥â∑—π πÕ°®“°π’È ¢âÕ¡Ÿ≈

∑’Ë ‰¥â®“°°“√∑¥≈Õß ¬—ß™’È „Àâ‡ÀÁπ«à“∂—ß°√Õß‰√â

Õ“°“» “¡“√∂√Õß√—∫§«“¡·ª√ª√«π¢ÕßπÈ”‡ ’¬∑’Ë

‡¢â“‰¥â¥’æÕ ¡§«√ ‚¥¬„π™à«ß°“√∑¥≈Õß∑’Ë 3 πÈ”

‡ ’¬¡’§à“´’‚Õ¥’·ª√ª√«π§àÕπ¢â“ß¡“° ·μ°μà“ß®“°

∑’Ë‡°‘¥¢÷Èπ„π°“√∑¥≈Õß∑’Ë 1 ·≈– 2 ·μà√–∫∫∂—ß

°√Õß‰√âÕ“°“»°Á¡’‡ ∂’¬√¿“æ§àÕπ¢â“ß Ÿß ‡¡◊ËÕ

æ‘®“√≥“®“°§à“´’‚Õ¥’„ππÈ”∑’Ëºà“π°“√∫”∫—¥∑’Ë¡’§à“

§«“¡·ª√ª√«π‡æ’¬ß‡≈Á°πâÕ¬‡∑à“π—Èπ À≈—ß®“°π—Èπ

‰¥â∑”°“√ª√—∫≈¥√–¬–‡«≈“°—°æ—°∑“ß™≈»“ μ√å

¢Õß∂—ßªØ‘°√≥å ° ·≈– ¢ ≈ß‡À≈◊Õ 16 ·≈– 8 ™—Ë«‚¡ß
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μ“¡≈”¥—∫ „π™ÿ¥°“√∑¥≈Õß∑’Ë 4 ´÷Ëß‡ªìπ°“√

∑¥≈Õß™ÿ¥ ÿ¥∑â“¬ æ∫«à“Õ—μ√“¿“√–∫√√∑ÿ°¢Õß™ÿ¥

°“√∑¥≈Õßπ’È§àÕπ¢â“ß·ª√ª√«π¡“° §◊ÕÕ¬Ÿà„π™à«ß

0.39-1.64 ·≈– 0.79-3.28 °‘ ‚≈°√—¡ ’́ ‚Õ¥’μàÕ

≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π μ“¡≈”¥—∫ ∑—Èßπ’È

‡π◊Ë Õß®“°πÈ”‡ ’¬∑’ËμâÕß„™â „π°“√ªÑÕπ‡¢â“ Ÿà∂—ß

ªØ‘°√≥å¡’ª√‘¡“≥¡“° ∑”„Àâ®”‡ªìπμâÕß‡°Á∫πÈ”‡ ’¬

∂’Ë¢÷Èπ ‡ªìπº≈„Àâ≈—°…≥– ¡∫—μ‘¢ÕßπÈ”‡ ’¬∑’Ë‡¢â“·ª√

ª√«π¡“°°«à“™à«ß∑’Ëºà“π¡“ º≈®“°°“√∑¥ Õ∫§◊Õ

´’ ‚Õ¥’∑—ÈßÀ¡¥·≈–´’‚Õ¥’°√Õß„ππÈ”ÕÕ°¡’§à“‡©≈’Ë¬

‡∑à“°—∫ 133 ·≈– 98 ¡‘≈≈‘°√—¡μàÕ≈‘μ√μ“¡≈”¥—∫∑’Ë

√–¬–‡«≈“°—°æ—°∑“ß™≈»“ μ√å 16 ™—Ë«‚¡ß ·≈– 145

·≈– 104 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ μ“¡≈”¥—∫ ∑’Ë√–¬–

‡«≈“°—°æ—°∑“ß™≈»“ μ√å 12 ™—Ë«‚¡ß ‚¥¬∑’Ë°“√≈¥

≈ß¢Õß ’́ ‚Õ¥’‡°‘¥¢÷ÈπÕ¬à“ßμàÕ‡π◊ËÕßμ≈Õ¥§«“¡ Ÿß

¢Õß™—Èπμ—«°≈“ß ÷́Ëß “¡“√∂™’È„Àâ‡ÀÁπ‡ªìππ—¬∂÷ßº≈

°√–∑∫Õ—π‡π◊ËÕß¡“®“°§«“¡‡√Á«„π°“√‰À≈∑’Ë‡æ‘Ë¡

¡“°¢÷Èπ ·≈–°“√¬àÕ¬ ≈“¬ “√¡≈æ‘…Õ‘π∑√’¬å¬—ß‰¡à

§ß∑’Ë  “¡“√∂· ¥ßº≈°“√¬àÕ¬ ≈“¬§à“ ’́ ‚Õ¥’∑’Ë

Õ—μ√“¿“√–∫√√∑ÿ°Õ‘π∑√’¬åμà“ßÊ ¢Õß∂—ßªØ‘°√≥å °

·≈– ¢ μ≈Õ¥∑—Èß 4 ™ÿ¥°“√∑¥≈Õß‰¥â¥—ß√Ÿª∑’Ë 3

º≈®“°°“√∑¥≈Õß∑’Ë‰¥â¡’§«“¡ Õ¥§≈âÕß°—∫

ß“π«‘®—¬Õ◊ËπÊ∑’Ë„™â∂—ß°√Õß‰√âÕ“°“»„π°“√∫”∫—¥

πÈ”‡ ’¬™ÿ¡™π ‚¥¬¡’ª√– ‘∑∏‘¿“æ„π°“√°”®—¥´’‚Õ¥’

Õ¬Ÿà„π™à«ß√âÕ¬≈– 66-73 ∑’Ë√–¬–‡«≈“°—°æ—°∑“ß

™≈»“ μ√å„π™à«ß 8 ™—Ë«‚¡ß ∂÷ß 2 «—π ÷́Ëß§‘¥‡ªìπ

¿“√–∫√√∑ÿ°Õ‘π∑√’¬å∑’Ë 0.19-3.28 °‘‚≈°√—¡´’‚Õ¥’μàÕ

≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π μ“¡≈”¥—∫

2. ª√– ‘∑∏‘¿“æ¢Õß∂—ß°√Õß‰√âÕ“°“»∑’Ë

∫√√®ÿμ—«°≈“ßæ≈“ μ‘°μàÕ°“√∫”∫—¥πÈ”‡ ’¬®“°

 –æ“πª≈“

®“°°“√∑¥≈ÕßπÈ”‡ ’¬®“° –æ“πª≈“¡’ “√

¡≈æ‘…Õ‘π∑√’¬å„π√Ÿª¢Õß´’‚Õ¥’∑’Ëªπ‡ªóôÕπ„π√–¥—∫ Ÿß

§◊Õ¡“°°«à“πÈ”‡ ’¬®“°‡√◊Õπ®” 10-20 ‡∑à“ ¥—ßπ—Èπ

®÷ß‰¥â‡√‘Ë¡∑”°“√∑¥≈Õß∑’Ë√–¬–‡«≈“°—°æ—°∑“ß™≈

»“ μ√å 4 «—π  ”À√—∫∂—ßªØ‘°√≥å § ·≈– ß „π™ÿ¥

°“√∑¥≈Õß∑’Ë 1 ÷́Ëß¡’Õ—μ√“¿“√–∫√√∑ÿ°Õ‘π∑√’¬åÕ¬Ÿà

„π™à«ß 0.93-2.47 °‘‚≈°√—¡´’‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√

μ—«°≈“ß-«—π ·≈–¡’§à“‡©≈’Ë¬‡∑à“°—∫ 1.70 °‘‚≈°√—¡´’

‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π §à“§«“¡‡¢â¡¢âπ

´’‚Õ¥’πÈ”‡¢â“ Ÿß¡“°°«à“ 6,000 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ‡ªìπ

√Ÿª∑’Ë 3 ´’‚Õ¥’·≈–¿“√–∫√√∑ÿ°Õ‘π∑√’¬å¢Õß∂—ß°√Õß‰√âÕ“°“»∑’Ë√Õß√—∫πÈ”‡ ’¬®“°‡√◊Õπ®”
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√–¬–‡«≈“ª√–¡“≥ 2 ‡¥◊Õπ æ∫«à“´’‚Õ¥’°√Õß∑’Ë

ÕÕ°®“°∂—ßªØ‘°√≥å § ·≈– ß ¡’§à“‡©≈’Ë¬„°≈â‡§’¬ß

°—π‡∑à“°—∫ 440 ·≈– 498 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ÷́Ëß§‘¥

‡ªìπª√– ‘∑∏‘¿“æ‡©≈’Ë¬Õ¬Ÿà∑’Ë√âÕ¬≈– 82 ·≈– 80 μ“¡

≈”¥—∫ ·≈–‡¡◊ËÕ∑”°“√ª√—∫√–¬–‡«≈“°—°æ—°∑“ß™≈

»“ μ√å„π™ÿ¥°“√∑¥≈Õß∑’Ë 2 ‚¥¬∑’Ë∂—ßªØ‘°√≥å ß √–¬–

‡«≈“°—°æ—°∑“ß™≈»“ μ√å≈¥≈ß‡À≈◊Õ 2 «—π  à«π∂—ß

ªØ‘°√≥å § ¬—ß§ß§«∫§ÿ¡∑’Ë√–¬–‡«≈“°—°æ—°∑“ß™≈

»“ μ√å 4 «—π‡∑à“‡¥‘¡ ·μà‡π◊ËÕß®“°§«“¡‡¢â¡¢âπ

¢ÕßπÈ”‡ ’¬∑’Ë‡°Á∫¡“¡’§à“§«“¡‡¢â¡¢âπ¢Õß ’́‚Õ¥’‡©≈’Ë¬

μË”°«à“ 2,500 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ®÷ß∑”„ÀâÕ—μ√“

¿“√–∫√√∑ÿ°Õ‘π∑√’¬å¢Õß∑’Ë√–¬–‡«≈“°—°æ—°∑“ß™≈

»“ μ√å 2 «—π ¬—ß§ßμË”°«à“¢Õß™ÿ¥∑¥≈Õß∑’Ë 1 ´÷Ëß

πÈ”‡ ’¬¡’§à“ ’́‚Õ¥’‡°‘π°«à“ 6,000 ¡‘≈≈‘°√—¡μàÕ≈‘μ√

º≈°“√«‘‡§√“–Àå´’‚Õ¥’∑’Ë‰¥â™’È„Àâ‡ÀÁπ«à“ °“√≈¥√–¬–

‡«≈“°—°æ—°∑“ß™≈»“ μ√å≈ß‡À≈◊Õ 2 «—π ‚¥¬„™âπÈ”

‡ ’¬∑’Ë¡’´’‚Õ¥’Õ¬Ÿà„π√–¥—∫∑’ËμË”°«à“ 3,000 ¡‘≈≈‘°√—¡

μàÕ≈‘μ√ ‰¡à àßº≈°√–∑∫Õ¬à“ß¡’π—¬ ”§—≠μàÕ§«“¡

 “¡“√∂„π°“√°”®—¥´’‚Õ¥’¢Õß∂—ß°√Õß‰√âÕ“°“»

ª√– ‘∑∏‘¿“æ‚¥¬√«¡¬—ß§ßÕ¬Ÿà∑’Ëª√–¡“≥√âÕ¬≈– 80

„°≈â‡§’¬ß°—π μàÕ¡“‰¥â∑”°“√ª√—∫≈¥√–¬–‡«≈“°—°

æ—°∑“ß™≈»“ μ√å„π™ÿ¥°“√∑¥≈Õß∑’Ë 3 ¢Õß∂—ß

ªØ‘°√≥å § ·≈– ß ≈ß‡À≈◊Õ 3 ·≈– 1.5 «—π ÷́Ëß§‘¥

‡ªìπÕ—μ√“¿“√–∫√√∑ÿ°Õ‘π∑√’¬å‡©≈’Ë¬‡∑à“°—∫ 1.94 ·≈–

3.88 °‘‚≈°√—¡ ’́‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π

μ“¡≈”¥—∫ ‡ªìπ√–¬–‡«≈“ª√–¡“≥ 3 ‡¥◊Õπ æ∫«à“

´’‚Õ¥’°√Õß∑’ËÕÕ°®“°∂—ßªØ‘°√≥å § ·≈– ß ¡’§«“¡

·ª√ª√«πμ“¡™π‘¥¢Õß —μ«åπÈ”∑’Ë¢÷Èπ¡“∑’Ë –æ“πª≈“

·μàª√– ‘∑∏‘¿“æ‚¥¬‡©≈’Ë¬ Ÿß°«à“√âÕ¬≈– 80 · ¥ß

„Àâ‡ÀÁπ∂÷ß§«“¡ “¡“√∂„π°“√√Õß√—∫§«“¡·ª√

ª√«π¢Õß∂—ß°√Õß‰√âÕ“°“»∑’Ë√–¬–‡«≈“°—°æ—°∑“ß

™≈»“ μ√å¥—ß°≈à“« À≈—ß®“°π—Èπ‰¥â∑”°“√ª√—∫≈¥

√–¬–‡«≈“°—°æ—°∑“ß™≈»“ μ√å¢Õß∂—ßªØ‘°√≥å § ·≈–

∂—ßªØ‘°√≥å ß ≈ß‡À≈◊Õ 2 ·≈– 1 «—π μ“¡≈”¥—∫ „π

™ÿ¥°“√∑¥≈Õß∑’Ë 4 ∑”„Àâ¡’Õ—μ√“¿“√–∫√√∑ÿ°

Õ‘π∑√’¬åÕ¬Ÿà„π™à«ß 3.42-4.89 ·≈– 6.84-9.77 °‘‚≈°√—¡

´’‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π μ“¡≈”¥—∫ ‡ªìπ

√–¬–‡«≈“ª√–¡“≥ 2 ‡¥◊Õπ „π™à«ß·√°¢Õß°“√

ª√—∫Õ—μ√“°“√‰À≈¢ÕßπÈ”‡ ’¬ æ∫«à“ ’́‚Õ¥’¢ÕßπÈ”∑’Ë

ºà“π°“√∫”∫—¥·≈â«¡’§à“ Ÿß¢÷Èπ ®“°π—Èπ®÷ß§àÕ¬Ê °≈—∫

‡¢â“ Ÿà ¿“«–§ßμ—« À≈—ß®“°ºà“π‰ª 24 «—π Õ¬à“ß‰√

°Á¥’  “√¡≈æ‘…Õ‘π∑√’¬å∑’Ë‡À≈◊ÕÕ¬Ÿà„ππÈ”ÕÕ°¡’§à“ Ÿß

°«à“™à«ß∑’Ë·≈â«§àÕπ¢â“ß¡“° °≈à“«§◊Õ ¡’§à“‡©≈’Ë¬‡∑à“°—∫

477 ·≈– 930 ¡‘≈≈‘°√—¡μàÕ≈‘μ√  ”À√—∫´’‚Õ¥’°√Õß

„π∂—ßªØ‘°√≥å § ·≈– ß μ“¡≈”¥—∫ ‡ªìπ∑’Ëπà“ —ß‡°μ«à“

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫´’‚Õ¥’„ππÈ”∑’ËÕÕ°®“°∂—ßªØ‘°√≥å §

°—∫πÈ”∑’ËÕÕ°®“°∂—ßªØ‘°√≥å ß „π™à«ß°“√∑¥≈Õß∑’Ë

2 ´÷Ëß¡’√–¬–‡«≈“°—°æ—°∑“ß™≈»“ μ√å 2 «—π‡∑à“°—π

æ∫«à“∂—ßªØ‘°√≥å § ®–¡’§à“‚¥¬‡©≈’Ë¬ Ÿß°«à“∑—Èßπ’È

‡ªìπº≈¡“®“° “√¡≈æ‘…Õ‘π∑√’¬å∑’Ëªπ‡ªóôÕπ„ππÈ”

‡ ’¬∑’Ë‡°Á∫„π™à«ß°“√∑¥≈Õß™ÿ¥∑’Ë 4 ¡’§à“ Ÿß°«à“„π

™à«ß°“√∑¥≈Õß∑’Ë 2 ¡“° ¥—ßπ—Èπ ∂÷ß·¡â«à“√–¬–

‡«≈“°—°æ—°∑“ß™≈»“ μ√å®–‡∑à“°—π ·μàÕ—μ√“¿“√–

∫√√∑ÿ°Õ‘π∑√’¬å¢Õß∂—ßªØ‘°√≥å § ®– Ÿß°«à“¡“°

πÕ°®“°π’È Õ“® ◊∫‡π◊ËÕß¡“®“°™π‘¥¢Õß “√¡≈æ‘…

Õ‘π∑√’¬å∑’Ëªπ‡ªóôÕπ„ππÈ”‡ ’¬‡ª≈’Ë¬π‰ªμ“¡ª√–‡¿∑

¢Õß —μ«åπÈ”∑’Ë¡“¢÷Èπ∑à“∑’Ë –æ“πª≈“ §«“¡¬“°ßà“¬

„π°“√¬àÕ¬ ≈“¬∑“ß™’«¿“æ¥â«¬°√–∫«π°“√‰√â

Õ“°“»Õ“®‡ª≈’Ë¬π‰ª º≈¥—ß°≈à“«™’È„Àâ‡ªìπ‡ªìππ—¬«à“

Õ—μ√“°“√¬àÕ¬ ≈“¬ “√¡≈æ‘…Õ‘π∑√’¬å ‚¥¬®ÿ≈™’æ

‰¡à∑—π°—∫Õ—μ√“°“√‰À≈¢ÕßπÈ”‡ ’¬∑’Ëºà“πμ—«°≈“ß ®÷ß

∑”„Àâ¡’ “√¡≈æ‘…Õ‘π∑√’¬å∫“ß à«π‡≈Á¥≈Õ¥ÕÕ°‰ª‰¥â

´÷Ëß —ß‡°μ‰¥â®“°º≈¢Õß°“√≈¥≈ß¢Õß§à“ ’́‚Õ¥’∑’Ë‡°‘¥

¢÷Èπμ≈Õ¥™—Èπ§«“¡ Ÿß¢Õßμ—«°≈“ß„π∂—ßªØ‘°√≥å
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 “¡“√∂· ¥ßº≈°“√¬àÕ¬ ≈“¬§à“ ’́ ‚Õ¥’∑’ËÕ—μ√“

¿“√–∫√√∑ÿ°Õ‘π∑√’¬åμà“ßÊ ¢Õß∂—ßªØ‘°√≥å § ·≈–

ß μ≈Õ¥∑—Èß 4 ™ÿ¥°“√∑¥≈Õß‰¥â¥—ß√Ÿª∑’Ë 4

º≈°“√∑¥≈Õß‚¥¬¿“æ√«¡π—∫«à“ª√– ‘∑∏‘¿“æ

„π°“√°”®—¥ ’́‚Õ¥’Õ¬Ÿà„π‡°≥±å Ÿß √–¬–‡«≈“°—°æ—°

∑“ß™≈»“ μ√åÕ¬Ÿà„π™à«ß 1.0 ∂÷ß 4.0 «—π ‡¡◊ËÕ‡∑’¬∫

°—∫™à«ß 0.5 ∂÷ß 4.4 «—π ∑’Ë¡’°“√»÷°…“°—π‰«âπ—∫«à“

„°≈â‡§’¬ß°—π¡“° Õ¬à“ß‰√°Á¥’ Õ—μ√“¿“√–∫√√∑ÿ°

Õ‘π∑√’¬å∑’Ë„™â„πß“π«‘®—¬π’È§◊Õ 0.93 ∂÷ß 9.77 °‘‚≈°√—¡

´’ ‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√-«—π ¬—ß§ß¡’§à“μË”°«à“ß“π

«‘®—¬Õ◊ËπÊ ∑’Ë„™â„π™à«ß 3 ∂÷ß 15 °‘‚≈°√—¡´’‚Õ¥’μàÕ

≈Ÿ°∫“»°å‡¡μ√-«—π ‡≈Á°πâÕ¬ ∑—Èßπ’È ‡π◊ËÕß®“°πÈ”‡ ’¬

®“° –æ“πª≈“∑’Ë‡°Á∫¡“¡’§à“´’‚Õ¥’μË”°«à“πÈ”‡ ’¬∑’Ë

„™â„π°“√∑¥≈ÕßÕ◊ËπÊ ÷́Ëß∫“ß§√—Èß Ÿß°«à“ 100,000

¡‘≈≈‘°√—¡μàÕ≈‘μ√ ∑”„Àâ∑’Ë√–¬–‡«≈“°—°æ—°∑“ß™≈

»“ μ√å‡¥’¬«°—π Õ—μ√“¿“√–∫√√∑ÿ°Õ‘π∑√’¬å¢Õß°“√

»÷°…“§√—Èßπ’È®÷ßμË”°«à“

3. °“√ÕÕ°·∫∫√“¬≈–‡Õ’¬¥∑“ß«‘»«°√√¡

¢Õß√–∫∫∂—ß°√Õß‰√âÕ“°“»

3.1πÈ”‡ ’¬®“°‡√◊Õπ®”

º≈°“√»÷°…“¢ÕßπÈ”‡ ’¬®“°‡√◊Õπ®”

∑—ÈßÀ¡¥∑’Ë‰¥â¡’°“√·ª√‡ª≈’Ë¬π√–¬–‡«≈“°—°æ—°∑“ß

™≈»“ μ√å„π™à«ß 8 ™—Ë«‚¡ß®π∂÷ß 2 «—π ´÷Ëß§‘¥‡ªìπ

Õ—μ√“¿“√–∫√√∑ÿ°Õ‘π∑√’¬å‡©≈’Ë¬ ‡∑à“°—∫ 0.20-1.57

°‘‚≈°√—¡´’‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π æ∫«à“

√–¬–‡«≈“°—°æ—°∑“ß™≈»“ μ√å 12 ™—Ë«‚¡ß À√◊Õ

‡∑’¬∫‡ªìπÕ—μ√“¿“√–∫√√∑ÿ°Õ‘π∑√’¬å‡©≈’Ë¬ Ÿß°«à“ 0.9

°‘ ‚≈°√—¡ ’́ ‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π ¡’

§«“¡‡À¡“– ¡„π°“√π”‰ª„™â‡ªìπ‡°≥±å„π°“√

ÕÕ°·∫∫ ”À√—∫πÈ”‡ ’¬®“°‡√◊Õπ®” ‚¥¬°”Àπ¥„Àâ

√–∫∫∫”∫—¥ “¡“√∂√Õß√—∫πÈ”‡ ’¬‰¥â 300 ≈Ÿ°∫“»°å

‡¡μ√μàÕ«—π ÷́Ëß‡ªìπÕ—μ√“°“√‡°‘¥πÈ”‡ ’¬¢Õß‡√◊Õπ®”

∑’Ë‰¥â®“°°“√‡°Á∫μ—«Õ¬à“ß  “¡“√∂‡∑’¬∫‡∑à“‰¥â°—∫

®”π«ππ—°‚∑…„π‡√◊Õπ®”ª√–¡“≥ 1,200-1,500 §π

√Ÿª∑’Ë 4 ´’‚Õ¥’·≈–¿“√–∫√√∑ÿ°Õ‘π∑√’¬å¢Õß∂—ß°√Õß‰√âÕ“°“»∑’Ë√Õß√—∫πÈ”‡ ’¬®“° –æ“πª≈“
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·≈–‰¥â∑”°“√ÕÕ°·∫∫‡ªìπ 2 √Ÿª·∫∫ ‰¥â·°à ·∫∫

·√°§◊Õ·∫∫∑’Ë¡’ ‚§√ß √â“ß‡ªìπ§Õπ°√’μ‡ √‘¡‡À≈Á°

‡æ◊ËÕª√–À¬—¥æ◊Èπ∑’Ë°àÕ √â“ß´÷Ëß®–¡’§«“¡‡À¡“– ¡

 ”À√—∫‡√◊Õπ®”∑’Ë¡’æ◊Èπ∑’Ë®”°—¥ ¢π“¥¢Õßæ◊Èπ∑’Ë∑’Ë

μâÕß°“√ ”À√—∫∂—ß°√Õß‰√âÕ“°“»∑’ËÕÕ°·∫∫§◊Õ

6.50x24.85 μ“√“ß‡¡μ√ ÷́Ëß‡ªìπ¢π“¥∑’Ë¥”‡π‘π°“√

°àÕ √â“ß‰¥â„πæ◊Èπ∑’Ë«à“ß∑’Ë∑“ß‡√◊Õπ®”ª∑ÿ¡∏“π’¡’Õ¬Ÿà

ß∫ª√–¡“≥ ”À√—∫∂—ß°√Õß‰√âÕ“°“»∑’Ë«‘»«°√‚¬∏“

‰¥âª√–‡¡‘π‰«â§◊Õ 4,670,761 ∫“∑  à«π·∫∫∑’Ë Õß

‡ªìπ·∫∫∑’Ë„™â∫àÕ¥‘π ´÷Ëß®–¡’§«“¡‡À¡“– ¡°—∫‡√◊Õπ

®”∑’Ë¡’æ◊Èπ∑’Ë¡“°æÕ‡æ◊ËÕ‡ªìπ°“√ª√–À¬—¥§à“°àÕ √â“ß

‚¥¬μâÕß°“√æ◊Èπ∑’Ë¢π“¥ 6.0x131.0 μ“√“ß‡¡μ√ ´÷Ëß

®–‡ ’¬§à“„™â®à“¬„π°“√°àÕ √â“ßμ“¡√“§“ª√–‡¡‘π

‡∑à“°—∫ 2 ,470 ,945 ∫“∑ ÷́Ë ßμË”°«à“∂— ß

§Õπ°√’μ‡ √‘¡‡À≈Á°ª√–¡“≥√âÕ¬≈– 50

μ“√“ß∑’Ë 3 °“√‡ª√’¬∫‡∑’¬∫§à“„™â®à“¬ª√– ‘∑∏‘º≈¢Õß√–∫∫∫”∫—¥πÈ”‡ ’¬∂—ß°√Õß‰√âÕ“°“»∑’ËÕÕ°·∫∫

√“¬≈–‡Õ’¬¥ Àπà«¬ πÈ”‡ ’¬‡√◊Õπ®” πÈ”‡ ’¬

                                 §Õπ°√’μ             ∫àÕ¥‘π  –æ“πª≈“

ª√‘¡“≥πÈ”‡ ’¬ ≈∫.¡./«—π 300 200

´’‚Õ¥’πÈ”‡ ’¬ ¡°./≈ 300 6,000

´’‚Õ¥’πÈ”ÕÕ° ¡°./≈ 105 480

ª√– ‘∑∏‘¿“æ √âÕ¬≈– 65 92

¢π“¥æ◊Èπ∑’Ë °«â“ß (¡) 6.50 6.00 21.50

¬“« (¡) 24.85 131.00 24.00

ß∫ª√–¡“≥ ∫“∑ 4,670,761 2,470,945 15,493,965

´’‚Õ¥’∑’Ë°”®—¥ °°./«—π 59 1,104

 —¥ à«π√“§“ - 1.00 0.53 3.32

 —¥ à«π ’́‚Õ¥’∑’Ë°”®—¥ - 1.00 1.00 18.87

À¡“¬‡Àμÿ :  —¥ à«π ’́‚Õ¥’∑’Ë°”®—¥ ‡∑’¬∫®“°Õ—μ√“ à«π¢Õß´’‚Õ¥’∑’Ë≈¥≈ß√–À«à“ßπÈ”‡ ’¬®“°‡√◊Õπ®”·≈–πÈ”‡ ’¬®“° –æ“πª≈“

3.2 πÈ”‡ ’¬®“° –æ“πª≈“

º≈°“√»÷°…“¢ÕßπÈ”‡ ’¬®“° –æ“π

ª≈“∑’Ë‰¥â¡’°“√·ª√‡ª≈’Ë¬π√–¬–‡«≈“°—°æ—°∑“ß™≈

»“ μ√å„π™à«ß 1 «—π ∂÷ß 4 «—π ÷́Ëß§‘¥‡ªìπÕ—μ√“

¿“√–∫√√∑ÿ°Õ‘π∑√’¬å‡©≈’Ë¬ ‡∑à“°—∫ 1.70-7.17 °‘‚≈°√—¡

´’ ‚Õ¥’μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π æ∫«à“ ’́‚Õ¥’

μË” ÿ¥„ππÈ”∑’Ëºà“π°“√∫”∫—¥®“°∂—ß°√Õß‰√âÕ“°“»¡’

§à“Õ¬Ÿà„π™à«ß 300-400 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ∑’Ë√–¬–

‡«≈“°—°æ—°∑“ß™≈»“ μ√å 3 «—π À√◊Õ‡∑’¬∫‡ªìπ

Õ—μ√“¿“√–∫√√∑ÿ°Õ‘π∑√’¬å‡©≈’Ë¬ 2 °‘‚≈°√—¡´’‚Õ¥’μàÕ

≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ß-«—π ¡’§«“¡‡À¡“– ¡„π

°“√π”‰ª„™â‡ªìπ§à“°”Àπ¥„π°“√ÕÕ°·∫∫ ”À√—∫

πÈ”‡ ’¬®“° –æ“πª≈“ ‡æ√“–®–∑”„Àâ‡ ’¬§à“„™â

®à“¬¢Õß√–∫∫™’«¿“æ·∫∫„™âÕ“°“»∑’Ëμ“¡¡“μË”∑’Ë ÿ¥

πÕ°®“°π’È¬—ß‡ªìπ°“√‡º◊ËÕ§«“¡ª≈Õ¥¿—¬„π·ßà¢Õß
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°“√„™âß“π®√‘ß ‡æ√“–πÈ”‡ ’¬®“°°‘®°√√¡μà“ßÊ ¢Õß

μ≈“¥°≈“ß —μ«åπÈ”‡°‘¥¢÷Èπ„π™à«ß‡™â“‡∑à“π—Èπ ∑”„Àâ

√Ÿª·∫∫°“√‰À≈¢ÕßπÈ”‡ ’¬∑’Ë‡¢â“√–∫∫∂—ß°√Õß‰√â

Õ“°“»¡’§«“¡º—π·ª√ Ÿß¡“° ‡¡◊ËÕ‡∑’¬∫°—∫„π°“√

∑¥≈Õß∑’Ë„™â°“√ªÑÕππÈ”‡ ’¬¥â«¬Õ—μ√“∑’Ë ¡Ë”‡ ¡Õ ́ ÷Ëß

À“°„™â√–¬–‡«≈“°—°æ—°∑“ß™≈»“ μ√å∑’Ë —Èπ‡°‘π‰ª

Õ“®π”‰ª Ÿà°“√‰À≈≈—¥«ß®√‰¥â ®÷ß‰¥â°”Àπ¥„Àâ

√–∫∫∫”∫—¥ “¡“√∂√Õß√—∫πÈ”‡ ’¬‰¥â 200 ≈Ÿ°∫“»°å

‡¡μ√μàÕ«—π ´÷Ëß‡ªìπÕ—μ√“°“√‡°‘¥πÈ”‡ ’¬¢Õßμ≈“¥

°≈“ß ‘π§â“ —μ«åπÈ”∑’Ë‰¥â®“°°“√‡°Á∫μ—«Õ¬à“ß  “¡“√∂

‡∑’¬∫‡∑à“‰¥â°—∫ª√‘¡“≥ —μ«åπÈ”∑’Ë¢÷Èπ∑à“ –æ“πª≈“

®”π«π 640 μ—πμàÕ«—π ™π‘¥¢Õß∂—ßªØ‘°√≥å∑’Ë‡≈◊Õ°

„™â§◊Õ §Õπ°√’μ‡ √‘¡‡À≈Á°‡π◊ËÕß®“°ª√‘¡“μ√°—°πÈ”

¡“° À“°„™â∫àÕ¥‘π®– ‘Èπ‡ª≈◊Õß‡π◊ÈÕ∑’Ë¡“° ‚¥¬¢π“¥

¢Õß∂—ß°√Õß‰√âÕ“°“»§◊Õ [21.50x24.00] μ“√“ß‡¡μ√

´÷Ëß “¡“√∂®—¥«“ßæ◊Èπ∑’Ë«à“ß∑’Ë –æ“πª≈“‰¥â®—¥

‡μ√’¬¡‰«â ”À√—∫°àÕ √â“ß√–∫∫∫”∫—¥πÈ”‡ ’¬ ‚¥¬®–

‡ ’¬§à“„™â®à“¬„π°“√°àÕ √â“ß√–∫∫∂—ß°√Õß‰√âÕ“°“»

μ“¡√“§“ª√–‡¡‘π ≥ ªí®®ÿ∫—π (æ.». 2548) ‡∑à“°—∫

15,493,965 ∫“∑ ÷́Ëß‡¡◊ËÕæ‘®“√≥“∂÷ß —¥ à«π√“§“

·≈– —¥ à«π´’‚Õ¥’∑’Ë∂Ÿ°°”®—¥·≈â« ®–‡ÀÁπ‰¥â«à“πÈ”

‡ ’¬®“° –æ“πª≈“¡’§à“„™â®à“¬ª√– ‘∑∏‘º≈ (cost

effective) ¥’°«à“πÈ”‡ ’¬®“°‡√◊Õπ®” ¥—ß· ¥ßº≈

„πμ“√“ß∑’Ë 3

 √ÿªº≈·≈–¢âÕ‡ πÕ·π– �
®“°°“√∑¥ Õ∫°“√∫”∫—¥πÈ”‡ ’¬ 2 ª√–‡¿∑

§◊ÕπÈ”‡ ’¬®“°‡√◊Õπ®” ́ ÷Ëß‡ªìπμ—«·∑π¢ÕßπÈ”‡ ’¬™ÿ¡™π

·≈–πÈ”‡ ’¬®“° –æ“πª≈“ ÷́Ëß‡ªìπμ—«·∑π¢ÕßπÈ”

‡ ’¬®“°°‘®°√√¡‡©æ“–ª√–‡¿∑ ‚¥¬∑¥ Õ∫√–∫∫

∫”∫—¥πÈ”‡ ’¬·∫∫∂—ß°√Õß‰√âÕ“°“»∑’Ë„™âμ—«°≈“ß

æ≈“ μ‘°‡ªìπ«— ¥ÿ„Àâ®ÿ≈™’æ‡°“–‚¥¬°“√·ª√‡ª≈’Ë¬π

§à“‡«≈“°—°æ—°∑“ß™≈»“ μ√å‡æ◊ËÕ∑¥ Õ∫À“§à“√–¬–

‡«≈“°—°æ—°∑“ß™≈»“ μ√å∑’Ë‡À¡“– ¡∑’Ë ÿ¥„π°“√π”

‰ª„™â‡ªìπ‡°≥±å„π°“√ÕÕ°·∫∫√“¬≈–‡Õ’¬¥∑“ß

«‘»«°√√¡¢Õß√–∫∫∂—ß°√Õß‰√âÕ“°“»∑’Ë “¡“√∂π”

‰ª„™â‰¥â„πæ◊Èπ∑’Ë®√‘ß ‰¥âº≈°“√»÷°…“´÷Ëß “¡“√∂

 √ÿª‰¥â¥—ßπ’È

1. πÈ”‡ ’¬∑—Èß®“°‡√◊Õπ®”·≈– –æ“πª≈“¡’

Õ—μ√“ à«π¢Õß∫’ ‚Õ¥’μàÕ‰π‚μ√‡®πμàÕøÕ øÕ√— 

‡æ’¬ßæÕμàÕ°“√¬àÕ¬ ≈“¬∑“ß™’«¿“æ·∫∫‰√âÕ“°“»

2. ¿“¬„μâ ¿“«–∑’Ë»÷°…“ æ∫«à“ ¡√√∂π–

¢Õß∂—ß°√Õß‰√âÕ“°“»„π°“√¬àÕ¬ ≈“¬ “√¡≈æ‘…

Õ‘π∑√’¬å®–∂Ÿ°°”Àπ¥‚¥¬√–¬–‡«≈“°—°æ—°∑“ß™≈

»“ μ√å‡ªìπ ”§—≠ ‡π◊ËÕß®“°Õ—μ√“°“√¬àÕ¬ ≈“¬

¿“¬„μâ ¿“«–‰√âÕ“°“»„™â‡«≈“π“π‚¥¬‡©æ“–„π

°√≥’∑’Ë “√¡≈æ‘…Õ‘π∑√’¬å„ππÈ”‡ ’¬¬àÕ¬ ≈“¬∑“ß

™’«¿“æ‰¥â™â“ À“°¡’‡«≈“ —¡º— ‰¡à‡æ’¬ßæÕ ®ÿ≈™’æ

®–‰¡à¬àÕ¬ ≈“¬‰¥â∑—π ‚¥¬§à“∑’Ë‡À¡“– ¡§◊Õ

2.1  ”À√—∫πÈ”‡ ’¬®“°‡√◊Õπ®” √–¬–

‡«≈“°—°æ—°∑“ß™≈»“ μ√å∑’Ë‡À¡“– ¡§◊Õ 12 ™—Ë«‚¡ß

´÷Ëß§‘¥‡ªìπÕ—μ√“¿“√–∫√√∑ÿ° “√Õ‘π∑√’¬å‡©≈’Ë¬‡∑à“°—∫

0.9 °‘‚≈°√—¡μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ßμàÕ«—π

2.2  ”À√—∫πÈ”‡ ’¬®“° –æ“πª≈“ √–¬–

‡«≈“°—°æ—°∑“ß™≈»“ μ√å∑’Ë‡À¡“– ¡§◊Õ 3 «—π ´÷Ëß

§‘¥‡ªìπÕ—μ√“¿“√–∫√√∑ÿ° “√Õ‘π∑√’¬å‡©≈’Ë¬‡∑à“°—∫ 1.94

°‘‚≈°√—¡μàÕ≈Ÿ°∫“»°å‡¡μ√μ—«°≈“ßμàÕ«—π

§à “∑’Ë ‰¥â®“°°“√∑¥≈Õß„πÀâÕßªØ‘∫—μ‘°“√

 “¡“√∂π”¡“ÕÕ°·∫∫√“¬≈–‡Õ’¬¥∑“ß«‘»«°√√¡

¢Õß√–∫∫∂—ß°√Õß‰√âÕ“°“»‰¥â¥—ßπ’È

-  ”À√—∫πÈ”‡ ’¬®“°‡√◊Õπ®”  “¡“√∂

√Õß√—∫πÈ”‡ ’¬‰¥â 300 ≈Ÿ°∫“»°å‡¡μ√μàÕ«—π ‡∑’¬∫

‡∑à“°—∫ª√‘¡“≥π—°‚∑…„π‡√◊Õπ®” 1,200-1,500 §π ¡’

2 √Ÿª·∫∫§◊Õ
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�   �   �

°. √–∫∫∂—ß°√Õß‰√âÕ“°“»∑’Ë¡’‚§√ß √â“ß‡ªìπ

§Õπ°√’μ‡ √‘¡‡À≈Á° „™âæ◊Èπ∑’Ëª√–¡“≥ 6.50x24.85

μ“√“ß‡¡μ√ ·≈–¡’√“§“§à“°àÕ √â“ß∑’Ëª√–‡¡‘π‡∑à“°—∫

4,670,761 ∫“∑

¢. √–∫∫∂—ß°√Õß‰√âÕ“°“»∑’Ë¡’‚§√ß √â“ß‡ªìπ

∫àÕ¥‘π „™âæ◊Èπ∑’Ëª√–¡“≥ 6.00x131.00 μ“√“ß‡¡μ√

·≈–¡’√“§“§à“°àÕ √â“ß∑’Ëª√–‡¡‘π‡∑à“°—∫ 2,470,945

∫“∑

-  ”À√—∫πÈ”‡ ’¬®“° –æ“πª≈“  “¡“√∂

√Õß√—∫πÈ”‡ ’¬‰¥â«—π≈– 200 ≈Ÿ°∫“»°å‡¡μ√μàÕ«—π ‡∑’¬∫

‡∑à“°—∫°“√π” —μ«åπÈ”¢÷Èπ∑à“∑’Ë –æ“πª≈“ª√–¡“≥

640 μ—πμàÕ«—π ®–„™âæ◊Èπ∑’Ë 21.50x24.00 μ“√“ß‡¡μ√

·≈–¡’√“§“§à“°àÕ √â“ß∑’Ëª√–‡¡‘π‡∑à“°—∫ 15,493,965

∫“∑

°‘μμ‘°√√¡ª√–°“» �
ß“π«‘ ®— ¬§√—È ß π’È ‰¥â √—∫°“√ π—∫ πÿπ®“°

»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ §≥–ºŸâ«‘®—¬

¢Õ¢Õ∫§ÿ≥ ”À√—∫∑ÿπ«‘®—¬ ¿“¬„μâ‚§√ß°“√«‘®—¬

·≈–æ—≤π“√–∫∫∫”∫—¥πÈ”‡ ’¬·∫∫μ‘¥°—∫∑’Ë ”À√—∫

™ÿ¡™π¢π“¥‡≈Á°
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°“√»÷°…“ ¿“æ°“√§ßμ—« (Stability Classes) ¢Õß∫√√¬“°“»
‡æ◊ËÕª√–¬ÿ°μå „™â „π·∫∫®”≈Õß¡≈æ‘…∑“ßÕ“°“» ”À√—∫æ◊Èπ∑’Ë∫√‘‡«≥

‚√ß‰øøÑ“∫“ßª–°ß
A Study of Stability Classes for Air Pollution Modeling Application

to Bangpakong Power Plant Area
«’√–‡∑æ °’√μ‘∏“¥“π‘¬¡[1] À∑—¬√—μπå °“√’‡«∑¬å[1] »‘√æß»å  ÿ¢∑«’[1] ·≈–π‘√—π ‡ªïò¬¡„¬[1]

Weratep Geeratithadaniyom, Hatairatana Garewait, Sirapong Sooktawee and Nirun Piamyai

∫∑§—¥¬àÕ

°“√»÷°…“«‘®—¬π’È¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“ ¿“æ°“√§ßμ—«¢Õß∫√√¬“°“»·≈–®—¥∑”μ“√“ß· ¥ß°“√

·∫àß™à«ß ¿“æ°“√§ßμ—« (Stability Classes) ¢Õß∫√√¬“°“»‡æ◊ËÕ„™â ”À√—∫æ◊Èπ∑’Ë»÷°…“‡æ◊ËÕª√–¬ÿ°μå„™â„π

·∫∫®”≈Õß¡≈æ‘…∑“ßÕ“°“»„π‡¢μÕÿμ “À°√√¡ ‚¥¬„™â·∫∫®”≈Õß ISCST3 ®“°°“√»÷°…“ ¿“æ°“√

§ßμ—«„π∫√√¬“°“» √–¬–‡«≈“ 3 ªï (2542-2544) æ∫«à“  ¿“æ°“√§ßμ—«„π∫√√¬“°“»‡ªìπμ—«·ª√ ”§—≠

 ”À√—∫°“√„™â·∫∫®”≈Õß¡≈æ‘…∑“ßÕ“°“» Industrial Source Complex (ISCST3) ∑’Ë∑”„Àâ§à“§«“¡‡¢â¡

¢âπ¢Õß “√¡≈æ‘…‡ª≈’Ë¬π·ª≈ßº≈®“°°“√»÷°…“¢âÕ¡Ÿ≈Õÿμÿπ‘¬¡«‘∑¬“∑’Ë√–¥—∫§«“¡ Ÿß 100 ‡¡μ√ ≥  ∂“π’®μÿ®—°√

°√¡§«∫§ÿ¡¡≈æ‘…√–À«à“ßªï æ.». 2542-2544 ®–‡ÀÁπ«à“ ‡ªÕ√å‡´Áπμå§«“¡∂’Ë„π°“√‡°‘¥ ¿“æ°“√§ßμ—« Ÿß∑’Ë ÿ¥

‡√’¬ß≈”¥—∫®“°¡“°‰ªÀ“πâÕ¬ ¡’¥—ßπ’È E D ·≈– A ‡°‘¥ 40.43 % 24.43 % ·≈– 19.08 % μ“¡≈”¥—∫ ®“°

°“√»÷°…“¢âÕ¡Ÿ≈Õÿμÿπ‘¬¡«‘∑¬“ ≥  ∂“π’‡¥’¬«°—π„πªï æ.». 2543 ®–‡ÀÁπ«à“ ‡ªÕ√å‡´Áπμå§«“¡∂’Ë„π°“√‡°‘¥

 ¿“æ°“√§ßμ—«‡ªìπ‰ª„π∑‘»∑“ß‡¥’¬«°—π°—∫¢âÕ¡Ÿ≈ 3 ªï §◊Õ E D ·≈– A ‡°‘¥ 42.4 % 21.0 % ·≈– 16.9 %

μ“¡≈”¥—∫ ¥—ßπ—Èπ®÷ßπ”¢âÕ¡Ÿ≈Õÿμÿπ‘¬¡«‘∑¬“ªï æ.». 2543 √–¬–‡«≈“ 1 ªï ·≈–‡¥◊Õπ ‘ßÀ“§¡ æ.». 2547

√–¬–‡«≈“ 1 ‡¥◊Õπ ́ ÷Ëß‡ªìπ™à«ß√–¬–‡«≈“¢Õß°“√μ√«®«—¥§ÿ≥¿“æÕ“°“» ≥ ∫√‘‡«≥‚√ß‰øøÑ“∫“ßª–°ß ‡ªìπ

μ—«·∑π„π°“√»÷°…“‡ªÕ√å‡´Áπμå§«“¡∂’Ë¢Õß°“√‡°‘¥ ¿“æ°“√§ßμ—«¢Õß∑—Èß 4 ª√–‡¿∑ ‰¥â·°à 1) §à“∑’Ë‰¥â

®“°°“√μ√«®«—¥®√‘ß ≥  ∂“π’®μÿ®—°√ °√¡§«∫§ÿ¡¡≈æ‘… 2) §à“ Monin-Obukhov Length ®“°·∫∫®”≈Õß

AERMET 3) §à“∑’Ë‰¥â®“°·∫∫®”≈Õß PCRAMMET ∑’Ë„™âμ“√“ß·∫∫ Pasquill ·≈– 4) §à“∑’Ë‰¥â®“°·∫∫®”≈Õß

PCRAMMET ∑’Ë„™âμ“√“ß®“°°“√»÷°…“„π§√—Èßπ’È ·≈–®“°°“√»÷°…“æ∫«à“§à“∑’Ë‰¥â®“°μ“√“ß°“√»÷°…“„π

§√—Èßπ’È¡’§à“‡ªÕ√å‡´Áπμå§«“¡∂’Ë„π°“√‡°‘¥ ¿“æ°“√§ßμ—«„°≈â‡§’¬ß°—∫§à“∑’Ë‰¥â®“°°“√μ√«®«—¥ πÕ°®“°π’È‡¡◊ËÕ

π”‰ª„™â„π·∫∫®”≈Õß ISCST3 ‡æ◊ËÕª√–‡¡‘π§à“§«“¡‡¢â¡¢âπ¢Õß “√¡≈æ‘… æ∫«à“º≈∑’Ë‰¥â®“°·∫∫®”≈Õß

¡≈æ‘…∑“ßÕ“°“»¡’§à“„°≈â‡§’¬ß°—∫§à“°“√μ√«®«—¥®√‘ß„πæ◊Èπ∑’Ë»÷°…“¡“°¬‘Ëß¢÷Èπ

§” ”§—≠ :  ¿“æ°“√§ßμ—« ¡≈æ‘…∑“ßÕ“°“» °“√·æ√à°√–®“¬ ·∫∫®”≈Õß

[1]  à«π«‘®—¬·≈–æ—≤π“‡∑§‚π‚≈¬’¥â“πÕ“°“»

E-mail : sirapong_s@yahoo.com
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Abstract

 The purposes of this study is studying of stability class and make the table of stability

classes for the study area and apply to the air pollution model in the industrial area by using

ISCST3 model. The 3 years (1999-2001) data was studied and analyzed by sensitivity analysis

and met that stability class of the atmosphere is important variable for using dispersion model

(ISCST3) and it is strength variable for concentration level changing that predicted by ISCST3.The

result of data analysis from meteorology data and the altitude is 100 meter at Chatujuk station

between 1999-2001 met frequency percent of stability class have as following E, D and A be

happen 40.43 %, 24.43 % and 19.08 % ,consequently and analysis of data in 2000 met that

frequency percent of stability class occurrence happens in same direction with 3 years data,

be E, D and A , be happen 42.4 %, 21.0 % and 16.9 % consequently. Thus meteorology data

in 2000 and August 2004 which this period has monitoring at Bangpakong Power plant area.

The data was used for study the stability class occurrence that have 4 kinds which are 1) the

value from vertical temperature lapse rate at Chatujuk station 2) Monin-Obukhov Length from

the AERMET model 3) the value from PCRAMMET that use Pasquill criteria and 4) the value

from this study.The result from the study met that the value from table of this study has percent

of frequency in same way as the value that from the measure, besides when apply with the

ISCST3 model for evaluate concentration of pollutant and met that the value from ISCST3 are

similar to the measure value in the study area.

Keywords : stability class, air pollution, dispersion, model
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§”π” �
°“√ª√–‡¡‘πº≈°√–∑∫ ‘Ëß·«¥≈âÕ¡∑“ß¥â“π

Õ“°“»‚¥¬ à«π„À≠à‰¥â„™â°“√ª√–‡¡‘πº≈¥â«¬·∫∫

®”≈Õß∑“ß§≥‘μ»“ μ√åÀ√◊Õ∑’Ë‡√’¬°«à“·∫∫®”≈Õß

¡≈æ‘…∑“ßÕ“°“» ‚¥¬Õ“»—¬°“√§”π«≥¢Õß The

steady-state Gaussian plume equation ÷́Ëß

‡ªìπ°“√§”π«≥‚¥¬  ¡¡μ‘„Àâμ—«·ª√∑ÿ°Õ¬à“ß§ß∑’Ë

„π™à«ß‡«≈“°“√§”π«≥Àπ÷ËßÊ ‡æ◊ËÕÀ“§à“§«“¡‡¢â¡

¢âπ√“¬™—Ë«‚¡ß„π·π«∑‘»∑“ßμ“¡≈¡·≈–·π«∑‘»μ—Èß

©“°°—∫≈¡ ≥ μ”·Àπàß¢ÕßºŸâ√—∫ “√¡≈æ‘… ‚¥¬‰¡à

‰¥â§”π÷ß∂÷ß§ÿ≥ ¡∫—μ‘∑“ß¥â“π‡§¡’ «à“ “√¡≈æ‘…

™π‘¥π—Èπ®–∑”ªØ‘°‘√‘¬“‡§¡’°—∫°ä“´™π‘¥Õ◊ËπÊ „π

∫√√¬“°“»°—πÀ√◊Õ‰¡à ´÷Ëß‚¥¬∑—Ë«‰ª®–ª√–°Õ∫¥â«¬

¢âÕ¡Ÿ≈æ◊Èπ∞“π∑’Ë ”§—≠Õ¬Ÿà 2  à«π §◊Õ ¢âÕ¡Ÿ≈®“°

·À≈àß°”‡π‘¥ ·≈–¢âÕ¡Ÿ≈®“° ¿“æÕÿμÿπ‘¬¡«‘∑¬“ „π

 à«π¢Õß ¿“æÕÿμÿπ‘¬¡«‘∑¬“„π·∫∫®”≈Õß¡≈æ‘…

∑“ßÕ“°“»∑’Ë„™âÕ¬Ÿà„πªí®®ÿ∫—π  à«π„À≠à®–∂Ÿ°μ—Èß§à“

 ¿“æ°“√§ßμ—« (Stability Classes) „π∫√√¬“°“»

¢Õßμà“ßª√–‡∑»‰«â·≈â« ‚¥¬ª√–‡¡‘πμ“¡μ“√“ß°“√

·∫àß™à«ß ¿“æ°“√§ßμ—«„π∫√√¬“°“»¢Õß Pasquill-

Gifford ´÷Ëßμ“√“ßπ’È‰¥â®“°°“√»÷°…“ ¿“æ°“√

§ßμ—«¢Õß∫√√¬“°“»„πª√–‡∑»Õ—ß°ƒ… ·μà

‡π◊ËÕß®“° ¿“æÕÿμÿπ‘¬¡«‘∑¬“¢Õßª√–‡∑»‰∑¬∑’Ë

·μ°μà“ß°—∫μà“ßª√–‡∑» ¬àÕ¡¡’º≈μàÕ ¿“æ°“√

§ßμ—«¢Õß∫√√¬“°“»∑’Ë·μ°μà“ß°—π àßº≈„Àâ°“√

°√–®“¬μ—«¢Õß “√¡≈æ‘…°Á·μ°μà“ß°—π‰ª¥â«¬

¥—ßπ—Èπ°“√π”·∫∫®”≈Õß®“°μà“ßª√–‡∑»‰ª„™â

‚¥¬μ√ß°Á®–∑”„Àâº≈∑’Ë‰¥â‡ªìπ ¿“æ°“√§ßμ—«¢Õß

∫√√¬“°“»∑’ËÕ“®®–‰¡à‡À¡“– ¡ ”À√—∫ª√–‡∑»‰∑¬

®÷ß‰¥â¡’°“√»÷°…“ ¿“æ°“√§ßμ—« (Stability classes)

¢Õß∫√√¬“°“»∑’Ë‡À¡“– ¡ ‡æ◊ËÕª√–¬ÿ°μå„™â„π·∫∫

®”≈Õß¡≈æ‘…∑“ßÕ“°“»„π‡¢μÕÿμ “À°√√¡ ‡æ◊ËÕ

„Àâ§à“§«“¡‡¢â¡¢âπ¢Õß “√¡≈æ‘…∑’Ëª√–‡¡‘π‰¥â®“°

·∫∫®”≈Õß¡≈æ‘…∑“ßÕ“°“»¡’§«“¡∂Ÿ°μâÕß·≈–

‡À¡“– ¡°—∫ ¿“æ§«“¡‡ªìπ®√‘ß¡“°¬‘Ëß¢÷Èπ

«‘∏’°“√ �
1. °“√®—¥∑”μ“√“ß· ¥ß°“√·∫àß™à«ß ¿“æ

°“√§ßμ—« (Stability Classes) ¢Õß∫√√¬“°“»

 ”À√—∫æ◊Èπ∑’Ë»÷°…“

„π°“√®—¥∑”μ“√“ß· ¥ß°“√·∫àß™à«ß ¿“æ

°“√§ßμ—« (Stability Classes) ¢Õß∫√√¬“°“»

 ”À√—∫æ◊Èπ∑’Ë»÷°…“¡’¢—ÈπμÕπ¥—ßμàÕ‰ªπ’È

ë °“√À“ ¿“æ°“√§ßμ—«„π∫√√¬“°“»

°“√À“ ¿“æ°“√§ßμ—«„π∫√√¬“°“»

 ”À√—∫°“√»÷°…“π’È‰¥â¡“®“°¢âÕ¡Ÿ≈Õÿμÿπ‘¬¡«‘∑¬“

√“¬™—Ë«‚¡ß √–¬–‡«≈“ 3 ªï (2542-2544) ®“°

 ∂“π’μ√«®«—¥®μÿ®—°√„π‡¢μ°√ÿß‡∑æ¡À“π§√¿“¬

„μâ°“√¥”‡π‘πß“π¢Õß°√¡§«∫§ÿ¡¡≈æ‘… ‡ªìπ

¢âÕ¡Ÿ≈Õ“°“»¥â“π∫π ª√–°Õ∫¥â«¬ §«“¡‡√Á«≈¡

∑‘»∑“ß≈¡ ∑’Ë√–¥—∫§«“¡ Ÿß¢Õß‡ “«—¥ 10, 50 ·≈–

100 ‡¡μ√ ·≈–Õÿ≥À¿Ÿ¡‘∑’Ë√–¥—∫§«“¡ Ÿß¢Õß‡ “«—¥

2, 50, 75 ·≈– 100 ‡¡μ√ ·≈–„™âÀ≈—°‡°≥±å„π

°“√·∫àß™à«ß ¿“æ°“√§ßμ—«„π∫√√¬“°“» (Stability

Classes) μ“¡·∫∫ Pasquill §◊Õ °“√„™â§«“¡·μ°μà“ß

¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë√–¥—∫§«“¡ Ÿß 100 ‡¡μ√ ¥—ß· ¥ß

„πμ“√“ß∑’Ë 1
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μ“√“ß∑’Ë 1 μ“√“ß· ¥ß°“√·∫àß™à«ß ¿“æ°“√

§ßμ—«„π∫√√¬“°“»‚¥¬„™âÀ≈—°§«“¡·μ°μà“ß¢Õß

Õÿ≥À¿Ÿ¡‘

ë °“√À“μ“√“ß°“√·∫àß™à«ß ¿“æ°“√§ßμ—«

„π∫√√¬“°“»

Pasquill ·μà®–‡≈◊Õ°„™â¢âÕ¡Ÿ≈ª√‘¡“≥√—ß ’¥«ß

Õ“∑‘μ¬å∑’Ë‰¥â®“°°“√μ√«®«—¥®√‘ß¢Õßª√–‡∑»‰∑¬

¡“„™â·∑π°“√À“μ”·Àπàß∑’Ëμ—Èß Latitude Longitude

·≈– Time Zone ¢Õß ∂“π’μ√«®«—¥Õÿμÿπ‘¬¡«‘∑¬“

æ◊Èπº‘«√–¥—∫§«“¡ Ÿß 10 ‡¡μ√ ‚¥¬¡’§”π‘¬“¡¢Õß

§”«à“ · ßÕ“∑‘μ¬å¡“° §◊Õ ¡’ª√‘¡“≥√—ß ’¥«ß

Õ“∑‘μ¬å¡“°°«à“ 598.741 watt/m2 · ßÕ“∑‘μ¬å

ª“π°≈“ß §◊Õ ¡’ª√‘¡“≥√—ß ’¥«ßÕ“∑‘μ¬å√–À«à“ß

301.464-598.741 watt/m2 ·≈–· ßÕ“∑‘μ¬åπâÕ¬ §◊Õ

¡’ª√‘¡“≥√—ß ’¥«ßÕ“∑‘μ¬åπâÕ¬°«à“ 301.464 watt/m2

·≈â«π”¡“®—¥„ÀâÕ¬Ÿà„π√Ÿª·∫∫¢Õßμ“√“ß°“√·∫àß

™à«ß ¿“æ°“√§ßμ—«„π∫√√¬“°“»‚¥¬æ‘®“√≥“®“°

§«“¡∂’Ë∑’Ë‡°‘¥ ¿“æ°“√§ßμ—«π—Èπ¢÷Èπ‚¥¬„™â function

crosstabs ®“° ‚ª√·°√¡ SPSS

2. °“√∑¥ Õ∫§«“¡∂Ÿ°μâÕß¢Õßμ“√“ß°“√

·∫àß™à«ß ¿“æ°“√§ßμ—«„π∫√√¬“°“»

„π°“√∑¥ Õ∫§«“¡∂Ÿ°μâÕß‰¥â∑”°“√‡ª√’¬∫

‡∑’¬∫§à“§«“¡‡¢â¡¢âπ¢Õß “√¡≈æ‘…∑“ßÕ“°“»∑’Ë‰¥â

®“°·∫∫®”≈Õß‚¥¬„™â§à“ ¿“æ°“√§ßμ—«·∫∫μà“ßÊ

‡ª√’¬∫‡∑’¬∫°—∫§à“∑’Ë‰¥â®“°°“√μ√«®«—¥„π∫√√¬“°“»

·≈–°“√‡°Á∫¢âÕ¡Ÿ≈‡æ◊ËÕ„™â„π°“√∑¥ Õ∫μ“√“ß°“√

·∫àß™à«ß ¿“æ°“√§ßμ—«¢Õß∫√√¬“°“»∑’Ë‰¥â®“°

°“√»÷°…“°—∫·∫∫®”≈Õß¡≈æ‘…∑“ßÕ“°“» ª√–°Õ∫

¥â«¬ 3  à«π„À≠à Ê ¥—ßμàÕ‰ªπ’È

1. æ◊Èπ∑’Ë»÷°…“

æ◊Èπ∑’Ë»÷°…“μâÕß‡ªìπæ◊Èπ∑’Ë∑’Ë¡’§à“§«“¡‡¢â¡

¢âπ¢Õß°ä“´‰π‚μ√‡®πÕÕ°‰´¥å„π∫√√¬“°“» Ÿß¡“°

æÕ∑’Ë®– —ß‡°μ°“√‡ª≈’Ë¬π·ª≈ß¢Õß°ä“´‰¥â ·≈–

μâÕß‡ªìπ·À≈àß°”‡π‘¥¢Õß°ä“´‰π‚μ√‡®πÕÕ°‰´¥å∑’Ë

¡’¢π“¥„À≠à∑’Ë ÿ¥„π∫√‘‡«≥æ◊Èπ∑’Ë∑’Ë»÷°…“π—Èπ®π

°“√·∫àß™à«ß ¿“æ°“√§ßμ—«„π∫√√¬“°“»

 ”À√—∫æ◊Èπ∑’Ë»÷°…“‰¥â„™â¢âÕ¡Ÿ≈Õÿμÿπ‘¬¡«‘∑¬“√“¬ 3

™—Ë«‚¡ß √–¬–‡«≈“ 3 ªï (2542-2544) ®“° ∂“π’

μ√«®«—¥„π‡¢μ°√ÿß‡∑æ¡À“π§√ „π°“√»÷°…“π’È®–

„™â‡°≥±å„π°“√·∫àß™à«ß¢Õß§«“¡‡√Á«≈¡ (Wind

Speed) ∑‘»∑“ß≈¡ (Wind Direction) ª√‘¡“≥

√—ß ’¥«ßÕ“∑‘μ¬å (Solar Radiation) ·≈–ª√‘¡“≥

‡¡¶„π∑âÕßøÑ“ (Cloud Cover) ‡™àπ‡¥’¬«°—∫

μ“√“ß·∫àß™à«ß ¿“æ°“√§ßμ—«„π∫√√¬“°“»·∫∫

Stability Pasquill §«“¡·μ°μà“ß¢Õß

Classification Category Õÿ≥À¿Ÿ¡‘ ( ÌC)

∑’Ë√–¥—∫§«“¡ Ÿß

100 ‡¡μ√

Extremely A <-1.9

Unstable

Moderately B -1.9 to -1.7

Unstable

Slightly C -1.7 to -1.5

Unstable

Neutral D -1.5 to -0.5

Slightly Stable E -0.5 to 1.5

Moderately F 1.5 to 4.0

Stable

Extremely G > 4.0

Stable
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·À≈àß°”‡π‘¥Õ◊Ëπ„πæ◊Èπ∑’Ë»÷°…“‡¥’¬«°—π‰¡à¡’º≈°√–∑∫

¥—ßπ—Èπ ®÷ß‡≈◊Õ°‡°Á∫μ—«Õ¬à“ß§ÿ≥¿“æÕ“°“»„π

∫√√¬“°“» ≥ ∫√‘‡«≥‚√ß‰øøÑ“∫“ßª–°ß ÷́Ëß¡’

§ÿ≥ ¡∫—μ‘„°≈â‡§’¬ß·≈–‡À¡“– ¡°—∫‡°≥±å°“√§—¥

‡≈◊Õ°æ◊Èπ∑’Ë»÷°…“¥—ß°≈à“«¡“°∑’Ë ÿ¥

 ”À√—∫°“√À“μ”·Àπàß®ÿ¥μ√«®«—¥‰¥â

Õ“»—¬°“√„™â·∫∫®”≈Õß ISCST3 ‡ªìπμ—«°”Àπ¥ ‚¥¬

„™â¢âÕ¡Ÿ≈¥â“π·À≈àß°”‡π‘¥¡≈æ‘…∑“ßÕ“°“» ·≈–

¢âÕ¡Ÿ≈¥â“πÕÿμÿπ‘¬¡«‘∑¬“ „π√–¬–‡«≈“ 1 ªï (2546)

·≈–‡≈◊Õ°™à«ß√–¬–‡«≈“∑’Ë»÷°…“(μ—Èß·μà«—π∑’Ë 10-31

 ‘ßÀ“§¡ 2547) ‡∑à“π—Èπ ∑”„Àâ “¡“√∂ª√–‡¡‘π

μ”·Àπàßæ‘°—¥∑’Ë§“¥«à“®–¡’§à“§«“¡‡¢â¡¢âπ¢Õß°ä“´

 Ÿß∑’Ë ÿ¥‰¥â ®÷ß‰¥â°”Àπ¥μ”·Àπàßæ‘°—¥∑’Ë®–∑”°“√

μ√«®«—¥§ÿ≥¿“æÕ“°“»„π∫√√¬“°“»∫√‘‡«≥‚√ß

‰øøÑ“∫“ßª–°ß ®”π«π∑—ÈßÀ¡¥ 5 ®ÿ¥¥â«¬°—π ‚¥¬

¡’®ÿ¥μ√«®«—¥§ÿ≥¿“æÕ“°“»„π∫√√¬“°“» ®”π«π

4 ®ÿ¥ μ—ÈßÕ¬Ÿà„πμ”∫≈∫“ßº÷Èß´÷Ëß‡ªìπμ”·Àπàß∑â“¬≈¡

§◊Õ Õ¬Ÿà∑“ß∑‘»μ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ¢Õß‚√ß‰øøÑ“

∫“ßª–°ß ·≈–Õ’° 1 ®ÿ¥ μ—ÈßÕ¬Ÿà„πμ”∫≈∑à“¢â“¡´÷Ëß

‡ªìπμ”·Àπàßμâπ≈¡ §◊Õ Õ¬Ÿà∑“ß∑‘»μ–«—πμ°‡©’¬ß

„μâ¢Õß‚√ß‰øøÑ“∫“ßª–°ß

2. ¢âÕ¡Ÿ≈¥â“πÕÿμÿπ‘¬¡«‘∑¬“·≈–¢âÕ¡Ÿ≈

§ÿ≥¿“æÕ“°“»„π∫√√¬“°“»

¢âÕ¡Ÿ≈Õÿμÿπ‘¬¡«‘∑¬“‰¥â„™â¢âÕ¡Ÿ≈®“° ∂“π’

μ√«®«—¥§ÿ≥¿“æÕ“°“»‡§≈◊ËÕπ∑’Ë¢Õß»Ÿπ¬å«‘®—¬·≈–

Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ ≥ ∫√‘‡«≥√Õ∫ Ê ‚√ß‰øøÑ“

∫“ßª–°ß ∑’Ë√–¥—∫§«“¡ Ÿß¢Õß‡ “«—¥ 10 ‡¡μ√ ‰¥â·°à

§«“¡‡√Á«≈¡ ∑‘»∑“ß≈¡ Õÿ≥À¿Ÿ¡‘ ·≈– Solar

radiation ¡“»÷°…“·≈–¢âÕ¡Ÿ≈§ÿ≥¿“æÕ“°“»„π

∫√√¬“°“»√“¬™—Ë«‚¡ß·∫∫μàÕ‡π◊ËÕß ®”π«π 5  ∂“π’

√–¬–‡«≈“ª√–¡“≥ 1 ‡¥◊Õπ (μ—Èß·μà«—π∑’Ë 10-31

 ‘ßÀ“§¡ 2547) ®“° ∂“π’μ√«®«—¥§ÿ≥¿“æÕ“°“»

‡§≈◊ËÕπ∑’Ë¢Õß»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡

≥ ∫√‘‡«≥√Õ∫Ê ‚√ß‰øøÑ“∫“ßª–°ß ®”π«π 4 æ“√“

¡‘‡μÕ√å ‰¥â·°à NO
2
, NO, NO

x
 ·≈– SO

2
 ‡æ◊ËÕ„™â

∑¥ Õ∫§«“¡∂Ÿ°μâÕß¢Õß·∫∫®”≈Õß ISCST3 √–À«à“ß

°“√π”μ“√“ß°“√·∫àß™à«ß ¿“æ°“√§ßμ—«„π

∫√√¬“°“»¢Õß Pasquill °—∫º≈®“°°“√»÷°…“π’È¡“

„™â ·μà‡π◊ËÕß®“°º≈°“√μ√«®«—¥¢Õß°ä“´´—≈‡øÕ√å‰¥

ÕÕ°‰´¥å„π∫√√¬“°“»¡’§à“§àÕπ¢â“ßμË”·≈–§ß∑’Ë ®÷ß

‰¡à “¡“√∂π”¡“„™â∑¥ Õ∫À“§«“¡∂Ÿ°μâÕß¢Õß

·∫∫®”≈Õß ISCST3 ‰¥â ¥—ßπ—Èπ „π°“√»÷°…“§√—Èßπ’È

®–‰¡àπ”º≈°“√μ√«®«—¥¢Õß°ä“´ —́≈ ‡øÕ√å ‰¥

ÕÕ°‰´¥å¡“»÷°…“¥â«¬

3. ¢âÕ¡Ÿ≈·À≈àß°”‡π‘¥¡≈æ‘…∑“ßÕ“°“»

·∫àß‡ªìπ 3 ·À≈àß°”‡π‘¥ §◊Õ

ë ·À≈àß°”‡π‘¥‡©æ“–μ”·Àπàß (Point

Source) ‰¥â·°à ‚√ß‰øøÑ“∫“ßª–°ß ´÷Ëß„Àâ§«“¡

Õπÿ‡§√“–Àå¢âÕ¡Ÿ≈„π°“√μ√«®«—¥¢Õß Continuous

Emission Monitoring System (CEMs) μ”·Àπàß

æ‘°—¥∑’Ëμ—Èß¢Õß‚√ßß“π Õ—μ√“°“√ª≈àÕ¬¡≈æ‘… §«“¡

 Ÿß¢Õßª≈àÕß Õÿ≥À¿Ÿ¡‘¢Õßª≈àÕß §«“¡‡√Á«¢Õßª≈àÕß

·≈–¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß¢Õßª≈àÕß ‡ªìπμâπ

ë ·À≈àß°”‡π‘¥·∫∫‡§≈◊ËÕπ∑’Ë (Line Source)

‰¥â·°à ª√‘¡“≥√∂∫π∂ππ ´÷Ëß‰¥â¢âÕ¡Ÿ≈ √ÿªª√‘¡“≥

°“√®√“®√‡©≈’Ë¬ §—πμàÕ«—π ∫π∑“ßÀ≈«ß„π‡¢μ

°√ÿß‡∑æ·≈–ª√‘¡≥±≈ ®“°°√¡∑“ßÀ≈«ß ªï æ.».

2546 ∫π∂ππ “¬À≈—°∫√‘‡«≥‚√ß‰øøÑ“∫“ßª–°ß

®”π«π 3  “¬ ‰¥â·°à ∑“ßÀ≈«ß “¬ 34  “¬ 314

·≈– “¬ 7 ·∫àßª√–‡¿∑¢Õß√∂ÕÕ°‡ªìπ 4 ª√–‡¿∑

§◊Õ √∂¬πμå √∂∫√√∑ÿ°‡≈Á° √∂∫√√∑ÿ°„À≠à ·≈–

®—°√¬“π¬πμå



‚ § √ ß ° “ √ «‘ ®— ¬ · ≈ – æ— ≤ π “ ‡ ∑ § ‚ π ‚ ≈ ¬’  ‘Ë ß · « ¥ ≈â Õ ¡ ¥â “ π Õ “ ° “ »

46 � √“¬ß“πº≈ß“π«‘®—¬ »Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ 2547-2548

ë ·À≈àß°”‡π‘¥·∫∫æ◊Èπ∑’Ë (Area Source)

‰¥â·°à °“√ª≈àÕ¬ “√¡≈æ‘…®“°·À≈àß∑’Ëæ—°Õ“»—¬ ‰¥â

¢âÕ¡Ÿ≈®“°√“¬ß“π©∫—∫ ¡∫Ÿ√≥å °“√ª√—∫ª√ÿß∞“π

¢âÕ¡Ÿ≈·À≈àß°”‡π‘¥¡≈æ‘…∑“ßÕ“°“»·≈–ª√–‡¡‘π

º≈°√–∑∫μàÕ§ÿ≥¿“æÕ“°“»„π‡¢μ°√ÿß‡∑æ¡À“π§√

·≈–ª√‘¡≥±≈ ªï æ.». 2543 ¢Õß°√¡§«∫§ÿ¡¡≈æ‘…

3. °“√»÷°…“ Sensitivity

°“√π”¢âÕ¡Ÿ≈Õÿμÿπ‘¬¡«‘∑¬“¡“»÷°…“ Sen-

sitivity Analysis ‡æ◊ËÕμâÕß°“√∑√“∫«à“ μ—«·ª√„¥

‡ªìπμ—«·ª√ ”§—≠∑’Ë∑”„Àâ§à“§«“¡‡¢â¡¢âπ‡ª≈’Ë¬π·ª≈ß

¡“°∑’Ë ÿ¥ «‘∏’°“√°Á§◊Õ„™â¢âÕ¡Ÿ≈Õÿμÿπ‘¬¡«‘∑¬“∑’Ë„™â„π

°“√π”‡¢â“·∫∫®”≈Õß ISCST3 ®”π«π 6 μ—«·ª√

‰¥â·°à Flow Vector, Wind Speed, Temperature,

Stability Classes, Rural Mixing Height ·≈–

Urban Mixing Height ‚¥¬·∫àßÕÕ°‡ªìπ 6 °√≥’

„π·μà≈–°√≥’®–¡’ 6 μ—«·ª√‡™àπ°—π ´÷Ëß„π·μà≈–

°√≥’®–¡’Õ¬Ÿàμ—«·ª√‡¥’¬«‡∑à“π—Èπ∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ß

¢Õß§à“Õ¬Ÿà 7 √–¥—∫¥â«¬°—π  à«πÕ’° 5 μ—«·ª√∑’Ë‡À≈◊Õ

®–∂Ÿ°§«∫§ÿ¡„Àâ¡’§à“§ß∑’Ë‡æ’¬ß§à“‡¥’¬«‡∑à“π—Èπ®“°

π—Èπ®÷ßπ”§à“μ—«·ª√∑’Ë‰¥â„π·μà≈–™ÿ¥¢Õß·μà≈–°√≥’

π”‡¢â“„π·∫∫®”≈Õß ISCST3 ‡æ◊ËÕæ‘®“√≥“°“√

‡ª≈’Ë¬π·ª≈ß§à“§«“¡‡¢â¡¢âπ∑’Ë‰¥â®“°·∫∫®”≈Õß

º≈°“√»÷°…“·≈–«‘®“√≥å �
°“√»÷°…“ Sensitivity æ∫«à“ ¿“æ°“√§ßμ—«

„π∫√√¬“°“»‡ªìπμ—«·ª√ ”§—≠∑’Ë∑”„Àâ§à“§«“¡

‡¢â¡¢âπ®“°·∫∫®”≈Õß ISCST3 ‡ª≈’Ë¬π·ª≈ß ·≈–

º≈®“°°“√»÷°…“¢âÕ¡Ÿ≈Õÿμÿπ‘¬¡«‘∑¬“∑’Ë√–¥—∫§«“¡ Ÿß

100 ‡¡μ√ ≥  ∂“π’®μÿ®—°√ °√¡§«∫§ÿ¡¡≈æ‘…

√–À«à“ßªï æ.». 2542-2544 ®–‡ÀÁπ«à“ ‡ªÕ√å‡´Áπμå

§«“¡∂’Ë„π°“√‡°‘¥ ¿“æ°“√§ßμ—« ‡√’¬ß≈”¥—∫®“°

¡“°‰ªÀ“πâÕ¬ ¡’¥—ßπ’È E D ·≈– A ‡°‘¥ 40.43 %

24.43 % ·≈– 19.08 % μ“¡≈”¥—∫ ·≈–π”¡“

«‘‡§√“–Àå √ÿªº≈‰¥â ¿“æ°“√§ßμ—«„π∫√√¬“°“»

 ”À√—∫°“√»÷°…“· ¥ß¥—ßμ“√“ß∑’Ë 2

§«“¡‡√Á«≈¡‡©≈’Ë¬ ™à«ß‡«≈“

(‡¡μ√/«‘π“∑’) °≈“ß«—π (¡’· ßÕ“∑‘μ¬å)              °≈“ß§◊π (ª√‘¡“≥‡¡¶„π∑âÕßøÑ“)

∑’Ë§«“¡ Ÿß 10 ‡¡μ√ ¡“° ª“π°≈“ß πâÕ¬ ¡“°°«à“§√÷Ëß πâÕ¬°«à“§√÷Ëß

<2 A A D E E

2-3 A A D E E

3-4 A A D E E

4-6 A A D E D

>6 A A D D D

μ“√“ß∑’Ë 2 °“√·∫àß™à«ß ¿“æ°“√§ßμ—«„π∫√√¬“°“»∑’Ë‰¥â®“°°“√»÷°…“
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®“°°“√π”¢âÕ¡Ÿ≈Õÿμÿπ‘¬¡«‘∑¬“ªï æ.». 2543

‡ªìπμ—«·∑π„π°“√»÷°…“‡ªÕ√å‡´Áπμå§«“¡∂’Ë¢Õß°“√

‡°‘¥ ¿“æ°“√§ßμ—«¢Õß∑—Èß 4 ª√–‡¿∑ ‰¥â·°à 1) §à“∑’Ë

‰¥â®“°°“√§”π«≥À“Õ—μ√“°“√‡ª≈’Ë¬π·ª≈ß

Õÿ≥À¿Ÿ¡‘μ“¡√–¥—∫§«“¡ Ÿß ≥  ∂“π’®μÿ®—°√ °√¡

§«∫§ÿ¡¡≈æ‘… 2) §à“ Monin-Obukhov Length

®“°·∫∫®”≈Õß AERMET 3) §à“∑’Ë‰¥â®“°·∫∫®”≈Õß

PCRAMMET ∑’Ë„™âμ“√“ß·∫∫ Pasquill ·≈– 4) §à“∑’Ë

‰¥â®“°·∫∫®”≈Õß PCRAMMET ∑’Ë„™âμ“√“ß®“°

°“√»÷°…“„π§√—Èßπ’È æ∫«à“§à“∑’Ë‰¥â®“°·∫∫®”≈Õß

PCRAMMET ∑’Ë „™âμ“√“ß®“°°“√»÷°…“π’È ¡’§à “

‡ªÕ√å‡´Áπμå§«“¡∂’Ë„π°“√‡°‘¥ ¿“æ°“√§ßμ—«„°≈â

‡§’¬ß°—∫§à“∑’Ë‰¥â®“°°“√§”π«≥À“®“°Õ—μ√“°“√

‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘ ¥—ß· ¥ß„πμ“√“ß∑’Ë 3

μ“√“ß∑’Ë 3 ‡ª√’¬∫‡∑’¬∫‡ªÕ√å‡´Áπμå§«“¡∂’Ë¢Õß°“√‡°‘¥ ¿“æ°“√§ßμ—«„π∫√√¬“°“»¢Õß∑—Èß 4 ª√–‡¿∑ „πªï æ.». 2543

Stability      ∂“π’®μÿ®—°√ (PCD) Monin-Obukhov Pasquill ®“°°“√»÷°…“π’È

Class Count % Count % Count % Count %

A 1127 25.3 321 72 52 1.2 1901 42.6

B 208 4.7 1861 41.7 506 11.3 - -

C 229 5.1 511 11.5 1113 24.9 - -

D 1201 26.9 26 0.6 1383 31.0 592 13.3

E 1518 34.0 416 9.3 558 12.5 1969 44.1

F 177 4.0 1151 25.8 656 14.7 - -

G 2 0.0 176 3.9 194 4.3 - -

π Õ ° ® “ °π’È „ π°“ √»÷ °…“ ‰ ¥â „ ™â ¢â Õ ¡Ÿ ≈

Õÿμÿπ‘¬¡«‘∑¬“„π‡¥◊Õπ ‘ßÀ“§¡ æ.». 2547 ÷́Ëß‡ªìπ

™à«ß√–¬–‡«≈“¢Õß°“√μ‘¥μ“¡μ√«®«—¥§ÿ≥¿“æ

Õ“°“» ≥ ∫√‘‡«≥‚√ß‰øøÑ“∫“ßª–°ß ‡ªìπÕ’°Àπ÷Ëß

μ—«·∑π„π°“√»÷°…“‡ªÕ√å‡ Á́πμå§«“¡∂’Ë¢Õß°“√‡°‘¥

 ¿“æ°“√§ßμ—« ‚¥¬‰¡à‰¥âπ”§à“∑’Ë‰¥â®“° Monin-

Obukhov Length ∑’Ë‰¥â®“°·∫∫®”≈Õß AERMET

¡“„™â ‡π◊ËÕß®“° —¥ à«π®”π«π¢âÕ¡Ÿ≈¡’®”π«ππâÕ¬

®÷ß‰¡à “¡“√∂π” §à“ Monin-Obukhov Length ¡“

æ‘®“√≥“‰¥â ·≈– —¥ à«π®”π«π¢âÕ¡Ÿ≈°“√‡°‘¥

 ¿“æ°“√§ßμ—«„π‡«≈“°≈“ß«—π°—∫°≈“ß§◊π∑’Ëπ”¡“

»÷°…“„°≈â‡§’¬ß°—π §◊Õ 40.10 % ·≈– 59.90 % μ“¡

≈”¥—∫

¥—ßπ—Èπ‰¥âπ”¢âÕ¡Ÿ≈Õÿμÿπ‘¬¡«‘∑¬“„π‡¥◊Õπ

 ‘ßÀ“§¡ æ.». 2547 ¡“»÷°…“‡ªÕ√å‡ Á́πμå§«“¡∂’Ë

¢Õß°“√‡°‘¥ ¿“æ°“√§ßμ—«¢Õß∑—Èß 3 ª√–‡¿∑ ‰¥â·°à

1) §à“∑’Ë‰¥â®“°°“√§”π«≥À“Õ—μ√“°“√‡ª≈’Ë¬π·ª≈ß

Õÿ≥À¿Ÿ¡‘μ“¡√–¥—∫§«“¡ Ÿß 2) §à“∑’Ë‰¥â®“°·∫∫®”≈Õß

PCRAMMET ∑’Ë„™âμ“√“ß·∫∫ Pasquill ·≈– 3) §à“∑’Ë

‰¥â®“°·∫∫®”≈Õß PCRAMMET ∑’Ë„™âμ“√“ß®“°

°“√»÷°…“π’È ‰¥âº≈¥—ß· ¥ß„πμ“√“ß∑’Ë 4
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πÕ°®“°π’È§à“ ¿“æ°“√§ßμ—«∑’Ë‰¥â®“°°“√„™â

μ“√“ß®“°°“√»÷°…“π’È·≈– Pasquill ‰¥âπ”‰ª„™â

‡ªìπ¢âÕ¡Ÿ≈„π°“√ª√–‡¡‘π§à“§«“¡‡¢â¡¢âπ¢Õß°ä“´

‰π‚μ√‡®πÕÕ°‰´¥å‡©≈’Ë¬ 1 ™—Ë«‚¡ß ¥â«¬·∫∫®”≈Õß

ISCST3 „π™à«ß‡«≈“¥—ß°≈à“«‰¥âº≈· ¥ß¥—ßμ“√“ß∑’Ë 5

·≈–√Ÿª∑’Ë 1 · ¥ßμ—«Õ¬à“ß§à“§«“¡‡¢â¡¢âπ¢Õß¢Õß

°ä“´‰π‚μ√‡®πÕÕ°‰´¥å∑’Ë‰¥â®“°·∫∫®”≈Õß ISCST3

®“° ¿“æ°“√§ßμ—«∑—Èß Õß·∫∫

 √ÿªº≈·≈–¢âÕ‡ πÕ·π– �
1. °“√»÷°…“ Sensivity Analysis æ∫«à“ ¢âÕ¡Ÿ≈

Õÿμÿπ‘¬¡«‘∑¬“∑’Ë ”§—≠„π°“√π”‡¢â“·∫∫®”≈Õß

ISCST3 ·≈â«∑”„Àâ§à“§«“¡‡¢â¡¢âπ‡ª≈’Ë¬π·ª≈ß §◊Õ

 ¿“æ°“√§ßμ—«¢Õß∫√√¬“°“» (Stability Classes)

√Õß≈ß¡“ §◊Õ Wind Speed, Mixing Height, Flow

Vector, Temperature μ“¡≈”¥—∫

2. Stability Classes ∑’Ë‡ªìπ Stable ®–„Àâ

§à“§«“¡‡¢â¡¢âπ¢Õß°ä“´‰π‚μ√‡®πÕÕ°‰´¥å Ÿß°«à“

Unstable μ“¡≈”¥—∫ ¥—ßπ—Èπ  “¡“√∂®—¥‡√’¬ß

≈”¥—∫§à“§«“¡‡¢â¡¢âπ®“°¡“°‰ªÀ“πâÕ¬‰¥â ¥—ßπ’È G

§◊Õ Extremely Stable, F §◊Õ Moderately Stable,

E §◊Õ Slightly Stable, D §◊Õ Neutral, C §◊Õ Slightly

Unstable, B §◊Õ Moderately Unstable ·≈– A

§◊Õ Extremely Unstable

3.  ¿“æ°“√§ßμ—«„π∫√√¬“°“»®“°°“√

»÷°…“§√—Èßπ’È ®–‡°‘¥ Stability classes ‡ªìπ E, D, A

‡ªìπ à«π„À≠à ‚¥¬®–‡°‘¥ E  Ÿß‡©æ“–„π™à«ß‡«≈“

°≈“ß§◊π ®–‡°‘¥ D  Ÿß‡©æ“–„π™à«ß‡«≈“‡™â“°—∫‡¬Áπ

·≈–®–‡°‘¥ A  Ÿß‡©æ“–„π™à«ß‡«≈“‡∑’Ë¬ß«—π‡∑à“π—Èπ

4. §à “§«“¡‡¢â¡¢âπ¢Õß°ä “´‰π‚μ√‡®π

ÕÕ°‰´¥å®“°·∫∫®”≈Õß ISCST3 ∑’Ë„™âμ“√“ß‰¡à

‡À¡◊Õπ°—π®–‰¥â§à“∑’Ë·μ°μà“ß°—π ‡π◊ËÕß®“°°“√π”

‡¢â“¢âÕ¡Ÿ≈ Stability Classes ∑’Ë·μ°μà“ß°—π  à«π∑’Ë

μ“√“ß∑’Ë 4 ‡ª√’¬∫‡∑’¬∫‡ªÕ√å‡´Áπμå§«“¡∂’Ë¢Õß°“√‡°‘¥ ¿“æ°“√§ßμ—«„π∫√√¬“°“»¢Õß∑—Èß 3 ª√–‡¿∑

„π‡¥◊Õπ ‘ßÀ“§¡ æ.». 2547

Stability Class  ∂“π’®μÿ®—°√ (PCD) Pasquill Thai

Count % Count % Count %

A 39 9.5 11 2.7 128 31.1

B 21 5.1 100 24.3 - -

C 24 5.8 45 10.9 - -

D 187 45.5 35 8.5 37 9.0

E 140 34.1 84 20.4 246 59.9

F - - 134 32.6 - -

G - - 2 0.5 - -
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μ“√“ß∑’Ë 5 · ¥ß°“√‡ª√’¬∫‡∑’¬∫‡ªÕ√å‡´Áπμå§«“¡º‘¥æ≈“¥¢Õß°“√„™âμ“√“ß®“°°“√»÷°…“π’È °—∫ Pasquill

√Ÿª∑’Ë 1 · ¥ßº≈®“°·∫∫®”≈Õß ISCST3 ∑’Ë„™â ¿“æ°“√§ßμ—«„π∫√√¬“°“»®“°μ“√“ß¢Õß Pasquill ·≈–®“°°“√»÷°…“π’È

 ∂“π’ §à“‡©≈’Ë¬®“° §à“‡©≈’Ë¬®“°°“√ §à“‡©≈’Ë¬®“°°“√ ‡ªÕ√å‡ Á́πμå§«“¡ ‡ªÕ√å‡ Á́πμå§«“¡

°“√μ√«®«—¥ „™âμ“√“ß®“°°“√ „™âμ“√“ß¢Õß º‘¥æ≈“¥‚¥¬ º‘¥æ≈“¥‚¥¬

(ug/m3) »÷°…“π’È (ug/m3) Pasquill „™âμ“√“ß®“° „™âμ“√“ß¢Õß

(ug/m3) °“√»÷°…“π’È (%) Pasquill. (%)

1 29.43 36.98 43.17 25.64 46.67

2 14.70 31.41 37.63 113.71 156.09

3 28.66 29.89 34.65 4.29 20.88

4 20.60 26.79 31.50 30.01 52.87

5 39.42 25.32 29.52 -35.78 -25.11

§à“‡©≈’Ë¬ 26.56 30.08 35.29 13.25 32.87
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‡À≈◊Õ®–‡À¡◊Õπ°—πÀ¡¥ ‰¥â·°à Flow Vector, Wind

Speed, Wind Direction, Temperature, Rural

Mixing Height ·≈– Urban Mixing Height

5. ·∫∫®”≈Õß∑’Ë„™âμ“√“ß¢Õß Pasquill ®–

„Àâ§à“§«“¡‡¢â¡¢âπ¢Õß°ä“´‰π‚μ√‡®πÕÕ°‰´¥å∑’Ë Ÿß

°«à“·∫∫®”≈Õß∑’Ë„™âμ“√“ß®“°°“√»÷°…“π’È‡ªìπ à«π

„À≠à ‡æ√“–„π™à«ß‡«≈“°≈“ß«—π¢Õßμ“√“ß®“°°“√

»÷°…“π’È®–¡’ Stability Classes ∑’Ë‡ªìπ A °—∫ D ‡∑à“π—Èπ

 à«πμ“√“ß¢Õß Pasquill „π™à«ß‡«≈“°≈“ß«—π ®–¡’

Stability Classes ∑’Ë‡ªìπ A, B, C ·≈– D ª–ªπ

°—πÕ¬Ÿà ¥—ßπ—Èπ ‚Õ°“ ∑’Ë®–‡°‘¥§à“§«“¡‡¢â¡¢âπ Ÿß

¢Õß°ä“´‰π‚μ√‡®πÕÕ°∑’Ë‰´¥å®“°μ“√“ß¢Õß Pasquill

®÷ß¡’¡“°°«à“μ“√“ß®“°°“√»÷°…“π’È ¬°‡«âπ ™à«ß

‡«≈“‡™â“°—∫‡¬Áπ§à“§«“¡‡¢â¡¢âπ¢Õß°ä“´‰π‚μ√‡®π

ÕÕ°‰´¥å®“°μ“√“ß°“√»÷°…“π’È®–¡’‚Õ°“  Ÿß°«à“

μ“√“ß¢Õß Pasquill ´÷Ëß∂◊Õ«à“‡ªìπ™à«ß‡«≈“∑’Ë —Èπ¡“°

·≈–·¡â«à“„π™à«ß‡«≈“°≈“ß§◊π¢Õßμ“√“ß®“°°“√

»÷°…“π’È®–¡’§à“ Stability Classes ∑’Ë‡ªìπ E ¡“°°«à“

·μà°Á‰¡à¡’ Stability Classes ∑’Ë‡ªìπ F ‡≈¬ ®÷ß

∑”„Àâ§à“∑’Ë‰¥â®“°μ“√“ß¢Õß Pasquill ¡’§à“ Ÿß°«à“

μ“√“ß®“°°“√»÷°…“π’È ¥—ßπ—Èπ º≈√«¡∑—Èß°≈“ß«—π

·≈–°≈“ß§◊π®“°·∫∫®”≈Õß∑’Ë„™âμ“√“ß°“√·∫àß

™à«ß ¿“æ°“√§ßμ—«„π∫√√¬“°“»¢Õß Pasquill ®÷ß

¡’§à“§«“¡‡¢â¡¢âπ¢Õß°ä“´‰π‚μ√‡®πÕÕ°‰´¥å Ÿß°«à“

°“√„™âμ“√“ß°“√·∫àß™à«ß®“°°“√»÷°…“π’È

6. §à“§«“¡‡¢â¡¢âπ®“°·∫∫®”≈Õß ISCST3 ∑’Ë

„™âμ“√“ß°“√·∫àß™à«ß ¿“æ°“√§ßμ—«„π°“√»÷°…“

π’È®–„Àâ§à“∑’Ë„°≈â‡§’¬ß°—∫§à“°“√μ√«®«—¥®√‘ß¡“°¬‘Ëß¢÷Èπ

°‘μμ‘°√√¡ª√–°“» �
¢Õ¢Õ∫§ÿ≥Õ“®“√¬å‡μ◊Õπ„® ¥ÿ≈¬å®‘π¥“™∫“æ√

¿“§«‘™“«‘∑¬“»“ μ√å ‘Ëß·«¥≈âÕ¡ ¡À“«‘∑¬“≈—¬

¢Õπ·°àπ ¥√. ÿ√—μπå ∫ÿ≠‡≈‘» §≥–«‘∑¬“»“ μ√å∑—Ë«‰ª

®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬

¥√.«π‘ “  ÿ√æ‘æ‘∏ °√¡§«∫§ÿ¡¡≈æ‘… √».¥√.

«√“«ÿ∏ ‡ ◊Õ¥’ ¥√.À∑—¬√—μπå °“√’‡«∑¬å ·≈–‡®â“Àπâ“∑’Ë

»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡∑ÿ°∑à“π∑’Ë

™à«¬‡À≈◊Õ„Àâ§”ª√÷°…“·≈– π—∫ πÿπß“π«‘®—¬¥â«¬¥’

μ≈Õ¥¡“

¢Õ¢Õ∫§ÿ≥ ‚√ß‰øøÑ“∫“ßª–°ß °“√‰øøÑ“

ΩÉ“¬º≈‘μ·Ààßª√–‡∑»‰∑¬ °√¡§«∫§ÿ¡¡≈æ‘… °√¡

Õÿμÿπ‘¬¡«‘∑¬“ ∑’Ë™à«¬Õπÿ‡§√“–Àå¥â“π¢âÕ¡Ÿ≈ ·≈–¢Õ

¢Õ∫æ√–§ÿ≥‚§√ß°“√™≈ª√–∑“π™≈∫ÿ√’ Õß§å°“√

∫√‘À“√ à«πμ”∫≈∫“ßº÷Èß ∑’Ë™à«¬„Àâ§«“¡Õπÿ‡§√“–Àå

¥â“π ∂“π∑’Ë„π°“√μ‘¥μ—Èß ∂“π’μ√«®«—¥§ÿ≥¿“æ

Õ“°“»
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°“√ª√–‡¡‘π§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π∫√‘‡«≥ ∂“π’μ√«®«—¥§ÿ≥¿“æ
Õ“°“»¡À“«‘∑¬“≈—¬√“¡§”·Àß‚¥¬„™â«‘∏’

Multiple Linear Regression
Estimation of Ozone Concentration at Ramkhamhaeng University
Air Quality Monitoring Station using Multiple Linear Regression

»‘√æß»å  ÿ¢∑«’[1]

Sirapong Sooktawee

∫∑§—¥¬àÕ

°“√»÷°…“π’È¡’«—μ∂ÿª√– ß§å‡æ◊ËÕæ—≤π“·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å∑’Ë„™â„π°“√∑”π“¬§à“§«“¡‡¢â¡¢âπ

 Ÿß ÿ¥¢Õß‚Õ‚´π‡©≈’Ë¬√“¬™—Ë«‚¡ß„π∫√√¬“°“» ≥ ∫√‘‡«≥æ◊Èπ∑’Ë¡À“«‘∑¬“≈—¬√“¡§”·Àß ‚¥¬„™â¢âÕ¡Ÿ≈°“√

μ√«®«—¥§ÿ≥¿“æÕ“°“»®“° ∂“π’μ√«®«—¥§ÿ≥¿“æÕ“°“» °√¡§«∫§ÿ¡¡≈æ‘… √–À«à“ßªï æ.». 2540-2545

´÷Ëß∑”°“√À“§«“¡ —¡æ—π∏å¥â«¬«‘∏’ Multiple Linear Regression ‚¥¬„™â‚ª√·°√¡ SPSS ‰¥â§à“ Correlation =

0.732 ‚¥¬¡’μ—«·ª√μà“ßÊ ‰¥â·°à §à“§«“¡‡¢â¡¢âπ¢Õß°ä“´‚Õ‚´π °ä“´‰π‚μ√‡®π‰¥ÕÕ°‰´¥å‡©≈’Ë¬ §«“¡‡√Á«

≈¡‡©≈’Ë¬ Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬√“¬™—Ë«‚¡ß∑’Ë‡«≈“ 10:00 π. §à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π‡©≈’Ë¬√“¬™—Ë«‚¡ß„π«—π∑’Ë

ºà“π¡“ §à“§«“¡‡√Á«≈¡‡©≈’Ë¬√“¬™—Ë«‚¡ß ∑’Ë‡«≈“ 9:00 π. Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬√“¬™—Ë«‚¡ß∑’Ë‡«≈“ 6:00 π. §à“§«“¡

‡¢â¡¢âπ¢Õß°ä“´‚Õ‚´π‡©≈’Ë¬√“¬™—Ë«‚¡ß∑’Ë‡«≈“ 7:00 π. ·∫∫®”≈Õß∑’Ë‰¥âπ’È‰¥âπ”‰ª∑¥ Õ∫°—∫¢âÕ¡Ÿ≈°“√μ√«®

«—¥„π™à«ß‡¥◊Õπ¡°√“§¡∂÷ß¡’π“§¡ 2546 ·≈–º≈®“°°“√∑”π“¬§à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π‡©≈’Ë¬√“¬

™—Ë«‚¡ß¢Õß·∫∫®”≈Õßπ—Èπ¡’·π«‚πâ¡‰ª„π∑“ß‡¥’¬«°—∫§à“∑’Ë‰¥â®“°°“√μ√«®«—¥ ·μàÕ¬à“ß‰√°Áμ“¡‡¡◊ËÕ§à“

§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π‡©≈’Ë¬√“¬™—Ë«‚¡ß Ÿß¢÷Èπ ®–∑”„Àâ§à“§«“¡·μ°μà“ß√–À«à“ß§à“∑’Ë‰¥â®“°°“√

∑”π“¬·≈–®“°°“√μ√«®«—¥¡’§à“¡“°¢÷Èπ

§” ”§—≠ : ‚Õ‚´π  ¡°“√∂¥∂Õ¬ ∑”π“¬

[1]  à«π«‘®—¬·≈–æ—≤π“‡∑§‚π‚≈¬’¥â“πÕ“°“»
E-mail : sirapong_s@yahoo.com
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Abstract

This study has the objective for developing a mathematical model that uses ozone

forecasting in the atmosphere at Ramkhamhaeng university area. The ambient air quality

monitoring data from the station of Pollution Control Department since 1997 - 2002 was used

for seeking relation and mathematical model. The SPSS program and multiple linear regression

technique was used and the result of the model give the correlation value equal to 0.732 (F

Sig. = 0.031) and auto-correlation test by use the value of Durbin Watson and the value equal

to 1.961. The variables of model were hourly average of ozone concentration, nitrogen

concentration, wind speed, temperature at 10:00, the maximum concentration of the ozone

in previous day, hourly average of wind speed at 9:00, hourly average of temperature at 6:00,

hourly average of ozone concentration at 7:00. The model was tested by using data in

January - March 2003 and forecasting value of the model has tended to have same way as

the observed value; however when the difference value between the value from forecasting

and observe are increased more when the ozone concentration has high level.

Keywords: ozone , regression , forecast
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§”π” �
 ”À√—∫ ∂“π°“√≥å¡≈æ‘…∑“ßÕ“°“»„π

ª√–‡∑»‰∑¬ æ∫«à“ªí≠À“¢Õß°ä“´‚Õ‚´π¡’·π«‚πâ¡

‡æ‘Ë¡¢÷Èπ[1]·≈–∫√‘‡«≥æ◊Èπ∑’Ë∑—Ë«‰ª„π‡¢μ°√ÿß‡∑æ¡À“π§√

æ∫«à“°ä“´‚Õ‚´π‡ªìπªí≠À“À≈—°·≈–„π∫“ß ∂“π’μ√«®

«—¥§ÿ≥¿“æÕ“°“»∫√‘‡«≥æ◊Èπ∑’Ë∑—Ë«‰ª„π‡¢μ°√ÿß‡∑æ

¡À“π§√ æ∫«à“¡’§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬√“¬™—Ë«‚¡ß

 Ÿß‡°‘π°«à“ 100 ppb ´÷Ëß‡ªìπ§à“¡“μ√∞“π§ÿ≥¿“æ

Õ“°“»„π∫√√¬“°“»¢Õßª√–‡∑»‰∑¬ ‡ªìπ§√—Èß§√“«

‚¥¬‡©æ“–∫√‘‡«≥¡À“«‘∑¬“≈—¬√“¡§”·Àß [2, 3, 4, 5]

¥—ßπ—Èπ°“√μ‘¥μ“¡μ√«® Õ∫·≈–»÷°…“∂÷ß°“√

‡ª≈’Ë¬π·ª≈ß§à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π‡©≈’Ë¬

√“¬™—Ë«‚¡ß„π·μà≈–«—π∑’Ë‡°‘¥¢÷Èπ®“°¢âÕ¡Ÿ≈§ÿ≥¿“æ

Õ“°“»·≈–¢âÕ¡Ÿ≈Õÿμÿπ‘¬¡«‘∑¬“∑’Ëºà“π¡“ ‡æ◊ËÕ„™â

§“¥°“√≥å§à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π‡©≈’Ë¬

√“¬™—Ë«‚¡ß≈à«ßÀπâ“ ”À√—∫ ∂“π’μ√«®«—¥§ÿ≥¿“æ

Õ“°“»¡À“«‘∑¬“≈—¬√“¡§”·Àß μ≈Õ¥®πÀ“§«“¡

 —¡æ—π∏å√–À«à“ßªí®®—¬∑“ß¥â“π‡§¡’·≈–Õÿμÿπ‘¬¡

«‘∑¬“∑’Ë àßº≈μàÕ§à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π

‡©≈’Ë¬√“¬™—Ë«‚¡ß ·≈– À —¡æ—π∏å∑’Ë‰¥â®“° ∂“π’

μ√«®«—¥§ÿ≥¿“æÕ“°“»¡À“«‘∑¬“≈—¬√“¡§”·Àßπ—Èπ

‡æ◊ËÕπ”‰ªª√–¬ÿ°μå„™â„π°“√§“¥°“√≥å§à“§«“¡‡¢â¡

¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π‡©≈’Ë¬√“¬™—Ë«‚¡ß≈à«ßÀπâ“ ”À√—∫

æ◊Èπ∑’Ë¡À“«‘∑¬“≈—¬√“¡§”·Àß·≈–‡ªìπ·π«∑“ß

 ”À√—∫æ◊Èπ∑’ËÕ◊ËπÊμàÕ‰ª ‡æ◊ËÕ‡ªìπª√–‚¬™πå·≈–

 “¡“√∂π”‰ª„™â‡ªìπ·π«∑“ß„π°“√ªÑÕß°—π·≈–

·°â‰¢ªí≠À“§ÿ≥¿“æÕ“°“»∑’ËÕ“®®–‡°‘¥¢÷Èπ„π

Õπ“§μμàÕ‰ª

‡§¡’æ◊Èπ∞“π¢Õß‚Õ‚´π �
‚Õ‚´π (O

3
) „π™—Èπ∫√√¬“°“»√–¥—∫≈à“ß‡°‘¥

®“°ªØ‘°‘√‘¬“· ß¢Õß°ä“´‰π‚μ√‡®π‰¥ÕÕ°‰´¥å

(NO
2
) ∑’Ë‰¥â√—∫æ≈—ßß“π®“°°“√·ºà√—ß ’¢Õß¥«ßÕ“∑‘μ¬å

(Solar Radiation) ∑’Ë§«“¡¬“«§≈◊Ëπ 300-400 nm

‚¥¬∑’Ë M §◊Õ‚¡‡≈°ÿ≈„¥ Ê ∑’Ë‡¢â“¡“¥Ÿ¥´—∫æ≈—ßß“π

∑’Ë¡“°‡°‘πæÕ (‚¥¬ à«π„À≠à„π∫√√¬“°“»®–‡ªìπ N
2

·≈– O
2
) ·≈– O

3
 ∑’Ë‡°‘¥¢÷Èπ∂Ÿ°‡ª≈’Ë¬π°≈—∫‰ª‡ªìπ

ÕÕ°´‘‡®π ‚¥¬°ä“´‰πμ√‘§ÕÕ°‰´¥å (NO) ¥—ß· ¥ß

√“¬≈–‡Õ’¬¥¢ÕßªØ‘°‘√‘¬“„π ¡°“√∑’Ë 1 ∂÷ß 3

NO
2
 + hv (<400 nm) ‡ O Ì+ NO (1)

O Ì+ O
2
 + M‡O

3
 + M (2)

O
3
 + NO‡NO

2
 + O

2
(3)

 ”À√—∫„π∫√√¬“°“»∑’Ë‰¡à¡’¡≈æ‘…Õ◊ËπÊ §à“

§«“¡‡¢â¡¢âπ¢Õß O
3
 ∑’Ë‡°‘¥¢÷Èπ®–‰¡à‡°‘π§«“¡‡¢â¡¢âπ

¢Õß NO
2
 [6]  à«π„π‡¢μ‡¡◊ÕßÀ√◊Õ‡¢μÕ◊ËπÊ ∑’Ë¡’°“√

®√“®√Àπ“·πàπ °ä“´¡≈æ‘…∑“ßÕ“°“» à«π„À≠à §◊Õ

°ä“´‰Œ‚¥√§“√å∫Õπ∑’Ë‡ªìπ “√Õ‘π∑√’¬å√–‡À¬ (VOCs)

´÷Ëßª√–°Õ∫‰ª¥â«¬°ä“´π—π¡’‡∏π ‰Œ‚¥√§“√å∫Õπ

(Nonmethane Hydrocarbons; NMHC) °ä“´¡’‡∏π

(CH
4
) ·≈–Õ—≈¥’‰Œ¥å√«¡∂÷ß°ä“´§“√å∫Õπ¡ÕπÕ°‰´¥å

(CO) ∑’Ë¡’§ÿ≥≈—°…≥–æƒμ‘°√√¡§≈â“¬ VOCs ‡¡◊ËÕ

Õ¬Ÿà„π™—Èπ∫√√¬“°“»√–¥—∫≈à“ß (Troposphere)[6] ∑”„Àâ

§à“§«“¡‡¢â¡¢âπ¢Õß O
3
 ∑’Ë‡°‘¥¡“°¢÷Èπ‡°‘π°«à“„π

°√≥’∑’Ë∫√√¬“°“»‰¡à¡’¡≈æ‘…Õ◊ËπÊ  ◊∫‡π◊ËÕß¡“®“°

ªØ‘°‘√‘¬“¥—ßμàÕ‰ªπ’È
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VOC + OH Ì‡ RO
2 
Ì (4)

RO
2 
Ì + NO‡ NO

2
 + RO Ì (5)

RO Ì + O
2
‡ HO

2 
Ì + RûCHO (6)

HO
2 
Ì + NO‡ NO

2
 + OH (7)

®“°ªØ‘°‘√‘¬“≈Ÿ°‚´à (Chain Reaction) ¢â“ßμâπ

®–‡ÀÁπ‰¥â«à“ VOCs ®–∂Ÿ°ÕÕ°´‘‰¥ ǻ ·≈–‡ª≈’Ë¬π

‡ªìπRO
2 
Ì ÷́Ëß®–∑”ªØ‘°‘√‘¬“°—∫ NO „Àâ‰ª‡ªìπ NO

2

μ“¡ªØ‘°‘√‘¬“∑’Ë 4 ·≈– 5 ‚¥¬ NO
2
 ∑’Ë‡°‘¥¢÷Èππ’È®–

°≈“¬‡ªìπ “√μ—Èßμâπ¢ÕßªØ‘°‘√‘¬“°“√‡°‘¥°ä“´‚Õ‚´π

„π ¡°“√∑’Ë 1  ”À√—∫ RO Ì ∑’Ë‡°‘¥¢÷Èπ®“°ªØ‘°‘√‘¬“

μ“¡ ¡°“√∑’Ë 5 ®–∑”ªØ‘°‘√‘¬“°—∫ O
2
 ¥—ß ¡°“√∑’Ë

6 ‰¥â HO
2 
Ì ÷́Ëß®–∑”ªØ‘°‘√‘¬“°—∫ NO „Àâ NO

2
 ¥—ß

 ¡°“√∑’Ë 7 ·≈–æ∫«à“ªØ‘°‘√‘¬“π’È∑”„Àâª√‘¡“≥¢Õß

NO ≈¥≈ß  à«πª√‘¡“≥¢Õß NO
2
 ‡æ‘Ë¡¢÷Èπ ¥—ßπ—Èπ

®÷ß∑”„Àâ¡’ª√‘¡“≥ NO ∑’Ë®–‰ª∑”ªØ‘°‘√‘¬“°—∫ O
3
 „π

 ¡°“√∑’Ë 3 ≈¥≈ß√«¡∑—Èß∑”„Àâª√‘¡“≥ NO
2
 ∑’Ë‡ªìπ

 “√μ—Èßμâπ„π°“√‡°‘¥‚Õ‚´πμ“¡ªØ‘°‘√‘¬“∑’Ë 1 ‡æ‘Ë¡¢÷Èπ

Õ’°∑—Èß OH Ì ∑’Ë‡°‘¥¢÷Èπ®–∑”°“√ÕÕ°´‘‰¥´å VOCs μ—«

Õ◊ËπÊ μ“¡ªØ‘°‘√‘¬“∑’Ë 4 μàÕ‰ª ªØ‘°‘√‘¬“∑’Ë 4 ∂÷ß 7

· ¥ß„Àâ‡ÀÁπ à«π ”§—≠∑’Ë∑”„Àâª√‘¡“≥‚Õ‚´π‡æ‘Ë¡¢÷Èπ

¥—ßπ—Èπ®–‡ÀÁπ‰¥â«à“ªí®®—¬ ”§—≠∑’Ë∑”„Àâ§à“¢Õß

‚Õ‚´π‡æ‘Ë¡¢÷Èππ’È ¡“®“°ªØ‘°‘√‘¬“„π°“√‡ª≈’Ë¬π NO

°≈—∫‰ª‡ªìπ NO
2
 ‚¥¬‰¡à¡’°“√„™â O

3
 „π°“√∑”

ªØ‘°‘√‘¬“ ‚¥¬∑’ËªØ‘°‘√‘¬“¢Õß O
3
 ∑’Ë‡ª≈’Ë¬π‰ªπ’È¡’º≈

¡“®“°‡ªÕ√åÕÕ°´’‡√¥‘§Õ≈ (Peroxy Radicals)(RO
2 
Ì)

∑’Ë¡“®“° “√ª√–°Õ∫‰Œ‚¥√§“√å∫Õπ (HCs) À√◊Õ

VOCs[7] ®÷ß∑”„Àâ°“√∑”≈“¬‚Õ‚´π≈¥≈ß·≈–∑”„Àâ

‡°‘¥‚Õ‚´π – ¡¡“°¢÷Èπ ·≈– Louis Varfalvy[8] ‰¥â

 √ÿª∂÷ßªØ‘°‘√‘¬“¢Õß CO ∑’Ë àßº≈μàÕ√–¥—∫¢Õß°ä“´

‚Õ‚´π‰«â¥—ßπ’È

NO
2
 + hv‡ O Ì + NO (8)

O Ì + O
2
 + M‡ O

3
 + M (9)

CO + HO Ì‡ H + CO
2

(10)

H + O
2
‡ HOO Ì (11)

HOO Ì + NO‡ NO
2
 + HO (12)

®“°ªØ‘°‘√‘¬“≈Ÿ°‚´à¥—ß ¡°“√∑’Ë 8 ∂÷ß 12 ‡¡◊ËÕ

π”ªØ‘°‘√‘¬“∑—ÈßÀ¡¥¡“æ‘®“√≥“√«¡°—π ®–æ∫«à“

‡ªìπªØ‘°‘√‘¬“∑’Ë àßº≈μàÕ°“√‡æ‘Ë¡¢Õß‚Õ‚´π·≈–¡’

°√–∫«π°“√¢ÕßªØ‘°‘√‘¬“§≈â“¬°—∫ RO
2 
Ì ∑’Ë‡°‘¥„π

°√≥’¢Õß NOx ·≈– VOCs ‚¥¬¡’ªØ‘°‘√‘¬“√«¡¥—ß

 ¡°“√∑’Ë 13

CO + 2O
2
 + hv‡CO

2
 + O

3
(13)

πÕ°®“°π’È CO ¬—ß àßº≈μàÕ°“√≈¥≈ß¢Õß‚Õ‚´π‰¥â

‡™àπ°—π ÷́Ëß¡’ªØ‘°‘√‘¬“∑’Ë∑”„Àâ‚Õ‚´π¡’ª√‘¡“≥≈¥≈ß

¥—ß ¡°“√∑’Ë 14 ∂÷ß 16

HOO Ì + O
3
‡ HO Ì + 2O

2
(14)

CO + HO‡ H + CO
2

(15)

H + O
2
‡ HOO Ì (16)

·≈–¡’ªØ‘°‘√‘¬“√«¡¥—ßμàÕ‰ªπ’È

CO + O
3
‡CO

2
 + O

2
(17)

®“°ªØ‘°‘√‘¬“¥—ß ¡°“√∑’Ë 13 ·≈– 17 ®–

‡ÀÁπ‰¥â«à“ CO ‡ªìπªí®®—¬ ”§—≠∑’Ë∑”„Àâª√‘¡“≥¢Õß

‚Õ‚´π„π∫√√¬“°“»‡æ‘Ë¡¢÷Èπ·≈–≈¥≈ß‰¥â‡™àπ‡¥’¬«°—∫

VOCs

«‘∏’°“√ �
„π°“√À“§«“¡ —¡æ—π∏å¢Õßμ—«·ª√ ”À√—∫„™â

„π°“√∑”π“¬‚Õ‚´π®“°¢âÕ¡Ÿ≈°“√μ√«®«—¥

§ÿ≥¿“æÕ“°“»·≈–Õÿμÿπ‘¬¡«‘∑¬“¢Õß ∂“π’μ√«®

«—¥Õ“°“» °√¡§«∫§ÿ¡¡≈æ‘… ∑’Ë∑”°“√‡°Á∫¢âÕ¡Ÿ≈

°“√μ√«®«—¥§ÿ≥¿“æÕ“°“»·≈–Õÿμÿπ‘¬¡«‘∑¬“‡ªìπ

§à“‡©≈’Ë¬√“¬™—Ë«‚¡ß ÷́Ëß¢âÕ¡Ÿ≈∑’Ëπ”¡“„™â„π°“√
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À“§«“¡ —¡æ—π∏å§√—Èßπ’È §◊Õ Õÿ≥À¿Ÿ¡‘ ∑‘»∑“ß≈¡

§«“¡‡√Á«≈¡ Solar Radiation Net Radiation §à“

§«“¡‡¢â¡¢âπ‡©≈’Ë¬√“¬™—Ë«‚¡ß¢Õß°ä“´ O
3
 NO

2
 NO

CH
4
 NMHC ·≈– CO ´÷Ëß®–¡’¢—ÈπμÕπ„π°“√À“

μ—«·ª√∑’Ë¡’§«“¡ —¡æ—π∏å„π°“√∑”π“¬¥—ßμàÕ‰ªπ’È

ë ¢—ÈπμÕπ·√°æ‘®“√≥“§—¥‡≈◊Õ°μ—«·ª√‡∫◊ÈÕß

μâπ ”À√—∫ªí®®—¬∑“ß‡§¡’∑’Ë¡’§«“¡ ”§—≠ ‚¥¬

æ‘®“√≥“∂÷ß¥â“πªØ‘°‘√‘¬“·≈–√–¬–‡«≈“∑’Ë‡°’Ë¬«‡π◊ËÕß

°—∫°“√‡°‘¥§à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π„π

·μà≈–«—π ÷́Ëß¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ∑’Ë®–≈¥®”π«π

μ—«·ª√®“°∑’Ë‡ªìπ§à“√“¬™—Ë«‚¡ß∑ÿ°™—Ë«‚¡ß„Àâ‡À≈◊Õ

®”π«πμ—«·ª√·≈–®—¥‡ªìπ°≈ÿà¡∑’Ë‡À¡“– ¡

ë ¢—ÈπμÕπ∑’Ë Õßπ”μ—«·ª√∑’Ë ‰¥â¡“∑”°“√

§—¥‡≈◊Õ°‡æ◊ËÕ¥Ÿ§«“¡ —¡æ—π∏å¢Õßμ—«·ª√°—∫§à“§«“¡

‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π‡©≈’Ë¬√“¬™—Ë«‚¡ß‚¥¬∑”°“√

∑¥ Õ∫ Correlate 2-tail ∑’Ëπ—¬ ”§—≠∑“ß ∂‘μ‘ 0.05

·≈–μ—«·ª√∑’Ë¡’π—¬ ”§—≠‰ª„™â„π¢—ÈπμÕπμàÕ‰ª

ë ¢—ÈπμÕπ∑’Ë “¡À“ ¡°“√∂¥∂Õ¬ Multiple

Linear Regression ·≈–„™â‡∑§π‘§ Stepwise ®“°

‚ª√·°√¡ SPSS for Windows ‚¥¬„π°“√§—¥‡≈◊Õ°

μ—«·ª√‡¢â“·≈–ÕÕ°®“° ¡°“√„™â√–¥—∫π—¬ ”§—≠∑’Ë

0.05 ·≈– 0.10 μ“¡≈”¥—∫  ”À√—∫°“√∑¥ Õ∫«à“

 ¡°“√∂¥∂Õ¬„™â‰¥âÕ¬à“ß¡’π—¬ ”§—≠ ·≈–∑¥ Õ∫

§«“¡ —¡æ—π∏å√–À«à“ßμ—«·ª√μ“¡·≈–μ—«·ª√Õ‘ √–

„™â√–¥—∫π—¬ ”§—≠∑’Ë 0.05 „π à«π¢Õß°“√∑¥ Õ∫

Auto-Correlation „™â§à“ Durbin Watson ∂â“¡’§à“

Õ¬Ÿà√–À«à“ß 1.5-2.5 · ¥ß«à“‡ªìπÕ‘ √–μàÕ°—π[9] ·≈–

À“°μ—¥°“√∑¥ Õ∫ÕÕ°Õ“®∑”„Àâ‡°‘¥§«“¡‚πâ¡‡Õ’¬ß

(Bias) „π°“√À“§à“∑“ß ∂‘μ‘„π√–¥—∫μË”∂÷ß¡“°‰¥â[10]

º≈°“√»÷°…“ �
1. °“√§—¥ ‡≈◊ Õ°μ— «·ª√·≈–°“√À“ À

 —¡æ—π∏å„π°“√∑”π“¬‚Õ‚´π

„π°“√§—¥‡≈◊Õ°μ—«·ª√π—Èπ‡√‘Ë¡®“°π”

¢âÕ¡Ÿ≈°“√μ√«®«—¥§ÿ≥¿“æÕ“°“»√“¬™—Ë«‚¡ß¢Õß

°ä“´∑’Ë¡’§«“¡‡°’Ë¬«¢âÕß°—∫°“√‡°‘¥‚Õ‚´π §◊Õ NO
2
 NO

CH
4
 NMHC ·≈– CO ®“°°√¡§«∫§ÿ¡¡≈æ‘…‡ªìπ

√–¬–‡«≈“ 5 ªï (æ.». 2540-2545) ¡“∑”°“√≈¥

®”π«π·≈–®—¥°≈ÿà¡μ—«·ª√‚¥¬æ‘®“√≥“®“°§à“‡©≈’Ë¬

√Ÿª∑’Ë 1 ‡ªÕ√å‡ Á́π§«“¡∂’Ë∑’Ë‡°‘¥§«“¡‡¢â¡¢âπ‡©≈’Ë¬√“¬™—Ë«‚¡ß Ÿß ÿ¥ Ì“À√—∫
°ä“´‰π‚μ√‡®π‰¥ÕÕ°‰´¥å „π™à«ß‡«≈“μà“ßÊ „πÀπ÷Ëß√Õ∫«—π
√–¬–‡«≈“ 5 ªï

√Ÿª∑’Ë 2 ‡ªÕ√å‡´Áπ§«“¡∂’Ë∑’Ë‡°‘¥§«“¡‡¢â¡¢âπ‡©≈’Ë¬√“¬™—Ë«‚¡ß Ÿß ÿ¥ Ì“À√—∫
°ä“´‚Õ‚´π„π™à«ß‡«≈“μà“ßÊ „πÀπ÷Ëß√Õ∫«—π√–¬–‡«≈“ 5 ªï
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√“¬™—Ë«‚¡ß·≈–§«“¡∂’Ë„π°“√‡°‘¥§à“§«“¡‡¢â¡¢âπ

 Ÿß ÿ¥¢Õß°ä“´μà“ßÊ ‚¥¬æ‘®“√≥“„π™à«ß√–¬–‡«≈“

°àÕπ°“√‡°‘¥§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬√“¬™—Ë«‚¡ß Ÿß ÿ¥

 ”À√—∫‚Õ‚´π ·≈–æ∫«à“§à“¢Õß NO CH
4
 NMHC

·≈– CO ‡°‘¥™à«ß§à“ Ÿß ÿ¥ À√◊Õ Peak „π™à«ß‡√àß

¥à«π∑’Ë¡’°“√®√“®√Àπ“·πàπ∫π∂ππ√“¡§”·Àß ·≈–

 ”À√—∫ NO
2
 ®–‡°‘¥ Peak À≈—ß®“°°ä“´‡À≈à“π’È

ª√–¡“≥ 1-2 ™—Ë«‚¡ß ¥—ßμ—«Õ¬à“ß°“√°√–®“¬μ—«

· ¥ß„π√Ÿª∑’Ë 1 ·≈– 2 ´÷Ëß‡ªìπº≈¡“®“° VOCs

‡°‘¥ªØ‘°‘√‘¬“≈Ÿ°‚´à°—∫ NO ∑”„Àâ‡°‘¥ NO
2

¥—ßπ—Èπ·À≈àß°”‡π‘¥¢Õß “√μ—Èßμâπ„π°“√‡°‘¥

‚Õ‚´π à«π„À≠à¡“®“°¬“πæ“Àπ– À√◊Õ Mobile

Source ‡ªìπ·À≈àß°”‡π‘¥À≈—° ®“°°“√æ‘®“√≥“

¢â“ßμâππ’È¬—ß‰¡à‰¥â√«¡‰ª∂÷ß‚Õ‚´π ¥—ßπ—Èπ„π à«π¢Õß

μ—«·ª√∑’Ë∑”°“√§—¥‡≈◊Õ°¡“π—Èπ¡’μ—«·ª√∑’Ë ¡§«√

‡æ‘Ë¡‡μ‘¡§◊Õ O
3
 ‚¥¬„™â¢âÕ¡Ÿ≈°“√μ√«®«—¥„π™à«ß

‡«≈“‡¥’¬«°—∫ “√μ—Èßμâπ·≈–√–¥—∫§«“¡‡¢â¡¢âπ

 Ÿß ÿ¥¢Õß«—π∑’Ëºà“π¡“ ÷́Ëß· ¥ß∂÷ß°“√‡°‘¥°“√ – ¡

¢Õß‚Õ‚´π„πª√‘¡“≥∑’Ë¡“°À√◊ÕπâÕ¬ ·≈– àßº≈μàÕ

°“√∑”ªØ‘°‘√‘¬“°—∫ NO „π«—πμàÕ‰ª ¥—ßπ—Èπ®÷ß

 “¡“√∂ √ÿª‰¥â¥—ß· ¥ß„πμ“√“ß 1 ‚¥¬°≈ÿà¡

μ—«·ª√∑—ÈßÀ¡¥π’È®–π”‰ªÀ“«à“μ—«·ª√„¥∑’Ë¡’§«“¡

 —¡æ—π∏å°—∫§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π‡©≈’Ë¬√“¬

™—Ë«‚¡ßμàÕ‰ª Õ¬à“ß‰√°Áμ“¡‡π◊ËÕß®“°„π°“√μ√«®

«—¥§ÿ≥¿“æÕ“°“»¢Õß ∂“π’μ√«®«—¥§ÿ≥¿“æ

Õ“°“»‚¥¬°√¡§«∫§ÿ¡¡≈æ‘…π’È ‰¡à‰¥â¡’°“√μ√«®«—¥

VOCs ¥—ßπ—Èπ„π°“√»÷°…“®÷ß‰¥â„™â¢âÕ¡Ÿ≈∑’Ë¡’°“√

μ√«®«—¥ §◊Õ CH
4
 ·≈– NMHC ·∑π„π°“√

À“§«“¡ —¡æ—π∏å

μ“√“ß∑’Ë 1 · ¥ßμ—«·ª√‡√‘Ë¡μâπ„π°“√À“ ¡°“√∂¥∂Õ¬

μ—«·ª√ ‡«≈“ Õ◊ËπÊ

NO
2

8:00, 9:00, 10:00 §à“‡©≈’Ë¬„π™à«ß‡«≈“¥—ß°≈à“«

NO 6:00, 7:00, 8:00 §à“‡©≈’Ë¬„π™à«ß‡«≈“¥—ß°≈à“«

CH
4

6:00, 7:00, 8:00, 9:00 §à“‡©≈’Ë¬„π™à«ß‡«≈“¥—ß°≈à“«

NMHC 7:00, 8:00, 9:00 §à“‡©≈’Ë¬„π™à«ß‡«≈“¥—ß°≈à“«

CO 7:00, 8:00, 9:00 §à“‡©≈’Ë¬„π™à«ß‡«≈“¥—ß°≈à“«

WS 6:00, 7:00, 8:00, 9:00, 10:00 §à“‡©≈’Ë¬„π™à«ß‡«≈“¥—ß°≈à“«

WD 6:00, 7:00, 8:00, 9:00, 10:00 §à“‡©≈’Ë¬„π™à«ß‡«≈“¥—ß°≈à“«

Solar Radiation 6:00, 7:00, 8:00, 9:00, 10:00 §à“‡©≈’Ë¬„π™à«ß‡«≈“¥—ß°≈à“«

Net Radiation 6:00, 7:00, 8:00, 9:00, 10:00 §à“‡©≈’Ë¬„π™à«ß‡«≈“¥—ß°≈à“«

Temperature 6:00, 7:00, 8:00, 9:00, 10:00 §à“‡©≈’Ë¬„π™à«ß‡«≈“¥—ß°≈à“«

O
3

6:00, 7:00, 8:00, 9:00, 10:00 §à“‡©≈’Ë¬„π™à«ß‡«≈“¥—ß°≈à“«·≈–

§à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥„π«—π∑’Ëºà“π¡“
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®“°μ—«·ª√∑—ÈßÀ¡¥‰¥â∂Ÿ°π”¡“§—¥‡≈◊Õ°‡æ◊ËÕ¥Ÿ

§«“¡ —¡æ—π∏å¢Õßμ—«·ª√°—∫§à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥

¢Õß‚Õ‚´π‡©≈’Ë¬√“¬™—Ë«‚¡ß‚¥¬∑”°“√∑¥ Õ∫ Cor-

relate 2-tail ∑’Ëπ—¬ ”§—≠∑“ß ∂‘μ‘ 0.05 ·≈–π”

μ—«·ª√∑’Ë¡’π—¬ ”§—≠‰ªÀ“ ¡°“√∂¥∂Õ¬‚¥¬„™â«‘∏’

Multiple Linear Regression ·∫∫ Stepwise ¡’

«—μ∂ÿª√– ß§å‡æ◊ËÕ„Àâ‰¥â ¡°“√∑’Ë¡’®”π«πμ—«·ª√∑’Ë

‡À¡“– ¡¡’§«“¡‡™◊ËÕ¡—Ëπ„π∑“ß ∂‘μ‘ ´÷Ëßæ∫«à“¡’§à“

Correlation ‡∑à“°—∫ 0.732 √“¬≈–‡Õ’¬¥· ¥ß¥—ß

μ“√“ß∑’Ë 2 ·≈–¡’ ¡°“√¥—ßπ’È

[O3]Max = 1.07[O3]10 + 0.325[O3]L,Max + 0.415

[NO2]10 - 4.276WS10 + 3.012 WS9 -2.648Temp10

+ 2.169Temp6 - 0 .38[O3]7 + 27.663

.......................(18)

‡¡◊ËÕ

[O3]Max : §à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π‡©≈’Ë¬

√“¬™—Ë«‚¡ß (ppb)

[O3]10 : §à“§«“¡‡¢â¡¢âπ¢Õß°ä“´‚Õ‚´π‡©≈’Ë¬√“¬

™—Ë«‚¡ß∑’Ë‡«≈“ 10:00 π. (ppb)

[O3]L,Max : §à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π

‡©≈’Ë¬√“¬™—Ë«‚¡ß„π«—π∑’Ëºà“π¡“ (ppb)

[NO
2
]10 : §à“§«“¡‡¢â¡¢âπ¢Õß°ä“´‰π‚μ√‡®π‰¥

ÕÕ°‰´¥å‡©≈’Ë¬√“¬™—Ë«‚¡ß∑’Ë‡«≈“ 10:00 π. (ppb)

WS10 : §à“§«“¡‡√Á«≈¡‡©≈’Ë¬√“¬™—Ë«‚¡ß ∑’Ë‡«≈“

10:00 π. (m/s)

WS9 : §à“§«“¡‡√Á«≈¡‡©≈’Ë¬√“¬™—Ë«‚¡ß ∑’Ë‡«≈“

9:00 π. (m/s)

Temp10 : Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬√“¬™—Ë«‚¡ß ∑’Ë‡«≈“ 10:00 π.

( ÌC)

Temp6 : Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬√“¬™—Ë«‚¡ß ∑’Ë‡«≈“ 6:00 π.

( ÌC)

[O3]7 : §à“§«“¡‡¢â¡¢âπ¢Õß°ä“´‚Õ‚´π‡©≈’Ë¬√“¬

™—Ë«‚¡ß∑’Ë‡«≈“ 7:00 π. (ppb)

2. °“√À“ À —¡æ—π∏å„π°“√∑”π“¬‚Õ‚´π

®“°μ—«·ª√„π«—π°àÕπÀπâ“

®“°À—«¢âÕ∑’Ëºà“π¡“π—Èπ æ∫«à“§à“§«“¡

‡¢â¡¢âπ Ÿß ÿ¥„π«—π∑’Ëºà“π¡“¡’º≈μàÕ°“√∑”π“¬§à“

‚Õ‚´π¥—ß· ¥ß„π ¡°“√∑’Ë 18 ¥—ßπ—Èπ„π à«ππ’È®÷ß‰¥â

∑”°“√À“ ¡°“√∂¥∂Õ¬ ”À√—∫°“√∑”π“¬‚Õ‚´π

‚¥¬„™â¢âÕ¡Ÿ≈μ—«·ª√¢Õß«—π°àÕπÀπâ“·≈–¡’™à«ß√–¬–

‡«≈“‡¥’¬«°—π°—∫¢—ÈπμÕπ∑’Ëºà“π¡“·∑π ‡æ◊ËÕ„™â„π

°“√À“ ¡°“√∂¥∂Õ¬ ·≈– ¡°“√∂¥∂Õ¬∑’Ë‰¥â

μ“√“ß∑’Ë 2  √ÿªº≈°“√«‘‡§√“–Àå∂¥∂Õ¬„π·μà≈–¢—ÈπμÕπ
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· ¥ß¥—ß ¡°“√∑’Ë 19 ¡’§à“ Correlation ‡∑à“°—∫ 0.485

[O3]Max = 0.62[O3]L,10 + 6.29[CH4]L,9 + -

0.165 Net L,7 - 0.282[NO2]L,10 + 18.626

.....................(19)

[O3]Max : §à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π‡©≈’Ë¬

√“¬™—Ë«‚¡ß (ppb)

[O3]L,10 : §à“§«“¡‡¢â¡¢âπ¢Õß°ä“´‚Õ‚´π‡©≈’Ë¬

√“¬™—Ë«‚¡ß∑’Ë‡«≈“ 10:00 π. „π«—π°àÕπÀπâ“ (ppb)

[CH4]L,9 : §à“§«“¡‡¢â¡¢âπ¢Õß°ä“´¡’‡∑π‡©≈’Ë¬√“¬

™—Ë«‚¡ß∑’Ë‡«≈“ 10:00 π. „π«—π°àÕπÀπâ“ (ppb)

Net L,7 : Net Radiation ∑’Ë‡«≈“ 7:00 π. „π«—π

°àÕπÀπâ“ (W/m2)

[NO2]L,10 : §à“§«“¡‡¢â¡¢âπ¢Õß°ä“´‰π‚μ√‡®π‰¥

ÕÕ°‰´¥å‡©≈’Ë¬√“¬™—Ë«‚¡ß∑’Ë‡«≈“ 10:00 π. „π«—π

°àÕπÀπâ“(ppb)

3. °“√∑¥ Õ∫·≈–„™âß“π·∫∫®”≈Õß

 ”À√—∫§«“¡ —¡æ—π∏å∑’Ë‰¥â®“°À—«¢âÕ 1

( ¡°“√∑’Ë18) ‰¥âπ”¡“∑”°“√∑¥ Õ∫„π°“√

∑”π“¬§à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π‡©≈’Ë¬√“¬

™—Ë«‚¡ß®“°¢âÕ¡Ÿ≈°“√μ√«®«—¥„π™à«ß‡¥◊Õπ¡°√“§¡

∂÷ß¡’π“§¡ 2546 ‚¥¬¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ∑’Ë®–

æ‘®“√≥“«à“·∫∫®”≈Õß∑’Ë‰¥â ¡’§«“¡πà“‡™◊ËÕ∂◊Õ·≈–

 “¡“√∂π”‰ªª√–¬ÿ°μå„™âß“π‰¥âÀ√◊Õ‰¡à  ”À√—∫º≈

°“√‡ª√’¬∫‡∑’¬∫¢Õß§à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß

‚Õ‚´π‡©≈’Ë¬√“¬™—Ë«‚¡ß∑’Ë‰¥â®“°°“√μ√«®«—¥°—∫§à“∑’Ë

‰¥â®“°·∫∫®”≈Õßæ∫«à“º≈®“°·∫∫®”≈Õßπ—Èπ¡’

·π«‚πâ¡‰ª„π∑“ß‡¥’¬«°—∫§à“∑’Ë‰¥â®“°°“√μ√«®«—¥

·μàÕ¬à“ß‰√°Áμ“¡‡¡◊ËÕ§à“§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π Ÿß

¢÷Èπ®–∑”„Àâ§à“§«“¡·μ°μà“ß√–À«à“ß§à“∑’Ë‰¥â®“°

°“√∑”π“¬·≈–®“°°“√μ√«®«—¥¡’§à“¡“°¢÷Èπ· ¥ß

¥—ß√Ÿª∑’Ë 3

 √ÿªº≈·≈–¢âÕ‡ πÕ·π– �
°“√»÷°…“°“√∑”π“¬√–¥—∫§«“¡‡¢â¡¢âπ¢Õß

‚Õ‚´π„π§√—Èßπ’È ‰¥â∑”°“√»÷°…“‚¥¬„™â¢âÕ¡Ÿ≈°“√

μ√«®«—¥¡≈æ‘…∑“ßÕ“°“» ≥  ∂“π’μ√«®«—¥

§ÿ≥¿“æÕ“°“»¡À“«‘∑¬“≈—¬√“¡§”·Àß„π™à«ßªï æ.».

√Ÿª∑’Ë 3 §à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π‡©≈’Ë¬√“¬™—Ë«‚¡ß∑’Ë ‰¥â®“°°“√μ√«®«—¥°—∫§à“∑’Ë ‰¥â®“°·∫∫®”≈Õß
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2540 ∂÷ß æ.». 2545 ¡“∑”°“√«‘‡§√“–Àå·≈–®—¥√Ÿª

 ¡°“√‡æ◊ËÕ∑’Ëπ”‰ª„™â∑”π“¬√–¥—∫§«“¡‡¢â¡¢âπ

‡©≈’Ë¬√“¬™—Ë«‚¡ß Ÿß ÿ¥¢Õß‚Õ‚´π „π°“√À“§«“¡

 —¡æ—π∏å ”À√—∫∑”π“¬‚Õ‚´π‚¥¬°√–∑”°“√§—¥

‡≈◊Õ°μ—«·ª√„π‡∫◊ÈÕßμâπ®“°ªØ‘°‘√‘¬“∑’Ë‡°’Ë¬«¢âÕß°—∫

°ä“´‚Õ‚´π ·≈–„™â‡∑§π‘§«‘‡§√“–Àå ¡°“√∂¥∂Õ¬

æÀÿ§Ÿ≥ (Multiple Regression) ‚¥¬§—¥‡≈◊Õ°

μ—«·ª√¥â«¬«‘∏’ Stepwise Method ®“°‚ª√·°√¡

∑“ß ∂‘μ‘ SPSS for Windows version11.5 ‡æ◊ËÕ

„Àâ‰¥â ¡°“√∑’Ë¡’π—¬ ”§—≠∑“ß ∂‘μ‘ ”À√—∫„™â„π°“√

∑”π“¬„π°“√§—¥‡≈◊Õ°μ—«·ª√‡∫◊ÈÕßμâπ‚¥¬æ‘®“√≥“

®“°ªØ‘°‘√‘¬“∑“ß‡§¡’ ¡’μ—«·ª√§◊Õ O
3
 NO NO

2
 CH

4

NMHC CO ·≈–¢âÕ¡Ÿ≈Õÿμÿπ‘¬¡«‘∑¬“§◊Õ Õÿ≥À¿Ÿ¡‘

∑‘»∑“ß≈¡ (Wind Direction) §«“¡‡√Á«≈¡ (Wind

Speed) Solar Radiation ·≈– Net Radiation „π

™à«ß‡«≈“°àÕπ‡°‘¥§à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π

Õ’°∑—Èß¬—ß‰¥â√«¡μ—«·ª√§à“§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π

‡©≈’Ë¬√“¬™—Ë«‚¡ß Ÿß ÿ¥„π«—π∑’Ëºà“π¡“ (O
3
 L,Max)

‡¢â“√à«¡¥â«¬ ®“°π—Èπ‰¥â∑”°“√À“§«“¡ —¡æ—π∏å‚¥¬

«‘∏’ Multiple Linear Regression æ∫«à“¡’§à“ Corre-

lation ‡∑à“°—∫ 0.732 (F Sig. = 0.031)  ”À√—∫

°“√μ√«® Õ∫ Auto-Correlation ‰¥â∑¥ Õ∫‚¥¬„™â§à“

Durbin Watson ·≈–¡’§à“‡∑à“°—∫ 1.961 ́ ÷Ëß· ¥ß«à“

‰¡à‡°‘¥ Auto-Correlation ‚¥¬¡’ ¡°“√¥—ßμàÕ‰ªπ’È

[O3]Max = 1.07[O3]10 + 0.325[O3]L,Max + 0.415

[NO2]10 - 4.276WS10 + 3.012 WS9 -2.648Temp10

+2.169Temp6-0.38[O3]7+27.663.........................(20)

®“°°“√‡ª√’¬∫‡∑’¬∫ ¡°“√∂¥∂Õ¬¢â“ßμâπ

°—∫ ¡°“√∂¥∂Õ¬∑’Ë„™âμ—«·ª√„π«—π°àÕπÀπâ“æ∫«à“§à“

Correlation ¡’§à“¡“°°«à“ §◊Õ 0.732 ·≈– 0.485

´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“ªí®®—¬¢Õß°“√‡°‘¥§«“¡‡¢â¡¢âπ

 Ÿß ÿ¥¢Õß‚Õ‚´ππà“®–¡“®“°ªØ‘°‘√‘¬“‡§¡’„π™à«ß

‡™â“·≈–‡°‘¥°“√ – ¡®“°«—π∑’Ëºà“π¡“∫“ß à«π

º≈°“√π”·∫∫®”≈Õß‰ª„™â„π°“√∑”π“¬

§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π‡©≈’Ë¬√“¬™—Ë«‚¡ß„π

™à«ß‡¥◊Õπ¡°√“§¡∂÷ß¡’π“§¡ 2546 æ∫«à“§à“∑’Ë‰¥â

®“°°“√∑”π“¬‚¥¬·∫∫®”≈Õßπ’È¡’·π«‚πâ¡„π

∑‘»∑“ß‡¥’¬«°—π°—∫§à“®√‘ß∑’Ë‰¥â∑”°“√μ√«®«—¥®“°

 ∂“π’μ√«®«—¥§ÿ≥¿“æÕ“°“»¢Õß°√¡§«∫§ÿ¡

¡≈æ‘…∑—Èß Õßæ◊Èπ∑’Ë ·μàÕ¬à“ß‰√°Áμ“¡æ∫«à“‡¡◊ËÕ§à“

§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π‡©≈’Ë¬√“¬™—Ë«‚¡ß¡’§à“

 Ÿß‡æ‘Ë¡¢÷Èπ®– àßº≈„Àâ§«“¡·μ°μà“ß¢Õß§à“®“°°“√

μ√«®«—¥·≈–®“°°“√∑”π“¬‚¥¬·∫∫®”≈Õß¡’§à“

‡æ‘Ë¡¡“°¢÷Èπ‡™àπ°—π ¥—ßπ—Èπ®÷ß¡’§«“¡‡ªìπ‰ª‰¥â∑’Ë®–

π”‡Õ“«‘∏’°“√¥—ß°≈à“«‰ª„™â„π°“√∑”π“¬§«“¡‡¢â¡

¢âπ Ÿß ÿ¥¢Õß‚Õ‚´π‡©≈’Ë¬√“¬™—Ë«‚¡ß„π‡∫◊ÈÕßμâπ ·μà

À“°μâÕß°“√§«“¡∂Ÿ°μâÕß·≈–·¡àπ¬”¡“°¢÷Èπ§«√¡’

°“√»÷°…“∂÷ßªØ‘°‘√‘¬“·≈–π”¡“„™â„π°“√∑”π“¬

μàÕ‰ª

°‘μμ‘°√√¡ª√–°“»  �
ºŸâ«‘®—¬¢Õ¢Õ∫æ√–§ÿ≥ §ÿ≥¡’»—°¥‘Ï ¡‘≈‘π∑«‘ ¡—¬

¥√.À∑—¬√—μπå °“√’‡«∑¬å §ÿ≥«√√≥“ ‡≈“«°ÿ≈

§ÿ≥«’√–‡∑æ °’√μ‘∏“¥“π‘¬¡ §ÿ≥‡¥´’Ë À¡Õ°πâÕ¬

§ÿ≥∏π“æ—π∏å  ÿ° –Õ“¥ ¥√.Õ—»¡π ≈‘Ë¡ °ÿ≈ »Ÿπ¬å«‘®—¬

·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ

 ‘Ëß·«¥≈âÕ¡

§ÿ≥æ—π»—°¥‘Ï ∂‘√¡ß§≈ ¥√.«π‘ “  ÿ√æ‘æ‘∏  ”π—°

®—¥°“√§ÿ≥¿“æÕ“°“»·≈–‡ ’¬ß °√¡§«∫§ÿ¡¡≈æ‘…

°√–∑√«ß∑√—æ¬“°√∏√√¡™“μ‘·≈– ‘Ëß·«¥≈âÕ¡ ∑’Ë°√ÿ≥“

„Àâ§”·π–π”·≈–§”ª√÷°…“μ≈Õ¥®πÕπÿ‡§√“–Àå¢âÕ¡Ÿ≈

„π°“√«‘®—¬π’È
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∫∑§—¥¬àÕ

‡æ◊ËÕ»÷°…“ª√‘¡“≥§«“¡‡¢â¡¢âπ·≈–·π«‚πâ¡°“√ – ¡¢Õß “√¡≈æ‘…∑’Ë‡°‘¥¢÷Èπ®“°¡πÿ…¬å ‡™àπ  “√‚æ≈’

§≈Õ√’π‡πμ‡μ¥ ‰∫‡øππ‘≈ (PCBs) ·≈– ≈‘‡π’¬ Õ—≈§‘≈‡∫π´‘π(LABs) „πÕ¥’μ∂÷ßªí®®ÿ∫—π ¢Õßμ–°Õπ¥‘π„π

·π«¥‘Ëß∫√‘‡«≥Õà“«‰∑¬μÕπ∫π ‚¥¬‡°Á∫μ—«Õ¬à“ßμ–°Õπ¥‘π ·≈–μ—¥‡ªìπ™—ÈπÊ ∑”°“√ °—¥¥â«¬‡∑§π‘§

Accelerated Solvent Extraction (ASE) ·≈–°”®—¥ ‘Ëßªπ‡ªóôÕπÕ◊ËπÊ ¥â«¬‡∑§π‘§ chromatography ‚¥¬

„™â silica gel §ÿ≥¿“æ«‘‡§√“–Àå·≈–ª√‘¡“≥«‘‡§√“–Àå„™â‡∑§π‘§°ä“´‚§√¡“‚μ√°√“ø ·¡  ‡ª§‚μ√¡‘‡μÕ√å

(gas chromatograph-mass spectrometer) ·≈– °ä“´‚§√¡“‚μ√°√“ø Õ‘‡≈§μ√Õπ ·§ª‡®Õ√å ¥’‡∑§‡μÕ√å

(gas chromatograph-electron capture detector) °“√À“Õ“¬ÿμ–°Õπ¥‘π„™â ´’‡´’¬¡-137 (137Cs) ·≈–

‡∑§π‘§ ·°√¡¡“  ‡ª§‚μ√¡‘‡μÕ√å (gamma spectrometer) ‚¥¬æ∫«à“∑’Ë GT15 Õ—μ√“°“√ – ¡μ–°Õπ¥‘π

0.47 °√—¡/μ“√“ß‡´πμ‘‡¡μ√/ªï  “√æ’´’∫’ „πμ–°Õπ¥‘π GT15 ¡’·π«‚πâ¡§«“¡‡¢â¡¢âπ≈¥≈ß®“°μ–°Õπ¥‘π

™—Èπ∑’Ë 30 - 40 ‡´πμ‘‡¡μ√ (æ.». 2513-2523)  Ÿàμ–°Õπ¥‘πº‘«Àπâ“ ‚¥¬æ∫§«“¡‡¢â¡¢âπ ~ 2,200 æ‘‚§°√—¡/

°√—¡ ·≈–æ∫§«“¡‡¢â¡¢âπ∫√‘‡«≥º‘«Àπâ“ ~ 300 æ‘‚§°√—¡/°√—¡ μ“¡≈”¥—∫  ”À√—∫°“√ª√–‡¡‘π°“√ – ¡

 “√¡≈æ‘…®“°πÈ”∑‘Èß™ÿ¡™ππ—Èπ ß“π«‘®—¬π’È„™â ≈‘‡π’¬ Õ—≈§‘≈‡∫π ‘́π (LABs) ‡ªìπμ—«·∑π¢Õß‡ ’¬®“°πÈ”∑‘Èß

™ÿ¡™π·≈–‡≈◊Õ° 6-C
12
 isomer ‡ªìπμ—«·∑π°“√‡ª≈’Ë¬π·ª≈ß¢Õß LABs ‡π◊ËÕß®“° “¡“√∂μ√«®æ∫„π

μ–°Õπ¥‘π∑ÿ°μ—«Õ¬à“ß‡π◊ËÕß®“°¡’§«“¡‡ ∂’¬√ Ÿß°«à“ isomer Õ◊Ëπ °“√√“¬ß“π§«“¡‡¢â¡¢âπ¢Õß total- LABs

§”π«≥®“° º≈√«¡¢Õß C10 - C14 isomer §«“¡‡¢â¡¢âπμ–°Õπ¥‘π∑’Ë GT 15 æ∫§«“¡‡¢â¡¢âπ¢Õß 6-C
12

isomer ‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠μ—Èß·μàμ–°Õπ¥‘π™—Èπ∑’Ë 41 ‡´πμ‘‡¡μ√ (ª√–¡“≥ æ.». 2523) ∂÷ßªí®®ÿ∫—π

§◊Õ‰¡àæ∫ LABs „πμ–°Õπ¥‘π™—Èπ∑’Ë≈÷°°«à“ 41 ‡´πμ‘‡¡μ√ ́ ÷Ëß· ¥ß∂÷ß‰¡à¡’°“√„™â LABs °àÕπ æ.». 2523 ·≈–

[1]  à«π«‘®—¬·≈–æ—≤π“‡∑§‚π‚≈¬’¥â“π “√æ‘…

[2] Laboratory of Organic Geochemistry, Tokyo University of Agriculture and Technology, Japan

[3] ¿“§«‘™“«‘∑¬“»“ μ√å∑“ß∑–‡≈ §≥–«‘∑¬“»“ μ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
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Abstract

To elucidate the historical trend of concentration and vertical profiles of anthropogenic

pollutants such as polychlorinated biphenyls (PCBs) and linear alkylbenzene (LABs), sediment

cores were collected from the upper gulf of Thailand. Sediment cores were sliced and

extracted by using accelerated solvent extraction (ASE) and purified by silica gel column

chromatography. Quantification was integrated by gas chromatograph-electron capture

detector (GC-ECD) and gas chromatography-mass spectrometry (GC-MS). Excess 137Cs was

measured by gamma-spectrometer for sediment dating. The sedimentation rate on GT 15 was

0.47 g cm2 year-1. PCBs concentration on sediment core (GT 15) showed decreasing trends

from middle layer of sediment core ~2,200 pg-total-PCBs/g at 30-40 cm layers (1960s-1970s) to

surface sediment layers ~300 pg-total-PCBs/g). In order to evaluate sewage pollution, LABs

were investigated and selected a isomer 6-C
12
 because of its abundance and reliable

identification. Total LABs was calculated from sum of C
10
-C

14
 side chains. For GT 15, the

concentrations of 6-C
12
 showed significant increasing trend from 41cm to surface layers with

range ~2 to 15 ng/g. The total LABs were detected at the range 5-110 ng/g. Total LABs had

significant increasing trend since the early 1970s. No significant LABs were detected in the

layers below 41cm. It indicated that LABs was not deposited before the start of LABs-type

detergent usage. This study demonstrated useful information from historical deposition of

anthropogenic pollutants. It can be applied to evaluate and improve the policy of protection

and monitoring of water quality management in the future.

Keywords: polychlorinated biphenyls, linear alkylbenzene, sediment core, gulf of Thailand

æ∫§«“¡‡¢â¡¢âπ¢Õß 6-C
12
 isomer „π™—Èπ∑’Ë 41 ‡´πμ‘‡¡μ√‡æ‘Ë¡®“° 2 ∂÷ß15 π“‚π°√—¡/°√—¡ ß“π«‘®—¬π’È

· ¥ß„Àâ‡ÀÁπ∂÷ßª√–‚¬™πå°“√„™â¢âÕ¡Ÿ≈°“√ – ¡ “√¡≈æ‘…∑’Ë‡°‘¥®“°°‘®°√√¡¢Õß¡πÿ…¬å„πÕ¥’μ ·≈–

 “¡“√∂π”¡“ª√–¬ÿ°μå„™â„π°“√ª√–‡¡‘π·≈–ª√—∫ª√ÿß„π¥â“ππ‚¬∫“¬·≈–¡“μ√°“√„π°“√ªÑÕß°—π·≈–°“√

μ‘¥μ“¡μ√«® Õ∫§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡„πÕπ“§μ

§” ”§—≠ : ‚æ≈’§≈Õ√’‡πμ ‰∫‡øππ‘≈ ≈‘‡π’¬ Õ—≈§‘≈‡∫π´‘π μ–°Õπ¥‘π·π«¥‘Ëß Õà“«‰∑¬μÕπ∫π ’́‡´’¬¡-137
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§”π” �
 “√°≈ÿà¡ Polychlorinated biphenyls (PCBs)

‡ªìπ “√∑’Ë¡πÿ…¬åº≈‘μ¢÷Èπ„πμ—Èß·μà æ.».2470 ‚¥¬

ª√–°Õ∫¥â«¬§≈Õ√’π Õ–μÕ¡∑’ËμàÕ°—∫ biphenyl rings

‚¥¬¡’§≈Õ√’π μ—Èß·μà 1-10  “√ PCBs ª√–°Õ∫¥â«¬

209 √«¡∑—Èß isomer ·≈– congener ¥—ß· ¥ß„π

√Ÿª∑’Ë 1 [1]  “√°≈ÿà¡ PCBs „™âÕ¬à“ß°«â“ß¢«“ß„π

Õÿμ “À°√√¡μà“ßÊ‡æ◊ËÕ„™â‡ªìπμ—«‡°Á∫ª√–®ÿ‰øøÑ“

‡π◊ËÕß®“°¡’§ÿ≥ ¡∫—μ‘¡’§«“¡§ßμ—« Ÿß  “¡“√∂‡°Á∫

ª√–®ÿ‰øøÑ“‰¥â¥’·≈–∑π‰ø ®÷ß‰¥â¡’°“√„™âÕ¬à“ß

√Ÿª∑’Ë 1 · ¥ß Ÿμ√‚§√ß √â“ß “√ PCBs TABs·≈– LABs

°«â“ß¢«“ß„πÕ¥’μ ª√–‡∑»‰∑¬¡’°“√π”‡¢â“

À¡âÕ·ª≈ß‰øøÑ“·≈–μ—«‡°Á∫ª√–®ÿ‰øøÑ“®“°μà“ß

ª√–‡∑» §«“¡‡ªìπæ‘…®“°°“√¡’§≈Õ√’πÕ–μÕ¡∑’Ë

‡°“–°—∫°≈ÿà¡ biphenyl ∑”„Àâ¡’§«“¡‡ªìπæ‘… Ÿß

¡’§«“¡§ßμ—« “¡“√∂≈–≈“¬·≈– – ¡‰¥â¥’„π ‘Ëß¡’

™’«‘μ ‡π◊ËÕß®“°§ÿ≥ ¡∫—μ‘ “¡“√∂≈–≈“¬‰¥â¥’„π‰¢¡—π

πÕ°®“°π—Èπ¬—ß “¡“√∂∂à“¬∑Õ¥∑“ß°√√¡æ—π∏ÿå ·≈–

Àà«ß‚´àÕ“À“√ „πª√–‡∑»‰∑¬¡’°ÆÀ¡“¬Àâ“¡„™âμ—Èß·μà

æ.». 2515 ·≈–¢≥–π’È‰¥âª√–°“»„Àâ‡ªìπ “√Õ¬Ÿà„π
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°“√§«∫§ÿ¡√–¥—∫ 4 §◊Õ Àâ“¡º≈‘μ Àâ“¡π”‡¢â“ Àâ“¡

„™â·≈–Àâ“¡¡’ “√ PCBs ‰«â„π§√Õ∫§√Õß

 ”À√—∫ “√∫àß™’ÈπÈ”∑‘Èß™ÿ¡™π„™â “√≈‘‡π’¬ Õ—≈§‘≈

‡∫π ‘́π (LABs) ´÷Ëß‡ªìπ “√μ—Èßμâπ¢Õß°“√º≈‘μºß

´—°øÕ°„πªí®®ÿ∫—π§◊Õ ≈‘‡π’¬ Õ—≈§‘≈‡∫π´‘π —́≈‚ø‡πμ

(LAS) ‚¥¬ “√ LABs ®–ª–ªπ¡“°—∫πÈ”∑‘Èß™ÿ¡™π LABs

homologs ª√–°Õ∫¥â«¬ isomers ∑’Ë·μ°μà“ß°—π

„πμ”·Àπàß¢Õß phenyl ∑’Ë‡°“–°—∫ alkyl chain ¥—ß

√Ÿª∑’Ë 1 [2] external isomers (§◊Õ μ”·Àπàß¢Õß

phenyl ‡°“–∫√‘‡«≥ª≈“¬¢Õß alkyl chain)  ≈“¬

μ—«¥â«¬·∫§∑’‡√’¬‰¥âßà“¬°«à“ internal isomer ¥—ß

π—Èπ°“√√“¬ß“ππ’È„™â 6-C
12
 isomer ‡ªìπμ—«·∑π¢Õß LABs

‡π◊ËÕß®“°¡’§«“¡‡ ∂’¬√¡“°°«à“ isomer Õ◊Ëπ LABs ¡’

§ÿ≥ ¡∫—μ‘ “¡“√∂≈–≈“¬„ππÈ”‰¥âπâÕ¬ (log K
ow
 ¢Õß

C
10
 homolog ª√–¡“≥ 6.9-7.0; C

14
 homolog

ª√–¡“≥ 9.1-9.2) ‡π◊ËÕß®“° “√ LABs  ≈“¬μ—«‰¥â

™â“°«à“ LAS „π ‘Ëß·«¥≈âÕ¡ ¥—ßπ—Èπ®÷ß “¡“√∂μ√«®æ∫

LABs „π ‘Ëß·«¥≈âÕ¡·≈–„™â‡ªìπμ—«∫àß™’È°“√ªπ‡ªóôÕπ

À√◊Õ°“√‡§≈◊ËÕπμ—«¢ÕßπÈ”∑‘Èß™ÿ¡™π®“°·ºàπ¥‘π Ÿà

·À≈àßπÈ”∏√√¡™“μ‘ ‡™àπ ·¡àπÈ” ·≈–∑–‡≈„π∑’Ë ÿ¥ [3.4]

ª√–‡∑»‰∑¬‡√‘Ë¡μ—Èß‚√ßß“πº≈‘μºß´—°øÕ°§√—Èß·√°μ—Èß·μà

2505 [5] Õ¬à“ß‰√°Áμ“¡°àÕππ’È‰¥â¡’°“√π”‡¢â“¡“„™â„π

ª√–‡∑»‰∑¬°àÕπÀπâ“π’È·≈â«À≈—ß ß§√“¡‚≈°§√—Èß∑’Ë 2

‚¥¬‡ªìπ Branch chain (tetrapropylene-based alkyl

chains Alkylbenzene, ABS) ·≈–ª√–‡∑»‰∑¬‰¥â

·°â‰¢¡“μ√∞“πº≈‘μ¡“μ√∞“πÕÿμ “À°√√¡®“°

branch chain ‡ªìπ linear chain μ—Èß·μà æ.». 2526

‡π◊ËÕß®“°ºß —́°øÕ°·∫∫ branch chain ¡’º≈‡ ’¬

¥â“π ‘Ëß·«¥≈âÕ¡ §◊Õ∑”„Àâ‡°‘¥øÕß  ≈“¬μ—«¬“°

∑”„Àâ‡°‘¥πÈ”‡ ’¬·≈–∑”≈“¬ ‘Ëß¡’™’«‘μ„ππÈ” °“√π”‡¢â“

LABs ¡’·π«‚πâ¡°“√º≈‘μ·≈–°“√π”‡¢â“‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬

®“° 511 μ—π ‡¡◊ËÕæ.». 2526 ‡ªìπ 3,521 μ—π æ.».

2547 [6] Õ¬à“ß‰√°Áμ“¡ªí®®ÿ∫—π¬—ß¡’°“√„™â “√ª√–‡¿∑

branch chain „πº≈‘μ¿—≥±å∫“ßª√–‡¿∑

«—μ∂ÿª√– ß§å  �
1.»÷°…“°“√°√–®“¬μ—«¢ÕßπÈ”∑‘Èß™ÿ¡™π·≈–

°“√ – ¡„πμ–°Õπ¥‘π ‚¥¬„™â “√ molecular

marker∑’Ë‡ªìπÕß§åª√–°Õ∫„ππÈ”∑‘Èß™ÿ¡™π§◊Õ LABs

2. »÷°…“°“√°√–®“¬μ—«·≈–·π«‚πâ¡¢Õß “√

PCBs „πμ–°Õπ¥‘π ÷́Ëß‡ªìπ “√‡§¡’∑’ËÀâ“¡„™â·≈â«„π

Õ¥’μ

3.  ”√«®°“√‡√‘Ë¡μâπ°“√ – ¡¢Õß “√ LABs

·≈–  “√PCBs ®“°Õ¥’μ∂÷ßªí®®ÿ∫—π‚¥¬„™âμ–°Õπ

¥‘π·π«¥‘Ëß

æ◊Èπ∑’Ë»÷°…“: ∫√‘‡«≥Õà“«‰∑¬μÕπ∫π

μ“√“ß∑’Ë 1 √“¬≈–‡Õ’¬¥æ◊Èπ∑’Ë»÷°…“

√À— μ—«Õ¬à“ß «—π‡°Á∫μ—«Õ¬à“ß ≈–μ‘®Ÿ¥ ≈Õßμ‘®Ÿ¥ §«“¡≈÷°¢ÕßπÈ” √–¬–Àà“ß®“°ª“°·¡àπÈ” §«“¡≈÷°¢Õß μ–°Õπ¥‘π

(‡¡μ√) (‡¡μ√) (‡´πμ‘‡¡μ√)

GT14 ¡‘.¬. 2549 13Ì 24.64′N 100Ì 34.60′E 10.7 15 85

GT15 ¡‘.¬. 2549 13Ì 21.86′N 100Ì 34.60′E 13.8 20 60

GT16 ¡‘.¬. 2549 13Ì 18.90′N 100Ì 34.60′E 13.4 25 40

GT18 ¡‘.¬. 2549 13Ì 13.31′N 100Ì 34.60′E 17.8 35 40



71�√“¬ß“πº≈ß“π«‘®—¬ »Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ 2547-2548

√Ÿª∑’Ë 3 · ¥ßÕÿª°√≥å°“√‡°Á∫μ—«Õ¬à“ßμ–°Õπ¥‘π·π«¥‘Ëß (core sampling)

√Ÿª∑’Ë 2 · ¥ßæ◊Èπ∑’Ë‡°Á∫μ—«Õ¬à“ßμ–°Õπ¥‘π·π«¥‘Ëß∫√‘‡«≥Õà“«‰∑¬μÕπ∫π
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°“√‡°Á∫μ—«Õ¬à“ß �
°“√‡°Á∫μ—«Õ¬à“ßμ–°Õπ¥‘π·π«¥‘Ëß„™â√–∫∫

·√ß‚πâ¡∂à«ß ‚¥¬∂à«ßπÈ”Àπ—° 50 °‘‚≈°√—¡ °“√‡°Á∫

μ—«Õ¬à“ßμ–°Õπ¥‘π·π«¥‘Ëß ®”π«π 4 ®ÿ¥ ¥—ß· ¥ß

„π√Ÿª∑’Ë 2 ·≈– 3 ·≈–√“¬≈–‡Õ’¬¥„πμ“√“ß∑’Ë 1

∫√‘‡«≥∑’Ë‡°Á∫μ—«Õ¬à“ß®–‡ªìπ·π«μ√ß®“°ª“°·¡àπÈ”

‡®â“æ√–¬“§◊Õ ®ÿ¥∑’Ë 1 Àà“ß®“°ª“°·¡àπÈ”ª√–¡“≥

15 °‘‚≈‡¡μ√ (GT14) ·≈–®ÿ¥μàÕ‰ªÀà“ßª√–¡“≥ 5

°‘ ‚≈‡¡μ√„π∑ÿ°√–¬– (GT14 ∂÷ß GT18) √“¬

≈–‡Õ’¬¥¥—ßμ“√“ß∑’Ë 1 μ–°Õπ¥‘π∂Ÿ°·∫àßÕÕ°‡ªìπ™—ÈπÊ

μ—Èß·μà™—Èπ∫π∑ÿ°Ê 2 ‡´πμ‘‡¡μ√ ®π∂÷ß™—Èπ∑’Ë 20

‡´πμ‘‡¡μ√ ®“°π—Èπ·∫àß‡ªìπ™—ÈπÊ ≈– 1 ‡´πμ‘‡¡μ√

®π∂÷ß™—Èπ≈à“ßμ–°Õπ¥‘π∑”„Àâ·Àâß¥â«¬√–∫∫ freeze

dry ·≈–‡°Á∫‰«â„πμŸâ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ -30 Õß»“‡´≈‡ ’́¬ 

 “√¡“μ√∞“π

 “√¡“μ√∞“π LABs ®“° Mitsubishi Petro-

chemical Co supplied kindly provided LABs

standards (C
10
 to C

14
) ·≈– “√¡“μ√∞“π PCBs

®“° commercial Kanechlor (mixture Kanechlor

300:400:500:600 Õ—μ√“ à«π 1:1:1:1) PCBs ª√–°Õ∫

¥â«¬ IUPAC No 8, 5,18, 28, 53, 66, 44, 95, 90,

101, 110, 77, 118, 132, 153, 105, 138, 160, 187,

128,180, 179, 190, 206

«‘∏’«‘‡§√“–Àåμ—«Õ¬à“ß

‡∑§π‘§°“√«‘‡§√“–Àåμ—«Õ¬à“ßμ–°Õπ¥‘π π”

μ–°Õπ¥‘π¡“∑”„Àâ·Àâß¥â«¬√–∫∫ freeze dry ·≈–

 °—¥¥â«¬‡∑§π‘§ Accelerate Solvent Extraction

(ASE) ¥â«¬ “√ dichloromethane: acetone (3:1)

·≈–°√Õßμ–°Õπ¥‘πÕÕ° ∑”°“√≈¥ª√‘¡“μ√¥â«¬

‡§√◊ËÕß rotary evaporator ®“°π—Èπ∑”°“√°”®—¥

 ‘Ëß °ª√°ÕÕ°‚¥¬ºà“π 5% H
2
O deactivated Silica

gel chromatograph (1cm i.d x 9 cm length)·≈–

fully Silica gel chromatograph (0.47 cm x 18

cm length) [7-9] ®“°π—Èπ©’¥‡¢â“‡§√◊ËÕß °ä“´‚§√¡“

‚μ√°√“ø - ·¡  ‡ª§‚μ√¡‘‡μÕ√å ‡æ◊ËÕ∑”°“√

«‘‡§√“–Àå∑“ß§ÿ≥¿“æ ·≈–ª√‘¡“≥

°“√«‘‡§√“–Àå¥â«¬°ä“´‚§√¡“‚μ√°√“ø - ·¡  ‡ª§

‚μ√¡‘‡μÕ√å

LABs „™â gas chromatograph-mass spec-

trometer (GC-MS) (Hewlett-Packard 5892

series II) μàÕ°—∫√–∫∫ quadrupole - electron im-

pact modes (70eV). „™â °ä“´Œ’‡≈’¬¡‡ªìπ carrier

gas ¥â«¬Õ—μ√“°“√‰À≈¢Õß°ä“´ 1 ¡‘≈≈‘μ√ μàÕπ“∑’

„™â chromatographic column §◊Õ J&W Scien-

tific Durabond HP-5MS fuse silica capillary

column (30m 0.25 mm i.d. with 0.25 μm film

thickness) ¥â«¬√–∫∫ splitless injection ∑’Ë 310

Õß»“‡´≈‡´’¬  Õÿ≥À¿Ÿ¡‘∑’Ë‡§√◊ËÕß°ä“´‚§√¡“‚μ√°√“ø

‡√‘Ë¡μâπ∑’Ë 70 Õß»“‡´≈‡´’¬  §ß‰«â∑’ËÕÿ≥À¿Ÿ¡‘π—Èππ“π

1 π“∑’ ·≈–‡æ‘Ë¡¢÷Èπ¥â«¬Õ—μ√“ 30 Õß»“‡´≈‡´’¬  /

π“∑’ ∂÷ß 150 Õß»“‡´≈‡´’¬  ®“°π—Èπ ‡æ‘Ë¡¢÷Èπ¥â«¬

Õ—μ√“ 4 Õß»“‡´≈‡´’¬  / π“∑’ ∂÷ß 310 Õß»“‡´≈‡´’¬ 

§ß‰«â∑’ËÕÿ≥À¿Ÿ¡‘π—Èππ“π 10 π“∑’  “√ LABs ‡≈¢¡«≈

(M/Z) 91, 105 and 92 [9]

 “√ PCBs „™â gas chromatograph-

electron capture (GC-ECD) „™â °ä“´Œ’‡≈’¬¡‡ªìπ

carrier gas ¥â«¬Õ—μ√“ 1 ¡‘≈≈‘≈‘μ√μàÕπ“∑’ „™â chro-

matographic column §◊Õ J&W Scientific

Durabond HP-5MS fuse silica capillary column

(30m X 0.25 mm i.d. with 0.25 μm film

thickness) ¥â«¬√–∫∫ splitless injection ∑’Ë 310
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Õß»“‡´≈‡´’¬  Õÿ≥À¿Ÿ¡‘∑’Ë‡§√◊ËÕß°ä“´‚§√¡“‚μ√°√“ø

‡√‘Ë¡μâπ∑’Ë 90 Õß»“‡´≈‡´’¬  §ß‰«â∑’ËÕÿ≥À¿Ÿ¡‘π—Èππ“π

1 π“∑’ ·≈–‡æ‘Ë¡¢÷Èπ¥â«¬Õ—μ√“ 30 Õß»“‡´≈‡´’¬  /

π“∑’ ∂÷ß 160 Õß»“‡´≈‡´’¬  ®“°π—Èπ ‡æ‘Ë¡¢÷Èπ¥â«¬

Õ—μ√“ 1 Õß»“‡´≈‡´’¬  / π“∑’ ∂÷ß 180 Õß»“‡´≈‡ ’́¬ 

·≈–‡æ‘Ë¡¢÷Èπ¥â«¬Õ—μ√“ 3 Õß»“‡´≈‡´’¬  / π“∑’ ∂÷ß

310 Õß»“‡´≈‡ ’́¬  §ß‰«â∑’ËÕÿ≥À¿Ÿ¡‘π—Èππ“π 5 π“∑’

º≈°“√∑¥≈Õß·≈–«‘®“√≥å �
º≈®“°§”π«≥À“Õ“¬ÿ¢Õßμ–°Õπ¥‘π‚¥¬

°“√«—¥°—¡¡—πμ√—ß ’ 137Cs ·≈– ‡∑§π‘§ ·°√¡¡“  ‡ª§

‚μ√‡¡μ∑√’ æ∫«à“∑’Ë GT 15 Õ—μ√“°“√ – ¡μ–°Õπ

¥‘π‡©≈’Ë¬ 0.47 °√—¡μàÕμ“√“ß‡´πμ‘‡¡μ√ ‚¥¬

§”π«≥®“°§à“ bulk density ¢Õß·μà≈–™—Èπ¢Õß

μ–°Õπ¥‘π (dry-g/cm3)

 “√°≈ÿà¡ PCBs

°“√»÷°…“°“√ªπ‡ªóôÕπ “√ PCBs „π§√—Èßπ’È

∑”°“√«‘‡§√“–Àå‡©æ“– GT 14 ·≈– GT 15 ‡∑à“π—Èπ

‡æ◊ËÕ‡ªìπ°“√‡ª√’¬∫‡∑’¬∫§«“¡‡¢â¡¢âπ°“√μ°§â“ß “√

PCBs ∫√‘‡«≥„°≈âΩíòß (inshore) √“¬ß“π‡ªìπ Total

PCBs μ–°Õπ¥‘π GT 15 ‡√‘Ë¡μ√«®æ∫  “√ PCBs

μ—Èß·μàμ–°Õπ¥‘πª√–¡“≥™—Èπ∑’Ë 50 ‡´πμ‘‡¡μ√ ·≈–

¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬Ê ®π∂÷ß™—Èπ∑’Ë 38-39 ‡´πμ‘‡¡μ√

(μ√ß°—∫Õ“¬ÿμ–°Õπ¥‘π æ.». 2508) μ√«®æ∫

§«“¡‡¢â¡¢âπ¢Õß PCBs  Ÿß ÿ¥¡’§à“ Total PCBs 2200

æ‘ ‚§°√—¡/°√—¡-πÈ”Àπ—°·Àâß®“°π—Èπ “√ PCBs ¡’

·π«‚πâ¡§«“¡‡¢â¡¢âπ≈¥≈ß®π∂÷ßμ–°Õπ¥‘πº‘«Àπâ“

¡’§à“ Total PCBs ª√–¡“≥ 300 - 500 æ‘‚§°√—¡/

°√—¡ - πÈ”Àπ—°·Àâß ÷́Ëßº≈°“√μ√«® Õ∫ Õ¥§≈âÕß

°—∫μ–°Õπ¥‘π∑’Ë GT14 ‚¥¬‡√‘Ë¡μ√«®æ∫ “√ PCBs

μ—Èß·μà™—Èπ≈à“ß ÿ¥ §◊Õ™—Èπ∑’Ë 85 ‡´πμ‘‡¡μ√ ·≈–¡’

·π«‚πâ¡≈¥≈ß‡√◊ËÕ¬Ê ®π∂÷ßμ–°Õπ¥‘πº‘«Àπâ“ ´÷Ëß

μ√«®æ∫ PCBs ª√–¡“≥ 300 æ‘‚§°√—¡/°√—¡ °“√

μ√«®æ∫ “√ PCBs ∫√‘‡«≥ GT14 „π™—Èπ∑’ËμË”°«à“

GT15 ‡π◊ËÕß®“°Õ—μ√“°“√Õ—¥·πàπ¢Õß™—Èπμ–°Õπ¥‘π

∑’Ë∫√‘‡«≥Àà“ß®“°Ωíòßπ—Èπ®–¡’¡“°°«à“μ–°Õπ¥‘π„°≈âΩíòß

´÷Ëß “¡“√∂Õ∏‘∫“¬°“√Õ—¥·πàπ¢Õßμ–°Õπ¥‘π‰¥â

‚¥¬°“√§”π«≥§à“ Bulk density ¢Õßμ–°Õπ¥‘π

·μà≈–™—Èπ (bulk density §◊Õ πÈ”Àπ—°·Àâß¢Õß

μ–°Õπ¥‘π„π·μà≈–™—Èπ ‚¥¬·∫àßμ–°Õπ¥‘π‡ªï¬°„ à

∂â«¬‡©æ“– ”À√—∫À“ bulk density ¢π“¥§«“¡®ÿ 2

°√—¡ ™—ËßÀ“πÈ”Àπ—°‡ªï¬° ·≈–Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 103-105

Õß»“‡´≈‡´’¬ ª√–¡“≥ 24-48 ™—Ëß‚¡ß ·≈–π”

μ–°Õπ¥‘π„ à‚∂§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ ‡¡◊ËÕ¥‘π¡’Õÿ≥À¿Ÿ¡‘

ÀâÕß®÷ßπ”¡“™—ËßÕ’°§√—ÈßÀπ÷Ëß ) ®“°°“√‡ª√’¬∫‡∑’¬∫

§à“ bulk density ¢Õßμ–°Õπ¥‘π GT14 GT15 GT16

·≈– GT18 „πμ–°Õπ¥‘π√–¥—∫‡¥’¬«°—π ‡™àπ μ–°Õπ

¥‘π™—Èπ∑’Ë 40-41 ¡’§à“¥—ßπ’È 0.60 0.63 0.72 ·≈– 1.06

μ“¡≈”¥—∫ ®–‡ÀÁπ«à“§à“ bulk density ¡’§à“‡æ‘Ë¡¢÷Èπ

®“°μ–°Õπ¥‘π„°≈âΩíòß∂÷ß‰°≈Ωíòß º≈°“√»÷°…“¥—ß

· ¥ß„π√Ÿª∑’Ë 4 GT14 ·≈– GT15 · ¥ß„Àâ‡ÀÁπ∂÷ß

°“√μ°§â“ß¢Õß “√ PCBs „πÕ¥’μ‡π◊ËÕß®“°¡’°“√

„™â·≈–¡’·π«‚πâ¡°“√μ°§â“ß≈¥≈ßμ—Èß·μàªï æ.».2520

∑—Èßπ’È‡ªìπº≈®“°¡“μ√°“√∑“ß°ÆÀ¡“¬∑’ËÀâ“¡„™âμ—Èß·μà

æ.».2515 ®“°¢âÕ¡Ÿ≈°“√„™â “√ PCBs „πª√–‡∑»

‰∑¬π—Èπ æ∫«à“ “√PCBsπ”‡¢â“¡“æ√âÕ¡À¡âÕ·ª≈ß

‰øøÑ“À√◊ÕÀ¡âÕ‡°Á∫ª√–®ÿ‰øøÑ“‡∑à“π—Èπ Õ¬à“ß‰√

°Áμ“¡·¡â°ÆÀ¡“¬‰¥â¬°‡≈‘°°“√„™â·≈–π”‡¢â“ “√

PCBs ·≈â« ·μà¬—ß “¡“√∂μ√«®æ∫°“√ªπ‡ªóôÕπ

¢Õß “√ PCBs ∫√‘‡«≥μ–°Õπ™—Èπ∫πÕ“®‡π◊ËÕß®“°

¢∫«π°“√°“√æ—¥æ“·≈–‡§≈◊ËÕπ∑’Ë¢ÕßÕ‘π∑√’¬«—μ∂ÿ

μ“¡∏√√¡™“μ‘≈ß Ÿà ‘Ëß·«¥≈âÕ¡ ‡™àπ ¥‘π∑’Ëªπ‡ªóôÕπ “√

PCBs ´÷Ëß°“√°√–®“¬ Ÿà ‘Ëß·«¥≈âÕ¡‡°‘¥‰¥âÀ≈“¬∑“ß
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√Ÿª∑’Ë 4 · ¥ß§«“¡‡¢â¡¢âπ¢Õß “√LABs (6-C
12
isomer) TABs (L+M isomer) ·≈– PCBs „πμ–°Õπ¥‘π GT15

√Ÿª∑’Ë 5 · ¥ß§«“¡‡¢â¡¢âπ¢Õß “√LABs (6-C
12
isomer) ‚¥¬§”π«≥·∫∫ log scale „πμ–°Õπ¥‘π GT14-GT18



75�√“¬ß“πº≈ß“π«‘®—¬ »Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ 2547-2548

‡™àπ °“√™–¥â«¬πÈ”Ωπ (runoff) πÈ”∑à«¡ À√◊Õ °“√

√–‡À¬·≈–æ—¥æ“‚¥¬≈¡À√◊Õ∫√√¬“°“» (atmo-

spheric transport) °“√‡§≈◊ËÕπμ—«¢Õßμ–°Õπ¥‘π

·≈–°“√æ—¥æ“¢Õß°√–· πÈ” ∑”„Àâ‡°‘¥°“√

°√–®“¬·≈–°“√ – ¡¢Õß “√ PCBs ·¡âÕ¬ŸàÀà“ß

®“°Ωíòß ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ “√ PCBs μ°§â“ß„π

μ–°Õπ¥‘π°—∫º≈°“√»÷°…“æ◊Èπ∑’ËÕ◊Ëπæ∫«à“ §«“¡

‡¢â¡¢âπ¢Õß PCBs  Ÿß°«à“æ◊Èπ∑’ËÕà“«‰∑¬μÕπ∫π

‡™àπ Õà“«‚μ‡°’¬« æ∫ 3.4 - 151 π“‚π°√—¡/°√—¡

(πÈ”Àπ—°·Àâß) [11] ·≈– ‡¢μÕÿμ “À°√√¡„°≈â Buenos

Aires ª√–‡∑»Õ“‡¬πμ‘π“æ∫ 61-37 π“‚π°√—¡/°√—¡

(πÈ”Àπ—°·Àâß) [12] ‡π◊ËÕß®“°§ÿ≥ ¡∫—μ‘¢Õß “√ PCBs

∑’Ë “¡“√∂≈–≈“¬πÈ”‰¥âπâÕ¬·μà≈–≈“¬‰¥â¥’„π‰¢¡—π

‡¡◊ËÕ‡∑’¬∫°—∫ LABs ´÷Ëß¡—° √â“ßæ—π∏–°—∫ “√Õ‘π∑√’¬å

·≈–μ°μ–°Õπ ¥—ßπ—Èπ°“√æ∫ “√ PCBs ∫√‘‡«≥

„°≈âΩíòß∑’Ë§«“¡‡¢â¡¢âπμË” (æ‘‚§°√—¡μàÕ°√—¡) °«à“ “√

LABs ·≈–¬‘Ëß‰°≈Ωíòß°Á®–æ∫ PCBs ¡’§«“¡‡¢â¡¢âπ

μË”¡“° ·≈–‡π◊ËÕß®“°§ÿ≥ ¡∫—μ‘¢Õß PCBs ¥—ß∑’Ë

°≈à“«·≈â« ∑”„Àâ¡’°“√‡§≈◊ËÕπ¬â“¬‰ª‰¥â‰¡à‰°≈π—°

‡¡◊ËÕ‡∑’¬∫°—∫ “√ LABs

 “√°≈ÿà¡≈‘‡π’¬ Õ—≈§‘≈‡∫π´‘π

 “√°≈ÿà¡≈‘‡π’¬ Õ—≈§‘≈‡∫π´‘π (LABs) ‚¥¬„™â

6-C
12
 isomer ‡ªìπμ—«·∑πÕ∏‘∫“¬°“√‡ª≈’Ë¬π·ª≈ß

§«“¡‡¢â¡¢âπ¢Õß·μà≈–™—Èπμ–°Õπ¥‘π ‡π◊ËÕß®“°¡’

§«“¡§ßμ—« Ÿß‡¡◊ËÕ‡∑’¬∫°—∫ isomer Õ◊ËπÊ ·≈–„Àâ

¢âÕ¡Ÿ≈∑’Ë¡’§«“¡πà“‡™◊ËÕ∂◊Õ Ÿß‡π◊ËÕß®“°¡’ peak ∑’Ë

‡ªìπ≈—°…≥–‡¥àπ ®“°º≈°“√»÷°…“°“√ – ¡ “√°≈ÿà¡

LABs ∫√‘‡«≥μ–°Õπ¥‘πº‘«Àπâ“æ∫«à“ LABs  “¡“√∂

°√–®“¬ Ÿà∫√‘‡«≥‰°≈®“°Ωíòß (offshore) ‰¥â¡“°

°«à“ “√ PCBs °≈à“«§◊Õ μ√«®æ∫°“√ – ¡ LABs

¢Õßμ–°Õπ¥‘πº‘«Àπâ“∑’Ë ¥—ßπ’È GT14 μ√«®æ∫ 4

π“‚π°√—¡/°√—¡ - πÈ”Àπ—°·Àâß GT15 μ√«®æ∫ 12

π“‚π°√—¡/°√—¡ - πÈ”Àπ—°·Àâß GT16 μ√«®æ∫ 40

π“‚π°√—¡/°√—¡ - πÈ”Àπ—°·Àâß ·≈– GT18 æ∫15

π“‚π°√—¡/°√—¡ - πÈ”Àπ—°·Àâß μ“¡≈”¥—∫ ·μà‡¡◊ËÕ

μ√«® “√ LABs „πμ–°Õπ¥‘π·π«¥‘Ëß·μà≈–®ÿ¥æ∫

«à“¡’·π«‚πâ¡‡À¡◊Õπ°—π§◊Õ ¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ®“°

μ–°Õπ¥‘π™—Èπ≈à“ß∂÷ßμ–°Õπ¥‘πº‘«Àπâ“ ‚¥¬ LABs ¡’

°“√ – ¡¥—ßπ’È GT14 μ√«®æ∫ 2-4 π“‚π°√—¡/°√—¡

- πÈ”Àπ—°·Àâß GT15 μ√«®æ∫ 2-12 π“‚π°√—¡/ °√—¡

- πÈ”Àπ—°·Àâß GT16 μ√«®æ∫ 2-40 π“‚π°√—¡/°√—¡

- πÈ”Àπ—°·Àâß ·≈–GT18 μ√«®æ∫ 2-15 π“‚π°√—¡/

°√—¡ - πÈ”Àπ—°·Àâß ¥—ß· ¥ß„π√Ÿª 5 μ–°Õπ¥‘π

GT15 · ¥ß§«“¡‡¢â¡¢âπ¢Õß “√ LABs ¡’·π«‚πâ¡

‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠μ—Èß·μà™—Èπ∑’Ë 33 (Õ“¬ÿ

μ–°Õπ¥‘πª√–¡“≥ æ.». 2510) ·≈–§«“¡‡¢â¡¢âπ

 Ÿß ÿ¥™—Èπ∑’Ë 27 (Õ“¬ÿμ–°Õπ¥‘πª√–¡“≥ æ.». 2525)

®“°π—Èπ§«“¡‡¢â¡¢âπ¢Õß LABs ‰¡à§àÕ¬·μ°μà“ß

®“°μ–°Õπ¥‘π∫√‘‡«≥º‘«Àπâ“ ´÷Ëß· ¥ß∂÷ß°“√„™â

·≈–°“√μ°§â“ß¢Õß “√ LABs „πªí®®ÿ∫—π ‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫ “√ LABs μ°§â“ß„πμ–°Õπ¥‘π°—∫º≈

°“√»÷°…“æ◊Èπ∑’ËÕ◊Ëπæ∫«à“ §«“¡‡¢â¡¢âπ¢Õß PCBs  Ÿß

°«à“æ◊Èπ∑’ËÕà“«‰∑¬μÕπ∫π ‡™àπ Õà“«‚μ‡°’¬« æ∫ 1,000-

3000 π“‚π°√—¡/°√—¡ - πÈ”Àπ—°·Àâß [13] Õà“«¡“π‘≈“

ª√–‡∑»øî≈‘ªªîπ å æ∫ 56-13,000 π“‚π°√—¡/°√—¡

(πÈ”Àπ—°·Àâß) [9] °“√‡§≈◊ËÕπ¬â“¬¢Õß “√LABs „π

μ–°Õπ¥‘π®“°§≈Õß ·¡àπÈ” ·≈–∫√‘‡«≥ª“°·¡àπÈ”

 Ÿà∑–‡≈π—Èπ ‡π◊ËÕß®“°§ÿ≥ ¡∫—μ‘¢Õß∑—Èß LABs ≈–≈“¬

πÈ”‰¥â¥’°«à“‡¡◊ËÕ‡∑’¬∫°—∫ PCBs ®÷ß “¡“√∂μ√«®æ∫

‰¥â„πμ–°Õπ¥‘π√–¬–‰°≈®“°ª“°·¡àπÈ”¡“°°«à“

PCBs ·≈–¡’ß“π«‘®—¬∑’ËÕ∏‘∫“¬°“√¥Ÿ¥ —́∫ LABs „π

 “√·¢«π≈Õ¬ [10, 13] ´÷Ëß®–æ∫ LABs ∑’Ëμ–°Õπ¥‘π

º‘«Àπâ“ GT15 ¡’§«“¡‡¢â¡¢âπ Ÿß°«à“ GT14 Õ¬à“ß‰√

°Áμ“¡ §ÿ≥ ¡∫—μ‘°“√≈–≈“¬®–∂Ÿ°§«∫§ÿ¡¥â«¬
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§«“¡‡¢â¡¢ÕßπÈ”∑–‡≈ ´÷Ëß®–‡°‘¥°“√μ°μ–°Õπ‡¡◊ËÕ

¡’·§≈‡´’¬¡¡“°¢÷Èπ ¥—ßπ—Èπ ‡¡◊ËÕ‰°≈Ωíòß¡“°¢÷Èπ ‡™àπ

GT16 ·≈–GT18 ®÷ßæ∫ “√ LABs ¡’·π«‚πâ¡≈¥≈ß

®“°°“√»÷°…“ LABs ´÷Ëß‡ªìπ “√≈¥·√ßμ÷ßº‘«∑’Ë„™â

„πªí®®ÿ∫—ππ’È·≈â« °“√«‘®—¬§√—Èßπ’È‰¥â∑”°“√»÷°…“

‡ª√’¬∫‡∑’¬∫‡æ◊ËÕ¥Ÿ·π«‚πâ¡°“√‡ª≈’Ë¬π·ª≈ßª√–¡“≥

°“√μ°§â“ß¢Õß “√°≈ÿà¡∑’ËÀâ“¡„™â·≈â«§◊Õ  “√°≈ÿà¡

TABs ÷́Ëß®–‰¥âÕ∏‘∫“¬„π≈”¥—∫μàÕ‰ª

 “√°≈ÿà¡ Tetrapropylene-based alkylbenzene

°“√»÷ °…“ Tet rapropy lene-based

alkylbenzene (TABs) ´÷Ëß‡ªìπ “√≈¥·√ßμ÷ßº‘«

ª√–‡¿∑ branch chain ∑’Ë‡§¬„™âº ¡„πºß

´—°øÕ°„πÕ¥’μ ·≈–ªí®®ÿ∫—πÀâ“¡„™â·≈â«μ—Èß·μà æ.».

2526 μ“¡ª√–°“»¢Õß ”π—°ß“πß“πº≈‘μ¿—≥±å

¡“μ√∞“πÕÿμ “À°√√¡π—Èπ °“√»÷°…“§√—Èßπ’È‡≈◊Õ°

L isomer ·≈– M isomer ́ ÷Ëß¡’§«“¡‡ ∂’¬√¡“°°«à“

isomer Õ◊Ëπ‡æ◊ËÕ‡ªìπμ—«·∑π· ¥ß°“√‡ª≈’Ë¬π·ª≈ß

¢Õß°“√ – ¡¢Õß “√ TABs ®“°º≈°“√»÷°…“æ∫«à“

GT 15 ¡’§«“¡·μ°μà“ß·≈–°“√‡ª≈’Ë¬π·ª≈ß°“√

 – ¡¢Õß “√ LABs ·≈– TABs Õ¬à“ß™—¥‡®π °≈à“«

§◊Õ L+M isomer μ√«®æ∫„π™—Èπ·√°∑’Ë 49 ‡´πμ‘‡¡μ√

(Õ“¬ÿμ–°Õπ¥‘πª√–¡“≥ æ.».2476) ·≈–¡’·π«

‚πâ¡§«“¡‡¢â¡¢âπ‡æ‘Ë¡¢—Èπ‡√◊ËÕ¬Ê ®π∂÷ß§«“¡‡¢â¡¢âπ

 Ÿß∑’Ë ÿ¥§◊Õ μ–°Õπ¥‘π™—Èπ∑’Ë 37 ‡´πμ‘‡¡μ√ (Õ“¬ÿ

μ–°Õπ¥‘πª√–¡“≥ æ.». 2510) ÷́Ëßæ∫ L+M

isomer  Ÿß ÿ¥ §◊Õ 5 π“‚π°√—¡/°√—¡ ®“°π—Èπ¡’

·π«‚πâ¡≈¥≈ß‡√◊ËÕ¬Ê ®π∂÷ßμ–°Õπ¥‘πº‘«Àπâ“ μ√«®

æ∫ L+M isomer ∑’Ë§«“¡‡¢â¡¢âπª√–¡“≥ 1.8 π“

‚π°√—¡/°√—¡ ÷́Ëßº≈°“√»÷°…“ Õ¥§≈âÕß°—∫º≈¢Õß

LABs °≈à“«§◊Õ ™—Èπμ–°Õπ¥‘π∑’Ëæ∫ L+M isomer ‡æ‘Ë¡

¢÷Èπ∂÷ß™—Èπ∑’Ëæ∫ L+M isomer  Ÿß ÿ¥π—Èπª√–¡“≥ æ.».

2510 ÷́Ëß·π«‚πâ¡°“√≈¥≈ß¢Õß L+M isomer π—Èπ

®–μ√ß¢â“¡°—∫·π«‚πâ¡°“√‡æ‘Ë¡¢÷Èπ¢Õß LABs · ¥ß

„Àâ‡ÀÁπ«à“¡’°“√‡ª≈’Ë¬π·ª≈ß°“√ – ¡¢Õß “√„π

∑“ßμ√ß¢â“¡°—π ´÷Ëß “¡“√∂Õ∏‘∫“¬‰¥â®“°°“√

ª√–°“»„™â°ÆÀ¡“¬‡√◊ËÕß«—μ∂ÿ¥‘∫∑’Ë„™â≈¥·√ßμ÷ßº‘«∑’Ë

‡ªìπ à«πº ¡„πºß´—°øÕ° ‚¥¬‡ª≈’Ë¬π®“° branch

chain ‡ªìπ linear chain (LABs) μ—Èß·μà æ.». 2526

·≈–‰¥â¡’°“√ àß‡ √‘¡·≈–°“√π”‡¢â“¡“°àÕπ·≈â«μ—Èß·μà

æ.». 2520

 √ÿªº≈·≈–¢âÕ‡ πÕ·π– �
®“°º≈°“√»÷°…“ “¡“√∂· ¥ß„Àâ‡ÀÁπ°“√

ª√–¬ÿ°μå„™âμ–°Õπ¥‘π·π«¥‘Ëß ‡æ◊ËÕÕ∏‘∫“¬°“√

‡ª≈’Ë¬π·ª≈ß°“√ – ¡°“√„™â “√‡§¡’´÷Ëßμ°§â“ß

¬“«π“πμ—Èß·μàÕ¥’μ∂÷ßªí®®ÿ∫—π ‚¥¬μ–°Õπ¥‘π·π«

¥‘Ëß “¡“√∂· ¥ß·π«‚πâ¡§«“¡‡¢â¡¢âπ∑’Ë‡æ‘Ë¡¢÷Èπ·≈–

≈¥≈ß¢Õß “√μ°§â“ß πÕ°®“°π—Èπ “¡“√∂„™â„π

°“√μ‘¥μ“¡º≈¢Õß°“√∫—ß§—∫„™â°ÆÀ¡“¬„πÕ¥’μ∂÷ß

ªí®®ÿ∫—π º≈°“√»÷°…“°“√μ°§â“ß¢Õß “√ PCBs LABs

·≈– TABs  “¡“√∂· ¥ß·π«‚πâ¡°“√‡ª≈’Ë¬π·ª≈ß

°“√ – ¡°àÕπ·≈–À≈—ß°“√ª√–°“»„™â°ÆÀ¡“¬ °“√

»÷°…“π’È “¡“√∂· ¥ß„Àâ‡ÀÁπ«à“¡’°“√ªπ‡ªóôÕπ¢Õß

 “√‡§¡’∑’Ë‡§¬„™â„πÕ¥’μ (PCBs ·≈– TABs) ·≈–∑’Ë

„™â„πªí®®ÿ∫—π (LABs) ´÷Ëß‡ªìπ “√‡§¡’∑’Ë “¡“√∂

ªπ‡ªóôÕπ‰ª°—∫πÈ”∑‘Èß™ÿ¡™π ‡π◊ËÕß®“°§ÿ≥ ¡∫—μ‘∑“ß

‡§¡’¢Õß “√π—Èπ∑”„Àâ “¡“√∂π”¡“„™â‡ªìπμ—«∫àß™’È

(molecular marker) Õ“¬ÿ¢Õßμ–°Õπ¥‘π‚¥¬

ª√–¡“≥‰¥â „™âÕ∏‘∫“¬°“√·æ√à°√–®“¬·≈–°“√æ—¥

æ“®“°·ºàπ¥‘π Ÿà·À≈àßπÈ”∏√√¡™“μ‘ ‚¥¬‡©æ“– LABs

´÷Ëß‡ªìπ “√∑’Ë¬—ß„™â„πªí®®ÿ∫—π ·≈–¡’·π«‚πâ¡°“√

 – ¡„πμ–°Õπ¥‘π‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬ ®“°º≈°“√»÷°…“

π’È¬—ß “¡“√∂π”‰ª Ÿà°“√®—¥°“√ ‘Ëß·«¥≈âÕ¡∑’Ë¥’¢÷Èπ
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Abstract

To understand the historical trend of accumulation of organic pollutants and to evaluate

the effectiveness of recent pollution control measures, sediment cores were collected from the

upper Gulf of Thailand and analyzed for polycyclic aromatic hydrocarbons (PAHs) and triterpanes.

The sampling locations ranged from ~20 kilometer off the mouth of The Chao Phraya River (GT-

14) to ~40 kilometer off the mouth (GT-18). The sediment samples were extracted by Accele

rated Solvent Extraction (ASE), and purified by two-step silica gel column chromatography and

determined by gas chromatograph equipped with mass spectrometer. Sedimentation rate was

estimated by radionuclide technique and molecular marker. PAHs concentration has slightly

decreasing trend from inshore to offshore sediment core. The maximum concentration of PAHs

of inshore sediment core (GT14-GT15) and offshore sediment core (GT16-GT18) was 48-87 ng/

g-dry weight) and 3-13 ng/g-dry weight, respectively. The molecular profile of PAHs in inshore

sediment core (GT14) showed significance of petrogenic input. Sediment core in GT15 showed

mixture of petrogenic and pyrogenic input. On the other hand, the vertical profile of PAHs

from offshore (GT16 and GT18) locations showed significant pyrogenic input. Triterpanes con-

centration in sediment core showed increasing trend from bottom layers to surface layers in

each core and also from offshore to inshore sediment core. The triterpanes concentrations of

inshore sediment core (GT14) and offshore sediment core (GT18) were 467-1376 sediment core

and 30-209 ng/g-dry weight, respectively. Triterpanes profiles showed similar pattern among

sediment cores GT15.

Keywords : polycyclic aromatic hydrocarbon, triterpanes, sediment, Gulf of Thailand
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1. Introduction �
Thailand is highly dependent on its

marine environment for food, raw materials

and other needs for sustenance and eco-

nomic development. During the past three

decades, the country has exerted unusually

high demands on its environment as a con-

sequence of rapid population growth. The

Gulf of Thailand has been a receptacle for

agriculture; lumbering; ports and shipping;

fishing and aquaculture; human settlement;

recreation and tourism for a long time. The

marine environment in Thailand therefore, has

been degraded by various pollutants arising

both from land-based sources and from heavy

shipping traffic, together with the accompa-

nying accidental oil spills [1,2].

Polycyclic aromatic hydrocarbons (PAHs)

are a class of ubiquitous pollutants, consisting

of hydrogen and carbon arranged in the

form of two or more fused aromatic rings [3].

PAHs have become increasingly important

because of their potential carcinogenicity,

mutagenicity to aquatic organisms and man [4].

Most PAHs compounds released into the

environment originate from anthropogenic

activities, although some PAHs are synthe-

sized by bacteria, plants and fungi or

derived from natural products and processes

such as coal, oil, forest fire and marine

seep [5-8]. There are two types of anthropogenic

source, which are pyrogenic and petrogenic

sources [9-11]. To understand the distribution of

PAHs and identify the sources of PAHs from

petrogenic input to aquatic environment, one

of the most useful methods of recognization

and çfingerprintingé from crude oil are inte-

grated by hopanes series. The molecular

markers can be used to estimate contribu-

tion from a specific source [12-14].

Triterpanes are a group of pentacyclic

triterpenoid, which is a ubiquitous compo-

nent in bacteria [15]. Triterpenoid is direct pre-

cursors of hydrocarbon in sediment and de-

rived from fossil and petroleum. It provided

information for identifying the sources. The

C
29
 member of the series is the same as the

common C
29
 17α(H),21β(H)-hopane. The C

30
-

norhopanes have been shown widely distri

buted in crude oils derived from carbonate

source rocks [16]. Oleananes, major series can

be distinguished among these higher plant

triterpenoids [17].

The objectives of this study are: (1) to

understand the historical trends of concen-

tration and composition of PAHs and

triterpanes; (2) to understand the possible

offshore transport processes of those organic

pollutants.

2. Materials and methods �
2.1Oceanographic data

The Gulf of Thailand is located in the

west of the South China Sea, surrounded by
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Thailand, Vietnam, Cambodia and Malaysia,

and situated between latitudes 5 Ì00′N and
13 Ì30′N, and longitudes 99 Ì00′E and 106?00?E.
It is a semi-enclosed sea, which it cover an

area of about 320,000 km2 [18]. The mean

depth is 45 meters and the maximum depth

is 80 meters. The Gulf of Thailand is relatively

shallow and rich of sediment. The sediment

cores were collected in the upper part of the

Gulf between latitudes 13 Ì30′N and 12 Ì60′N
and longitudes 100 Ì00′E and 101 Ì00′E, cov-
ering an area of around 100 km2, which is

shown in Figure 1 and Table 1. The upper

Gulf located between latitudes 13 Ì30′N and
12 Ì60′N and longitudes 100 Ì00′E and 101 Ì00′
E, which cover an area about 100 m2. The

Chao Phraya River is considered for huge

amount of watershed from nature and

domestic sewage. The River basin occupies

the southern part of the central plain of Thai-

land with an area of 162,000 km2. The Chao

Phraya River is the most important river in

Thailand, flows through several cities includ-

ing Bangkok. There are industrial located along

the river and a large number of inhabitants

live along the riverbanks. The river, which dis-

charges into the upper Gulf, has an average

discharge varying from 8,000 X 106 to 34,000

X 106 m3/year. Undisturbed sediment layers of

increasing age preserve a useful record of

the history of changes in contaminants

chemical.

2.2 Sediment sampling

A gravity corer (11 cm inner diameter)

was pushed into the sediment using gravity

weight 50 Kg. The sediment cores were sliced

from the surface into 2 cm until the depth 20

cm and then sliced into 1 cm until the end

of core. The sediment samples were freeze-

dried and stored at-30 ÌC until analysis. To

understand the sediment condition along the

cores, bulk density was determined in each

layer. The information of bulk density is

defined as the weight of a unit volume of

sediment including its pore space. The wet

sediments were put into a cub (2ml) and

recorded the wet weight. The sediments were

dried at 105 ÌC. Bulk density was calculated

by wet weight minus with dry weight. Moi

sture content was calculated in each

sediment layer.

2.3 Chemicals

Authentic standards of PAHs were pur-

chased from Sigma and Wako Pure Chemi-

cal Co.Ltd as follows phenanthrene, an-

thracene, 4,5-methylphenanthrene, pyrene,

methylphenanthrene, fluoranthene, benzo

[a]anthracene,chrysene, benzo[b]fluoranthene,

benzo[e]pyrene, benzo[a]pyrene, perylene,

indeno[1,2,3-cd]pyrene, benzo[ghi]perylene,

coronene. Hopanes standards, 18α(H)-22,29,30-

Trisnorneohopane (Ts), 17β(H),21α(H)-30-

norhopane (C
29
17β) , 17α(H)-22,29,30-



83�√“¬ß“πº≈ß“π«‘®—¬ »Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ 2547-2548

Trisnorhopane (Tm), 17α(H),21β (H)-30-

norhopane (C
29
,17α), 18α(H)-oleanane,

17α(H),21β(H)-hopane (C
30
17α) and 17β

(H),21α (H)-hopane (C
30
17β), C30 17β (H),21

β (H) , were purchased from Chiron, Norway.

2.4 Extraction and Fractionation

To analyze triterpanes, and PAHs, sedi-

ment samples were exactly weighed to 3 g

and extracted with 40 ml (1:3, v/v) acetone:

dichloromethane (DCM) by accelerate sol-

vent extraction (Dionex, ASE-200). The extract

was spiked with surrogate of PAHs, and con-

centrated to 1 ml by rotary evaporation. Elimi-

nation of some polar compound impurities

was carried out using a 5% H
2
O deactivated

silica gel column (1cm i.d. X 9 cm length).

The target compounds were eluted by 20 ml

(3:1; v/v) hexane: DCM[9]. The fractionation of

triterpanes and PAHs was carried out by a

fully activated silica gel column (0.47 cm i.d.

18 cm length) and eluted with 4 ml hexane

and 10 ml (3:1, v/v) hexane: DCM, respec-

tively. All fractions were concentrated just to

Figure 1 Sampling location from the upper Gulf of Thailand
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dry, and then redissolved with 50 μl of isooc-

tane, then injected into a gas chromato-

graph - mass spectrometer (GC/MS). QA/QC

samples were analyzed in batch of usually 6

samples along with one sample blank, and

sediment sample spiked with a surrogate stan-

dard. Recovery of each surrogate standard

relative to the internal standard added just

before instrument analysis was between 80-

105%.

2.5 Instrumental analysis

PAHs and hopanes were quantified by

gas chromatograph-mass spectrometer (GC-

MS) (Hewlett-Packard 5892 series II) equipped

with a quadrupole and electron impact modes

(70 eV). Chromatographic column was a J&W

Scientific Durabond HP-5MS fuse silica capil-

lary column (30 m X 0.25 mm i.d. with 0.25

μm film thickness) with splitless injection at

310  ÌC. Helium gas was used as a carrier gas

 Figure 2 Sediment core sampling

Sampling Sampling Latitude Longitude Depth Distance from Length sample of

code  date (m) river month(km) sediment (cm)

GT14 June-10-2004 13 Ì21′64N 100 Ì34′58E 10.7 15 85

GT15 June-10-2004 13 Ì24′86N 100 Ì34′60E 13.8 20 60

GT16 June-10-2004 13 Ì18′90N 100 Ì34′45E 13.4 25 40

GT18 June-10-2004 13 Ì13′58N 100 Ì34′23E 17.8 35 40
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at a flow rate of 1 ml/min. PAHs instrument

parameters are; initial temperature at 70 ÌC

for 2 min., increase at the rate of 30 ÌC/min.

to 150 ÌC, then 4 ÌC/min. to 310 ÌC for 10 min.

For the triterpanes analysis, the initial tem-

perature is at 70 ÌC, hold for 1 min., then

increase at the rate of 30 ÌC/min., and hold

for 10 min. Detail identification and quantifi-

cation of individual triterpanes and PAHs were

explained elsewhere [19].

3. Results and discussion �
3.1 Sediment dating

Four sediment cores were collected from

the upper Gulf of Thailand. The cores were

representative of near shore (GT14 and GT15),

and far from the river month (GT16 and GT18).

The GT15 was selected to determine age of

sediment profile the using 137Cs. The 137Cs

started to be detected at the layer 45-46 cm

 Figure 3 Estimation of sediment dating on GT15
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of GT15, which were indicated year 1954 as

shown in Figure 3. Calculated average of

accumulation rates of GT15 were 0.5 g/cm2/

year (~0.9 cm/year), which the rate was closed

to previous study [20].

3.2 Vertical profile of anthropogenic com-

pounds in sediment core (GT15)

The concentrations and vertical profiles

of anthropogenic compounds ( PAHs and

triterpanes) were calculated on a dry weight

basis. GT15 was a representative sediment

core sample because it clearly showed dis-

crimination of petrogenic and pyrogenic on

the sediment core. Therefore, this study

selected GT15 to analyze for all compounds.

The concentration of PAHs on sediment core,

the GT15 showed slightly increasing trend from

deeper layer around 50cm in the early 1940s

(18 ng-total PAH /g) to around 30cm in the

mid 1970s (90 ng-total PAH /g), and PAHs

concentration from 20 cm to the surface

layers ranged from100 to 60 ng-total PAH /g),

as shown in Figure 4.

The PAHs compositions of the GT15

showed mixture of PAHs compositions are

pyrogenic signature in deeper layer until

around 40 cm and the PAHs compositions

change to petrogenic signature up to the

surface layer. There are approaches using

several ratios to investigate sources such as

phenanthrene to anthracene (P/Anth), sum

of methylphenanthrene to phenanthrene (MP/

P), benz[a]anthracene to chrysene (BaA/Chr),

Figure 4 Vertical concentrations of triterpanes, and PAHs of GT15
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Fluoranthene to Pyrene (Fluo/Pyr), High mo-

lecular weight PAHs to low molecular weight

PAHs (H/L) and 4H-cyclopenta [def] phenan-

threne to methylphenanthrene (CPP/MP) for

combustion process, pyrene to perylene for

diagentic process [9, 21-24].

The relationship of ratios as follows: P/

Anth <10, MP/P <1, Pyr/Fluo <1, CPP/MP >0.2,

and H/L >0.8 can interpret that PAHs con-

taminant were derived from pyrogenic source.

This report calculated some ratios, which sug-

gested possible sources of PAHs, as summa-

rized the PAHs composition in Figure 5.

The discrimination between pyrogenic

and petrogenic sources among those ratios,

MP/P, Pyr/Fluo, H/L and CPP/MP were

efficient tool for this study. The ratios of sedi-

ment core GT15 (n = 37) indicated that the

source of PAHs in sediment core is mixture of

petrogenic input (0-40 cm) and pyrogenic

input (40-60cm) as shown in Figure 5. The

ratios indicated petrogenic signature from 0-

40 cm layers, MP/P ranged from 1.0 to 1.6

( + 0.16, n = 30), Pyr/Fluo ranged from 1.5 to

1.0 ( + 0.11, n = 30), H/L ranged from 0.75 to

0.50 ( + 0.17, n = 30), CPP/MP ranged from

0.11 to 0.13 ( + 0.01, n = 30). In contrast,

pyrogenic signature from 40-60 cm layers was

explained, Pyr/Fluo ranged from 0.91 to 0.76

( + 0.11, n = 7), H/L ranged from 1.7 to 1.4

( + 0.31, n = 7), and CPP/MP ranged from

0.54 to 0.33 ( + 0.15, n = 7).

Figure 5 PAHs, triterpanes compositions Pyr/Fluo (▲) and H/L (■) of GT15
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The PAHs concentration among 4 cores

showed slightly increasing trend from the

deeper layer to surface layer ranging from 54

to 87 ng/g for GT14, 13 to 60 ng/g for GT15,

8 to 22 ng/g for GT16 and 5 to13 ng/g for

GT18. Total deposition of sediment core (ng/

cm2) was indicated offshore transport from

land-base to open ocean. Total deposition of

sediment core (ng/cm2) was calculated from

total concentration (ng/g) X bulk density (g/

cm3). Total deposition of PAHs in sediment

cores indicated that GT14 had higher depo-

sition than other cores as follows; 3297 ng/

cm2 for GT14, 2043 ng/cm2 for GT15, 513 ng/

cm2 for GT16 and 277 ng/cm2 for GT18. A

comparison PAHs accumulation from the

upper Gulf of Thailand data with other areas

indicated that PAHs accumulation were low

to moderate level such as 65-2010 ng/g from

Tokyo Bay, 30-112000 ng/g from the Adriatic

Sea, Italy [25-26].

The possible mechanism transports of PAHs

were associated with soot particles and distri

buted by wind, the influence of which can

extend a great distance out into in aquatic

environment because of their hydrophobic

marker. Therefore, this marker can be indicated

the movement of particle from their point of

origin. For these occurrences could explain by

long-range atmospheric transport, which were

discussed in many studies [27-30].

Triterpanes �
In order to elucidate the contribution of

petrogenic input in aquatic environment,

triterpanes series were used as a molecular

marker. The triterpanes concentration and

compositions of the GT15 was shown in

Figure 4 and 5. The trends of triterpanes con-

centration showed dramatic increasing trend

in each layer from deeper layers ~ 50cm

(~1950s) up to the layers ~ 25cm (~1980s)

from 90 to 1200 ng/g and then the concen-

trations were almost constant from ~25cm to

surface layer (~900 to1100 ng/g). The

triterpanes composition in sediment samples

showed predominance of 17α21β(H) C
29

hopane (C
29
17α) over 17α21β(H) C

30
 hopane

(C
30
17α) with stair-step of C

31
-C

35
 homohopane.

The triterpanes compositions were consistent

for all the layers of the GT15 as shown in

Figure 4. The trend of triterpanes concentra-

tions in surface sediments increased from off-

shore to inshore area (210 ng/g for GT18, 334

ng/g for GT16, 1083 ng/g for GT15 and 1352

ng/g for GT14, respectively). The vertical pro-

file showed significant increasing trend from

the deeper layer to the surface layer in each

sediment core. The concentration of GT14

showed increasing trend from the deeper layer

(80-85cm) to the surface layer ranging from

467 to 1352 ng/g. The offshore sediments (GT16

and GT18) were detected from the bottom

layer (~40-41 cm) to surface layer ranging
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from 34 to 334 ng/g and 28 to 209 ng/g,

respectively. Total deposition of triterpanes

showed decreasing trend from inshore (GT14

= 47.4 μg/cm2, GT15 = 19.6 μg/cm2) to off-

shore area (GT16 = 4.0 μg/cm2, GT18 = 3.8

μg/cm2). The triterpanes compositions were

similar to the composition of petroleum pro

ducts during 50 years to present. (e.g. street

dust tire, asphalt and crankcase oil), as shown

in Figure 6. Therefore, we assumed that other

triterpanes profiles, which were difference from

the major profiles; it might be derived from

different sources. Several factors may account

for the difference in concentration and com-

 Figure 6 Tire, Asphalt, street dust and crankcase oil composition

position among these contaminants. The mass

input of the pollutants were possible derived

from many sources such as wastewater,

urban runoff, atmospheric deposition and

agriculture runoff [31].

Sediment contamination from river and

adjacent depths around river mouth can also

be mixed and lateral transport the contami-

nants into inshore area. Lateral transport

normal occur on surface sediments, which

the sediments could be moved from river

mouth because of watershed of water from

river to sea.
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 For this study, it suggested that pos-

sible sources of the triterpanes in the upper

Gulf derived from urban area and could be

come from inland source and transported to

estuaries and deposited around the inshore

and offshore area. Hypothesis of triterpanes

transport pathways of pollutants were binding

with particle and long-range transport. How-

ever, the possible source of petrogenic input

from land-base such as street dust and crank-

case oil, and others material sources will

discuss for our future study.

Conclusion and Suggestion �
The reconstruction of sedimentary record

of anthropogenic pollutants and molecular

marker reflected to urbanization and histori-

cal trends in the aquatic environment. In this

finding were concluded as followed:

(1)PAHs started to be detected around

1940s. Concentrations of PAHs were

slightly increasing trends from the off-

shore area to inshore area. The level of

PAHs concentration are low to mode

rate contamination. PAHs composition

of sediment core from inshore to off-

shore area indicated dominance of

petrogenic PAHs for the GT14, mixture

of petrogenic and pyrogenic signature

for the GT15, and predominance of

pyrogenic signature for the GT16 and

GT18, respectively.

(2)Triterpanes started to be detected

around 1950s. The triterpanes concen-

tration showed dramatically increasing

trend from offshore to inshore sediment.

It infers that inshore area was contami-

nated with petrogenic input higher than

offshore area because of human activi-

ties.

(3) Total deposition of total PAHs and

triterpanes showed decreasing trend from

inshore to offshore area., The highest

deposition of total hopanes = 47.4 μg/

cm2 for GT14 and total PAHs = 3.3 μg/

cm2 for GT14. The anthropogenic pollu

tants were detected lower concentration

than other developing countries such as

Japan around Tokyo Bay and UK.

The lateral transport was possible part-

way for anthropogenic pollutants in the up-

per Gulf of Thailand. For other transportation

of organic pollutants to sediment such as

atmospheric deposition is one of our possible

considerations. It can be cross the air sea

interface and deposited to sediment. The tran

sportation and pathways of PAHs to the Gulf

of Thailand will be demonstrated in our fur-

ther research.
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Abstract

To access the distribution of sewage pollution in the aquatic environment of Thailand,

linear alkylbenzenes (LABs) were used as molecular markers for our investigation. Twenty-eight

water samples and sixty surface sediment samples were collected from the Chao Phraya River,

canals, estuaries, coastal and offshore areas of the upper Gulf of Thailand. The samples were

analyzed for 26 isomers of LABs by gas chromatograph equipped with mass spectrometer.

I/E ratio, which consists of 6-C
12
AB+5-C

12
AB/4-C

12
AB+3-C

12
AB+2-C

12
AB, was applied as an indi-

cator of LABs biodegradation process. LABs in sediment samples were calculated in dry weight

basis. The concentrations of LABs in water samples were detected in the range of ~60 to ~450

ng/L with I/E ratio ranged from ~1.0 to ~1.8. The concentrations showed decreasing trend from

river to estuarine waters, with the range of ~10 to140 ng/L and ~6 to 30 ng/L, respectively.

LABs in sediment samples were detected at the highest concentration from urban canals

around Bangkok Metropolitan, with the concentration ranged from ~300 to 14,000 ng/g. LABs

concentration in sediments showed significant decreasing trend from river, estuaries to offshore

area with the range of ~3 to ~700 ng/g, ~47 to ~280 ng/g and ~20 to ~130 ng/g, respectively.

LABs concentrations in sediment at coastal areas were detected in the range of ~4 to ~47 ng/

g. These findings indicated that LABs were transported from land-based sources to the marine

environment and biodegraded during such transportation. This study demonstrated that the

occurrence of LABs could be used as significant indicator of domestic pollution in the aquatic

environment around Bangkok Metropolitan area, as well as indicator for the degradation

process while being transported to the Gulf of Thailand.

Keywords : linear alkylbenzene, Bangkok, river, sediment
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1. Introduction �
This study applied linear alkylbenzenes

(LABs) to assess the source of domestic wastes.

LABs with [C
10
-C

14
] normal alkyl chains are

hydrophobic molecular markers [1-6]. Linear

alkylbenzene sulfonate (LAS) are used as

anionic surfactants in commercial formulas

for household detergent. LABs are used as

raw material in detergent production and

discharged to the coastal marine environ-

ment [7]. Due to their hydrophobicity, which

the water solubility is range 1.1 X 10-6 to 8.3 X

10-6 and log K
ow
 values from ~7 to ~9, this

residue is transported, along with LAS in mu-

nicipal and industrial waters. LABs are found

attached and absorbed to particles and sedi-

ment in aquatic environment [8]. LABs are

more stable in the aquatic environment than

LAS, therefore LABs are commonly applied as

molecular marker of land-based pollutants.

At present, LABs were introduced as replace-

ment for tetrapropylene-based alkylbenzenes

(TABs), which were feedstock used for pro-

ducing branched-chain alkylbenzene sul-

fonates with tetrapropylene-based alkyl chains

(ABS). Because of their highly branched alkyl

chain, TABs are more resistant to microbial

degradation than the LABs. Therefore, this study

applied TABs together with LABs as hydropho-

bic molecular markers. In Thailand, the amount

of an anionic detergent was imported from

1983 to 2004 from 600 Ton/year to 3,700

Ton/year. On the other hand, TABs has pro-

moted to use around 1978. Therefore, TABs

was applied for molecular marker together

with LABs in this study.

2. Materials and method  �
The Gulf of Thailand located in the

western side of the South China Sea, surrounded

by Thailand, Vietnam, Cambodia and Malay-

sia. The upper Gulf located between latitudes

13 Ì30′N and 12 Ì60′N and longitudes 100 Ì00′E
and 101 Ì00′E. The sediment cores were col-

lected as described in Figure 1. All samples

were collected by Ekman dredge. The top 2

cm was sub-sampled with a stainless steel scoop

and kept in stainless steel containers as shown

in Figure 2. The samples were freeze-dried and

stored at - 30 ÌC until analyses.

Sediment samples were analyzed for

PAHs and triterpanes and LABs. Sediment

samples were exactly weighed to 3 g and

extracted with, 40ml (1:3;v/v) acetone:

dichloromethane (DCM) by accelerate sol-

vent extraction (Dionex, ASE-200), purified with

5% H
2
O silica gel column (1 cm i.d. x 9 cm

length) and fully activated silica gel column

(0.47cm i.d. x 18 cm length) and eluted with

4ml hexane, 32 ml hexane and 10ml (3:1,v/v)

hexane: DCM, respectively. The detail of

analysis was described in [9, 11].
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Figure 1. Sampling locations of surface sediments from the upper Gulf of Thailand

3. Results and discussion  �
Total LABs concentrations in sediments

were calculated from 26 isomers. In order to

evaluate sewage pollution, LABs were investi-

gated and selected an isomer 6-C
12
 because

of its abundance and reliable identification. I/E

ratio, which consists of 6-C
12
AB+5-C

12
AB+4-

C
12
AB+3-C

12
AB+2-C

12
AB, was applied to an

indicator of LABs degradation  process.

The concentrations of LABs in water

samples were detected in the range of ~60

to ~450 ng/L with I/E ratio ranged from 1.0 to

1.8. The concentrations showed decreasing

trend from river to estuarine waters, with the

range of 10 to140 ng/L and ~6 to ~30 ng/L,

respectively as shown in Figure 3. LABs in

sediment samples were detected at the high-

est concentration from urban canals around

Bangkok Metropolitan, with the concentra-

tion ranged from ~300 to~14,000 ng/g. LABs

concentration in sediments showed significant

decreasing trend from river, estuaries to off-

shore area with the range of ~3 to ~700 ng/

g, ~47 to 280 ng/g and ~20 to ~130 ng/g,

respectively

LABs concentrations in sediment at

coastal areas were detected in the range of

~4 to ~47 ng/g. These LABs concentration

levels ranged from 7.0 ng/g to 258 ng/g around

4 rivers mouth and the highest concentration

was detected at the Chao Phraya River. Trend

of total LABs concentration decreased from

the river mouth to offshore area as shown in

Figure 4. The concentrations of Total LABs

around offshore area (96 km) ranged from

2.4 to 7.9 ng/g with average 4.1 ng/g. The

result suggested that LABs contribution might
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Figure 2. Surface sediment sampling by Ekman dredge

Figure 3 Trend of concentration of LABs in sediments from canals, river, estuaries and coastal locations

be derived from the rivers and distribute to

the Gulf of Thailand. I/E ratio, which consists

of 6-C
12
AB+5-C

12
AB/4-C

12
AB+3-C

12
AB+2-C

12
AB,

was applied as an indicator of LABs biode

gradation process. I/E ratio of sediments around

river mouth to inshore area (0-6 km) was 4.15

to 1.85 (the Bang pakong River), 3.53 to 6.90

(the Chao Phraya River), 2.59 to 3.65 (the

Tha chin River), 2.32 to 1.15 (the Mae klong

River) while 0.72 to 0.86 (procedure blank).

 I/E ratio could explain variety activities

along the rivers. The upper Gulf of Thailand
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are ~100 km2 and the area covered with the

industrial area at eastern site (Rayong and

Chonburi province) and domestic area at

western site (Petchaburi and Prachubkirikarn

province). The Chao Phraya River is mainly

domestic area and huge amount of untreated

wastewater. Comparison of LABs in water and

sediment samples were illustrated among other

areas such as 1000-3000 ng/g from the upper

 Figure 5. Comparison of LABs concentration in water samples among countries

Tokyo Bay [5] as shown in Figure 5 and 6. LABs

in water samples were detected the highest

concentration ~4.1 μg/L (I/E ratio~0.2 to 2.8),

which it showed low concentration among

the countries. The sediment samples from

Thailand showed higher concentration than

other countries (~14 ng/g) as shown in Figure

6. However, I/E ratio of sediment samples

showed lower (~0.7 to 5.9).

 Figure 4 Concentration of T-LABs from inshore and offshore sediment
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Figure 6. Comparison of LABs concentration in sediment samples among countries

4. Conclusion and Suggestion  �
Large changes in sediment contami-

nant concentrations were measured in the

upper Gulf of Thailand. Several factors may

account for the difference concentration and

composition among these contaminants. The

mass input of all pollutants were possible

derived from many sources such as waste

water, urban runoff. Trend of total LABs con-

centration in water samples and sediment

samples were detected at high concentra-

tion in urban area and decreased from river

mouth to offshore area. I/E ratio could

explain variety activities along the rivers. Com-

parison of LABs concentration of other coun-

tries showed that Thai sediments are lower

concentrated than others. Sediment contami-

nation from river and adjacent depths around

river mouth can also be mixed and lateral

transport the contaminants into inshore area.

It were widespread distributed the pollutants.

Urban runoff is commonly considered a

significant source of sediment contaminant,

which had evident in our previous data.
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°“√»÷°…“°“√ – ¡¢Õß “√æ‘…ª√–‡¿∑‚≈À–Àπ—°„πª≈“π‘≈∑’ËÕ“»—¬
Õ¬Ÿà „π∫àÕ∫”∫—¥πÈ”‡ ’¬¢Õß‡∑»∫“≈π§√π§√√“™ ’¡“

 Study on Heavy Metals Accumulation in Nile Tilapia (Tilapia nilotica)
 from Nakhonratchasima Municipal Wastewater Treatment Plant

 ÿ‡∑’¬∫ »√’≈“™—¬[1] æπ¡æ√ «ß…åª“π[1] ·≈–ª√–®«∫ §Ÿπ“‡Õ°[1]

Sutiab Srilachai, Panomporn Wongpan and Prachuab Kuna-ek

∫∑§—¥¬àÕ

§à“‡©≈’Ë¬°“√ – ¡¢Õß‚≈À–Àπ—° 4 ™π‘¥ §◊Õ ·§¥‡¡’¬¡ μ–°—Ë« ∑Õß·¥ß ·≈– —ß°– ’ „πª≈“π‘≈®“°

∫àÕ∫”∫—¥πÈ”‡ ’¬¢Õß‡∑»∫“≈π§√π§√√“™ ’¡“ ¡’§à“‡∑à“°—∫ 0.049, 0.398, 1.541 ·≈– 13.924 ¡‘≈≈‘°√—¡μàÕ

°‘‚≈°√—¡πÈ”Àπ—°‡ªï¬°μ“¡≈”¥—∫ ‚¥¬§à“‡©≈’Ë¬°“√ – ¡„π‡π◊ÈÕ¡’§à“‡∑à“°—∫ 0.043, 0.327, 0.545 ·≈– 8.260

¡‘≈≈‘°√—¡μàÕ°‘‚≈°√—¡πÈ”Àπ—°‡ªï¬°μ“¡≈”¥—∫ ÷́Ëß¡’§à“μË”°«à“§à“‡©≈’Ë¬°“√ – ¡„π‡§√◊ËÕß„π∑’Ë¡’§à“‡©≈’Ë¬‡∑à“°—∫

0.055, 0.469, 2.537 ·≈– 19.587 ¡‘≈≈‘°√—¡μàÕ°‘‚≈°√—¡πÈ”Àπ—°‡ªï¬°μ“¡≈”¥—∫  à«π§à“‡©≈’Ë¬¢Õß°“√ – ¡

‡¡◊ËÕ®”·π°μ“¡¢π“¥·≈–·À≈àß∑’Ë‡°Á∫μ—«Õ¬à“ß ‰¡àæ∫«à“¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (α =

0.05) ∂÷ß·¡â«à“§à“‡©≈’Ë¬¢Õß°“√ – ¡¢Õß‚≈À–Àπ—°∑—Èß 4 ™π‘¥ ¬—ßÕ¬Ÿà„π‡°≥±å°”Àπ¥ ”À√—∫°“√ªπ‡ªóôÕπ

¢Õß‚≈À–Àπ—°„πÕ“À“√∑’Ë°”Àπ¥‚¥¬°√–∑√«ß “∏“√≥ ÿ¢¢Õßª√–‡∑»‰∑¬·≈–À≈“¬Õß§å°√°Áμ“¡ ·μà°Á¬—ß

æ∫«à“§à“‡©≈’Ë¬°“√ – ¡¢Õßμ–°—Ë« Ÿß°«à“§à“¡“μ√∞“πÕ“À“√√–À«à“ßª√–‡∑» (Codex)

§” ”§—≠ : ‚≈À–Àπ—° √–∫∫∫”∫—¥πÈ”‡ ’¬ √–∫∫∫àÕº÷Ëß

[1]  à«π«‘®—¬·≈–æ—≤π“‡∑§‚π‚≈¬’¥â“π “√æ‘…
E-mail : ssrilachai@yahoo.com
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Abstract

The average accumulation of cadmium lead copper and zinc in NILE TILAPIA (Tilapia

nilotica) which collected from wastewater treatment plant of Nakornratchasima municipal

were 0.049, 0.398, 1.541 and 13.924 mg/kg wet weight, respectively. It was signifies difference

of average accumulation in visceral was higher than the accumulation in flesh. The average

accumulation in flesh were 0.043, 0.327, 0.545 and 8.260 mg/kg wet weight, respectively and

the average accumulation in visceral were 0.055, 0.469, 2.537 and 19.587 mg/kg wet weight,

respectively. Although , the average accumulation of 4 kind metals remain in the limitation for

contamination in the food that recommend by Ministry of Public Health of Thailand and many

organization no matter , but the average accumulation of lead was higher than the interna-

tional food standard (CODEX)

Keywords : heavy metal, wastewater treatment plant, oxidation pond
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§”π” �
°“√‡æ‘Ë¡¢÷Èπ¢Õßª√–™“°√ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß

„π‡¢μ‡∑»∫“≈¢π“¥„À≠àπ—Èπ ‰¥â°àÕ„Àâ‡°‘¥ªí≠À“

·≈–º≈°√–∑∫∑“ß¥â“π ‘Ëß·«¥≈âÕ¡¡“°¡“¬ ‚¥¬

ªí≠À“∑’Ë¡’§«“¡√ÿπ·√ß„π≈”¥—∫μâπÊ °Á§◊Õªí≠À“

¢ÕßπÈ”‡ ’¬ ´÷Ëß„π°“√∫”∫—¥πÈ”‡ ’¬¢Õß‡∑»∫“≈

¢π“¥„À≠à∑’Ë¡’æ◊Èπ∑’Ë¡“°Ê ¡—°„™â°“√∫”∫—¥‚¥¬°“√

„™â∫àÕº÷Ëß (Oxidation Pond) ´÷Ëß§ÿ≥≈—°…≥–‡¥àπ

¢Õß°“√∫”∫—¥·∫∫¥—ß°≈à“« °Á§◊Õ°“√∫”∫—¥‚¥¬«‘∏’

∑“ß∏√√¡™“μ‘∑’Ë¡’°“√„™âæ◊Èπ∑’Ë∑’Ë‡ªìπ∫àÕÀ√◊Õ √–πÈ”

¢π“¥„À≠à  “¡“√∂∫”∫—¥πÈ”‡ ’¬∑’Ë¡’Õß§åª√–°Õ∫

¢Õß “√Õ‘π∑√’¬å‰¥â¥’  à«π¢âÕ¥âÕ¬¢Õß∫àÕº÷Ëß°Á§◊Õ

°“√∫”∫—¥πÈ”‡ ’¬∑’Ë¡’Õß§åª√–°Õ∫μà“ßÊ ∑’Ë‡ªìπ “√

Õπ‘π∑√’¬åμà“ßÊ ‰¥â‰¡à¥’‡∑à“∑’Ë§«√

√Ÿª∑’Ë 1 ∫àÕ∫”∫—¥πÈ”‡ ’¬¢Õß‡∑»∫“≈π§√π§√√“™ ’¡“ ‡ªìπ√–∫∫∫”∫—¥
πÈ”‡ ’¬·∫∫∫àÕº÷Ëß (Oxidation Pond)

 ≈—°…≥–·≈–ª√‘¡“≥¢ÕßπÈ”‡ ’¬®“°‡∑»∫“≈

‡À≈à“π’È  à«π¡“°®–‰¡à·μ°μà“ß°—π¡“°π—° ‡π◊ËÕß®“°

«à“‡ªìππÈ”‡ ’¬®“°°“√ª√–°Õ∫°‘®°√√¡¢Õß™ÿ¡™π

‚¥¬„πÕ¥’μ∑’Ëºà“π¡“π—Èπ Õß§åª√–°Õ∫À≈—°¢Õß

πÈ”‡ ’¬®“°™ÿ¡™π‡¡◊Õß®–¡’≈—°…≥–‡ªìππÈ”‡ ’¬∑’Ë¡’

 à«πª√–°Õ∫¢Õß “√Õ‘π∑√’¬å‡ªìπÕß§åª√–°Õ∫À≈—°

·μà„πªí®®ÿ∫—ππ’È√Ÿª·∫∫¢Õß°‘®°√√¡μà“ßÊ ¿“¬„π

™ÿ¡™π‡¡◊Õß¡’§«“¡·μ°μà“ßÕÕ°‰ª ·≈–¡’§«“¡

À≈“°À≈“¬¢Õß°‘®°√√¡μà“ßÊ ¡“°¢÷Èπ·≈–¡’πÈ”

‡ ’¬´÷Ëß‡ªìπÕß§åª√–°Õ∫¢Õß “√Õπ‘π∑√’¬å¡“°¢÷Èπ ‡™àπ

‚√ßß“π™ÿ∫‚≈À– ÕŸà´àÕ¡√∂ √â“π à́Õ¡Õÿª°√≥å‰øøÑ“

À√◊ÕÕ‘‡≈Á§‚∑√π‘§ ‡ªìπμâπ ´÷Ëß°‘®°√√¡‡À≈à“π’È‰¥â°àÕ

„Àâ‡°‘¥πÈ”‡ ’¬∑’Ë¡’Õß§åª√–°Õ∫∑’Ë‡ªìπæ‘… ‚¥¬‡©æ“–

‚≈À–Àπ—°‡æ‘Ë¡¢÷Èπ Õ—π®– àßº≈„Àâ¡’°“√μ°§â“ß¢Õß

‚≈À–Àπ—°„π√–∫∫∫”∫—¥πÈ”‡ ’¬·≈– – ¡„π ‘Ëß

·«¥≈âÕ¡À√◊Õ —μ«åπÈ”∑’ËÕ¬ŸàÕ“»—¬„π∫àÕ∫”∫—¥¡“°¢÷Èπ

√Ÿª∑’Ë 2 °“√®—∫ª≈“π‘≈‚¥¬°“√„™âμ“¢à“¬ ´÷Ëß‡ªìπ«‘∏’°“√Àπ÷Ëß∑’Ë¡’„™â
‚¥¬∑—Ë«‰ª„π°“√®—∫ª≈“
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»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡

 àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ´÷Ëß¡’Àπâ“∑’ËÀ≈—°„π°“√

»÷°…“«‘®—¬·≈–π”‡ πÕ·π«∑“ß‡æ◊ËÕ≈¥ªí≠À“∑“ß

¥â“π ‘Ëß·«¥≈âÕ¡ ®÷ß‰¥â∑”°“√»÷°…“°“√ – ¡¢Õß

‚≈À–Àπ—°„πª≈“π‘≈®“°∫àÕ∫”∫—¥πÈ”‡ ’¬ ‡æ◊ËÕπ”

¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√»÷°…“ ”À√—∫„™â‡ªìπ·π«∑“ß„π

°“√ªÑÕß°—πªí≠À“∑—Èß¥â“π ‘Ëß·«¥≈âÕ¡·≈–¥â“π ÿ¢¿“æ

∑’ËÕ“®®–‡°‘¥¢÷Èπ

ª≈“π‘≈ NILE TILAPIA (Tilapia nilotica) ‡¢â“ Ÿà

ª√–‡∑»‰∑¬§√—Èß·√°‚¥¬‡®â“™“¬Œ“°‘Œ“‚μ ¡ß°ÿÆ

√“™°ÿ¡“√·Ààßª√–‡∑»≠’ËªÿÉπ ÷́Ëß∑√ß®—¥ àß‡¢â“¡“∑Ÿ≈

‡°≈â“∂«“¬æ√–∫“∑ ¡‡¥Á®æ√–‡®â“Õ¬ŸàÀ—« ‡¡◊ËÕ«—π∑’Ë 25

¡’π“§¡ 2508 ®”π«π 50 μ—« ‚¥¬√Ÿª√à“ß§≈â“¬

ª≈“À¡Õ‡∑» ·μ°μà“ß°—π∑’Ëª≈“π‘≈¡’≈“¬ ’¥”·≈–

®ÿ¥ ’¢“« ≈—∫°—π‰ª ∫√‘‡«≥§√’∫À≈—ß §√’∫À“ß·≈–

≈”μ—«¡’ ’‡¢’¬«ªππÈ”μ“≈ ¡’≈“¬¥”æ“¥¢«“ßμ“¡

≈”μ—«¡’§«“¡¬“«ª√–¡“≥ 10 - 30 ‡´πμ‘‡¡μ√ °‘π

Õ“À“√®”æ«°‰√πÈ” μ–‰§√àπÈ” μ—«ÕàÕπ¢Õß·¡≈ß

´÷Ëßªí®®ÿ∫—π “¡“√∂‡≈’È¬ß‡ªìπª≈“‡»√…∞°‘® [5]

‚≈À–Àπ—°„π ‘Ëß·«¥≈âÕ¡

‚≈À–Àπ—°∑—Èß 4 ™π‘¥∑’Ë∑”°“√»÷°…“ §◊Õ

·§¥‡¡’¬¡ μ–°—Ë« ∑Õß·¥ß ·≈– —ß°– ’ ¡’§ÿ≥ ¡∫—μ‘

·À≈àß∑’Ë¡“ ·≈–§à“¡“μ√∞“π∑’Ë°”Àπ¥‰«â„πÕ“À“√

·μà≈–ª√–‡¿∑¡’§à“·μ°μà“ß°—πÕÕ°‰ª ́ ÷Ëß®“°¢âÕ¡Ÿ≈

æ∫«à“¡’°“√°”Àπ¥¡“μ√∞“πÀ√◊Õ§à“Õâ“ßÕ‘ß ‡°’Ë¬«

°—∫‚≈À–Àπ—°∑—Èß 4 ™π‘¥ ®“°Àπà«¬ß“πμà“ßÊ ¥—ßπ’È

·§¥‡¡’¬¡  à«π¡“°¡“®“°Õÿμ “À°√√¡∑’Ë∑‘Èß

¢Õß‡ ’¬‚¥¬‰¡àºà“π°√√¡«‘∏’°”®—¥ ·≈–Õ’° à«πÀπ÷Ëß

¡“®“°ªÿÜ¬ ‡π◊ËÕß®“°ªÿÜ¬øÕ ‡øμ®–¡’·§¥‡¡’¬¡

‡®◊ÕªπÕ¬Ÿà ¥—ßπ—Èπ°“√„ àªÿÜ¬≈ß„π‰√àπ“°Á‡ªìπ°“√‡μ‘¡

·§¥‡¡’¬¡≈ß„π‰√àπ“ ·≈â«°Á®–‡°‘¥°“√ªπ‡ªóôÕπ¡“ Ÿà

Õ“À“√‰¥â ‚¥¬„πªí®®ÿ∫—ππ’Èª√–‡∑»‰∑¬ ¬—ß‰¡à¡’°“√

°”Àπ¥‡ªìπ¡“μ√∞“π ·μà®“°°“√ ”√«®„π

ª√–‡∑»‰∑¬ æ∫«à“ „π —μ«åπÈ” ¡’°“√ªπ‡ªóôÕπ¢Õß

·§¥‡¡’¬¡ª√–¡“≥ 1 ¡‘≈≈‘°√—¡μàÕ°‘‚≈°√—¡ ÷́Ëß

‡∑à“°—∫¡“μ√∞“π¢Õß·§¥‡¡’¬¡„πÕ“À“√¢Õß

ª√–‡∑»π‘«´’·≈π¥å „π¢≥–∑’Ëª√–‡∑»ÕÕ ‡μ√‡≈’¬

°”Àπ¥§à“ Maximum Permitted Concentration

(MPCs)  ”À√—∫·§¥‡¡’¬¡„πª≈“·≈–º≈‘μ¿—≥±å ‡∑à“°—∫

0.2 ¡‘≈≈‘°√—¡μàÕ°‘‚≈°√—¡  à«πÕß§å°“√Õπ“¡—¬‚≈°

(WHO) ·π–π”«à“„π·μà≈– —ª¥“Àå‰¡à§«√‰¥â√—∫

·§¥‡¡’¬¡‡¢â“ Ÿà√à“ß°“¬‡°‘π 8.3 ‰¡‚§√°√—¡μàÕπÈ”Àπ—°μ—«

1 °‘ ‚≈°√—¡ ‚¥¬À“°‰¥â√—∫·§¥‡¡’¬¡¡“°®–¡’º≈

°√–∑∫μàÕ‰μ·≈–‡ªìπ‚√§Õ‘‰μ-Õ‘‰μ ‰¥â [7]

μ–°—Ë« ¡’§«“¡·μ°μà“ß°—π„π·μà≈–™π‘¥¢Õß

Õ“À“√ ‚¥¬μ–°—Ë«‰¡à∂◊Õ«à“‡ªìπ∏“μÿ∑’Ë¡’§«“¡®”‡ªìπ

μàÕ√à“ß°“¬ (Not essential) ·≈–Õß§å°“√Õπ“¡—¬‚≈°

(WHO) ·π–π”«à“„π·μà≈– —ª¥“Àå‰¡à§«√‰¥â√—∫μ–°—Ë«

‡¢â“ Ÿà√à“ß°“¬‡°‘π 50 ‰¡‚§√°√—¡μàÕπÈ”Àπ—°μ—« 1

°‘‚≈°√—¡ ‚¥¬°√–∑√«ß “∏“√≥ ÿ¢¡’‡°≥±å°”Àπ¥

„ÀâÕ“À“√∑—Ë«‰ª¡’μ–°—Ë«‰¥â‰¡à‡°‘π 1.0 ¡‘≈≈‘°√—¡/

°‘ ‚≈°√—¡  ”À√—∫¡“μ√∞“πÕ“À“√√–À«à“ßª√–‡∑»

(Codex) ‰¥â¡’°“√°”Àπ¥§à“¢Õßμ–°—Ë«„πª≈“‰«â

‰¡à‡°‘π 0.2 ¡‘≈≈‘°√—¡μàÕ°‘‚≈°√—¡

∑Õß·¥ß ®“°°“√»÷°…“æ‘…¢Õß‚≈À–μàÕª≈“

fathead minnow, Pimephalis promelas „π

πÈ”®◊¥∑’Ë¡’§«“¡°√–¥â“ß ¡’Õ—π¥—∫§«“¡‡ªìπæ‘…‡√’¬ß

®“°¡“°‰ªπâÕ¬ æ∫«à“ ∑Õß·¥ß¡’§«“¡‡ªìπæ‘…

¡“°∑’Ë ÿ¥ ‚¥¬‡√’¬ß‰¥â ¥—ßπ’È Cu > Cd > Be > Sb >

Ni > V > Pb > Ti > U > Sr > Mo „π¢≥–∑’Ë

§«“¡‡ªìπæ‘…μàÕ‰¢à·≈–μ—«ÕàÕπ¢ÕßÀÕ¬‡¡àπ æ∫«à“ Hg

> Cu > Zn > Pb > Cd [3] ‚¥¬ª√–°“»

°√–∑√«ß “∏“√≥ ÿ¢ ©∫—∫∑’Ë 98 (æ.». 2529) ‡√◊ËÕß
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μ“√“ß∑’Ë 1 ¡“μ√∞“π¢Õß The Australian, New Zealand Food Authority (ANZFA) „πÕ“À“√

¡“μ√∞“πÕ“À“√∑’Ë¡’ “√ªπ‡ªóôÕπ °”Àπ¥„Àâ¡’

 “√∑Õß·¥ß‰¥â‰¡à‡°‘π 20 ¡‘≈≈‘°√—¡μàÕ°‘‚≈°√—¡ [2]

·≈–§à“ ADI (Adequate Daily Dietary Intakes)

∑’Ë·π–π”‰«â ”À√—∫ºŸâ„À≠àÕ¬Ÿà√–À«à“ß 2 - 3 ¡‘≈≈‘°√—¡

μàÕ«—π

 —ß°– ’ ∂◊Õ«à“‡ªìπ∏“μÿ∑’Ë¡’§«“¡®”‡ªìπμàÕ

√à“ß°“¬‚¥¬®–¡’º≈μàÕ°“√‡º“º≈“≠‚ª√μ’π·≈–

§ “ √å ‚∫‰Œ‡¥√μ ¢Õß√à“ß°“¬ ‚¥¬ª√–‡∑»

ÕÕ ‡μ√‡≈’¬·π–π”«à“„π·μà≈–«—π§«√‰¥â√—∫ —ß°– ’ 12

- 16 ¡‘≈≈‘°√—¡  à«π°√–∑√«ß “∏“√≥ ÿ¢¢Õß‰∑¬

°”Àπ¥„Àâ¡’ —ß°– ’ªπ‡ªóôÕπ„πÕ“À“√‰¥â‰¡à‡°‘π 100

¡‘≈≈‘°√—¡μàÕ°‘‚≈°√—¡

πÕ°®“°π’È¬—ß¡’¡“μ√∞“π¢Õß The Australian,

New Zealand Food Authority (ANZFA) ∑’Ë

°”Àπ¥§à“§«“¡‡¢â¡¢âπ¢Õß‚≈À–Àπ—°™π‘¥μà“ßÊ ∑’Ë

¬Õ¡„Àâ¡’‰¥â„πÕ“À“√ ¥—ßπ’È [8]

NHMRC (National Health and Medical

Research Councile, Australian Government)

·π–π”«à“§à“¢Õß‚≈À–Àπ—° §◊Õ ·§¥‡¡’¬¡ μ–°—Ë«

∑Õß·¥ß ·≈– —ß°– ’ „π —μ«åπÈ”π—Èπ §«√¡’§à“ 0.03 -

2, 0.05 - 2, 0.03  - 30 ·≈– 3.6 - 100 ¡‘≈≈‘°√—¡

μàÕ°‘‚≈°√—¡πÈ”Àπ—°‡ªï¬°

Õÿª°√≥å·≈–«‘∏’°“√»÷°…“  �
°“√‡°Á∫·≈–¬àÕ¬μ—«Õ¬à“ß

∫àÕ∫”∫—¥πÈ”‡ ’¬¢Õß‡∑»∫“≈π§√π§√√“™ ’¡“

„™â√–∫∫∫”∫—¥πÈ”‡ ’¬·∫∫∫àÕº÷Ëß (Oxidation Pond)

„™â°“√¬àÕ¬ ≈“¬Õ‘π∑√’¬å “√„ππÈ”‡ ’¬¥â«¬®ÿ≈‘π∑√’¬å

μ“¡∏√√¡™“μ‘ Õ“»—¬Õ“°“»®“°°√–· ≈¡·≈–

 “À√à“¬„ÀâÕÕ°´‘‡®π·°à®ÿ≈‘π∑√’¬å ∫àÕ∫”∫—¥πÈ”‡ ’¬¡’

æ◊Èπ∑’Ëª√–¡“≥ 300 ‰√à ·∫àß°“√∫”∫—¥‡ªìπ 3  à«π

 à«π≈– 3 ∫àÕ √«¡‡ªìπ 9 ∫àÕ ∫”∫—¥πÈ”‡ ’¬‰¥â

ª√–¡“≥«—π≈– 32,000 ≈∫.¡. ‚¥¬°“√»÷°…“π—Èπ

 √Ÿª 3 μ—«Õ¬à“ß‡π◊ÈÕª≈“∑’Ë∑”°“√¬àÕ¬¥â«¬°√¥

‚≈À–Àπ—° §à“ Ÿß ÿ¥∑’Ë¬Õ¡„Àâ¡’‰¥â (¡‘≈≈‘°√—¡μàÕ°‘‚≈°√—¡)

·§¥‡¡’¬¡ (Cd)  0.2 *

μ–°—Ë« (Pb) 1.5 **

∑Õß·¥ß (Cu) 10.0 **

 —ß°– ’ (Zn)  150.0 **

À¡“¬‡Àμÿ : *  ”À√—∫°“√ – ¡„πª≈“‡∑à“π—Èπ

**  ”À√—∫Õ“À“√∑—Ë«‰ª∑’Ë‰¡à¡’√–∫ÿ„πª≈“
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∑”°“√‡°Á∫μ—«Õ¬à“ßª≈“π‘≈∑’ËÕ¬ŸàÕ“»—¬„π∫àÕ∫”∫—¥

πÈ”‡ ’¬μ“¡¢π“¥∑’Ëª√–™“™ππ‘¬¡®—∫‡æ◊ËÕπ”‰ª

√—∫ª√–∑“π ‚¥¬®–‡°Á∫®“°∑ÿ°∫àÕÊ ≈– 10 μ—«Õ¬à“ß

®“°π—Èππ”¡“∑”°“√¬àÕ¬¥â«¬°√¥ μ“¡«‘∏’¢Õß FAO/

SIDA (1983) [10]

°“√«‘‡§√“–Àåμ—«Õ¬à“ß

μ—«Õ¬à“ß∑’Ëºà“π°“√¬àÕ¬Õ¬à“ß ¡∫Ÿ√≥å·≈â« ®–

π”¡“∑”°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥ ·§¥‡¡’¬¡ μ–°—Ë«

·≈–∑Õß·¥ß ‚¥¬„™â‡§√◊ËÕß Atomic Absorption

Spectrophotometer ¢Õß Perkin Elmer √ÿàπ 4100Zl

(Furnace)  —ß°– ’ „™â‡§√◊ËÕß Atomic Absorption

Spectrophotometer ¢Õß Perkin Elmer √ÿàπ 4100

(Flame)

°“√«‘‡§√“–Àå·≈–ª√–‡¡‘πº≈¢âÕ¡Ÿ≈

º≈°“√«‘‡§√“–Àå∑’Ë‰¥â ®–π”¡“ª√–‡¡‘πº≈‚¥¬„™â

‚ª√·°√¡ ”‡√Á®√Ÿª∑“ß ∂‘μ‘μà“ßÊ ‰¥â·°à SPSS @Risk

Microsoft μà“ßÊ ‡ªìπμâπ

º≈°“√»÷°…“ �

®“°°“√‡°Á∫μ—«Õ¬à“ßª≈“®“°∫àÕ∫”∫—¥¢Õß

‡∑»∫“≈œ ∫àÕ≈– 10 μ—«Õ¬à“ß √«¡∑—Èß ‘Èπ 90 μ—«Õ¬à“ß

æ∫«à“πÈ”Àπ—°‡©≈’Ë¬¢Õßμ—«Õ¬à“ßª≈“∑—ÈßÀ¡¥ ¡’§à“

‡∑à“°—∫ 69.1 °√—¡ ‚¥¬¢π“¥·≈–®”π«π¢Õßª≈“

¥—ß· ¥ß„π√Ÿª 4

º≈°“√«‘‡§√“–Àå°“√ – ¡¢Õß‚≈À–Àπ—° 4

™π‘¥ §◊Õ ·§¥‡¡’¬¡ μ–°—Ë« ∑Õß·¥ß ·≈– —ß°– ’

æ∫«à“„π‡π◊ÈÕ¡’§à“‡©≈’Ë¬‡∑à“°—∫ 2.294 ¡‘≈≈‘°√—¡μàÕ

°‘‚≈°√—¡ πÈ”Àπ—°‡ªï¬° ·≈–„π‡§√◊ËÕß„π¡’§à“‡∑à“°—∫

5.662 ¡‘≈≈‘°√—¡μàÕ°‘‚≈°√—¡πÈ”Àπ—°‡ªï¬° ÷́Ëß„π‡π◊ÈÕ

¡’§à“πâÕ¬°«à“„π‡§√◊ËÕß„πÕ¬à“ß¡’π—¬ ”§—≠ (α = 0.05)

§à“‡©≈’Ë¬°“√ – ¡‡¡◊ËÕ®”·π°μ“¡™π‘¥¢Õß

‚≈À–„π‡π◊ÈÕ¢Õß‚≈À–Àπ—° 4 ™π‘¥¥—ß°≈à“« ¡’§à“

‡∑à“°—∫ 0.043, 0.327, 0.545 ·≈– 8.260 ¡‘≈≈‘°√—¡

μàÕ°‘ ‚≈°√—¡πÈ”Àπ—°‡ªï¬°μ“¡≈”¥—∫ §à“‡©≈’Ë¬°“√

 – ¡„π‡§√◊ËÕß„π¡’§à“‡∑à“°—∫ 0.055, 0.469, 2.537

·≈–19.587 ¡‘≈≈‘°√—¡μàÕ°‘‚≈°√—¡πÈ”Àπ—°‡ªï¬° μ“¡

≈”¥—∫ ‚¥¬·§¥‡¡’¬¡·≈–μ–°—Ë« ¡’¡“°°«à“„π‡π◊ÈÕ

ª√–¡“≥ 5/4 ‡∑à“  —ß°– ’ ¡“°°«à“ª√–¡“≥ 2.5

‡∑à“  à«π∑Õß·¥ß¡’§à“∑’Ë·μ°μà“ß°—π§àÕπ¢â“ß¡“°

§◊Õ¡’§à“‡©≈’Ë¬°“√ – ¡„π‡§√◊ËÕß„π¡“°°«à“„π‡π◊ÈÕ

ª√–¡“≥ 5 ‡∑à“

‡¡◊ËÕπ”§à“‡©≈’Ë¬°“√ – ¡¢Õß‚≈À–Àπ—°™π‘¥

μà“ßÊ „πª≈“π‘≈∑’Ë∑”°“√‡°Á∫®“°∫àÕ∫”∫—¥πÈ”‡ ’¬

¢Õß‡∑»∫“≈π§√π§√√“™ ’¡“ ¡“‡ª√’¬∫‡∑’¬∫°—∫

§à“¡“μ√∞“π¢Õßª√–‡∑»‰∑¬∑’Ë°”Àπ¥§à“°“√

 – ¡¢Õß‚≈À–Àπ—°·μà≈–™π‘¥ ‰¡àæ∫«à“§à“‡©≈’Ë¬

°“√ – ¡∑—Èß„π‡π◊ÈÕ·≈–‡§√◊ËÕß„π¢Õß‚≈À–Àπ—°

™π‘¥„¥ Ÿß°«à“§à“¡“μ√∞“π ·≈–§à“‡©≈’Ë¬°“√ – ¡

∑—ÈßÀ¡¥°Á¬—ßÕ¬Ÿà„π™à«ß§”·π–π”¢Õß NHMRC ·μà

Õ¬à“ß‰√°Áμ“¡À“°„™â§à“¡“μ√∞“πÕ“À“√√–À«à“ß

ª√–‡∑» (Codex) ‚¥¬‡©æ“–§à“¢Õßμ–°—Ë«„πª≈“

‰«â‰¡à‡°‘π 0.2 ¡‘≈≈‘°√—¡ μàÕ°‘‚≈°√—¡ °Á®–æ∫«à“

§à“‡©≈’Ë¬°“√ – ¡∑—Èß„π‡π◊ÈÕ·≈–‡§√◊ËÕß„π¡’§à“ Ÿß°«à“

0.2 ¡‘≈≈‘°√—¡μàÕ°‘‚≈°√—¡

πÕ°®“°π’È ¬—ß¡’°“√»÷°…“¢ÕßÀπà«¬ß“πμà“ßÊ

‡°’Ë¬«°—∫°“√ – ¡¢Õß‚≈À–Àπ—°‡À≈à“π’È ‡™àπ

 ∂“∫—π«‘®—¬«‘∑¬“»“ μ√å∑“ß∑–‡≈ ¡À“«‘∑¬“≈—¬∫Ÿ√æ“

»÷°…“ª√‘¡“≥‚≈À–Àπ—°∫“ß™π‘¥„π —μ«å∑–‡≈∑’Ë¡’

§ÿ≥§à“∑“ß‡»√…∞°‘®∫√‘‡«≥™“¬Ωíòß∑–‡≈¿“§μ–«—π

ÕÕ° æ∫°“√ – ¡¢Õß·§¥‡¡’¬¡ μ–°—Ë«  —ß°– ’ ·≈–

∑Õß·¥ß ¥—ßμ“√“ß∑’Ë 2 [11]

®“°º≈°“√»÷°…“¥—ß°≈à“« æ∫«à“°“√ – ¡

¢Õßμ–°—Ë«¡’§à“ Ÿß°«à“¡“μ√∞“π‡°Á∫∑ÿ°μ—«Õ¬à“ß ‚¥¬

‡©æ“–ÀÕ¬π“ß√¡π—Èπ¡’§à“°“√ – ¡¢Õß∑Õß·¥ß

·≈– —ß°– ’ Ÿß°«à“§à“¡“μ√∞“π¥â«¬ ¢âÕ¡Ÿ≈¢Õß
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Àπà«¬μ√«®√—∫√Õß‡æ◊ËÕ àßÕÕ°¢Õß°√¡ª√–¡ß„πªï

2542 æ∫ª√‘¡“≥·§¥‡¡’¬¡‡°‘π 1 ¡‘≈≈‘°√—¡μàÕ

°‘‚≈°√—¡ „πÀ¡÷° “¬ À¡÷°°√–¥Õß ·≈–À¡÷°°≈â«¬

√âÕ¬≈– 24.8 (270 μ—«Õ¬à“ß) 24.13 (472 μ—«Õ¬à“ß)

·≈– 19 (470 μ—«Õ¬à“ß) [4] „π¢≥–∑’Ë°“√√“¬ß“π

º≈¢Õß°√–∑√«ß “∏“√≥ ÿ¢ °√≥’À≈—ß§≈◊Ëπ ÷π“¡‘

„πæ◊Èπ∑’Ë 6 ®—ßÀ«—¥∑’Ëª√– ∫‡Àμÿπ—Èπ ‰¡àæ∫«à“¡’°“√

ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—°·μàÕ¬à“ß„¥ [1]

√Ÿª∑’Ë 4 ®”π«π¢Õßμ—«Õ¬à“ßª≈“„π·μà≈–¢π“¥ (°√—¡)

√Ÿª∑’Ë 5 ™à«ß°“√ – ¡¢Õß‚≈À–Àπ—°„π‡π◊ÈÕ·≈–‡§√◊ËÕß„π¢Õßμ—«Õ¬à“ß
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º≈°“√μ√«®‚≈À–Àπ—°∑’Ëæ∫ª√–®”‰¥â·°à  “√ª√Õ∑ ·§¥‡¡’¬¡ ·≈–μ–°—Ë« „πÕ“À“√∑–‡≈μà“ßÊ ‡™àπ

°ÿâß ÀÕ¬ ª≈“ ·≈–ª≈“À¡÷° ¢Õß°√¡«‘∑¬“»“ μ√å°“√·æ∑¬å √–À«à“ßªï æ.». 2535-2537 ®”π«π 1,368

μ—«Õ¬à“ß æ∫«à“√âÕ¬≈– 0.8 ¡’§à“°“√ – ¡‡°‘π¡“μ√∞“π

√Ÿª∑’Ë 6.1 - 6.4 ‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬°“√ – ¡¢Õß‚≈À–Àπ—°√–À«à“ß„π‡π◊ÈÕ·≈–‡§√◊ËÕß„π¢Õßμ—«Õ¬à“ßª≈“

°“√»÷°…“¢Õßμà“ßª√–‡∑» ‡™àπ °“√»÷°…“¢Õß

Mohamed Ali ZYADAH »÷°…“‡√◊ËÕß Accumula-

tion of Some Heavy Metals in Tilapia Zilli

Organs From Lake Manzalah, Egypt æ∫

«à“°“√ – ¡¢Õß‚≈À–Àπ—° §◊Õ ·§¥‡¡’¬¡ μ–°—Ë«

∑Õß·¥ß ·≈– —ß°– ’ ¡’§à“ 0.05-0.64, 0.06-0.52,

0.23-2.10 ·≈– 7.15-49.60 ¡‘≈≈‘°√—¡μàÕ°‘‚≈°√—¡ πÈ”

Àπ—°‡ªï¬° μ“¡≈”¥—∫ [9]

 √ÿª �
®“°°“√»÷°…“æ∫«à“§à“‡©≈’Ë¬°“√ – ¡¢Õß

‚≈À–Àπ—°„π‡§√◊ËÕß„π¡’¡“°°«à“„π‡π◊ÈÕÕ¬à“ß¡’π—¬

 ”§—≠ ‚¥¬·§¥‡¡’¬¡ ·≈–μ–°—Ë« ¡’§à“‡©≈’Ë¬°“√

 – ¡„π‡§√◊ËÕß„π¡“°°«à“„π‡π◊ÈÕª√–¡“≥ 5/4 ‡∑à“

 —ß°– ’ ¡“°°«à“ª√–¡“≥ 2.5 ‡∑à“  à«π∑Õß·¥ß¡’

§à“∑’Ë·μ°μà“ß°—π§àÕπ¢â“ß¡“° §◊Õ¡’§à“‡©≈’Ë¬°“√

√Ÿª∑’Ë 6.1 ·§¥‡¡’¬¡ √Ÿª∑’Ë 6.2 μ–°—Ë«

√Ÿª∑’Ë 6.3 ∑Õß·¥ß √Ÿª∑’Ë 6.4  —ß°– ’
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 – ¡„π‡§√◊ËÕß„π¡“°°«à“„π‡π◊ÈÕª√–¡“≥ 5 ‡∑à“

 à«π§à“‡©≈’Ë¬°“√ – ¡¢Õß‚≈À–Àπ—°∑ÿ°™π‘¥∑—Èß„π

‡π◊ÈÕ·≈–‡§√◊ËÕß„π¡’§à“μË”°«à“§à“¡“μ√∞“π¢Õß

ª√–‡∑»‰∑¬ ·μà‡¡◊ËÕ‡ª√’¬∫°—∫¡“μ√∞“πÕ“À“√

√–À«à“ßª√–‡∑» (Codex) æ∫«à“§à“‡©≈’Ë¬°“√

 – ¡¢Õßμ–°—Ë«∑—Èß„π‡π◊ÈÕ·≈–‡§√◊ËÕß„π¡’§à“ Ÿß°«à“

¢âÕ‡ πÕ·π– �
∂÷ß·¡â«à“º≈°“√»÷°…“®–æ∫«à“§à“‡©≈’Ë¬°“√

 – ¡„πª≈“π‘≈μË”°«à“§à“¡“μ√∞“π¢Õßª√–‡∑»‰∑¬

·≈–§à“‡©≈’Ë¬°“√ – ¡∑—ÈßÀ¡¥°Á¬—ßÕ¬Ÿà„π™à«ß§”

·π–π”¢Õß NHMRC ·μà‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫

¡“μ√∞“πÕ“À“√√–À«à“ßª√–‡∑» (Codex) æ∫«à“

μ–°—Ë«¡’§à“‡©≈’Ë¬°“√ – ¡ Ÿß°«à“§à“¡“μ√∞“π ·≈–

∑’Ë ”§—≠°Á§◊Õ«à“ μ–°—Ë«®–¡’º≈°√–∑∫μàÕ‡¥Á° ‚¥¬

‡©æ“–„π‡√◊ËÕß¢Õßæ—≤π“°“√¥â“π°“√‡√’¬π√Ÿâ(6)

πÕ°®“°π’È „π°“√»÷°…“„π§√—Èßπ’È ‡ªìπ°“√»÷°…“

‡æ’¬ß°“√ – ¡¢Õß‚≈À–‡∑à“π—Èπ ·μà„π ¿“æ

μ“√“ß∑’Ë 2 °“√ – ¡¢Õß‚≈À–Àπ—°∑’Ë∑”°“√»÷°…“‚¥¬  ∂“∫—π«‘®—¬«‘∑¬“»“ μ√å∑“ß∑–‡≈ ¡À“«‘∑¬“≈—¬∫Ÿ√æ“

·«¥≈âÕ¡¢Õß∫àÕ∫”∫—¥®√‘ßÊ π—Èπ ¬—ß¡’Õ—πμ√“¬∑’Ë

Õ“®®–‡°‘¥®“° à«πÕ◊ËπÊ Õ’° ‡™àπ ‡™◊ÈÕ‚√§μà“ßÊ

 “√æ‘…ª√–‡¿∑Õ◊ËπÊ ‡ªìπμâπ ¥—ßπ—Èπ ‡æ◊ËÕ‡ªìπ°“√

ªÑÕß°—πªí≠À“μà“ßÊ ¥â“π ÿ¢¿“æ∑’ËÕ“®®–‡°‘¥¢÷Èπ

®÷ß‰¡à§«√Õ¬à“ß¬‘Ëß∑’Ë®–¡’°“√π”ª≈“™π‘¥μà“ßÊ ®“°

∫àÕ∫”∫—¥¡“∫√‘‚¿§À“°¬—ß‰¡à¡’°“√»÷°…“∂÷ ß

Õ—πμ√“¬„Àâ§√Õ∫§≈ÿ¡‡ ’¬°àÕπ

°‘μμ‘°√√¡ª√–°“» �
§≥–ºŸâ«‘®—¬„§√à¢Õ¢Õ∫§ÿ≥∫ÿ§§≈·≈–Àπà«¬ß“π

μà“ßÊ ∑’Ë‰¥â„Àâ§«“¡√à«¡¡◊Õ„π°“√»÷°…“„π§√—Èßπ’È„π

∑ÿ°¢—ÈπμÕπ Õ—π‰¥â·°à‡®â“Àπâ“∑’Ë¢Õß‡∑»∫“≈π§√

π§√√“™ ’¡“ ‡®â“Àπâ“∑’Ë¢Õß ”π—°ß“π ‘Ëß·«¥≈âÕ¡

¿“§∑’Ë 11 π§√√“™ ’¡“ ·≈–∑’Ë¢“¥‰¡à‰¥â°Á§◊Õ

ª√–™“™π∑’Ë¡’°“√®—∫ª≈“®“°∫àÕ∫”∫—¥œ ¡“∫√‘‚¿§

∑’Ë‰¥â„Àâ¢âÕ¡Ÿ≈μà“ßÊ √«¡∑—Èß„Àâ§«“¡Õπÿ‡§√“–Àå„π

°“√‡°Á∫μ—«Õ¬à“ßª≈“‡æ◊ËÕ∑”°“√»÷°…“

        §à“‡©≈’Ë¬°“√ – ¡ (¡‘≈≈‘°√—¡μàÕ°‘‚≈°√—¡ πÈ”Àπ—°‡ªï¬°)
™π‘¥¢Õß —μ«å ·§¥‡¡’¬¡ μ–°—Ë« ∑Õß·¥ß  —ß°– ’

ª≈“ 0.017 2.631 0.734 5.404

À¡÷° 0.124 2.535 2.404 12.938

ªŸ¡â“ 0.246 1.610 9.866 25.201

°—Èßμ—Í°·μπ 1.225 3.442 17.234 22.531

ÀÕ¬π“ß√¡ 0.849 5.296 47.831 160.221

°ÿâß 0.074 0.960 1.963 13.464
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