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‚§√ß°“√«‘®—¬·≈–æ—≤π“
‡∑§‚π‚≈¬’ ‘Ëß·«¥≈âÕ¡¥â“ππÈ”





‚§√ß°“√«‘®—¬·≈–æ—≤
π“‡∑§‚π‚≈¬’ ‘Ëß·«¥≈âÕ¡¥â“ππÈ”

ª√–®”ªï 2544 - 2546

1

Abstract
This research studied optimum conditions

of the purge and trap gas chromatograph equipped

with photo-ionization detectors for determining

12 volatile organic compounds in groundwater.

The method was tested with samples collected

from 255 well around 12 industrial areas. The

results show that the developed method can be

effectively used for detection contamination level

of VOCs in groundwater. The results of method

testing indicated that 10 types of VOCs compounds

were detected in 50 wells from 255 investigated

wells around 12 industrial areas. However, the

contamination level is lower than groundwater

quality standard.

∫∑§—¥¬àÕ
ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡¢Õß

°“√«‘‡§√“–Àå “√Õ‘π∑√’¬å√–‡À¬ 12 ™π‘¥ „ππÈ”„µâ¥‘π

‚¥¬„™â‡∑§π‘§ purge and trap-gas chromatograph

´÷Ëß¡’ photoionization ‡ªìπ‡§√◊ËÕß«—¥ ‚¥¬»÷°…“ ¿“«–

∑’Ë‡À¡“– ¡∑’Ë„™â„π°“√∑¥≈Õß ·≈–π”«‘∏’∑’Ëæ—≤π“‰¥â¡“

µ√«® Õ∫ª√‘¡“≥°“√ªπ‡ªóôÕπ¢Õß “√Õ‘π∑√’¬å√–‡À¬

„π∫àÕπÈ”„µâ¥‘π 255 ∫àÕ ∑’Ë‡°Á∫√Õ∫π‘§¡ Õÿµ “À°√√¡

12 ·Ààß æ∫«à“ “¡“√∂„™â«‘∏’°“√∑’Ëæ—≤π“¢÷Èπ¡“µ√«® Õ∫

√–¥—∫°“√ªπ‡ªóôÕπ¢Õß “√Õ‘π∑√’¬å√–‡À¬„π∫àÕπÈ”„µâ¥‘π

·≈–æ∫°“√ªπ‡ªóôÕπ¢Õß “√Õ‘π∑√’¬å√–‡À¬™π‘¥µà“ßÊ

®”π«π 10 ™π‘¥ „π∫àÕ 50 ∫àÕ ¢Õß∫àÕ∫“¥“≈∑—ÈßÀ¡¥

∑’Ë∑”°“√ ”√«® Õ¬à“ß‰√°Áµ“¡§«“¡‡¢â¡¢âπ¢Õß “√

Õ‘π∑√’¬å√–‡À¬∑’Ëµ√«® Õ∫‰¥â¡’§à“µË”°«à“∑’Ë°”Àπ¥‰«â„π

¡“µ√∞“π§ÿ≥¿“æπÈ”„µâ¥‘π1

1. ∫∑π”
„π™à«ß 10 ªï∑’Ëºà“π¡“ª√–‡∑»‰∑¬¡’°“√æ—≤π“

π”πÈ”∫“¥“≈¡“„™âÕ¬à“ß·æ√àÀ≈“¬∑—Èß„π™ÿ¡™π‡¡◊Õß·≈–

™ÿ¡™π™π∫∑ ∑—Èßπ’È‡π◊ËÕß®“°·À≈àßπÈ”∫“¥“≈‡ªìπ·À≈àßπÈ”

∏√√¡™“µ‘¢π“¥„À≠à∑’Ëπ‘¬¡π”¡“„™âÕÿª‚¿§∫√‘‚¿§ ·≈–

„ ™â „π¿“§Õÿµ “À°√√¡ ®“°°“√¢¬“¬µ—«¢Õß¿“§

Õÿµ “À°√√¡ ¡’°“√„™â “√Õ‘π∑√’¬å√–‡À¬„π°√–∫«π

°“√º≈‘µ∑“ßÕÿµ “À°√√¡À≈“¬™π‘¥ ‡™àπ Õÿµ “À°√√¡

°“√æ—≤π“‡∑§π‘§°“√µ√«® Õ∫°“√ªπ‡ªóôÕπ
¢Õß “√Õ‘π∑√’¬å√–‡À¬„ππÈ”„µâ¥‘π®“°π‘§¡Õÿµ “À°√√¡
Development of Technique on Investigation of Groundwater
Contamination by Volatile Organic Compounds (VOCs) from Industry

π“¬ ’Àπ“∂ ™“≠≥√ß§å π“¬¡’»—°¥‘Ï ¡‘≈‘π∑«‘ ¡—¬
π“¬æ’√æß…å  ÿπ∑√‡¥™– π“ß “« ÿ«√√≥’ ∫ÿ≠ àß‰æ‚√®πå

»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√. 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
Environmental Research and Training Center, Department of Environmental Quality Promotion. Technopolis. Kolng 5 Klong Luang, Pathumthani 12120
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Õ‘‡≈§‚∑√π‘§ Õÿµ “À°√√¡º≈‘µ‚≈À– Õÿµ “À°√√¡º≈‘µ

™‘Èπ à«π·≈–‡§√◊ËÕß®—°√ Õÿµ “À°√√¡ ™–≈â“ß ‡ªìπµâπ

´÷Ëß„πªí®®ÿ∫—πæ∫«à“°“√„™â “√Õ‘π∑√’¬å√–‡À¬¡’ª√‘¡“≥

‡æ‘Ë¡¡“°¢÷Èπ  “√Õ‘π∑√’¬å√–‡À¬‰¥â°àÕ„Àâ‡°‘¥ªí≠À“°“√

ªπ‡ªóôÕππÈ”„µâ¥‘π„π‡¢µÕÿµ “À°√√¡¢ÕßÀ≈“¬ª√–‡∑»

®“°º≈¥—ß°≈à“«∑”„ÀâπÈ”„µâ¥‘π¡’§«“¡‡ ’Ë¬ß ŸßµàÕ°“√

ªπ‡ªóôÕπ®“° “√Õ‘π∑√’¬å√–‡À¬ ∂â“À“°®—¥°“√‰¡à∂Ÿ°«‘∏’2

‡∑§π‘§ purge and trap ∑’Ë„™â„π°“√»÷°…“§√—Èßπ’È

ª√–¬ÿ°µå®“°À≈—°°“√«‘‡§√“–Àå‚¥¬«‘∏’¢Õß U.S.EPA.

Method 502.23 ´÷Ë ß „ ™â photoionization and

electrolytic conductivity ‡ªìπµ—«µ√«®«—¥ ·≈–„™â

Adsorbance trap packing ÷́Ëßª√–°Õ∫¥â«¬ activated

charcoal, silica gel, tenax Õ¬à“ß‰√°Áµ“¡„π°“√»÷°…“

§ √—È ß π’È „™â ‡©æ“– photoionization ‡∑à “π—È π ‡ªìπµ—«

µ√«®«—¥·≈–„™â Adsorbance trap packing ´÷Ëß¡’

Carbon molecular sieve ·≈– graphitized carbon

black ‡ªìπÕß§åª√–°Õ∫∑’Ë “¡“√∂∑π§«“¡√âÕπ Ÿß4

∑”„Àâ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√«‘‡§√“–Àå πÕ°®“°π’È√Ÿª√à“ß

·≈–¢π“¥¢Õß purging device ¡’§«“¡·µ°µà“ß

®“°∑’Ë°”Àπ¥‰«â „π U.S.EPA. Method 502.2 ÷́Ë ß

ª√– ‘∑∏‘¿“æ„π°“√‰≈à “√Õ‘π∑√’¬å√–‡À¬ÕÕ°®“°

µ—«Õ¬à“ßπÈ”¢÷ÈπÕ¬Ÿà°—∫√Ÿª√à“ß·≈–¢π“¥¢Õß purging

device ¥—ß°≈à“«¢â“ßµâπ

¥—ßπ—Èπ®÷ß¡’§«“¡®”‡ªìπ„π°“√æ—≤π“‡∑§‚π‚≈¬’

∑’Ë‡À¡“– ¡°—∫Õÿª°√≥å∑’Ë¡’Õ¬Ÿà ‡æ◊ËÕ„™â„π°“√µ‘¥µ“¡µ√«®

 Õ∫°“√ªπ‡ªóôÕπ¢ÕßπÈ”„µâ¥‘π‡æ◊ËÕª√–‡¡‘π ∂“π°“√≥å

°“√ªπ‡ªóôÕπ¢ÕßπÈ”„µâ¥‘π®“°°“√„™â “√Õ‘π∑√’¬å√–‡À¬

¢Õß‚√ßß“πÕÿµ “À°√√¡ ÷́Ëß “¡“√∂„™â‡ªìπ¢âÕ¡Ÿ≈ ”À√—∫

°”Àπ¥·π«∑“ß„π°“√∫√‘À“√®—¥°“√‡æ◊ËÕ·°âªí≠À“π’È

µàÕ‰ª

2. «— ¥ÿÕÿª°√≥å·≈–«‘∏’¥”‡π‘π°“√

2.1 ‡§√◊ËÕß¡◊Õ·≈– “√‡§¡’
2.1.1  ‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å

■ ‡§√◊ËÕß≈â“ßÀ≈Õ¥ (Six Tube Conditioner)

º≈‘µ‚¥¬∫√‘…—∑ Dynatherm Analytical Instrument, Inc.

√ÿàπ 60

■ ‡§√◊ËÕß Purge and Trap º≈‘µ‚¥¬∫√‘…—∑

Dynatherm Analytical Instrument, Inc. √ÿàπ 30

■ ‡§√◊ËÕß·°ä ‚§√¡“‚µ°√“ø º≈‘µ‚¥¬∫√‘…—∑

HNU System, Inc. √ÿàπ 321 ‚¥¬„™â Photoionization

Detector

■ ‡§√◊ËÕß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ (Microcontroller)

º≈‘µ‚¥¬∫√‘…—∑ HNU System, Inc. √ÿàπ µP.

■ ‡§√◊ËÕßª√–¡«≈º≈ º≈‘µ‚¥¬∫√‘…—∑ PE

Nelson √ÿàπ 1022

■ ‡§√◊ËÕß Thermal Desorption Unit (TDU)

º≈‘µ‚¥¬∫√‘…—∑ Dynatherm Analytical Instrument,

Inc. √ÿàπ Acem 900

■ ¢«¥·°â«‡°Á∫πÈ”µ—«Õ¬à“ß (screw cap vial)

¢π“¥ 25 ¡‘≈≈‘≈‘µ√

■ ·ºàπ¬“ß√Õß∑—∫¢«¥‡°Á∫πÈ”µ—«Õ¬à“ß (PTFE

faced silicone septum)

■ ‰¡‚§√‰´√‘ß (Microsyring) ¢π“¥ 10.00,

100.00, ·≈– 250.00 ‰¡‚§√≈‘µ√

■ À≈Õ¥·°â« ”À√—∫∫√√®ÿπÈ”µ—«Õ¬à“ß ”À√—∫

‡§√◊ËÕß purge and trap ¢π“¥ 20¡‘≈≈‘≈‘µ√

■ À≈Õ¥¥Ÿ¥´—∫ “√µ—«Õ¬à“ß (Adsorbent

Tube) carbotrap 302 ,Supelco.

2.1.2  “√‡§¡’

■  “√Õ‘π∑√’¬å√–‡À¬¡“µ√∞“π 12 ™π‘¥ ‰¥â·°à

1,1,1-‰µ√§≈Õ‚√‡Õ∑∏‘≈’π, 1,1,2-‰µ√§≈Õ‚√‡Õ∑∏‘≈’π,

1,1-‰¥§≈Õ‚√‡Õ∑∏‘≈’π, ∑√“π 1,2-‰¥§≈Õ‚√‡Õ∑∏‘≈’π,

´’  1,2-‰¥§≈Õ‚√‡Õ∑∏‘≈’π, ‡∫π ’́π, ‰µ√§≈Õ‚√‡Õ∑∏‘≈’π,

‚∑≈ŸÕ’π, ‡µµ√–§≈Õ‚√‡Õ∑∏‘≈’π, ‡Õ∑∏‘≈‡∫π´’π, ‰´≈’π,

·≈–  ‰µ√’π ®“°∫√‘…—∑ Chem Service.

■  “√≈–≈“¬‡¡∑“πÕ≈ 99.8 ‡ªÕ√å‡´Áπµå ‡°√¥

HPLC ®“°∫√‘…—∑ J.T Baker Chemical Company

■ πÈ”°≈—Ëπ∑’Ëª√“»®“°‰ÕÕÕπ ( Double distilled

water)

2.2 «‘∏’°“√«‘‡§√“–Àå “√Õ‘π∑√’¬å√–‡À¬
‚¥¬„™â‡∑§π‘§ Purge and trap ·≈– Thermal
desorption unit-Gas chromatograph
‚¥¬„™â photoionization detector ‡æ◊ËÕµ√«®«—¥

·≈–«‘‡§√“–Àå™π‘¥√«¡∑—Èßª√‘¡“≥¢Õß “√Õ‘π∑√’¬å√–‡À¬

¡’¢—ÈπµÕπ¥—ßπ’È

■ ≈â“ßÀ≈Õ¥¥Ÿ¥´—∫ “√µ—«Õ¬à“ß (adsorbent

tube) ‚¥¬„™â‡§√◊ËÕß≈â“ßÀ≈Õ¥ (six-tube conditioner)
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‚¥¬„Àâ§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 390 Õß»“‡´≈‡ ’́¬  „π™à«ß

‡«≈“∑’Ë ‡À¡“– ¡°—∫À≈Õ¥¥Ÿ¥´—∫ æ√âÕ¡°—∫ºà“π°ä“´

‰π‚µ√‡®π∑’Ë¡’Õ—µ√“°“√‰À≈ 60 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ „Àâ·°à

À≈Õ¥¥Ÿ¥ —́∫ “√µ—«Õ¬à“ß‡æ◊ËÕ‰≈à ‘Ëß °ª√°∑’Ë ‰¡àµâÕß°“√ÕÕ°

■ ‰≈à·≈–¥—°®—∫ “√Õ‘π∑√’¬å√–‡À¬ÕÕ°®“°

µ—«Õ¬à“ßπÈ”¥â«¬‡§√◊ËÕß purge and trap ‚¥¬„™â

À≈Õ¥·°â«∫√√®ÿµ—«Õ¬à“ßπÈ”¢π“¥ 20 ¡‘≈≈‘≈‘µ√ ∑’Ë∫√√®ÿ

µ—«Õ¬à“ßπÈ” 10 ¡‘≈≈‘≈‘µ√ æ√âÕ¡°—∫ºà“π°ä“´‰π‚µ√‡®π

∑’Ë¡’Õ—µ√“°“√‰À≈ 50 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ „π™à«ß√–¬–‡«≈“

∑’Ë‡À¡“– ¡‡æ◊ËÕ‰≈à “√Õ‘π∑√’¬å√–‡À¬®“°µ—«Õ¬à“ßπÈ”‡¢â“ Ÿà

À≈Õ¥¥Ÿ¥´—∫ “√µ—«Õ¬à“ß À≈—ß®“°π—Èπ°”®—¥‰ÕπÈ”ÕÕ°

®“°À≈Õ¥¥Ÿ¥ —́∫ “√µ—«Õ¬à“ß‚¥¬ºà“π°ä“´‰π‚µ√‡®π∑’Ë¡’

Õ—µ√“°“√‰À≈ 25 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ ·≈–„Àâ§«“¡√âÕπ·°à

À≈Õ¥¥Ÿ¥´—∫ “√µ—«Õ¬à“ß∑’ËÕÿ≥À¿Ÿ¡‘ 40 Õß»“‡´≈‡´’¬ 

‡ªìπ‡«≈“ 7 π“∑’

■ ‰≈à “√Õ‘π∑√’¬å√–‡À¬ÕÕ°®“°À≈Õ¥¥Ÿ¥´—∫

 “√µ—«Õ¬à“ß‡¢â“ Ÿà§Õ≈—¡πå¢Õß‡§√◊ËÕß°ä“´‚§√¡“‚µ°√“ø

¥â«¬‡§√◊ËÕß thermal desorption unit ‚¥¬π”À≈Õ¥

¥Ÿ¥´—∫µ—«Õ¬à“ßµ‘¥µ—Èß„π‡§√◊ËÕßthermal desorption unit

‡æ‘Ë¡§«“¡√âÕπÕ¬à“ß√«¥‡√Á«®πÕÿ≥À¿Ÿ¡‘¡’§à“ 375 Õß»“

‡´≈‡´’¬  ·≈–§ßÕÿ≥À¿Ÿ¡‘„π™à«ß‡«≈“∑’Ë‡À¡“– ¡ æ√âÕ¡

°—∫ºà“π°ä“´‰π‚µ√‡®π∑’Ë¡’Õ—µ√“°“√‰À≈ 10.5 ¡‘≈≈‘≈‘µ√

µàÕπ“∑’ ‡æ◊ËÕ‰≈à “√Õ‘π∑√’¬å√–‡À¬®“°À≈Õ¥¥Ÿ¥´—∫ “√

µ—«Õ¬à“ßºà“π transfer line ‡¢â“ Ÿà§Õ≈—¡πå¢Õß‡§√◊ËÕß°ä“´

‚§√¡“‚µ°√“ø

■ ·¬° “√Õ‘π∑√’¬å√–‡À¬·µà≈–™π‘¥ÕÕ°®“°

°—π¥â«¬‡§√◊ËÕß°ä“´‚§√¡“‚µ°√“ø ´÷Ëß„™â§Õ≈—¡πå™π‘¥

ultra alloy 502 (cyanopropyl phenyl) ¬“« 30 ‡¡µ√

¡’‡ âπºà“π»Ÿπ¬å°≈“ß 0.5 ¡‘≈≈‘‡¡µ√ „™â°ä“´‰π‚µ√‡®π

§«“¡∫√‘ ÿ∑∏‘Ï 99.999% ‡ªìπ°ä“´µ—«æ“ ‚¥¬¡’Õ—µ√“

°“√‰À≈ 10.5 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ Õÿ≥À¿Ÿ¡‘¢Õß‡µ“ (oven

temperature) 55 Õß»“‡´≈‡ ’́¬  ·≈–Õÿ≥À¿Ÿ¡‘¢Õß

µ—«µ√«®«—¥ (detector temperature) 110 Õß»“

‡´≈‡´’¬ ‚¥¬„™âµ—«µ√«®«—¥·∫∫ photoionization

detctor 2 µ—«µàÕ‡™◊ËÕ¡°—π´÷Ëß¡’æ≈—ßß“π 10.2 ·≈– 11.7

Õ‘‡≈§µ√Õπ‚«≈∑å ‡¡◊ËÕ “√Õ‘π∑√’¬å√–‡À¬∑’ËÕÕ°®“°

§Õ≈—¡πå‡¢â“ Ÿàµ—«µ√«®«—¥ µ—«µ√«®«—¥®–∑”„Àâ‡°‘¥°“√

‡ª≈’Ë¬π·ª≈ß¢Õß°√–· ‰øøÑ“ ´÷Ëß‡ªìπ —¥ à«π‚¥¬µ√ß°—∫

ª√‘¡“≥¢Õß “√Õ‘π∑√’¬å√–‡À¬∑’ËµâÕß°“√«‘‡§√“–Àå

■  —≠≠“≥‰øøÑ“∑’Ë‡°‘¥¢÷Èπ®–∂Ÿ° àß‡¢â“‡§√◊ËÕß

ª√–¡«≈º≈ (integrator) ‡æ◊ËÕ√–∫ÿ™π‘¥·≈–§”π«≥§«“¡

‡¢â¡¢âπ¢Õß “√Õ‘π∑√’¬å√–‡À¬

2.3 °“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡
2.3.1 »÷°…“‡«≈“∑’Ë‡À¡“– ¡¢Õß‡§√◊ËÕß≈â“ßÀ≈Õ¥

(Six-tube conditioner) „π°“√≈â“ßÀ≈Õ¥¥Ÿ¥´—∫µ—«Õ¬à“ß

∑’Ë‡«≈“ 15,30,45 ·≈– 60 π“∑’

2.3.2 »÷°…“‡«≈“∑’Ë‡À¡“– ¡¢Õß‡§√◊ËÕß Purge

and trap „π°“√ °—¥ “√Õ‘π∑√’¬å√–‡À¬ÕÕ°®“°πÈ”

µ—«Õ¬à“ß∑’Ë‡«≈“ 10,15,20,25 ·≈– 30 π“∑’

2.3.3 »÷°…“‡«≈“∑’Ë‡À¡“– ¡¢Õß‡§√◊ËÕß Thermal

desorption unit „π°“√‰≈à “√Õ‘π∑√’¬å√–‡À¬ÕÕ°®“°

À≈Õ¥¥Ÿ¥´—∫ “√∑’Ë‡«≈“ 1,2,3,4,5 ·≈– 6 π“∑’

2.3.4 »÷°…“§à“§«“¡‡¢â¡¢âπµË”∑’Ë ÿ¥∑’Ë‡∑§π‘§π’È®–

«‘‡§√“–Àå‰¥â (Method detection limit) ‚¥¬«‘‡§√“–Àå

§«“¡‡¢â¡¢âπ¢Õß “√Õ‘π∑√’¬å√–‡À¬¡“µ√∞“π 10 §à“

µ—Èß·µà 0.1-1.0 ‰¡‚§√°√—¡µàÕ≈‘µ√ §”π«≥À“§«“¡

‡¢â¡¢âπ‚¥¬„™â°√“ø¡“µ√∞“π π”§à“§«“¡‡¢â¡¢âπ∑’Ë„Àâæ◊Èπ∑’Ë

„µâæ’°µË”∑’Ë ÿ¥ «‘‡§√“–Àå 7 ´È” §”π«≥À“§à“‡∫’Ë¬ß‡∫π

¡“µ√∞“π (standard deviation) ¢Õß§«“¡‡¢â¡∑’Ë

«‘‡§√“–Àå´È” 7 §√—Èß ´÷Ëß “¡“√∂À“§à“§«“¡‡¢â¡¢âπµË” ÿ¥∑’Ë

‡∑§π‘§π’È “¡“√∂«‘‡§√“–Àå‰¥â (MDL) = 3.143 x SD

2.3.5 »÷ °…“§«“¡·¡àπ¬”¢Õß°“√∑¥≈Õß

(Precision)®“°§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π —¡æ—∑∏å (Relative

standard deviation) ¢Õß°“√∑¥≈Õß ‚¥¬∑”°“√

«‘‡§√“–Àå “√Õ‘π∑√’¬å√–‡À¬¡“µ√∞“π§«“¡‡¢â¡¢âπ

10 ‰¡‚§√°√—¡µàÕ≈‘µ√ ∑”°“√∑¥≈Õß 7 §√—Èß ∑’Ë ¿“«–

‡¥’¬«°—π

2.3.6 »÷°…“ª√– ‘∑∏‘¿“æ¢Õß°“√ °—¥ “√

Õ‘π∑√’¬å√–‡À¬ÕÕ°®“°πÈ”µ—«Õ¬à“ß¥â«¬‡∑§π‘§ Purge

and trap °ä“´‚§√¡“‚µ°√“ø ‚¥¬»÷°…“®“°§à“

‡ªÕ√å‡´Áπµå°“√‰¥â°≈—∫§◊π (% Recovery) ‚¥¬∑”°“√

∑¥≈Õß«‘‡§√“–Àå “√Õ‘π∑√’¬å√–‡À¬¡“µ√∞“π§«“¡‡¢â¡¢âπ

10 ‰¡‚§√°√—¡µàÕ≈‘µ√ ∑”°“√∑¥≈Õß 7 §√—Èß ∑’Ë ¿“«–

‡¥’¬«°—π
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2.4 »÷°…“ª√‘¡“≥ “√Õ‘π∑√’¬å√–‡À¬
„πµ—«Õ¬à“ßπÈ”„µâ¥‘π‡æ◊ËÕª√–‡¡‘π ∂“π°“√≥å
°“√ªπ‡ªóôÕπ¢ÕßπÈ”„µâ¥‘π

®“°ß“π«‘®—¬¢Õß ∂“∫—π ‘Ëß·«¥≈âÕ¡‰∑¬5 æ∫«à“

¡’°“√„™â·≈–°“√®—¥°“√ “√Õ‘π∑√’¬å√–‡À¬„π‡¢µπ‘§¡

Õÿµ “À°√√¡∫“ß·Ààß„πª√–‡∑»‰∑¬ ß“π«‘®—¬π’È®÷ß‰¥â

‡≈◊Õ°π‘§¡Õÿµ “À°√√¡∑’Ë¡’°“√„™â “√Õ‘π∑√’¬å√–‡À¬

®”π«π 12 ·Ààß  ”À√—∫µ‘¥µ“¡µ√«® Õ∫°“√ªπ‡ªóôÕπ

¢ÕßπÈ”„µâ¥‘π ‚¥¬∑”°“√‡°Á∫ µ—«Õ¬à“ßπÈ”∫√‘‡«≥√Õ∫

π‘§¡Õÿµ “À°√√¡ 12 ·Ààß ‰¥â·°à π‘§¡Õÿµ “À°√√¡

¿“§‡Àπ◊Õ ®”π«π 52 ∫àÕ, π‘§¡Õÿµ “À°√√¡¡“∫µ“æÿ¥

®”π«π 26 ∫àÕ, ‡¢µª√–°Õ∫°“√Õÿµ “À°√√¡ TPI

®”π«π 22 ∫àÕ, π‘§¡Õÿµ “À°√√¡Õ’ ‡∑Õ√åπ´’∫Õ√å¥

®”π«π 2 ∫àÕ, π‘§¡Õÿµ “À°√√¡·À≈¡©∫—ß ®”π«π

14 ∫àÕ, π‘§¡Õÿµ “À°√√¡™≈∫ÿ√’ ®”π«π 15 ∫àÕ,  «π

Õÿµ “À°√√¡‚√®π– ®”π«π 30 ∫àÕ, π‘§¡Õÿµ “À°√√¡

∫“ßª–Õ‘π ®”π«π 4 ∫àÕ, π‘§¡Õÿµ “À°√√¡∫“ßªŸ

®”π«π 16 ∫àÕ, π‘§¡Õÿµ “À°√√¡∫“ß™—π ®”π«π 7 ∫àÕ,

π‘§¡Õÿµ “À°√√¡≈“¥°√–∫—ß®”π«π 47 ∫àÕ ·≈–‡¢µ

Õÿµ “À°√√¡ π«π§√ ®”π«π 20 ∫àÕ  ”À√—∫ “√

Õ‘π∑√’¬å√–‡À¬∑’Ë∑”°“√»÷°…“¡’ 12 ™π‘¥ ‰¥â·°à 1,1,1-

‰µ√§≈Õ‚√‡Õ∑∏‘≈’π , 1 ,1 , 2 - ‰µ√§≈Õ‚√‡Õ∑∏‘≈’π ,

1,1-‰¥§≈Õ‚√‡Õ∑∏‘≈’π, ∑√“π 1,2-‰¥§≈Õ‚√‡Õ∑∏‘≈’π,

´’  1,2-‰¥§≈Õ‚√‡Õ∑∏‘≈’π, ‡∫π ’́π, ‰µ√§≈Õ‚√‡Õ∑∏‘≈’π,

‚∑≈ŸÕ’π, ‡µµ√–§≈Õ‚√‡Õ∑∏‘≈’π, ‡Õ∑∏‘≈‡∫π´’π, ‰´≈’π,

·≈–  ‰µ√’π

2.5 °“√‡°Á∫·≈–√—°…“πÈ”µ—«Õ¬à“ß ”À√—∫
°“√«‘‡§√“–Àå

‚¥¬∑”°“√‡°Á∫πÈ”µ—«Õ¬à“ß®“°∫√‘‡«≥√Õ∫π‘§¡

Õÿµ “À°√√¡ «‘∏’°“√‡°Á∫µ—«Õ¬à“ßπÈ”®–„™â‡§√◊ËÕß Ÿ∫πÈ”

 Ÿ∫πÈ”∑’Ë§â“ß∫àÕ∑‘Èßª√–¡“≥ 30 π“∑’ À√◊Õ Ÿ∫πÈ”∑’Ë§â“ß

Õ¬Ÿà„π∑àÕ∑“ß¥Ÿ¥‡¢â“‡°Á∫∂—ßæ—°ª√–¡“≥ 30 π“∑’ ·≈–

‡°Á∫µ—«Õ¬à“ß∑’Ë∑àÕ∑“ß¥Ÿ¥ ≥ ®ÿ¥∑’Ë¡’∑àÕ·¬° (by pass)

À√◊Õ®ÿ¥∑’Ë¡’«“«≈åªÑÕß°—π°“√¬âÕπ°≈—∫ (check valve)

À√◊Õ‡°Á∫∑’Ëª≈“¬∑àÕ∑“ß¥Ÿ¥ ‡æ◊ËÕ„Àâ ‰¥âµ—«Õ¬à“ßπÈ”∑’Ë‡°Á∫

¡“®“°™—ÈππÈ”®√‘ß π”πÈ”µ—«Õ¬à“ß„ à„π¢«¥·°â«¢π“¥

25 ¡‘≈≈‘≈‘µ√ ‡µ‘¡ “√≈–≈“¬Õ‘Ë¡µ—«‚´‡¥’¬¡‰∫ —́≈‡øµ

64 ‰¡‚§√≈‘µ√ ªî¥Ω“¢«¥·°â«‚¥¬¡’·ºàπ¬“ß√Õß∑—∫

∑’ËΩ“‡æ◊ËÕªÑÕß°—π°“√√–‡À¬¢Õß “√Õ‘π∑√’¬å√–‡À¬

‡°Á∫µ—«Õ¬à“ßπÈ”„Àâ‡µÁ¡¢«¥‰¡à„Àâ¡’Õ“°“»‡À≈◊ÕÕ¬Ÿà„π¢«¥

‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬  ®π°«à“®–∑”°“√

«‘‡§√“–Àå

3. º≈°“√∑¥≈Õß

3.1 º≈°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡
3.1.1 º≈°“√»÷°…“‡«≈“∑’Ë‡À¡“– ¡¢Õß‡§√◊ËÕß

≈â“ßÀ≈Õ¥ „π°“√≈â“ßÀ≈Õ¥¥Ÿ¥´—∫µ—«Õ¬à“ß æ∫«à“‡«≈“

∑’Ë ‡À¡“– ¡„π°“√≈â“ßÀ≈Õ¥¥Ÿ¥´—∫µ—«Õ¬à“ß∑’Ë∑”„Àâ

À≈Õ¥¥Ÿ¥´—∫µ—«Õ¬à“ß –Õ“¥ ‰¡à¡’ ‘Ëß °ª√°§â“ß·≈–

‰¡àª√“°Ææ’°¢Õß “√Õ‘π∑√’¬å√–‡À¬§◊Õ 60 π“∑’

3.1.2 º≈°“√»÷°…“‡«≈“∑’Ë‡À¡“– ¡¢Õß‡§√◊ËÕß

purge and trap „π°“√ °—¥ “√Õ‘π∑√’¬å√–‡À¬ÕÕ°®“°

µ—«Õ¬à“ßπÈ” æ∫«à“‡«≈“∑’Ë‡À¡“– ¡¢Õß‡§√◊ËÕß purge

and trap„π°“√ °—¥ “√Õ‘π∑√’¬å√–‡À¬ÕÕ°®“°πÈ”

µ—«Õ¬à“ß§◊Õ 25 π“∑’ ‡π◊ËÕß®“°‡ªìπ‡«≈“∑’Ë‡À¡“– ¡

∑’Ë “¡“√∂ °—¥ “√Õ‘π∑√’¬å√–‡À¬ 12 ™π‘¥ ÕÕ°®“°

πÈ”µ—«Õ¬à“ß‰¥âª√‘¡“≥¡“°·≈–‰¡à∑”„Àâ “√Õ‘π∑√’¬å√–‡À¬

À≈ÿ¥ÕÕ°®“°À≈Õ¥¥Ÿ¥´—∫ “√µ—«Õ¬à“ß

3.1.3 º≈°“√»÷°…“‡«≈“∑’Ë‡À¡“– ¡„π°“√„Àâ

§«“¡√âÕπ¢Õß‡§√◊ËÕß thermal desorption unit „π

°“√‰≈à “√Õ‘π∑√’¬å√–‡À¬ÕÕ°®“°À≈Õ¥¥Ÿ¥´—∫µ—«Õ¬à“ß

æ∫«à“∑’Ë‡«≈“ 3,4 ·≈– 5 π“∑’ ‡ªìπ‡«≈“∑’Ë “¡“√∂‰≈à “√

Õ‘π∑√’¬å√–‡À¬ÕÕ°®“°À≈Õ¥¥Ÿ¥´—∫µ—«Õ¬à“ß‰¥âÀ¡¥

‰¡à¡’ “√Õ‘π∑√’¬å√–‡À¬‡À≈◊Õ§â“ß ¥—ßπ—Èπ®÷ß‡≈◊Õ°‡«≈“∑’Ë

3 π“∑’ ‡æ√“–„Àâº≈°“√«‘‡§√“–Àå∑’Ë∂Ÿ°µâÕß·≈–„™â‡«≈“

„π°“√«‘‡§√“–ÀåπâÕ¬∑’Ë ÿ¥

3.1.4 º≈°“√»÷°…“§à“§«“¡‡¢â¡¢âπµË” ÿ¥∑’Ë

«‘‡§√“–Àå ‰¥â¢Õß “√Õ‘π∑√’¬å√–‡À¬ 12 ™π‘¥ æ∫«à“

§à“§«“¡‡¢â¡¢âπµË” ÿ¥∑’Ë«‘‡§√“–Àå‰¥â¢Õß 1,1,1-‰µ√§≈Õ-

‚√‡Õ∑∏‘≈’π, 1,1,2-‰µ√§≈Õ‚√‡Õ∑∏‘≈’π, 1,1-‰¥§≈Õ‚√-

‡Õ∑∏‘≈’π, ∑√“π 1,2-‰¥§≈Õ‚√‡Õ∑∏‘≈’π, ’́  1,2-‰¥§≈Õ-

‚√‡Õ∑∏‘≈’π, ‡∫π ’́π, ‰µ√§≈Õ‚√‡Õ∑∏‘≈’π, ‚∑≈ŸÕ’π,

‡µµ√–§≈Õ‚√‡Õ∑∏‘≈’π, ‡Õ∑∏‘≈‡∫π´’π, ‰´≈’π, ·≈–

 ‰µ√’π ¡’§à“ 0.11, 0.18, 0.29, 0.09, 0.10, 0.09, 0.08,

0.10, 0.06, 0.03, 0.05, ·≈– 0.03 ‰¡‚§√°√—¡µàÕ≈‘µ√

µ“¡≈”¥—∫
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3.1.5 º≈°“√»÷°…“§à“§«“¡·¡àπ¬” (Precision)

¢Õß°“√∑¥≈Õß‚¥¬»÷°…“®“°§à“‡ªÕ√å‡´Áπµå‡∫’Ë¬ß‡∫π

¡“µ√∞“π —¡æ—∑∏å (%RSD) ¢Õß°“√∑¥≈Õß ‚¥¬∑”

°“√∑¥≈Õß∑’Ë ¿“«–‡¥’¬«°—π 7 ´È” æ∫«à“§à“ % RSD

¢Õß 1,1,1-‰µ√§≈Õ‚√‡Õ∑∏‘≈’π, 1,1,2-‰µ√§≈Õ‚√‡Õ∑∏‘≈’π,

1,1-‰¥§≈Õ‚√‡Õ∑∏‘≈’π, ∑√“π 1,2-‰¥§≈Õ‚√‡Õ∑∏‘≈’π,

´’  1,2-‰¥§≈Õ‚√‡Õ∑∏‘≈’π, ‡∫π ’́π, ‰µ√§≈Õ‚√‡Õ∑∏‘≈’π,

‚∑≈ŸÕ’π, ‡µµ√–§≈Õ‚√‡Õ∑∏‘≈’π, ‡Õ∑∏‘≈‡∫π´’π, ‰´≈’π,

·≈–  ‰µ√’π ¡’§à“ 15.96, 13.66, 17.83, 11.93, 12.25,

11.57, 11.5, 10.40, 13.85, 13.26, 13.60, ·≈– 9.96

µ“¡≈”¥—∫ ´÷Ëß¡’§à“πâÕ¬°«à“ 20 ‡ªÕ√å‡´Áπµå · ¥ß«à“°“√

∑¥≈Õß§√—Èßπ’È¡’§«“¡ ·¡àπ¬”„π°“√∑¥≈Õß

3.1.6 º≈°“√»÷°…“‡ªÕ√å‡´Áπµå°“√‰¥â°≈—∫§◊π

(%Recovery) ¢Õß‡∑§π‘§ purge and trap æ∫«à“

1,1,1-‰µ√§≈Õ‚√‡Õ∑∏‘≈’π, 1,1,2-‰µ√§≈Õ‚√‡Õ∑∏‘≈’π,

1,1-‰¥§≈Õ‚√‡Õ∑∏‘≈’π, ∑√“π 1,2-‰¥§≈Õ‚√‡Õ∑∏‘≈’π,

´’  1,2-‰¥§≈Õ‚√‡Õ∑∏‘≈’π, ‡∫π ’́π, ‰µ√§≈Õ‚√‡Õ∑∏‘≈’π,

‚∑≈ŸÕ’π, ‡µµ√–§≈Õ‚√‡Õ∑∏‘≈’π, ‡Õ∑∏‘≈‡∫π´’π, ‰´≈’π,

·≈–  ‰µ√’π ¡’§à“ 80.85, 85.75, 85.81, 83.61, 83.20,

82.88, 85.72, 84.90, 87.32, 84.43, 86.20, ·≈– 87.87

µ“¡≈”¥—∫  √ÿª‰¥â«à“‡∑§π‘§ purge and trap ¡’

ª√– ‘∑∏‘¿“æ„π°“√ °—¥ “√Õ‘π∑√’¬å√–‡À¬ÕÕ°®“°

µ—«Õ¬à“ßπÈ”

3.2 º≈°“√»÷°…“ª√‘¡“≥ “√Õ‘π∑√’¬å
√– ‡À¬„πµ—«Õ¬à“ßπÈ” „µâ¥‘π∫√‘ ‡«≥√Õ∫π‘§¡
Õÿµ “À°√√¡ 12 ·Ààß ®”π«π 255 ∫àÕ ‚¥¬‡°Á∫

µ—«Õ¬à“ßπÈ”®“°∫àÕ∫“¥“≈∫àÕ≈– 2 ´È” „π√–À«à“ß æ.».

2543-2545 º≈°“√«‘‡§√“–Àå¥—ßµ“√“ß∑’Ë1

µ“√“ß∑’Ë 1 º≈°“√»÷°…“ª√‘¡“≥°“√ªπ‡ªóôÕπ¢Õß “√Õ‘π∑√’¬å√–‡À¬„πµ—«Õ¬à“ßπÈ”„µâ¥‘π

π‘§¡Õÿµ “À°√√¡¿“§‡Àπ◊Õ
L 4 ND ND ND ND ND ND ND 27.50 ND ND ND ND
L 14 ND ND ND ND ND ND ND ND ND ND 23.10 ND
‡¢µª√–°Õ∫°“√Õÿµ “À°√√¡ TPI
TPI 11 ND ND ND ND ND ND ND 21.02 ND 2.06 1.05 3.87
TPI 20 ND ND ND 22.20 ND ND ND ND ND ND ND ND
π‘§¡Õÿµ “À°√√¡·À≈¡©∫—ß
LCB 1 ND ND 1.92 1.54 2.6 2.00 1.70 1.98 ND ND ND 2.63
LCB 9 ND ND ND ND ND ND ND 0.84 ND ND ND ND
π‘§¡Õÿµ “À°√√¡™≈∫ÿ√’
CIE 8 ND ND ND ND ND ND 0.61 ND 0.67 ND ND ND
CIE 9 ND ND ND ND ND ND 0.60 ND 0.67 ND ND ND
CIE 11 ND ND ND ND ND ND 0.60 ND ND ND ND ND
CIE 13 ND ND ND ND ND 1.99 ND ND ND ND ND ND
CIE 14 ND ND ND ND ND 2.00 ND ND ND ND ND ND
CIE 15 ND ND ND ND 2.60 ND ND ND ND ND ND ND
 «πÕÿµ “À°√√¡‚√®π–
R 2 ND ND ND 1.90 ND ND ND ND ND ND ND ND
R 9 ND ND ND ND ND ND ND ND 2.49 ND ND ND
R 10 ND ND ND ND ND ND ND ND 3.46 ND ND ND
R 13 ND ND ND ND ND ND ND ND 2.14 ND ND ND
R 25 ND ND ND ND ND ND ND ND 2.24 ND ND ND

π‘§¡Õÿµ “À°√√¡

§«“¡‡¢â¡¢âπ (‰¡‚§√°√—¡µàÕ≈‘µ√)

1,1,1-
‰µ√

§≈Õ‚√
‡Õ∑∏‘≈’π

1,1,2-
‰µ√

§≈Õ‚√
‡Õ∑∏‘≈’π

1,1-
‰¥

§≈Õ‚√
‡Õ∑∏‘≈’π

∑√“π
1,2-‰¥
§≈Õ‚√
‡Õ∑∏‘≈’π

´’ 
1,2-‰¥
≈Õ‚√

‡Õ∑∏‘≈’π

‡∫π ’́π
‰µ√

§≈Õ‚√
‡Õ∑∏‘≈’π

‚∑≈ŸÕ’π
‡µµ√–
§≈Õ‚√
‡Õ∑∏‘≈’π

‡Õ∑∏‘≈
‡∫π ’́π

‰´≈’π  ‰µ√’π
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π‘§¡Õÿµ “À°√√¡

§«“¡‡¢â¡¢âπ (‰¡‚§√°√—¡µàÕ≈‘µ√)

1,1,1-
‰µ√

§≈Õ‚√
‡Õ∑∏‘≈’π

1,1,2-
‰µ√

§≈Õ‚√
‡Õ∑∏‘≈’π

1,1-
‰¥

§≈Õ‚√
‡Õ∑∏‘≈’π

∑√“π
1,2-‰¥
§≈Õ‚√
‡Õ∑∏‘≈’π

´’ 
1,2-‰¥
≈Õ‚√

‡Õ∑∏‘≈’π

‡∫π ’́π
‰µ√

§≈Õ‚√
‡Õ∑∏‘≈’π

‚∑≈ŸÕ’π
‡µµ√–
§≈Õ‚√
‡Õ∑∏‘≈’π

‡Õ∑∏‘≈
‡∫π ’́π

‰´≈’π  ‰µ√’π

4.  √ÿªº≈·≈–«‘®“√≥åº≈
1) «‘∏’°“√∑’Ëæ—≤π“¢÷Èπ¡“‡æ◊ËÕ„™âµ√«® Õ∫ “√

Õ‘π∑√’¬å√–‡À¬ “¡“√∂π”‰ª„™â«‘‡§√“–Àå “√Õ‘π∑√’¬å√–‡À¬

‰¥âÕ¬à“ß∂Ÿ°µâÕß ‡π◊ËÕß®“°º≈°“√»÷°…“æ∫«à“ §à“‡ªÕ√å‡´Áπµå

°“√‰¥â°—∫§◊π (% recovery) ¢Õß “√Õ‘π∑√’¬å√–‡À¬

12 ™π‘¥ ¡’§à“Õ¬Ÿà√–À«à“ß 80.85-87.87% ´÷ËßÕ¬Ÿà„π¢âÕ

°”Àπ¥¢Õß«‘∏’°“√¢Õß U.S.EPA. 502.2 ∑’Ë„Àâ¡’§à“Õ¬Ÿà

√–À«à“ß 80-120% ·≈–§à“‡ªÕ√å‡´Áπµå‡∫’Ë¬ß‡∫π¡“µ√∞“π

 —¡æ—∑∏å (% RSD) ¡’§à“√–À«à“ß 9.96-17.83% ´÷Ëß

Õ¬Ÿà„π¢âÕ°”Àπ¥¢Õß«‘∏’°“√¢â“ßµâπ∑’Ë„Àâ§à“πâÕ¬°«à“ 20%

2) ®“°°“√µ√«® Õ∫‡∫◊ÈÕßµâπ (preliminary

test) ¢Õß°“√ªπ‡ªóôÕπ¢Õß “√Õ‘π∑√’¬å√–‡À¬„ππÈ”„µâ¥‘π

‚¥¬∑”°“√‡°Á∫µ—«Õ¬à“ßπÈ”„µâ¥‘π‡æ’¬ß 1 §√—Èß ‡æ◊ËÕ

«‘‡§√“–Àå “√Õ‘π∑√’¬å√–‡À¬  ”À√—∫πÈ”„µâ¥‘π·µà≈–∫àÕ

®“°®”π«π 255 ∫àÕ æ∫°“√ªπ‡ªóôÕπ¢Õß “√Õ‘π∑√’¬å

√–‡À¬™π‘¥µà“ßÊ ®”π«π 10 ™π‘¥ „π 50 ∫àÕ ¢Õß

π‘§¡Õÿµ “À°√√¡∫“ßª–Õ‘π
BI 1 ND ND 3.59 ND ND 3.16 ND 2.99 ND ND ND ND
BI 2 ND ND 3.41 ND ND ND ND 3.01 ND ND ND ND
BI 3 ND ND 3.40 ND ND ND ND 3.00 ND ND ND ND
BI 4 ND ND 3.40 ND ND ND ND 3.00 ND ND ND ND
π‘§¡Õÿµ “À°√√¡∫“ßªŸ
B 2 ND ND ND ND ND ND 1.80 ND ND ND ND ND
B 3 ND ND ND ND ND ND ND ND 2.15 ND ND ND
π‘§¡Õÿµ “À°√√¡∫“ß™—π
BC 4 ND ND ND ND 0.53 ND 0.60 1.08 ND ND ND ND
BC 5 ND ND ND ND 0.35 ND ND ND ND ND ND ND
BC 6 ND ND ND ND ND ND ND ND ND 1.32 ND ND
BC 7 ND ND ND ND ND ND ND ND ND ND 1.28 ND
π‘§¡Õÿµ “À°√√¡≈“¥°√–∫—ß
LB 11 ND ND ND ND ND ND ND ND 2.46 ND ND ND
LB 12 ND ND ND ND ND ND ND ND 2.20 ND ND ND
LB 13 ND ND ND ND ND ND ND 3.56 ND 2.11 4.00 ND
LB 17 ND ND ND ND ND 1.99 ND ND ND ND ND ND
LB 18 ND ND ND ND ND 1.99 ND ND ND ND ND ND
LB 19 ND ND ND ND ND 2.00 ND ND ND ND ND ND
LB 21 ND ND ND ND ND ND ND ND 2.36 ND ND ND
LB 23 ND ND ND ND ND ND ND ND 2.88 ND ND ND
LB 25 ND ND ND ND ND ND ND ND 5.43 ND ND ND
LB 26 ND ND ND 1.54 ND ND ND ND ND ND ND ND
LB 27 ND ND ND 1.56 ND 3.17 ND ND ND ND ND ND
LB 28 ND ND ND 1.54 ND 4.78 1.76 ND ND 1.87 ND ND
LB 31 ND ND ND ND ND 2.05 ND ND ND ND ND ND
LB 34 ND ND ND ND ND 2.01 ND ND ND ND ND ND
LB 41 ND ND ND ND ND ND ND 0.93 ND 1.33 ND ND
LB 43 ND ND ND ND ND ND ND ND ND ND 1.26 ND

µ“√“ß∑’Ë 1 (µàÕ) º≈°“√»÷°…“ª√‘¡“≥°“√ªπ‡ªóôÕπ¢Õß “√Õ‘π∑√’¬å√–‡À¬„πµ—«Õ¬à“ßπÈ”„µâ¥‘π
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æ◊Èπ∑’Ë∑’Ë∑”°“√ ”√«® 9 ·Ààß ®“°æ◊Èπ∑’Ë»÷°…“ ∑’Ë¡’°“√

µ√«® Õ∫∑—ÈßÀ¡¥®”π«π 12 ·Ààß ´÷Ëß§«“¡‡¢â¡¢âπ¢Õß

 “√Õ‘π∑√’¬å√–‡À¬∑—ÈßÀ¡¥∑’Ëµ√«®æ∫¡’§à“µË”°«à“∑’Ë°”Àπ¥

‰«â„π¡“µ√∞“π “√Õ—πµ√“¬„ππÈ”„µâ¥‘π∑’Ëæ∫°“√ªπ‡ªóôÕπ

§«√¡’°“√¬◊π¬—πº≈‚¥¬¡’°“√‡°Á∫µ—«Õ¬à“ßπÈ”„µâ¥‘π®“°

∫àÕ∑’Ëæ∫°“√ªπ‡ªóôÕπ ·≈–µ—«Õ¬à“ßπÈ”„µâ¥‘π®“°∫àÕ

¢â“ß‡§’¬ß¡“∑”°“√«‘‡§√“–Àå´È” ‡æ◊ËÕ‡ªìπ°“√¬◊π¬—πº≈

(confirmation test) µàÕ‰ª πÕ°®“°π’È§«√»÷°…“

‚§√ß √â“ß∑“ß∏√≥’«‘∑¬“ ·≈–Õÿ∑°«‘∑¬“ „πæ◊Èπ∑’Ë∑’Ë¡’°“√

ªπ‡ªóôÕπ‡æ◊ËÕ„™â‡ªìπ·π«∑“ß„π°“√»÷°…“µàÕ‰ª

‡Õ° “√Õâ“ßÕ‘ß
1. ª√–°“»§≥–°√√¡°“√ ‘Ëß·«¥≈âÕ¡·Ààß™“µ‘ ©∫—∫∑’Ë

20 (æ.». 2543) ‡√◊ËÕß°”Àπ¥¡“µ√∞“π§ÿ≥¿“æπÈ”

„µâ¥‘π

2. ¡’»—°¥‘Ï ¡‘≈‘π∑«‘ ¡—¬,  ’Àπ“∂ ™“≠≥√ß§å, æ’√æß…å

 ÿπ∑√‡¥™–, «“≈‘°“ ‡»«µ‚¬∏‘π ·≈–®’√π—π∑å

æ—π∏®—°√ (2544) °“√ªπ‡ªóôÕπ¢Õß “√ Chlorinated

Ethylene „π¥‘π·≈–πÈ”„µâ¥‘π ·≈–°√≥’»÷°…“¢Õß

ª√–‡∑»‰∑¬, ‡Õ° “√‡º¬·æ√à ERTC-WT/44,

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

§ÿ ≥¿“æ ‘Ë ß·«¥≈âÕ¡ , °√–∑√«ß«‘∑¬“»“ µ√å

‡∑§‚π‚≈¬’·≈– ‘Ëß·«¥≈âÕ¡, 40 Àπâ“

3. Glaser,J.A., D.L. Forest, G.D. Mckee, S.A. Quave,

and W.L. Budde, Trace Analyses for Waste

water, Environ.sci.Technol.,15,1426,1981

4. Thailand Environmental Institute. Study on

Utilization and Management of Volatile

Organic Compounds (VOCs) in Thailand. 1998
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Abstract
Trichloroethylene (TCE) has been widely

used in degreasing electronic components and as

a solvent of paints. Because of unsuitable waste

management, TCE has been contaminating soil

and groundwater resources. Furthermore TCE

is suspected to be a carcinogenic compound.

Nowadays, Bioremediation is a popular technique

for treating TCE in many countries. This study was

initiated by collecting 50 water samples from

natural water and contaminated wastewater

sources to select phenol-utilizing bacteria, which

is able to degrade TCE by co-metabolism

process. Result of isolation was shown that

4 effective phenol-utilizing bacteria were isolated

from water sample of Central wastewater

treatment plant of Northern Industrial Estate (WA),

10 and 3 m of groundwater depth from TCE

contaminated site in Northern Industrial Estate

(AWI and AWII) and wastewater sample of

Central wastewater treatment plant of Chiengmai

municipality (CM) which are capable TCE

degradation. The bacteria were tested in phenol

concentration of 600fi1,600 mg/l. It was found

that WA culture could tolerate phenol up to

1,600 mg/L. In addition to WA, AWI, AWII and

CM culture could better grow in 800 mg/L of

phenol . Efficiency of TCE degradation at

concentration of 10 mg/L by using phenol

concentration 800 mg/L of WA, AWI, AWII and

CM culture are 59.9, 46.2, 51.8 and 42.5%,

respectively within 72 hours.

∫∑§—¥¬àÕ
 “√‰µ√§≈Õ‚√‡Õ∏‘≈’π (Trichloroethylene,

TCE) ¡’°“√„™âÕ¬à“ß°«â“ß¢«“ß„πÕÿµ “À°√√¡ª√–‡¿∑

µà“ßÊ ‡™àπ Õÿµ “À°√√¡ª√–°Õ∫™‘Èπ à«πÕ‘‡≈§∑√Õπ‘§

Õÿµ “À°√√¡ ‘Ëßæ‘¡æå ‡π◊ËÕß®“°°“√®—¥°“√∑’Ë ‰¡à‡À¡“– ¡

∑”„Àâ‡°‘¥°“√ªπ‡ªóôÕπ¢Õß “√ TCE „π¥‘π·≈–πÈ”„µâ¥‘π

„π∫“ß∫√‘‡«≥¢Õßª√–‡∑»‰∑¬ ÷́Ëß “¡“√∂°àÕ„Àâ‡°‘¥

°“√¬àÕ¬ ≈“¬ “√‰µ√§≈Õ‚√‡Õ∏‘≈’π (TCE)
‚¥¬·∫§∑’‡√’¬∑’Ëæ∫„πª√–‡∑»‰∑¬
Degradation of Trichloroethylene (TCE) by microbial found in Thailand

 ªí≠®“ „¬∂“«√  ÿ¥“ Õ‘∑∏‘ ÿ¿√≥å√—µπå
 ·≈–  ÿπ—π∑“ ∫ÿ≠ª√–§Õß

»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√. 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
Environmental Research and Training Center, Department of Environmental Quality Promotion. Technopolis. Kolng 5 Klong Luang, Pathumthani 12120



‚§√ß°“√«‘®—¬·≈–æ—≤
π“‡∑§‚π‚≈¬’ ‘Ëß·«¥≈âÕ¡¥â“ππÈ”

ª√–®”ªï 2544 - 2546

9

¡–‡√Áß„π ‘Ëß¡’™’«‘µ‰¥â °“√°”®—¥ “√ TCE ∑’Ëªπ‡ªóôÕπ

‚¥¬°“√„™â‡™◊ÈÕ·∫§∑’‡√’¬¡“¬àÕ¬ ≈“¬ “√¥—ß°≈à“« °”≈—ß

‰¥â√—∫§«“¡π‘¬¡Õ¬à“ß·æ√àÀ≈“¬„πÀ≈“¬Ê ª√–‡∑» ¥—ßπ—Èπ

„π°“√»÷°…“§√—Èßπ’È®÷ß‰¥â∑”°“√‡°Á∫µ—«Õ¬à“ßπÈ”®”π«π

50 µ—«Õ¬à“ß®“°·À≈àßµà“ßÊ „π∏√√¡™“µ‘¢Õßª√–‡∑»‰∑¬

‡æ◊ËÕπ”¡“§—¥·¬°‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë “¡“√∂¬àÕ¬ ≈“¬ “√

TCE ‰¥â æ∫«à“‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë§—¥·¬°‰¥â®“°µ—«Õ¬à“ßπÈ”

®“°√–∫∫∫”∫—¥πÈ”‡ ’¬√«¡¢Õß°“√π‘§¡Õÿµ “À°√√¡

¿“§‡Àπ◊Õ (WA) µ—«Õ¬à“ßπÈ”„µâ¥‘π∑’Ë√–¥—∫§«“¡≈÷°

10 ‡¡µ√ ·≈– 3 ‡¡µ√ ∫√‘‡«≥∑’Ë¡’°“√ªπ‡ªóôÕπ “√ TCE

„π°“√π‘§¡Õÿµ “À°√√¡¿“§‡Àπ◊Õ (AWI ·≈–AWII

µ“¡≈”¥—∫) ·≈–µ—«Õ¬à“ßπÈ”®“°√–∫∫∫”∫—¥πÈ”‡ ’¬√«¡

¢Õß‡∑»∫“≈π§√‡™’¬ß„À¡à (CM)  “¡“√∂¬àÕ¬ ≈“¬

 “√ TCE ‰¥â‚¥¬¢∫«π°“√ co-metabolism ‚¥¬‡™◊ÈÕ

·∫§∑’‡√’¬®“°∑—Èß 4 ·À≈àß ®–∂Ÿ°°√–µÿâπ‚¥¬ “√øïπÕ≈

‡æ◊ËÕ„Àâº≈‘µ‡ÕÁπ‰´¡å∑’Ë “¡“√∂¬àÕ¬ ≈“¬ “√ TCE ‰¥â

‡¡◊ËÕ∑¥ Õ∫§«“¡∑π∑“πµàÕ “√øïπÕ≈„π√–¥—∫§«“¡

‡¢â¡¢âπµà“ßÊ °—πµ—Èß·µà 600-1,600 mg/l æ∫«à“

µ—«Õ¬à“ß‡™◊ÈÕ·∫§∑’‡√’¬®“° WA ®– “¡“√∂∑π∑“πµàÕ

§«“¡‡¢â¡¢âπ¢Õß “√øïπÕ≈‰¥â Ÿß∂÷ß 1,600 mg/l ·µà

µ—«Õ¬à“ß‡™◊ÈÕ·∫§∑’‡√’¬®“°∑—Èß 4 ·À≈àß WA, AWI,

AWII ·≈– CM ®–‡®√‘≠‡µ‘∫‚µ‰¥â¥’∑’Ë√–¥—∫§«“¡

‡¢â¡¢âπ¢Õß “√øïπÕ≈‡∑à“°—∫ 800 mg/l ·≈–‡¡◊ËÕ∑¥ Õ∫

ª√– ‘∑∏‘¿“æ°“√¬àÕ¬ ≈“¬ TCE ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ

10 mg/l ‚¥¬„™â§«“¡‡¢â¡¢âπ¢Õß “√øïπÕ≈‡ªìπ 800

mg/l æ∫«à“µ—«Õ¬à“ß WA, AWI, AWII ·≈– CM

¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬‰¥â 59.9, 46.2, 51.8,

·≈– 42.5 % µ“¡≈”¥—∫ ¿“¬„π√–¬–‡«≈“ 72 ™—Ë«‚¡ß

∫∑π”
 “√ Trichloroethylene (TCE) ‡ªìπ “√

™π‘¥Àπ÷Ëß„π°≈ÿà¡ Chlorinated Aliphatic Hydro-

carbons (CAHs) ´÷Ëß‰¥â¡’°“√ —ß‡§√“–Àå·≈–æ—≤π“

¢÷Èπ‡æ◊ËÕ„™â„π°‘®°“√Õÿµ “À°√√¡ª√–‡¿∑µà“ßÊ ‡™àπ „™â„π

°“√™–≈â“ß‰¢¡—π¢ÕßÕÿª°√≥åÕ‘‡≈§∑√Õπ‘§ ´÷Ëßª√–‡∑»

‰∑¬‡ªìπª√–‡∑»Àπ÷Ëß∑’Ë‰¥â¡’°“√π”‡¢â“ “√ TCE ‡æ◊ËÕπ”¡“

„™â„π°‘®°“√Õÿµ “À°√√¡‡ªìπ®”π«π¡“° „πªï æ.». 2544

‰¥â¡’°“√ ”√«®°“√ªπ‡ªóôÕπ “√ TCE „π¥‘π ·≈–πÈ”„µâ¥‘π

„πª√–‡∑»‰∑¬ æ∫«à“¡’°“√ªπ‡ªóôÕπ¢Õß “√ TCE „π

·À≈àßπÈ”„µâ¥‘π∫√‘‡«≥‚√ßß“πÕÿµ “À°√√¡∑’Ë¡’°“√„™â “√

TCE „πª√‘¡“≥§àÕπ¢â“ß Ÿß¿“¬„ππ‘§¡Õÿµ “À°√√¡

∫“ß·Ààß·≈â« [1] ¥—ßπ—Èπ®÷ß§«√∑’Ë®–µâÕß‡√‘Ë¡¡’°“√‡µ√’¬¡

·ºπ°“√®—¥°“√‡æ◊ËÕªÑÕß°—π §«∫§ÿ¡ ·≈–·°â ‰¢°“√

ªπ‡ªóôÕπ “√ TCE „π¥‘π·≈–πÈ”„µâ¥‘π„πª√–‡∑»‰∑¬

‡æ◊ËÕªÑÕß°—π¡‘„Àâ‡°‘¥‡ªìπªí≠À“∑’Ë≈ÿ°≈“¡·≈–√ÿπ·√ß

¡“°¢÷Èπ„πÕπ“§µ ‡π◊ËÕß®“° “√¥—ß°≈à“«‡ªìπ “√æ‘…°àÕ„Àâ

‡°‘¥¡–‡√Áß‰¥â °“√∫”∫—¥πÈ”∑’Ë∂Ÿ°ªπ‡ªóôÕπ¥â«¬ “√ TCE

π—Èπ  “¡“√∂°√–∑”‰¥â¥â«¬°√–∫«π°“√∑“ß™’««‘∑¬“ ÷́Ëß

 “√ TCE  “¡“√∂∑’Ë®–∂Ÿ°‡ª≈’Ë¬π√Ÿª‰¥â‚¥¬‡™◊ÈÕ·∫§∑’‡√’¬

(Biotransformation) ‚¥¬°√–∫«π°“√ cometabolism

À√◊Õ cooxidation „π ¿“æ∑’Ë¡’Õ“°“» ‚¥¬°“√„™â “√

µ—Èßµâπ°√–µÿâπ„Àâ‡™◊ÈÕ·∫§∑’‡√’¬º≈‘µ‡ÕÁπ‰´¡å∑’Ë ‰¡à®”‡æ“–

°—∫ “√µ—Èßµâπ·≈– “¡“√∂®–‰ª‡ª≈’Ë¬π√Ÿª¢Õß “√

TCE ‚¥¬°“√ oxidation  “√ TCE „Àâ‡ªìπ√Ÿª∑’Ë‰¡à°àÕ„Àâ

‡°‘¥§«“¡‡ªìπæ‘… À√◊Õ¡’§«“¡‡ªìπæ‘…πâÕ¬≈ß‚¥¬‡©æ“–

°“√„™â “√øïπÕ≈‡ªìπ “√°√–µÿâπ ´÷Ëß®–¡’ª√– ‘∑∏‘¿“æ

„π°“√‡ª≈’Ë¬π√Ÿª “√ TCE ‰¥â¥’ [2] ®÷ß‰¥â¡’°“√»÷°…“

°—πÕ¬à“ß°«â“ß¢«“ß‡æ◊ËÕ§—¥‡≈◊Õ°™π‘¥¢Õß‡™◊ÈÕ·∫§∑’‡√’¬

∑’Ë “¡“√∂„™â “√øïπÕ≈‰¥â (Phenol utilizing bacteria)

·≈– “¡“√∂º≈‘µ‡ÕÁπ‰´¡å∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß„π°“√

‡ª≈’Ë¬π√Ÿª “√ TCE ‡æ◊ËÕπ”¡“„™â„π°√–∫«π°“√∫”∫—¥πÈ”

∑‘Èß∑’Ë¡’°“√ªπ‡ªóôÕπ “√ TCE ®“°‚√ßß“πÕÿµ “À°√√¡

·≈–„™â „π°√–∫«π°“√∫”∫—¥·≈–øóôπøŸ·À≈àßπÈ”„µâ¥‘π

∑’Ë¡’°“√ªπ‡ªóôÕπ “√ TCE ¥—ßπ—Èπ®÷ß∑”°“√»÷°…“‡™◊ÈÕ

·∫§∑’‡√’¬„πª√–‡∑»‰∑¬∑’Ë “¡“√∂„™â “√øïπÕ≈‰¥â ·≈–

 “¡“√∂‡ª≈’Ë¬π√Ÿª “√ TCE ‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

‡æ◊ËÕπ”¡“„™â„π°“√æ—≤π“‡∑§π‘§„π¥â“π°“√∫”∫—¥ “√

TCE ∑’Ë ªπ ‡ªóô Õπ „ππÈ” ∑—È ß®“°πÈ”∑‘È ß®“°‚√ßß“π

Õÿµ “À°√√¡ ·≈–·À≈àßπÈ”„µâ¥‘π∑’Ë¡’°“√ªπ‡ªóôÕπ “√

TCE ´÷Ëßπà“®–‡ªìπ·π«∑“ßÀπ÷Ëß∑’Ë ”§—≠ ‡æ◊ËÕªÑÕß°—π

ªí≠À“°“√·æ√à°√–®“¬ ·≈–°“√ªπ‡ªóôÕπ¢Õß “√ TCE

„π¥‘π·≈–·À≈àßπÈ”„µâ¥‘π„πÕπ“§µ‰¥â

«‘∏’°“√¥”‡π‘π°“√«‘®—¬

1. °“√§—¥·¬°‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë “¡“√∂
„™â “√øïπÕ≈‡ªìπ·À≈àßÕ“À“√‰¥â

∑”°“√‡°Á∫µ—«Õ¬à“ßπÈ”„µâ¥‘π®“°∫√‘‡«≥π‘§¡

Õÿµ “À°√√¡, µ—«Õ¬à“ßπÈ”®“°√–∫∫∫”∫—¥πÈ”‡ ’¬, ·≈–

µ—«Õ¬à“ßπÈ”®“°·À≈àßπÈ”∏√√¡™“µ‘ ¡“‡≈’È¬ß„πÕ“À“√
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enriched media: M-R2A [3] ∑’ËÕÿ≥À¿Ÿ¡‘ 30 ÌC

π“π 5 «—π ·≈–À≈—ß®“°π—Èππ”‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë ‰¥â ¡“

‡≈’È¬ß„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ Basal Salt (BS media) [3]

‚¥¬‡µ‘¡ “√øïπÕ≈„Àâ‰¥â§«“¡‡¢â¡¢âπ 100 mg/l ‡æ◊ËÕ„™â

‡ªìπ·À≈àß “√Õ“À“√ª√–‡¿∑ “√§“√å∫Õπ„Àâ°—∫‡™◊ÈÕ

·∫§∑’‡√’¬ π”‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 30 ÌC π“πª√–¡“≥ 15-

20 «—π À√◊Õ®π°√–∑—Ëß “¡“√∂ —ß‡°µ‡ÀÁπÕ“À“√‡≈’È¬ß‡™◊ÈÕ

¢ÿàπ¢“«¡“°

2. °“√ª√—∫ ¿“æ‡™◊È Õ·∫§∑’ ‡ √’ ¬∑’Ë
 “¡“√∂„™â “√øïπÕ≈‡ªìπ·À≈àßÕ“À“√‰¥â

π”‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë§—¥·¬°‰¥â®“°¢—ÈπµÕπ∑’Ë 1

‚¥¬‡≈◊Õ°‡©æ“–µ—«Õ¬à“ß∑’Ë “¡“√∂‡®√‘≠‡µ‘∫‚µ‰¥â¥’

´÷Ëß‡¡◊ËÕ«—¥§à“°“√¥Ÿ¥°≈◊π· ß (OD) ∑’Ë 420 nm ·≈â«‰¥â

‰¡àπâÕ¬°«à“ 1 ¡“∑”°“√∂à“¬‡™◊ÈÕµ—«Õ¬à“ß´È”Ê ®π°√–∑—Ëß

‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë “¡“√∂„™â “√øïπÕ≈‰¥â  “¡“√∂‡®√‘≠

‡µ‘∫‚µ‰¥â¥’„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ Basal Salt ∑’Ë¡’ “√

øïπÕ≈‡ªìπ·À≈àß§“√å∫Õπ ·≈–  “¡“√∂«—¥§à“ OD ∑’Ë

420 nm ‰¥â‰¡àπâÕ¬°«à“ 1 ¿“¬„π√–¬–‡«≈“ 2-3 «—π

3. °“√∑¥ Õ∫ ¿“«–°“√‡®√‘≠‡µ‘∫‚µ
¢Õß‡™◊ÈÕ ·∫§∑’‡√’¬∑’Ë “¡“√∂„™â “√øïπÕ≈‡ªìπ
·À≈àßÕ“À“√∑’Ë§«“¡‡¢â¡¢âπ¢Õß “√øïπÕ≈ „π
√–¥—∫µà“ßÊ °—π

π”‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë “¡“√∂„™â “√øïπÕ≈‡ªìπ

·À≈àßÕ“À“√‰¥â ·≈–ºà“π°“√ª√—∫ ¿“æ„Àâ‡®√‘≠‡µ‘∫‚µ‰¥â

¥’„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ Basal Salt ∑’Ë¡’ “√øïπÕ≈‡ªìπ·À≈àß

§“√å∫Õπ¡“∑¥ Õ∫√–¥—∫§«“¡‡¢â¡¢âπ¢ÕßøïπÕ≈∑’Ë

‡À¡“– ¡µàÕ°“√‡®√‘≠‡µ‘∫‚µµ—Èß·µà 600-1600 mg/l

‚¥¬∑”°“√«—¥°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬‚¥¬«—¥

§à“ OD ∑’Ë 420 nm ∑ÿ°«—π

4. °“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ„π°“√
 ≈“¬ “√ TCE ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë “¡“√∂„™â
 “√øïπÕ≈‡ªìπ·À≈àßÕ“À“√‰¥â

π”‡™◊È Õ·∫§∑’ ‡√’¬∑’Ë ‰¥â®“°¢—ÈπµÕπ∑’Ë 3 ¡“

∑¥ Õ∫°“√¬àÕ¬ ≈“¬ “√ TCE ∑’Ë√–¥—∫ 10 mg/l „π

¢«¥ Septum serum bottle ´÷Ëß¡’Õ“À“√‡≈’È¬ß‡™◊ÈÕ Basal

Salt ·≈–„™â “√øïπÕ≈§«“¡‡¢â¡¢âπ 800 mg/l ‡ªìπ

·À≈àßÕ“À“√‡π◊ËÕß®“°‡ªìπ√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë∑”„Àâ

‡™◊ÈÕ·∫§∑’‡√’¬ “¡“√∂‡®√‘≠‡µ‘∫‚µ‰¥â¥’∑’Ë ÿ¥·≈–ªî¥ºπ÷°

ª“°¢«¥¥â«¬ PTFE/Silicone seal π”‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘

30 ÌC ‡ªìπ‡«≈“ 3 «—π

5. °“√«—¥ª√‘¡“≥ “√ TCE
1. °“√∑¥ Õ∫ª√‘¡“≥ TCE ®–„™â‡∑§π‘§

head space ‚¥¬∑”°“√‡°Á∫µ—«Õ¬à“ßπÈ”®“°¢—ÈπµÕπ∑’Ë 4

®”π«π 5 ml „ à≈ß„π¢«¥ Headspace vial ¢π“¥ 10 ml

ªî¥ºπ÷°ª“°¢«¥¥â«¬ PTFE/Silicone seal ·≈â«π”¢«¥

‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 25 ÌC π“πÕ¬à“ßπâÕ¬ 60 π“∑’ ®“°π—Èπ

„™â microsyring ¥÷ßÕ“°“»∑’ËÕ¬Ÿà¿“¬„π¢«¥ Headspace

vial ª√‘¡“≥ 10 ul ¡“«‘‡§√“–ÀåÀ“ª√‘¡“≥ TCE ¥â«¬

‡§√◊ËÕß Gas Chromatograph Shimadzu GC-12A

´÷Ëß¡’ ¿“«–¢Õß‡§√◊ËÕß¥—ßπ’È

Column Restex Rtx-5

Length 30 m, ID 0.53 mm

Film thickness 1 um

Õÿ≥À¿Ÿ¡‘ injector 250 ÌC

oven 120 ÌC

detector 250 ÌC

Detector ECD

Gas make up gas N 25 ml/min

carrier gas N 10 ml/min

2. ∑”°“√«—¥ª√‘¡“≥ “√ TCE ∑’ËÕ¬Ÿà„π¢«¥

∑¥ Õ∫∑ÿ°«—π

6. °“√§”π«≥‡ªÕ√å ‡´Áπµå°“√¬àÕ¬
 ≈“¬ “√ TCE ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬

% °“√¬àÕ¬ ≈“¬ “√ TCE ∑’Ë 72 ™—Ë«‚¡ß  =

º≈°“√∑¥≈Õß

1. °“√§—¥·¬°‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë “¡“√∂
„™â “√øïπÕ≈‡ªìπ·À≈àßÕ“À“√‰¥â

®“°º≈°“√∑¥≈Õßµ—«Õ¬à“ß‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë‡°Á∫

®“°∏√√¡™“µ‘ ·≈–π”¡“§—¥·¬°‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë “¡“√∂

„™â “√øïπÕ≈‰¥â ´÷Ëß‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë “¡“√∂„™â “√øïπÕ≈

(§«“¡‡¢â¡¢âπ TCE ‡√‘Ë¡µâπ - §«“¡‡¢â¡¢âπ TCE ∑’Ë 72 ™—Ë«‚¡ß) x 100
§«“¡‡¢â¡¢âπ TCE ‡√‘Ë¡µâπ
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∑’Ë§—¥·¬°‰¥â„π§√—Èß·√°π’È ®–¬—ß‰¡à¡’ª√– ‘∑∏‘¿“æ„π°“√

„™â “√øïπÕ≈‡ªìπ·À≈àß¢Õß∏“µÿÕ“À“√§“√å∫Õπ‰¥â¥’π—°

®÷ß∑”„Àâ¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ§àÕπ¢â“ß™â“ ‚¥¬„™â‡«≈“

¡“°°«à“ 15 «—π ®÷ß®–‡ÀÁπ°“√‡®√‘≠‡µ‘∫‚µ‰¥â™—¥‡®π

®÷ßµâÕßπ”‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë “¡“√∂„™â “√øïπÕ≈‰¥â∑’Ë§—¥·¬°

‰¥â„π§√—Èß·√° ¡“∑”°“√ª√—∫ ¿“æ‡æ◊ËÕ„Àâ‡™◊ÈÕ·∫§∑’‡√’¬

 “¡“√∂„™â “√øïπÕ≈‡ªìπ·À≈àß¢Õß∏“µÿÕ“À“√§“√å∫Õπ

‰¥â‡ªìπÕ¬à“ß¥’¢÷Èπ ‚¥¬∑”°“√‡≈’È¬ßµàÕ‡™◊ÈÕ‰ª‡√◊ËÕ¬Ê „π

 Ÿµ√Õ“À“√‡≈’È¬ß‡™◊ÈÕ‡©æ“– ª√–¡“≥ 20-24  —ª¥“Àå

´÷Ëßæ∫«à“‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë “¡“√∂ª√—∫ ¿“æ„Àâ„™â “√

øïπÕ≈‰¥â¥’  “¡“√∂∑’Ë®–‡®√‘≠‡µ‘∫‚µ‰¥â√«¥‡√Á«¢÷Èπ‚¥¬„™â

‡«≈“ª√–¡“≥ 2-3 «—π

2. °“√∑¥ Õ∫ ¿“«–„π°“√‡®√‘≠‡µ‘∫‚µ
¢Õß‡™◊ÈÕ ·∫§∑’‡√’¬„π “√øïπÕ≈

®“°º≈°“√∑¥≈Õß‚¥¬„™â “√øïπÕ≈ „π√–¥—∫

§«“¡‡¢â¡¢âπ 600, 800, 1000, 1200, 1400 ·≈– 1600 mg/

l µ—«Õ¬à“ß WA, CM, AWI, ·≈– AWII,  “¡“√∂‡®√‘≠

‡µ‘∫‚µ‰¥â„π∑ÿ°√–¥—∫§«“¡‡¢â¡¢âπ¢Õß “√øïπÕ≈ ·µà

°“√‡®√‘≠‡µ‘∫‚µ®–™â“≈ß„π√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë Ÿß¢÷Èπ

‚¥¬„π√–¬–‡«≈“ 1 «—π µ—«Õ¬à“ß WA, CM, AWI, ·≈–

AWII ®–¡’°“√‡®√‘≠‡µ‘∫‚µ∑’Ë¥’∑’Ë ÿ¥∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ

¢ÕßøïπÕ≈‡ªìπ 800 mg/l  à«π„π√–¬–‡«≈“ 2 «—π

µ—«Õ¬à“ß WA ·≈– AWI ®–¡’°“√‡®√‘≠‡µ‘∫‚µ∑’Ë¥’∑’Ë ÿ¥

∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ¢ÕßøïπÕ≈‡ªìπ 1,600 mg/l

 à«πµ—«Õ¬à“ß CM ·≈– AWII ®–¡’°“√

‡®√‘≠‡µ‘∫‚µ∑’Ë¥’∑’Ë ÿ¥∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ¢ÕßøïπÕ≈‡ªìπ

1,600 mg/l „π√–¬–‡«≈“ 3 «—π (√Ÿª∑’Ë 1, 2, 3 ·≈– 4)

‡¡◊Ë Õ‡ª√’¬∫‡∑’¬∫§«“¡∑π∑“π¢Õß‡™◊ÈÕ·∫§∑’‡√’¬µàÕ

§«“¡‡¢â¡¢âπ¢Õß “√øïπÕ≈ ®–æ∫«à“µ—«Õ¬à“ß WA ®–

¡’§«“¡∑π∑“πµàÕ§«“¡‡ªìπæ‘…¢Õß “√øïπÕ≈‰¥â¥’∑’Ë ÿ¥

‚¥¬®–‡ÀÁπ‰¥â«à“„π√–¥—∫§«“¡‡¢â¡¢âπ¢Õß “√øïπÕ≈

‡ªìπ 1,600 mg/l µ—«Õ¬à“ß WA ®– “¡“√∂‡®√‘≠‡µ‘∫‚µ

‰¥â¥’∑’Ë ÿ¥‚¥¬«—¥§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë 420 nm ‰¥â Ÿß

¡“°°«à“ 2

3. ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬ “√
TCE ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬

®“°°“√∑¥ Õ∫°“√¬àÕ¬ ≈“¬ “√ TCE ¢Õß

‡™◊ÈÕ·∫§∑’‡√’¬ WA, AWII, AWI ·≈– CM π”¡“

√Ÿª∑’Ë 1  °“√‡®√‘≠¢Õß‡™◊ÈÕ WA ∑’Ë§«“¡‡¢â¡¢âπ
¢ÕßøïπÕ≈µà“ßÊ °—π

√Ÿª∑’Ë 2  °“√‡®√‘≠¢Õß‡™◊ÈÕ AWII ∑’Ë§«“¡‡¢â¡¢âπ
¢ÕßøïπÕ≈µà“ßÊ °—π

√Ÿª∑’Ë 3  °“√‡®√‘≠¢Õß‡™◊ÈÕ AWI ∑’Ë§«“¡‡¢â¡¢âπ
¢ÕßøïπÕ≈µà“ßÊ °—π

√Ÿª∑’Ë 4  °“√‡®√‘≠¢Õß‡™◊ÈÕ CM ∑’Ë§«“¡‡¢â¡¢âπ
¢ÕßøïπÕ≈µà“ßÊ °—π
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§”π«≥‡ªìπ‡ªÕ√å ‡´Áπµå „π°“√≈¥≈ß¢Õß “√ TCE

‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬ “√ TCE

¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ æ∫«à“µ—«Õ¬à“ß WA ®–¡’ª√– ‘∑∏‘¿“æ

 Ÿß ÿ¥„π°“√¬àÕ¬ ≈“¬ “√ TCE √Õß≈ß¡“§◊Õ µ—«Õ¬à“ß

AWII, AWI ·≈–CM µ“¡≈”¥—∫ ¥—ß√Ÿª∑’Ë 5

 √ÿªº≈·≈–¢âÕ‡ πÕ·π–
1. ®“°º≈°“√»÷°…“‡™◊ÈÕ·∫§∑’‡√’¬„πª√–‡∑»

‰∑¬∑’Ë “¡“√∂¬àÕ¬ ≈“¬ “√ TCE ‰¥â ‚¥¬°“√§—¥‡≈◊Õ°

‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë “¡“√∂„™â “√øïπÕ≈‡ªìπ·À≈àßµâπµÕ¢Õß

 “√§“√å∫Õπ‡æ◊ËÕ°“√‡®√‘≠‡µ‘∫‚µ ‡æ◊ËÕ®–°√–µÿâπ„Àâ‡™◊ÈÕ

·∫§∑’‡√’¬º≈‘µ‡ÕÁπ‰´¡å∑’Ë‰¡à®”‡æ“– (non specific enzyme)

∑’Ë “¡“√∂‰ª¬àÕ¬ ≈“¬ “√ TCE ‰¥â¥â«¬ æ∫«à“µ—«Õ¬à“ß

‡™◊ÈÕ·∫§∑’‡√’¬ WA ÷́Ëß§—¥·¬°‰¥â®“°µ—«Õ¬à“ßπÈ”®“°

√–∫∫∫”∫—¥πÈ”‡ ’¬√«¡¢Õß°“√π‘§¡Õÿµ “À°√√¡¿“§‡Àπ◊Õ

®–¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬ “√ TCE ‰¥â Ÿß ÿ¥

‚¥¬∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ¢Õß “√ TCE ∑’Ë 10 mg/l ®–„Àâ

ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬ “√ TCE ‰¥â¥’∑’Ë ÿ¥ §◊Õ

59.9 % ¿“¬„π√–¬–‡«≈“ 72 ™—Ë«‚¡ß ·≈–‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫°—∫‡™◊ÈÕ·∫§∑’‡√’¬∫“ß™π‘¥∑’Ë¡’√“¬ß“π«à“¡’

ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬ “√ TCE π—Èπ “¡“√∂

¬àÕ¬ ≈“¬ “√ TCE ‰¥â∑’Ë§«“¡‡¢â¡¢âπ 1-30 mg/l „π

√–¥—∫ 30-100% [2,4] ¥—ßπ—Èπ‡™◊ÈÕ·∫§∑’‡√’¬®“°µ—«Õ¬à“ß

WA ®÷ßπà“®–¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬ “√ TCE

‰¥â¥’ ·≈– “¡“√∂∑’Ë®–π”‰ª„™âæ—≤π“„π‡√◊ËÕß¢Õß°“√„™â

‡™◊ÈÕ·∫§∑’‡√’¬„π°“√∫”∫—¥ “√ TCE ∑’Ëªπ‡ªóôÕπ„ππÈ”∑‘Èß

®“°‚√ßß“πÕÿµ “À°√√¡ À√◊Õ „™â„π°“√∫”∫—¥πÈ”„µâ¥‘π

∑’Ë¡’°“√ªπ‡ªóôÕπ “√ TCE ‰¥â

2. ‡™◊ÈÕ·∫§∑’‡√’¬®“°µ—«Õ¬à“ß WA, CM, AWI

·≈– AWII ¬—ß “¡“√∂π”‰ª„™â„π°“√∫”∫—¥ “√øïπÕ≈

∑’Ëªπ‡ªóôÕπ„ππÈ”∑‘Èß®“°‚√ßß“πÕÿµ “À°√√¡‰¥âÕ¬à“ß¥’¥â«¬

∑—Èßπ’È‡π◊ËÕß®“°‡™◊ÈÕ·∫§∑’‡√’¬¥—ß°≈à“« “¡“√∂∑π∑“π

·≈–‡®√‘≠‡µ‘∫‚µ‰¥â¥’∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ¢Õß “√øïπÕ≈

‰¥â Ÿß∂÷ß 1,600 mg/l ®÷ß¡’§«“¡‡ªìπ‰ª‰¥â∑’Ë®–π”‡™◊ÈÕ

·∫§∑’‡√’¬¥—ß°≈à“« ‰ª„™â„π°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß

√–∫∫∫”∫—¥πÈ”∑‘Èß„π°“√°”®—¥ “√øïπÕ≈∑’Ëªπ‡ªóôÕπ„π

πÈ”∑‘Èß®“°‚√ßß“πÕÿµ “À°√√¡„Àâ Ÿß¢÷Èπ‰¥â ´÷Ëß¡“µ√∞“π

§«∫§ÿ¡°“√√–∫“¬πÈ”∑‘Èß®“°‚√ßß“πÕÿµ “À°√√¡ ·≈–

π‘§¡Õÿµ “À°√√¡‰¥â°”Àπ¥«à“®–µâÕß¡’ª√‘¡“≥¢Õß

 “√ª√–°Õ∫øïπÕ≈„ππÈ”∑‘Èß ‰¡à¡“°°«à“ 1 mg/l

3. „π°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√¬àÕ¬ ≈“¬ “√

TCE ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬®“°µ—«Õ¬à“ß WA §«√∑’Ë®–»÷°…“

Õ—µ√“ à«π∑’Ë‡À¡“– ¡¢Õß “√øïπÕ≈ /  “√ TCE „π

·µà≈–√–¥—∫§«“¡‡¢â¡¢âπ¢Õß “√ TCE ∑—Èßπ’È‡π◊ËÕß®“°

°√–∫«π°“√ cometabolism ®–‡°‘¥°“√·¢àß¢—π°—π

(competition) √–À«à“ß “√øïπÕ≈ ·≈– “√ TCE ∑’Ë®–

‡¢â“‰ª∑” ªÆ‘°√‘¬“°—∫‡ÕÁπ‰´¡å oxygenase ´÷Ëß‡™◊ÈÕ

·∫§∑’‡√’¬∂Ÿ°°√–µÿâπ„Àâ √â“ß¢÷Èπ¡“‚¥¬ “√øïπÕ≈ ·µà

‡ÕÁπ‰´¡å¥—ß°≈à“«®–‰¡à¡’§«“¡®”‡æ“–°—∫ “√øïπÕ≈‡∑à“π—Èπ

·µà¬—ß “¡“√∂‡°‘¥ªØ‘°√‘¬“¬àÕ¬ ≈“¬ “√ TCE ‰¥â¥â«¬

®÷ß°àÕ„Àâ‡°‘¥°√–∫«π°“√·¢àß¢—π¢÷Èπ ‚¥¬∂â“ª√‘¡“≥ “√

øïπÕ≈¡“°‡°‘π‰ª ®–∑”„Àâª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬

 “√ TCE ≈¥≈ß ·≈–∂â“ª√‘¡“≥ “√øïπÕ≈πâÕ¬‡°‘π‰ª

°Á®–‰¡à‡æ’¬ßæÕµàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬

‡π◊ËÕß®“°‡™◊ÈÕ·∫§∑’‡√’¬‰¡à “¡“√∂„™â “√ TCE ‡ªìπ·À≈àß

¢Õß∏“µÿÕ“À“√§“√å∫Õπ‡æ◊ËÕ„™â„π°“√‡®√‘≠‡µ‘∫‚µ‰¥â °Á®–

∑”„Àâª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬ “√ TCE ≈¥≈ß

‡™àπ°—π [5] ¥—ßπ—Èπ®÷ß§«√µâÕß»÷°…“Õ—µ√“ à«π¢Õß “√

øïπÕ≈ /  “√ TCE ∑’Ë®–∑”„Àâª√– ‘∑∏‘¿“æ„π°“√

¬àÕ¬ ≈“¬ “√ TCE ¥’∑’Ë ÿ¥„π·µà≈–√–¥—∫§«“¡‡¢â¡¢âπ

¢Õß “√ TCE ‰¥â¡’√“¬ß“π«à“„π√–¥—∫§«“¡‡¢â¡¢âπ¢Õß

 “√ TCE ∑’Ë 26 mg/l Õ—µ√“ à«π¢Õß “√øïπÕ≈ /  “√

TCE „π∂—ßªØ‘°√≥å™’«¿“æ®–µâÕß§«∫§ÿ¡„ÀâÕ¬Ÿà„πÕ—µ√“

 à«π 10 : 1 ´÷Ëß®–∑”„Àâª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬

 “√ TCE  Ÿß ÿ¥∂÷ß 95% (6)

4. §«√∑’Ë®–»÷°…“‡æ◊ËÕ®”·π°™π‘¥¢Õß‡™◊ÈÕ

·∫§∑’‡√’¬„π·µà≈–µ—«Õ¬à“ß ‡æ◊ËÕ∑’Ë®–‰¥â∑√“∫«à“„π·µà≈–

µ—«Õ¬à“ßª√–°Õ∫¥â«¬‡™◊ÈÕ·∫§∑’‡√’¬™π‘¥„¥∫â“ß ‡æ◊ËÕ∑’Ë

®–π”‰ª Ÿà°“√»÷°…“™π‘¥ ·≈–ªÆ‘°√‘¬“¢Õß‡ÕÁπ‰´¡å

√Ÿª∑’Ë 5  ‡ªÕ√å‡´Áπµå°“√¬àÕ¬ ≈“¬ TCE ∑’Ë 10 mg/l
¢Õß‡™◊ÈÕ phenol-utilizing bacteria
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oxygenase ∑’Ë‡™◊ÈÕ·∫§∑’‡√’¬·µà≈–™π‘¥º≈‘µÕÕ°¡“

‡æ◊ËÕ¬àÕ¬ ≈“¬ “√øïπÕ≈ ·≈– “¡“√∂‡°‘¥°√–∫«π°“√

cometabolism °—∫ “√ TCE ‰¥â ´÷Ëß‡ÕÁπ‰´¡å„π°≈ÿà¡

oxygenase ®–¡’‡ÕÁπ‰´¡åÀ≈“¬™π‘¥∑’Ë ‡™◊ÈÕ·∫§∑’‡√’¬

 “¡“√∂º≈‘µ¢÷Èπ¡“ ·≈– “¡“√∂‡°‘¥°√–∫«π°“√

cometabolism °—∫ “√ TCE‰¥â [7,8] ´÷Ëß„πªí®®ÿ∫—π

 “¡“√∂∑’Ë®–»÷°…“∂÷ß√–¥—∫¬’π (gene) ∑’Ë§«∫§ÿ¡°“√

º≈‘µ‡ÕÁπ‰´¡å‡À≈à“π’È ·≈– “¡“√∂π”‰ª„™â„π°“√ª√—∫ª√ÿß

æ—π∏ÿ°√√¡¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ ‡æ◊ËÕ„Àâ¡’ª√– ‘∑∏‘¿“æ„π

°“√¬àÕ¬ ≈“¬ “√ TCE  Ÿß¢÷Èπ‰¥â

‡Õ° “√Õâ“ßÕ‘ß
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Abstract
Geographic Information System (GIS) of

Kukot sanitary landfill (old) was setup using

thirty layers of database. Twenty-six layers

were the database produced by Department of

Environmental Quality Promotion, which were

based on GIS database structures of 1:50,000

Pathumthani Province map. This study provided

another four layers including the information of

elevation, geophysics, geology, and hydrology. The

database will be used for further study on the risk

assessment from the landfill.

∫∑§—¥¬àÕ
√–∫∫ “√ π‡∑»¿Ÿ¡‘»“ µ√å∫√‘‡«≥À≈ÿ¡Ωíß°≈∫

¢¬–§Ÿ§µ (‡°à“) „π®—ßÀ«—¥ª∑ÿ¡∏“π’‰¥â∂Ÿ°®—¥∑”¢÷Èπ‚¥¬ ¡’

°“√®—¥∑”√–∫∫ “√ π‡∑»¿Ÿ¡‘»“ µ√å∫√‘‡«≥À≈ÿ¡Ωíß°≈∫¢¬–§Ÿ§µ (‡°à“)
Geographic Information System for Old SiteKukot Sanitary Landfill

π“¬¡’»—°¥‘Ï ¡‘≈‘π∑«‘ ¡—¬, π“¬ ’Àπ“∂ ™“≠≥√ß§å
π“¬ÕàÕπ®—π∑√å ‚§µ√æß…å

®”π«π™—Èπ¢âÕ¡Ÿ≈ (layers) ∑—ÈßÀ¡¥ 30 ™—Èπ¢âÕ¡Ÿ≈ ´÷Ëß

 à«πÀπ÷ËßÕâ“ßÕ‘ß®“°‚§√ß √â“ß∞“π¢âÕ¡Ÿ≈ “√ π‡∑»

¿Ÿ¡‘»“ µ√å ¡“µ√“ à«π 1:50,000 ®—ßÀ«—¥ª∑ÿ¡∏“π’

®—¥∑”‚¥¬°√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡´÷Ëß¡’™—Èπ¢âÕ¡Ÿ≈

®”π«π 26 ™—Èπ¢âÕ¡Ÿ≈ ·≈–Õ’° à«πÀπ÷Ëß¡“®“°°“√ ”√«®

«‘®—¬§√—Èßπ’È‡æ◊ËÕ‡æ‘Ë¡™—Èπ¢âÕ¡Ÿ≈Õ’° 4 ™—Èπ¢âÕ¡Ÿ≈ Õ—π‰¥â·°à

¢âÕ¡Ÿ≈°“√«—¥√–¥—∫§«“¡ Ÿß ¢âÕ¡Ÿ≈°“√ ”√«®∏√≥’øî ‘° å

¢âÕ¡Ÿ≈∏√≥’«‘∑¬“ ·≈–¢âÕ¡Ÿ≈Õÿ∑°«‘∑¬“ ÷́Ëß¢âÕ¡Ÿ≈¥—ß°≈à“«

 “¡“√∂ π”¡“„™â‡ªìπª√–‚¬™πå„π°“√ª√–‡¡‘π§«“¡‡ ’Ë¬ß

¢Õß™ÿ¡™π∫√‘‡«≥√Õ∫À≈ÿ¡Ωíß°≈∫¢¬–

1. §”π”
®“°°“√∑’Ë ‰¥â¡’°“√®—¥∑”·ºπß“π‚§√ß°“√»÷°…“

«‘®—¬‡√◊ËÕß ç°“√ª√–‡¡‘π§«“¡‡ ’Ë¬ß®“°°“√Ωíß°≈∫¢¬–

„π‡¡◊Õß„À≠àµàÕ ‘Ëß·«¥≈âÕ¡·≈– ÿ¢Õπ“¡—¬¢Õßª√–™“™π

°√≥’»÷°…“ :  ∂“π∑’ËΩíß°≈∫¢¬– (‡¥‘¡) ¢Õß‡∑»∫“≈

»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√. 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
Environmental Research and Training Center, Department of Environmental Quality Promotion. Technopolis. Kolng 5 Klong Luang, Pathumthani 12120
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‡¡◊Õß§Ÿ§µ Õ”‡¿Õ≈”≈Ÿ°°“ ®—ßÀ«—¥ª∑ÿ¡∏“π’ °√¡ àß‡ √‘¡

§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡®÷ß‰¥â∑”°“√»÷°…“«‘®—¬‡æ◊ËÕª√–‡¡‘π

§«“¡‡ ’Ë¬ß¢Õß°“√°”®—¥¢¬–·∫∫Ωíß°≈∫¢Õß‡¡◊Õß„À≠à

‚¥¬‡≈◊Õ° ∂“π∑’Ë∑‘Èß¢¬–‡¥‘¡¢Õß‡∑»∫“≈‡¡◊Õß§Ÿ§µ

®—ßÀ«—¥ª∑ÿ¡∏“π’ ‡ªìπ ∂“π∑’Ë»÷°…“«‘®—¬¢÷Èπ

°√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡®÷ß‰¥â«à“®â“ß

»Ÿπ¬å∫√‘°“√«‘™“°“√·Ààß®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬1

∑”°“√«‘®—¬¢—ÈπµÕπ·√° „π°“√®—¥∑”√–∫∫ “√ π‡∑»

¿Ÿ¡‘»“ µ√å‡æ◊ËÕ‡ªìπ°“√π”‡Õ“¢âÕ¡Ÿ≈¥â“π°“¬¿“æ ¥â“π

Õÿ∑°«‘∑¬“ ·≈–¥â“π°“√æ—≤π“æ◊Èπ∑’Ë ∫√‘‡«≥√Õ∫æ◊Èπ∑’Ë

À≈ÿ¡Ωíß°≈∫¢¬–§Ÿ§µ (‡¥‘¡) ∑’Ë ‰¥â¡’°“√»÷°…“¡“°àÕπ

µ≈Õ¥®ππ”¢âÕ¡Ÿ≈∑’Ë ”√«®‡æ‘Ë¡‡µ‘¡„π à«π∑’Ë¬—ß¢“¥

À“¬‰ª„π‡∫◊ÈÕßµâπ ´÷Ëß¡’§«“¡ ”§—≠µàÕ°“√¥”‡π‘π°“√

»÷°…“«‘®—¬∑’Ë‡°’Ë¬«¢âÕß°—∫‚§√ß°“√‰¥â·°à °“√®—¥∑”·ºπ∑’Ë

∞“π· ¥ß≈—°…≥–¿Ÿ¡‘ª√–‡∑»¡“µ√“ à«π

2. °“√¥”‡π‘π°“√

2.1 ‡°Á∫·≈–√«∫√«¡¢âÕ¡Ÿ≈∑’Ë¡’Õ¬Ÿà·≈â«
„π à«π∑’Ë‡°’Ë¬«¢âÕß°—∫‚§√ß°“√ ´÷Ëßª√–°Õ∫¥â«¬

■ ¢âÕ¡Ÿ≈∑“ß°“¬¿“æ ‰¥â·°à  ¿“æ¿Ÿ¡‘ª√–‡∑»

√–¥—∫§«“¡ Ÿß ™π‘¥¢Õß¥‘π §ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ

‚§√ß √â“ß°“√«“ßµ—«¢Õß™—Èπ¥‘π §«“¡≈÷°·≈–§«“¡Àπ“

¢Õß™—Èπ¥‘π ¢âÕ¡Ÿ≈∫àÕ∫“¥“≈ ¢Õ∫‡¢µ·≈–§«“¡≈÷°¢Õß

™—ÈπÀ‘πÕÿâ¡πÈ” §ÿ≥ ¡∫—µ‘¢Õß°“¬¿“æ·≈–∑“ß‡§¡’¢Õß

™—ÈππÈ” °“√ Ÿ∫πÈ”®“°∫àÕ §à“√–¥—∫πÈ”ª°µ‘ §à“√–¥—∫πÈ”≈¥

·≈–¢âÕ¡Ÿ≈∑“ß™≈»“ µ√å¢Õß™—Èπ¥‘π

■ ¢âÕ¡Ÿ≈¥â“πÕÿ∑°«‘∑¬“·≈–¿Ÿ¡‘Õ“°“» ‰¥â·°à

ª√‘¡“≥πÈ”Ωπ ª√‘¡“≥·≈–§ÿ≥¿“æπÈ”º‘«¥‘π®“°·¡àπÈ”

≈”∏“√ Õà“ß‡°Á∫πÈ”

■ ¢âÕ¡Ÿ≈¥â“π°“√æ—≤π“æ◊Èπ∑’Ë ‰¥â·°à °“√„™â

ª√–‚¬™πå∑’Ë¥‘π °“√°√–®“¬µ—«¢Õß‚√ßß“πÕÿµ “À°√√¡

°“√°√–®“¬µ—«¢ÕßÀ¡Ÿà∫â“π ¢Õ∫‡¢µ°“√ª°§√Õß

®”π«πª√–™“°√ ·À≈àß»‘≈ª°√√¡ ·À≈àß∑àÕß‡∑’Ë¬«

·À≈àß∑√—æ¬“°√∏√√¡™“µ‘ π‘§¡Õÿµ “À°√√¡·≈–

 “∏“√≥Ÿª‚¿§æ◊Èπ∞“π

2.2 °“√ ”√«®¢âÕ¡Ÿ≈‡æ‘Ë¡‡µ‘¡„π à«π∑’Ë
¢“¥‰ª ª√–°Õ∫¥â«¬

■ ®—¥À“·ºπ∑’Ë¿“æ∂à“¬∑“ßÕ“°“» ¡“µ√“ à«π

1:15,000 §√Õ∫§≈ÿ¡æ◊Èπ∑’Ë»÷°…“À≈ÿ¡Ωíß°≈∫¢¬– (‡¥‘¡)

§Ÿ§µ

■ ®—¥∑”·ºπ∑’Ë∞“π· ¥ß≈—°…≥–¿Ÿ¡‘ª√–‡∑»

¡“µ√“ à«π 1:4,000 √Õ∫æ◊Èπ∑’Ë 5 µ“√“ß°‘‚≈‡¡µ√ ∑’Ë¡’

§«“¡‡ ’Ë¬ß®“°°“√Ωíß°≈∫¢¬– ‚¥¬¡’°“√ √â“ßÀ¡ÿ¥À≈—°

∞“π®“°À¡ÿ¥Õâ“ßÕ‘ß¡“µ√∞“π ¡’°“√√—ß«—¥·≈–§à“√–¥—∫

„πæ◊Èπ∑’Ë»÷°…“ π”·ºπ∑’Ë‡¢â“ Ÿà√–∫∫ “√ π‡∑»¿Ÿ¡‘»“ µ√å

‚¥¬ Software ArcView Version 3.1

■  ”√«®®—¥∑”·ºπ∑’Ë ”√«®∏√≥’øî ‘° å ‚¥¬

«‘∏’ Resistivity Sounding2 „π°“√ ”√«®¿“§ π“¡

‰¥â∑”°“√ ”√«®¥â«¬«‘∏’ Schlumberger ‚¥¬·∫àß°“√

 ”√«®∂÷ß√–¥—∫§«“¡≈÷° (AB/2) = 100 ‡¡µ√ ®”π«π

24 ®ÿ¥ ·≈– AB/2 = 50 ‡¡µ√ ®”π«π 62 ®ÿ¥

√«¡®ÿ¥ ”√«®∑—Èß ‘Èπ 86 ®ÿ¥ √«¡§«“¡≈÷° 5,500 ‡¡µ√

·µà≈–®ÿ¥®–Õà“π§à“§«“¡µâ“π∑“π‰øøÑ“∑’Ë√–¥—∫§«“¡≈÷°

(AB/2) ¥—ßπ’È §◊Õ 1, 1.5, 2, 3, 5, 6, 7, 10, 15, 25, 30,

35, 40, 45, 50, 60, 70, 80, 90 ·≈– 100 ‡¡µ√

®ÿ ¥ ∑’Ë ‰¥â∑”°“√ ”√«®∂÷ß√–¥—∫§«“¡≈÷° 100 ‡¡µ√

ª√–°Õ∫¥â«¬®ÿ¥ ”√«® 3, 11, 14, 17, 20, 30, 32, 35,

49, 50, 52, 53, 55, 58, 60, 62, 64, 68, 69, 72, 82, 84,

88, ·≈– 90  à«π®ÿ¥ ”√«®∑’Ë‡À≈◊Õ®–‡ªìπ°“√ ”√«®

∂÷ß√–¥—∫§«“¡≈÷° 50 ‡¡µ√ ®“°π—Èππ”º≈∑’Ë ‰¥â¡“·ª√

§«“¡À¡“¬Õ¬Ÿà„π√Ÿª¢Õß·ºπ∑’Ë∏√≥’øî ‘° å

■ ª√–‡¡‘πº≈∑“ß∏√≥’«‘∑¬“„µâ¥‘π√–¥—∫

¿Ÿ¡‘¿“§ (Regional subsurface geology) ‡æ◊ËÕ‡ªìπ

¢âÕ¡Ÿ≈„π°“√°”Àπ¥µ”·Àπàß°“√‡®“– ”√«®µ—«Õ¬à“ß

¥‘π·≈–πÈ” ‡æ◊ËÕ°“√ ”√«®°“√ªπ‡ªóôÕπ “√¡≈æ‘…·≈–

‡ªìπ°“√‡µ√’¬¡¢âÕ¡Ÿ≈„π°“√ √â“ß·∫∫®”≈Õß°“√‰À≈¢Õß

πÈ”„µâ¥‘π·≈–°“√‡§≈◊ËÕπ¬â“¬¢Õß “√ªπ‡ªóôÕπ¡≈æ‘…

®“°À≈ÿ¡Ωíß°≈∫¢¬–„π™—ÈππÈ”„µâ¥‘πµàÕ‰ª

2.3 ®—¥∑”¢âÕ¡Ÿ≈¥—ß°≈à“ß¢â“ßµâπ„ÀâÕ¬Ÿà „π
√–∫∫ “√ π‡∑»¿Ÿ¡‘»“ µ√å

3. º≈°“√¥”‡π‘π°“√
®“°°“√ ”√«®æ∫«à“ §à“√–¥—∫§«“¡ Ÿß„πæ◊Èπ∑’Ë

 ”√«® ¡’§à“µ—Èß·µà 1.6 ‡¡µ√∂÷ß 4.8 ‡¡µ√‡Àπ◊Õ√–¥—∫

πÈ”∑–‡≈ª“π°≈“ß ‚¥¬¡’§à“‡©≈’Ë¬§«“¡ Ÿß‚¥¬∑—Ë«‰ª„π

æ◊Èπ∑’Ëª√–¡“≥ 2.2 ‡¡µ√‡Àπ◊Õ√–¥—∫πÈ”∑–‡≈ª“π°≈“ß

·≈–æ◊Èπ∑’Ë°Õß¢¬–®–¡’√–¥—∫ Ÿß∑’Ë ÿ¥‚¥¬¡’√–¥—∫§«“¡ Ÿß
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16 µ—Èß·µà 2.4 ‡¡µ√∂÷ß 4.8 ‡¡µ√‡Àπ◊Õ√–¥—∫πÈ”∑–‡≈ª“π°≈“ß

À√◊Õ¡’§«“¡ Ÿß‡©≈’Ë¬ª√–¡“≥ 2.4 ‡¡µ√ ‡Õ’¬ß‡∑‰ª

∑ÿ°∑‘»∑“ß ®“°°“√ ”√«®æ∫«à“∫√‘‡«≥√Õ∫°Õß¢¬–

„π√—»¡’ 5 µ“√“ß°‘‚≈‡¡µ√ ‡ªìπ‡¢µ™ÿ¡™π∑’ËÕ¬ŸàÕ“»—¬

§àÕπ¢â“ßÀπ“·πàπ¡’°“√„™âπÈ”∫“¥“≈·≈–πÈ”ª√–ª“„π°“√

Õÿª‚¿§·≈–∫√‘‚¿§

°“√ ”√«® Resistivity · ¥ßº≈‚¥¬ Apparent

Resistivity Contour Image ÷́Ëß· ¥ß‡ªìπµ—«Õ¬à“ß„π

√Ÿª 1 ®“°°“√»÷°…“æ∫«à“ ∑’Ë√–¥—∫§«“¡≈÷° (AB/2)

‡∑à“°—∫ 1 ·≈– 3 ‡¡µ√ ∫√‘‡«≥°Õß¢¬– ∫√‘‡«≥∫àÕª≈“∑’Ë

¡’°“√¢ÿ¥¥‘πµÕπ≈à“ß¢÷Èπ¡“∑”‡ªìπ§—π¥‘π¡’§à“§«“¡µâ“π∑“π

‰øøÑ“®”‡æ“–µË” ( ’πÈ”‡ß‘π)  à«π∫√‘‡«≥∑’Ë¡’§à“§«“¡

µâ“π∑“π‰øøÑ“®”‡æ“– Ÿß ( ’·¥ß) ‰¥â·°à æ◊Èπ∑’Ë∫√‘‡«≥∑’Ë¡’

°“√∂¡¥‘π‡æ◊ËÕ°àÕ √â“ßÕ“§“√∑’ËÕ¬ŸàÕ“»—¬ ∂ππ ∑àÕª√–ª“

‡ “‡¢Á¡ À√◊Õ∫√‘‡«≥‡¢µ™ÿ¡™π∑’ËÕ¬ŸàÕ“»—¬ ´÷Ëß Õ¥§≈âÕß

°—∫º≈°“√·ª≈¥â«¬«‘∏’ Matching Curve ´÷Ëß§à“§«“¡

µâ“π∑“π ‰øøÑ“ Ÿß ‰¥â·°à¥‘π∂¡‡æ◊ËÕª≈Ÿ° ‘Ëß°àÕ √â“ß®–¡’

§«“¡Àπ“ πâÕ¬°«à“ 1 ‡¡µ√ ·≈–¥‘π‡Àπ’¬«§«“¡™◊ÈπµË”¡’

§«“¡Àπ“ 4-5 ‡¡µ√ ™—Èπ¥‘πµÕπ≈à“ß µ≈Õ¥∑—Èßæ◊Èπ∑’Ë‡ªìπ

¥‘π‡Àπ’¬«À√◊Õ¥‘π‡≈π ∑’ËÕ‘Ë¡µ—«¥â«¬πÈ”‡§Á¡ ·≈–πÈ”°√àÕ¬

 —ß‡°µ‰¥â®“°§à“§«“¡µâ“π∑“π‰øøÑ“®”‡æ“–µË”°«à“ 1

‚ÕÀå¡-‡¡µ√ ·≈–πâÕ¬°«à“ 4 ‚ÕÀå¡-‡¡µ√ µ“¡≈”¥—∫

∫“ß®ÿ¥ ”√«® ¡’ Anomaly ¢Õß™—Èπ∑√“¬∫“ßÊ ∑’Ë√–¥—∫

§«“¡≈÷° 30-45 ‡¡µ√ ‡π◊ËÕß®“°™—Èπ¥‘πµÕπ∫π à«π„À≠à

‡ªìπ™—Èπ¥‘π‡Àπ’¬« ÷́Ëß§ÿ≥ ¡∫—µ‘¡—°®–‡ªìπµ—«°—°°—ÈππÈ”‰¥â

‡ªìπÕ¬à“ß¥’ (Impervious rock) ¥—ßπ—Èπ°“√·ºà°√–®“¬

¢ÕßπÈ”‡ ’¬®“°°Õß¢¬–πà“®–‡°‘¥‰¥âßà“¬∫π™—Èπ¥‘π‡Àπ’¬«

À√◊ÕπÈ”º‘«¥‘π Õ“®®–¡’Õ‘∑∏‘æ≈‡ªìπÕ¬à“ß¡“°µàÕ∫àÕ

‡≈’È¬ßª≈“ ‚¥¬√Õ∫°Õß¢¬–∂â“¡’∏“µÿ‚≈À–Àπ—°Õ¬Ÿà

ª√‘¡“≥¡“° ·≈–‡°‘¥¡’ª√‘¡“≥Ωπµ°¡“°·≈–∑”„Àâ‡°‘¥

πÈ”∑à«¡ ∫√‘‡«≥√Õ∫°Õß¢¬– ª√–°Õ∫¥â«¬ ‘Ëß°àÕ √â“ß

¡“°¡“¬ ‡™àπ ∂ππ·≈–À¡Ÿà∫â“π ∑”„Àâ‡ªìπµ—«¢«“ß°—Èπ

∑“ßπÈ”‰À≈ ‚¥¬‡©æ“–æ◊Èπ∑’Ë∑“ß¥â“π∑‘»‡Àπ◊Õ¢Õß

°Õß¢¬– ¥—ßπ—ÈπÀ“°‡°‘¥πÈ”∑à«¡ °“√°√–®“¬∑‘»∑“ß‰À≈

¢ÕßπÈ”πà“®–‡ÕàÕ∑à«¡‰ª∑“ß∑‘»µ–«—πÕÕ° µ–«—πµ° ·≈–

∑‘»„µâ¢Õß°Õß¢¬–

®“°∑’Ë ‰¥â¡’°“√√«∫√«¡·≈–∑”°“√ ”√«®¢âÕ¡Ÿ≈

‡æ‘Ë¡‡µ‘¡¢â“ßµâπ ‰¥âπ”‡¢â“ Ÿà√–∫∫ “√ π‡∑»¿Ÿ¡‘»“ µ√å

(GIS) ‚¥¬„™â´Õøµå·«√å ArcView Version 3.2 √«¡

∑—ÈßÀ¡¥ 30 ™—Èπ¢âÕ¡Ÿ≈‚¥¬·∫àß‡ªìπ¢âÕ¡Ÿ≈∞“π∑’Ë¡’Õ¬Ÿà‡¥‘¡

√Ÿª 1  ·ºπ∑’Ë∏√≥’øî ‘° å‚¥¬«‘∏’ Apparent Resistivity ∑’Ë√–¥—∫ 3 ‡¡µ√
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®”π«π 26 ™—Èπ¢âÕ¡Ÿ≈ (Layers) ·≈–¢âÕ¡Ÿ≈∑’Ë ”√«®‡æ‘Ë¡

‡µ‘¡®”π«π 4 ™—Èπ¢âÕ¡Ÿ≈ ¢âÕ¡Ÿ≈∑—ÈßÀ¡¥ “¡“√∂Õ∏‘∫“¬

À√◊Õ«‘‡§√“–Àå ‰¥â‡∫◊ÈÕßµâπ‡°’Ë¬«°—∫§«“¡ —¡æ—π∏å°—π„π

‡™‘ßæ◊Èπ∑’Ë ´÷Ëß‡ªìπ≈—°…≥–‡©æ“–¢Õß√–∫∫ “√ π‡∑»

¿Ÿ¡‘»“ µ√å ‚¥¬¢âÕ¡Ÿ≈®–∂Ÿ°ÕÕ°·∫∫‚§√ß √â“ß‡æ◊ËÕ‡™◊ËÕ¡

‚¬ß°—π√–À«à“ß¢âÕ¡Ÿ≈‡™‘ßæ◊Èπ∑’Ë (Spatial Data) ·≈– ¢âÕ

¡Ÿ≈‡™‘ßÕ√√∂“∏‘∫“¬ (Attribute Data) ´÷Ëß¡’‚§√ß √â“ß

¥—ß· ¥ß„πµ“√“ß 1

µ“√“ß 1  ‚§√ß √â“ß∞“π¢âÕ¡Ÿ≈√–∫∫ “√ π‡∑»¿Ÿ¡‘»“ µ√å

™—Èπ¢âÕ¡Ÿ≈ ≈—°…≥–¢âÕ¡Ÿ≈ ·À≈àß¢âÕ¡Ÿ≈

µ”∫≈ polygon , arc °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

Õ”‡¿Õ polygon °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

‡∑»∫“≈ -  ÿ¢“¿‘∫“≈ polygon °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

À¡Ÿà∫â“π point °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

 ∂“π’Õÿµÿπ‘¬¡«‘∑¬“®—ßÀ«—¥ point °√¡Õÿµÿπ‘¬¡«‘∑¬“

ª√‘¡“≥πÈ”Ωπ arc °√¡Õÿµÿπ‘¬¡«‘∑¬“

Aspect polygon °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

§à“√–¥—∫ polygon °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

§«“¡≈“¥™—π polygon °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

‡ âπ∑“ßπÈ” polygon , arc °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

§ÿ≥¿“æπÈ” point °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

æ◊Èπ∑’Ë≈ÿà¡πÈ” polygon °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

∫àÕ∫“¥“≈ point °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

øÕ  ‘́≈ point °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

∏√≥’«‘∑¬“ polygon °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

πÈ”„µâ¥‘π arc °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

¥‘π polygon °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

 —µ«åªÉ“ polygon °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

°“√„™âª√–‚¬™πå∑’Ë¥‘π polygon °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

»‘≈ª°√√¡ point °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

∑√—æ¬“°√∏√√¡™“µ‘ point °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

·À≈àß∑àÕß‡∑’Ë¬« point °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

π‘§¡Õÿµ “À°√√¡ polygon °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

‚√ßß“πÕÿµ “À°√√¡ point °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

 “∏“√≥Ÿª‚¿§æ◊Èπ∞“π Arc °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

‡ âπ∑“ß§¡π“§¡ arc °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡

¢âÕ¡Ÿ≈°“√ ”√«®√—ß«—¥√–¥—∫§«“¡ Ÿß point  ”√«®„À¡à

¢âÕ¡Ÿ≈°“√ ”√«®∏√≥’øî ‘° å point  ”√«®„À¡à

¢âÕ¡Ÿ≈∏√≥’«‘∑¬“·≈–Õÿ∑°∏√≥’«‘∑¬“„π√–¥—∫¿Ÿ¡‘¿“§ point °√¡∑√—æ¬“°√∏√≥’

¢âÕ¡Ÿ≈¿“æ∂à“¬∑“ßÕ“°“» raster °√¡·ºπ∑’Ë∑À“√
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√Ÿª 4  ¿“æ∂à“¬∑“ßÕ“°“»· ¥ß ∂“π∑’ËΩíß°≈∫¢¬– (‡¥‘¡) ¢Õß‡∑»∫“≈‡¡◊Õß§Ÿ§µ
Õ”‡¿Õ≈”≈Ÿ°°“ ®—ßÀ«—¥ª∑ÿ¡∏“π’

√Ÿª 3  ≈—°…≥–¢âÕ¡Ÿ≈‡™‘ßÕ√√∂“∏‘∫“¬ ¢Õß√–∫∫ “√ π‡∑»¿Ÿ¡‘»“ µ√å

√Ÿª 2  ≈—°…≥–¢âÕ¡Ÿ≈‡™‘ßæ◊Èπ∑’Ë¢Õß√–∫∫ “√ π‡∑»¿Ÿ¡‘»“ µ√å
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∞“π¢âÕ¡Ÿ≈√–∫∫ “√ π‡∑»¿Ÿ¡‘»“ µ√å “¡“√∂

· ¥ßº≈¢âÕ¡Ÿ≈‡™‘ßæ◊Èπ∑’Ë (Spatial Data) ¢Õß®—ßÀ«—¥

ª∑ÿ¡∏“π’ ¥—ß· ¥ß‡ªìπµ—«Õ¬à“ß„π√Ÿª 2 ‚¥¬„™â‚ª√·°√¡

Arcview 3.2 ‡ªî¥‡¢â“ Ÿà∞“π¢âÕ¡Ÿ≈¢Õß√–∫∫ “√ π‡∑»

¿Ÿ¡‘»“ µ√å∫√‘‡«≥À≈ÿ¡Ωíß°≈∫¢¬–§Ÿ§µ (‡°à“) ®“°√Ÿª

®–· ¥ß„Àâ‡ÀÁπ≈—°…≥–¢Õßæ◊Èπ∑’Ë·≈–‡ âπ·¡àπÈ”≈”§≈Õß

„π®—ßÀ«—¥ª∑ÿ¡∏“π’·≈–‡¡◊ËÕ§≈‘°‡¢â“„π∫√‘‡«≥¢Õß·ºπ∑’Ë

‚ª√·°√¡®–· ¥ß¢âÕ¡Ÿ≈‡™‘ßÕ√√∂“∏‘∫“¬ (Attribute

Data) ¥—ß√Ÿª 3 ´÷Ëß‡ªìπµ—«Õ¬à“ß¢âÕ¡Ÿ≈æ◊Èπ∞“π¢ÕßÕ”‡¿Õ

„π®—ßÀ«—¥ª∑ÿ¡∏“π’  à«π√Ÿª 4 ‡ªìπ°“√· ¥ßº≈¢Õß

¿“æ∂à“¬∑“ßÕ“°“»· ¥ß ∂“π∑’ËΩíß°≈∫¢¬– (‡¥‘¡) ¢Õß

‡∑»∫“≈‡¡◊Õß§Ÿ§µ Õ”‡¿Õ≈”≈Ÿ°°“ ®—ßÀ«—¥ª∑ÿ¡∏“π’

®“°°“√„™â‚ª√·°√¡ Arcview 3.2 ‡¡◊ËÕ‡¢â“ Ÿà√–∫∫

 “√ π‡∑»¿Ÿ¡‘»“ µ√å∫√‘‡«≥À≈ÿ¡Ωíß°≈∫¢¬–§Ÿ§µ (‡°à“)

 √ÿª
°“√√«∫√«¡¢âÕ¡Ÿ≈∑—Èß®“°°“√ ”√«®„À¡à´÷Ëß

‡πâπ∂÷ß≈—°…≥–∑“ßÕÿ∑°∏√≥’«‘∑¬“ ÷́Ëß√«¡∂÷ß¢âÕ¡Ÿ≈

‡°’Ë¬«°—∫≈—°…≥–¢Õß™—Èπ¥‘π·≈–√–¥—∫§«“¡ Ÿß¢Õßæ◊Èπ∑’Ë

Ωíß°≈∫¢¬– ¡“ºπ«°°—∫∞“π¢âÕ¡Ÿ≈∑’Ë¡’Õ¬Ÿà‡¥‘¡´÷Ëßª√–°Õ∫

¥â«¬¢âÕ¡Ÿ≈∑“ß°“¬¿“æ·≈–°“√„™âæ◊Èπ∑’Ë ‡æ◊ËÕπ”¡“‡¢â“ Ÿà

√–∫∫ “√ π‡∑»¿Ÿ¡‘»“ µ√å ®– “¡“√∂π”‰ª„™â„π°“√

«‘‡§√“–Àå‡∫’ÈÕßµâπ‡°’Ë¬«°—∫§«“¡ —¡æ—π∏å‡™‘ßæ◊Èπ∑’Ë‡æ◊ËÕ

™à«¬„π°“√»÷°…“°“√ª√–‡¡‘π§«“¡‡ ’Ë¬ß ®“°°“√Ωíß°≈∫

¢¬–·≈–‡æ◊ËÕ„™â‡ªìπ·π«∑“ß„π°“√»÷°…“À“∑“ßªÑÕß°—π

·≈–·°â ‰¢ªí≠À“¥â“π ‘Ëß·«¥≈âÕ¡∑’Ë®–‡°‘¥¢÷Èπ„πÕπ“§µ

µàÕ‰ª
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Pollution Management and the Situation at
Slaughterhouses: Case Study on the Slaughterhouses
of Lamphun and Chiang Mai Municipalities, Thailand

Ms. Somjai Simachayaa

Mr. Anukoon Suthaphanb and Ms. Kulyada Thornmaneebb

a»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√. 0 257 74182-9 ‚∑√ “√ 0 2577 1138
b°√¡§«∫§ÿ¡¡≈æ‘… 92 ∂.æÀ≈‚¬∏‘π ´Õ¬ 7 ‡¢µæ≠“‰∑ °√ÿß‡∑æœ 10400  ‚∑√. 0 2298 2219  ‚∑√ “√ 0 2298 2210

‰øøÑ“·≈–°ä“´Àÿßµâ¡¢Õß‚√ß¶à“ —µ«å≈¥≈ß√âÕ¬≈– 10-30

·≈– 10 µ“¡≈”¥—∫  √ÿª‰¥â«à“‚√ß¶à“ —µ«å®”‡ªìπµâÕß¡’

°“√ª√—∫ª√ÿßÀ√◊Õ √â“ß√–∫∫∫”∫—¥πÈ”‡ ’¬¢÷Èπ„À¡à ·≈–

°“√π”‡∑§‚π‚≈¬’ –Õ“¥‰ª„™â „π‚√ß¶à “ —µ«åπ—È π®–

ª√– ∫§«“¡ ”‡√Á®‰¥â°ÁµàÕ‡¡◊ËÕ‰¥â√—∫§«“¡√à«¡¡◊Õ®“°

ºŸâ∫√‘À“√·≈–‡®â“Àπâ“∑’Ë„π‚√ß¶à“ —µ«å

Abstract
Most of the pig slaughterhouses in Thailand

are small and do not eff iciently address

environmental management. In this study, two

different sized slaughterhouses were investigated:

one in Lamphun Municipality, the other in Chiang

Mai Municipality. The focus of the study was on

the potential of cleaner technology to reduce the

generation of wastewater and solid wastes, and

the responsibility of staff prior to and after the

application of such technology. Wastewater analysis

included 5 parameters: BOD, COD, TKN, SS, and

Oil and Grease. The Lamphun slaughterhouse

already operated primary treatment facilities prior

to this study. The results of wastewater for the

five previously listed parameters before cleaner

technology application were 38.9, 52.6, 4.9, 10.8,

and 3.5 kg/day, respectively. A reduction of

wastewater between 23-57%, depending upon

the parameter, was realized after the adoption of

Presented on the 2nd Asian-Pacific International Conference on Pollutants Analysis and Control,

Ho Chi Minh City, Viet Nam, 1-3 December 2003.

∫∑§—¥¬àÕ
‚√ß¶à“ ÿ°√„πª√–‡∑»‰∑¬ à«π„À≠à¡’¢π“¥‡≈Á°

·≈–¢“¥°“√®—¥°“√¥â“π ‘Ëß·«¥≈âÕ¡Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ

„π°“√»÷°…“§√—Èßπ’È ‰¥â‡≈◊Õ°»÷°…“‚√ß¶à“ —µ«å‡∑»∫“≈‡¡◊Õß

≈”æŸπ·≈–‚√ß¶à“ —µ«å‡∑»∫“≈π§√π§√‡™’¬ß„À¡à∑’Ë¡’

¢π“¥·≈–°”≈—ßº≈‘µ·µ°µà“ß°—π ‚¥¬æ‘®“√≥“≈—°…≥–

πÈ”∑‘Èß·≈–¢Õß‡ ’¬√«¡∂÷ß°“√ªØ‘∫—µ‘ß“π¢Õß‡®â“Àπâ“∑’Ë

‡ª√’¬∫‡∑’¬∫°‘®°√√¡°àÕπ·≈–À≈—ß°“√ª√–¬ÿ°µå „ ™â

‡∑§‚π‚≈¬’ –Õ“¥ ‚√ß¶à“ —µ«å‡∑»∫“≈‡¡◊Õß≈”æŸπ¡’

‡æ’¬ß√–∫∫∫”∫—¥πÈ”‡ ’¬¢—Èπµâπ §ÿ≥¿“æπÈ”‡ ’¬°àÕππ”

·π«∑“ß‡∑§‚π‚≈¬’ –Õ“¥¡“®—¥°“√¡’§à“ BOD, COD,

TKN, SS ·≈– Oil and Grease ‡©≈’Ë¬‡∑à“°—∫ 852,

1,153, 108, 237.3 ·≈– 76.6 ¡‘≈≈‘°√—¡µàÕ≈‘µ√µ“¡≈”¥—∫

À≈—ß°“√π”·π«∑“ß‡∑§‚π‚≈¬’ –Õ“¥¡“„™â¡’§à“‡©≈’Ë¬

‡∑à“°—∫ 395, 534, 55.4, 101 ·≈– 59.3 ¡‘≈≈‘°√—¡µàÕ≈‘µ√

µ“¡≈”¥—∫ §ÿ≥¿“æπÈ”¥’¢÷Èπ√âÕ¬≈– 23-57 ¢÷ÈπÕ¬Ÿà°—∫

æ“√“¡‘‡µÕ√å·µà≈–™π‘¥ „π¢≥–∑’ËπÈ”‡ ’¬®“°‚√ß¶à“ —µ«å

‡∑»∫“≈π§√π§√‡™’¬ß„À¡à ‰¡à¡’√–∫∫∫”∫—¥πÈ”‡ ’¬·≈–

ª≈àÕ¬≈ß Ÿà§≈Õß·¡à¢à“‚¥¬µ√ß °àÕπ°“√„™â‡∑§‚π‚≈¬’

 –Õ“¥¡’§à“ BOD, COD, TKN, SS ·≈– Oil and Grease

‡©≈’Ë¬‡∑à“°—∫ 1,620, 2,337, 237, 480 ·≈– 193 ¡‘≈≈‘°√—¡

µàÕ≈‘µ√µ“¡≈”¥—∫ À≈—ß°“√„™â‡∑§‚π‚≈¬’ –Õ“¥¡’§à“‡©≈’Ë¬

‡∑à“°—∫ 1,250, 1,550, 178.8, 334.7 ·≈– 135.6 ¡‘≈≈‘°√—¡

µàÕ≈‘µ√ πÈ”‡ ’¬¡’§ÿ≥¿“æ¥’¢÷Èπ √âÕ¬≈– 23-34 §à“¿“√–

∫√√∑ÿ°¢Õß BOD (BOD loading) °àÕπª≈àÕ¬≈ß Ÿà

·À≈àßπÈ” “∏“√≥–¡’§à“‡∑à“°—∫ 18 ·≈– 193 °‘‚≈°√—¡

µàÕ«—πµ“¡≈”¥—∫ ·≈–ª√‘¡“≥°“√„™â∑√—æ¬“°√‰¥â·°à πÈ”
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clean technology. Chiang Mai Municipalityûs

slaughterhouse had no primary treatment facilities.

Wastewater quality before clean technology

application was 120.5, 173.9, 17.6, 35.7, and

14.4 kg/day for the respective parameters. After

the implementation of cleaner technology, there

was a reduction of wastewater ranging between

23-34% for the various parameters. Moreover,

there was a significant reduction in BOD at both

slaughterhouses after the adoption of cleaner

technology, although levels still remained high.

BOD of wastewater before discharging into the

receiving waters was reduced to 18.0 kg/day

at Lamphun Municipalityûs slaughterhouse and

193 kg/day at Chiang Maiûs slaughterhouse. In

addition, Lamphun slaughterhouseûs utilities were

reduced by 10-30% while Chiang Mai slaughter

houseûs utilit ies were reduced by 10%. In

conclusion, cleaner technology application can

be successfully applied to reduce wastewater in

municipal slaughterhouses with the cooperation of

municipality staff at the slaughterhouses.

1. Introduction
Most slaughterhouses in Thailand are small

and owned by municipalities. They do not efficient

address environmental management nor do they

tend to meet the standard requirements. Thus,

the operation of the slaughterhouses tends to

negatively impact the natural environment and

the life of the people living nearby. Municipalitiesû

slaughterhouses often release large amounts of

waste into the environment, which contribute to

the problems of land and surface water pollution

and pose serious human health risks. Exacerbating

this situation is that due to poor water supply

infrastructure and the need for a great quantity of

water for cleaning and sterilization, slaughterhouses

often operate in urban settings where the discharges

of blood, offal and other waste products are

totally uncontrolled. Consequently, the main

problem arising from slaughterhouses is the

wastewater generated, which contains a consi-

derable concentration of organic compounds, such

as fat, oil, and protein, which are all biodegradable

compounds and lead to oxygen demand reduction,

and high BOD. However, using simple technologies

can often reduce the environmental impact. Thus,

this study investigates the use of cleaner

technology and cleaner production. Cleaner

technology can be effective at reducing wastewater

discharge and the use of water and utilities by

adapting the pre-existing processes. The study area

is located in the northern part of Thailand

in Lamphun and Chiang Mai Municipalitiesû

slaughterhouses, which differ in size of operation.

Lamphun Municipalityûs slaughterhouse is

representative of a small-sized operation while

Chiang Mai Municipalityûs slaughterhouse is

representative of a medium-sized operation. Meat

production was 57 and 120 heads/day respectively.

The objectives of this study are to investigate

the status of environmental and related resource

problems in the slaughterhouses and to apply and

evaluate cleaner production in reducing waste

loads from the slaughterhousesû operations.

2. Methodology
Methodologies used in this study included

surveys, interviews, observations, and sample

collection both before and after cleaner technology

application. In general, the operation of the two

slaughterhouses selected were primitive, manually

operated, and unsystematic. Moreover, most stages

of the slaughtering process were carried out on

the floor. The slaughtering process mainly covers

the activities in the slaughterhouse including

transportation and cleaning. The main sources of

wastewater come from pigwashing, scalding,

offal-cleaning, splitting-cleaning, and floor-cleaning.
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Each stage releases wastewater into the same line.

Therefore, wastewater samplers were collected in

the line at the station before and after the treatment

process. The five water quality parameters were

observed in this study: BOD, COD, TKN, SS, and

oil and grease. The sampling points selected

were 1) where all the wastewater mixed before

flowing into the treatment facilities, in the case

of Lamphunûs slaughterhouse, and 2) where the

wastewater had been treated but not yet

discharged into the receiving waters. Lamphunûs

slaughterhouse has primary treatment facilities

such as course screening and sedimentation tank

while Chiang Maiûs slaughterhouse has no such

treatment facility. The steps of this study are listed

below:

1) Field Visits: The Cleaner Technology

team met with the respective municipalities, staff

in the slaughterhouses, and the pig owners to

acquire their cooperation and to gather the necessary

facility and process related information.

2) Understanding the Slaughtering Process:

The slaughtering process while producing meat

products also generates wastes. The production

process for slaughtering involves a) landing,

inspecting and cleaning b) stunning and

exsanguination c) scalding and deharing d)

splitting, and lastly e) distributing to the market.

Since most of the process work is carried out on

the floor of the slaughterhouse, meat products

could potentially be contaminated. The stages of

the slaughtering process are shown in Figure 1.

3) Transportation: Before transferring pigs

to the slaughterhouse, pigs get stressed during

transportation and resting. Therefore, spraying and

drinking water are necessary. The stress can affect

the quality of meat. After splitting, the pieces of

shrinkage are distributed to the market. Some

fresh blood is released onto the floor. Water

used for drinking and cleaning in this stage is

approximately 5 liters/head.

4) Stunning and Exsanguination: Hitting

the pigs with a stick is the favored method of

stunning in Thailandûs slaughterhouses. The fresh

blood released is approximately 30 kg/ton of

live pigs.

5) Scalding and Deharing: The shrinkage

is scalded in water with a temperature of

54-67 ÌC for 3-5 minutes and dehared. Waste

from this stage include hair, skin and hot water

of approximately 20 liters/ton of live pigs.

6) Splitting: Solid wastes from this process

include offal, fresh blood, and wastewater. The

water required for adequate cleaning is approxi-

mately 2 m3/ton of live pigs.

7) Character izat ion of wastewater :

Wastewater was sampled and analyzed for 5

parameters: BOD, COD, SS, TKN and Oil and

Grease. Standard Methods for the Examination

of Water and Wastewater [1] were used for

preservation and analysis of the wastewater

samples. The sampling points are shown in

Figure 2 and 3.

Figure 1  General flow diagram for
slaughtering process
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Figure 2  Sampling point of water collection at Lamphun Municipalityûs Slaughterhouse

Figure 3  Sampling point of water collection at Lamphun Municipalityûs Slaughterhouse
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After the field visits to the slaughterhouses,

cleaner technology options were identified. Options

considered including housekeeping improvements

such as worker training on cleaner technology.

Such activities could serve to increase knowledge

and lead to better practices. Resources consumption

can be reduced by optimizing existing processes

or modifying equipment to increase efficiency and

save water resources, such as controlling the flow

of water for manual cleaning, using high pressure

rather than high volumes of water for cleaning

surfaces, decreasing the water container size in

the cleaning stage and reusing relatively clean

wastewater for other applications. Improved

maintenance of equipment and using covers to

prevent heat loss from devices can also improve

energy efficiency.

3. Results and Discussion
Based on the interviews and questionnaires,

the main problems encountered by the

slaughterhouses during the handling, processing

and disposal of solid waste can be categorized

as technical, managerial, operational, and health

and pollution. These are detailed below:

a) Technical problems were;

■ unskilled manpower

■ lack of technical know-how on product

development and environmental

protection

■ no waste treatment facilities

■ lack of technological infrastructure

■ poor maintenance and operation of

equipment

b) Managerial problems included;

■ poor knowledge on management of

livestock products

■ lack of financial support

■ no support from decision-makers

■ poor administration in the slaughterhouses

c) Operational problems in

the slaughterhouses included

■ primitive way of collecting and treating

wastes from the slaughterhouses

■ lack of personnel skill

■ improper maintenance and operation

of equipment

d) Health and pollution problems included;

■ inefficient waste treatment facilities

■ pollution problems in surrounding

areas e.g. water, odour, noise, soil,

nuisance

■ no special handling equipment

■ limited waste reuse and recycle

3.1 Utilities and Waste Audits:
Utilities Audits
Table 1 and Table 2 show utility uses and

wastewater characteristics before and after clean

technology application in Lamphun and Chiang Mai

Municipalitiesû Slaughterhouses. The details are

provided below.

a) Water Audit

The existing water supply is trap water.

The water is used throughout the line process by

water container. The average water consumption

before and after cleaner technology application

was 0.80 and 0.56 m3/pig-head for Lamphunûs

slaughterhouse, and 0.62 and 0.54 m3 pig-head

for Chiang Maiûs slaughterhouse. The water audit

showed that the highest water consumption for

slaughtering occurred during the cleaning process.

The reduction of water use after cleaner technology

application in the slaughterhouses were 30.0 %

and 12.9 % respectively.

b) Energy Audit

The electricity and fuel consumption for

the whole process in Lamphun Municipalityûs

slaughterhouse were 1.50 and 1.00 kWh./pig-head

for electricity and 0.42 and 0.37 kg/pig-head for
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gas consumption before and after cleaner

production application. The application of cleaner

technology in Lamphun Municipalityûs slaughter-

house reduced electricity and fuel consumption

approximately 33.3 % and 11.9 % respectively.

Electricity usage at Chiang Maiûs slaughterhouse

could not be evaluated since the facility has no

meter. A reduction of fuel consumption was 12.2%.

Waste Audits
a) Solid wastes

The main types of solid waste from

slaughtering operations are manure, residual matter,

and offal [3]. All of the waste from Lamphunûs

slaughterhouse was collected and used to produce

fertilizer while the waste from Chiang Maiûs

slaughterhouse was transferred to a sanitary landfill

site with domestic compost. Solid waste produced

from Lamphunûs slaughterhouse was approxi-

mately 75.3 and 45.8 kg/pig-head before and

after cleaner production. In Chiang Maiûs

slaughterhouse, solid waste produced were 79.1

and 62.6 kg/pig-head before and after cleaner

production application. Waste reduction of both

slaughterhouses were approximately 29.5% and

20.9 % respectively.

b) Wastewater and its characteristic

Wastewater from slaughterhouses is

mainly generated from spraying, cleaning, and

washing the floor and equipment. The cleaning

stage discharges the highest volume of wastewater

with high concentrations of BOD, COD, TKN, SS,

Oil and Grease. Wastewater characteristics before

and after the application of cleaner technology

at Lamphun and Chiang Mai Slaughterhouses

are shown in Table 1. Wastewater at Lamphunûs

slaughterhouse passes through a primary treatment

plant, which includes coarse screening and

primary sedimentation tanks while Chiang Maiûs

slaughterhouse has no treatment process and all

its wastewater is directly discharged into the natural

receiving waters. Wastewater sampling points for

the slaughtering process at Lamphun and Chiang

Mai Municipalitiesû slaughterhouses are shown in

Figures 2 and 3. The results of wastewater before

cleaner technology application were 38.9, 52.6, 4.9,

10.8, and 3.5 kg/day and after cleaner production

Utilities

- Water Audit m3/pig head 0.80 0.56 30.0

- Electricity Audit kwh/pig head 1.50 1.0 33.3

- Fuel Audit kg/pig head 0.42 0.37 11.9

Solid waste kg/ton 75.3 45.8 29.5

Wastewater m3/day 45.6 31.9 30.0

- BOD kg/day (mg/L) 38.9 (852) 18.0 (395) 53.7

- COD kg/day (mg/L) 52.6 (1,153) 24.4 (534) 53.6

- TKN kg/day (mg/L) 4.9 (108) 2.5 (55.4) 49.0

- SS kg/day (mg/L) 10.8 (237.3) 4.6 (101) 57.4

- Oil & Grease kg/day (mg/L) 3.5 (76.6) 2.7 (59.2) 22.8

Table 1 Utilities and Wastewater Characteristics at Lamphun Municipalitiesû Slaughterhouse

Lamphun Before Cleaner After Cleaner
Municipalityûs Unit Technology Technology % of Reduction
Slaughterhouse Application Application
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application were 18.0, 24.4, 2.5, 4.6 and 2.7 kg/day

for BOD, COD, TKN, SS, and Oil and Grease,

respectively, with a reduction of between 23-57%

depending on the parameter . BOD before

discharging was 395 mg/L.

Chiang Mai Municipalityûs slaughterhouse

has no primary treatment facilities. Wastewater

characteristics before and after the application

of cleaner technology are shown in Table 2. The

level of BOD, COD, TKN, SS, and Oil and Grease

prior to the implementation of cleaner technology

application were 120.5, 173.9, 17.6, 35.7, and

14.4 kg/day and after cleaner production

application were 93.0, 115.3, 13.3, 24.9 and 10.1 kg/

day, respectively, with a reduction of wastewater

23-34% depending on the parameter. BOD before

discharging was 1,250 mg/L.

3.2 Analysis and identification of
cleaner technology options

After evaluation of the existing slaugh-

tering process, a number of cleaner technology

options were identified and applied for energy,

water conservation and solid waste management,

including the use of new technology, modification

of equipment, development of new product design,

and improved housekeeping practices.

a) Energy conservation

Energy is often an area where substantial

savings can be made almost immediately with

no capital investment. Significant reductions in

energy consumption are possible through

improved housekeeping and optimization of

existing processes, while additional savings can

be made through the use of more energy efficient

equipment. Steps taken at the slaughterhouses

included reducing heat loss by covering heat

devices, implementing switch-off programs, and

installing sensors to turn off lights and equipment

when not in use. Improved maintenance of the

equipment also led to greater energy efficiency.

b) Water conservation

Water is used extensively in the

slaughtering processing with the cleaning

process approximately 99.5%. A number of

water conservation initiatives were implemented

Utilities

- Water Audit m3/pig head 0.62 0.54 12.9

- Electricity Audit kwh/pig head - - -

- Fuel Audit kg/pig head 0.49 0.43 12.2

Solid waste kg/ton 79.1 62.6 20.9

Wastewater m3/day 74.4 64.8 12.9

- BOD kg/day (mg/L) 120.5 (1,620) 93.0 (1,250) 22.8

- COD kg/day (mg/L) 173.9 (2,337) 115.3 (1,550) 33.7

- TKN kg/day (mg/L) 17.6 (237) 13.3 (178.8) 24.4

- SS kg/day (mg/L) 35.7 (480) 24.9 (334.7) 30.2

- Oil & Grease kg/day (mg/L) 14.4 (193) 10.1 (135.6) 29.9

Table 2 Utilities and Wastewater Characteristics at Chiang Mai Municipalitiesû Slaughterhouse

Chiang Mai Before Cleaner After Cleaner
Municipalityûs Unit Technology Technology % of Reduction
Slaughterhouse Application Application
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including the use of offal transport systems that

minimize the use of water, the installation of

fixtures that restrict or control the flow of water

for manual cleaning processes, the installation of

high-pressure rather than high volume equipment

for cleaning surfaces, and the reuse of relatively

clean wastewater for other applications, installing

meters on high use equipment to monitor

consumption, using closed circuit heat systems,

pre-soaking floors and equipment to loosen dirt

before the final cleaning, recalculating water used

in non-critical applications, and reporting and

fixing leaks promptly.

c) Process Improvement

Actions taken to improve the overall

slaughtering process involved reducing the number

of pigs per area during the transportation stage

to approximately 0.4-0.5 m2/head, sweeping up

solid materials for use as by-products as opposed

to washing them down the drain, fitting drains

with screens and/or traps to prevent solid

materials from entering the effluent system, and

using dry cleaning techniques where possible by

scraping equipment before cleaning and cleaning

spills on the floor with squeegees.

4. Conclusion
Cleaner technology can be successfully

applied to reduce waste loads from municipalitiesû

slaughterhouses. Cleaner technology comprises

of various housekeeping and management

procedures, such as covering heat devices to

minimise heat loss and modifying equipment to

conserve water during the production process.

The adoption of cleaner technology as part of

this study led to a reduction in electricity usage

of approximately 33.3%, a reduction of water

consumption of 13-30 %, and improvement of

wastewater of between 3-68 %, depending upon

the parameter. Although improved environmental

management through the use of cleaner technology

can be realized throughout the various stages of

the slaughtering process, its implementation

depends on many factors, such as cost, technology

type (simple or advance technology), and the

availability of responsible staff. Thus, a cost-benefit

analysis should be a top priority in assessing

cleaner technology options. The most significant

cleaner technology benefits can be gained through

lateral thinking, without adopting technological

solution. A change on the part of slaughterhouse

directors, managers and employee is crucial to

gaining the most from cleaner technology. The

most common benefits for applying cleaner

technology in a slaughterhouse are reduced

operation cost, improved worker safety, water

and energy conservation, and increased environ-

mental protection. In fact, air pollution and solid

Figure 4  Slaughtering process before and after cleaner technology application
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waste are minor problems in comparison to the

production of wastewater. Moreover, the use of

by- products generated during the process can be

quite valuable. Slaughterhouse waste can be

composted and used as fertilizer or for fish food

[6]. Recycling manure by using it as feed for

other animals is practical, but only on a limited

scale due to widespread reluctance. This reluctance

originates from fear of health risks and from

the low nutritive value of manure [5].

In general, cleaner technology can be

applied to improve environmental management

in slaughterhouses. Pollution produced from

slaughterhouse operations can be reduced up to

a certain level based upon waste loads, the

support of decision- makers and municipal staff,

and budget availability. However, other factors

should be considered for cleaner technology

application i.e.:

■ Cleaner technology should be continually

applied in slaughterhouses at Lamphun

and Chiang Mai.

■ Since the cleaner technology operation

is a voluntary process. Thus, its

adoption is very dependent on

municipal decision-makers and their

staff. These key people should fully

support its use.

■ A model or laboratory module should

be set-up to test various cleaner

technology methods prior to application

in the field.

■ Waste treatment facilities should be set

up to treat waste from various sources

to the minimum standard requirement.
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especially benzene, toluene, ethylbenzene and

xylene (BTEX) in ambient air has been carried out

and trialed. This tube-type diffusive sampler was

stainless steel tube, packed with Carbograph TD-1,

can be extracted by a thermal desorption technique

involving solvent free desorption. The sampling

tube can be reused. The results of this study

indicated that Carbograph TD-1 was unaffected

by temperature and humidity. The results from

accuracy and precision tests were in good

agreement with the NIOSH (1987) acceptability

criteria for these parameters. Desorption efficiencies

of BTEX for the diffusive sampler were more than

95%. The study concluded that it is possible to

use this tube-type diffusive sampler for monitoring

BTEX in ambient air. A seven-day sampling period

was suitable for collecting BTEX in ambient air.

The diffusive uptake rates of benzene, toluene,

ethylbenzene and xylene for 7 days were calculated

to be 2.16±0.29 ngppm-1min-1, 2.83±0.56 ngppm-1

min-1, 2.75±0.67 ngppm-1min-1 and 2.84±0.46

ngppm-1min-1, respectively.

1. Introduction
Currently, Volatile Organic Compounds

(VOCs) are one of the important air pollutants

that are presenting concerns in the worldwide

environment. Firstly, VOCs have been found to be

active in the formation of photochemical smog

and ground level ozone production.[1] Secondly,

several VOCs found in urban air are directly

harmful to human health on neurological effect,

carcinogenicity, tetratogenicity and mutagenicity.

[2] To manage and control VOCs emission from

any sources, it is necessary to monitor their

emission in order to understand and obtain data

from their source profiles and level that distribute

to the environment. For the monitoring of VOCs,

diffusive (or passive) sampling is one of alternative

techniques to active monitoring that can be used.

The principle behind this technique is one of

molecule diffusion from a region of high

concentration to a region of low concentration.

A diffusive sampler is capable of taking samples

of gases or vapors from the atmosphere at a rate

controlled by a physical process such as gaseous

diffusion through a static air layer or a porous

material and/or permeation through a membrane.

It does not involve any active movement of air

through the device by a pump. The diffusive

samplers have specific advantages of low cost,

ease of use, and no need for power supply. They

are a cost-effective way of monitoring specific

species on an urban, regional or even global scale.

[3,4] They can be used in response to particular

research needs, for instance, the study of the

source/receptor relationship and validation of

atmospheric dispersion model, etc. [5,6]

Numerous studies based on diffusive

sampler for VOCs monitoring in ambient air have

been conducted, however most of these have been

conducted in more temperate, higher latitude

environments. There is still scarce research on

diffusive sampler for VOCs monitoring in tropical

environment such as Thailand. Because Thailand

is different in level of VOCs exposure to the

environment, temperature, humidity and geography

comparison to the others countries in Temperate

Zone, therefore, testing trailing and modification

of a diffusive sampler for VOCs monitoring in

ambient air was carried out in this study. The overall

goal was to be able to obtain an appropriate

diffusive sampler for VOCs monitoring in Thailand.

2. Materials and Method
To ensure the reliability and accuracy of

modified diffusive sampler for collection of VOCs,
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the validation and the determination of performance

characteristics of modified diffusive sampler were

carried out. Benzene, toluene, ethylbenzene and

xylene (BTEX) were chosen as target compounds

as they are often dominantly in urban environments

and have toxic properties.

2.1 Preparation of modified
diffusive sampler

Stainless steel tubes (8.9-cm long x 0.64-cm

O.D) were packed with Carbograph TD-1, mesh

size 40/60 (Figure 1). Various loadings were trialed

and finally two sets; 150 mg and 450 mg of

Carbograph TD-1, were adopted. Prior to use,

these tubes were conditioned by cleaning tube

system (Dynatherm Analytical Instruments, INC,

Model 60 six-tube conditioner) at desorption

temperature 350(C for 60-90 minutes with nitrogen

gas (UHP grade, 99.999%) flow rate at least 60

ml/min.

2.2 Blank tests
Unexposed diffusive samplers were analyzed

in triplicate with thermal desorption followed by

GC-MS analysis. The thermal desorption/GC-MS

conditions are described below.

2.3 Thermal desorption and
GC-MS analysis

Analysis was carried out using thermal

desorption (Unity)/GC-MS (Shimadzu QP-5000)

for all diffusive samples. The diffusive sampler

tube was placed in a compatible thermal desorption

unit and the air purged from the tube to avoid

chromatographic artifacts at 35 ÌC for 5 minutes.

The tube was heated and a compatible flow of

helium gas (UHP 99.999%) to extract BTEX by two

stage desorption was adopted. Primary desorption

was for 10 minutes at 250 ÌC followed by secondary

desorption from the cold trap at 310 ÌC for 15

minutes. The desorption flow rate was 30 ml/min.

The split flow rate was 70 ml/min. The split

ratio depended on the concentration of BTEX in

the samples. The amount of sample vapor was

passed onto a transfer line at 120 ÌC through

a capillary column of GC-MS (SPB 624, 0.32-mm

O.D, 60-m long and 1.8 µm film thickness). The

operating condition for the analytical column was

based on a temperature ramp of 4 ÌC/min from

35 ÌC (10 minutes) to 200 ÌC (8 minutes), with a

helium gas flow rate of 2 ml/min.

2.4 Determination of method
detection limit

A low level BTEX standard (10 ng) was

injected onto an unexposed diffusive sampler in

seven replicate and these were analyzed by thermal

desorption/GC-MS. The standard deviation for

the seven replicate concentrations was computed

and multiplying this value by 3.14 (the studentûs

t value for 99 percent confidence for seven value),

gave the accepted detection limit.

2.5 Desorption efficiency of
diffusive sampler

Known amounts of benzene (0.130 µg),

toluene (0.128 µg), ethylbenzene (0.128 µg) and

xylene (0.128 µg) were injected onto unexposed

diffusive sampler in triplicate then analyzed by

thermal desorption/GC-MS. Desorption efficiencies

were calculated using equation (1).

Figure 1  Tube-type diffusive sampler
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D = Desorption efficiency (%)

Mr = Mass recovered (µg)

Ma = Mass applied (µg)

2.6 Test environmental factor
affecting

To assess the main effect that may be

associated with modified diffusive sampler,

orthogonal experimental design was conducted as

shown in Table 1.

The BTEX were generated dynamically

with Permeater (Gastec, Model PD-1B). Liquid

standards of benzene, toluene, ethyl benzene and

xylene (BTEX) were put into a diffusion tube and

kept at a constant temperature in a water bath at

25 ÌC. Standard gases of BTEX were generated and

their vapors were split into two streams. One stream

was directed to the mixing chamber unit where it

was combined with the humidity system and

exposure chamber. The second stream was directed

to an exhaust part, which trapped with activated

carbon. Temperature and humidity were measured

by hygrometer. The desired concentration of

BTEX was calculated from diffusion rate of diffusion

tube and airflow rate throughout the system.

Concentrations of standard gas from diffusive tube

can be calculated as equation (2).

C = Standard gas concentration (ppm)

Dr = Diffusion rate (g/min)

K = Coefficient for converting gas

weight to volume

F = Dilution gas flow rate (ml/min)

The diffusion rate can be calculated by

the equation (3).

D  = x 100
Mr

Ma
(1)

A1 = Concentration of benzene 0.68 ppm, toluene 0.45 ppm, ethylbenzene 0.37 ppm and xylene 0.48 ppm.

A2 = Concentration of benzene 1.08 ppm, toluene 0.84 ppm, ethylbenzene 0.65 ppm and xylene 0.74 ppm.

B1 = Temperature 25 ÌC, B2 =  Temperature 40 ÌC

C1 = Relative humidity 50%, C2 =  Relative humidity 80%

D1 = Exposure time 8 hrs, D2 =  Exposure time 1 week

E1 = Quantity of sorbent 150 mg,   E2 =  Quantity of sorbent 450 mg

Table 1 Experimental design for testing environmental factor affecting, exposure time and quantity of sorbent

1 A1 B1 C1 D1 E1,E2

2 A1 B1 C2 D2 E1,E2

3 A1 B2 C1 D2 E1,E2

4 A1 B2 C2 D1 E1,E2

5 A2 B1 C1 D2 E1,E2

6 A2 B1 C2 D1 E1,E2

7 A2 B2 C1 D1 E1,E2

8 A2 B2 C2 D2 E1,E2

Treatment Concentration Temperature Humidity Exposure time Quantity of
(ppm)  ( ÌC) (%) sorbent (mg)

C  =
Dr x K x 1000

F
(2)



‚§√ß°“√«‘®—¬·≈–æ—≤
π“‡∑§‚π‚≈¬’ ‘Ëß·«¥≈âÕ¡¥â“πÕ“°“»

ª√–®”ªï 2544 - 2546

33
m = Reduced weight of sample (g)

Ti = Interval of measuring weight (min)

A diagram of the exposure system is shown

in Figure 2. Modified diffusive samplers were

exposed simultaneously into exposure chamber and

tested under condition as mentioned in Table 1

and analyzed by thermal desorption/GC-MS.

2.7 Determination of diffusive
uptake rate

Modified diffusive samplers were exposed

simultaneously in the exposure chamber, and at

the same time the mass of BTEX from exposure

chamber were sampled by pump. The uptake rate

of BTEX was calculated using equation (4). The

comparison between diffusive sampling and active

sampling in laboratory was evaluated.

Up = Diffusion uptake rate

(ng.ppm-1min-1)

Mo = Mass observed (ng)

TC = True concentration (ppm)

t = Exposure time (min)

2.8 Comparison between diffu-
sive sampler and Opsis instrument

During a part of the field trials, the diffusive

samplers were set up at Environmental and

Research Training Center, Pathumthani province,

Thailand. This sampling site was adjacent to the

receiver-monitoring path of an operating Opsis

instrument. Exposure time was varied across 1 day,

7 days and 14 days. The concentration of BTEX

in ambient air was calculated using equation (5).

C = Concentration of a compound

interested (ppm)

md = Mass of analyze which is

desorbed by diffusion (ng)

Dr  =
m x 106

Ti
(3)

Figure 2.  Diagram of exposure system

Up  =
Mo

TC x t
(4)

C  =
md - mb

Up x t
(5)
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mb = Mass of analyze which is

desorbed from the blank (ng)

Up = Diffusion uptake rate

(ng.ppm-1min-1)

t = Exposure time (min)

3. Result and Discussion

3.1 Blank level
The blank level of Carbograph TD-1

adsorbent in diffusive sampler was evaluated. It

was found that the mean mass of benzene, toluene,

ethylbenzene and xylene were 0.68±0.02 ng,

3.21±0.08 ng, 0.41±0.02 ng and 0.26±0.02 ng,

respectively. Comparing the blank level of

Carbograph TD-1 with the studies of Brown [7],

it was concluded that the blank levels of benzene

and xylene were lower (3-6 ng benzene and 1-5 ng

xylene) while the blank level for toluene was in

the range 3-6 ng. Moreover, the blank levels

compared well with the results reported in

Method TO17[8] in which the mass of each analyze

retained ranged from ≈ 5 ng to ≈ 10 µg in most

ambient air monitoring. Therefore, if the artifact

levels are considerably above these values, the tube

conditioning and storage procedure must be paid

attention.

3.2 Method detection limit
Table 2. showed the method detection

limit of BTEX. These values were the minimum

concentration of BTEX which can be measured

and reported with 99% confidence that the analyze

concentration is greater than zero and can be

determined from analysis of a sample.[9]

3.3 Desorption efficiency of
diffusive sampler

The results showed desorption efficiencies

for the modified diffusive sampler were greater

than 95% for benzene, toluene, ethylbenzene and

xylene. The desorption efficiencies observed in this

study were in good agreement with the results

reported in MDHS 80 [10] in which efficiencies

greater than 95% were recommended.

3.4 Measurement of BTEX con-
centration from exposure chamber

The BTEX standards were generated by

a dynamical system in the validation of the

modified diffusive sampler. To check the accuracy

of the BTEX concentration, the true concentration

of BTEX in the exposure chamber was measured

by active sampler, which used a battery-powered

pump. The variations between calculated (desired

concentration) and measured concentration for

the BTEX have been calculated as percentages.

The results showed relatively good agreement

with differences of ≤ 25%. These data for BTEX

concentrations demonstrated good agreement

with the NIOSH acceptability criterion for accuracy

of results within ±25%. [10]

Compounds MDL±SD (ng)

Table 2 Method detection limit for BTEX

Benzene 3.85±1.23

Toluene 5.08±1.62

Ethylbenzene 4.66±1.49

o-Xylene 13.91±4.43
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3.5 Repeatability test
The relative standard deviations of repeatability

of diffusive sampling analysis in the triplicate

analysis were mostly less than 10%. These results

demonstrated good agreement with the NIOSH

acceptability criterion for precision, with the results

deviating less than 10%.[10]

3.6 The study of environmental
factors affecting results temperature
factor

A test of the significance of the difference

of the mean BTEX concentration at temperature

25 ÌC and 40 ÌC were analyzed by the paired-

sample test. Summary statistics for the two groups

of the temperature all eight treatments indicated

that there were no significant difference among the

results obtained at temperature 25 ÌC and 40 ÌC.

This finding implied that temperature did not

effect the concentration of BTEX when using

diffusive samplers. The study on temperature

effecting the diffusive sampler (with Carbograph

TD-1) could not be compared to other reported

studies since there are still scarce information.

However, in practice, temperature might cause

some back diffusion (this is the same phenomenon

involved in the thermal desorption process).

[11,12] Therefore, it is suggested that sampling

devices should be protected from heat sources

such as direct sunlight in the field.

Humidity factor
A test of the significance of the difference

of the mean BTEX concentration at relative

humidity of 50% and 80% were analyzed by

the paired-sample test. Summary statistics for

the two groups of the relative humidity all eight

treatments indicated that there were no significant

difference among the results obtained at relative

humidity 50% and 80%. This finding implies that

the humidity does not influence the efficiency of

the diffusive samplers. A comparison with a study

reported by De Bortoli et al [13] for humidity

factor affecting to Carbotrap which its properties

was equivalent to Carbograph TD-1, has been

made and it is found that they obtained similar

results. One can conclude that humidity has no

effect on the diffusive sampler.

Exposure time factor
The effect of exposure time on the

efficiency of the diffusive samplers (150 mg

Carbograph TD-1 and 450 mg Carbograph TD-1)

was tested. Two different time periods, 8 hrs and

7 days, were chosen for this experiment. It was

found that the concentration of benzene in the

150 mg Carbograph TD-1 was reduced more than

a factor of two when compared to the concentration

of benzene in 450 mg Carbograph TD-1 as the

concentration of benzene was more than 0.56 ppm

and the exposure time 7 days. This finding might

be caused by back diffusion phenomenon since

the adsorbent may be saturated with benzene at

the level ≥ 0.56 ppm. However exposure time did

not appear to influence the efficiency of diffusive

samplers for collecting toluene, ethylbenzene and

xylene at the level of 0.69 ppm, 0.52 ppm and

0.66 ppm, respectively, which were generated in

the exposure chamber.

Quantity of adsorbent factor
It was found that the quantity of adsorbent

(Carbograph TD-1) might be depended on the

concentration and exposure time. The findings

from this study suggested that 150 mg

Carbograph TD-1 can be applied for low

concentration of BTEX at level concentration

≤ 0.56 ppm and 450 mg Carbograph TD-1 can

be applied for high concentration of BTEX at

level concentration ≥ 0.56 ≤ 1.13 ppm. It is highly
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unlikely that BTEX concentration greater than

0.56 ppm will be reached in ambient air. Provided

sampling time is considered the lower quantity of

adsorbent can be used.

3.7 Diffusive uptake rate
Table 3. shows the diffusive uptake rates

for the BTEX species. In comparison to diffusive

uptake rate in this study with the studies of

Brown [14,15] for benzene at exposure time for

1 week, it was found that the diffusive uptake

rate for benzene at 2.16±0.29 ngppm-1min-1 was

within the range of 1.99 ngppm-1min-1 to 2.28

ngppm-1min-1 of the other studies. The diffusive

uptake rate for toluene at 2.83±0.56 ngppm-1min-1

was comparable with the range of 1.75 ngppm-1

min-1 to 2.57 ngppm-1min-1. The diffusive uptake

rate for xylene at 2.84±0.46 ngppm-1min-1 was

comparable with the range of 2.16 ngppm-1min-1

to 2.58 ngppm-1min-1. Therefore, the obtained

diffusive uptake rates for benzene, toluene,

ethylbenzene and xylene in this study were used for

calculating the concentration of benzene, toluene,

ethylbenzene and xylene in the diffusive sampler.

3.8 Comparison between diffu-
sive sampling and active sampling
in laboratory

The findings from the comparison between

diffusive sampling and active sampling in

laboratory by reliability analysis test indicated that

there was good agreement in the measurement.

The intra-class correlation coefficients (ICC) value

between diffusive sampling and active sampling

for investigation benzene, toluene, ethylbenzene

and xylene were 0.878, 0.713, 0.718 and 0.830,

respectively. These results indicate that the diffusive

sampling technique can be used as well as active

sampling. These results also support the use of

the determined diffusive sampler uptake rate.

3.9 Comparison between diffu-
sive sampling and Opsis instrument

Comparisons between the diffusive

sampler and the Opsis instrument based on

exposure times of 1 day, 7 days and 14 days

were made for benzene and toluene. It was found

that the 7 days results gave the best relationships

(Figure 3). It seems appropriate, subject to further

comparative study between the two methods, to

recommend a 7 days sampling period as being

optimum for the diffusive sampling unit. Reliability

analysis test was also evaluated between diffusive

sampler and Opsis instrument for investigation

benzene and toluene at exposure time 7 days,

it was found that the intra-class correlation

coefficients value between diffusive sampler and

Opsis instrument for investigation benzene and

toluene were 0.423 and 0.418, respectively. These

results indicated that there was a moderate

agreement between the two measurement methods

and that further parallel study is recommended.

Table 3. Uptake rate of BTEX from experimental at difference exposure time

Benzene 2.09±0.44 2.16±0.29

Toluene 2.46±0.53 2.83±0.56

Ethylbenzene 3.11±0.67 2.75±0.67

Xylene 2.95±0.40 2.84±0.46

Compound
Uptake rate (ng/ppm/min)

Exposure time 8 hrs Exposure time 7 days
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4. Conclusion
A summary of the conclusion presented

that it was possible to utilize diffusive sampling

method as well as active sampling and also utilize

this sampler in parallel to Opsis instrument for

investigation BTEX in ambient air. The modified

diffusive sampler could be applied for investigation

BTEX in rural, sub-urban, urban area and indoor air.

One hundred and fifty milligrams of Carbograph

TD-1 is suitable for low concentration of BTEX at

level ≤ 0.56 ppm. Four hundred and fifty milligrams

of Carbograph TD-1 is suitable for higher

concentration of BTEX at level ≥ 0.56 ≤ 1.13 ppm.

A seven day exposure time for collecting BTEX

in ambient air is recommended. During sampling,

the diffusive samplers in the field should be

protected from heat source such as direct sunlight

in order to eliminate the back diffusion affect

from temperature that it might occurred. The

sampling tubes used in this study are suitable for

application to a wide range of VOCûs and further

research based on other atmospheric hydrocarbons

is recommended.
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Abstract
The study on state of air quality in Nakhon

Ratchasima municipality was conducted to

anticipate the air quality problem in Nakhon

Ratchasima under Agenda 21. Ten major air

pollutants were studied, such as sulfur dioxide

(SO2), nitrogen dioxide (NO2), nitric oxide (NO),

nitrogen oxide (NOx), carbon monoxide (CO),

ozone (O3), total hydrocarbon (THC), methane

(CH4), non-methane (Non-CH4) and particulate

matter (PM-10). The mobile air quality monitoring

 ¿“«–§ÿ≥¿“æÕ“°“»„π‡¢µ‡∑»∫“≈π§√π§√√“™ ’¡“
®—ßÀ«—¥π§√√“™ ’¡“
State of Air Quality in Nakhon Ratchasima Municipality,
Nakhon Ratchasima Province

«’√–‡∑æ °’√µ‘∏“¥“π‘¬¡a, º°“  ÿ¢‡°…¡a

»‘√æß»å  ÿ¢∑«’a, π‘√—π ‡ªïò¬¡„¬a

 ∂“π’µ√«®«—¥§ÿ≥¿“æÕ“°“» ≥ Õπÿ “«√’¬å∑â“« ÿ√π“√’

station was installed at 2 sites in Nakhon

Ratchasima municipal area. The measurement

was done continuously for 13 days. The results

showed that the concentration of 5 major

pollutants such as SO2, NO2, CO, O3 and PM-10

were far lower than the national air quality

standards except for the maximum value of

24 hours average of PM-10 wich was 0.25 time

less than the standard in May 16, 2001 at K.S.

Pavilion hotel, in which this hotel is located near

the traffic intersection. It showed that traffic is an

a»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√. 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
Environmental Research and Training Center, Department of Environmental Quality Promotion. Technopolis. Kolng 5 Klong Luang, Pathumthani 12120
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important source of PM-10 in the city and should

be under control in the future. As for the other

5 pollutants, there are no national standards given

for each pollutant. However the concentration of

these pollutants are normally found throughout

the atmosphere.

∫∑§—¥¬àÕ
°“√»÷°…“π’È‡ªìπ°‘®°√√¡Àπ÷Ëß¿“¬„µâ‚§√ß°“√

·ºπªØ‘∫—µ‘°“√ 21 √–¥—∫∑âÕß∂‘Ëπ §«“¡√à«¡¡◊Õ√–À«à“ß

°√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡°—∫ª√–‡∑» «’‡¥π‚¥¬

‰¥â¡’°“√µ‘¥µ“¡µ√«® Õ∫ “√¡≈æ‘…∑“ßÕ“°“»∑’Ë ”§—≠

„π∫√√¬“°“»®”π«π 10 ™π‘¥ ‰¥â·°à °ä“´´—≈‡øÕ√å‰¥-

ÕÕ°‰´¥å (SO2) °ä“´‰π‚µ√‡®πÕÕ°‰´¥å (NOx) °ä“´

‰π‚µ√‡®π‰¥ÕÕ°‰´¥å (NO2) °ä“´‰πµ√‘°ÕÕ°‰´¥å (NO)

°ä“´‚Õ‚´π (O3) °ä“´§“√å∫Õπ¡ÕπÕ°‰´¥å (CO)

°ä“´‰Œ‚¥√§“√å∫Õπ∑—ÈßÀ¡¥ (THC) °ä“´¡’‡∑π (CH4)

°ä“´‰Œ‚¥√§“√å∫Õπ∑’Ë ‰¡à„™à¡’‡∑π (Non-CH4) ·≈–ΩÿÉπ

¢π“¥‡≈Á°°«à“ 10 ‰¡‚§√‡¡µ√ (PM-10) ‚¥¬∑”°“√µ‘¥µ—Èß

 ∂“π’µ√«®«—¥§ÿ≥¿“æÕ“°“»·∫∫‡§≈◊ËÕπ∑’Ë„πæ◊Èπ∑’Ë‡¢µ

‡∑»∫“≈π§√π§√√“™ ’¡“ ®”π«π 2 ·Ààß ‡ªìπ√–¬–

‡«≈“µàÕ‡π◊ËÕß 13 «—π º≈®“°°“√»÷°…“æ∫«à“  “√¡≈æ‘…

5 ™π‘¥ ‰¥â·°à SO2, NO2, CO, O3 ·≈– PM-10 ¡’§à“

§«“¡‡¢â¡¢âπ„π∫√√¬“°“»Õ¬Ÿà„π√–¥—∫∑’Ë‰¡à‡°‘π§à“¡“µ√∞“π

∑—Èßπ’È§à“‡©≈’Ë¬√“¬ 24 ™—Ë«‚¡ß¢Õß PM-10 πâÕ¬°«à“§à“

¡“µ√∞“π‡æ’¬ß 0.25 ‡∑à“ ≥ ∫√‘‡«≥‚√ß·√¡ ‡§.‡Õ .

æ“«‘≈‡≈’Ë¬π „π«—π∑’Ë 16 æƒ…¿“§¡ 2544 ´÷Ëß‡ªìπ∫√‘‡«≥

∑’ËÕ¬Ÿà„°≈â —≠≠“≥‰ø®√“®√ ™’È „Àâ‡ÀÁπ«à“°“√®√“®√‡ªìπ

·À≈àß°”‡π‘¥ΩÿÉπ¢π“¥‡≈Á°∑’Ë ”§—≠ ·≈–‡ªìπ·À≈àß°”‡π‘¥

∑’Ë§«√¡’°“√§«∫§ÿ¡„πÕπ“§µ‡æ◊ËÕ‰¡à„Àâ PM-10 ¡’§à“

‡°‘π§à“¡“µ√∞“π§ÿ≥¿“æÕ“°“»µàÕ‰ª  à«π “√¡≈æ‘…

∑’Ë‡À≈◊ÕÕ’° 5 ™π‘¥ ¬—ß‰¡à¡’¡“µ√∞“π‡ª√’¬∫‡∑’¬∫ ·µà‡ªìπ

§à“∑’Ë¡’Õ¬Ÿàµ“¡ª°µ‘∑—Ë«‰ª„π∫√√¬°“»

1. ∫∑π”
 ◊∫‡π◊ËÕß®“°ª√–‡∑»‰∑¬„π∞“π– ¡“™‘°¢Õß

 Àª√–™“™“µ‘‰¥â„Àâ§”√—∫√Õß·ºπªØ‘∫—µ‘°“√ 21 ‡¡◊ËÕ

«—π∑’Ë 14 ¡‘∂ÿπ“¬π 2535 ∑’Ë°√ÿß√‘‚Õ ‡¥Õ ®“‡π‚√

ª√–‡∑»∫√“ ‘́≈ „π°“√ª√–™ÿ¡‡√◊ËÕß ‘Ëß·«¥≈âÕ¡·≈–°“√

æ—≤π“ (United Nations Conference on Environment

and Development) ´÷Ëß‡ªìπ·ºπ°“√ªØ‘∫—µ‘°“√√–¥—∫

‚≈° ‚¥¬¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ„Àâ°“√æ—≤π“‡»√…∞°‘®

 —ß§¡ ·≈–°“√Õπÿ√—°…å∑√—æ¬“°√∏√√¡™“µ‘√«¡∑—Èß

 ‘Ëß·«¥≈âÕ¡ ¥”‡π‘π‰ªÕ¬à“ß¬—Ëß¬◊π‚¥¬ª√“»®“°ªí≠À“

¥â“π∑√—æ¬“°√∏√√¡™“µ‘·≈– ‘Ëß·«¥≈âÕ¡ ¥—ßπ—Èπ§≥–

√—∞¡πµ√’®÷ß‰¥â¡’¡µ‘„Àâ§≥–°√√¡°“√ ‘Ëß·«¥≈âÕ¡·Ààß™“µ‘

´÷Ëß¡’π“¬°√—∞¡πµ√’‡ªìπª√–∏“π ‡ªìπÕß§å°√√—∫º‘¥™Õ∫

‚¥¬¡’°√–∑√«ß«‘∑¬“»“ µ√å ‡∑§‚π‚≈¬’·≈– ‘Ëß·«¥≈âÕ¡

¡’Àπâ“∑’Ë‚¥¬µ√ß„π°“√®—¥∑”·ºπªØ‘∫—µ‘°“√¥—ß°≈à“«

°√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‰¥â√—∫¡Õ∫

À¡“¬„Àâ‡ªìπÀπà«¬ß“πÀ≈—°„π°“√‡º¬·æ√à§«“¡√Ÿâ¥â“π

°“√æ—≤π“∑’Ë¬—Ëß¬◊π Ÿà∑âÕß∂‘Ëπ ¿“¬„µâ·ºπªØ‘∫—µ‘°“√ 21

(Local Agenda 21) ‚¥¬§«“¡√à«¡¡◊Õ°—∫ª√–‡∑» «’‡¥π

·≈–¡’‡∑»∫“≈π§√µ√—ß·≈–‡∑»∫“≈π§√√“™ ’¡“‡ªìπ

Àπà«¬ß“π∑âÕß∂‘Ëππ”√àÕß ‡æ◊ËÕ„Àâ‚§√ß°“√¥—ß°≈à“«∫√√≈ÿ

«—µ∂ÿª√– ß§å »Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡‰¥â

√—∫¡Õ∫À¡“¬„Àâ∑”°“√»÷°…“ ∂“π°“√≥å ‘Ëß·«¥≈âÕ¡

‚¥¬°“√π” ∂“π’µ√«®«—¥§ÿ≥¿“æÕ“°“»‡§≈◊ËÕπ∑’Ë ®”π«π

1  ∂“π’ ¡“∑”°“√µ√«®«—¥§ÿ≥¿“æÕ“°“»„π∫√√¬“°“»

„π‡¢µ‡∑»∫“≈π§√π§√√“™ ’¡“ ®—ßÀ«—¥π§√√“™ ’¡“

ªï æ.». 2544 ‡æ◊ËÕ„Àâ∑√“∫ ∂“π°“√≥å§ÿ≥¿“æÕ“°“»

·≈–‡æ◊ËÕ‡ªìπ·π«∑“ß„π°“√°”Àπ¥¡“µ√°“√ªÑÕß°—π

ªí≠À“¡≈æ‘…∑“ßÕ“°“»„π‡¢µ‡∑»∫“≈π§√π§√√“™ ’¡“

µàÕ‰ª

2. «— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√

2.1 ‡§√◊ËÕß¡◊Õ·≈–«‘∏’°“√µ√«®«—¥
°“√µ√«®«—¥§ÿ≥¿“æÕ“°“»„π∫√√¬“°“»

 ”À√—∫ ∂“π’µ√«®«—¥§ÿ≥¿“æÕ“°“»‡§≈◊ËÕπ∑’Ë ¡’ª√–‡¿∑

 “√¡≈æ‘… ·≈–«‘∏’°“√µ√«®«—¥ ¥—ß· ¥ß„πµ“√“ß∑’Ë 1

2.2 µ”·Àπàß°“√µ√«®«—¥
°“√µ‘¥µ—Èß ∂“π’µ√«®«—¥§ÿ≥¿“æÕ“°“»‡§≈◊ËÕπ∑’Ë „π

æ◊Èπ∑’Ë‡¢µ‡∑»∫“≈π§√π§√√“™ ’¡“ ®”π«π 2 ·Ààß

§◊Õ ‚√ß·√¡ ‡§.‡Õ .æ“«‘≈‡≈’Ë¬π √–À«à“ß«—π∑’Ë 16 - 21

æƒ…¿“§¡ 2544 ·≈–∫√‘‡«≥Õπÿ “«√’¬å∑â“« ÿ√π“√’

√–À«à“ß«—π∑’Ë 22-28 æƒ…¿“§¡ 2544 ¥—ß· ¥ß„π√Ÿª∑’Ë 1
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2.3 ¢—ÈπµÕπ°“√µ√«®«—¥
‡¡◊ËÕ‡≈◊Õ°®ÿ¥‡°Á∫µ—«Õ¬à“ß∑’Ë‡À¡“– ¡‰¥â·≈â« ∑”

°“√µ‘¥µ—Èß‡§√◊ËÕß¡◊Õ„Àâ∂Ÿ°µâÕß ¡∫Ÿ√≥å ¢—ÈπµÕπ„π°“√

µ√«®«—¥¢Õß ∂“π’µ√«®«—¥§ÿ≥¿“æÕ“°“»‡§≈◊ËÕπ∑’Ë¡’¥—ßπ’È

§◊Õ „™â∑àÕ‡°Á∫µ—«Õ¬à“ßÕ“°“» (Probe) ¥Ÿ¥µ—«Õ¬à“ß

Õ“°“»∑’ËÕ¬Ÿà Ÿß®“°æ◊Èπ¥‘πª√–¡“≥ 3 ‡¡µ√ ‡¢â“ Ÿà‡§√◊ËÕß

«‘‡§√“–Àå°ä“´Õ—µ‚π¡—µ‘ ¢âÕ¡Ÿ≈∑’Ë ‰¥â®–∂Ÿ°‡°Á∫‰«â„π‡§√◊ËÕß

∫—π∑÷°¢âÕ¡Ÿ≈Õ—µ‚π¡—µ‘ (Data logger) ‚¥¬µàÕ‡¢â“°—∫

‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å‡æ◊ËÕ„™â„π°“√ª√–¡«≈º≈

3. º≈°“√»÷°…“·≈–«‘®“√≥å

3.1 º≈°“√µ√«®«—¥§ÿ≥¿“æÕ“°“»
≥ ‚√ß·√¡ ‡§.‡Õ .æ“«‘≈‡≈’Ë¬π

®“°º≈°“√µ√«®«—¥§ÿ≥¿“æÕ“°“» ≥ ‚√ß·√¡

‡§.‡Õ .æ“«‘≈‡≈’Ë¬π √–À«à“ß«—π∑’Ë 16 - 21 æƒ…¿“§¡

2544  √ÿªº≈°“√µ√«®«—¥‰¥â¥—ßπ’È

3.1.1 °ä“´‰π‚µ√‡®π‰¥ÕÕ°‰´¥å (Nitrogen

dioxide: NO2)

°“√µ√«®«—¥°ä“´‰π‚µ√‡®π‰¥ÕÕ°‰´¥å æ∫«à“

¡’§à“‰¡à‡°‘π¡“µ√∞“π §◊Õ ¡’™à«ß§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬

1 ™—Ë«‚¡ß Õ¬Ÿà√–À«à“ß 0.01 - 0.045 ppm (part per

million) ‚¥¬¡’§à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥‡∑à“°—∫ 0.045 ppm

„π«—π∑’Ë 16 æƒ…¿“§¡ 2544 ‡«≈“ 8.00 π. ‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫°—∫§à“¡“µ√∞“π‡©≈’Ë¬ 1 ™—Ë«‚¡ß ¢Õß°ä“´

‰π‚µ√‡®π‰¥ÕÕ°‰´¥å„π∫√√¬“°“»¢Õßª√–‡∑»‰∑¬ æ.».

25381 ´÷Ëß¡’§à“‡∑à“°—∫ 0.17 ppm ®–‡ÀÁπ«à“§à“ Ÿß ÿ¥¬—ß§ß

¡’§à“µË”°«à“§à“¡“µ√∞“π¡“°

3.1.2 °ä“´‰πµ√‘°ÕÕ°‰´¥å (Nitric oxide: NO)

º≈°“√µ√«®«—¥°ä“´‰πµ√‘°ÕÕ°‰´¥å æ∫«à“¡’§à“Õ¬Ÿà√–À«à“ß

µ√«®«—¥‰¡àæ∫∂÷ß 0.066 ppm  ”À√—∫°ä“´‰πµ√‘°ÕÕ°‰´¥å

‰¡à¡’°“√°”Àπ¥„π§à“¡“µ√∞“π¢Õßª√–‡∑»‰∑¬ ·≈–¡’§à“

1. ΩÿÉπ≈–ÕÕß¢π“¥‡≈Á°°«à“ 10 ‰¡§√Õπ (PM-10) Beta ray absorption

2. §“√å∫Õπ¡ÕπÕ°‰´¥å (CO) Non-dispersive infrared detection (NDIR)

3. ‰π‚µ√‡®πÕÕ°‰´¥å (NO2, NO, NOx) Chemiluminescence

4. ´—≈‡øÕ√å‰¥ÕÕ°‰´¥å (SO2) Ultraviolet Fluorescence

5. ‚Õ‚´π (O3) Ultraviolet Absorption

6. ‰Œ‚¥√§“√å∫Õπ (HC, CH4, Non-CH4) Flame Ionization Detection (FID)

µ“√“ß∑’Ë 1 · ¥ßª√–‡¿∑ “√¡≈æ‘… ·≈–«‘∏’°“√µ√«®«—¥

 “√¡≈æ‘… (Pollutants) «‘∏’°“√µ√«®«—¥ (Methods of measurement)

√Ÿª∑’Ë 1  · ¥ßµ”·Àπàßµ‘¥µ—Èß ∂“π’µ√«®«—¥§ÿ≥¿“æÕ“°“»
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‡©≈’Ë¬ 1 ™—Ë«‚¡ß Ÿß ÿ¥¢Õß°ä“´‰πµ√‘°ÕÕ°‰´¥å∑’Ëæ∫¡’§à“

‡∑à“°—∫ 0.066 ppm „π«—π∑’Ë 16 æƒ…¿“§¡ 2544 ‡«≈“

8.00 π.

3.1.3 °ä“´‰π‚µ√‡®πÕÕ°‰´¥å (Nitrogen oxide:

NOx)

º≈°“√µ√«®«—¥°ä“´‰π‚µ√‡®πÕÕ°‰´¥å æ∫«à“

¡’§à“Õ¬Ÿà√–À«à“ß 0.007 - 0.111 ppm °ä“´‰π‚µ√‡®π

ÕÕ°‰´¥å ‰¡à¡’°“√°”Àπ¥§à“¡“µ√∞“π¢Õßª√–‡∑»‰∑¬

§à“‡©≈’Ë¬∑’Ëæ∫ 1 ™—Ë«‚¡ß Ÿß ÿ¥¢Õß°ä“´‰π‚µ√‡®πÕÕ°‰´¥å

¡’§à“‡∑à“°—∫ 0.111 ppm „π«—π∑’Ë 16 æƒ…¿“§¡ 2544

‡«≈“ 8.00 π.

3.1.4 °ä“´§“√å∫Õπ¡ÕπÕ°‰´¥å (CO)

º≈°“√µ√«®«—¥°ä“´§“√å∫Õπ¡ÕπÕ°‰´¥å æ∫«à“

¡’™à«ß§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬ 1 ™—Ë«‚¡ßÕ¬Ÿà√–À«à“ß 0.6 - 2.4

ppm ‚¥¬¡’§à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥‡∑à“°—∫ 2.4 ppm ´÷Ëß

¡’Õ¬Ÿà¥â«¬°—π “¡§à“§◊Õ „π«—π∑’Ë 16 æƒ…¿“§¡ 2544

‡«≈“ 18.00 π. 19.00 π. ·≈–„π«—π∑’Ë 17 æƒ…¿“§¡ 2544

‡«≈“ 16.00 π. ·µà‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§à“¡“µ√∞“π‡©≈’Ë¬

1 ™—Ë«‚¡ß¢Õß°ä“´§“√å∫Õπ¡ÕπÕ°‰´¥å„π∫√√¬“°“»¢Õß

ª√–‡∑»‰∑¬ æ.». 25381 ´÷Ëß¡’§à“‡∑à“°—∫ 30 ppm ®–‡ÀÁπ

«à“§à“ Ÿß ÿ¥¬—ß§ß¡’§à“µË”°«à“§à“¡“µ√∞“π¡“°

3.1.5 °ä“´‚Õ‚´π (Ozone: O3)

º≈°“√µ√«®«—¥°ä“´‚Õ‚´π æ∫«à“ ¡’°ä“´‚Õ‚´π

‰¡à‡°‘π§à“¡“µ√∞“π §◊Õ ¡’™à«ß§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬

1 ™—Ë«‚¡ß Õ¬Ÿà√–À«à“ß 0.9 - 41.7 ppb (part per

billion) æ∫§à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥‡∑à“°—∫ 41.7 ppb ·≈–

„π«—π∑’Ë 21 æƒ…¿“§¡ 2544 ‡«≈“ 18.00 π. ‡¡◊ËÕ‡ª√’¬∫

‡∑’¬∫°—∫§à“¡“µ√∞“π‡©≈’Ë¬ 1 ™—Ë«‚¡ß¢Õß°ä“´‚Õ‚´π„π

∫√√¬“°“»¢Õßª√–‡∑»‰∑¬ æ.». 25381 ÷́Ëß¡’§à“‡∑à“°—∫

100 ppb ®–‡ÀÁπ«à“§à“ Ÿß ÿ¥¬—ß§ß¡’§à“µË”°«à“§à“¡“µ√∞“π

3.1.6 °ä“´‰Œ‚¥√§“√å∫Õπ (Total hydrocar-

bons: THC)

°ä“´‰Œ‚¥√§“√å∫Õπ„π°“√µ√«®«—¥π’È·∫àßÕÕ°

‡ªìπ 2 °≈ÿà¡„À≠àÊ §◊Õ °ä“´¡’‡∑π·≈–°ä“´‰Œ‚¥√§“√å∫Õπ

∑’Ë ‰¡à„™à¡’‡∑π ®–‡ÀÁπ«à“°ä“´‰Œ‚¥√§“√å∫Õπ¡’™à«ß¢Õß

§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬ 1 ™—Ë«‚¡ß ≥ ‚√ß·√¡ ‡§.‡Õ .

æ“«‘≈‡≈’Ë¬π √–À«à“ß«—π∑’Ë 16 - 21 æƒ…¿“§¡ 2544

¡’§à“Õ¬Ÿà√–À«à“ß 2.1 - 2.9 ppm æ∫§à“ Ÿß ÿ¥‡∑à“°—∫

2.9 ppm «—π∑’Ë 16 æƒ…¿“§¡ 2544 ‡«≈“ 8.00 π.

·¡â«à“°≈ÿà¡°ä“´‡À≈à“π’È¬—ß‰¡à¡’°“√°”Àπ¥§à“¡“µ√∞“π„π

∫√√¬“°“»¢Õßª√–‡∑»‰∑¬ ·µà¢âÕ¡Ÿ≈∑’Ëµ√«®«—¥‰¥â°Á¬—ß

®—¥Õ¬Ÿà„π™à«ß‡°≥±å∫√√¬“°“»∑—Ë«‰ª„π∏√√¡™“µ‘

º≈°“√µ√«®«—¥°ä“´¡’‡∑π‡©≈’Ë¬ 1 ™—Ë«‚¡ß æ∫«à“

Õ¬Ÿà„π™à«ß¢Õß§à“§«“¡‡¢â¡¢âπÕ¬Ÿà√–À«à“ß 2.0 - 2.5 ppm

·≈–§à“ Ÿß ÿ¥∑’Ëæ∫¡’§à“‡∑à“°—∫ 2.5 ppm „π«—π∑’Ë 16

æƒ…¿“§¡ 2544 ‡«≈“ 1.00 π.

º≈°“√µ√«®«—¥°ä“´‰Œ‚¥√§“√å∫Õπ∑’Ë ‰¡à„™à¡’‡∑π

§à“‡©≈’Ë¬ 1 ™—Ë«‚¡ß æ∫«à“ Õ¬Ÿà„π™à«ß§«“¡‡¢â¡¢âπ√–À«à“ß

0.1 - 0.6 ppm §à“ Ÿß ÿ¥∑’Ëæ∫¡’§à“‡∑à“°—∫ 0.6 ppm

¡’®”π«π “¡§à“ æ∫„π«—π∑’Ë 16 æƒ…¿“§¡ 2544 ‡«≈“

8.00 π. 18.00 π. ·≈–æ∫„π«—π∑’Ë 17 æƒ…¿“§¡ 2544

‡«≈“ 18.00 π.

3.1.7 ΩÿÉπ¢π“¥‡≈Á°πâÕ¬°«à“ 10 ‰¡‚§√‡¡µ√

(PM-10)

º≈°“√µ√«®«—¥ΩÿÉπ¢π“¥‡≈Á°‡©≈’Ë¬ 24 ™—Ë«‚¡ß

æ∫«à“ ¡’™à«ß¢Õß§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬ 24 ™—Ë«‚¡ß Õ¬Ÿà

√–À«à“ß 0.04 - 0.09 mg/m3 (¡‘≈≈‘°√—¡µàÕ≈Ÿ°∫“»°å‡¡µ√)

´÷Ëß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§à“¡“µ√∞“π‡©≈’Ë¬ 24 ™—Ë«‚¡ß

¢ÕßΩÿÉπ¢π“¥‡≈Á°„π∫√√¬“°“»¢Õßª√–‡∑»‰∑¬ æ.».

25381 ¡’§à“‡∑à“°—∫ 0.12 mg/m3 ®–‡ÀÁπ«à“ §à“§«“¡

‡¢â¡¢âπ‡©≈’Ë¬ 24 ™—Ë«‚¡ß Ÿß ÿ¥‡∑à“°—∫ 0.09 mg/m3 æ∫

„π«—π∑’Ë 16 æƒ…¿“§¡ 2544 ´÷Ëß¡’§à“µË”°«à“§à“¡“µ√∞“π

‡æ’¬ß√âÕ¬≈– 25 ‡∑à“π—Èπ

3.2 º≈°“√µ√«®«—¥§ÿ≥¿“æÕ“°“»
≥ Õπÿ “«√’¬å∑â“« ÿ√π“√’

®“°º≈°“√µ√«®«—¥§ÿ≥¿“æÕ“°“» ≥ Õπÿ “«√’¬å

∑â“« ÿ√π“√’ √–À«à“ß«—π∑’Ë 22 - 28 æƒ…¿“§¡ 2544

 √ÿªº≈°“√µ√«®«—¥‰¥â¥—ßπ’È

3.2.1 °ä“´‰π‚µ√‡®π‰¥ÕÕ°‰´¥å (Nitrogen

dioxide: NO2)

 ”À√—∫º≈°“√µ√«®«—¥°ä“´‰π‚µ√‡®π‰¥ÕÕ°‰´¥å

æ∫«à“¡’§à“‰¡à‡°‘π¡“µ√∞“π §◊Õ ¡’™à«ß§à“§«“¡‡¢â¡¢âπ

‡©≈’Ë¬ 1 ™—Ë«‚¡ß Õ¬Ÿà√–À«à“ß 0.008 - 0.031 ppm ‚¥¬¡’

§à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥‡∑à“°—∫ 0.031 ppm „π«—π∑’Ë 22

æƒ…¿“§¡ 2544 ‡«≈“ 20.00 π. ·µà‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫

°—∫§à“¡“µ√∞“π‡©≈’Ë¬ 1 ™—Ë«‚¡ß¢Õß°ä“´‰π‚µ√‡®π-

‰¥ÕÕ°‰´¥å„π∫√√¬“°“»¢Õßª√–‡∑»‰∑¬ æ.». 25381

´÷Ëß¡’§à“‡∑à“°—∫ 0.17 ppm ®–‡ÀÁπ«à“§à“ Ÿß ÿ¥¬—ß§ß¡’§à“

µË”°«à“§à“¡“µ√∞“πÕ¬Ÿàª√–¡“≥ 5.5 ‡∑à“
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3.2.2 °ä“´‰πµ√‘°ÕÕ°‰´¥å (Nitric oxide: NO)

º≈°“√µ√«®«—¥°ä“´‰πµ√‘°ÕÕ°‰´¥å æ∫«à“¡’

§à“Õ¬Ÿà„π™à«ß µ√«®«—¥‰¡àæ∫∂÷ß 0.011 ppm °ä“´‰πµ√‘°

ÕÕ°‰´¥å ‰¡à¡’°“√°”Àπ¥§à“¡“µ√∞“π¢Õßª√–‡∑»‰∑¬

æ∫§à“‡©≈’Ë¬ 1 ™—Ë«‚¡ß Ÿß ÿ¥¢Õß°ä“´‰πµ√‘°ÕÕ°‰´¥å

¡’§à“‡∑à“°—∫ 0.011 ppm æ∫„π«—π∑’Ë 23 æƒ…¿“§¡ 2544

‡«≈“ 8.00 π.

3.2.3 °ä“´‰π‚µ√‡®πÕÕ°‰´¥å (Nitrogen oxide:

NOx)

º≈°“√µ√«®«—¥°ä“´‰π‚µ√‡®πÕÕ°‰´¥å æ∫«à“

¡’§à“Õ¬Ÿà√–À«à“ß 0.008 - 0.037 ppm °ä“´‰π‚µ√‡®π

ÕÕ°‰´¥å ‰¡à¡’°“√°”Àπ¥§à“¡“µ√∞“π¢Õßª√–‡∑»‰∑¬

æ∫§à“‡©≈’Ë¬ 1 ™—Ë«‚¡ß Ÿß ÿ¥¢Õß°ä“´‰π‚µ√‡®πÕÕ°‰´¥å

¡’§à“‡∑à“°—∫ 0.037 ppm „π«—π∑’Ë 22 æƒ…¿“§¡ 2544

‡«≈“ 20.00 π.

3.2.4 °ä“´§“√å∫Õπ¡ÕπÕ°‰´¥å (CO)

º≈°“√µ√«®«—¥°ä“´§“√å∫Õπ¡ÕπÕ°‰´¥å æ∫«à“

¡’™à«ß§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬ 1 ™—Ë«‚¡ßÕ¬Ÿà√–À«à“ß 0.6 - 1.8

ppm ‚¥¬æ∫§à“§«“¡‡¢â¡¢âπ Ÿß ÿ¥‡∑à“°—∫ 1.8 ppm „π

«—π∑’Ë 22 æƒ…¿“§¡ 2544 ‡«≈“ 20.00 π. ·µà‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫°—∫§à“¡“µ√∞“π‡©≈’Ë¬ 1 ™—Ë«‚¡ß¢Õß°ä“´

§“√å∫Õπ¡ÕπÕ°‰´¥å„π∫√√¬“°“»¢Õßª√–‡∑»‰∑¬ æ.».

25381 ´÷Ëß¡’§à“‡∑à“°—∫ 30 ppm ®–‡ÀÁπ«à“§à“ Ÿß ÿ¥¬—ß§ß

¡’§à“µË”°«à“§à“¡“µ√∞“π¡“°

3.2.5 °ä“´‚Õ‚´π (Ozone: O3)

º≈°“√µ√«®«—¥°ä“´‚Õ‚´π æ∫«à“ ¡’°ä“´‚Õ‚´π

‰¡à‡°‘π§à“¡“µ√∞“π §◊Õ ¡’™à«ß§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬

1 ™—Ë«‚¡ß Õ¬Ÿà√–À«à“ß 3.8 - 47 ppb ‚¥¬æ∫§à“§«“¡

‡¢â¡¢âπ Ÿß ÿ¥‡∑à“°—∫ 47 ppb „π«—π∑’Ë 23 æƒ…¿“§¡ 2544

‡«≈“ 22.00 π. ·µà‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§à“¡“µ√∞“π‡©≈’Ë¬

1 ™—Ë«‚¡ß¢Õß°ä“´‚Õ‚´π„π∫√√¬“°“»¢Õßª√–‡∑»‰∑¬

æ.». 25381 ÷́Ëß¡’§à“‡∑à“°—∫ 100 ppb ®–‡ÀÁπ«à“§à“ Ÿß ÿ¥

¬—ß§ß¡’§à“µË”°«à“§à“¡“µ√∞“πÕ¬Ÿàª√–¡“≥ 0.5 ‡∑à“

3.2.6 °ä“´‰Œ‚¥√§“√å∫Õπ (Total hydrocar-

bons: THC)

°ä“´‰Œ‚¥√§“√å∫Õπ„π°“√µ√«®«—¥π’È·∫àßÕÕ°

‡ªìπ 2 °≈ÿà¡„À≠àÊ §◊Õ °ä“´¡’‡∑π·≈–°ä“´‰Œ‚¥√§“√å∫Õπ

∑’Ë ‰¡à„™à¡’‡∑π ·≈–®“°°“√µ√«®«—¥®–‡ÀÁπ«à“°ä“´‰Œ‚¥√

§“√å∫Õπ¡’™à«ß§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬ 1 ™—Ë«‚¡ß ¡’§à“Õ¬Ÿà

√–À«à“ß 2.1 - 2.9 ppm æ∫§à“ Ÿß ÿ¥‡∑à“°—∫ 2.9 ppm

«—π∑’Ë 26 æƒ…¿“§¡ 2544 ‡«≈“ 11.00 π.

 ”À√—∫º≈°“√µ√«®«—¥°ä“´¡’ ‡∑π§à“ ‡©≈’Ë ¬

1 ™—Ë«‚¡ß æ∫«à“Õ¬Ÿà„π™à«ß§à“§«“¡‡¢â¡¢âπ√–À«à“ß 2.0 -

2.3 ppm §à“ Ÿß ÿ¥∑’Ëæ∫¡’§à“‡∑à“°—∫ 2.3 ppm ¡’®”π«π

3 §à“ §◊Õ æ∫„π«—π∑’Ë 22 æƒ…¿“§¡ 2544 ‡«≈“ 20.00 π.

·≈–„π«—π∑’Ë 25 æƒ…¿“§¡ 2544 ‡«≈“ 6.00 π. ·≈–

7.00 π.

º≈°“√µ√«®«—¥°ä“´‰Œ‚¥√§“√å∫Õπ∑’Ë ‰¡à„™à¡’‡∑π

§à“‡©≈’Ë¬ 1 ™—Ë«‚¡ß æ∫«à“Õ¬Ÿà„π™à«ß µ√«®«—¥‰¡àæ∫ ∂÷ß

0.8 ppm §à“ Ÿß ÿ¥∑’Ëæ∫¡’§à“‡∑à“°—∫ 0.8 ppm „π«—π∑’Ë

26 æƒ…¿“§¡ 2544 ‡«≈“ 11.00 π.

3.2.7 ΩÿÉπ¢π“¥‡≈Á°πâÕ¬°«à“ 10 ‰¡‚§√‡¡µ√

(PM-10)

º≈°“√µ√«®«—¥ΩÿÉπ¢π“¥‡≈Á°‡©≈’Ë¬ 24 ™—Ë«‚¡ß

®“°º≈æ∫«à“¡’™à«ß§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬ 24 ™—Ë«‚¡ß Õ¬Ÿà

√–À«à“ß 0.04 - 0.07 mg/m3 ‚¥¬æ∫§à“§«“¡‡¢â¡¢âπ

 Ÿß ÿ¥‡∑à“°—∫ 0.07 mg/m3 „π«—π∑’Ë 22 æƒ…¿“§¡

2544 ‡«≈“ ´÷Ëß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§à“¡“µ√∞“π‡©≈’Ë¬

24 ™—Ë«‚¡ß¢ÕßΩÿÉπ¢π“¥‡≈Á°„π∫√√¬“°“»¢Õßª√–‡∑»‰∑¬

æ.». 25381 ¡’§à“‡∑à“°—∫ 0.12 mg/m3 ®–‡ÀÁπ«à“æ∫

ΩÿÉπ¢π“¥‡≈Á°¡’§à “µË”°«à“§à“¡“µ√∞“πÕ¬Ÿàª√–¡“≥

√âÕ¬≈– 42

4.  √ÿª
®“°º≈°“√µ√«®«—¥¡≈æ‘…∑“ßÕ“°“»„π‡¢µ

‡∑»∫“≈π§√π§√√“™ ’¡“ ®—ßÀ«—¥π§√√“™ ’¡“ ™à«ß

√–À«à“ß«—π∑’Ë 16 - 28 æƒ…¿“§¡ 2544  √ÿª‰¥â«à“

 ¿“«–¡≈æ‘…∑“ßÕ“°“»„π™à«ß‡«≈“∑’Ë∑”°“√µ√«®«—¥π—Èπ

‰¡à¡’ “√¡≈æ‘…„¥∑’Ë¡’§à“ Ÿß‡°‘π°«à“§à“¡“µ√∞“π§ÿ≥¿“æ

Õ“°“»„π∫√√¬“°“»¢Õßª√–‡∑»‰∑¬ (æ.». 2538)

Õ¬à“ß‰√°Áµ“¡ ª√‘¡“≥ΩÿÉπ¢π“¥‡≈Á°°«à“ 10 ‰¡‚§√‡¡µ√

‡©≈’Ë¬ 24 ™—Ë«‚¡ß ÷́Ëßµ√«®æ∫¡’§à“§«“¡‡¢â¡¢âπ§àÕπ¢â“ß

 Ÿß ‚¥¬‡©æ“–«—π∑’Ë 16 æƒ…¿“§¡ 2544 ≥ ∫√‘‡«≥

‚√ß·√¡ ‡§.‡Õ .æ“«‘≈‡≈’Ë¬π ¡’§à“µË”°«à“¡“µ√∞“πÕ¬Ÿà

‡æ’¬ß√âÕ¬≈– 25 ‡∑à“π—Èπ ·≈–¬—ßæ∫«à“„π·µà≈–™—Ë«‚¡ß

°Á¬—ßæ∫§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬¢ÕßΩÿÉπ¢π“¥‡≈Á°Õ¬Ÿà „π

√–¥—∫§àÕπ¢â“ß Ÿß‚¥¬‡©æ“–™à«ß‡«≈“°≈“ß§◊π ≥ ∫√‘‡«≥

Õπÿ “«√’¬å∑â“« ÿ√π“√’ πÕ°®“°ΩÿÉπ¢π“¥‡≈Á°·≈â«¬—ß¡’
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°ä“´§“√å∫Õπ¡ÕπÕ°‰´¥å·≈–°ä“´‚Õ‚´π∑’Ë¡’§à“‡©≈’Ë¬

1 ™—Ë«‚¡ß Ÿß ÿ¥Õ¬Ÿà„π√–¥—∫§àÕπ¢â“ß Ÿß ·µà°Á¬—ß§ßµË”°«à“

§à“¡“µ√∞“π‚¥¬ª√–¡“≥ 12-17 ‡∑à“ ·≈– 1.9-2.4 ‡∑à“

µ“¡≈”¥—∫  à«π°ä“´™π‘¥Õ◊ËπÊ ¬—ß§ßµË”°«à“§à“¡“µ√∞“π

§àÕπ¢â“ß¡“°®—¥Õ¬Ÿà„π√–¥—∫∑’Ë ‰¡à°àÕ„Àâ‡°‘¥Õ—πµ√“¬ ·≈–

 √ÿª‰¥â«à“§ÿ≥¿“æÕ“°“»„π‡¢µ‡∑»∫“≈π§√π§√√“™ ’¡“

¬—ß§ßÕ¬Ÿà„π¡“µ√∞“π ·µà§«√‡√‘Ë¡¡’°“√‡ΩÑ“√–«—ß “√

¡≈æ‘…∑’Ë®—¥Õ¬Ÿà„π√–¥—∫§àÕπ¢â“ß Ÿß ‡™àπ ΩÿÉπ¢π“¥‡≈Á°°«à“

10 ‰¡‚§√‡¡µ√ °ä“´§“√å∫Õπ¡ÕπÕ°‰´¥å ·≈–°ä“´‚Õ‚´π

‚¥¬‡©æ“–∫√‘‡«≥∑’Ë¡’°“√®√“®√Àπ“·πàπ ÷́ËßÕ“®¡’§à“‡°‘π

¡“µ√∞“π§ÿ≥¿“æÕ“°“»‰¥â„πÕπ“§µ

°‘µµ‘°√√¡ª√–°“»
§≥–ºŸâ»÷°…“„§√à¢Õ¢Õ∫§ÿ≥ ºŸâª√– “πß“π¢Õß

‡∑»∫“≈π§√π§√√“™ ’¡“ ®—ßÀ«—¥π§√√“™ ’¡“ ∑ÿ°∑à“π

∑’Ë™à«¬Õ”π«¬§«“¡ –¥«°„π°“√µ‘¥µàÕª√– “πß“π

¥â“π ∂“π∑’Ë·≈–Õπÿ‡§√“–Àå¥â“π “∏“√≥Ÿª‚¿§Õ¬à“ß§√∫

∂â«π ¡∫Ÿ√≥å‡ªìπÕ¬à“ß¥’ ®π∑”„Àâ°“√»÷°…“„π§√—Èßπ’È

ª√– ∫º≈ ”‡√Á®≈ÿ≈à«ß‰ª¥â«¬¥’

‡Õ° “√Õâ“ßÕ‘ß
1. §≥–°√√¡°“√ ‘Ëß·«¥≈âÕ¡·Ààß™“µ‘. §à“¡“µ√∞“π

§ÿ≥¿“æÕ“°“»„π∫√√¬“°“»¢Õßª√–‡∑»‰∑¬ (2538)

2. Air Quality in Ontario 1994 Comprehensive

Report. December 1995. Environment and

Energy Ministry of Canada

3. Dennis Atkinson. WRPLOT program.

EPA-OAQPS Technology Transfer Network

4. Quality Assurance/Quality Control Program

for Hydro-Quebecûs Ambient Air Monitoring

Network. July 1993. Hydro-Quebec of Canada
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µàÕ‡«≈“ (Temporally distribution) ∑—Èßπ’È‡æ◊ËÕ®—¥∑”

√Ÿª·∫∫¢âÕ¡Ÿ≈π”‡¢â“¥â“π∞“π¢âÕ¡Ÿ≈°“√√–∫“¬¢Õß “√

°√¥ (emission database input) „Àâ·°à·∫∫®”≈Õß

Multiple Scale Atmospheric Transport and

Chemistry Model (MATCH) ‡æ◊ËÕª√–‡¡‘π°“√
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Abstract
Within the framework of the Thai-Swedish

Cooperative program, Department of Environmental

Quality Promotion (DEQP), the Swedish

Environmental Research Institute (IVL) and the

Swedish Meteorological and Hydrological

Institute (SMHI) have jointly performed a study on

possible acidification in Thailand with the aim of

determining the relative contribution from national

emission sources to potential acidification in the

countryûs ecosystem.

An emission inventory has been developed

from a combination of top-down (sector statistics)

and bottom up (local emission inventories)

perspectives , the temporally and spatial ly

resolved emission inventories for Thailand were

established to provide a series of emission

estimates which could be used as an input to

a regional transport and dispersion model,

namely, Multiple Scale Atmospheric Transport

and Chemistry Model (MATCH). The model

was driven by archived, high resolutions

meteorological data extending over a 12 months

period covering the monitoring campaign. The

model output has been compared with

measurement data to ensure realistic performance

of the model and the uncertainty of the emission

estimate compiled by ERTC. The results of
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measured and modeled calculation concentration for

air pollutant levels and deposition of acidification

substances showed good agreement within a factor

of two, which is considered a successful result.

I. Introduction
Emission data supply one of the most

important pieces of data required by air quality

dispersion models for atmospheric pollutants:

the amount of pollutants emitted on each point

in space at a given moment, i.e. the emission

inventory. The elaboration of emission inventories

for an urban area or on a national, regional or local

basis is a necessary step when setting up plans

to control the levels of pollutants.

Emission inventory is a compilation of

pollutant emission estimates classified according

to the different sources of emissions. Emission

inventories contain data from three types of source

emissions: point, area and mobile/line sources.

Point source emission estimates are provided on

an individual plant/facility or emission outlet in

conjunction with data on geographical position,

capacity, type of process, operating conditions, exit

gas temperature and velocity, etc. Area sources

deal with diffuse sources, where the necessary

information is provided on area basis and is used

to identify an aggregation of sources, which because

of their size or number cannot be easily classified

as point sources. Emission from area sources is

assumed to be spread over a certain geographical

area, where averaged values in space and time are

used for each square of the grid system adopted.

Mobile/line sources are used to estimate emission

routs like streets, highway, waterways, etc.

A source emission relationship for

atmospheric pollutants is necessary if the

objectives are to obtain a better understanding of

the causes of air pollution exceedences occurring

in a determined area and to develop strategies for

bringing the area into compliance with the air

quality criteria. Emission inventory studies are

imperative not only for computing the emissions,

but also for providing guidance in organizing and

presenting such data in a concise manner.

In our study, a regional transport and

dispersion model , namely Multiple Scale

Atmospheric Transport and Chemistry Model

(MATCH), developed by Swedish Meteorological

and Hydrological Institute (SMHI) will be used as

a tool to estimate possible acidification in Thailand.

The establishment of temporally and spatially

resolved emission inventories for Thailand is

necessary to provide a series of emission estimates,

which could be used as an input to the modeling

system.

II. Methodology
There are two different approaches to

perform emission inventories, the top-down and

the bottom-up approach. Depending on the

emission source type and the availability of

statistical data, either the bottom-up or the

top-down approach may be more suitable.

Unfortunately, emission inventories works from

either approach is still scarce in Thailand.

For bottom-up approach, Pollution

Control Department (PCD) in 1994 made the first

attempt on emission inventory for air pollution

in Thailand. The study aimed to establish an

emission database for air quality management in

Thailand. The main objective was to explore the

major emission sources, collect source data and

set up emission database in geographical

information system (GIS) format. The work

focused on 11 industrialized provinces out of 76

provinces in Thailand. The emission, in ton per

year of sulfur dioxide (SO2), oxides of nitrogen

(NOx) , carbon monoxide (CO), suspended

particulate matter (SPM) and hydrocarbon (HC)



‚§√ß°“√«‘®—¬·≈–æ—≤
π“‡∑§‚π‚≈¬’ ‘Ëß·«¥≈âÕ¡¥â“πÕ“°“»

ª√–®”ªï 2544 - 2546

47

were estimated for various sources, such as

stationary, mobile and area sources. For stationary

sources, 547 big point sources of industries and

power plants were explored for the emission

database. This is the most complete database for air

emission in Thailand up to now.

Top-down statistic method uses available

inventories for a greater emission area and

disaggregates the overall emissions to sub-units

using actual data for source strength and emission

generating activities [1]. The underlying assumption

for this approach is that the emission distribution

follows the pattern of demographic and socio-

economic data. Based on this method, the stepwise

procedures for emission inventory work in this study

are as follows.

■ Calculate national total emissions of

the target pollutants based on energy

consumption data. It should be noted

that the problem of non-linear relation-

ship between energy consumption and

emissions was also considered in

emission calculation by taking into

account the different types of fuels

used in different sectors.

■ Placing known emissions and location

of major point sources. The total

emission of point sources can be

determined by summing up all emissions

from these major point sources.

■ Determine the area emission by

subtracting the total point source

emissions from the corresponding

national total emission.

■ Disaggregate the area emission by

population density and land use using

geographical information system (GIS)

approach.

In our study, we aim to establish the

emission inventories of SO2 and NOx using

top-down approach, which could be used as an

input to the MATCH model given the model

approach (horizontal resolution, chemical scheme,

etc.). The following sections describe and justify

the methods and data used to estimate the

magnitude of emissions and their spatial

distribution in Thailand for the year 1994 and

2000. The emissions of the year 2000 will be used

as the emission of the studied year according to

the monitoring period (June 2001- June 2002) in

this study. The base year of 1994 was chosen due

to a higher degree of bottom-up data availability

compared with the studied year.

2.1 Estimating SO2 and NOx emissions
in the year 1994

The estimation of SO2 and NOx emissions

in 1994 was done based on the PCD database

[2]. However, there are some data not available

in the PCD database for some particular sectors.

Such data will be replaced by the emission data

reported by Department of Energy Development

Promotion (DEDP) based on Thailand energy

consumption 1994 [3]. The decision can be made

since the total emissions of the target pollutants

reported in the PCD database 1994 (1.2 Mton

and 0.46 Mton of SO2 and NOx, respectively)

were consistent with those emissions reported

by DEDP in the same year (1.3 Mton and 0.53

Mton of SO2 and NOx, respectively).

2.1.1 SO2 emission in 1994

■ National total emissions

            1,195,978 ton-SO2/year

■ Total emissions from the major point

sources    878,496 ton-SO2/year

According to the PCD database 1994,

all point sources that emit more than 10 ton-SO2/
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grids. Since the difference of population between

1994 and 2000 was only 3 millions, we assumed

to use the population density data of the year 2000

for the disaggregating of emission by population

of both years. The lowest possible administrative

unit in this study, for which population data in

the year 2000 are correctly available, is in the

district level, as shown in figure 1. The sum of

all the districts gives the total population of

60,869,899 heads. The emission (ton) in each grid

was calculated as follows.

Disaggregating of emission amount

by land use:

The land use classification in the Arc view

GIS 3.0a Patch consists of industrial area, urban

area, water, forest, golf course, agricultural and

miscellaneous, as shown in the figure 2. This is

slightly different from the emission estimation

by economic sectors reported in the PCD database

1994 which are industry, mining, residential,

construction, agriculture and transport. To be

consistent with the Arc view, the emission by

economic sectors will be grouped to determine

the total emission of each land use category as shown

in Table 1. We assumed no SO2 emission from the

land categories: forest, golf course, water and miscel-

laneous, in which these lands account for about 39%

of the total area of Thailand.

In order to get the representativeness of the

emissions disaggregating by land use, the resolution

up to 1x1 km in the Arc view GIS 3.0a Patch is

needed. The total grid number according to the reso-

lution is 515,716 grids. It should be noted that there

are many cases where the emission from land use

categories are superimposed, especially the emission

year are considered as major point sources in

this study. These comprised of 194 point sources

out of the total 547 point sources investigated in

the PCD database 1994. The total emission of

the major point sources was calculated by taking

into account the emission amount of those 194 point

sources.

■ Total area emissions

449,482 ton-SO2/year

The total area emissions were calculated

by subtracting the total point source emissions

from the corresponding national total emissions

plus the emission from transport sector which is

estimated based on fuel consumption in the DEDP

report (1,195,978 - 878,496 + 132,000 = 449,482 ton).

■ Spatial disaggregating of the area

emissions

The principle of the disaggregation

system is to relate emissions from various source

categories to the areas where the emissions

actually take place. In this study, the geographical

information system (GIS) tool, namely, Arc view

GIS 3.0a Patch, is applied to allocate emissions

from the smallest administrative units to the

actual relevant areas. The Arc view GIS 3.0a Patch

is upgraded from the website www.esri.com. The

script was downloaded from http://arcscripts.

esri.com with extensions as follows; Geo-processing,

Gridder Aide, Grid Utility 1.1, Spatial Analyst,

Grid Transformation Tools (sample) and Surfer

Extension 2.5. The spatial disaggregation of the

area emission described in this study was done

by two different methods: one is the disaggregating

by population density and another one is the

disaggregating by land use.

Disaggregating of emission amount by

population density:

The resolution of 5x5 km in the Arc view

GIS 3.0a Patch was used for this purpose. The total

grid number according to the resolution is 20,610

Emission (ton) in gridi

= Total area emission x Population in gridi

                              Total population
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from road network that passed through each land

use category. In this regard, the emission disaggre-

gating was made of three steps. In the first step the

emission per grid of each land use category was

calculated by taking into account the total emission

in each land use category divided by the total num-

ber of grids corresponding to that category. In a sec-

ond step, the emission per grid was calculated by

taking into account only road emission. In the final

step, the results of the first and the second steps

were overlapped to make up the total emission in

each grid. Figure 3 shows the GIS map of land use

overlapped with the major road system in Thailand.

2.1.2 NOx emission in 1994

The estimation of NOx emission in 1994

followed the same procedure as for SO2. The

NOx emission amount by economic sectors was

taken from the PCD database 1994 and the stepwise

procedures for the emission estimation were done

exactly the same procedure as SO2 emission.

■ National total emission

457,094 ton-NOx/year

■ Total emission of the major point

sources 175,963 ton-NOx/year

According to the PCD database 1994, all

point sources that emit NOx more than 10 ton/year

are considered as the major point sources. These

comprised of 174 point sources out of the total

547 point sources investigated in the PCD database

1994. The total emission of the major point sources

was calculated by taking into account the emission

amount of these 174 point sources.

■ Total area emission

281,131 ton-NOx/year

(457,094 - 175,963 = 281,131 ton-NOx/year).

■ Spatial disaggregating of the area

emission

Again, two completely different methods

were considered.

Disaggregating by population density:

The NOx emission (ton) in each grid was

calculated as follows:

Disaggregating by land use:

To be consistent with the land use in Arc

Industrial area
Industry = 301,676 302,495

Mining = 819

Urban area
Resident & Com. = 495

6,126
Construction = 5,631

Agriculture area Agricultural = 8,859 8,859

Transport area Transport* = 132,000 132,000

Table 1 The total SO2 emission of each land use category in 1994 (ton-SO2/year)

* Data obtained from Thailand Energy Situation Report 1994. Department of Energy
Development and Promotion (DEDP), Ministry of Science Technology and the Environment

Land use in Arc view Emission by economic Total emission in each
sectors (ton)  land use category (ton)

Emission (ton) in gridi

= Total area emission x Population in gridi

                              Total population
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view, the emission by economic sectors in the PCD

database 1994 are grouped to determine the total

NOx emission of each land use category as shown

in Table 2. Again, we assumed no NOx emission

from forest, golf course, water and miscellaneous,

in which these lands account for about 39% of

the total area of Thailand.

2.2 Estimating SO2 and NOx emissions
in the year 2000

Due to few consistent available data on

point source inventories, the estimation of SO2

and NOx emissions in the year 2000 were done

based on Thailandûs energy consumption data (i.e.,

a top-down approach). Reference source of energy

consumption data is from Thailand energy situation

2000 reported by the Department of Development

and Promotion DEDP [4], Ministry of Science and

Technology. To cover the problem of non-linear

relationship between energy consumption and

emissions, the emission calculation was done

according to socio-economic activities and the

major types of fuel. The socio-economic activities

as air pollution sources were classified into

7 sectors: Transport, Power Plant, Manufacturing,

Residential and Commercial , Agriculture,

Construction, and Mining. Major fuels were

classified into petroleum products, natural gas,

coal and its products and renewable energy in

which their sub-types were also considered for

the calculation.

2.2.1 SO2 emission in the year 2000

■ Calculating total SO2 emission.

Anthropogenic sulfur dioxide (SO2)

emissions are mainly caused by the combustion

of sulfur-containing fossil fuels (especially coal and

oil products). The general equation for emission

estimation is,

E = A x EF x (1-ER)   ..........................(1)

Where: E = emissions, ton-SO2

A = activity rate (e.g., fuel consumption),

EF = emission factor, and

ER = overall emission reduction efficiency, %

Sulfur emission factors for fossils fuels and

biomass fuels combustion depend on the sulfur

content of each type of fuel and the proportion

of sulfur retained in the waste ash after combustion.

The emission factors for fuel were calculated by

the following equation.

Industrial area
Industry = 23,532

25,135
Mining = 1,603

Urban area
Resident & Com. = 1,096

15,828
Construction = 14,732

Agriculture area Agricultural = 87,812 87,812

Transport area Transport = 152,356 152,356

Table 2 The total NOx emission of each land use category in 1994 (ton-NOx/year)

Land use in Arc view Emission by economic Total emission in each
sectors (ton)  land use category (ton)
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EF = S x (1-R) x 1/C x 10  ........................(2)

Where: EF = Emission factor (ton Sulfur PJ-1),

S = Sulfur content of fuel (%),

R = Retention factor (proportion of

sulfur that is retained in the ash

after combustion), kg kg-1,

C = Net calorific value (TJ t-1),

10 = (Unit) conversion factor.

All variables for the determination of emis-

sion factor in this study are described in Table 3-5

with reference sources.

The total SO2 emission of 497,351 ton/year

was obtained from the calculation using equations 1

and 2. It should be noted that the overall emission

reduction efficiency of 95% was considered in the

SO2 emission calculation based on lignite consump-

tion of Mae-Moh thermal power plant since the power

plant has been equipped with flue gas de-sulfurization

(FGD) units since 1997.

Petroleum Products
Gasoline

■ ULG 0.01 [5]

■ ULG 95 0.01 [5]

Diesel

■ HSD 0.031 [5]

■ LSD 0.697 [5]

Kerosene 0.15 [5]

Fuel oil 1.70 (average value) [5]

Coal and its products
Coal 0.5 [4]

Lignite (Power Plant) 3.0 [4]

Lignite (Manufacturing) 2.0 [4]

Renewable energy
Fuel wood 0.2 [6]

Charcoal 0.03 [6]

Paddy husk 0.03 [6]

Bagasse 0.03 [6]

Table 3 Sulfur content of fuel

Fuel types
Sulfur content

References
(weight %)
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■ Major point sources emission of SO2

The major point sources emission of

SO2 for the year 2000 estimated in this study

was from power generation sector only. The Thai

government has a policy to promote the role of

private sectors in power generation since 1994.

In relation to this, the government will buy

electricity from the power producers which are

divided into two groups, namely, Independent

Power Producers (IPP) and Small Power Producers

(SPP). The power generation capacity of IPP is

larger than SPP. Both IPP and SPP generate

electricity using mainly natural gas and renewable

energy. Therefore, the emission calculation was

done based on types of fuel consumption and

the power generating capacity (MW) of each power

plant. The detailed information was obtained from

the web site of National Energy Policy Office

<www.nepo.go.th>. It should be noted that some

power plants use more than one type of fuels to

generate electricity. In this regard, we assumed

that each fuel type produced the same power

generation capacity in Mega Watts (MW). It means

the SO2 emission (ton-SO2) for each point source

can be drawn from the following equation.

Hard coal (i.e. cooking coal, other Power generation and Industry 0.050

bituminous coal and anthracite) Transport, Agriculture, Residential

and Commercial 0.225

Brown coal (i.e. sub-bituminous
0.250

coal)/ Lignite

Petroleum products (residual fuel

oil, gas-diesel oil, kerosene, 0

motor gasoline)

Biomass fuel (wood fuel, other
0

biomass fuel)

Table 4 Retention in ash factors

Source: Harry W. Vallack, 2000 [7]

Fuel Sectors Retention factor (R)

Coal 0.03000

Lignite 0.03000

Residual fuel oil 0.04020

Gas-diesel oil 0.04334

Motor gasoline 0.04485

Kerosene 0.04375

Fuel wood 0.01500

Other biomass 0.01200

Table 5 Net calorific (thermal) values for fuels

Fuel Net calorific value [C]
(TJ t-1)

Source: Harry W. Vallack, 2000 [7]
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The total SO2 emission of 142,707.61 ton

of the point sources emission estimated in the year

2000 was resulted from the above formula.

■ Total area emission

354,643.39 ton-SO2/year

(497,351 - 142,707.61 = 354,643.39 ton-SO2/year).

■ Spatial disaggregation of the area

emission

Disaggregating by population density:

The SO2 emission (ton-SO2) in each grid

was calculated based on the total population of

60,869,899 heads as follow.

Disaggregating by land use:

Similar to the emission estimated in the

year 1994, the emission by economic sectors are

grouped to determine the total SO2 emission of

each land use category according to the Arc view

application as shown in Table 6. We assumed no

SO2 emission from forest, golf course, water and

miscellaneous.

2.2.2 NOx emission in the year 2000

The NOx emission in the year 2000

was calculated based on the same procedure as

SO2 emission for the same year. The calculation

was done by the following equation.

Where, fuel consumption data were taken

from DEDP report 2000. The regional emission

factors in the paper of H. W. Vallack, 2000

(the paper entitled çEmission inventories for

anthropogenic sources of SO2 and NOx in

developing country regions in 1995 and projected

emissions of SO2, NOx and NH3 for 2025 and

2050é) were used in equation (3).

[SO2 emission, ton]j  =  [∑i Mega Watts of fuel i]j x Total SO2 emission of fuel i
                Total Mega Watts of fuel i

    Where subscript i = fuel type

Subscript j = point source

Emission (ton) in gridi

= Total area emission x Population in gridi

                              Total population

Industrial area
Industry = 298,630.97

298,681
Mining = 50.10

Urban area
Resident & Com. = 3,891.43

Construction = 933.03 4,824

Agriculture area Agricultural = 10,348.11 10,348

Transport area Transport = 40,789.75 40,790

Table 6 The total SO2 emission of each land use category in the year 2000

Land use in Arc view Emission by economic Total emission in each
sectors (ton)  land use category (ton)

(ton-SO2/year)

Nox emission

=  Fuel consumption x Emission Factor ........(3)
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The estimated national total NO2

emissions, which were calculated, based on fuel

consumption by socio-economic sectors and the

major fuel types using equation 3 are 709,395.50

ton-NO2/year.

■ Major point sources emission of NOx

The same calculation method as SO2

point source emission was performed for NOx

emission. The total NO2 emission of 167,551.29 ton

of the point sources emission estimated in the year

2000 was obtained.

■ Total area emission

541,844 ton-NO2/year

(709,396 - 167,551 = 541,844 Ton/year).

■ Spatial disaggregating of the area

emission

Disaggregating by population density:

The NOx emission (ton-NO2 per year) in

each grid was calculated based on the total

population of 60,869,899 heads as follow.

Disaggregating by land use:

Similar to the emissions estimated in the

year 1994, the emissions by economic sectors

are grouped to determine the total NOx emission

of each land use category according the Arc view

application as shown in Table 7. We assumed

no NOx emission from forest, golf course, water

and miscellaneous.

III. Results and Discussion
It should be noted that SO2 has significantly

decreased from 1994 to 2000. This is because Thai-

land has done a lot of efforts to control the SO2

emission after the SO2 emission episode caused by

Mae-Moh thermal power plant in 1994 in the north-

ern part of Thailand. While NO2 emission continues

to increase year by year since 1994. This may due to

the emission from mobile sources, which the number

of vehicles registered have significantly increased in

the major cities. The same emission trend has been

found based on the emission estimates from other

studies as shown in Figure 1.

In terms of the total emission estimates, the

results of ERTC study are consistent with the emis-

sion estimated by the Department of Energy Devel-

opment and Promotion. While the emission is found

slightly high compare with the estimation in the

Pollution Control Department report 2002 (studied

by Japan International Cooperation Agency). The

comparison results are shown in the Table 8.

Emission (ton) in gridi

= Total area emission x Population in gridi

                              Total population

Industrial area
Industry = 178,859

179,016
Mining = 157

Urban area
Resident & Com. = 41,012

43,134
Construction = 2,122

Agriculture area Agricultural = 56,877 56,877

Transport area Transport = 262,818 262,818

Table 7 The total NO2 emission of each land use category in the year 2000

Land use in Arc view Emission by economic Total emission in each
sectors (ton)  land use category (ton)

(ton-SO2/year)
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Figure 1. Trend of SO2 and NO2 emissions in Thailand based on different studies.

Table 8 Comparison of the total emission in the year 2000 with other studies

(1) Department of Energy Development and Promotion
(2) Japan International Cooperation Agency report 2002.
* not available

ERTC study 497,351 709,396

DEDP(1) 587,000 640,000

JICA study(2) 387,888 NA*

Total SO2 emission (ton) Total NO2 emission (ton)
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IV. Conclusion
By using the emission inventory data of

the year 2000 compiled by ERTC, a general feature

is that SO2 concentrations were overestimate and

NO2 concentrations were underestimate in the

model at the seven regional monitoring sites.

However, the measured and modeled results of

air pollutant levels and deposition of SO2 and

NO2 agree within a factor of two, which is

considered a successful result. Contrary to the

results of NH3/NH4
+, in which the emission

inventory for Thailand has not been established,

showed less good agreement in the study. It

reveals that the more general emission data from

a global emission inventory are less representative

for the conditions in Thailand for the modeling.
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Abstract
Road Traffic Noise Prediction Model had

been developed by Environmental Research and

Training Center, Department of Environmental

Quality Promotion, for Environmental Impact

Assessment (EIA) in Thailand. By the noise

level measurement of 5,330 running vehicles, the

mathematical equation for noise prediction was

established and tested for accuracy with the

measurement data from 2, 4, 6, 8 and 10 lane roads.

As the result, the prediction noise levels are almost

the same as the measurement noise levels at

the distance of 0 to 99 meters from roadside and at

the height of 1 to 12 meters. This model can be

used with any traffic volume but the traffic velocity

must be in between 30 km/hr. and 140 km/hr.

Moreover, it is found that it has more accuracy

than TNM 1.0 under the same traffic condition

in Thailand.

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

 àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‰¥â»÷°…“·≈–æ—≤π“·∫∫

®”≈Õß∑“ß§≥‘µ»“ µ√å§“¥°“√≥å√–¥—∫‡ ’¬ß®“°°“√

®√“®√∫π∂ππ∑“ß√“∫ ‡æ◊ËÕ„™â„π°“√ª√–‡¡‘πº≈°√–∑∫

 ‘Ëß·«¥≈âÕ¡∑“ß¥â“π‡ ’¬ß®“°°“√®√“®√∑“ß√“∫ ‚¥¬

°“√æ—≤π“·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å§“¥°“√≥å√–¥—∫‡ ’¬ß
®“°°“√®√“®√∑“ß√“∫
The Development of Road Traffic Noise Prediction Model

∏π“æ—π∏å  ÿ° Õ“¥a º°“  ÿ¢‡°…¡a ≥—∞æß»å ®—π∑√å ¡∫—µ‘a «‘√—™ ‡Õ◊ÈÕ∑√ß∏√√¡a

∏π“«ÿ∏ ‚π√“™a ¡πµ√’ ®—Ëπ‡≈Á°a °‘µµ‘æ—π∏å ‡´’Ë¬ß‡´’¬«a

a»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√. 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
Environmental Research and Training Centre, Department of Environmental Quality Promotion, Technopolis, Klong5, Klong Luang, Pathumthani 12120
E-mail : thanapan@deqp.go.th
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∑”°“√»÷°…“√–¥—∫‡ ’¬ß‡©≈’Ë¬¢Õß√∂¬πµå·µà≈–ª√–‡¿∑

‡æ◊ËÕ·∫àßª√–‡¿∑¢Õß√∂¬πµå·≈–µ√«®«—¥√–¥—∫‡ ’¬ß®“°

√∂¬πµå∑’Ë«‘Ëß∫π∑âÕß∂ππ®”π«π 5,330 §—π ‡æ◊ËÕÀ“§à“

§«“¡ —¡æ—π∏å¢Õß√–¥—∫‡ ’¬ß·≈–ªí®®—¬Õ◊ËπÊ  ”À√—∫„™â

„π°“√ √â“ß ¡°“√·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å µ≈Õ¥

®π∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß·∫∫®”≈Õßœ °—∫∂ππ 2 4

6 8 ·≈– 10 ‡≈π æ∫«à“ §à“√–¥—∫‡ ’¬ß∑’Ë ‰¥â®“°°“√

§“¥°“√≥å‚¥¬·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å„°≈â‡§’¬ß°—∫

√–¥—∫‡ ’¬ß∑’Ë ‰¥â®“°°“√µ√«®«—¥„πæ◊Èπ∑’Ë®√‘ß ´÷Ëß·∫∫

®”≈Õßπ’È “¡“√∂„™â§“¥°“√≥å√–¥—∫‡ ’¬ß ∑’Ë√–¬– 0 ‡¡µ√

∂÷ß 99 ‡¡µ√ ®“°∫√‘‡«≥√‘¡∂ππ ·≈– ∑’Ë√–¥—∫§«“¡ Ÿß

1-12 ‡¡µ√ ·≈–‰¡à®”°—¥ª√‘¡“≥°“√®√“®√ ·µà®”°—¥

§«“¡‡√Á«‡©≈’Ë¬¢Õß°“√®√“®√ §◊Õ ¡“°°«à“ 30 °‘‚≈‡¡µ√

µàÕ™—Ë«‚¡ß ·≈–‰¡à‡°‘π 140 °‘‚≈‡¡µ√µàÕ™—Ë«‚¡ß πÕ°®“°π’È

¬—ß‰¥â∑”°“√»÷°…“°“√‡ª√’¬∫‡∑’¬∫º≈°“√∑”π“¬°—∫

·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å¢Õßª√–‡∑» À√—∞Õ‡¡√‘°“

´÷Ëßº≈°“√»÷°…“æ∫«à“ ·∫∫®”≈Õßœπ’È¡’ª√– ‘∑∏‘¿“æ

„π°“√∑”π“¬‰¥â„°≈â‡§’¬ß°«à“·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å

¢Õßª√–‡∑» À√—∞Õ‡¡√‘°“¿“¬„µâ‡ß◊ËÕπ‰¢°“√®√“®√

‡¥’¬«°—π

1. ·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å∑’Ëæ—≤π“¢÷Èπ
°“√»÷°…“π’È ‡ªìπ°“√æ—≤π“·∫∫®”≈Õß∑“ß

§≥‘µ»“ µ√å§“¥°“√≥å√–¥—∫‡ ’¬ß®“°°“√®√“®√‚¥¬

„™â¢âÕ¡Ÿ≈√–¥—∫‡ ’¬ß∑’Ëµ√«®«—¥®“°√∂¬πµå∫π∂ππ∑’Ë¡’

√Ÿª·∫∫§àÕπ¢â“ßßà“¬‰¡àæ≈ÿ°æ≈à“π·≈–Õ¬Ÿà¿“¬„µâ¢âÕ

°”Àπ¥¥—ßπ’È §◊Õ

1. „Àâ√∂¬πµå‡ªìπ·À≈àß°”‡π‘¥‡ ’¬ß∑’Ë¡’∑‘»∑“ß

‚¥¬√Õ∫·≈–°√–®“¬·∫∫§√÷Ëß∑√ß°≈¡

2. √∂¬πµå«‘Ëß∫π∂ππ∑’Ë‡ªìπ‡ âπµ√ß·≈–¬“«

3. §«“¡‡√Á«¢Õß√∂¬πµå§ß∑’Ë·≈–¡’√–¬–Àà“ß

√–À«à“ß√∂‡∑à“Ê °—π

4. √∂¬πµå·µà≈–§—π¡’ Sound Power Level

(PWL) ‡∑à“Ê °—π

5. æ◊Èπ∑’Ë∫√‘ ‡«≥√Õ∫·À≈àß°”‡π‘¥‡ ’¬ß‡ªìπ

æ◊Èπ∑’Ë‡√’¬∫·≈– –∑âÕπ‡ ’¬ß

√Ÿª·∫∫¢Õß°“√ √â“ß ¡°“√‡æ◊ËÕæ—≤π“·∫∫

®”≈Õß∑“ß§≥‘µ»“ µ√å √–¥—∫‡ ’¬ß∑’Ë ®ÿ¥√—∫‡ ’¬ß

(Receiving point) ‰¥â®“°°“√√«¡√–¥—∫‡ ’¬ß (‡¥´‘‡∫≈)

√Ÿª 1  · ¥ß√Ÿª·∫∫¢Õß°“√ √â“ß·∫∫®”≈Õß
∑“ß§≥‘µ»“ µ√å

∑’Ë‡°‘¥®“°√∂·µà≈–§—π∑’Ë·≈àπºà“π®ÿ¥√—∫‡ ’¬ß·≈–®–‰¥â

 ¡°“√æ◊Èπ∞“π ¥—ßπ’È

Leq  =  PWL - 10 log10 2 ld

‡¡◊ËÕ PWL = √–¥—∫°”≈—ß¢Õß·À≈àß°”‡π‘¥‡ ’¬ß¢Õß

√∂·µà≈–§—π(dB(A))

l = √–¬–Àà“ß®“°·À≈àß°”‡π‘¥‡ ’¬ß∂÷ß

®ÿ¥√—∫‡ ’¬ß (m.)

d = √–¬–Àà“ß‡©≈’Ë¬¢Õß√∂·µà≈–§—π (m.)

d = 1000 V/Q

‡¡◊ËÕ V = §«“¡‡√Á«‡©≈’Ë¬¢Õß°“√®√“®√ (km/hr.)

Q = ª√‘¡“≥°“√®√“®√ (cars/hr.)

2. º≈°“√»÷°…“«‘®—¬
®“°°“√»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß§à“√–¥—∫

°”≈—ß¢Õß‡ ’¬ß·≈–ª√–‡¿∑¢Õß√∂¬πµå„πª√–‡∑»‰∑¬

 “¡“√∂·∫àßª√–‡¿∑¢Õß√∂¬πµå∑’Ë „™â „πª√–‡∑»‰∑¬

ÕÕ°‰¥â‡ªìπ 2 °≈ÿà¡ ‚¥¬„™â§à“√–¥—∫‡ ’¬ß‡ªìπ‡°≥±å §◊Õ

°≈ÿà¡√∂„À≠à §◊Õ √∂¬πµå∑’Ë¡’®”π«π≈âÕ¡“°°«à“ 4 ≈âÕ

¢÷Èπ‰ª ‡™àπ √∂∫√√∑ÿ° √∂∫—  ‡ªìπµâπ ·≈–°≈ÿà¡√∂‡≈Á°

§◊Õ √∂¬πµå∑’Ë¡’®”π«π≈âÕµ—Èß·µà 4 ≈âÕ≈ß¡“ ‡™àπ √∂

°√–∫– √∂¬πµåπ—Ëß à«π∫ÿ§§≈ √∂®—°√¬“π¬πµå √∂

 “¡≈âÕ ‡ªìπµâπ  ”À√—∫§à“ PWL ¢Õß√∂¬πµå·µà≈–°≈ÿà¡

‡ªìπ¥—ßµàÕ‰ªπ’È

PWL (°≈ÿà¡√∂„À≠à) = 75.1 + 20.4logV

PWL (°≈ÿà¡√∂‡≈Á°) = 67.8 + 20.4logV

·≈– PWL (°≈ÿà¡√∂„À≠à) = PWL (°≈ÿà¡√∂‡≈Á°) + 7.3 dB
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The correction value by diffraction
attenuation (Ld)

‡ªìπ§à“·°âÕ—π‡π◊ËÕß¡“®“°°“√‡≈’È¬«‡∫π¢Õß

‡ ’¬ß ∂â“¡’ ‘Ëß°’¥¢«“ß‡™àπ °”·æß Õ“§“√ ‡ªìπµâπ „π

√–À«à“ß∑’Ë‡ ’¬ß‡¥‘π∑“ßºà“π®“°®ÿ¥√—∫‡ ’¬ß‰ª¬—ß®ÿ¥√—∫

‡ ’¬ß ‡ ’¬ß “¡“√∂‡¥‘π∑“ßºà“π‰ªÀ≈—ß ‘Ëß°’¥¢«“ß‰¥â

´÷Ëß‡√’¬°«à“ °“√‡≈’È¬«‡∫π¢Õß‡ ’¬ß °“√‡≈’È¬«‡∫π¢Õß

‡ ’¬ß°Á‡ªìπ§à“·°â§à“Àπ÷Ëß ÷́Ëß®–µâÕß§”π÷ß∂÷ß„π‡√◊ËÕß¢Õß

§«“¡ Ÿß¢Õß ‘Ëß°’¥¢«“ß µ”·Àπàß¢Õß·À≈àß°”‡π‘¥

‡ ’¬ß·≈–®ÿ¥√—∫‡ ’¬ß ·≈–√–¬–Àà“ß√–À«à“ß ‘Ëß°’¥¢«“ß

°—∫∂ππ

 ”À√—∫«‘∏’°“√§”π«≥„π°“√À“§à“·°âÕ—π‡π◊ËÕß¡“

®“°°“√‡≈’È¬«‡∫π¢Õß‡ ’¬ß‡¡◊ËÕ¡’ ‘Ëß°’¥¢«“ß §≥–ºŸâ«‘®—¬

„™â§à“∑’Ë ‰¥â∑”°“√»÷°…“·≈–„™âÕ¬à“ß·æ√àÀ≈“¬„πª√–‡∑»

≠’ËªÿÉπ

The correction value by ground surface
attenuation (Lg)

‡ªìπ§à“·°âÕ—π‡π◊ËÕß¡“®“°°“√¥Ÿ¥´—∫‡ ’¬ß¢Õß

æ◊Èπ∑’Ë∫√‘‡«≥®ÿ¥√—∫‡ ’¬ß ·≈–ªí®®—¬Õ◊ËπÊ §à“ Lg ∑’Ë„™â‡ªìπ

§à“∑’Ë ‰¥â®“°°“√»÷°…“§«“¡ —¡æ—π∏å¢Õß§à“∑’Ë ‰¥â®“°°“√

§“¥°“√≥å‚¥¬·∫∫®”≈Õßœ °—∫§à“∑’Ë ‰¥â®“°°“√µ√«®«—¥

„πæ◊Èπ∑’Ë®√‘ß ·≈– √â“ß ¡°“√§«“¡ —¡æ—π∏å∑’Ë‡°‘¥¢÷Èπ ´÷Ëß

§à“ Lg · ¥ß„πµ“√“ß 1

°“√µ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß·∫∫®”≈Õß∑“ß
§≥‘µ»“ µ√å (NMTHAI 1.20)

·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å∑’Ëæ—≤π“¢÷Èπ„™â™◊ËÕ

¬àÕ«à“ NMTHAI 1.20 ®“°°“√∑¥ Õ∫§«“¡∂Ÿ°µâÕß

¢Õß·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å°—∫∂ππ 2 4 6 8 ·≈–

10 ‡≈π ∑’Ë√–¬–Àà“ß®“°√‘¡∂ππ 1 2 5 10 20 40 60

√Ÿª 2 · ¥ß§à“§«“¡ —¡æ—π∏å√–À«à“ß§à“√–¥—∫‡ ’¬ß PWL °—∫§à“≈Õ°“√‘∑÷¡¢Õß§«“¡‡√Á«√∂¬πµå
¢Õß°≈ÿà¡√∂„À≠à·≈–°≈ÿà¡√∂‡≈Á°

‡¡◊ËÕ„Àâ a = Õ—µ√“ à«π¢Õß®”π«π√∂„À≠àµàÕ®”π«π√∂∑—ÈßÀ¡¥®–‰¥â«à“

PWL = 67.8 + 20.4logV + 10 log ((1-a) + 5.37a)

·≈–‡¡◊ËÕπ”‰ª·∑π§à“„π ¡°“√æ◊Èπ∞“π®–‰¥â ¡°“√∑’Ë„™â„π·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√åπ’È§◊Õ

Leq  =  67.8 + 20.4logV + 10log ((1-a) + 5.37a) -10log 2ld + Ld + Lg

‡¡◊ËÕ Ld = The correction value by diffraction attenuation

Lg = The correction value by ground surface attenuation
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·≈– 80 ‡¡µ√ ·≈–∑’Ë√–¥—∫§«“¡ Ÿß 1.2 ∂÷ß 10 ‡¡µ√

®”π«π¢âÕ¡Ÿ≈∑—ÈßÀ¡¥ 253 ¢âÕ¡Ÿ≈ ÷́Ëß‡¡◊ËÕπ”¢âÕ¡Ÿ≈

¥—ß°≈à“«¡“‡ª√’¬∫‡∑’¬∫‡æ◊ËÕÀ“§à“§«“¡ —¡æ—π∏å√–À«à“ß

§à“∑’Ë ‰¥â®“°°“√µ√«®«—¥®√‘ß°—∫§à“∑’Ë ‰¥â®“°°“√§”π«≥

‚¥¬·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å∑’Ëæ—≤π“¢÷Èπ ∑’Ë√–¥—∫

§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 æ∫«à“ §à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å

¡’§à“‡∑à“°—∫ 0.95 §à“§«“¡§“¥‡§≈◊ËÕπ¡“µ√∞“π¢Õß°“√

ª√–¡“≥‡∑à“°—∫ 1.74 ·≈–§à“ª√– ‘∑∏‘¿“æ¢Õß°“√

∑”π“¬‡∑à“°—∫√âÕ¬≈– 90 º≈°“√‡ª√’¬∫‡∑’¬∫· ¥ß„π

√Ÿª 3 (´â“¬)  ”À√—∫°“√∑¥ Õ∫·∫∫®”≈Õß∑“ß

§≥‘µ»“ µ√å∑’Ëæ—≤π“¢÷Èπ (NMTHAI 1.20) °—∫·∫∫

®”≈Õß∑“ß§≥‘µ»“ µ√å¢Õßª√–‡∑» À√—∞Õ‡¡√‘°“ (TNM

1.0) π—Èπ ‰¥â°“√∑¥ Õ∫‡ª√’¬∫‡∑’¬∫π’È∑’Ë√–¥—∫§«“¡ Ÿß

1.2 ∂÷ß 1.5 ‡¡µ√ ∑’Ë√–¬–Àà“ß®“°√‘¡∂ππ 1 2 5 10 20

40 60 ·≈– 80 ‡¡µ√ ‚¥¬π”¢âÕ¡Ÿ≈∑’Ë ‰¥â®“°°“√§”π«≥

‚¥¬·∫∫®”≈Õßœ∑—Èß Õß ¡“‡ª√’¬∫‡∑’¬∫°—∫§à“∑’Ë ‰¥â®“°

°“√µ√«®«—¥®√‘ß ¿“¬„µâ‡ß◊ËÕπ‰¢°“√®√“®√‡¥’¬«°—π („π

ª√–‡∑»‰∑¬) ®”π«π 79 §√—Èß ¥—ß· ¥ß„π√Ÿª 3 (¢«“)

´÷Ëß®“°°“√∑¥ Õ∫∑“ß ∂‘µ‘ linear regression ¢Õß

§à“∑’Ë ‰¥â®“°°“√µ√«®«—¥®√‘ß°—∫§à“∑’Ë ‰¥â®“°°“√§“¥°“√≥å

‚¥¬·∫∫®”≈Õß∑—Èß Õß æ∫«à“ NMTHAI 1.20 ¡’§à“

 —¡ª√– ‘∑∏‘Ï —¡æ—π∏å §à“ª√– ‘∑∏‘¿“æ°“√∑”π“¬  Ÿß°«à“

TNM 1.0  à«π§à“§«“¡§“¥‡§≈◊ËÕπ®“°‡ âπ§«“¡ —¡æ—π∏å

¢Õß NMTHAI 1.20 ¡’§à“πâÕ¬°«à“ TNM 1.0

3.  √ÿªº≈°“√«‘®—¬
·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å∑’Ëæ—≤π“¢÷Èπ„Àâ™◊ËÕ«à“

ç‚ª√·°√¡·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å§“¥°“√≥å

§«“¡ Ÿß¢Õß®ÿ¥√—∫‡ ’¬ß
®”π«π¢âÕ¡Ÿ≈

Regression Coefficient

(m.) b0 b1

1.2 570 -0.62 -0.11

3.0 293 -0.59 -0.07

5.0 57 -0.69 -0.04

7.0 78 -0.80 -0.027

10.0 46 -1.43 -0.01

µ“√“ß 1 · ¥ß§à“·°âÕ—π‡π◊ËÕß¡“®“°°“√¥Ÿ¥´—∫‡ ’¬ß¢Õßæ◊Èπ∑’Ë®ÿ¥√—∫‡ ’¬ß∑’Ë§«“¡ Ÿßµà“ßÊ

Lg  =  b0 + b1(l) l  =  distance from a line to a receiving point (m.)

√Ÿª 3 (´â“¬) · ¥ßº≈°“√∑¥ Õ∫§«“¡∂Ÿ°µâÕß¢Õß·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å (NMTHAI 1.20) ∑’Ë√–¥—∫§«“¡ Ÿßµà“ßÊ
(¢«“) · ¥ßº≈°“√‡ª√’¬∫‡∑’¬∫§«“¡∂Ÿ°µâÕß√–À«à“ß NMTHAI 1.20 ·≈– TNM 1.0
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√–¥—∫‡ ’¬ß®“°°“√®√“®√∫π∂ππ∑“ß√“∫ ‡«Õ√å™—Ëπ 1.20é

(Road Traffic Noise Prediction Model V.1.20)

·≈–¡’™◊ËÕ¬àÕ«à“ NMTHAI 1.20 ÷́Ëß “¡“√∂‡√’¬°„™âß“π

‰¥â∑’Ë http://www.ertc.deqp.go.th ‚ª√·°√¡π’È “¡“√∂

§“¥°“√≥å√–¥—∫‡ ’¬ß∑’Ë√–¬–Àà“ß®“°√‘¡∂ππ 0 ∂÷ß

99 ‡¡µ√ ·≈–∑’Ë√–¥—∫§«“¡ Ÿß 1-12 ‡¡µ√ ‚¥¬¡’§à“§«“¡

§“¥‡§≈◊ËÕπ¡“µ√∞“πª√–¡“≥ 1.7 dB(A) ∑’Ë√–¥—∫§«“¡

‡™◊ËÕ¡—Ëπ 95% ‚¥¬·∫∫®”≈Õßœ  “¡“√∂„™â°—∫∂ππ 2 4

6 8 ·≈– 10 ‡≈π ∑’Ë‡ªìπæ◊Èπ√“∫ ·≈–‰¡à®”°—¥ª√‘¡“≥°“√

®√“®√ ·µà®”°—¥§«“¡‡√Á«¢Õß√∂¬πµå‡©≈’Ë¬∑’Ë«‘Ëßºà“π

§◊Õ ¡“°°«à“ 30 °‘‚≈‡¡µ√µàÕ™—Ë«‚¡ß ·≈–‰¡à‡°‘π 140

°‘‚≈‡¡µ√µàÕ™—Ë«‚¡ß ‚¥¬„™â§“¥°“√≥å∑’Ë√–¥—∫§«“¡ Ÿß

1-12 ‡¡µ√®“°æ◊Èπ∂ππ‡∑à“π—Èπ ´÷Ëß·∫∫®”≈Õßœ∑’Ëæ—≤π“

¢÷Èππ’È “¡“√∂§“¥°“√≥å√–¥—∫‡ ’¬ß‰¥â„°≈â‡§’¬ß°—∫§à“∑’Ë

‰¥â ®“°°“√µ√«®«—¥®√‘ ß¡“°°«à “·∫∫®”≈Õß∑“ß

§≥‘µ»“ µ√å¢Õßª√–‡∑» À√—∞Õ‡¡√‘°“ (TNM 1.0)

¿“¬„µâ‡ß◊ËÕπ‰¢°“√®√“®√„πª√–‡∑»‰∑¬
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Abstract
In this study, the Equivalent Sound

Pressure Level (Leq) and Maximum Level (Lmax)

were measured for noise measurement, and the

Acceleration Vibration Level (Lval) was measured

for vibration measurement. The measurement

points had been set at Saladaeng and Mo Chit

station. As the result , the noise level at

Saladaeng station (on the platform) was rather

high. The main noise source is the reflected

noise from the road traffic under the platform

and the maximum noise level was about 85 dBA.

The vibration level on the platform was rather low

°“√»÷°…“º≈°√–∑∫¢Õß√–¥—∫‡ ’¬ß·≈–§«“¡ —Ëπ –‡∑◊Õπ
∫√‘‡«≥ ∂“π’√∂‰øøÑ“
Study on the effect of noise and vibration on the BTS platform

«‘√—™ ‡Õ◊ÈÕ∑√ß∏√√¡a º°“  ÿ¢‡°…¡a ≥—∞æß»å ®—π∑√å ¡∫—µ‘a

∏π“«ÿ∏ ‚π√“™a Ken OKADAb

which it has no effect to the station structure and

human health. The vibration level on X axis was

63 dB, Y axis was 71.5 dB and Z axis was 75 dB.

Under Saladaeng station, the noise level was rather

high because the structure of station was built

cover the road and it made the reflection of

sound. Therefore, the noise level was increased.

The equivalent sound pressure level (5 minutes)

under the station was about 82 dBA.

∫∑§—¥¬àÕ
„π°“√»÷°…“π’È ‰¥â∑”°“√µ√«®«—¥√–¥—∫‡ ’¬ß‡ªìπ

§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬ (Leq) ·≈–§à“√–¥—∫‡ ’¬ß Ÿß ÿ¥ (Lmax)

a»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√. 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
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 ”À√—∫√–¥—∫§«“¡ —Ëπ –‡∑◊Õπµ√«®«—¥‡ªìπ§à“√–¥—∫

§«“¡ —Ëπ –‡∑◊Õπ‡π◊ËÕß®“°§«“¡‡√àß (Lval) ‚¥¬∑”°“√

»÷°…“∑’Ë∫√‘ ‡«≥ ∂“π’√∂‰øøÑ“»“≈“·¥ß·≈– ∂“π’

À¡Õ™‘µ ´÷Ë ß§à“√–¥—∫‡ ’¬ß∫π™“π™“≈“ ∂“π’¡’§à“

§àÕπ¢â“ß Ÿß ‚¥¬·À≈àß°”‡π‘¥‡ ’¬ß à«π„À≠à¡“®“°

°“√®√“®√„µâ ∂“π’ –∑âÕπ¢÷Èπ¡“¬—ß∫π ∂“π’ §à“√–¥—∫

‡ ’¬ß Ÿß ÿ¥∑’Ë«—¥‰¥â‡∑à“°—∫ 85 ‡¥´‘‡∫≈‡Õ §à“√–¥—∫§«“¡

 —Ëπ –‡∑◊Õπ∑’Ë‡°‘¥®“°√∂‰øøÑ“∫π™“π™“≈“ ∂“π’¡’§à“

µË”¡“° ´÷Ëß§à“„π√–¥—∫π’È®–‰¡à àßº≈°√–∑∫µàÕ‚§√ß √â“ß

¢Õß ∂“π’·≈–ª√–™“™π∑’Ë„™â∫√‘°“√√∂‰øøÑ“ §à“√–¥—∫

§«“¡ —Ëπ –‡∑◊Õπ Ÿß ÿ¥∑’Ë«—¥‰¥â „π·π«·°π X ‡∑à“°—∫

63 ‡¥ ‘́‡∫≈ ·°π Y ‡∑à“°—∫ 71.5 ‡¥ ‘́‡∫≈ ·≈–·°π Z

‡∑à“°—∫ 75 ‡¥´‘‡∫≈  ”À√—∫§à“√–¥—∫‡ ’¬ß∫√‘‡«≥„µâ

 ∂“π’√∂‰øøÑ“»“≈“·¥ß´÷Ëßª°µ‘¡’§à“ ŸßÕ¬Ÿà·≈â« ª√–°Õ∫

°—∫‚§√ß √â“ß¢Õß ∂“π’√∂‰øøÑ“∑”„Àâ§à“√–¥—∫‡ ’¬ß„µâ

 ∂“π’ Ÿß¢÷Èπ‡π◊ËÕß®“°‡°‘¥°“√ –∑âÕπ¢Õß‡ ’¬ß ‚¥¬¡’§à“

√–¥—∫‡ ’¬ß‡©≈’Ë¬ 5 π“∑’ ‡∑à“°—∫ 82 ‡¥´‘‡∫≈‡Õ

1. ∫∑π”
ªí®®ÿ∫—π°√ÿß‡∑æ¡À“π§√‰¥â¡’°“√π”√–∫∫

¢π àß¡«≈™π¢π“¥„À≠à §◊Õ √–∫∫¢π àß¡«≈™π

°√ÿß‡∑æ (√∂‰øøÑ“∫’∑’‡Õ ) ¡“„Àâ∫√‘°“√·°àª√–™“™π

‡æ◊ËÕ·°âªí≠À“°“√®√“®√„π‡¢µ°√ÿß‡∑æ¡À“π§√ ÷́Ëß„π

·µà≈–«—π¡’ª√–™“™π„π‡¢µ°√ÿß‡∑æœ ·≈–„π‡¢µ

ª√‘¡≥±≈ ‡¥‘π∑“ß¡“„™â∫√‘°“√√∂‰øøÑ“‡ªìπ®”π«π¡“°

„πªí®®ÿ∫—π√∂‰øøÑ“∫’∑’ ‡Õ ·≈àπºà“π‡ âπ∑“ß∑’Ë¡’°“√

®√“®√Àπ“·πàπ ´÷Ëß®“°°“√µ√«®«—¥√–¥—∫‡ ’¬ßæ◊Èπ∞“π

(Background noise) ∑’Ëºà“π¡“æ∫«à“√–¥—∫‡ ’¬ß„π

∫√‘‡«≥¥—ß°≈à“« ¡’√–¥—∫§àÕπ¢â“ß ŸßÕ—π‡π◊ËÕß¡“®“°

ª√‘¡“≥°“√®√“®√∫π∂ππ∑’ËÀπ“·πàπ °“√°àÕ √â“ß√∂‰ø

øÑ“∫’∑’‡Õ ®–∑”„Àâªí≠À“°“√®√“®√§≈’Ë§≈“¬≈ß´÷Ëß®–

™à«¬∑”„Àâ√–¥—∫‡ ’¬ß®“°°“√®√“®√≈¥≈ß¥â«¬À√◊Õ‰¡à

√–¥—∫‡ ’¬ß·≈–§«“¡ —Ëπ –‡∑◊Õπ∫√‘‡«≥™“π™“≈“ ∂“π’

‡¡◊ËÕ√∂‰øøÑ“·≈àπ‡¢â“·≈–ÕÕ°®–¡’√–¥—∫ Ÿß®πÕ“® àß

º≈°√–∑∫µàÕºŸâ‚¥¬ “√¥â«¬À√◊Õ‰¡àπ—Èπ‡ªìπ ‘Ëß∑’Ëπà“ π„®

‡π◊ËÕß®“°√∂‰øøÑ“∫’∑’‡Õ ‡ªìπ‚§√ß°“√√∂‰øøÑ“‚§√ß°“√

·√°¢Õßª√–‡∑»‰∑¬ °“√»÷°…“√–¥—∫‡ ’¬ß·≈–§«“¡

 —Ëπ –‡∑◊Õπ∫√‘‡«≥ ∂“π’√∂‰øøÑ“ ·≈–°“√ª√–‡¡‘πº≈

°√–∑∫µàÕ ÿ¢¿“æ¢Õßª√–™“™π®÷ß‡ªìπ ‘Ëß ®”‡ªìπ‡æ◊ËÕ

„™â‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π„π°“√§«∫§ÿ¡√–¥—∫‡ ’¬ß·≈–§«“¡

 —Ëπ –‡∑◊Õπ∑’Ë‡°‘¥®“°√∂‰øøÑ“·≈–®–‡ªìπª√–‚¬™πåÕ¬à“ß

¬‘ËßµàÕ°“√æ‘®“√≥“°“√°àÕ √â“ß‚§√ß°“√√∂‰øøÑ“Õ◊ËπÊ

µàÕ‰ª

2. «‘∏’°“√»÷°…“
2.1 µ√«®«—¥√–¥—∫‡ ’¬ß∫π™“π™“≈“ ∂“π’

√∂‰øøÑ“»“≈“·¥ß ‚¥¬µ‘¥µ—Èß‰¡‚§√‚øπ Ÿß®“°æ◊Èπ

1.2 ‡¡µ√ ∑’Ë√–¬–Àà“ß®“°¢Õ∫™“π™“≈“ 2 ‡¡µ√

®”π«π 4 ®ÿ¥ ¥—ß· ¥ß„π√Ÿª 1 µ“¡§«“¡¬“«¢Õß

√∂‰øøÑ“‚¥¬µ√«®«—¥√–¥—∫‡ ’¬ß‡ªìπ§à“√–¥—∫§«“¡¥—π

‡ ’¬ß (Sound pressure level, Lp) ‚¥¬µ—Èß§à“ Time

constant ‡ªìπ Fast ·≈–µ—Èß§à“«ß®√∂à«ßπÈ”Àπ—°‡ªìπ

Flat (F) ¡’Àπà«¬‡ªìπ ‡¥ ‘́‡∫≈ (Decibel) ·≈–∫—π∑÷°

 —≠≠“≥‡ ’¬ß≈ß‡∑ª (Digital Audio Tape, DAT)

2.2 µ√«®«— ¥ √ –¥— ∫§« “¡ —Ë π  – ‡∑◊ Õπ∫π

™“π™“≈“ ∂“π’√∂‰øøÑ“»“≈“·¥ß ‚¥¬«“ßÕÿª°√≥åµ√«®

«—¥Õ—µ√“‡√àß¢Õß§«“¡ —Ëπ –‡∑◊Õπ (Accelerometer)

∫πæ◊Èπ™“π™“≈“∑’Ë√–¬–Àà“ß®“°¢Õ∫™“π™“≈“ 1.5 ‡¡µ√

®”π«π 4 ®ÿ¥ ¥—ß· ¥ß„π√Ÿª 1 ‚¥¬µ√«®«—¥‡ªìπ§à“

√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ‡π◊ËÕß®“°§«“¡‡√àß (Acceleration

vibration level, Lval) ∑—Èß 3 ·°π ª√–°Õ∫¥â«¬·°π

X ·°π Y ·≈–·°π Z ¡’Àπà«¬‡ªìπ ‡¥´‘‡∫≈ ‚¥¬„™â

§à“Õâ“ßÕ‘ß a0=10
-5 ‡¡µ√/«‘π“∑’2[1] æ√âÕ¡∑—Èß∫—π∑÷°

 —≠≠“≥√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ≈ß‡∑ª DAT °”Àπ¥

·π«·°π X §◊Õ ·π«¢π“π°—∫√“ß√∂‰øøÑ“ ·π«·°π Y

§◊Õ ·π«µ—Èß©“°„π·π«πÕπ°—∫√“ß√∂‰øøÑ“·≈–·π«

·°π Z §◊Õ ·π«µ—Èß©“°„π·π«µ—Èß°—∫√“ß√∂‰øøÑ“

2.3 µ√«®«— ¥ √–¥— ∫ ‡  ’ ¬ ß® “°°“√®√ “®√

∫√‘‡«≥„µâ ∂“π’√∂‰øøÑ“»“≈“·¥ß ®”π«π 7 ®ÿ¥

¥—ß· ¥ß„π√Ÿª 1 ‚¥¬µ√«®«—¥„π™à«ß‡«≈“™—Ë«‚¡ß‡√àß¥à«π

·≈–™à«ß‡«≈“ª°µ‘ ™à«ß≈– 2 §√—Èß §√—Èß≈– 10 π“∑’

·≈–∫—π∑÷° —≠≠“≥‡ ’¬ß≈ß‡∑ª DAT

2.4 µ√«®«—¥√–¥—∫‡ ’¬ß®“°°“√®√“®√∑’Ë „µâ

 ∂“π’√∂‰øøÑ“À¡Õ™‘µ®”π«π 1 ®ÿ¥ ·≈–∑’Ë√–¬– 50 ‡¡µ√

®“°µ—« ∂“π’ ®”π«π 1 ®ÿ¥ ‚¥¬µ√«®«—¥„π™à«ß‡«≈“‡™àπ

‡¥’¬«°—∫¢âÕ 2.3 ¥—ß· ¥ß„π√Ÿª 2

2.5 π”¢âÕ¡Ÿ≈‡ ’¬ß∑’Ë ‰¥â∫—π∑÷°≈ß‡∑ª®“°°“√

µ√«®«—¥„π¢âÕ 2.1 2.3 ·≈– 2.4 ¡“À“§à“ Lmax ·≈–

Leq (‡©æ“–¢âÕ 2.4) ‡æ◊ËÕ„Àâ∑√“∫§à“√–¥—∫‡ ’¬ß∑’Ë∫π

™“π™“≈“ ∂“π’√∂‰øøÑ“·≈–∫√‘‡«≥„µâ ∂“π’√∂‰øøÑ“
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2.6 π”¢âÕ¡Ÿ≈§«“¡ —Ëπ –‡∑◊Õπ∑’Ë ‰¥â∫—π∑÷°≈ß

‡∑ª ®“°°“√µ√«®«—¥„π¢âÕ 2 ¡“«‘‡§√“–Àå§«“¡∂’Ë‚¥¬„™â

Real time frequency analyzer ‡æ◊ËÕ„Àâ∑√“∫§à“

√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ·µà≈–§«“¡∂’Ë

2.7 ª√–‡¡‘πº≈°√–∑∫¢Õß‡ ’¬ß·≈–§«“¡

 —Ëπ –‡∑◊Õπ®“°√∂‰øøÑ“∫π™“π™“≈“ ∂“π’·≈–∫√‘‡«≥

„µâ ∂“π’ ∑’Ë¡’µàÕª√–™“™π∑’Ë„™â∫√‘°“√À√◊Õ∑’ËÕ“»—¬Õ¬Ÿà

∫√‘‡«≥„°≈â‡§’¬ß ∂“π’√∂‰øøÑ“

3. º≈°“√»÷°…“·≈–«‘®“√≥å
3.1 º≈°“√µ√«®«—¥√–¥—∫‡ ’¬ß∫π™“π™“≈“

 ∂“π’√∂‰øøÑ“»“≈“·¥ß

°√“ø„π√Ÿª 3 · ¥ß§à“√–¥—∫‡ ’¬ß Ÿß ÿ¥ (Lmax)

∫π ∂“π’√∂‰øøÑ“»“≈“·¥ß ‚¥¬§”π«≥®“°√∂‰øøÑ“

®”π«π 5 ¢∫«π ·≈–¡’™à«ß‡«≈“„π°“√æ‘®“√≥“§à“

√–¥—∫‡ ’¬ß µ—Èß·µà√∂‰øøÑ“‡√‘Ë¡·≈àπ‡¢â“ ∂“π’ ®Õ¥√—∫ àß

ºŸâ ‚¥¬ “√ ®π°√–∑—Ëß·≈àπÕÕ°®“° ∂“π’ª√–¡“≥ 1-

√Ÿª 1  · ¥ß®ÿ¥µ√«®«—¥√–¥—∫‡ ’¬ß·≈–§«“¡ —Ëπ –‡∑◊Õπ∫√‘‡«≥ ∂“π’√∂‰øøÑ“»“≈“·¥ß

√Ÿª 2  · ¥ß®ÿ¥µ√«®«—¥√–¥—∫‡ ’¬ß„µâ ∂“π’√∂‰øøÑ“À¡Õ™‘µ
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√Ÿª 3  °√“ø· ¥ß§à“√–¥—∫‡ ’¬ß Ÿß ÿ¥
∫π™“π™“≈“ ∂“π’»“≈“·¥ß

√Ÿª 4  °√“ø· ¥ß§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ∫π™“π™“≈“
 ∂“π’√∂‰øøÑ“»“≈“·¥ß·π«·°π X

√Ÿª 5  °√“ø· ¥ß§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ∫π™“π™“≈“
 ∂“π’√∂‰øøÑ“»“≈“·¥ß·π«·°π Y

1.20 π“∑’ ´÷Ëß‡«≈“Õ“®®–¡“°°«à“À√◊ÕπâÕ¬°«à“ æ∫«à“¡’

§à“√–¥—∫‡ ’¬ß Ÿß ÿ¥Õ¬Ÿà„π™à«ß 83-85 ‡¥ ‘́‡∫≈‡Õ ‚¥¬

√–¥—∫‡ ’¬ß∑’Ë ‡°‘¥¢÷Èπµ≈Õ¥∑—Èß«—π∫π™“π™“≈“ ∂“π’

 à«π„À≠à¡“®“°¬“πæ“Àπ–∑’Ë·≈àπºà“π‰ª¡“„µâ ∂“π’

´÷Ëß¡’≈—°…≥–‡ ’¬ß∑’Ë ‰¡à§ß∑’Ë  ”À√—∫‡ ’¬ß∑’Ë‡°‘¥®“°√∂‰ø

øÑ“®–‡°‘¥¢÷Èπ‡©æ“–™à«ß∑’Ë√∂‰øøÑ“·≈àπ‡¢â“·≈–·≈àπÕÕ°

®“° ∂“π’‡∑à“π—Èπ

3.2 º≈°“√µ√«®«—¥√–¥—∫ —Ëπ –‡∑◊Õπ∫π™“π

™“≈“ ∂“π’√∂‰øøÑ“»“≈“·¥ß

√Ÿª 4 5 ·≈– 6 · ¥ß§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ

‡©≈’Ë¬ §à“ Ÿß ÿ¥·≈–§à“µË” ÿ¥ ‚¥¬§”π«≥§à“√–¥—∫§«“¡

 —Ëπ –‡∑◊Õπ®“°√∂‰øøÑ“∑’Ë‡≈◊Õ°¡“»÷°…“®”π«π 3 ¢∫«π

¢≥–∑’Ë√∂‰øøÑ“·≈àπ‡¢â“·≈–ÕÕ°®“° ∂“π’‡ÀÁπ«à“·√ß

 —Ëπ –‡∑◊Õπ„π·°π Z ¡’§à“ Ÿß ÿ¥ √Õß≈ß¡“§◊Õ Y ·≈–

X µ“¡≈”¥—∫ §à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ Ÿß ÿ¥∑’Ë·°π X

¡’§à“‡∑à“°—∫ 63 ‡¥´‘‡∫≈ ·°π Y ¡’§à“ Ÿß ÿ¥‡∑à“°—∫ 71.5

‡¥ ‘́‡∫≈ ·≈–·°π Z ¡’§à“ Ÿß ÿ¥‡∑à“°—∫ 75 ‡¥ ‘́‡∫≈ ÷́Ëß

§à“ Ÿß ÿ¥∑’Ëµ√«®«—¥‰¥âÕ¬Ÿà∑’Ë∫√‘‡«≥√Õ¬µàÕ√–À«à“ßæ◊Èπ

¢Õß·µà≈–∫≈ÁÕ§ (‚§√ß √â“ß∫π™“π™“≈“¢Õß·µà≈–

 ∂“π’ª√–°Õ∫¥â«¬∫≈ÁÕ§§Õπ°√’µ¢π“¥„À≠à¡“«“ßµàÕ

°—π‰¡à ‰¥â‡ªìπ‡π◊ÈÕ‡¥’¬«°—π) ®÷ß∑”„Àâ¡’§à“√–¥—∫§«“¡

 —Ëπ –‡∑◊Õπ Ÿß°«à“®ÿ¥µ√«®«—¥Õ◊ËπÊ ‡æ√“–‡π◊ËÕß®“°∑’Ë

∫√‘‡«≥ª≈“¬¢Õß∫≈ÁÕ°§Õπ°√’µ®–¡’°“√ —Ëπ –‡∑◊Õπ

¡“°°«à“∑’Ëµ√ß à«π°≈“ß¢Õß∫≈ÁÕ§§Õπ°√’µ  ”À√—∫

º≈°√–∑∫∑’Ë¡’µàÕ§π®–æ‘®“√≥“∑’Ë√–¬–‡«≈“¢Õß√–¥—∫

§«“¡ —Ëπ –‡∑◊Õπ∑’Ë “¡“√∂√—∫‰¥â„π·µà≈–§«“¡∂’Ë ‚¥¬

‡©æ“–·°π Z ÷́Ëß‡ªìπ·°π∑’Ë àßº≈°√–∑∫°—∫§π¡“° æ∫

«à“§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ∑’Ëµ√«®«—¥‰¥â¡’§à“µË”°«à“

¡“µ√∞“π (ISO 2631)[2] ¡“°

√Ÿª 6  °√“ø· ¥ß§à“√–¥—∫§«“¡ —Ëπ –‡Õπ∫π™“π™“≈“
 ∂“π’√∂‰øøÑ“»“≈“·¥ß·π«·°π Z

3.3 º≈°“√µ√«®«—¥√–¥—∫‡ ’¬ß∫√‘‡«≥„µâ ∂“π’

√∂‰øøÑ“»“≈“·¥ß

√Ÿª 7 ·≈– 8 · ¥ß§à“√–¥—∫‡ ’¬ß Leq 5 π“∑’ ∑’Ë

§”π«≥‰¥â®“°°“√µ√«®«—¥∫√‘‡«≥„µâ ∂“π’»“≈“·¥ß

‚¥¬∑”°“√µ√«®«—¥„π™—Ë«‚¡ßª°µ‘·≈–„π™—Ë«‚¡ß‡√àß¥à«π

µ“¡≈”¥—∫ ´÷Ëß„π·µà≈–™à«ßµ√«®«—¥√–¥—∫‡ ’¬ß 2 §√—Èß

æ∫«à“§à“√–¥—∫‡ ’¬ß Leq 5 π“∑’ „π™—Ë«‚¡ß‡√àß¥à«π¡’§à“

‡∑à“°—π‡°◊Õ∫∑ÿ°®ÿ¥·≈–„π™—Ë«‚¡ßª°µ‘°Á¡’§à“‡°◊Õ∫‡∑à“°—π
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∑ÿ°®ÿ¥ · ¥ß„Àâ‡ÀÁπ«à“‡°‘¥°“√ –∑âÕπ¢Õß‡ ’¬ß (Rever-

beration field) ®“°°“√®√“®√∫√‘‡«≥„µâ ∂“π’ ‚¥¬¡’

‚§√ß √â“ß¢Õß ∂“π’√∂‰øøÑ“·≈–Õ“§“√∑’Ëµ—ÈßÕ¬Ÿà√‘¡∂ππ

‡ªìπµ—« –∑âÕπ‡ ’¬ß ·≈–®“°°“√µ√«®«—¥‰¥â§à“ Leq

5 π“∑’ ‡©≈’Ë¬‡∑à“°—∫ 82 ‡¥ ‘́‡∫≈‡Õ

3.4 º≈°“√µ√«®«—¥√–¥—∫‡ ’¬ß∫√‘‡«≥„µâ ∂“π’

√∂‰øøÑ“À¡Õ™‘µ

√Ÿª 9 · ¥ß§à“√–¥—∫‡ ’¬ß Lmax ·≈– Leq

5 π“∑’ ‡©≈’Ë¬∑’Ë§”π«≥‰¥â®“°°“√µ√«®«—¥∑’Ë„µâ ∂“π’

À¡Õ™‘µ·≈–∑’Ë√–¬– 50 ‡¡µ√®“°µ—« ∂“π’À¡Õ™‘µ

‚¥¬µ√«®«—¥„π™—Ë«‚¡ß‡√àß¥à«π·≈–™—Ë«‚¡ßª°µ‘ ™à«ß≈–

2 §√—Èß æ∫«à“§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬∑’Ë„µâ ∂“π’¡’§à“¡“°°«à“

√–¥—∫‡ ’¬ß∑’Ë®ÿ¥πÕ° ∂“π’ 2-4 ‡¥´‘‡∫≈‡Õ „π™à«ß‡«≈“

µ√«®«—¥‡¥’¬«°—π ¬°‡«âπ§à“√–¥—∫‡ ’¬ß Ÿß ÿ¥¢Õß°“√

µ√«®«—¥„π™—Ë«‚¡ß‡√àß¥à«π´÷Ëß¡’§à“‡∑à“°—π

®“°º≈°“√»÷°…“√–¥—∫‡ ’¬ß·≈–§«“¡ —Ëπ

 –‡∑◊Õπ∑—Èß∑’Ë∫√‘‡«≥™“π™“≈“ ∂“π’·≈–„µâ ∂“π’√∂‰øøÑ“

æ∫«à“§à“√–¥—∫‡ ’¬ß¡’§à“‡°‘π 80 ‡¥´‘‡∫≈‡Õ ·µà‡°‘¥¢÷Èπ

„π™à«ß‡«≈“ —ÈπÊ´÷Ëßº≈°√–∑∫∑’Ë‡°‘¥°—∫ª√–™“™π∑’Ë„™â

∫√‘°“√À√◊Õ —≠®√ºà“π‰ª¡“π—Èπ‰¥â√—∫º≈°√–∑∫πâÕ¬¡“°

 ”À√—∫√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ∫π™“π™“≈“ ∂“π’§à“∑’Ë

µ√«®«—¥‰¥â¡’§à“µË”´÷Ëß¬—ß‰¡à àßº≈°√–∑∫µàÕºŸâ∑’Ë„™â∫√‘°“√

√∂‰øøÑ“

4.  √ÿªº≈°“√»÷°…“
„π°“√»÷°…“√–¥—∫‡ ’¬ß·≈–§«“¡ —Ëπ –‡∑◊Õπ∫π

™“π™“≈“ ∂“π’·≈–√–¥—∫‡ ’¬ß∫√‘‡«≥„µâ ∂“π’√∂‰øøÑ“

»“≈“·¥ß √«¡∑—Èß√–¥—∫‡ ’¬ß∫√‘‡«≥„µâ ∂“π’√∂‰øøÑ“

À¡Õ™‘µ æ∫«à“

√Ÿª 7  °√“ø· ¥ß§à“√–¥—∫‡ ’¬ß (Leq) ∫√‘‡«≥
„µâ ∂“π’»“≈“·¥ß„π™—Ë«‚¡ßª°µ‘

√Ÿª 8  °√“ø· ¥ß§à“√–¥—∫‡ ’¬ß (Leq) ∫√‘‡«≥
„µâ ∂“π’»“≈“·¥ß„π™—Ë«‚¡ß‡√àß¥à«π

4.1 §à“√–¥—∫‡ ’¬ß∫π™“π™“≈“ ∂“π’¡’§à “

§àÕπ¢â“ß Ÿß ‚¥¬·À≈àß°”‡π‘¥‡ ’¬ß à«π„À≠à¡“®“°

°“√®√“®√∫√‘‡«≥„µâ ∂“π’

4.2 §à “ √–¥—∫§«“¡ —Ë π – ‡∑◊ Õπ∑’Ë ‡ °‘ ¥®“°

√∂‰øøÑ“∫π™“π™“≈“ ∂“π’¡’§à“µË”¡“° ´÷Ëß§à“„π√–¥—∫π’È

® – ‰¡à  à ßº≈°√–∑∫µàÕ ‚§√ß √â “ß¢Õß ∂“π’ ·≈–

ª√–™“™π∑’Ë„™â∫√‘°“√√∂‰øøÑ“

4.3 §à“√–¥—∫‡ ’¬ß„µâ ∂“π’√∂‰øøÑ“»“≈“·¥ß

‡°‘¥®“°°“√®√“®√´÷Ëß¡’§à“ ŸßÕ¬Ÿà·≈â« ·µàµ—« ∂“π’

√∂‰øøÑ“∑”„Àâ§à“√–¥—∫‡ ’¬ß„µâ ∂“π’ Ÿß¢÷Èπ‡π◊ËÕß®“°‡°‘¥

°“√ –∑âÕπ¢Õß‡ ’¬ß∫√‘‡«≥„µâ ∂“π’√∂‰øøÑ“

4.4 §à“√–¥—∫‡ ’¬ß„µâ ∂“π’√∂‰øøÑ“À¡Õ™‘µ

¡’§à“ Ÿß°«à“§à“√–¥—∫‡ ’¬ß∑’Ë√–¬– 50 ‡¡µ√®“°µ—«

 ∂“π’ Õ¬Ÿà 2-3 ‡¥´‘‡∫≈‡Õ ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“∫√‘‡«≥„µâ

 ∂“π’ ‡°‘¥°“√ –∑âÕπ¢Õß‡ ’¬ß®√‘ß´÷Ëß∑”„Àâ√–¥—∫‡ ’¬ß

‡æ‘Ë¡¢÷Èπ

√Ÿª 9  °√“ø·∑àß· ¥ß§à“√–¥—∫‡ ’¬ß
∫√‘‡«≥ ∂“π’√∂‰øøÑ“À¡Õ™‘µ
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°‘µµ‘°√√¡ª√–°“»
§≥–ºŸâ»÷°…“„§√à¢Õ¢Õ∫§ÿ≥ Dr.Ken OKADA

ºŸâ‡™’Ë¬«™“≠¥â“π‡ ’¬ß·≈–§«“¡ —Ëπ –‡∑◊Õπ®“°ª√–‡∑»

≠’ËªÿÉπ (JICA) ∑’Ë ‰¥â„Àâ§«“¡√Ÿâ·≈–§”·π–π”„π°“√»÷°…“

§√—Èßπ’È·≈–¢Õ¢Õ∫§ÿ≥‡®â“¢Õß ∂“π∑’Ë∫√‘…—∑√–∫∫¢π àß

¡«≈™π°√ÿß‡∑æ ®”°—¥ ´÷ËßÕ”π«¬§«“¡ –¥«°„π°“√

ªØ‘∫—µ‘ß“π·≈–„Àâ§«“¡Õπÿ‡§√“–Àå ∂“π∑’Ë„π°“√µ‘¥µ—Èß

‡§√◊ËÕß¡◊Õ‡ªìπÕ¬à“ß¥’µ≈Õ¥√–¬–‡«≈“°“√»÷°…“ ®π∑”„Àâ

°“√»÷°…“§√—Èßπ’Èª√– æ§«“¡ ”‡√Á®≈ÿ≈à«ß‰ª¥â«¬¥’

‡Õ° “√Õâ“ßÕ‘ß
1. Leo L. Beranek, Noise and Vibration Control,

McGraw Hill, 1988

2. Evaluation of Human Exposure to Whole-Body

Vibration Part 1: General Requirement (ISO

2631/1), International Standard, 1985
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°“√»÷°…“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ∫π‚§√ß √â“ß¢Õß√“ß√∂‰øøÑ“
·≈–∑’Ëæ◊Èπ∂ππ¢≥–√∂‰øøÑ“·≈àπºà“π¥â«¬§«“¡‡√Á«ª°µ‘
Study of vibration level on railway structure and ground surface
when electric train passing with normal speed

«‘√—™ ‡Õ◊ÈÕ∑√ß∏√√¡a º°“  ÿ¢‡°…¡a ≥—∞æß»å ®—π∑√å ¡∫—µ‘a

∏π“«ÿ∏ ‚π√“™a Ken OKADAb

the vibration level for parallel with railway line.

The vibration level can be reduced about 4-5 decibel

for horizontal perpendicular to railway line and

about 10 decibel for vertical with railway line.

For the vibration at the ground surface of road

under BTS platform, the average maximum

vibration level on Z axis was 80.2 decibel which

consists of the frequency from 31.5 to 63 hertz. This

level had no effect to the people who were under

Saladeang station.

Abstract
The vibration level on BTS railway con-

struction was studied in order to investigate the

efficiency of isolation material and the vibration

level on ground under the platform while

BTS trains were passing with normal speed.

The measuring point had been set at Saladaeng

station on Silom road. The vibration level was

measured as vibration acceleration level (Lval).

The efficiency of isolation material can not reduce

a»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√.0 2577 4182-9 ‚∑√ “√ 0 2577 1138
Environmental Research and Training Centre, Department of Environmental Quality Promotion, Technopolis, Klong 5, Klong Luang, Pathumthani 12120
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∫∑§—¥¬àÕ
ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ

∫π‚§√ß √â“ß¢Õß√“ß√∂‰øøÑ“ ‡æ◊ËÕ»÷°…“ª√– ‘∑∏‘¿“æ

¢Õß«— ¥ÿ°—π –‡∑◊Õπ·≈–§«“¡ —Ëπ –‡∑◊Õπ∑’Ëæ◊Èπ∂ππ

¢≥–√∂‰øøÑ“·≈àπºà“π¥â«¬§«“¡‡√Á«ª°µ‘ ‚¥¬‡≈◊Õ°æ◊Èπ∑’Ë

»÷°…“∫√‘‡«≥ ∂“π’√∂‰øøÑ“»“≈“·¥ß ∂ππ ’≈¡ ·≈–

«—¥§à“§«“¡ —Ëπ –‡∑◊Õπ‡ªìπ√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ

‡π◊ËÕß®“°§«“¡‡√àß (Lval) æ∫«à“ª√– ‘∑∏‘¿“æ¢Õß«— ¥ÿ

°—π –‡∑◊Õπ∑’Ëπ”¡“„™âπ’È ‰¡à “¡“√∂≈¥§à“√–¥—∫§«“¡

 —Ëπ –‡∑◊Õπ‰¥â„π·π«¢π“π°—∫√“ß√∂‰øøÑ“  ”À√—∫·π«

µ—Èß©“°„π·π«πÕπ°—∫√“ß√∂‰øøÑ“ “¡“√∂≈¥§à“√–¥—∫

§«“¡ —Ëπ –‡∑◊Õπ‰¥âª√–¡“≥ 4 ∂÷ß 5 ‡¥´‘‡∫≈ ·≈–

·π«µ—Èß©“°„π·π«µ—Èß°—∫√“ß√∂‰øøÑ“ “¡“√∂≈¥§à“√–¥—∫

§«“¡ —Ëπ –‡∑◊Õπ‰¥â¥’∑’Ë ÿ¥ª√–¡“≥ 10 ‡¥ ‘́‡∫≈  ”À√—∫

§«“¡ —Ëπ –‡∑◊Õπ∑’Ëæ◊Èπ∂ππ„π·π«µ—Èß©“°„π·π«µ—Èß°—∫

√“ß√∂‰øøÑ“´÷Ëß‡ªìπ·°π∑’Ë àßº≈°√–∑∫°—∫§π¡“°∑’Ë ÿ¥

¡’§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ‡©≈’Ë¬ Ÿß ÿ¥‡∑à“°—∫ 80.2

‡¥ ‘́‡∫≈ „π™à«ß§«“¡∂’Ë√–À«à“ß 31.5 ∂÷ß 63 ‡Œ‘√µ ǻ

‚¥¬§«“¡ —Ëπ –‡∑◊Õπ√–¥—∫π’È®–‰¡à àßº≈°√–∑∫µàÕ

ª√–™“™π∑’Ë —≠®√‰ª¡“À√◊Õª√–°Õ∫°‘®°√√¡„¥Ê ∑’Ë

„µâ ∂“π’√∂‰øøÑ“

1. ∫∑π”
ªí®®ÿ∫—π°√ÿß‡∑æ¡À“π§√‰¥â¡’°“√π”√–∫∫¢π àß

¡«≈™π¢π“¥„À≠à‡¢â“¡“„Àâ∫√‘°“√ª√–™“™π ‡æ◊ËÕ·°â ‰¢

ªí≠À“°“√®√“®√„π‡¢µ°√ÿß‡∑æ¡À“π§√ ‚¥¬√–∫∫

¢π àß¡«≈™π∑’Ë°≈à“«∂÷ß§◊Õ√–∫∫√∂‰øøÑ“ BTS ¢Õß

∫√‘…—∑ √–∫∫¢π àß¡«≈™π°√ÿß‡∑æ ®”°—¥ À√◊Õ BTSC

∂÷ß·¡â«à“√–∫∫√∂‰øøÑ“®–∂Ÿ°ÕÕ°·∫∫„Àâ¡’Õÿª°√≥å

ªÑÕß°—π°“√‡°‘¥‡ ’¬ß√∫°«π·≈–§«“¡ —Ëπ –‡∑◊Õπ‡ªìπ

Õ¬à“ß¥’·≈â«°Áµ“¡ ·µà°Á§«√¡’°“√»÷°…“√–¥—∫‡ ’¬ß·≈–

§«“¡ —Ëπ –‡∑◊Õπ®“°√–∫∫¥—ß°≈à“«‡æ◊ËÕ‡ªìπ¢âÕ¡Ÿ≈

æ◊Èπ∞“π °“√»÷°…“„π§√—Èßπ’È‡ªìπ°“√»÷°…“√–¥—∫§«“¡

 —Ëπ –‡∑◊Õπ∫π‚§√ß √â“ß¢Õß√“ß√∂‰øøÑ“·≈–§«“¡

 —Ëπ –‡∑◊Õπ∑’Ë√–¥—∫æ◊Èπ∂ππ¢≥–√∂‰øøÑ“·≈àπºà“π¥â«¬

§«“¡‡√Á«ª°µ‘ ‚¥¬‡≈◊Õ°æ◊Èπ∑’Ë»÷°…“∫√‘‡«≥ ∂“π’

√∂‰øøÑ“»“≈“·¥ß ∂ππ ’≈¡ °“√»÷°…“π’È®–‡ªìπª√–‚¬™πå

µàÕ°“√¥”‡π‘πß“π¢Õß BTSC ·≈–Àπà«¬ß“π√“™°“√

∑’Ë‡°’Ë¬«¢âÕß ∑—Èß∑“ß¥â“ππ‚¬∫“¬·≈–°“√§«∫§ÿ¡¥Ÿ·≈

 ‘Ëß·«¥≈âÕ¡

2. «‘∏’°“√»÷°…“
2.1 µ √ « ® «— ¥ √ – ¥— ∫ § « “ ¡  —Ë π   – ‡ ∑◊ Õ π ∑’Ë

‚§√ß √â“ß∞“π√“ß√∂‰øøÑ“ ‚¥¬π”Õÿª°√≥åµ√«®«—¥

Õ—µ√“‡√àß¢Õß·√ß —Ëπ –‡∑◊Õπ (Accelerometer) ¬÷¥

µ‘¥°—∫º‘«¥â“π≈à“ß¢Õß‚§√ß √â“ß∞“π√“ß√∂‰ø‚¥¬„™â°“«

(Cyanoacrylate adhesive) ‡ªìπ®ÿ¥ p1 ‚¥¬°”Àπ¥

„Àâ·π«·°π X §◊Õ ·π«‡ âπ∑“ß¢π“π°—∫√“ß√∂‰øøÑ“

·π«·°π Y §◊Õ ·π«µ—Èß©“°„π·π«πÕπ°—∫√“ß√∂‰øøÑ“

·≈–·π«·°π Z §◊Õ·π«µ—Èß©“°„π·π«µ—Èß°—∫√“ß√∂‰øøÑ“

¥—ß· ¥ß„π√Ÿª 1

2.2 µ√«®«—¥√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ∑’Ë‚§√ß √â“ß

¢Õß‡ “√Õß√—∫µ—« ∂“π’ ‚¥¬«“ß Accelerometer ‰«â

∫π¥â“π∫π¢Õß‡ “ ‡ªìπ®ÿ¥ p2 ·≈–∑’Ë à«π≈à“ß¢Õß‡ “

„°≈â√–¥—∫æ◊Èπ∂ππ ‚¥¬¬÷¥µ‘¥ Accelerometer ‰«â∑’Ëº‘«

¥â“π¢â“ß¢Õß‡ “ ‡ªìπ®ÿ¥ p3 ‚¥¬°”Àπ¥·π«·°π X Y

·≈– Z µ“¡¢âÕ 2.1

2.3 µ√«®«—¥√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ∑’Ë∫√‘‡«≥

æ◊Èπ∂ππ∑’Ë‡°“–°≈“ß∂ππ 3 ®ÿ¥ ‡ªìπ®ÿ¥ p4 p5 ·≈–

p6 ·≈–∑’Ë∑“ß‡¥‘π‡∑â“¥â“πµ√ß¢â“¡ 1 ®ÿ¥ ‡ªìπ®ÿ¥ p7

‚¥¬°”Àπ¥·π«·°π X Y ·≈– Z µ“¡¢âÕ 2.1

2.4 ¥”‡π‘π°“√µ√«®«—¥√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ

2 §√—Èß §√—Èß∑’Ë 1 µ√«®«—¥√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ∑’Ë®ÿ¥

p1 ·≈– p2 æ√âÕ¡°—π ·≈–§√—Èß∑’Ë 2 µ√«®«—¥√–¥—∫

§«“¡ —Ëπ –‡∑◊Õπ∑’Ë®ÿ¥ p3 ∂÷ß p7 æ√âÕ¡°—π ‚¥¬µ√«®

«—¥√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ∑ÿ°®ÿ¥µ√«®«—¥ ‡ªìπ§à“√–¥—∫

§«“¡ —Ëπ –‡∑◊Õπ‡π◊ËÕß®“°§«“¡‡√àß (Acceleration

Vibration Level, Lval) ¡’Àπà«¬‡ªìπ‡¥´‘‡∫≈ (decibel)

‚¥¬„™â§à“Õâ“ßÕ‘ß ao = 10
-5 ‡¡µ√/«‘π“∑’2 [1]

2.5 ‡ª√’¬∫‡∑’¬∫º≈°“√µ√«®«—¥√–¥—∫§«“¡

 —Ëπ –‡∑◊Õπ¢Õß·µà≈–®ÿ¥µ√«®«—¥

2.5.1 ‡ª√’ ¬∫ ‡∑’ ¬∫§à “√–¥—∫§«“¡ —Ë π

 –‡∑◊Õπ√–À«à“ß®ÿ¥µ√«®«—¥¥â“π≈à“ß¢Õß‚§√ß √â“ß∞“π

√“ß√∂‰øøÑ“ (p1) °—∫®ÿ¥µ√«®«—¥¥â“π∫π¢Õß‡ “√Õß√—∫

µ—« ∂“π’ (p2) ‡æ◊ËÕ„Àâ∑√“∫ª√– ‘∑∏‘¿“æ¢Õß«—  ¥ÿ

°—π –‡∑◊Õπ (Isolation material)

2.5.2 ‡ª√’ ¬∫ ‡∑’ ¬∫§à “√–¥—∫§«“¡ —Ë π

 –‡∑◊Õπ√–À«à“ß®ÿ¥µ√«®«—¥∑’Ë¥â“π¢â“ß à«π≈à“ß¢Õß‡ “

√Õß√—∫µ—« ∂“π’ (p3) °—∫®ÿ¥µ√«®«—¥∑’Ë√–¥—∫æ◊Èπ∂ππ

(p4 ∂÷ß p7) ‡æ◊ËÕ»÷°…“°“√‡ª≈’Ë¬π·ª≈ß¢Õß√–¥—∫§«“¡

 —Ëπ –‡∑◊Õπ
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√Ÿª 1  ¿“æ®”≈Õß· ¥ß®ÿ¥µ‘¥µ—Èß accelerometer ∑’Ë‚§√ß √â“ß∞“π√“ß√∂‰øøÑ“ ·≈–∑’Ë‡ “√Õß√—∫∞“π
√“ß√∂‰øøÑ“ ∫√‘‡«≥ ∂“π’»“≈“·¥ß (√Ÿª· ¥ß¥â“πÀπâ“)

√Ÿª 2  ®ÿ¥µ√«®«—¥∫√‘‡«≥‡°“–°≈“ß∂ππ „µâ ∂“π’»“≈“·¥ß (√Ÿª· ¥ß¥â“π¢â“ß)
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3. º≈°“√»÷°…“·≈–«‘®“√≥å
3.1 º≈°“√µ√«®«—¥√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ∑’Ë

®ÿ¥µ√«®«—¥∫√‘‡«≥¥â“π≈à“ß¢Õß‚§√ß √â“ß∞“π√“ß

√∂‰øøÑ“ p1 °—∫∑’Ë®ÿ¥µ√«®«—¥¥â“π∫π¢Õß‡ “√Õß√—∫

∞“π√“ß√∂‰øøÑ“ p2 ´÷Ëß‡ªìπ∫√‘‡«≥√Õ¬µàÕ¢Õß∞“π

√“ß√∂‰øøÑ“°—∫‡ “√Õß√—∫´÷Ëß∂Ÿ°§—Ëπ‰«â¥â«¬«— ¥ÿ°—π –‡∑◊Õπ

(Isolation material)

 √Ÿª 3  ®ÿ¥µ√«®«—¥∫√‘‡«≥‡°“–°≈“ß∂ππ·≈–∑’Ë∑“ß‡¥‘π‡∑â“ „µâ ∂“π’»“≈“·¥ß (√Ÿª· ¥ß¥â“π∫π)

 √Ÿª 4  ®ÿ¥µ√«®«—¥ ∫√‘‡«≥‡°“–°≈“ß∂ππ·≈–∑’Ë∑“ß‡¥‘π‡∑â“ „µâ ∂“π’»“≈“·¥ß (√Ÿª· ¥ß¥â“πÀπâ“)

2.6 «‘‡§√“–Àå¢âÕ¡Ÿ≈√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ ‚¥¬

„™â‡§√◊ËÕß«‘‡§√“–Àå§«“¡∂’Ë (1/3 octave band real time

analyzer) ‡æ◊ËÕ„Àâ∑√“∫§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ„π

·µà≈–§«“¡∂’Ë·≈–„Àâ∑√“∫™à«ß§«“¡∂’Ë∑’Ë¡’º≈°√–∑∫µàÕ§π

2.7 æ‘®“√≥“°“√ àßºà“π¢Õß§«“¡ —Ëπ –‡∑◊Õπ

®“°‚§√ß √â“ß∞“π√“ß√∂‰øøÑ“∂÷ß√–¥—∫æ◊Èπ∂ππ

2.8 ª√–‡¡‘πº≈°√–∑∫¢Õß√–¥—∫§«“¡ —Ëπ

 –‡∑◊Õπ®“°¢∫«π√∂‰øøÑ“ BTS ∑’Ë¡’µàÕª√–™“™π∑’Ë

Õ“»—¬ À√◊Õª√–°Õ∫°‘®°√√¡Õ¬Ÿà„°≈â∑’Ëµ—Èß‡ âπ∑“ß‡¥‘π

√∂‰øøÑ“ BTS
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1

2

3

4

5

6

7

8

§à“‡©≈’Ë¬

µ“√“ß 1 · ¥ß§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ Ÿß ÿ¥∑’Ë®ÿ¥ p1 ·≈– p2

√∂‰øøÑ“
¢∫«π∑’Ë

§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ (‡¥ ‘́‡∫≈)

·°π X ·°π Y ·°π Z

p1 p2 §à“
·µ°µà“ß

p1 p2 §à“
·µ°µà“ß

p1 p2 §à“
·µ°µà“ß

79.8

70.0

71.3

69.5

83.0

70.8

81.4

74.2

75.0

81.0

71.5

71.0

73.5

83.0

74.0

82.1

76.1

76.5

-1.2

-1.5

0.3

-4.0

0

-3.2

-0.7

-1.9

-1.5

78.2

66.8

73.6

67.0

80.1

69.0

77.5

72.2

73.1

73.1

63.0

67.8

61.2

74.0

64.3

72.8

66.0

67.8

5.1

3.8

5.8

5.8

6.1

4.7

4.7

6.2

5.3

80.0

77.2

84.3

79.4

84.5

73.6

72.0

81.9

79.1

70.5

65.8

77.6

67.3

77.0

64.0

63.0

71.8

69.6

9.5

11.4

6.7

12.1

7.5

9.6

9.0

10.1

9.5

µ“√“ß 1 · ¥ß§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ Ÿß ÿ¥

∑’Ë®ÿ¥ p1 ·≈–®ÿ¥ p2 ¢≥–∑’Ë¡’√∂‰øøÑ“·≈àπºà“π ÷́Ëß

§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ Ÿß ÿ¥¢≥–√∂‰øøÑ“·≈àπºà“ππ’È

¡’§à“ Ÿß°«à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπæ◊Èπ∞“π (Background

Vibration) ¢≥–‰¡à¡’√∂‰øøÑ“·≈àπºà“πÕ¬Ÿàª√–¡“≥ 20-

40 ‡¥ ‘́‡∫≈

æ‘®“√≥“§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ„π·π«

·°π X æ∫«à“§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ¢Õß√∂‰øøÑ“∑’Ë

®ÿ¥ p2 ¡’§à“ Ÿß°«à“∑’Ë®ÿ¥ p1 ‡≈Á°πâÕ¬À√◊Õ‡°◊Õ∫‡∑à“°—π

· ¥ß«à“„π·π«·°π X §à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ∑’Ë‡°‘¥

®“°√∂‰øøÑ“‡¡◊ËÕ àßºà“π«— ¥ÿ°—π –‡∑◊Õπ·≈â«√–¥—∫§«“¡

 —Ëπ –‡∑◊Õπ¡’§à“‰¡à≈¥≈ß

 ”À√—∫§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ„π·π«·°π Y

§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ∑’Ë®ÿ¥ p2 ¡’§à“µË”°«à“∑’Ë®ÿ¥ p1

ª√–¡“≥ 4-6 ‡¥ ‘́‡∫≈ π—Ëπ· ¥ß«à“„π·π«·°π Y §à“

√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ‡¡◊ËÕ àßºà“π«— ¥ÿ°—π –‡∑◊Õπ¡’§à“

≈¥≈ßª√–¡“≥ 8 %

°√≥’§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ„π·π«·°π Z

π—Èπ§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ∑’Ë®ÿ¥ p2 ¡’§à“µË”°«à“∑’Ë®ÿ¥

p1 ª√–¡“≥ 7-10 ‡¥ ‘́‡∫≈ · ¥ß«à“ „π·π«·°π Z

§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ‡¡◊ËÕ àßºà“π«— ¥ÿ°—π –‡∑◊Õπ¡’

§à“≈¥≈ßª√–¡“≥ 13 % ÷́Ëß≈¥≈ß¡“°°«à“„π·π«·°π X

·≈–·°π Y

3.2 º≈°“√µ√«®«—¥√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ∑’Ë

®ÿ¥µ√«®«—¥¥â“π¢â“ß à«π≈à“ß¢Õß‡ “√Õß√—∫µ—« ∂“π’°—∫

®ÿ¥µ√«®«—¥√–¥—∫æ◊Èπ∂ππ ∫√‘‡«≥„µâ ∂“π’»“≈“·¥ß

µ“√“ß 2 · ¥ß§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ Ÿß ÿ¥

¢Õß√∂‰øøÑ“·µà≈–¢∫«π¢Õß®ÿ¥µ√«®«—¥∫√‘‡«≥¥â“π¢â“ß

 à«π≈à“ß¢Õß‡ “√Õß√—∫µ—« ∂“π’ (p3) ®ÿ¥µ√«®«—¥∫√‘‡«≥

‡°“–°≈“ß∂ππ„µâ ∂“π’»“≈“·¥ß (p4-p6) ·≈–®ÿ¥µ√«®

«—¥∑’Ë∫√‘‡«≥∑“ß‡¥‘π‡∑â“ „µâ ∂“π’»“≈“·¥ß (p7)

æ‘®“√≥“§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ‡©≈’Ë¬„π·π«

·°π X æ∫«à“§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ¡’§à“≈¥≈ß

µ“¡ ≈”¥—∫‡¡◊ËÕ√–¬–∑“ß‡æ‘Ë¡¢÷Èπ ¬°‡«âπ∑’Ë®ÿ¥ p6 §à“

√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ¡’§à“ Ÿß¢÷Èπ‡°◊Õ∫‡∑à“®ÿ¥ p5 ‚¥¬

§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ≈¥≈ß 6 ‡¥ ‘́‡∫≈/√–¬–∑“ß∑’Ë

‡æ‘Ë¡¢÷Èπ Õß‡∑à“ „π™à«ß√–¬–∑“ß 1-15 ‡¡µ√

 ”À√—∫§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ‡©≈’Ë¬„π·π«

·°π Y ·≈–·°π Z æ∫«à“§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ

∑’Ë®ÿ¥ p4 ·≈– p5 ¡’§à“ Ÿß°«à“∑’Ë®ÿ¥ p3 ´÷Ëß§à“√–¥—∫

§«“¡ —Ëπ –‡∑◊Õπ∑’Ë Ÿß¢÷Èππ’È Õ“®¡’ “‡Àµÿ¡“®“°·√ß —Ëπ

 –‡∑◊ÕπÕ◊ËπÊ‡¢â“¡“‡ √‘¡ ‡™àπ ·√ß —Ëπ –‡∑◊Õπ®“°

¢∫«π√∂‰øøÑ“∑’Ë‡§≈◊ËÕπ∑’Ë¡“µ“¡‡ “®πºà“π¡“∂÷ß∞“π

√“°¢Õß‡ “∑’ËÕ¬Ÿà„µâæ◊Èπ¥‘π·≈– àß¡“¬—ß®ÿ¥µ√«®«—¥À√◊Õ

·√ß —Ëπ –‡∑◊Õπ∑’Ë‡°‘¥®“°√∂‚¥¬ “√∑’Ë«‘Ëßºà“π®ÿ¥µ√«®«—¥

¢≥–∑”°“√µ√«®«—¥ À√◊Õ‡°‘¥ª√“°Ø°“√≥å°“√ —ËπæâÕß
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(Resonance effect) ®÷ß∑”„Àâ§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ

¡’§à“ Ÿß¢÷Èπ „π·π«·°π Y §à“§«“¡ —Ëπ –‡∑◊Õπ≈¥≈ß

6 ‡¥ ‘́‡∫≈µàÕ√–¬–∑“ß∑’Ë ‡æ‘Ë¡¢÷Èπ Õß‡∑à“ „π™à«ß

√–¬–∑“ß 1-7 ‡¡µ√ ·≈–≈¥≈ß 12 ‡¥ ‘́‡∫≈µàÕ√–¬–

∑“ß∑’Ë‡æ‘Ë¡¢÷Èπ Õß‡∑à“ „π™à«ß√–¬–∑“ß 7-15 ‡¡µ√

·≈–„π·π«·°π Z §à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ≈¥≈ß

6 ‡¥ ‘́‡∫≈µàÕ√–¬–∑“ß∑’Ë‡æ‘Ë¡¢÷Èπ Õß‡∑à“ „π™à«ß√–¬–

∑“ß 1-4.5 ‡¡µ√ ·≈–≈¥≈ß 12 ‡¥´‘‡∫≈µàÕ√–¬–∑“ß

∑’Ë‡æ‘Ë¡¢÷Èπ Õß‡∑à“ „π™à«ß√–¬–∑“ß 4.5-15 ‡¡µ√ π—Ëπ

· ¥ß«à“ „π·π«·°π X §à“æ≈—ßß“π¢Õß§«“¡ —Ëπ –‡∑◊Õπ

≈¥≈ß‰¥âπâÕ¬°«à“„π·π«·°π Y ·≈–·°π Z ‡¡◊ËÕ√–¬–

∑“ß∑’Ë‡æ‘Ë¡¢÷Èπ‡∑à“°—π

æ‘®“√≥“°“√ àßºà“π¢Õß§«“¡ —Ëπ –‡∑◊Õπ®“°

‚§√ß √â“ß∞“π√“ß√∂‰øøÑ“∂÷ß√–¥—∫æ◊Èπ∂ππ‚¥¬‡ª√’¬∫

‡∑’¬∫§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ¢Õß®ÿ¥ p3 °—∫ p2 „π

·π«·°π X æ∫«à“§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ∑’Ë®ÿ¥ p3

µË”°«à“∑’Ë®ÿ¥ p2 π—Ëπ· ¥ß«à“„π‡ “√Õß√—∫‚§√ß √â“ß∞“π

√“ß√∂‰øøÑ“§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ®“°®ÿ¥ p2 ‰ª

∂÷ß®ÿ¥ p3 ≈¥≈ßª√–¡“≥ 7 ‡¥ ‘́‡∫≈ À√◊Õª√–¡“≥ 9%

„π·π«·°π Y §à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ≈¥≈ßª√–¡“≥

10 ‡¥ ‘́‡∫≈ À√◊Õª√–¡“≥ 15%  ”À√—∫·°π Z ‰¡àæ∫

°“√≈¥≈ß¢Õß§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ¿“¬„π‡ “

√Õß√—∫‚§√ß √â“ßœ

 ”À√—∫„π°“√»÷°…“º≈°√–∑∫¢Õß√–¥—∫§«“¡

 —Ëπ –‡∑◊Õπ∑’Ë¡’µàÕ§π®–æ‘®“√≥“∑’Ë·°π Z ‡π◊ËÕß®“°

‡ªìπ·°π∑’Ë àßº≈°√–∑∫µàÕ ÿ¢¿“æ¢Õß§π¡“°∑’Ë ÿ¥ ®“°

°“√»÷°…“æ∫«à“§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ Ÿß ÿ¥„π·π«

·°π Z ¢Õß®ÿ¥µ√«®«—¥∑’Ëæ◊Èπ∂ππ §◊Õ 84.2 ‡¥´‘‡∫≈

®“°°“√π”¢âÕ¡Ÿ≈∑’Ë®ÿ¥π’È¡“«‘‡§√“–Àå§«“¡∂’Ë®–‰¥â§à“

√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ„π·µà≈–§«“¡∂’Ë·≈–‡¡◊ËÕπ”¡“

‡ª√’¬∫‡∑’¬∫°—∫°√“ø· ¥ß‡«≈“ – ¡¢Õß√–¥—∫§«“¡

 —Ëπ –‡∑◊Õπ[2] µ“¡¡“µ√∞“π ISO2631 ®–∑”„Àâ

∑√“∫√–¬–‡«≈“∑’Ë§π‡√“ “¡“√∂√—∫√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ

‰¥â‚¥¬‰¡à¡’º≈°√–∑∫µàÕ√à“ß°“¬ º≈°“√‡ª√’¬∫‡∑’¬∫

¢âÕ¡Ÿ≈√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ„π·µà≈–§«“¡∂’Ëæ∫«à“∑’Ë®ÿ¥

∫√‘‡«≥„µâ ∂“π’√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ∑’Ëµ√«®«—¥‰¥â§◊Õ

84.2 ‡¥ ‘́‡∫≈ ¡’§à“ Exposure time ¡“°°«à“ 24 ™—Ë«‚¡ß

(π—Ëπ§◊Õ∑’Ë∑ÿ°§«“¡∂’Ë§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ¡’§à“µË”

°«à“‡ âπ 24 ™—Ë«‚¡ß) π—Ëπ· ¥ß«à“ª√–™“™π∑—Ë«‰ª “¡“√∂

ª√–°Õ∫°‘®°√√¡∫√‘‡«≥„µâ ∂“π’√∂‰øøÑ“‰¥âπ“π°«à“ 24

™—Ë«‚¡ß ‚¥¬‰¡à‰¥â√—∫Õ—πµ√“¬®“°·√ß —Ëπ –‡∑◊Õπ∑’Ë‡°‘¥®“°

√∂‰øøÑ“¢≥–·≈àπºà“π∫√‘‡«≥ ∂“π’

4.  √ÿªº≈°“√»÷°…“
4.1 °“√»÷°…“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ®“°

√∂‰øøÑ“ BTS æ∫«à“ª√– ‘∑∏‘¿“æ¢Õß Isolation

material ∑’Ë „ ™â „π°“√≈¥√–¥—∫§«“¡ —Ëπ –‡∑◊Õππ—Èπ

‰¡à “¡“√∂≈¥§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ‰¥â„π·π«·°π X

 “¡“√∂≈¥§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ‰¥âª√–¡“≥ 4-

5 ‡¥ ‘́‡∫≈  ”À√—∫·π«·°π Y ·≈– “¡“√∂≈¥§à“√–¥—∫

§«“¡ —Ëπ –‡∑◊Õπ‰¥â¥’∑’Ë ÿ¥ §◊Õª√–¡“≥ 10 ‡¥ ‘́‡∫≈

 ”À√—∫·°π Z ‚¥¬™à«ß§«“¡∂’Ë∑’Ë¡’º≈µàÕ§à“√–¥—∫§«“¡

µ“√“ß 2 · ¥ß§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ Ÿß ÿ¥∑’Ë®ÿ¥ p3 ·≈– p7

§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ (‡¥ ‘́‡∫≈)

·°π X ·°π Y ·°π Z

1

2

3

4

5

§à“‡©≈’Ë¬

√∂‰øøÑ“
¢∫«π∑’Ë

p3

70.2

73.0

67.0

64.3

72.3

69.4

p4

65.5

67.6

61.5

57.5

66.0

63.6

p5

58.1

60.8

53.8

51.6

57.3

56.3

p6

57.8

60.0

52.5

54.0

57.5

56.4

p7

46.2

48.5

47.2

44.6

47.2

46.7

p3

61.6

60.2

56.6

55.4

55.0

57.8

p4

75.6

75.2

71.1

71.0

68.6

72.3

p5

67.1

66.0

62.1

61.1

62.2

63.7

p6

59.4

57.4

55.6

53.9

53.6

56.0

p7

54.5

51.8

50.6

50.5

47.3

50.9

p3

71.0

74.5

67.2

70.0

67.6

70.1

p4

81.4

84.2

77.0

79.3

79.2

80.2

p5

72.0

75.6

68.0

70.1

67.8

70.7

p6

59.1

62.6

60.2

60.7

56.5

59.8

p7

54.0

56.7

55.1

55.2

57.0

55.3
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 —Ëπ –‡∑◊Õπ∑’Ë®ÿ¥ p1 ·≈–®ÿ¥ p2 ∑—Èß 3 ·°π §◊Õ 40-

63 ‡Œ‘√µ´å

4.2  ”À√—∫°“√»÷°…“§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ

∑’Ë√–¥—∫æ◊Èπ∂ππ „π·π«·°π X §à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ

≈¥≈ß‡¡◊ËÕ√–¬–∑“ß‡æ‘Ë¡¢÷Èπ ·π«·°π Y §à“√–¥—∫§«“¡

 —Ëπ –‡∑◊Õπ∑’Ë®ÿ¥ p4 ·≈– p5 ¡’§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ

‡©≈’Ë¬  Ÿß°«à“∑’Ë®ÿ¥ p3 ·≈–·π«·°π Z §à“√–¥—∫§«“¡

 —Ëπ –‡∑◊Õπ∑’Ë®ÿ¥ p4 ·≈– p5 ¡’§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ

‡©≈’Ë¬ Ÿß°«à“∑’Ë®ÿ¥ p3  ”À√—∫§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ

∑’Ë®ÿ¥ p4 „π·π«·°π Y ·≈–·°π Z ∑’Ë¡’§à“ Ÿßπ—ÈπÕ“®

¡’·√ß —Ëπ –‡∑◊Õπ®“°·À≈àß°”‡π‘¥Õ◊Ëπ‡¢â“¡“‡ √‘¡À√◊Õ

‡°‘¥ Resonance effect ‡æ√“–‡π◊ËÕß®“°∫√‘‡«≥∑’Ë∑”

°“√µ√«®«—¥¡’√∂¬πµå·≈àπºà“π‰ª¡“‡ªìπ®”π«π¡“°®÷ß

∑”„Àâ§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ¡’§à“ Ÿß°«à“∑’Ë®ÿ¥ p3 ·≈–

™à«ß§«“¡∂’Ë∑’Ë¡’º≈µàÕ§à“√–¥—∫§«“¡ —Ëπ –‡∑◊Õπ¢Õß

®ÿ¥µ√«®«—¥∑’Ëæ◊Èπ∂ππ§◊Õ 31.5-63 ‡Œ‘√µ´å ∑—Èß 3 ·°π
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Abstract
The noise theory had been applied for

calculation of noise propagation from BTS electric

train. The predicted noise level is calculated from

two major noise sources; the noise from the BTS

system (motor) and the friction between wheels

and rail tracks, and the noise from the traffic under

the BTS structure.

As the result, the sound power levels (PWL)

of BTS trains were 94-100 dBA. The general

noise levels from the calculation were 70-90 dBA

depended on distance between source and receiving

°“√»÷°…“°“√°√–®“¬¢Õß‡ ’¬ß∑’Ë‡°‘¥®“°√∂‰øøÑ“
Study on Noise Propagation from Electrical Train

«‘√—™ ‡Õ◊ÈÕ∑√ß∏√√¡a º°“  ÿ¢‡°…¡a ≥—∞æß»å ®—π∑√å ¡∫—µ‘a

∏π“«ÿ∏ ‚π√“™a Ken OKADAb

a»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√. 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
Environmental Research and Training Centre, Department of Environmental Quality Promotion, Technopolis, Klong 5, Klong Luang, Pathumthani 12120
E-mail : wirach@deqp.go.th  bºŸâ‡™’Ë¬«™“≠¥â“π‡ ’¬ß·≈–§«“¡ —Ëπ –‡∑◊Õπ®“°ª√–‡∑»≠’ËªÿÉπ (JICA)

point. The equivalent noise levels (1 hour) were

54-73 dBA depended on distance. The noise levels

of the trains from the calculation were smaller

than the traffic noise (calculated) with the

difference of 10 dBA. Then, it could be

concluded that the noise at road side near the

BTS route may mainly came from the traffic.

This study can predict the noise levels from the BTS

train, help in preparing EIA (Environmental

Impact Assessment). Moreover, people can use

this prediction method to know the noise from

BTS by themselves.



‚§
√ß

°“
√«

‘®—¬
·≈

–æ
—≤

π“
‡∑
§‚
π‚
≈¬

’ ‘Ëß
·«

¥≈
âÕ¡

¥â“
π‡
 ’¬

ß·
≈–

§«
“¡

 —Ëπ
 –

‡∑
◊Õπ

ª√
–®

”ª
ï 2

54
4 

- 2
54

6

76

∫∑§—¥¬àÕ
°“√»÷°…“°“√°√–®“¬¢Õß‡ ’¬ß®“°√∂‰øøÑ“

‡ªìπ°“√π”∑ƒ…Æ’∑“ß¥â“π‡ ’¬ß¡“™à«¬„π°“√§”π«≥§à“

√–¥—∫‡ ’¬ß®“°·À≈àß°”‡π‘¥™π‘¥µà“ßÊ ‚¥¬‰¥â»÷°…“

·À≈àß°”‡π‘¥®“°√∂‰øøÑ“ BTS §◊Õ‡ ’¬ß∑’Ë‡°‘¥®“°µ—«

√∂‰øøÑ“ª√–°Õ∫¥â«¬‡ ’¬ß®“°¡Õ‡µÕ√å ‡ ’¬ß®“°°“√

‡ ’¬¥ ’√–À«à“ß≈âÕ°—∫√“ß√∂‰øøÑ“·≈–‡ ’¬ß∑’Ë‡°‘¥®“°°“√

®√“®√∑’ËÕ¬Ÿà„µâ‡ âπ∑“ß√∂‰øøÑ“

®“°°“√»÷°…“æ∫«à“ §à“√–¥—∫°”≈—ß‡ ’¬ß¢Õß

√∂‰øøÑ“¡’§à“Õ¬Ÿà„π™à«ß 94-100 ‡¥ ‘́‡∫≈‡Õ §à“√–¥—∫‡ ’¬ß

‚¥¬∑—Ë«‰ª∑’Ë ‡°‘¥®“°√∂‰øøÑ“∑’Ë ‰¥â®“°°“√§”π«≥µ“¡

∑ƒ…Æ’¡’§à“Õ¬Ÿà„π™à«ß 70-90 ‡¥´‘‡∫≈‡Õ ¢÷Èπ°—∫√–¬–∑“ß

∑’ËÀà“ß®“°√∂‰øøÑ“ ·≈–§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬ 1 ™—Ë«‚¡ß

¡’§à“√–¥—∫‡ ’¬ßÕ¬Ÿà „π™à«ß 54-73 ‡¥ ‘́‡∫≈‡Õ ¢÷Èπ°—∫

√–¬–∑“ß‡™àπ°—π ´÷Ëß§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬∑’Ë§”π«≥‰¥â

¡’§à“µË”°«à“√–¥—∫‡ ’¬ß¢Õß°“√®√“®√∑’Ë‰¥â®“°°“√§”π«≥

‡™àπ°—π ‚¥¬¡’§à“µà“ß°—π‡°‘π 10 ‡¥´‘‡∫≈ · ¥ß«à“§à“

√–¥—∫‡ ’¬ß∑’Ë‡°‘¥¢÷Èπ∫√‘‡«≥√‘¡∂ππ∑’Ë¡’√∂‰øøÑ“ºà“π¡“

®“°°“√®√“®√ ÷́Ëßº≈®“°°“√»÷°…“¥—ß°≈à“« “¡“√∂

„™â§“¥°“√≥å√–¥—∫‡ ’¬ß®“°√∂‰øøÑ“‰¥â ‡ªìπ¢âÕ¡Ÿ≈„π

°“√ª√–‡¡‘π®—¥∑”√“¬ß“π°“√ª√–‡¡‘πº≈°√–∑∫¥â“π

 ‘Ëß·«¥≈âÕ¡‰¥â ·≈–ª√–™“™π∑—Ë«‰ª “¡“√∂π”‰ª„™â‡æ◊ËÕ

„Àâ∑√“∫§à“√–¥—∫‡ ’¬ß∑’Ë‡°‘¥®“°√∂‰øøÑ“‰¥â

1. ∫∑π”
ªí≠À“¡≈æ‘…∑“ß‡ ’¬ß∂◊Õ‰¥â«à“°”≈—ß‡ªìπªí≠À“

∑’Ë®–∑«’§«“¡√ÿπ·√ß¡“°¬‘Ëß¢÷Èπ „π ‘Ëß·«¥≈âÕ¡¢Õß

ª√–‡∑»‰∑¬ ‰¡à«à“®–‡ªìπ‡ ’¬ß∑’Ë¡“®“°°“√®√“®√ ‡ ’¬ß

®“°‚√ßß“πÕÿµ “À°√√¡ ‡ ’¬ß®“°√–∫∫À√◊Õ‚§√ß°“√

°àÕ √â“ßµà“ßÊ ‡ªìπµâπ ‚¥¬‡©æ“–‡ ’¬ß∑’Ë¡“®“°°“√

®√“®√ ÷́Ëß√–∫∫√∂‰øøÑ“¢π àß¡«≈™π (√∂‰øøÑ“ BTS)

¢Õß∫√‘…—∑ √–∫∫¢π àß¡«≈™π°√ÿß‡∑æ ®”°—¥ °Á‡ªìπ

°“√®√“®√·∫∫Àπ÷Ëß∑’ËÕ“®®–∑”„Àâ‡°‘¥ªí≠À“¡≈æ‘…∑“ß

‡ ’¬ß‰¥â ∂÷ß·¡â«à“√–∫∫¥—ß°≈à“«®–¡’°“√ÕÕ°·∫∫„Àâ≈¥

ªí≠À“¡≈æ‘…∑“ß‡ ’¬ßÕ¬à“ß¥’·≈â«°Áµ“¡ ·µà°Á®–µâÕß¡’

°“√∑”√“¬ß“πª√–‡¡‘πº≈°√–∑∫¥â“π ‘Ëß·«¥≈âÕ¡ ‡ πÕ

µàÕÀπà«¬ß“π¢Õß√—∞∑’Ë¡’Àπâ“∑’Ë°”°—∫¥Ÿ·≈„π‡√◊ËÕßπ’È ‚¥¬

„π°“√»÷°…“π’È®–‰¥â∑”°“√»÷°…“√–¥—∫‡ ’¬ß∑’Ë‡°‘¥®“°

√∂‰øøÑ“ ‡æ◊ËÕæ—≤π“·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å ”À√—∫

§“¥°“√≥å√–¥—∫‡ ’¬ß®“°√∂ ‰øøÑ“ ´÷Ëß·∫∫®”≈Õßœ

¥—ß°≈à“«®–™à«¬„Àâ°“√®—¥∑”√“¬ß“πª√–‡¡‘πº≈°√–∑∫

 ‘Ëß·«¥≈âÕ¡‰¥â√«¥‡√Á«¢÷Èπ·≈–ª√–™“™π∑—Ë«‰ª “¡“√∂

π”‰ª„™â ‡æ◊ËÕ„Àâ∑√“∫§à“√–¥—∫‡ ’¬ß∑’Ë‡°‘¥®“°√∂‰øøÑ“‰¥â

§≥–ºŸâ«‘®—¬À«—ß‡ªìπÕ¬à“ß¬‘Ëß«à“√“¬ß“π°“√»÷°…“©∫—∫π’È

®–‡ªìπª√–‚¬™πåµàÕ∫√‘…—∑√–∫∫¢π àß¡«≈™π°√ÿß‡∑æ

Àπà«¬ß“π√“™°“√∑’Ë°”°—∫¥Ÿ·≈¥â“π ‘Ëß·«¥≈âÕ¡À√◊Õ

∑’Ë‡°’Ë¬«¢âÕß·≈–ª√–™“™π∑—Ë«‰ª ∑’Ë®–π”·∫∫®”≈Õßœ π’È

‰ª„™âµàÕ‰ª

2. «‘∏’°“√»÷°…“
2.1 µ√«®«—¥√–¥—∫‡ ’¬ß∫π –æ“π≈Õ¬§π¢â“¡

Àπâ“µ≈“¥π—¥ «π®µÿ®—°√ ‚¥¬µ‘¥µ—Èß‰¡‚§√‚øπ Ÿß®“°

æ◊Èπ –æ“π≈Õ¬ 7 ‡¡µ√ ∑’Ë√–¬–Àà“ß®“°°”·æß°—Èπ‡ ’¬ß

0.5 ‡¡µ√ 1.5 ‡¡µ√ ·≈– 2.5 ‡¡µ√ µ“¡≈”¥—∫ ·≈–

µ‘¥µ—Èß‰¡‚§√‚øπ Ÿß®“°æ◊Èπ –æ“π≈Õ¬ 5 ‡¡µ√ ∑’Ë√–¬–

Àà“ß®“°·π«¥‘Ëß¢Õß°”·æß°—Èπ‡ ’¬ß 2.5 ‡¡µ√ µ√«®«—¥

√–¥—∫‡ ’¬ß‡ªìπ§à“√–¥—∫§«“¡¥—π‡ ’¬ß (Sound pressure

level, Lp) ‚¥¬µ—Èß§à“ Time constant ¢Õß‡§√◊ËÕß

µ√«®«—¥√–¥—∫‡ ’¬ß‡ªìπ Fast ·≈–µ—Èß Weighting ¢Õß

°“√µ√«®«—¥‡ ’¬ß‡ªìπ Flat (F) ¡’Àπà«¬¢Õß√–¥—∫‡ ’¬ß

‡ªìπ‡¥´‘‡∫≈ (Decibel, dB)

2.2 µ√«®«—¥√–¥—∫‡ ’¬ß∑’Ë∫√‘‡«≥≈“π®Õ¥√∂

™—Èπ 5 ·≈–™—Èπ 6 ¢Õß‚√ß·√¡·°√π¥å·ª´‘øî° ‚¥¬µ‘¥µ—Èß

‰¡‚§√‚øπ‰«â°—∫·∑àß‰¡â·≈–¬◊Ëπ‰¡‚§√‚øπÕÕ°‰ªµ√«®«—¥

‚¥¬¡’√–¬–Àà“ß®“°µ—«Õ“§“√ª√–¡“≥ 1.5 ‡¡µ√ ´÷Ëß

∑’Ë™—Èπ 5 ‰¥â∑”°“√µ√«®«—¥∑’Ë¥â“πÀπâ“Õ“§“√ ®”π«π 1 ®ÿ¥

∑’Ë™—Èπ 6 ∑”°“√µ√«®«—¥∑’Ë¥â“π¢â“ß¢ÕßÕ“§“√ ®”π«π

4 ®ÿ¥ ´÷Ëß¡’ Ÿß®“°æ◊Èπ¥‘π 20.6 ‡¡µ√ µ√«®«—¥√–¥—∫‡ ’¬ß

·≈–µ—Èß§à“‡§√◊ËÕßµ√«®«—¥‡™àπ‡¥’¬«°—∫¢âÕ 2.1

2.3 π” —≠≠“≥‡ ’¬ß∑’Ë∫—π∑÷°‰«â „π Digital

audio tape ÷́Ëß‰¥â®“°°“√µ√«®«—¥„π¢âÕ 2.1 ·≈– 2.2

¡“«‘‡§√“–Àå§”π«≥À“§à“√–¥—∫‡ ’¬ß·∫∫ A-weighting

‡æ◊ËÕ √â“ß‡ âπ°√“ø· ¥ß°“√≈¥≈ß¢Õß√–¥—∫‡ ’¬ß¢Õß

√∂‰øøÑ“ (Noise reduction curve)

2.4 §”π«≥À“§à“√–¥—∫°”≈—ß‡ ’¬ß (Sound

power level, PWL) ¢Õß√∂‰øøÑ“‚¥¬„™â¢âÕ¡Ÿ≈∑’Ë ‰¥â®“°

°√“ø°“√≈¥≈ß¢Õß‡ ’¬ß

2.5 §”π«≥À“§à “§“¥°“√≥å√–¥—∫‡ ’¬ß∑’Ë

µ”·Àπàß√–¬–µà“ßÊ

2.6 µ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß¢âÕ¡Ÿ≈√–¥—∫



‚§√ß°“√«‘®—¬·≈–æ—≤
π“‡∑§‚π‚≈¬’ ‘Ëß·«¥≈âÕ¡¥â“π‡ ’¬ß·≈–§«“¡ —Ëπ –‡∑◊Õπ

ª√–®”ªï 2544 - 2546
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‡ ’¬ß∑’Ë ‰¥â®“°°“√§”π«≥°—∫¢âÕ¡Ÿ≈∑’Ë ‰¥â®“°°“√µ√«®«—¥

®√‘ß∑’Ë∫√‘‡«≥‚√ß·√¡·°√π¥å·ª ‘́øî°·≈–Àπâ“°√¡°“√

¢π àß∑“ß∫° (À¡Õ™‘µ)

2.7 π”¢âÕ¡Ÿ≈√–¥—∫‡ ’¬ß∑’Ë ‰¥â®“°¢âÕ 2.5 ¡“

 √â“ß·ºπ∑’Ë√–¥—∫‡ ’¬ß (Noise contour)

3. º≈°“√»÷°…“·≈–«‘®“√≥å
√Ÿª 1 ‡ªìπ°√“ø· ¥ß°“√≈¥≈ß¢Õß√–¥—∫‡ ’¬ß

∑’Ë®ÿ¥µ√«®«—¥µà“ßÊ ∑’Ë ‰¥â°”Àπ¥‰«â ‡ÀÁπ«à“‡ âπ°√“ø¢Õß

®ÿ¥µ√«®«—¥∫√‘‡«≥‚√ß·√¡·°√π¥å·ª´‘øî° 1 °—∫ 2 °“√

≈¥≈ß¢Õß√–¥—∫‡ ’¬ß®–‰¥â„°≈â‡§’¬ß°—π ·≈–‡¡◊ËÕ≈“°‡ âπ

°“√≈¥≈ß¢Õß√–¥—∫‡ ’¬ß°≈—∫‰ª∑’Ë√–¬– 1 ‡¡µ√ ‚¥¬¡’

®ÿ¥‡ª≈’Ë¬π¢Õß‡ âπ°√“ø®“° -6 ‡¥ ‘́‡∫≈µàÕ√–¬–∑“ß

∑’Ë‡æ‘Ë¡¢÷Èπ Õß‡∑à“ ‡ªìπ -3 ‡¥ ‘́‡∫≈µàÕ√–¬–∑“ß∑’Ë‡æ‘Ë¡¢÷Èπ

 Õß‡∑à“ ∑’Ë√–¬– 21 ‡¡µ√¢Õß·À≈àß°”‡π‘¥‡ ’¬ß∑’Ë¡’

§«“¡¬“«‡∑à“°—∫ 66 ‡¡µ√ (‡π◊ËÕß®“°·À≈àß°”‡π‘¥‡ ’¬ß

¡’≈—°…≥–‡ªìπ·∫∫‡ âπ¥—ßπ—Èπ®ÿ¥‡ª≈’Ë¬π‡ âπ°√“ø®“°

-3 ‡ªìπ -6 ‡¥ ‘́‡∫≈ §◊Õ∑’Ë√–¬– l/π ‡¡◊ËÕ l ‡∑à“°—∫

§«“¡¬“«¢Õß·À≈àß°”‡π‘¥‡ ’¬ß[1]) ®–‰¥â§à“√–¥—∫°”≈—ß

‡ ’¬ß (Sound power level, PWL) ‡∑à“°—∫ 100 ‡¥ ‘́‡∫≈‡Õ

 ”À√—∫‡ âπ°√“ø¢Õß®ÿ¥µ√«®«—¥∫π –æ“π≈Õ¬§π¢â“¡

®µÿ®—°√ ®–‰¥â§à“√–¥—∫°”≈—ß‡ ’¬ß‡∑à“°—∫ 94 ‡¥´‘‡∫≈‡Õ

∑’Ë√–¬– 1 ‡¡µ√ ´÷Ëß§à“√–¥—∫°”≈—ß‡ ’¬ß∑’Ë‰¥â®–π”‰ª„™â„π

°“√§”π«≥§à“§“¥°“√≥å√–¥—∫‡ ’¬ßµàÕ‰ª

°“√§“¥°“√≥å√–¥—∫‡ ’¬ß√∂‰øøÑ“
°“√§”π«≥§à“§“¥°“√≥å√–¥—∫‡ ’¬ß®“°

√∂‰øøÑ“®–„™â§à“√–¥—∫°”≈—ß‡ ’¬ß (Sound power level,

PWL) ¢Õß√∂‰øøÑ“∑’Ë ‰¥â®“°°“√µ√«®«—¥√–¥—∫‡ ’¬ß´÷Ëß

§à“√–¥—∫°”≈—ß‡ ’¬ß∑’Ë§”π«≥‰¥â®“°°“√µ√«®«—¥®–

¡’§à“Õ¬Ÿà„π™à«ß 94-100 ‡¥´‘‡∫≈‡Õ ∂â“„Àâ√–¥—∫°”≈—ß‡ ’¬ß

¢Õß√∂‰øøÑ“¡’§à“‡∑à“°—∫ 100 ‡¥´‘‡∫≈‡Õ º≈¢Õß°“√

§”π«≥§à“§“¥°“√≥å√–¥—∫‡ ’¬ß®“°√∂‰øøÑ“¥—ß· ¥ß„π

√Ÿª 2 ÷́Ëß‡ªìπ·ºπ∑’Ë· ¥ß√–¥—∫‡ ’¬ß¢≥–√∂‰øøÑ“·≈àπ

ºà“π®ÿ¥µ√«®«—¥·≈–‡π◊ËÕß®“°„π 1 ™—Ë«‚¡ß®–¡’√∂‰øøÑ“

·≈àπºà“πª√–¡“≥ 20 ¢∫«π ¥—ßπ—Èπ·ºπ∑’Ë· ¥ß§à“

√–¥—∫‡ ’¬ß‡©≈’Ë¬ 1 ™—Ë«‚¡ß ®–· ¥ß„π√Ÿª 3  ”À√—∫

°“√§”π«≥§à“√–¥—∫‡ ’¬ß®“°°“√®√“®√π—Èπ®–„™â·∫∫

®”≈Õß∑“ß§≥‘µ»“ µ√å ”À√—∫°“√®√“®√∑“ß√“∫[2]

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

„π°“√§”π«≥ ´÷Ëß¢âÕ¡Ÿ≈∑’ËµâÕß„™â ”À√—∫°“√§”π«≥§à“

√–¥—∫‡ ’¬ß‚¥¬„™â·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å §◊ Õ

®”π«π¬“πæ“Àπ–„π™à«ß√–¬–‡«≈“ 1 ™—Ë«‚¡ß §«“¡‡√Á«

‡©≈’Ë¬¢Õß√∂·µà≈–™π‘¥ ®”π«π™àÕß∑“ß‡¥‘π√∂·≈–

º≈°“√§”π«≥§à“§“¥°“√≥å√–¥—∫‡ ’¬ß‚¥¬„™â·∫∫

®”≈Õß∑“ß§≥‘µ»“ µ√å ”À√—∫°“√®√“®√π’È®–„Àâ§à“√–¥—∫

‡ ’¬ß‡ªìπ§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬‡™àπ°—π ¥—ß· ¥ß„π√Ÿª 4

´÷Ëß‡ªìπ¢âÕ¡Ÿ≈∑’Ë ‰¥â®“°°“√®√“®√∫√‘‡«≥Àπâ“°√¡°“√

¢π àß∑“ß∫° ∂ππæÀ≈‚¬∏‘π

√Ÿª 1  °√“ø· ¥ß°“√≈¥≈ß¢Õß‡ ’¬ß∑’Ë®ÿ¥µ√«®«—¥∫√‘‡«≥ ∂“π∑’Ëµà“ßÊ
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‡¡◊ËÕæ‘®“√≥“§à“§“¥°“√≥å√–¥—∫‡ ’¬ß‡©≈’Ë¬∑’Ë§”π«≥‰¥â

®“°·À≈àß°”‡π‘¥‡ ’¬ß∑—Èß Õß·À≈àß°”‡π‘¥ ‡ÀÁπ«à“§à“

√–¥—∫‡ ’¬ß®“°°“√®√“®√¡’§à“√–¥—∫‡ ’¬ß Ÿß°«à“§à“√–¥—∫

‡ ’¬ß®“°√∂‰øøÑ“§àÕπ¢â“ß Ÿß °≈à“«§◊Õ§à“√–¥—∫‡ ’¬ß∑’Ë

∑ÿ°Êµ”·Àπàß„π·ºπ∑’Ë√–¥—∫‡ ’¬ß¢Õß°“√®√“®√¡’§à“

 Ÿß°«à“ 10 ‡¥ ‘́‡∫≈‡Õ ‡¡◊ËÕ‡∑’¬∫°—∫§à“√–¥—∫‡ ’¬ß∑’Ë ‰¥â

®“°√∂‰øøÑ“∑’Ëµ”·Àπàß‡¥’¬«°—π ¥—ßπ—Èπ‡¡◊ËÕπ”§à“√–¥—∫

‡ ’¬ß®“°∑—Èß Õß·À≈àß°”‡π‘¥¡“√«¡°—π∑’Ëµ”·Àπàß

‡¥’¬«°—π°Á®–‰¥â§à“√–¥—∫‡ ’¬ß∑’Ë¡’§à“‡∑à“°—∫√–¥—∫‡ ’¬ß®“°

°“√®√“®√‡æ’¬ßÕ¬à“ß‡¥’¬« π—Ëπ· ¥ß«à“§à“√–¥—∫‡ ’¬ß®“°

√∂‰øøÑ“‰¡à¡’º≈µàÕ§à“√–¥—∫‡ ’¬ß∑’Ë‡°‘¥¢÷Èπ®√‘ß

‡ª√’¬∫‡∑’¬∫§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬ 1 ™—Ë«‚¡ß ∑’Ë‰¥â

® “°°“√§”π«≥√«¡§à “√–¥—∫ ‡ ’ ¬ß∑—È ß Õß·À≈à ß

°”‡π‘¥(§◊Õ§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬¢Õß°“√®√“®√ ®ÿ¥ “¡‡À≈’Ë¬¡

2 ®ÿ¥„π√Ÿª 4) °—∫§à“√–¥—∫‡ ’¬ß∑’Ë‰¥â®“°°“√µ√«®«—¥®√‘ß

∑’ËÀπâ“°√¡°“√¢π àß∑“ß∫° ‚¥¬µ‘¥µ—Èß‡§√◊ËÕß«—¥ Ÿß®“°æ◊Èπ

√Ÿª 2  · ¥ß·ºπ∑’Ë√–¥—∫‡ ’¬ß¢Õß√∂‰øøÑ“

√Ÿª 3  · ¥ß·ºπ∑’Ë√–¥—∫‡ ’¬ß‡©≈’Ë¬ 1 ™—Ë«‚¡ß¢Õß√∂‰øøÑ“
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1.2 ‡¡µ√ √–¬–Àà“ß®“°√‘¡∂ππ 5 ‡¡µ√·≈– 10 ‡¡µ√

®–‰¥â§à“√–¥—∫‡ ’¬ß‡∑à“°—∫ 78.5 ·≈– 74.6 ‡¥ ‘́‡∫≈‡Õ

µ“¡≈”¥—∫ ®–‡ÀÁπ«à“§à“√–¥—∫‡ ’¬ß∑’Ë ‰¥â®“°°“√§”π«≥

µË”°«à“§à“∑’Ë ‰¥â®“°°“√µ√«®«—¥®√‘ß 1.9 ·≈– 0.5 ‡¥ ‘́‡∫≈

‡Õ ∑’Ë√–¬–Àà“ß 5 ·≈– 10 ‡¡µ√ µ“¡≈”¥—∫

4.  √ÿªº≈°“√»÷°…“
®“°º≈°“√»÷°…“·≈–°“√§”π«≥§à“§“¥°“√≥å

√–¥—∫‡ ’¬ß∑”„Àâ∑√“∫‰¥â«à“§à“√–¥—∫°”≈—ß‡ ’¬ß¢Õß√∂‰ø

øÑ“¡’§à“√–¥—∫‡ ’¬ßÕ¬Ÿà„π™à«ß 94-100 ‡¥´‘‡∫≈‡Õ ·≈–

§à“√–¥—∫‡ ’¬ß‚¥¬∑—Ë«‰ª∑’Ë‡°‘¥®“°√∂‰øøÑ“∑’Ë ‰¥â®“°°“√

§”π«≥®–¡’§à“Õ¬Ÿà „π™à«ß 70-90 ‡¥´‘‡∫≈‡Õ ¢÷Èπ°—∫

√–¬–∑“ß∑’ËÀà“ß®“°√∂‰øøÑ“  ”À√—∫§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬

1 ™—Ë«‚¡ß ®–¡’§à“√–¥—∫‡ ’¬ßÕ¬Ÿà„π™à«ß 54-73 ‡¥ ‘́‡∫≈‡Õ

¢÷Èπ°—∫√–¬–∑“ß‡™àπ°—π ´÷Ëß§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬∑’Ë ‰¥âπ—Èπ

¡’§à“πâÕ¬°«à“§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬∑’Ë§”π«≥‰¥â®“°°“√

®√“®√Õ¬Ÿà¡“° ‚¥¬¡’§à“πâÕ¬°«à“ 10 ‡¥´‘‡∫≈‡Õ · ¥ß«à“

§à“√–¥—∫‡ ’¬ß∑’Ë‡°‘¥¢÷Èπ∫√‘‡«≥‡ âπ∑“ß∑’Ë√∂‰øøÑ“·≈àπ

ºà“π‡°‘¥®“°‡ ’¬ß∑’Ë¡“®“°°“√®√“®√‡∑à“π—Èπ ·µà∂â“

µâÕß°“√∑√“∫§à“√–¥—∫‡ ’¬ßÀ√◊Õ√–¥—∫‡ ’¬ß‡©≈’Ë¬

1 ™—Ë«‚¡ß∑’Ë‡°‘¥®“°√∂‰øøÑ“Õ¬à“ß‡¥’¬«°Á “¡“√∂„™â·ºπ∑’Ë

√–¥—∫‡ ’¬ß§“¥°“√≥å‰¥â

√Ÿª 4  · ¥ß§à“√–¥—∫‡ ’¬ß¢Õß°“√®√“®√§”π«≥‚¥¬„™â·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å

°‘µµ‘°√√¡ª√–°“»
§≥–ºŸâ»÷°…“„§√à¢Õ¢Õ∫§ÿ≥ Dr.Ken OKADA

ºŸâ‡™’Ë¬«™“≠¥â“π‡ ’¬ß·≈–§«“¡ —Ëπ –‡∑◊Õπ®“°ª√–‡∑»

≠’ËªÿÉπ (JICA) ∑’Ë ‰¥â„Àâ§«“¡√Ÿâ·≈–§”·π–π”„π°“√»÷°…“

§√—Èßπ’È ·≈–¢Õ¢Õ∫§ÿ≥‡®â“¢Õß ∂“π∑’Ë ∫√‘…—∑√–∫∫

¢π àß¡«≈™π°√ÿß‡∑æ®”°—¥ ´÷ËßÕ”π«¬§«“¡ –¥«°„π

°“√ªØ‘∫—µ‘ß“π·≈–„Àâ§«“¡Õπÿ‡§√“–Àå„™â ∂“π∑’Ë„π°“√

µ‘¥µ—Èß‡§√◊ËÕß¡◊Õ‡ªìπÕ¬à“ß¥’µ≈Õ¥√–¬–‡«≈“°“√»÷°…“ ®π

∑”„Àâ°“√»÷°…“§√—Èßπ’Èª√– æ§«“¡ ”‡√Á®≈ÿ≈à«ß‰ª¥â«¬¥’

‡Õ° “√Õâ“ßÕ‘ß
1. Leo L. Beranek, Noise and Vibration Control,

McGraw Hill, 1988

2. √“¬ß“π°“√»÷°…“‡√◊ËÕß °“√æ—≤π“·∫∫®”≈Õß∑“ß

§≥‘µ»“ µ√å§“¥°“√≥å√–¥—∫‡ ’¬ß®“°°“√®√“®√,

»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡
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·ºπ∑’Ë√–¥—∫‡ ’¬ß¢Õß°√ÿß‡∑æ¡À“π§√ ªï æ.». 2544
Noise Mapping in Bangkok 2001

≥—∞æß»å ®—π∑√å ¡∫—µ‘a º°“  ÿ¢‡°…¡a ∏π“æ—π∏å  ÿ° Õ“¥a

«‘√—™ ‡Õ◊ÈÕ∑√ß∏√√¡a ∏π“«ÿ∏ ‚π√“™a ¡πµ√’ ®—Ëπ‡≈Á°a

°‘µµ‘æ—π∏å ‡ ’́Ë¬ß‡´’¬«a Æ“¬‘π ·´¡‡æ™√åa

Abstract
Bangkok noise mapping had been revised

in 2001 after the first map came out in 1997 in

order to investigate and update the noise level data

in Bangkok area. In this study, Bangkok area

had been divided into 329 squares (one square is

2 x 2 kilometers or 4 square kilometers) and 5

a»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√. 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
Environmental Research and Training Centre, Department of Environmental Quality Promotion, Technopolis, Klong 5, Klong Luang, Pathumthani 12120
E-mail : nattapng@deqp.go.th

measurement points had been set in each

square. By using data of Leq 10 minutes and Leq

30 minutes from each measurement point, the

estimated Leq 24 hours had been calculated and

used for noise mapping. As the result, 14 percents

of measurement areas, the noise level are exceeded

70 decibel(A). Most of them are in the inner area
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and around Don Muang airport. Moreover, the

noise pollution in Bangkok is getting more serious

in the area of Ladphrao, Bangkapi and Ram-indra

due to many projects (such as sub-way, elevated

road, O-ring road etc.) were constructing from

the past 5 years, and also, the increasing of the

population in those area. The result also shows

that the main source of noise problem in Bangkok

is the traffic noise.

∫∑§—¥¬àÕ
°“√»÷°…“√–¥—∫‡ ’¬ß‡æ◊ËÕ®—¥∑”·ºπ∑’Ë√–¥—∫‡ ’¬ß

„π‡¢µ°√ÿß‡∑æ¡À“π§√ ªï æ.». 2544 ‡ªìπ°“√»÷°…“

ªí≠À“¡≈æ‘…∑“ß‡ ’¬ßµàÕ‡π◊ËÕß®“°°“√®—¥∑”·ºπ∑’Ë

√–¥—∫‡ ’¬ß ªï æ.».2539[1] ‚¥¬¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ

∑√“∫ ∂“π°“√≥å§«“¡√ÿπ·√ß¢Õßªí≠À“¡≈æ‘…∑“ß

‡ ’¬ß∑’Ë ‡°‘¥¢÷Èπ„π°√ÿß‡∑æ¡À“π§√ ‚¥¬·∫à ßæ◊È π∑’Ë

°√ÿß‡∑æ¡À“π§√ÕÕ°‡ªìπ 329 µ“√“ß (Àπ÷Ëßµ“√“ß

§√Õ∫§≈ÿ¡æ◊Èπ∑’Ë 4 µ“√“ß°‘‚≈‡¡µ√) ·≈–„π·µà≈–µ“√“ß

¡’®ÿ¥µ√«®«—¥√–¥—∫‡ ’¬ß 5 ®ÿ¥ ‚¥¬µ√«®«—¥√–¥—∫‡ ’¬ß

Leq 10 π“∑’ ·≈– 30 π“∑’ „π‡«≈“°≈“ß«—π·≈–°≈“ß§◊π

®“°π—Èππ”§à“∑’Ë ‰¥â ‰ª§”π«≥À“§à“ Leq 24 ™—Ë«‚¡ß ‡æ◊ËÕ

®—¥∑”·ºπ∑’Ë√–¥—∫‡ ’¬ß¢Õß°√ÿß‡∑æ¡À“π§√µàÕ‰ª

®“°°“√»÷°…“√–¥—∫‡ ’¬ß„π‡¢µ°√ÿß‡∑æ¡À“π§√

ªï 2544 π’È æ∫«à“√âÕ¬≈– 14 ¢Õßæ◊Èπ∑’Ë∑’Ë∑”°“√µ√«®«—¥

¡’§à“√–¥—∫‡ ’¬ß Ÿß°«à“§à“¡“µ√∞“π (70 ‡¥´‘‡∫≈‡Õ)[2]

´÷Ëß à«π„À≠àÕ¬Ÿà „π∫√‘‡«≥°√ÿß‡∑æ¡À“π§√™—Èπ„π·≈–

æ◊Èπ∑’Ë‚¥¬√Õ∫¢Õß π“¡∫‘π¥Õπ‡¡◊Õß  ”À√—∫æ◊Èπ∑’Ë„À¡à

∑’Ë ¡’ ·π«‚πâ¡¢Õßªí≠À“¡≈æ‘…∑“ß‡ ’¬ß∑’Ë ∑«’§«“¡

√ÿπ·√ß¢÷Èπ§◊Õ ∫√‘‡«≥‡¢µ≈“¥æ√â“« ∫“ß°–ªî √“¡§”·Àß

Àâ«¬¢«“ß·≈–∂ππ√“¡Õ‘π∑√“[3] ‡π◊ËÕß®“°„π™à«ß‡«≈“

5 ªï∑’Ëºà“π¡“ „π∫√‘‡«≥¥—ß°≈à“«¡’‚§√ß°“√µà“ßÊ ‡°‘¥¢÷Èπ

¡“°¡“¬ ‡™àπ ‚§√ß°“√√∂‰øøÑ“„µâ¥‘π ‚§√ß°“√∂ππ

«ß·À«π√Õ∫πÕ° ‚§√ß°“√∑“ß¬°√–¥—∫æ√–√“¡ 9 ·≈–

√“¡§”·Àß √«¡∑—Èß∫√‘‡«≥¥—ß°≈à“«π’È¡’ª√–™“°√Õ“»—¬

Õ¬ŸàÕ¬à“ßÀπ“·πàπ∑—Èßπ’È®“°°“√«‘‡§√“–Àå·À≈àß°”‡π‘¥

‡ ’¬ßÀ≈—° æ∫«à“‡ ’¬ß®“°°“√®√“®√¬—ß§ß‡ªìπªí≠À“

À≈—°¢Õß¡≈æ‘…∑“ß‡ ’¬ß„π°√ÿß‡∑æ¡À“π§√

1. ∫∑π”
‡¡◊ËÕªï æ.». 2539 »Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π

 ‘Ëß·«¥≈âÕ¡ ‰¥â®—¥∑”·ºπ∑’Ë√–¥—∫‡ ’¬ß¢÷Èπ‡æ◊ËÕ∑√“∫

 ¿“æªí≠À“·≈– ∂“π°“√≥åªí®®ÿ∫—π¢Õß¡≈æ‘…∑“ß‡ ’¬ß

„π‡¢µ°√ÿß‡∑æ¡À“π§√ µ≈Õ¥®π„™â‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π

„π°“√®—¥°“√ªí≠À“¡≈æ‘… ‘Ëß·«¥≈âÕ¡ ·≈–‰¥â¢âÕ √ÿª

®“°°“√µ√«®«—¥§◊Õ √–¥—∫‡ ’¬ß„π‡¢µæ◊Èπ∑’Ë´÷Ëßª√–°Õ∫

‰ª¥â«¬°‘®°√√¡À≈“°À≈“¬™π‘¥ À√◊Õæ◊Èπ∑’Ë∑’Ë¡’∂ππ ÷́Ëß

¡’°“√®√“®√§—∫§—Ëßµ—¥ºà“π ¡’§à“ Ÿß°«à“ 70 ‡¥´‘‡∫≈‡Õ

„π¢≥–∑’Ëæ◊Èπ∑’Ë√Õ∫πÕ°∑’Ë¡’°‘®°√√¡∑’Ë‡∫“∫“ß°«à“ √–¥—∫

‡ ’¬ß à«π„À≠à¡’§à“µË”°«à“ 50 ‡¥ ‘́‡∫≈‡Õ ÷́Ëß√âÕ¬≈– 70

¢Õß®ÿ¥µ√«®«—¥¡’ ·À≈àß°”‡π‘¥‡ ’¬ßÀ≈—°¡“®“°°“√

®√“®√[4] ·µà‡π◊ËÕß®“°„π™à«ß 5 ªï∑’Ëºà“π¡“ °√ÿß‡∑æ-

¡À“π§√¡’°“√æ—≤π“®÷ß∑”„Àâ¡’‚§√ß°“√·≈–°‘®°√√¡

‡°‘¥¢÷Èπ¡“°¡“¬ µ—«Õ¬à“ß‡™àπ ‚§√ß°“√√∂‰øøÑ“ (BTS)

‚§√ß°“√√∂‰øøÑ“„µâ¥‘π œ≈œ ÷́Ëß∑”„Àâ ∂“π°“√≥å¡≈æ‘…

∑“ß‡ ’¬ß‡ª≈’Ë¬π·ª≈ß‰ª ¥—ßπ—Èπ»Ÿπ¬å«‘®—¬œ ®÷ß‰¥âµ√«®

«—¥√–¥—∫‡ ’¬ß∑—Ë«‰ª¢Õß°√ÿß‡∑æ¡À“π§√‡æ◊ËÕ®—¥∑”

·ºπ∑’Ë√–¥—∫‡ ’¬ß¢÷Èπ¡“„À¡à„πªï æ.». 2544 ∑—Èßπ’È‡æ◊ËÕ

„Àâ ‰¥â¢âÕ¡Ÿ≈∑’Ë∑—πµàÕ‡Àµÿ°“√≥å„πÕ—π∑’Ë®–π”‰ª·°âªí≠À“

¡≈æ‘…∑“ß‡ ’¬ß ‡æ◊ËÕ ÿ¢¿“æ·≈–§ÿ≥¿“æ™’«‘µ∑’Ë¥’¢÷Èπ

¢Õßª√–™“™π ◊∫‰ª °“√»÷°…“·∫àßÕÕ°‡ªìπ 2  à«π §◊Õ

 à«π∑’Ë 1 »÷°…“«‘∏’°“√µ√«®«—¥∑’Ë‡À¡“– ¡·≈–„™â√–¬–

‡«≈“ —Èπ≈ß‡æ◊ËÕº≈®“°°“√µ√«®«—¥ “¡“√∂„™â ‡ªìπ

µ—«·∑π ”À√—∫°“√«—¥‡ ’¬ß·∫∫µàÕ‡π◊ËÕß 24 ™—Ë«‚¡ß

·≈– à«π∑’Ë 2 °“√ª√–¬ÿ°µå„™â«‘∏’°“√µ√«®«—¥√–¥—∫

‡ ’¬ß·∫∫„™â™à«ß‡«≈“ —ÈπÊ °—∫°“√µ√«®«—¥√–¥—∫‡ ’¬ß

„π‡¢µ°√ÿß‡∑æ¡À“π§√

2. «‘∏’°“√·≈–º≈°“√»÷°…“

 à«π∑’Ë 1 °“√»÷°…“§«“¡‡ªìπ‰ª‰¥â „π
°“√µ√«®«—¥√–¥—∫‡ ’¬ß™à«ß‡«≈“ —Èπ ‡æ◊ËÕ‡ªìπ
µ—«·∑π¢Õß√–¥—∫‡ ’¬ßµàÕ‡π◊ËÕß  24  ™—Ë«‚¡ß

∑”°“√»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß√–¥—∫‡ ’¬ß

Leq 10 π“∑’ °—∫ Leq 30 π“∑’ ·≈–°—∫√–¥—∫‡ ’¬ß Leq

24 ™—Ë«‚¡ß„πæ◊Èπ∑’Ëπ”√àÕß 3 æ◊Èπ∑’Ë §◊Õ æ◊Èπ∑’Ë 4 µ“√“ß

°‘‚≈‡¡µ√„π‡¢µ°√ÿß‡∑æ¡À“π§√™—Èπ„π (Õπÿ “«√’¬å™—¬œ)
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æ◊Èπ∑’Ë 4 µ“√“ß°‘‚≈‡¡µ√„π‡¢µ°√ÿß‡∑æ¡À“π§√™—ÈππÕ°

(‡¢µ¡’π∫ÿ√’) ·≈–æ◊Èπ∑’Ë 4 µ“√“ß°‘‚≈‡¡µ√∫√‘‡«≥√Õ∫

 π“¡∫‘π¥Õπ‡¡◊Õß ‚¥¬„π·µà≈–æ◊Èπ∑’Ë¡’®ÿ¥µ√«®«—¥√–¥—∫

‡ ’¬ßµàÕ‡π◊ËÕß 24 ™—Ë«‚¡ß ®”π«π 5 ®ÿ¥ ¥—ß· ¥ß„π√Ÿª 1

®“°º≈°“√»÷°…“ √ÿª‰¥â«à“ ®ÿ¥µ√«®«—¥‡ ’¬ß„π

æ◊Èπ∑’Ëπ”√àÕß à«π„À≠à¡’§à“‡©≈’Ë¬§«“¡·µ°µà“ß√–À«à“ß§à“

√–¥—∫‡ ’¬ß Leq 10 π“∑’°—∫§à“√–¥—∫‡ ’¬ß„πµÕπ°≈“ß«—π

Ld ·≈–°—∫µÕπ°≈“ß§◊π Ln Õ¬Ÿà√–À«à“ß ± 3 ‡¥ ‘́‡∫≈‡Õ

´÷Ëß§à“§«“¡·µ°µà“ßπ’È‡ªìπ§à“∑’Ë¬Õ¡√—∫‰¥â„π‡√◊ËÕß¢Õß

°“√µ√«®«—¥‡ ’¬ß À√◊ÕÕ“®°≈à“«‰¥â«à“  “¡“√∂„™â§à“

√–¥—∫‡ ’¬ß Leq 10 π“∑’ ‡ªìπµ—«·∑π§à“√–¥—∫‡ ’¬ß Ld

·≈– Ln ‰¥â‚¥¬¡’§à“§«“¡·µ°µà“ßÕ¬Ÿà„π™à«ß ± 3 ‡¥ ‘́‡∫≈

‡Õ ´÷Ëß “¡“√∂ª√–¬ÿ°µå„™â ‰¥â°—∫æ◊Èπ∑’Ë°√ÿß‡∑æ¡À“π§√

™—Èπ„π·≈–™—ÈππÕ° √«¡∂÷ßæ◊Èπ∑’Ë®ÿ¥µ√«®«—¥∑’ËÕ¬Ÿà„π∫√‘‡«≥

„°≈â°—∫∂ππ ´÷Ëß®–π”§à“√–¥—∫‡ ’¬ß Ld ·≈– Ln ∑’Ë ‰¥â

‰ª§”π«≥À“§à“ Leq 24 ™—Ë«‚¡ß®“° ¡°“√ (1)

 ”À√—∫æ◊Èπ∑’Ë∑’ËÕ¬ŸàÕ“»—¬∫√‘‡«≥√Õ∫ π“¡∫‘π

¥Õπ‡¡◊Õß §«√„™â°“√µ√«®«—¥√–¥—∫‡ ’¬ß Leq 30 π“∑’

‡æ◊ËÕ‡ªìπµ—«·∑π¢Õß√–¥—∫‡ ’¬ß Ld ·≈– Ln ´÷Ëß®–‰¥â§à“

§«“¡·µ°µà“ß‡©≈’Ë¬Õ¬Ÿà„π™à«ß ± 3 ‡¥´‘‡∫≈‡Õ ‡™àπ°—π «‘∏’

°“√§”π«≥À“§à“ Leq 24 ™—Ë«‚¡ß§”π«≥‰¥â®“° ¡°“√ (2)

√Ÿª 1  · ¥ß®ÿ¥µ√«®«—¥√–¥—∫‡ ’¬ß¢Õß·µà≈–æ◊Èπ∑’Ë

æ◊Èπ∑’Ë∫√‘‡«≥√Õ∫ π“¡∫‘π¥Õπ‡¡◊Õß æ◊Èπ∑’Ë°√ÿß‡∑æ¡À“π§√™—ÈππÕ° æ◊Èπ∑’Ë°√ÿß‡∑æ¡À“π§√™—Èπ„π

„π°“√»÷°…“π’È ‰¥â°”Àπ¥‡«≈“°“√µ√«®«—¥„π™à«ß

‡«≈“°≈“ß«—π §◊Õ µ—Èß·µà‡«≈“ 07.00 ∂÷ß 22.00 π“Ãî°“ ·≈–

„π™à«ß°≈“ß§◊π §◊Õ µ—Èß·µà‡«≈“ 22.00 ∂÷ß 07.00 π“Ãî°“

 à«π∑’Ë 2 °“√ª√–¬ÿ°µå „™â«‘∏’°“√µ√«®«—¥√–¥—∫
‡ ’¬ß·∫∫„™â™à«ß‡«≈“ —ÈπÊ °—∫°“√µ√«®«—¥√–¥—∫
‡ ’¬ß„π‡¢µ°√ÿß‡∑æ¡À“π§√

®“°º≈°“√»÷°…“„π à«π∑’Ë 1 π”¡“„™â‡ªìπ«‘∏’°“√

„π°“√µ√«®«—¥√–¥—∫‡ ’¬ß¢Õß°√ÿß‡∑æ¡À“π§√‚¥¬·∫àß

æ◊Èπ∑’Ë°√ÿß‡∑æ¡À“π§√‡ªìπ 329 µ“√“ß ·≈–„π 1 µ“√“ß

¡’æ◊Èπ∑’Ë 4 µ“√“ß°‘‚≈‡¡µ√ °”Àπ¥®ÿ¥µ√«®«—¥√–¥—∫‡ ’¬ß

‚¥¬„πæ◊Èπ∑’Ë 1 µ“√“ß ª√–°Õ∫¥â«¬®ÿ¥µ√«®«—¥‡«≈“

°≈“ß«—π 5 ®ÿ¥ ·≈–°≈“ß§◊π 1 ®ÿ¥ ´÷Ëß®ÿ¥°≈“ß§◊π‡ªìπ

®ÿ¥‡¥’¬«°—∫®ÿ¥«—¥‡ ’¬ß°≈“ß«—π„πµ”·Àπàß°÷Ëß°≈“ß¢Õß

µ“√“ß ¥—ß· ¥ß„π√Ÿª 2 µ√«®«—¥√–¥—∫‡ ’¬ß Leq

10 π“∑’ °—∫ æ◊Èπ∑’Ë°√ÿß‡∑æ¡À“π§√™—Èπ„π·≈–™—ÈππÕ°

√«¡∑—Èßæ◊Èπ∑’Ë∑’ËÕ¬Ÿà„°≈â°—∫∂ππÀ≈—° ·≈–µ√«®«—¥√–¥—∫

‡ ’¬ß Leq 30 π“∑’ °—∫ æ◊Èπ∑’Ë∑’ËÕ¬ŸàÕ“»—¬‚¥¬√Õ∫ π“¡∫‘π

¥Õπ‡¡◊Õß π”§à“∑’Ë ‰¥â®“°°“√µ√«®«—¥¡“§”π«≥§à“

√–¥—∫‡ ’¬ß Leq 24 hrs (est.) ·≈–®—¥∑”·ºπ∑’Ë√–¥—∫‡ ’¬ß

¢Õß°√ÿß‡∑æ¡À“π§√

Leq (24 ™—Ë«‚¡ß)  =  10 log 1/24(15*10Leq(10min)day/10 + 9*10Leq(10min)night/10) ..............(1)

Leq (24 ™—Ë«‚¡ß)  =  10 log 1/24(15*10Leq(30min)day/10 + 9*10Leq(30min)night/10) ..............(2)
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3.  √ÿªº≈°“√»÷°…“
®“°°“√®—¥∑”·ºπ∑’Ë√–¥—∫‡ ’¬ß‚¥¬„™â§à“√–¥—∫

‡ ’¬ß‡©≈’Ë¬ 24 ™—Ë«‚¡ß (Leq 24 hrs) ‡ªìπ§à“µ—«·∑π

¢Õß·µà≈–æ◊Èπ∑’Ë ¥—ß· ¥ß„π√Ÿª 3 ¢Õßªï æ.». 2544 π’È æ∫

«à“¡’æ◊Èπ∑’Ë√âÕ¬≈– 14 ¡’§à“√–¥—∫‡ ’¬ß Ÿß°«à“ 70 ‡¥ ‘́‡∫≈‡Õ

À√◊Õ Ÿß°«à“§à“¡“µ√∞“π‡ ’¬ß∑—Ë«‰ª∑’Ë°√¡§«∫§ÿ¡¡≈æ‘…

°”Àπ¥·≈–µâÕß√’∫¥”‡π‘π°“√ªÑÕß°—π·°â‰¢ ¥—ß· ¥ß„π

√Ÿª 4 ‚¥¬‡ ’¬ßÀ≈—°∑’Ë°àÕ„Àâ‡°‘¥¡≈æ‘…∑“ß‡ ’¬ß„π

°√ÿß‡∑æ¡À“π§√§◊Õ ‡ ’¬ß®“°°“√®√“®√ ÷́Ëßæ∫«à“¡’

∂÷ß√âÕ¬≈– 50 ¢Õß°“√µ√«®«—¥„πæ◊Èπ∑’Ë∑—ÈßÀ¡¥  ”À√—∫

®ÿ¥µ√«®«—¥°≈“ß«—π ®ÿ¥µ√«®«—¥°≈“ß«—π

®ÿ¥µ√«®«—¥‡«≈“°≈“ß«—π

·≈–°≈“ß§◊π

®ÿ¥µ√«®«—¥°≈“ß«—π ®ÿ¥µ√«®«—¥°≈“ß«—π

√Ÿª 2  · ¥ß≈—°…≥–¢Õß°“√µ√«®«—¥„πæ◊Èπ∑’Ë·µà≈–µ“√“ß

√Ÿª 3  · ¥ß§à“√–¥—∫‡ ’¬ß Leq 24 hrs(est.) ¢Õß·µà≈–æ◊Èπ∑’Ë

√Ÿª 4  · ¥ß®”π«π¢âÕ¡Ÿ≈‡ªìπ‡ªÕ√å‡´Áπµå
¢Õß™à«ß√–¥—∫‡ ’¬ß Leq 24 hrs(est.)
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æ◊Èπ∑’Ë∑’Ëæ∫«à“¡’ªí≠À“¡≈æ‘…∑“ß‡ ’¬ß¡“°§◊Õ „π∫√‘‡«≥

°√ÿß‡∑æ¡À“π§√™—Èπ„π ∫√‘‡«≥ π“¡∫‘π¥Õπ‡¡◊Õß ‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫°—∫·ºπ∑’Ë√–¥—∫‡ ’¬ßªï 2539 æ∫«à“ ¡≈æ‘…

∑“ß‡ ’¬ß¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ‚¥¬ —ß‡°µ‰¥â®“°æ◊Èπ∑’Ë∑’Ë‡ªìπ

 ’·¥ß·≈– ’ â¡´÷Ëß¡’§à“√–¥—∫‡ ’¬ßµ—Èß·µà 66 ‡¥ ‘́‡∫≈‡Õ

¢÷Èπ‰ª ¡’°“√·ºà¢¬“¬®“°∫√‘‡«≥°√ÿß‡∑æ¡À“π§√™—Èπ„π

‰ª¬—ß‡¢µ∑’Ëæ—°Õ“»—¬¬à“π≈“¥æ√â“« ∫“ß°–ªî √“¡§”·Àß

Àâ«¬¢«“ß·≈–√“¡Õ‘π∑√“ ∑—Èßπ’È‡π◊ËÕß®“°„π™à«ß 5 ªï

∑’Ëºà“π¡“„π∫√‘‡«≥¥—ß°≈à“«¡’‚§√ß°“√µà“ßÊ‡°‘¥¢÷Èπ¡“°¡“¬

‡™àπ ‚§√ß°“√°àÕ √â“ß√∂‰øøÑ“„µâ¥‘π ‚§√ß°“√°àÕ √â“ß

∂ππ«ß·À«π√Õ∫πÕ° ‚§√ß°“√∑“ß¬°√–¥—∫æ√–√“¡ 9

·≈–∂ππ∑“ß¬°√–¥—∫√“¡§”·Àß  à «πæ◊È π∑’Ë „π‡¢µ

≈“¥°√–∫—ß´÷ËßÕ¬Ÿà∑“ß¥â“π∑‘»µ–«—πÕÕ°‡©’¬ß„µâ¢Õß

°√ÿß‡∑æ¡À“π§√ °Á¬—ß§ß¡’ªí≠À“¡≈æ‘…∑“ß‡ ’¬ß®“°

°“√®√“®√‡™àπ‡¥‘¡  ”À√—∫æ◊Èπ∑’Ë°√ÿß‡∑æ¡À“π§√µÕπ∫π

´÷Ëß¬—ß§ß‡ªìπ∑ÿàß‚≈àß à«π„À≠à¡≈æ‘…∑“ß‡ ’¬ß¬—ß§ß¡’πâÕ¬

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°√ÿß‡∑æ¡À“π§√™—Èπ„π

 ”À√—∫‚§√ß°“√π’È ‡ªìπ°“√»÷°…“ªí≠À“¡≈æ‘…

∑“ß‡ ’¬ß‡æ◊ËÕª√–‡¡‘π ∂“π°“√≥å¡≈æ‘…∑“ß‡ ’¬ß„π

æ◊Èπ∑’ËÕ—π°«â“ß„À≠àÕ¬à“ß°√ÿß‡∑æ¡À“π§√ ´÷ËßµâÕß„™â°“√

»÷°…“«‘®—¬·∫∫ßà“¬·µà¡’ª√– ‘∑∏‘¿“æ„π°“√À“·π«∑“ß

°“√·°â ‰¢Õ¬à“ß∑—π∑à«ß∑’°—∫ªí≠À“¡≈æ‘…∑“ß‡ ’¬ß„π

ªí®®ÿ∫—π

°‘µµ‘°√√¡ª√–°“»
§≥–ºŸâ»÷°…“„§√à¢Õ¢Õ∫§ÿ≥‡®â“Àπâ“∑’Ëµ”√«®

®√“®√ µ”√«®π§√∫“≈·≈–‡®â“Àπâ“∑’Ë»Ÿπ¬å«‘®—¬·≈–Ωñ°

Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡∑ÿ°∑à“π ÷́ËßÕ”π«¬§«“¡ –¥«°

·≈–™à«¬„π°“√ªØ‘∫—µ‘ß“πÕ¬à“ß¥’¬‘Ëß ·≈–„§√à¢Õ¢Õ∫§ÿ≥

‡®â “¢Õß ∂“π∑’Ë∑’Ë „Àâ§«“¡Õπÿ ‡§√“–Àå „π°“√µ‘¥µ—È ß

‡§√◊ËÕß¡◊Õ‡ªìπÕ¬à“ß¥’µ≈Õ¥√–¬–‡«≈“°“√»÷°…“ ®π∑”„Àâ

°“√»÷°…“§√—Èßπ’Èª√– æ§«“¡ ”‡√Á®≈ÿ≈à«ß‰ª¥â«¬¥’

‡Õ° “√Õâ“ßÕ‘ß
1. N.Chansombat et al (ERTC) çStudy on

Environmental Noise and Monitoring Technique

in Bangkok Metropolitan Area, Thailandé

INTER-NOISE 97 Budapest Hungary August

25-27 pp 831-834

2. ª√–°“»§≥–°√√¡°“√ ‘Ëß·«¥≈âÕ¡·Ààß™“µ‘ ©∫—∫∑’Ë 15
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∑—Ë«‰ª, §≥–°√√¡°“√ ‘Ëß·«¥≈âÕ¡·Ààß™“µ‘, 2540

3. °Õß®—¥°“√§ÿ≥¿“æÕ“°“»·≈–‡ ’¬ß °√¡§«∫§ÿ¡

¡≈æ‘…,  ∂“π°“√≥å·≈–°“√®—¥°“√ªí≠À“æ‘…∑“ß
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Abstract
The study on noise measurement at Trang

Municipality, Trang province, was done to

anticipate the situation in Trang municipality under

the Agenda 21 Project. The Continuous Equivalent

Sound Pressure level (Leq) 24 hrs and Maximum

Sound Pressure Level (Lmax) were studied for

noise measurement in the communities, the

hospitals, the schools, the government service

and roadsides during July 4th - 6th. It was found

that the Leq 24 hrs were between 61 and 77 dBA.

In this measurement, there are 5 measurement

points which the noise levels were greater than

General National Noise Standard of Thailand.

And the maximum sound pressure level (Lmax)

were quite loud, between 85 and 109 dBA, but

not exceeded the standard value (115 dBA). The

noise levels at the roadside points were in quite

high level, which is in between 74 and 80 dBA.

∫∑§—¥¬àÕ
°“√µ√«®«—¥√–¥—∫‡ ’¬ß„π‡¢µ‡∑»∫“≈π§√µ√—ß

®—ßÀ«—¥µ√—ß ¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ„Àâ∑√“∫ ∂“π°“√≥å¢Õß

√–¥—∫‡ ’¬ß„π‡¢µ‡∑»∫“≈π§√µ√—ß ´÷Ëß‡ªìπæ◊Èπ∑’Ëµ“¡

‚§√ß°“√π”√àÕß¢Õß·ºπªØ‘∫—µ‘°“√ 21 À√◊Õ Agenda 21

‚¥¬°“√»÷°…“§√—Èßπ’È ‰¥âµ√«®«—¥√–¥—∫‡ ’¬ß‡©≈’Ë¬ (Leq)

24 ™—Ë«‚¡ß ·≈–√–¥—∫‡ ’¬ß Ÿß ÿ¥ (Lmax) „πæ◊Èπ∑’Ë™ÿ¡™π

‚√ßæ¬“∫“≈  ∂“∫—π°“√»÷°…“  ∂“π∑’Ë√“™°“√ ·≈–

√‘¡∂ππ “¬À≈—° √–À«à“ß«—π∑’Ë 4-6 °√°Æ“§¡ 2543

®“°°“√»÷°…“§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬æ∫«à“¡’§à“√–À«à“ß

°“√µ√«®«—¥√–¥—∫‡ ’¬ß„π‡¢µ‡∑»∫“≈π§√µ√—ß ®—ßÀ«—¥µ√—ß
Study on Noise Level in Trang Municipality, Trang Province

∏π“«ÿ∏ ‚π√“™a ≥—∞æß»å ®—π∑√å ¡∫—µ‘a ∏π“æ—π∏å  ÿ° Õ“¥a

«‘√—™ ‡Õ◊ÈÕ∑√ß∏√√¡a °‘µµ‘æ—π∏å ‡´’Ë¬ß‡´’¬«a ¡πµ√’ ®—Ëπ‡≈Á°a

a»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√. 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
Environmental Research and Training Centre, Department of Environmental Quality Promotion, Technopolis, Klong 5, Klong Luang, Pathumthani 12120
E-mail : thanawut@deqp.go.th
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61-77 ‡¥ ‘́‡∫≈‡Õ ¡’ 5 ®ÿ¥µ√«®«—¥∑’Ë¡’§à“‡°‘π§à“¡“µ√∞“π

√–¥—∫‡ ’¬ß‚¥¬∑—Ë«‰ª ·≈–√–¥—∫‡ ’¬ß Ÿß ÿ¥¡’§à“√–À«à“ß

85-109 ‡¥ ‘́‡∫≈‡Õ ÷́ËßµË”°«à“§à“¡“µ√∞“π‡ ’¬ß Ÿß ÿ¥

¢Õßª√–‡∑»‰∑¬  ”À√—∫√–¥—∫‡ ’¬ß∑’Ëµ√«®«—¥‰¥â

∫√‘‡«≥√‘¡∂ππ¡’§à“§àÕπ¢â“ß Ÿß §◊Õ¡’§à“Õ¬Ÿà√–À«à“ß 75-

82 ‡¥ ‘́‡∫≈‡Õ

1. ∫∑π”
 ◊∫‡π◊ËÕß®“°ª√–‡∑»‰∑¬‰¥â‡¢â“√à«¡√—∫√Õß

·ºπªØ‘∫—µ‘°“√ 21 À√◊Õ Agenda 21 „π°“√ª√–™ÿ¡

 ‘Ëß·«¥≈âÕ¡·≈–°“√æ—≤π“∑’Ëª√–‡∑»∫√“ ‘́≈ ´÷Ëß¡’

º≈∑”„Àâª√–‡∑»‰∑¬µâÕß°â“« Ÿà°“√æ—≤π“∑’Ë®–‰¡à°àÕ„Àâ‡°‘¥

º≈°√–∑∫µàÕ ‘Ëß·«¥≈âÕ¡ ‡æ◊ËÕπ”ª√–‡∑»‰ª Ÿà°“√æ—≤π“

∑’Ë¬—Ëß¬◊π

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

 àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ®÷ß‰¥â®—¥∑”‚§√ß°“√Ωñ°

Õ∫√¡‡™‘ßªØ‘∫—µ‘°“√ 21 √–¥—∫∑âÕß∂‘Ëπ¢÷Èπ ‚¥¬‰¥â√—∫

§«“¡√à«¡¡◊Õ®“°ª√–‡∑» «’‡¥π ´÷Ëß¡’‡∑»∫“≈π§√µ√—ß

·≈–‡∑»∫“≈π§√π§√√“™ ’¡“‡ªìπ‚§√ß°“√π”√àÕß„π

°“√‡æ‘Ë¡ ¡√√∂π–·≈–»—°¬¿“æ¢Õß∑âÕß∂‘Ëπ „π°“√

¥Ÿ·≈√—°…“ ‘Ëß·«¥≈âÕ¡‡æ◊ËÕ°“√æ—≤π“∑’Ë¬—Ëß¬◊π ·≈–Àπ÷Ëß

„πÀ≈“¬°‘®°√√¡∑’Ë°√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡‚¥¬

»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ë ß·«¥≈âÕ¡‰¥â ‡¢â “√à«¡

‚§√ß°“√π’È°Á§◊Õ °“√µ√«®«—¥√–¥—∫‡ ’¬ß„π‡¢µ‡∑»∫“≈

π§√µ√—ß √–À«à“ß«—π∑’Ë 4-6 °√°Æ“§¡ 2543 ‡æ◊ËÕ„Àâ

∑√“∫∂÷ß ∂“π°“√≥å¡≈æ‘…∑“ß¥â“π‡ ’¬ß  ”À√—∫„™â‡ªìπ

¢âÕ¡Ÿ≈„π°“√«“ß·ºπªÑÕß°—π·≈–·°â‰¢ªí≠À“¡≈æ‘…∑“ß

¥â“π‡ ’¬ß„π‡¢µ‡∑»∫“≈π§√µ√—ßµàÕ‰ª

2. «‘∏’°“√µ√«®«—¥
°“√µ√«®«—¥„π§√—Èßπ’È®–·∫àß°“√µ√«®«—¥‡ªìπ

2 ·∫∫ §◊Õ

2.1 °“√µ√«®«—¥√–¥—∫‡ ’¬ß‡©≈’Ë¬ 24 ™—Ë«‚¡ß

·≈–√–¥—∫‡ ’¬ß Ÿß ÿ¥ „π‡«≈“ 24 ™—Ë«‚¡ß

■ µ‘¥µ—Èß‡§√◊ËÕß¡◊Õ«—¥µ“¡«‘∏’°“√µ√«®«—¥

√–¥—∫‡ ’¬ß‚¥¬∑—Ë « ‰ª¢Õßª√–°“»§≥–°√√¡°“√

 ‘Ëß·«¥≈âÕ¡·Ààß™“µ‘ ©∫—∫∑’Ë 15 æ.». 2540 ‡√◊ËÕß

°”Àπ¥¡“µ√∞“π√–¥—∫‡ ’¬ß∑—Ë«‰ª [1] ‚¥¬µ‘¥µ—È ß

‰¡‚§√‚øπ Ÿß®“°æ◊Èπ‰¡àπâÕ¬°«à“ 1.2 ‡¡µ√ ‚¥¬„π√—»¡’

3.5 ‡¡µ√ µ“¡·π«√“∫√Õ∫‰¡‚§√‚øπ ‰¡à¡’°”·æßÀ√◊Õ

 ‘Ë ßÕ◊Ë π „¥∑’Ë ¡’§ÿ≥ ¡∫—µ‘ „π°“√ –∑âÕπ¢Õß‡ ’¬ß°’¥

¢«“ßÕ¬Ÿà

■ µ‘¥µ—Èß‡§√◊ËÕß¡◊Õ«—¥µ“¡®ÿ¥µ√«®«—¥µà“ßÊ

9 ®ÿ¥µ√«®«—¥ ∑’Ë ‰¥â°”Àπ¥‰«â¥—ß· ¥ß„π√Ÿª 1 ‚¥¬∑”°“√

µ√«®«—¥«—π≈– 3 ®ÿ¥

®ÿ¥∑’Ë 1 ∫√‘‡«≥ “¡·¬°À¡’

®ÿ¥∑’Ë 2 ∫√‘‡«≥»Ÿπ¬åæ—≤π“‡¥Á°‡≈Á°

®ÿ¥∑’Ë 3 ∫√‘‡«≥‚√ßæ¬“∫“≈µ√—ß

®ÿ¥∑’Ë 4 ∫√‘‡«≥‚√ßæ¬“∫“≈«—≤π·æ∑¬å

®ÿ¥∑’Ë 5 ∫√‘‡«≥ ∂“π’√∂‰øµ√—ß

®ÿ¥∑’Ë 6 ∫√‘‡«≥ ’Ë·¬°∑à“®’π

®ÿ¥∑’Ë 7 ∫√‘‡«≥ ∂“π’√∂‰øµ√—ß

®ÿ¥∑’Ë 8 ∫√‘‡«≥™ÿ¡™π∫“ß√—°

®ÿ¥∑’Ë 9 ∫√‘‡«≥ÀÕπ“Ãî°“Àπâ“‡∑»∫“≈

√Ÿª 1  · ¥ß®ÿ¥µ√«®«—¥√–¥—∫‡ ’¬ß∫√‘‡«≥‡¢µ‡∑»∫“≈π§√µ√—ß
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■ µ√«®«—¥§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬ 24 ™—Ë«‚¡ß

·≈–√–¥—∫‡ ’¬ß Ÿß ÿ¥‰ªæ√âÕ¡°—π

2.2 °“√µ√«®«—¥√–¥—∫‡ ’¬ß√‘¡∂ππ

■ µ‘¥µ—Èß‡§√◊ËÕß¡◊Õ«—¥∑’Ë∫√‘‡«≥√‘¡∂ππ ‚¥¬

À—π‰¡‚§√‚øπ‡¢â“À“·≈–µ—Èß©“°°—∫‡ âπ∑“ß°“√®√“®√

´÷Ëß‰¡‚§√‚øπ®–Àà“ß®“°¢Õ∫∂ππ 1 ‡¡µ√

■ µ‘¥µ—È ß‡§√◊ËÕß¡◊Õµ√«®«—¥µ“¡®ÿ¥µà“ßÊ

®”π«π 3 ®ÿ¥ ∫√‘‡«≥√‘¡∂ππÀâ«¬¬Õ¥ ‡æ≈‘πæ‘∑—°…å

·≈–·¬°∑à“®’π ‚¥¬µ√«®«—¥«—π≈– 2 ®ÿ¥ ·≈–∑”°“√

µ√«®«—¥ 3 ™à«ß‡«≈“§◊Õ™à«ß‡™â“ (7.00-8.00 π.) ™à«ß∫à“¬

(12.00-14.00 π.) ·≈–™à«ß‡¬Áπ (17.00-18.00 π.)

■ µ√«®«—¥√–¥—∫‡ ’¬ß‡©≈’Ë¬ 15 π“∑’

3. º≈°“√µ√«®«—¥
3.1 º≈°“√µ√«®«—¥§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬ (Leq)

24 ™—Ë«‚¡ß ·≈–√–¥—∫‡ ’¬ß Ÿß ÿ¥ (Lmax) ≥ ®ÿ¥µ√«®«—¥

∑—Èß 9 ®ÿ¥µ√«®«—¥ ¥—ß· ¥ß„π√Ÿª 2 ·≈– 3 æ∫«à“

√–¥—∫‡ ’¬ß‡©≈’Ë¬ (Leq) 24 ™—Ë«‚¡ß ¡’§à“Õ¬Ÿà„π™à«ß 61-

77 ‡¥´‘‡∫≈‡Õ ·≈–√–¥—∫‡ ’¬ß Ÿß ÿ¥¡’§à“Õ¬Ÿà√–À«à“ß

85-109 ‡¥ ‘́‡∫≈‡Õ ÷́Ëß‡¡◊ËÕ‡∑’¬∫°—∫¡“µ√∞“π√–¥—∫

‡ ’¬ß∑—Ë«‰ª·≈–√–¥—∫‡ ’¬ß Ÿß ÿ¥¢Õßª√–‡∑»‰∑¬ ·≈â«

æ∫«à“¡’Õ¬Ÿà 5 ®ÿ¥ ∑’Ë¡’√–¥—∫‡ ’¬ß‡©≈’Ë¬ 24 ™—Ë«‚¡ß‡°‘π

§à“¡“µ√∞“π 70 ‡¥ ‘́‡∫≈‡Õ §◊Õ®ÿ¥µ√«®«—¥ “¡·¬°À¡’

‚√ßæ¬“∫“≈«—≤π·æ∑¬å  ’Ë·¬°∑à“®’π ‚√ß‡√’¬πæ√»‘√‘°ÿ≈

·≈–ÀÕπ“Ãî°“Àπâ“‡∑»∫“≈π§√µ√—ß ÷́Ëß®ÿ¥µ√«®«—¥

√Ÿª 3  °√“ø· ¥ß§à“√–¥—∫‡ ’¬ß Ÿß ÿ¥„π‡¢µ‡∑»∫“≈π§√µ√—ß

√Ÿª 2  °√“ø· ¥ß§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬ 24 ™—Ë«‚¡ß „π‡¢µ‡∑»∫“≈π§√µ√—ß
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¥—ß°≈à“«π’È‡ªìπ®ÿ¥µ√«®«—¥∑’ËÕ¬Ÿà„°≈â°—∫∂ππ·≈–§à“√–¥—∫

‡ ’¬ß Ÿß ÿ¥∑—Èß 9 ®ÿ¥ ‰¡àæ∫«à“®ÿ¥µ√«®«—¥„¥¡’√–¥—∫‡ ’¬ß

‡°‘π¡“µ√∞“π 115 ‡¥ ‘́‡∫≈‡Õ

3.2 º≈°“√µ√«®«—¥√–¥—∫‡ ’¬ß‡©≈’Ë¬ 15 π“∑’

∫√‘‡«≥√‘¡∂ππ· ¥ß„π√Ÿª 4 æ∫«à“√–¥—∫‡ ’¬ß‡©≈’Ë¬∑’Ë

µ√«®«—¥‰¥â„π™à«ß‡«≈“µà“ßÊ ¡’§à“§àÕπ¢â“ß ŸßÕ¬Ÿà„π™à«ß

75-82 ‡¥´‘‡∫≈‡Õ ®“°°“√æ‘®“√≥“‡ª√’¬∫‡∑’¬∫§à“

∑’Ëµ√«®«—¥‰¥â„π™à«ß‡«≈“µà“ßÊ æ∫«à“¡’§à“„°≈â‡§’¬ß°—π¡“°

´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“√–¥—∫‡ ’¬ß√‘¡∂ππ “¬À≈—°„π‡¢µ‡∑»∫“≈

π§√µ√—ß®–¡’§à“ Ÿß·≈–§àÕπ¢â“ß§ß∑’ËÕ¬Ÿàµ≈Õ¥‡«≈“

4.  √ÿªº≈°“√µ√«®«—¥
®“°º≈°“√µ√«®«—¥√–¥—∫‡ ’¬ß‡©≈’Ë¬ 24 ™—Ë«‚¡ß

·≈–√–¥—∫‡ ’¬ß Ÿß ÿ¥ ¢Õß®ÿ¥µ√«®«—¥∑—ÈßÀ¡¥ 9 ®ÿ¥ „π

‡¢µ‡∑»∫“≈π§√µ√—ß æ∫«à“§à“√–¥—∫‡ ’¬ßÕ¬Ÿà „π™à«ß

61-77 ‡¥ ‘́‡∫≈‡Õ ·≈– 83-102 ‡¥ ‘́‡∫≈‡Õ µ“¡≈”¥—∫

·≈–‡¡◊ËÕ‡∑’¬∫°—∫¡“µ√∞“π√–¥—∫‡ ’¬ß‚¥¬∑—Ë«‰ª·≈–

√–¥—∫‡ ’¬ß Ÿß ÿ¥¢Õßª√–‡∑»‰∑¬∑’Ë°”Àπ¥§à“√–¥—∫

‡ ’¬ß‡©≈’Ë¬ 24 ™—Ë«‚¡ß‰«â‰¡à‡°‘π 70 ‡¥ ‘́‡∫≈‡Õ æ∫«à“¡’

5 ®ÿ¥ ∑’Ë¡’§à“‡°‘π¡“µ√∞“π §◊Õ®ÿ¥µ√«®«—¥  “¡·¬°À¡’

‚√ßæ¬“∫“≈«—≤π·æ∑¬å  ’Ë·¬°∑à“®’π ‚√ß‡√’¬πæ√»‘√‘°ÿ≈

·≈–ÀÕπ“Ãî°“Àπâ“‡∑»∫“≈π§√µ√—ß ´÷Ëß®ÿ¥µ√«®«—¥

¥—ß°≈à“« ‡ªìπ®ÿ¥µ√«®«—¥∑’ËÕ¬Ÿà√‘¡∂ππ ÷́ËßÕ“®¡’º≈

°√–∑∫¢Õß¡≈æ‘…∑“ß¥â“π‡ ’¬ß°—∫ºŸâ∑’ËÕ“»—¬Õ¬Ÿà∫√‘‡«≥

¥—ß°≈à“«‰¥â  ”À√—∫√–¥—∫‡ ’¬ß Ÿß ÿ¥‰¡àæ∫«à“¡’®ÿ¥µ√«®

«—¥„¥∑’Ë¡’§à“√–¥—∫‡ ’¬ß‡°‘π°«à“¡“µ√∞“π∑’Ë°”Àπ¥ (115

‡¥´‘‡∫≈‡Õ) ·≈–„π à«π¢Õß°“√µ√«®«—¥√–¥—∫‡ ’¬ß√‘¡

∂πππ—Èπ§à“√–¥—∫‡ ’¬ß¡’§à“§àÕπ¢â“ß Ÿß§◊ÕÕ¬Ÿà„π™à«ß 75-

82 ‡¥´‘‡∫≈‡Õ ´÷Ëß§à“√–¥—∫‡ ’¬ß√–¥—∫π’ÈÕ“®¡’º≈°√–∑∫

°—∫ºŸâ∑’ËÕ“»—¬Õ¬Ÿà√‘¡∂ππ‡ªìπ‡«≈“π“π®πÕ“®‡ªìπÕ—πµ√“¬

µàÕ√–∫∫°“√‰¥â¬‘π‰¥â

°‘µµ‘°√√¡ª√–°“»
§≥–ºŸâ»÷°…“„§√à¢Õ¢Õ∫§ÿ≥∑à“ππ“¬°‡∑»¡πµ√’

‡∑»∫“≈π§√µ√—ß ∑à“πºŸâÕ”π«¬°“√‚√ßæ¬“∫“≈µ√—ß

∑à“πºŸâÕ”π«¬°“√‚√ßæ¬“∫“≈«—≤π·æ∑¬å ∑à“πºŸâÕ”π«¬°“√

‚√ß‡√’¬πæ√»‘√‘°ÿ≈ ´÷ËßÕ”π«¬§«“¡ –¥«°„π°“√ªØ‘∫—µ‘

ß“πÕ¬à“ß¥’¬‘Ëß ·≈–„§√à¢Õ¢Õ∫§ÿ≥‡®â“¢Õß ∂“π∑’Ë∑’Ë„Àâ

§«“¡Õπÿ‡§√“–Àå„π°“√µ‘¥µ—Èß‡§√◊ËÕß¡◊Õ‡ªìπÕ¬à“ß¥’µ≈Õ¥

√–¬–‡«≈“°“√»÷°…“®π∑”„Àâ°“√»÷°…“§√—Èßπ’Èª√– æ§«“¡

 ”‡√Á®≈ÿ≈à«ß‰ª¥â«¬¥’

‡Õ° “√Õâ“ßÕ‘ß
1. ª√–°“»§≥–°√√¡°“√ ‘Ëß·«¥≈âÕ¡·Ààß™“µ‘ ©∫—∫∑’Ë

15 (æ.». 2540) ‡√◊ËÕß °”Àπ¥¡“µ√∞“π√–¥—∫‡ ’¬ß

‚¥¬∑—Ë«‰ª, §≥–°√√¡°“√ ‘Ëß·«¥≈âÕ¡·Ààß™“µ‘, 2540

√Ÿª 4  °√“ø· ¥ß§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬ 1 ™—Ë«‚¡ß ∫√‘‡«≥√‘¡∂ππ„π™à«ß‡«≈“µà“ßÊ 24 ™—Ë«‚¡ß „π‡¢µ‡∑»∫“≈π§√µ√—ß
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Abstract
The study of noise measurement in

Nakhonrachasima Municipality, Nakhonrachasima

Province, was done to anticipate the noise

situation in Nakhonrachasima Municipality under

The Agenda 21 Project. The Continuous Equivalent

Sound Pressure Level (Leq) 24 hrs and Maximum

Sound Pressure Level (Lmax) were studied for

noise measurement in the communities, the

hospitals, the schools, the government service and

at the roadsides during July 23-27, 2001. The

results show that Leq 24 hrs were between 53 and

°“√µ√«®«—¥√–¥—∫‡ ’¬ß„π‡¢µ‡∑»∫“≈π§√π§√√“™ ’¡“
®—ßÀ«—¥π§√√“™ ’¡“
Study on Noise Level in Nakhonrachasima Municipality,
Nakhonrachasima Province

∏π“«ÿ∏ ‚π√“™a ≥—∞æß»å ®—π∑√å ¡∫—µ‘a ∏π“æ—π∏å  ÿ° Õ“¥a

«‘√—™ ‡Õ◊ÈÕ∑√ß∏√√¡a °‘µµ‘æ—π∏å ‡´’Ë¬ß‡´’¬«a ¡πµ√’ ®—Ëπ‡≈Á°a

a»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√. 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
Environmental Research and Training Centre, Department of Environmental Quality Promotion, Technopolis, Klong 5, Klong Luang, Pathumthani 12120
E-mail : thanawut@deqp.go.th

70 dBA and Lmax were between 83 and 102 dBA.

Both of Leq and Lmax were lower than the National

General Noise Standard of Thailand but the noise

levels at the roadside points were quite high,

between 74 and 80 dBA.

∫∑§—¥¬àÕ
°“√µ√«®«—¥√–¥—∫‡ ’¬ß„π‡¢µ‡∑»∫“≈π§√

π§√√“™ ’¡“ ®—ßÀ«—¥π§√√“™ ’¡“ ¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ„Àâ

∑√“∫ ∂“π°“√≥å¢Õß√–¥—∫‡ ’¬ß„π‡¢µ‡∑»∫“≈π§√

π§√√“™ ’¡“ ´÷Ëß‡ªìπÀπ÷Ëß„π°‘®°√√¡¥â“π ‘Ëß·«¥≈âÕ¡

¿“¬„µâ‚§√ß°“√π”√àÕß¢Õß·ºπªØ‘∫—µ‘°“√ 21 À√◊Õ
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Agenda 21 ‚¥¬°“√»÷°…“§√—Èßπ’È ‰¥â∑”°“√µ√«®«—¥√–¥—∫

‡ ’¬ß‡©≈’Ë¬ (Continuous Equivalent Sound Pressure

Level, Leq) 24 ™—Ë«‚¡ß ·≈–√–¥—∫‡ ’¬ß Ÿß ÿ¥ (Lmax)

„πæ◊Èπ∑’Ë™ÿ¡™π ‚√ßæ¬“∫“≈  ∂“∫—π°“√»÷°…“  ∂“π∑’Ë

√“™°“√·≈–√‘¡∂ππ “¬À≈—° √–À«à“ß«—π∑’Ë 23-27

°√°Æ“§¡ 2544 ®“°°“√»÷°…“æ∫«à“„πæ◊Èπ∑’Ë∑—Ë«‰ª∑’Ë

‰¡à ‰¥âÕ¬Ÿà√‘¡∂ππ¡’§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬√–À«à“ß 53-70

‡¥´‘‡∫≈‡Õ ´÷Ëß¡’§à“‰¡à‡°‘π¡“µ√∞“π√–¥—∫‡ ’¬ß‚¥¬∑—Ë«‰ª

¢Õßª√–‡∑»‰∑¬ (70 ‡¥´‘‡∫≈‡Õ)  à«π√–¥—∫‡ ’¬ß Ÿß ÿ¥

¡’§à“√–À«à“ß 83-102 ‡¥´‘‡∫≈Õ ´÷ËßµË”°«à“§à“¡“µ√∞“π

√–¥—∫‡ ’¬ß Ÿß ÿ¥ (115 ‡¥´‘‡∫≈‡Õ)  ”À√—∫√–¥—∫‡ ’¬ß

‡©≈’Ë¬∑’Ë«—¥‰¥â∫√‘‡«≥√‘¡∂ππ¡’§à“§àÕπ¢â“ß Ÿß §◊Õ¡’§à“Õ¬Ÿà

√–À«à“ß 74-80 ‡¥´‘‡∫≈‡Õ

1. ∫∑π”
 ◊∫‡π◊ËÕß®“°ª√–‡∑»‰∑¬‰¥â‡¢â“√à«¡√—∫√Õß

·ºπªØ‘∫—µ‘°“√ 21 À√◊Õ Agenda 21 „π°“√ª√–™ÿ¡

 ‘Ëß·«¥≈âÕ¡·≈–°“√æ—≤π“∑’Ëª√–‡∑»∫√“´‘≈ ´÷Ëß¡’º≈

∑”„Àâª√–‡∑»‰∑¬µâÕß°â“« Ÿà°“√æ—≤π“∑’Ë®–‰¡à°àÕ„Àâ‡°‘¥

º≈°√–∑∫µàÕ ‘Ëß·«¥≈âÕ¡ ‡æ◊ËÕπ”ª√–‡∑»‰ª Ÿà°“√æ—≤π“

∑’Ë¬—Ëß¬◊π

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

 àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ®÷ß‰¥â®—¥∑”‚§√ß°“√

Ωñ°Õ∫√¡‡™‘ßªØ‘∫—µ‘°“√ 21 √–¥—∫∑âÕß∂‘Ëπ¢÷Èπ ‚¥¬‰¥â√—∫

§«“¡√à«¡¡◊Õ®“°ª√–‡∑» «’‡¥π ´÷Ëß¡’‡∑»∫“≈π§√µ√—ß

·≈–‡∑»∫“≈π§√π§√√“™ ’¡“‡ªìπ‚§√ß°“√π”√àÕß„π°“√

‡æ‘Ë¡ ¡√√∂π–·≈–»—°¬¿“æ¢Õß∑âÕß∂‘Ëπ„π°“√¥Ÿ·≈√—°…“

 ‘Ëß·«¥≈âÕ¡‡æ◊ËÕ°“√æ—≤π“∑’Ë¬—Ëß¬◊π ·≈–Àπ÷Ëß„πÀ≈“¬

°‘®°√√¡∑’Ë°√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡‚¥¬»Ÿπ¬å«‘®—¬

·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡‰¥â‡¢â“√à«¡‚§√ß°“√π’È§◊Õ

°“√µ√«®«—¥√–¥—∫‡ ’¬ß„π‡¢µ‡∑»∫“≈π§√π§√√“™ ’¡“

√–À«à“ß«—π∑’Ë 23-27 °√°Æ“§¡ 2544 ‡æ◊ËÕ„Àâ∑√“∫∂÷ß

 ∂“π°“√≥å¡≈æ‘…∑“ß¥â“π‡ ’¬ß  ”À√—∫„™â‡ªìπ¢âÕ¡Ÿ≈„π

°“√«“ß·ºπªÑÕß°—π·≈–·°â‰¢ªí≠À“¡≈æ‘…∑“ß¥â“π‡ ’¬ß

„π‡¢µ‡∑»∫“≈π§√π§√√“™ ’¡“µàÕ‰ª

2. «‘∏’°“√µ√«®«—¥
°“√µ√«®«—¥„π§√—Èßπ’È·∫àß°“√µ√«®«—¥‡ªìπ 2 ·∫∫

§◊Õ

1) °“√µ√«®«—¥√–¥—∫‡ ’¬ß‡©≈’Ë¬ 24 ™—Ë«‚¡ß

·≈–√–¥—∫‡ ’¬ß Ÿß ÿ¥ „π‡«≈“ 24 ™—Ë«‚¡ß

■ µ‘¥µ—Èß‡§√◊ËÕß¡◊Õµ“¡«‘∏’°“√µ√«®«—¥√–¥—∫

‡ ’¬ß‚¥¬∑—Ë«‰ª¢Õßª√–°“»§≥–°√√¡°“√ ‘Ëß·«¥≈âÕ¡

·Ààß™“µ‘ ©∫—∫∑’Ë 15 æ.». 2540 ‡√◊ËÕß °”Àπ¥¡“µ√∞“π

√–¥—∫‡ ’¬ß‚¥¬∑—Ë«‰ª[1] ‚¥¬µ‘¥µ—Èß‰¡‚§√‚øπ Ÿß®“°æ◊Èπ

‰¡àπâÕ¬°«à“ 1.2 ‡¡µ√ ‚¥¬„π√—»¡’ 3.5 ‡¡µ√ µ“¡·π«

√“∫ √Õ∫‰¡‚§√‚øπ·≈–‰¡à¡’°”·æßÀ√◊Õ ‘ËßÕ◊Ëπ„¥∑’Ë¡’

§ÿ≥ ¡∫—µ‘„π°“√ –∑âÕπ¢Õß‡ ’¬ß°’¥¢«“ßÕ¬Ÿà

■ µ‘¥µ—Èß‡§√◊ËÕß¡◊Õµ“¡®ÿ¥µ√«®«—¥µà“ß Ê

11 ®ÿ¥ ∑’Ë ‰¥â°”Àπ¥‰«â¥—ß· ¥ß„π√Ÿª 1 ‚¥¬∑”°“√µ√«®

«—¥«—π≈– 3 ®ÿ¥

■ µ√«®«—¥§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬ 24 ™—Ë«‚¡ß

·≈–√–¥—∫‡ ’¬ß Ÿß ÿ¥‰ªæ√âÕ¡°—π

2) °“√µ√«®«—¥√–¥—∫‡ ’¬ß√‘¡∂ππ

■ µ‘¥µ—Èß‡§√◊ËÕß¡◊Õ∑’Ë∫√‘‡«≥√‘¡∂ππ ‚¥¬À—π

‰¡‚§√‚øπ‰ª„π∑‘»∑“ß¢Õß‡ âπ∑“ß°“√®√“®√·≈–µ—Èß©“°

°—∫‡ âπ∑“ß°“√®√“®√ ‚¥¬„Àâ‰¡‚§√‚øπÕ¬ŸàÀà“ß®“°¢Õ∫

∂ππ 1 ‡¡µ√

■ µ‘¥µ—È ß ‡§√◊Ë Õß¡◊Õµ√«®«—¥µ“¡®ÿ¥µà “ßÊ

®”π«π 6 ®ÿ¥ ∑’Ë ‰¥â°”Àπ¥‰«â¥—ß· ¥ß„π√Ÿª 1 ‚¥¬µ√«®

«—¥«—π≈– 2 ®ÿ¥ ·≈–∑”°“√µ√«®«—¥ 2 ™à«ß‡«≈“§◊Õ

™à«ß‡«≈“ª°µ‘ (9.00-15.00 π.) ·≈–™à«ß‡«≈“‡√àß¥à«π

(7.00-9.00 π. ·≈– 15.00-18.00 π.)

■ µ√«®«—¥√–¥—∫‡ ’¬ß‡©≈’Ë¬ 1 ™—Ë«‚¡ß æ√âÕ¡

∑—Èßπ—∫ª√‘¡“≥°“√®√“®√

3. º≈°“√µ√«®«—¥
3.1 º≈°“√µ√«®«—¥§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬ (Leq)

24 ™—Ë«‚¡ß ·≈–√–¥—∫‡ ’¬ß Ÿß ÿ¥ (Lmax) ≥ ®ÿ¥µ√«®«—¥

∑—Èß 11 ®ÿ¥ ¥—ß· ¥ß„π√Ÿª 2 ·≈– 3 æ∫«à“√–¥—∫‡ ’¬ß

‡©≈’Ë¬ 24 ™—Ë«‚¡ß ¡’§à“Õ¬Ÿà„π™à«ß 53-70 ‡¥´‘‡∫≈‡Õ ·≈–

√–¥—∫‡ ’¬ß Ÿß ÿ¥¡’§à“Õ¬Ÿà√–À«à“ß 83-102 ‡¥´‘‡∫≈‡Õ ´÷Ëß

‡¡◊ËÕ‡∑’¬∫°—∫¡“µ√∞“π√–¥—∫‡ ’¬ß‚¥¬∑—Ë«‰ª·≈–√–¥—∫

‡ ’¬ß Ÿß ÿ¥¢Õßª√–‡∑»‰∑¬ (70 ·≈– 115 ‡¥ ‘́‡∫≈‡Õ

µ“¡≈”¥—∫) æ∫«à“‰¡à¡’®ÿ¥µ√«®«—¥„¥∑’Ë¡’§à“√–¥—∫‡ ’¬ß‡°‘π

§à“∑’Ë¡“µ√∞“π°”Àπ¥

3.2 º≈°“√µ√«®«—¥√–¥—∫‡ ’¬ß‡©≈’Ë¬ 1 ™—Ë«‚¡ß

∫√‘‡«≥√‘¡∂ππ„π™à«ß‡«≈“‡√àß¥à«π·≈–™à«ß‡«≈“ª°µ‘ · ¥ß

„π√Ÿª 4 æ∫«à“√–¥—∫‡ ’¬ß‡©≈’Ë¬„π™à«ß‡«≈“¥—ß°≈à“«¡’§à“
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√Ÿª 1  · ¥ß®ÿ¥µ√«®«—¥√–¥—∫‡ ’¬ß∫√‘‡«≥‡¢µ‡∑»∫“≈π§√π§√√“™ ’¡“

®ÿ¥µ√«®«—¥√–¥—∫‡ ’¬ß∑—Ë«‰ª ®ÿ¥µ√«®«—¥√–¥—∫‡ ’¬ß√‘¡∂ππ

1. ‚√ß‡√’¬πÕπÿ∫“≈π§√√“™ ’¡“ 1. ∂ππ ÿ√π“√“¬≥å

2. ‚√ß‡√’¬π‡∑»∫“≈ 2 («—¥ ¡Õ√“¬) 2. ∂ππ™â“ß‡º◊Õ°

3.  ∂“π∫√‘∫“≈‡¥Á°ª∞¡«—¬ 3. ∂ππ¡‘µ√¿“æ (‰ª¢Õπ·°àπ)

4. »Ÿπ¬å°“√»÷°…“πÕ°‚√ß‡√’¬π 4. ∂ππ¡‘µ√¿“æ (‡¢â“π§√√“™ ’¡“)

5. ‚√ßæ¬“∫“≈®‘µ‡«™ 5. ∂ππ¡ÿ¢¡πµ√’

6. ‚√ßæ¬“∫“≈‡´πµå‡¡√’Ë 6. ∂ππ¡‘µ√¿“æ (‰ª∫ÿ√’√—¡¬å)

7.  ”π—°ß“π ‘Ëß·«¥≈âÕ¡ ‡¢µ 5

8. ™ÿ¡™π¡À“™—¬

9. ™ÿ¡™πÀ≈—ß«—¥ “¡—§§’

10. ™ÿ¡™π ”‚√ß®—π∑√å

11. ™ÿ¡™π«—¥ÀπÕß∫—«√Õß

§àÕπ¢â“ß Ÿß Õ¬Ÿà „π™à«ß 74-80 ‡¥ ‘́‡∫≈‡Õ ®“°°“√

æ‘®“√≥“‡ª√’¬∫‡∑’¬∫§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬„π™à«ß‡«≈“ª°µ‘

·≈–™à«ß‡«≈“‡√àß¥à«πæ∫«à“¡’§à“„°≈â‡§’¬ß°—π¡“° ·¡â«à“

ª√‘¡“≥√∂®–‡æ‘Ë¡¢÷Èπª√–¡“≥ 1.5-2 ‡∑à“°Áµ“¡ · ¥ß«à“

ª√‘¡“≥¢Õß√∂∑’Ë‡æ‘Ë¡¢÷Èπ‰¡à¡’º≈µàÕ√–¥—∫‡ ’¬ß‚¥¬√«¡¢Õß

∫√‘‡«≥®ÿ¥µ√«®«—¥√‘¡∂ππ

4.  √ÿªº≈°“√µ√«®«—¥
®“°°“√µ√«®«—¥√–¥—∫‡ ’¬ß‡©≈’Ë¬ 24 ™—Ë«‚¡ß ·≈–

√–¥—∫‡ ’¬ß Ÿß ÿ¥ 11 ®ÿ¥ „π‡¢µ‡∑»∫“≈π§√π§√√“™ ’¡“

æ∫«à“¡’§à“√–¥—∫‡ ’¬ßÕ¬Ÿà„π™à«ß 53-70 ‡¥´‘‡∫≈‡Õ ·≈–

83-102 ‡¥ ‘́‡∫≈‡Õ µ“¡≈”¥—∫ ·≈–‡¡◊ËÕ‡∑’¬∫°—∫¡“µ√∞“π

√–¥—∫‡ ’¬ß‚¥¬∑—Ë«‰ª·≈–√–¥—∫‡ ’¬ß Ÿß ÿ¥¢Õßª√–‡∑»

‰∑¬´÷Ëß°”Àπ¥§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬ 24 ™—Ë«‚¡ß‰«â‰¡à‡°‘π 70

‡¥´‘‡∫≈‡Õ ·≈– 115 ‡¥´‘‡∫≈‡Õ  ”À√—∫√–¥—∫‡ ’¬ß Ÿß ÿ¥

‰¡àæ∫®ÿ¥µ√«®«—¥„¥∑’Ë¡’§à“√–¥—∫‡ ’¬ß‡°‘π°«à“∑’Ë¡“µ√∞“π

°”Àπ¥ ∂÷ß·¡â«à“§à“√–¥—∫‡ ’¬ß®“°°“√µ√«®«—¥∑—Èß 11 ®ÿ¥

®–‰¡à‡°‘π§à“¡“µ√∞“π ·µà√–¥—∫‡ ’¬ß∑’Ë®ÿ¥µ√«®«—¥

‚√ß‡√’¬πÕπÿ∫“≈π§√√“™ ’¡“ ·≈–‚√ß‡√’¬π‡∑»∫“≈ 2

( ¡Õ√“¬) ¡’§à“§àÕπ¢â“ß Ÿß „π™à«ß‡«≈“°≈“ß«—π∑’Ë¡’
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√Ÿª 2  °√“ø· ¥ß§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬ 24 ™—Ë«‚¡ß „π‡¢µ‡∑»∫“≈π§√π§√√“™ ’¡“

√Ÿª 3  °√“ø· ¥ß§à“√–¥—∫‡ ’¬ß Ÿß ÿ¥ „π‡¢µ‡∑»∫“≈π§√π§√√“™ ’¡“
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√Ÿª 4  °√“ø· ¥ß§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬ 1 ™—Ë«‚¡ß ∫√‘‡«≥√‘¡∂ππ

°“√‡√’¬π°“√ Õπ ÷́Ëß‡ ’¬ß∑’Ë‡°‘¥¢÷Èππ’ÈÕ“®¡’º≈°√–∑∫µàÕ

ª√– ‘∑∏‘¿“æ„π°“√‡√’¬π√Ÿâ¢Õß‡¥Á°π—°‡√’¬π‰¥â „π à«π¢Õß

°“√µ√«®«—¥√–¥—∫‡ ’¬ß√‘¡∂πππ—Èπ§à“√–¥—∫‡ ’¬ß‡©≈’Ë¬

¡’§à“§àÕπ¢â“ß Ÿß§◊ÕÕ¬Ÿà„π™à«ß 74-80 ‡¥´‘‡∫≈‡Õ ´÷Ëß‡ ’¬ß

„π√–¥—∫π’ÈÕ“®¡’º≈°√–∑∫°—∫ºŸâ∑’ËÕ“»—¬Õ¬Ÿà√‘¡∂ππ‡ªìπ‡«≈“

π“π®πÕ“®‡ªìπÕ—πµ√“¬µàÕ√–∫∫°“√‰¥â¬‘π‰¥â

°‘µµ‘°√√¡ª√–°“»
§≥–ºŸâ»÷°…“„§√à¢Õ¢Õ∫§ÿ≥∑à“ππ“¬°‡∑»¡πµ√’

‡∑»∫“≈π§√π§√√“™ ’¡“ ∑à“πºŸâÕ”π«¬°“√ ”π—°ß“π

 ‘Ëß·«¥≈âÕ¡‡¢µ 5 ÷́ËßÕ”π«¬§«“¡ –¥«°„π°“√ªØ‘∫—µ‘

ß“πÕ¬à“ß¥’¬‘Ëß ·≈–„§√à¢Õ¢Õ∫§ÿ≥‡®â“¢Õß ∂“π∑’Ë∑’Ë„Àâ

§«“¡Õπÿ‡§√“–Àå„π°“√µ‘¥µ—Èß‡§√◊ËÕß¡◊Õ‡ªìπÕ¬à“ß¥’µ≈Õ¥

√–¬–‡«≈“°“√»÷°…“®π∑”„Àâ°“√»÷°…“§√—Èßπ’Èª√– æ§«“¡

 ”‡√Á® ≈ÿ≈à«ß‰ª¥â«¬¥’

‡Õ° “√Õâ“ßÕ‘ß
1. ª√–°“»§≥–°√√¡°“√ ‘Ëß·«¥≈âÕ¡·Ààß™“µ‘ ©∫—∫∑’Ë 15

(æ.». 2540) ‡√◊ËÕß °”Àπ¥¡“µ√∞“π√–¥—∫‡ ’¬ß‚¥¬

∑—Ë«‰ª, §≥–°√√¡°“√ ‘Ëß·«¥≈âÕ¡·Ààß™“µ‘, 2540
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∫∑§—¥¬àÕ
°“√ªπ‡ªóôÕπ¢Õß “√°≈ÿà¡ Endocrine Disruptor

Compounds (EDCs) „π ‘Ëß·«¥≈âÕ¡‰¥â√—∫°“√æ‘®“√≥“

«à“‡ªìπªí≠À“∑’Ë ”§—≠ªí≠À“Àπ÷Ëß ´÷Ëß “√°≈ÿà¡π’È ‰¥âπ”¡“

„™â „π∑“ßÕÿµ “À°√√¡  ‘Ëß∑’Ë‡ªìπ°“°®“°º≈‘µ¿—≥±å

∑“ß°“√‡°…µ√ ·≈–°“√™–≈â“ß®“°πÈ”Ωπ À√◊ÕπÈ”

∏√√¡™“µ‘Õ◊Ëπ ‡™àπ πÈ”∑à«¡  “√°≈ÿà¡π’È‡™àπ PCBs  “√

¶à“·¡≈ß°≈ÿà¡ÕÕ√å°“‚π§≈Õ√’π  “√°≈ÿà¡øïπÕ≈ ·≈–°≈ÿà¡

æ“∑“‡≈∑ ‡ªìπµâπ ‡æ◊ËÕ‡ªìπ°“√∑√“∫ ∂“π°“√≥å·≈–™π‘¥

¢Õß°“√ªπ‡ªóôÕπ “√‡À≈à“π’È ∫√‘‡«≥·¡àπÈ” “√À≈—° ·≈–

™“¬Ωíòß∑–‡≈¢Õßª√–‡∑»‰∑¬ »Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π

 ‘Ëß·«¥≈âÕ¡ √à«¡°—∫ The United Nations University

¿“¬„µâ‚§√ß°“√§«“¡√à«¡¡◊Õ çEnvironmental and

Governance : Endocrine Disrupter Compounds

Pollution in the East Asian Coastal Hydrosphereé

µ—«Õ¬à“ßπÈ”·¡àπÈ” 4  “¬À≈—° ·≈–πÈ”∑–‡≈∫√‘‡«≥™“¬Ωíòß

∑–‡≈¢Õßª√–‡∑»®”π«π 100 µ—«Õ¬à“ß „π™à«ß 3 ªï

(æ.».2541-2543) ‚¥¬·∫àß‡ªìπµ—«Õ¬à“ßÀπâ“·≈âß·≈–

Àπâ“πÈ” ∑”°“√µ√«®«‘‡§√“–Àå “√°≈ÿà¡ÕÕ√å°“‚π§≈Õ√’π

øïπÕ≈ ·≈–æ“∑“‡≈∑ ®“°º≈°“√µ√«®«‘‡§√“–Àå “¡“√∂

µ√«®æ∫ “√ HCH-isomers aldrin endrin dieldrin

·≈– P,Pû- DDT·≈– isomers ´÷Ëßª√‘¡“≥∑’Ëµ√«®æ∫

Õ¬ŸàµË”°«à“§à“∑’Ë¡“µ√∞“π§ÿ≥¿“æπÈ”º‘«¥‘π∑’Ë°√¡§«∫§ÿ¡

§ÿ≥¿“æ°”Àπ¥ ·≈–¡’·π«‚πâ¡≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫º≈°“√

µ√«®«‘‡§√“–Àåªï æ.».2526-2534  ”À√—∫°≈ÿà¡øïπÕ≈

µ√«®æ∫ 4-t-butylphenol 4-n-pentylphenol

4-n-octylphenol ·≈– bisphenolA  “√°≈ÿà¡æ“∑“‡≈∑

µ√«®æ∫ di-2-ethyl hexyl adipate ·≈– di-2-ethyl

hexyl phthalate.

Abstract
Contamination of Endocrine Disruptor

Compounds (EDCs) in the environment has been

recognized as the important issue of pollution

problem. These compounds are found in industrial

products, wastes as well as in agricultural runoff.

such as PCBs, pesticides including organochlorine

pesticides, phenols, phthalates, etc. In order to

identify the situation of EDCs contamination in

the river and coastal areas of Thailand, The

Environmental Research and Training Center has

cooperated with The United Nations University

(UNU) to carry out the monitoring program of

EDCs in the coastal hydrosphere of Thailand

during 1999-2002 under the UNU project called

çEnvironmental and Governance: Endocrine

Disrupter Compounds Pollution in the East Asian

Coastal Hydrosphereé . 144 samples of water

were collected during wet and dry season from

rivers and coastal area in the upper Gulf of Thailand

and the Andaman sea. The samples were analysed

for organochlorine pesticides, phenol compounds

and phthalate compounds. The results indicated

that organochlorine pesticides residues found

HCH-isomers, aldrin, endrin, dieldrin and p,p’-DDT-

isomers. It was found that the concentrations of

the residues are lower than the Water Quality

Standard of Thailand. The phenol and phthalates

compounds found were 4-t-butylphenol, 2,4-

Trend of Endocrine Disruptor Compounds contamination
in rivers and coastal areas of Thailand

Ruchaya Boonyatumanonda, Areerat Jaksakula, Panomporn Wongpana,
Sutiab Srilachaia, Sukanya Boonchalermkita
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dichlorophenol, 4-nonylphenol, 4-n-butylphenol,

4-n-pentylphenol, 4-n-octylphenol and bisphenol-

A, di 2-ethyl hexyl adipate and di-2-ethyl hexyl

phthalate. The results indicated the decreasing

trend of EDCs contamination in river and coastal

areas of Thailand in the period of 1999-2001 as

compared to 1988-1995.

Keywords : Contamination, Endocrine Disruptor

Compounds, pollution in Thailand

1. Introduction
Endocrine Disrupter Compounds (EDC)

such as organochlorine pesticides, polychlorinated

biphenyls, phthalate compounds phenol compounds

have been used for long time in Thailand. Thailand

like other developing countries have benefited

from the available pest control chemicals and has

also produced its share of pesticides poisoning.

The trend of toxic chemical are increasing for

supporting many kinds of agriculture products

and industrial activity as shown in term of total

quality in Table 1. The contaminations of chemical

have transferred to the environment because of

human activities [9,17,19]. These chemicals were

discharged into the environment through industrial

wastewater, municipal waste, agricultural runoffs,

air [12,22] and eventually flow into rivers and

coastal areas [6,15].

In addition, DDT have been used as

Malaria vector control for long time in Thailand

but banned the use for agriculture activity as

shown in Table 2. However, Government tried to

control the amount of some pesticides which are

revealed by the decrease .

Table 1.  Quality (a.i) of import pesticides (1985-2001)

Year
Quality (tons)

Insecticide Fungicide Herbicide Others Total

1985 5,146 2,646 4,830 210 12,832

1986 5,799 2,512 4,262 204 12,777

1987 5,881 4,530 3,967 247 14,625

1988 7,050 4,362 5,596 205 17,213

1989 6,937 4,724 6,747 317 18,725

1990 7,176 2,800 8,272 346 18,594

1991 5,560 2,087 7,071 311 15,029

1992 6,098 3,513 8,450 418 18,479

1993 5,305 3,988 9,056 476 18,825

1994 5,252 4,885 9,554 640 20,331

1995 6,573 4,828 11,934 727 24,062

1996 6,608 4,446 14,041 446 25,541

1997 12,543 5,820 22,459 - 42,180

1998 12,823 3,683 15,108 - 32,977

1999 19.525 7,204 27,639 745 56,865

2000 12,532 7,392 29,714 657 52,738

2001 16,667 7,824 32,422 644 60,541
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Table 2. Organochlorine pesticides banned

and/or restricted under the Ministry of

Agriculture and Cooperatives, Thailand

Many kind of chemicals were used as

raw material in industrial factory and byproducts

such as phenol and phthalate. Phenol is mainly

a man-made chemical. It is widely used in the

manufacturing process and in many products

such as resins, plastic, insecticide, explosives, dye

and detergent [15,23], etc. Therefore, the exposure

of phenol can pass through human being and

raised concern of impact on the environment. It can

also be found in the air, drinking water, surface

water, food, and groundwater, etc [13].

For example, phenol is widely used in the

manufacturing process such as resins, plastic,

insecticide. Bisphenol-A used in the manufacture

of a variety of plastics. The Bisphenol-A is

expected to exist almost entirely in the particulate

phase in the atmosphere [7]. Nonylphenol

ethoxylates which used as an ingredient of

surfactant in various industrial and household

application. 4-nonylphenol is as a biodegradation

product of nonylphenol ethoxylates. Nonyl

product is used in the preparation of lubricating

oil additive, resins, surface active agent,

antioxidants for rubber and plastic [1]. Nonylphenol

will bioconcentrate in aquatic organisms [5] and

4-nonylphenol should occur rapidly in water.

2,4-Dichlorophenol’s production and use in

organic synthesis may result in its release to

the environment through various waste streams.

2,4-Dichlorophenol that has been detected in

waste waters from bleaching process at pulp

mills and runoff [10,13,17].

Phthalate compounds such as diethyl

phthalate (DEP) and n-butyl phthalate (DBP) which

are used as a plasticizer, solvent for resins,

wetting agent and insect repellent may be released

in to the environment through wastewater effluent.

Bis 2-ethylhexyl phthalate (DEHP) is used as

an insulating fluid in electrical transformers,

industrial tubing and food packaging system

including bis2-ethylhexyl adipate which released

into the environment during PVC blending

operations and consumer used of finished

product. DBP is also exposured from using

cosmetics and food wrapping. EDCs compounds

effect to human and can accumulate in food chain

[4,14,16,18,21].

This paper focused on concentration of

EDCs in water sample from land-used to coastal

area. And to identify the situation of EDCs

contamination in the coastal area of Thailand and

the source of pollutants, The results of organo-

chlorine pesticides residues were compared with

prior data from 1988-1995 [2].

2. Materials and methods
The monitoring program started from

May 1999 - December 2001. Sixty-six river water

samples from 11 stations were collected at four

main rivers namely The Chao Praya river, The

Mae-kong river, The Bang pakong river and The

Tha-chin river and seventy-eight sea water

samples from 13 stations were collected from the

West side of The Gulf of Thailand where connect

with Andamun sea and the east side of the Gulf

of Thailand as showed in Table 3.

The Chao Phraya river is the most important

chemical effect year

HCHs 1980

dieldrin 1981

DDTs 1983

aldrin 1983

endrin 1983

toxaphene 1983

heptachlor 1988
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river in Thailand, flow through several cities

including Bangkok. There are industrial located

along the river and a large number of inhabitants

live along the river banks. The river, which

discharges into the upper Gulf at Samutprakran

province, has an average discharge varying from

8,000 x 106 to 34,000 x 106 m3/year. The Bang

pakong is the river received domestic sewage

from several cities, and effluent from agro-industrials

which has a flow of 3,000 x 106 m3/year. The

Tha-chin river which flow and discharges into

the upper Gulf at Samut Sakhorn at a rate about

1,500 x 106 m3/year. The Mae-kong river which

discharges into the upper Gulf of Thailand at

Samutsongkram from 9,000 to 16,000 x 106 m6/year.

The wastewaters generated from these industries

in Chonburi and Samut Prakharn province such as

sugar, metal plating, paper mill and food industrial

located along the river at a distance about 100 km

upstream from the Gulf. The samples were

collected in dry season (April-May) and wet

season (September-December). The samples were

analysed organochlorine pesticides (1999-2001),

phenol compounds (2000-2001) and phthalate

compounds (2001). The water sample for

organochlorine pesticide analyses and phthalate

compounds were kept at 4 ÌC and especially sample

for phenol analyses which were preserved with

hydrochloric acid to pH 2-3 at the field and keep

at the same temperature.

The quality control of sample analyses

are followed the UNU method which used

tap water as blank test and checked the repro-

ducibility for 10% of total sample. The recovery

test of all parameters were checked by surrogate

spiking. The method of detection limit was

determined by repeat of blank test for 7 times

and calculated the relation by multiply with

3 times of standards deviation for integrate

the result. For qualification by GC/MS of all

samples were used internal standard techniques

by deuterium chemicals.

2.1 Reagents
a) Organochlorine pesticides standard (Accu

Standard Inc. and Wako chemical industrial

Ltd.) α-HCH, β-HCH, γ-HCH, δ-HCH, p,p’-

DDE, p,p’-DDT, p,p’-DDD, Aldrin, Dieldrin,

Endrin 10 mg of each standard was weighted

accurately on an analytical balance, put it in

volumetric flask with 100 ml and dissolve

with 100 ml n-hexane-acetone for stock solution.

b) Internal standard solution and surrogate

compounds (Cambridge isotope laboratory, Inc)

Phenanthrene d10, Pyrene d10, Naphthalene

d8, Di n-butyl phthalate d4, Di 2-ethyl hexyl

phthalate d4, n-pentyl phthalate, Bisphenol-A

d16

c) Phenol standard (Wako chemical industrial

Ltd.) 4-t-Butylphenol, 2,4-Dichlorophenol, 4-n-

Butylphenol, 4-n-Pentylphenol, 4-n-Hexylphenol,

4-n-Heptylphenol, 4-t-Octylphenol, 4-n-nonyl-

tylphenol, 4-n-Octylphenol, Pentachlorophenol,

Bisphenol-A

d) Phthalate standard (Wako chemical industrial

Ltd.) Di-ethyl phthalate, Di n-butyl phthalate,

Di 2-ethyl hexyl adipate, Di 2-ethyl hexyl

phthalate

2.2 Sample preparation for organo-
chlorine pesticides

1 liter of water sample added 30 g of

sodium chloride, was extracted with 50 ml of

n-hexane for 10 minutes by shaker. The hexane

was transferred to erlenmeyer flask. The water

sample was extracted repeatedly with 50ml of

n-hexane. After shaking, the extractant was

transferred into the same flask. The hexane was

dehydrated with sodium sulfate before it was

reduced the volume into 1 ml. It was transferred



‚§√ß°“√«‘®—¬·≈–æ—≤
π“‡∑§‚π‚≈¬’ ‘Ëß·«¥≈âÕ¡¥â“π “√æ‘…

ª√–®”ªï 2544 - 2546

99
Fig. 1.  Map of sampling stations (coastal area)

Fig. 2.  Map of sampling stations (River Basin)
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to silica gel cartridge for cleanup. The cartridge

was washed with 5 ml of acetone and 15ml of

n-hexane. Organochlorine pesticide residues

was eluted with 5 ml of 5% acetone/n-hexane

and was injected into GC/MS for measurement.

This method and QA/QC were followed the UNU

manual 1999.

2.3 Sample preparation for phenol
compounds

500 ml of water sample was adjusted pH

condition at pH 2-3 by using hydrochloric acid

and add 30 g sodium chloride into separatory

funnel. The sample was added 100 µl of 1ppm of

surrogate compound (Bisphenol-A d16) and

was extracted with 25 ml of dichloromethane by

shaker for 10 min. The organic layer was

transferred to erlenmeyer flask and the water was

repeatedly extracted again with 25 ml dichloro-

methane. The organic layer was transferred into

the same flask. The extractant was dehydrated

with sodium sulfate and concentrated to

0.5 ml by rotary evaporator and nitrogen. The

extracting was added 100 µ l BSTFA and stay

for 1 hour at room temperature and added

100 µl of internal standard before inject into

GC/MS. This method and QA/QC were followed

the UNU manual 2000.

Table 3.  Sampling collection information for EDC in water samples

1 CH1 The Chao Praya river Agricultural area

2 CH2 The Chao Praya river Domestic area

3 CH3 The Chao Praya river Domestic area

4 CH4 The Chao Praya river Industrial area

5 CH5 The Chao Praya river Industrial area

6 MK1 The Mae Klong river Industrial area

7 MK2 The Mae Klong river Domestic area

8 TR1 The Tha Chin river Industrial area

9 TR2 The Tha Chin river Domestic area

10 BP1 The Bang pakong river Industrial area

11 BP2 The Bang pakong river Domestic area

12 Trad Trad province Domestic area

13 Chonuri Chonburi province Domestic area

14 Samutprakharn Samutprakarn province Domestic area

15 Pattani Pattani province Domestic area

16 Petchaburi Petchaburi province Domestic area

17 Chumporn Chumporn province Domestic area

18 Surat-thani Surat-thani province Domestic area

19 Ranong Ranong province Domestic area

20 Trung Trung province Domestic area

21 Pang-ga Pang-ga province Domestic area

22 Krabi Krabi province Domestic area

23 Nakhorn-Srithammarat Nakhorn-Srithammarat province Domestic area

24 Prachub-kirikhan Prachub-kirikhan province Domestic area

Number of Code number Name of station Remark
sample
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2.4 Sample preparation for phthalate
compounds

Add 100 ml of water sample into a

100 ml volumetric flask add surrogate compound

(10 µl of 10ppm of di n-pentyl phthalate d14) and

add 5 ml of n-hexane. The internal standards were

add 10 µl of 10ppm and shake for 1 min for

extraction. Transfer 1 ml of hexane layer from

volumetric flask into vial for injection into GC-MS.

2.5 GC-MS confirmation
Mass fragmentation data were obtained

with Gas Chromatograph model GC-17A

(Shimadzu) and interface equipped with Mass

Spectrometer model QP-5050A (Shimadzu) and

Electron impact mode (ion energy was 70 EV).

The chromatography column bonded DB-5 fuse

silica column (30m x 0.32 mm id x 0.25 mm film

thickness) was used. The condition for inlet

was splitless 2 min, injection volume was 2 µl.

The carrier gas was helium with a flow rate of

2 ml/min. The temperature program of organo-

chlorine pesticides for GC column was followed:

The initial column temperature was 70 ÌC (2min)

and increase at 20 ÌC/min to 150 ÌC, increase at

5 ÌC/min to 220 ÌC and increase at 15 ÌC/min to

300 ÌC. Interface temperature at 280 ÌC and injection

inlet temperature was 280 ÌC. The method detection

limit and recovery of the analysed organochlorine

pesticide compounds were at the range of 1 ppt

(ng l-1) and 80-105%, respectively.

For 11 phenol compound condition

were quatified by using the same column with

organochlorine pesticides. The oven temperature

program was 50 ÌC for 1 min. to 200 ÌC at the

rate of 20 ÌC. min-1, held 1 min and increased by

20 ÌC.min-1 to 300 ÌC and held 8 min. The carrier gas

was helium (flow rate 1 ml min-1). The interface

and injector temperature were 300 ÌC and 270 ÌC

and splitless mode  (2 min). The method detection

limit and recovery of the analysed phenol

compounds were at the range of 0.01 ppb (ng g-1)

and 86-102%, respectively.

For 4 phthalate compounds analysed

using the same column with organochlorine

pesticides. The oven temperature program was

70 ÌC for 1 min. to 120 ÌC at the rate of 20 ÌC. min-1,

held 1 min and increased by 10 ÌC min-1 to 200 ÌC,

and the last step is 320 ÌC at the rate of 5 ÌC.min-1,

held 3 min. The carrier gas was helium (flow rate

1 ml min-1). The interface and injector temperature

were 300 ÌC and 320 ÌC and splitless mode (2 min).

The method detection limit and recovery of

the analysed phthalate compounds were at

the range of 0.01 ppb (ng g-1) and 85-100%,

respectively.

3. Results and discussion
The 144 water samples were analysed

for organochlorine pesticides, phenol compounds

and phthalate compounds in dry season and wet

season because chemical loading were significantly

different from season. In order to understand the

different environmental situation of contamination

at present, the concentration of organochlorine

pesticide compounds were compare with prior

data from 1988-1993 as shown in Table 5 and

Figure 3 [2]. Briefly, the water sample were only

collected at the Chao Phraya River and analyzed

for organochlorine pesticides during 1988-1995.

HCH-isomers from The Chao Phraya River were

detected at the range of 0.1-19.0 ppt (ng l-1) during

1988-1995 and the highest concentration among

HCH-isomers is β-HCH in 1988. The frequency

of organochlorine pesticide residues detection

were 60-100%, 11-92%, 10-50%, and non detectable

during 1988-1989, 1990-1991, 1992-1993, and

1994-1995, respectively. The result of this studies

were shown in Table 6-9 for dry and wet season,

Hexachlorocyclohexane (HCHs ;α ,β ,γ ,δ isomer)
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was found at the range of 5.0-17.0 ppt (ng l -1).

The highest concentration was (-HCH at Pang-ga

station (sea water, dry season). HCH-isomers

were found 12 samples from 144 samples (about

9% of total samples) as shown in Table 4. HCH-

isomers were detected with higher frequency in

river water more than sea water during 3 years,

especially Tha-Chin River and Bang pakong River.

This study show that the trend of HCH-isomers

detection was declined in the Chao phraya River.

Dieldrin has been used in agriculture for

the control of soil insects and several insect vectors

of disease. Dieldrin has been banned in Thailand

since 1981. In former time, it was used to control

termites and wood borers and against textile pest.

Dieldrin bind strongly to soil particles and hence

is very resistant to leach into groundwater. The

concentration of dieldrin were found at the range

of 0.2-24 ppt (ng l-1) during 1988-1995. The

frequency of detection of dieldrin was at the

range of 2.7-17 ppt (ng l-1), 6.7-24 ppt (ng l-1),

and 2.8-7.4, ppt (ng l-1) which were 80%, 80%,

100% and 92% of total samples in 1988, 1989,

1990, and 1991, respectively. In this study, the

concentration of dieldrin was found at the range

of 1.0-25 ppt (ng l-1) about 3% of total samples

as shown in Table 4. Dieldrin was detected at

several stations (i.e Ranong-2, Trung-2, CH4-2

and TR1-1). The highest concentration was

detected at the Tha-chin River in dry season.

Aldrin is a pesticides used to control

insects such as termites, corn rootworm. It has

been widely used to protect crops such as potato

and corn. Aldrin was found at the range of 0.1-

22.0 ppt (ng l-1) during 1988-1995. The highest

frequency detection was at the range of 4.7-22 ppt

(ng l-1) and 1.3-8.1 ppt (ng l-1) which was 100%

of total samples in 1989 and 1990, respectively.

In this study, aldrin was found at the range of

2.2-5.4 ppt (ng l-1) in 1999 and 5.0-16.0 ppt (ng l-1)

in 2000 which is 2% and 4% of total sample,

respectively as shown in Table 4. The highest

concentration of aldrin was found in chumporn

station in 2000 (dry season) and was not detected

in 2001.

Endrin is a foliar insecticide used mainly on

field crops such as cotton and grains. It has also

used as a rodenticide to control mice and voles.

It can contaminate surface water from water

runoff. Endrin was not reported during 1989-1995.

In this study, endrin was found 1.0-10 ppt (ng l-1)

at Chonburi station, BK2-2 station CH4-1 station

and CH3-2 station. The highest concentration

of endrin was found at CH4-1 station which is

an industrial area. And samples were collected

during dry season. The percentage of endrin

detection is 3% of total samples as shown in Table 4.

The frequency of detection of DDT-isomers

(p,p’-DDD, p,p’-DDE, p,p’-DDT) were 70% to

100%, 11% to 59%, 8% to 25%, 50% and 10% to

20% of total samples in 1988-1989, 1990, 1991-1992,

1993 and 1999-2001, respectively. The relation

of DDT-isomers detection is not systematic

among p,p’-DDE, p,p’-DDT and p,p’-DDT but

the trend of all DDT-isomers in water samples

decreased during 1989-2001. The concentration

range of DDT-isomers was 1.0-20 ppt (ng l -1)

during 1999-2001. The highest concentration of

p,p’-DDE, p,p’-DDD and p,p’-DDT in 2001 were

15.0 ppt (ng l-1) at Krabi-2 station, 17 ppt (ng l-1)

at SMP-1 station and 20 ppt (ng l -1) at Krabi-2

station , respectively. The percentage of p,p’-DDE,

p,p’-DDD and p,p-DDT detection were not

significant distinguished, 2% to 5% during

1999-2001. The DDT-isomers detection were

found in wet season higher frequency than dry

season. May be because flood and a lot of water

was flushed from many area. It would accumulated

organic pollutants, transfer and discharge into

river and finally to upper Gulf of Thailand. Other
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Organochlorine pesticides

(ng/L)

1. α-HCH

2. β-HCH

3. γ-HCH

4. δ-HCH

5. endrin

6. aldrin

7. dieldrin

8. p,p’-DDE

9. p,p’-DDD

10. p,p’-DDT

Phenol compounds (ng/ml)

1. 4-t-butylphenol

2. 2,4-dichlorophenol

3. 4-n-butylphenol

4. 4-n-pentylphenol

5. 4-n-hexylphenol

6. 4-t-octylphenol

7. 4-heptaphenol

8. 4-n-octylphenol

9. 4-n-octylphenol

10. pentachlorophenol

11. bisphenol-A

Phthalate compounds (ng/ml)

1. di-ethyl phthalate

2. di butyl phthalate

3. di ethyl hexyl adipose

4. di ethyl hexyl phthalate

Table 4.  Summary of concentration of EDCS in water samples (1999-2001)

EDCs
Concentration

1999 2000 2001

ND-6.1 (2/48)

ND-15 (2/48)

ND-5.0 (2/48)

ND-5.7 (4/48)

ND-6.2 (4/48)

ND-6.2 (4/48)

ND

ND-2.9 (3/48)

ND

ND-7.6 (2/48)

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

ND

ND-17 (1/48)

ND-16 (1/48)

ND

ND-10 (1/48)

ND-20 (6/48)

ND-1.0 (1/48)

ND-1.0 (1/48)

ND

ND-18 (1/48)

ND-15 (29/48)

ND-19 (20/48)

ND

ND

ND

ND

ND

ND-1.9 (29/48)

ND

ND

ND

-

-

-

-

ND

ND

ND

ND-14 (1/48)

ND

ND

ND-25 (1/48)

ND-15 (1/48)

ND-17 (3/48)

ND-20 (1/48)

ND-2.5 (34/48)

ND-0.02 (12/48)

ND-0.02 (1/48)

ND-0.02 (2/48)

ND

ND

ND

ND-2.1 (48/48)

ND-0.13 (1/48)

ND

ND-0.32 (4/48)

ND

ND

ND-0.04 (1/48)

ND-0.009 (8/48)

Remark:
 - : did not analyze
ND : non detectable or lower than method detection limit
(number/number) : (number of detected sample / total of samples)



‚§
√ß

°“
√«

‘®—¬
·≈

–æ
—≤

π“
‡∑
§‚
π‚
≈¬

’ ‘Ëß
·«

¥≈
âÕ¡

¥â“
π 

“√
æ‘…

ª√
–®

”ª
ï 2

54
4 

- 2
54

6

104

Table 5.  Concentration (ng l-1) of organochlorine pesticides in the Lower Chao Phraya River (1989-1992)

Remark
* : Frequency of occurrence in %

(min-max) : concentration in minimum-maximum

Organochlorine 1988 1989 1990 1991 1992
compound

HCHs 100* 90* 82* 90* 40*

(min-max) (0.11-19.0) (0.07-0.70) (0.21-2.6) (0.12-0.61) (nd-5.0)

Aldrin 90* 100* 100* 92* 20*

(min-max) (0.57-5.5) (4.7-22) (1.3-8.1) (0.87-2.4) (2.0-7.7)

Dieldrin 80* 80* 100* 92* 0*

(min-max) (2.7-17) (6.7-24) (2.8-7.4) (0.44-1.7) nd

p,p’-DDE 100* 100* 53* 8* 50*

(min-max) (0.20-18) (0.30-1.5) (0.27-0.94) (nd-0.27) (nd-4.25)

p,p’-DDD 100* 60 59* 8* 0*

(min-max) (0.23-18) (0.12-0.52) (0.24-1.7) (nd-0.48) nd

p,p’-DDT 70* 70* 59* 25* 0*

(min-max) (0.31-29) (0.21-1.1) (0.30-6.7) (0.30-0.82) nd

Fig 3.  Trend of organochlorine pesticides residue in mussel samples from 1988-2001

reasons would explain that suspended solid which

homogenize the organic matter into river water.

As mention before the flow of water among

4 rivers are very high in wet season. Storm and

depression usually attack Thailand during the

rainy season (June-October). It can easily be seen

in the color of water that changed to red because

organic matter that make the turbidity. The organic

matter was commonly bind with organic

pollutants. This purpose of this study is to collect

the sediment at the same station, in order to

explain the status of contamination of organic
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pollutants in the future plan.

Phenol residue in river water and sea

water samples were monitored for 11 phenol

compounds in dry season and wet season during

2000-2001. Phenol residues were found 4-t-

butylphenol, 4-n-pentylphenol, 4-n-butylphenol,

4-nonylphenol, 2,4-dichlorophenol and Bisphenol A.

The method detection limit is 0.01 ng ml-1 (ppb)

and 86-102% recovery. The highest frequency

detection of phenol compounds are 4-nonylphenol

at the range of 0.03-1.9 ppb (ng ml-1) and 0.04-

2.1 ppb (ng ml-1) in 2000 and 2001, respectively.

4-Nonylphenol was detected about 60% and

100% of total sample in 2000 and 2001, respectively.

This compound was detected in river water at

high frequency than sea water about one order of

magnitude. The highest concentration of river

water was 1.9 ppb (ng ml-1) at TR2-1 and TR2-2

station where were near estuary in dry and wet

season in 2000 and also 2.1 ppb (ng ml -1) at

TR2-1 in 2001. The sea water samples were found

0.78 ppb (ng ml-1) at TRUNG-1 station which

was the highest concentration in dry season.

4-Nonylphenol was detected in domestic area

and industrial area because of its various

application use such as surfactant.

4-t-butylphenol was found at the range of

0.02-15 ppb (ng ml-1) and 0.02-0.92 ppb (ng ml-1)

in 2000 and 2001, respectively. 4-t butylphenol

was detected at about 70% in sea water samples

and about 95% in river water samples but the

high concentration of this compounds was

detected in sea water such as , 15 ppb (ng ml-1)

at Ranong-1 in 2000, 2.5 ppb (ng ml -1) at

Nakhorn-1 in 2001, 4.4 ppb (ng ml-1) at Nakhorn-1

in 2000 and 1.2 ppb (ng ml-1) at Chump-1 in 2001.

The percentage of detection was 60% and 70%

of total samples in 2000 and 2001, respectively.

2,4-dichlorophenol was found 0.02-19.0

ppb (ng ml-1) and 0.01-0.03 ppb (ng ml-1) which

were 41% and 25% of the total samples in 2000

and 2001, respectively. The highest concentration

of 2,4-dichlorophenol is 19 ppb (ng ml-1) at

Ranong-2 station in 2000. If compared with the

concentration of 2,4-dichlorophenol among 4 main

rivers, TR1-1 station has detected 16 ppb (ng

ml-1) which was the highest concentration in dry

season. It may be indicated discharge of

wastewater to Tha-chin Rver such as

bleaching process from pulp mills factory.

Bisphenol-A was found 0.02-0.21 ppb

(ng ml-1) and 0.02-0.40 ppb (ng ml-1) which

are 80% and 90% of total samples in 2000 and

2001, respectively. The highest concentration

was detected 0.21 ppb (ng ml-1) at Chump-1 for

sea water and 0.20 ppb (ng ml-1) at MK1-1 for

river water samples. The result indicated that

the organic pollutants could detected in dry

season higher frequency than wet season.

In case of Phathalate residues were

selected 4 compounds were selected di ethyl

phthalate (DEP), di n-butyl phthalate (DBP),

di 2-ethylhexyl phthalate (DEHP) and di

2-ethylhexyl adipate (DEHA). This study used

tap water for quality control of blank test. The

method detection limit were at the range of

0.01 ppb (ng g-1) and recovery 85-100 %. In this

study were found only DEHP and DEHA. The

percentage of DEHA and DEHP detection were

0.04% and 14% of total samples. The concentration

range of DEHA was nd-0.04 ppb which was

detected only at one station at The Tha-Chin Rver

station in dry season. The concentration range

of DEHP was nd-0.09 ppb. The highest concen-

tration was detected 0.09 ppb at The Tha-Chin

Rver station in dry season. DEP could not

detected, may because of the chemical property

such as slowly volatilize from water surface and

can adsorb to sediment or particulate matter given

its measured Koc value.
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This study also focused a source of

pollutants from other river which are possible to

contain organic pollutants. It can remark that

Tha-chin Rver and Bang pakong River are point

source from land-use pollutants. Because the

result showed that the Tha-chin River and the Bang

pakong River were contained with many kind of

organic pollutants at high concentration such

as 4-nonylphenol and HCH-isomers. However,

The concentration of all pollutants are under the

surface water and seawater quality standard by

Notification of the National Environmental Board,

No. 7-8, B.E. 2537 (1994). This may confirm the

reason for decreasing of pesticide residues

detection. DDT was used mainly for malaria

vector control in boundary area. In addition,

Department of Communicable Disease Control,

Ministry of Public Health has introduced to use

δ-methrin and θ-trihalothrin instead of DDT since

1995. There are many factors for transport of

residues from the land area in the air and surface

water to sea and ocean [6] such as structure of

estuary and its hydrokinetic parameter effect the

transport of contaminants in tropical coastal area

[20]. The distribution of organochlorines in tropical

and temperature regions showed that more

volatile compounds such as HCHs tend to be

prevalent in the air.

4. Conclusion
This study is useful in understanding

the distribution and try to define other point

source of organic pollutants in Endocrine disrupter

compounds by comparing the result from the

previous data. In case of organochlorine pesticides

compounds detected in this study although those

were banned about 20 years ago. It may be illegally

used and mix with other formula of pesticide

products. However, the trend of organochlorine

pesticide residues are decreasing as the result

under the surface water and seawater quality

standard. The phenol compounds it indicated that

river water may be a point source of this

pollutants, especially the Tha-chin Rivers and

good season for phenol monitoring is dry season.

Phthalate compounds were detected very low

concentration in water sample. The purpose of

next research is analysis of sediment samples

together with determination of suspended solid

for water sample in order to explain more detail

for contaminants in this area.
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Abstract
In order to apply the methodology of

organochlorine pesticides (OCPs) and polycyclic

aromatic hydrocarbons (PAHs) analyse, 42 of

green mussel samples were collected in 1999-2002

around coastal area of Thailand and to follow up

the monitoring program of persistent of OCPs

and PAHs by using green mussel as bioindicator.

The result indicated that the mussel samples were

detected P,Pû-DDE range 0.8-43.4 ng g-1 (wet

weight) and the trend of endosulfan sulfate was

detected increasing. The concentration of PAHs

residue in mussel samples detected low molecular

weight higher than high molecular weight and

the pattern of PAHs indicated that the possible

sources of PAHs accumulate from combustion

(petrogenic) and petroleum product (pyrogenic).

∫∑§—¥¬àÕ
‡æ◊ËÕª√–¬ÿ°µå„™â«‘∏’°“√«‘‡§√“–Àå “√°≈ÿà¡ÕÕ√å-

°“‚π§≈Õ√’π·≈–‚æ≈’‰´§≈‘°Õ“‚√¡“µ‘§‰Œ‚¥√§“√å∫Õπ

‚¥¬‡°Á∫µ—«Õ¬à“ßÀÕ¬·¡≈ß¿Ÿà∫√‘‡«≥™“¬Ωíòß∑–‡≈¢Õß

ª√–‡∑»®”π«π 42 µ—«Õ¬à“ß µ“¡‚§√ß°“√µ‘¥µ“¡µ√«®

 Õ∫ “√°≈ÿà¡ÕÕ√å°“‚π§≈Õ√’π·≈–‚æ≈’‰´§≈‘°Õ“‚√¡“µ‘§

‰Œ‚¥√§“√å∫Õπ ‚¥¬„™âÀÕ¬·¡≈ß¿Ÿà‡ªìπ¥—™π’™’«¿“æ

º≈¢Õß°“√µ√«®«‘‡§√“–Àå “¡“√∂æ∫ “√ P,Pû-DDE

™à«ß§«“¡‡¢â¡¢âπ 0.8-43.4 π“‚π°√—¡/°√—¡ (πÈ”Àπ—°

·Àâß) ·≈–æ∫ endosulfan sulfate „πª√‘¡“≥∑’Ë‡æ‘Ë¡¢÷Èπ

®“°‡¥‘¡

 ”À√—∫ “√ PAHs ∑’Ëµ°§â“ß„πÀÕ¬·¡≈ß¿Ÿà∑’Ë

µ√«®√–À«à“ßªï 2542-2543 π—Èπæ∫«à“Õ¬Ÿà„π°≈ÿà¡ low

molecular weight ¡“°°«à“ high molecular weight

·≈–æ∫«à“°“√ – ¡ PAHs „πÀÕ¬·¡≈ß¿Ÿà¡’°“√ – ¡

∑—Èß·∫∫·À≈àß∑’Ë¡“®“°°“√‡º“‰À¡â (Pyrogenic) ·≈–®“°

º≈‘µ¿—≥±åªî‚µ√‡§¡’ (Petrogenic)

1. ∫∑π”
ªí®®ÿ∫—π°“√æ—≤π“ª√–‡∑»„π°“√‡°…µ√·≈–

Õÿµ “À°√√¡ ‚¥¬°“√„™â “√‡§¡’À≈“¬ª√–‡¿∑  “√æ‘…∑’Ë

‡°‘¥®“°¢∫«π°“√º≈‘µµà“ßÊ √«¡∑—Èß°“° “√‡§¡’Õ“®°àÕ

„Àâ‡°‘¥°“√‡ª≈’Ë¬π∂à“¬ “√æ‘… Ÿà ‘Ëß·«¥≈âÕ¡‰¥âÀ≈“¬∑“ß

·≈–À“°¡’ª√‘¡“≥¡“°Õ“®¡’º≈µàÕ¡πÿ…¬å·≈– —µ«å ªí®®ÿ∫—π

 “√‡§¡’À≈“¬™π‘¥‰¥â∂Ÿ°®—¥°≈ÿà¡Õ¬Ÿà„π°≈ÿà¡ Endocrine

Disruptor Compound (EDCs) ‡ªìπ “√‡§¡’À≈“¬°≈ÿà¡

¡’∑—Èß∑’Ë‡°‘¥¢÷Èπ‡Õßµ“¡∏√√¡™“µ‘·≈– —ß‡§√“–Àå¢÷Èπ‰¥â

´÷Ëß®–¡’º≈°√–∑∫µàÕ√–∫∫ŒÕ√å‚¡πµà“ßÊ „π√à“ß°“¬

‡ªìπ “√°àÕ¡–‡√Áß ‡™àπ °≈ÿà¡‚æ≈’‰´§≈‘° Õ“‚√¡“µ‘§

‰Œ‚¥√§“√å∫Õπ “√°≈ÿà¡ÕÕ√å°“‚π§≈Õ√’π  “√°≈ÿà¡

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

¡’ ‚§√ß°“√µ‘¥µ“¡µ√«® Õ∫ “√°”®—¥·¡≈ß°≈ÿà¡

ÕÕ√å°“‚π§≈Õ√’π ‚¥¬„™âÀÕ¬·¡≈ß¿Ÿà‡ªìπ¥—™π’™’«¿“æ

µ—Èß·µàªï æ.».2533-ªí®®ÿ∫—π ‡π◊ËÕß®“° “√°≈ÿà¡π’È∂Ÿ°

§«∫§ÿ¡°“√„™â·≈–Àâ“¡„™â‡ªìπ‡«≈“π“π °“√‡ª≈’Ë¬π

 ¿“æ·≈–ª√‘¡“≥∑’Ëµ√«®æ∫≈¥≈ß ®÷ß‰¥â¡’°“√æ—≤π“

«‘∏’°“√«‘‡§√“–ÀåÕ¬à“ßµàÕ‡π◊ËÕß‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ

°“√µ√«®«—¥„Àâ¡“°¢÷Èπ ¥—ß· ¥ß„πº≈ß“π«‘®—¬π’È

√“¬ß“π‚§√ß°“√«‘®—¬·≈–µ‘¥µ“¡µ√«® Õ∫ “√æ‘…µ°§â“ß
°≈ÿà¡ Endocrine Disrupting Compounds
„πµ—«Õ¬à“ß ‘Ëß·«¥≈âÕ¡

√ÿ®¬“ ∫ÿ≥¬∑ÿ¡“ππ∑åa, π“¬ ÿ‡∑’¬∫ »√’≈“™—¬a

a»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√ 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
Environmental Research and Training Centre, Department of Environmental Quality Promotion, Technopolis, Klong 5, Klong Luang, Pathumthani, 12120
E-mail : ruchaya@deqp.go.th
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2. «— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√

2.1 «— ¥ÿÕÿª°√≥å
1. homogenizer

2. Gel Permeation Chromatograph (¬“« 100 ´¡. x ‡ âπºà“»Ÿπ¬å°≈“ß¿“¬„π 2.5 ´¡.)

3. Gas column chromatograph (¬“« 30 ´¡. x ‡ âπºà“»Ÿπ¬å°≈“ß¿“¬„π 1.2 ´¡.)

4. Rotary evaporator

5. GC/MS (shimadzu QP 5050A)

2.2 æ◊Èπ∑’Ë»÷°…“

√Ÿª 1  ·ºπ∑’Ë· ¥ß®ÿ¥‡°Á∫µ—«Õ¬à“ßÀÕ¬·¡≈ß¿Ÿà æ.». 2544-2545

2.3 «‘∏’°“√«‘‡§√“–Àå “√ OCPs
°“√«‘‡§√“–Àå OCPs „πµ—«Õ¬à“ßÀÕ¬·¡≈ß¿Ÿà

„πªï æ.».2544-2545 ÷́Ëß· ¥ßæ◊Èπ∑’Ë‡°Á∫µ—«Õ¬à“ß∑—Èß 14 ®ÿ¥

¥—ßµ“√“ß 1 ·≈–√Ÿª 1 π’È®–µà“ß®“°∑’Ë‡§¬«‘‡§√“–Àå„π

ªï 2533-2542 ‡π◊ËÕß®“°„™âπÈ”Àπ—°·Àâß„π°“√§”π«≥º≈

·≈–„™âÀÕ¬·¡≈ß¿ŸàªÉπ·Àâß„π°“√ °—¥µ—«Õ¬à“ß¥â«¬‡∑§π‘§

freeze dry ¥—ß¢âÕ √ÿª¢—ÈπµÕπ°“√«‘‡§√“–Àå¥—ßπ’È

1. „™â homogenizes  °—¥ÀÕ¬·ÀâßªÉπ 10 °√—¡

¥â«¬ hexane 2 §√—Èß ·≈–À“πÈ”Àπ—°‰¢¡—π

2. „™â‡∑§π‘§ Gel Permeation Choromato-

graph „π°“√·¬°‰¢¡—π∑’Ë ‰¡àµâÕß°“√ÕÕ°®“° “√∑’Ë π„®

3. „™â‡∑§π‘§ Florisil chromatograph „π°“√

·¬° “√∑’Ë ‰¡àµâÕß°“√ÕÕ°®“° “√°≈ÿà¡ÕÕ√å°“‚π§≈Õ√’π

·≈– PAHs
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 °—¥‡À¡◊Õπ°—∫ OCPs ∑ÿ°ª√–°“√ ¬°‡«âπ°“√·¬°‚¥¬„™â

Silica gel column ·≈– elute ¥â«¬ 40 ml ¢Õß 25%

dichromomethane/hexane °“√«‘‡§√“–Àå∑“ß§ÿ≥¿“æ

·≈–ª√‘¡“≥«‘‡§√“–Àå‚¥¬„™â‡§√◊ËÕß gas chromato-

graphy mass spectrometer (Shimadzu, QP5050A)

‚¥¬„™â capillary column §◊Õ DB-5 (30 m length x

0.25 mm.id x 0.25 mm film thickness) injection

temp 280 ÌC interface temp 280 ÌC oven temp

program 70 ÌC ·≈–‡æ‘Ë¡‡ªìπ 150 ÌC ¥â«¬Õ—µ√“ 10 ÌC/

min ·≈–‡æ‘Ë¡‡ªìπ 250 ÌC ¥â«¬Õ—µ√“ 5 ÌC/min ·≈–‡æ‘Ë¡

‡ªìπ 280 ÌC ¥â«¬Õ—µ√“ 10 ÌC/min

3. º≈°“√«‘‡§√“–Àå·≈–«‘®“√≥å
°“√µ√«®«‘‡§√“–Àå„π√–À«à“ßªï 2544-2545

µ√«®æ∫ “√°≈ÿà¡ÕÕ√å°“‚π§≈Õ√’π„πª√‘¡“≥∑’Ë Ÿß°«à“

ªï°àÕπ ‡π◊ËÕß®“°¡’°“√æ—≤π“«‘∏’°“√«‘‡§√“–Àå‚¥¬„™â dry

weight basis ·≈– ‡∑§π‘§ GPC ‡æ◊ËÕ “¡“√∂√Õß√—∫

Fat content ‰¥â„πª√‘¡“≥ Ÿß ∑”„Àâ “¡“√∂‡æ‘Ë¡πÈ”Àπ—°

‡√‘Ë¡µâπ®“°‡¥‘¡‰¥â∂÷ß 10-20 ‡∑à“ ‚¥¬πÈ”Àπ—°‰¢¡—π·≈–

°“√„™â GC/MS ™à«¬„π°“√æ‘®“√≥“º≈«‘‡§√“–Àå °“√

µ√«® “√„π°≈ÿà¡ÕÕ√å°“‚π§≈Õ√’π„πªï æ.».2544-2545

µ√«®æ∫ “√ aldrin dieldrin ™à«ß§«“¡‡¢â¡¢âπ 5.8-30.7

π“‚π°√—¡/°√—¡πÈ”Àπ—°·Àâß §‘¥‡ªìπ 16% ¢Õß®”π«π

µ—«Õ¬à“ß∑—ÈßÀ¡¥∑’Ë«‘‡§√“–Àå  ”À√—∫ endosulfanα

endosulfanβ ·≈– endosulfan sulfate µ√«®æ∫

3.4-27 π“‚π°√—¡/°√—¡πÈ”Àπ—°·Àâß §‘¥‡ªìπ 14% ¢Õß

µ—«Õ¬à“ß∑—ÈßÀ¡¥ ·≈– cis-Chlordane trans-Chlardane

µ√«®æ∫ 5% ¢Õß®”π«πµ—«Õ¬à“ß∑—ÈßÀ¡¥ πÕ°®“°π—Èπ

‰¡àæ∫ HCH-isomers heptachlor ·≈– heptachlor

spoxide „πµ—«Õ¬à“ß∑’Ë«‘‡§√“–Àå √“¬≈–‡Õ’¬¥¥—ßµ“√“ß 2

µ√«®æ∫ “√µ°§â“ß„π°≈ÿà¡ P,Pû-DDE „πª√‘¡“≥∑’Ë Ÿß

·≈–µ√«®æ∫¡“°°«à“ DDT-isomer ™π‘¥Õ◊Ëπ · ¥ß«à“

¬—ß¡’°“√ ≈“¬À√◊Õ‡ª≈’Ë¬π ¿“æ®“° DDT Õ¬à“ßµàÕ‡π◊ËÕß

∑’Ëπà“ —ß‡°µÕ’°¢âÕ§◊Õµ√«®æ∫ OCPs °≈ÿà¡ endosulfan

sulfate „πª√‘¡“≥§«“¡‡¢â¡¢âπ∑’Ë Ÿß‡™àπ°—π · ¥ß«à“

πà“®–¡’°“√ – ¡ “√°≈ÿà¡ endosulfan „πµ–°Õπ¥‘π

„πª√‘¡“≥∑’Ë ŸßæÕ ¡§«√ „π√Ÿª¢Õß endosulfan sulfate

®÷ßµ√«®æ∫°“√ – ¡„πÀÕ¬·¡≈ß¿Ÿà ®“°°“√ ”√«®

°“√„™â “√‡§¡’°≈ÿà¡ endosulfan ¡’°“√„™â„πª√‘¡“≥

∑’Ë¡“°¢÷Èπ‡√◊ËÕ¬ Ê ®“° ∂‘µ‘°“√π”‡¢â“  ”À√—∫ “√°≈ÿà¡

St1 ®.µ√“¥

St2 ®.™≈∫ÿ√’

St3 ®.√–¬Õß

St4 ®. ¡ÿ∑√ª√“°“√

St5 ®.‡æ™√∫ÿ√’

St6 ®.ª√–®«∫§’√’¢—π∏å

St7 ®.™ÿ¡æ√

St8 ®. ÿ√“…Æ√å∏“π’

St9 ®.π§√»√’∏√√¡√“™

St10 ®.ªíµµ“π’

St11 ®.µ√—ß

St12 ®.°√–∫’Ë

St13 ®.æ—ßß“

St14 ®.√–¬Õß

µ“√“ß 1 æ◊Èπ∑’Ë»÷°…“™“¬Ωíòß∑–‡≈

®ÿ¥‡°Á∫µ—«Õ¬à“ß æ◊Èπ∑’Ë»÷°…“

°“√«‘‡§√“–Àå∑“ß§ÿ≥¿“æ·≈–ª√‘¡“≥«‘‡§√“–Àå‚¥¬„™â

‡§√◊ËÕß gas chromatography ·≈– gas chromato-

graphy mass spectrometer (Shimadzu, QP 5050A)

 ”À√—∫‡§√◊ËÕß GC/MS capillary column §◊Õ DB-l

(30 m length x 0.25 mm.id x 0.25 mm film

thickness) injection temp 250 ÌC interface temp

250 ÌC oventemp program 70 ÌC ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘‰ª∑’Ë

130 ÌC ¥â«¬Õ—µ√“ 20 ÌC/min ·≈–‡æ‘Ë¡‡ªìπ 250 ÌC

¥â«¬Õ—µ√“ 10 ÌC/min ·≈–‡ªìπ 300 ÌC ¥â«¬Õ—µ√“

5 ÌC/min

 ”À√—∫ gas chromatograph ·≈–„™â capillary

Column §◊Õ HP-1 Cross linked Methyl Silicone

Gum (50m length x 0.25 mm.id x 0.25 mm film

thickness) injection Temp 220 ÌC Oven temp

program 100 ÌC ·≈–‡æ‘Ë¡‡ªìπ 180 ÌC ¥â«¬Õ—µ√“ 20 ÌC/

min ·≈–‡æ‘Ë¡‡ªìπ 220 ÌC ¥â«¬Õ—µ√“ 2 min/min ·≈–

‡æ‘Ë¡‡ªìπ 250 ÌC ¥â«¬Õ—µ√“ 5 ÌC/min

2.4 «‘∏’«‘‡§√“–Àå “√ PAHs
°“√«‘‡§√“–Àå PAHs „πµ—«Õ¬à“ßÀÕ¬·¡≈ß¿Ÿà

„πªï æ.».2542-2543 π’È®–„™âπÈ”Àπ—°ÀÕ¬‡ªï¬°„π°“√

§”π«≥·≈–°“√ °—¥µ—«Õ¬à“ß ‚¥¬ “¡“√∂„™â¢—ÈπµÕπ°“√
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HCH-isomers - - 0/36 (0)
Aldrin Dieldrin ·≈– 5.8-30.7 µ√—ß (2544) 6/36 (16)
Endrin
DDT-isomers 0.8-43.4 ™≈∫ÿ√’ (2544) 23/36 (63)
Heptachlor ·≈– - - 0/36 (0)
Heptachlor epoxide
Endosulfan α 3.4-27 √–πÕß (2544) 5/36 (14)
Endosulfan β ·≈–
Endosulfan sulfate
cis-Chlordane ·≈– 0.6-29.2  ¡ÿ∑√ª√“°“√ (2544) 2/36 (5)
trans-Chlorane

µ“√“ß 2  º≈°“√«‘‡§√“–Àå “√°≈ÿà¡ÕÕ√å°“‚π§≈Õ√’π (2544-2545)

 “√ÕÕ√å°“‚π§≈Õ√’π
§«“¡‡¢â¡¢âπµË” ÿ¥- Ÿß ÿ¥ ®—ßÀ«—¥∑’Ëæ∫ª√‘¡“≥ Ÿß ÿ¥

®”π«πµ—«Õ¬à“ß∑’Ëæ∫/®”π«π

(π“‚π°√—¡/°√—¡πÈ”Àπ—°·Àâß) (æ.». ∑’Ëæ∫)
µ—«Õ¬à“ß∑—ÈßÀ¡¥ (2544-2545)

(% µ—«Õ¬à“ß∑’Ëµ√«®æ∫)

µ“√“ß 3  º≈°“√«‘‡§√“–Àå “√°≈ÿà¡‚æ≈’‰´§≈‘° Õ“‚√¡“µ‘§ ‰Œ‚¥√§“√å∫Õπ∑’Ëµ√«®æ∫ æ.».2544-2545

1. Naphthalene 0.9-6.0 µ√“¥ (2544) 17/36 (47)

2. Acenaphthalene 0.2-5.5 °√–∫’Ë (2544) 11/36 (30)

3. Acenaphthene 0.2-2.9 √–πÕß (2544) 6/36 (16)

4. Fluorene 0.2-2.4 µ√“¥ (2544) 6/36 (16)

5. Phenanthrene 0.2-5.4 ªíµµ“π’ (2545) 14/36 (38)

6. Anthracene 0.1-4.0 °√–∫’Ë (2544) 6/36 (16)

7. Fluoranthene 0.3-7.0 ªíµµ“π’ (2545) 17/36 (47)

8. Pyrene 1.1-10 π§√»√’∏√√¡√“™ (2545) 11/36 (30)

9. Benzo [a] anthracene 0.5-1.5 µ√—ß (2544) 7/36 (19)

10. Chrysene 0.2-2.2 ªíµµ“π’ (2545) 8/36 (22)

11. Benzo [b] Fluoranthene 1.4-1.5 ª√–®«∫§’√’¢—π∏å (2545) 2/36 (6)

12. Benzo [k] Fluoranthene ‰¡àæ∫/µË”°«à“ MDL - -

13. Benzo [a] Pyrene 1.5 ª√–®«∫§’√’¢—π∏å (2545) 1/36 (3)

14. Benzo [ghi] Perylene 1.2-1.3 µ√—ß (2544) 2/36 (6)

15. Benzo [ah] anthracene Nd-1.3 µ√—ß (2544) 1/36 (3)

16. Indeno [1,2,3-cd] 1.3-3.6 ™ÿ¡æ√ (2545) 5/36 (14)

Pyrene

 “√°≈ÿà¡ PAHs
§«“¡‡¢â¡¢âπµË” ÿ¥- Ÿß ÿ¥ ®—ßÀ«—¥∑’Ëæ∫ª√‘¡“≥ Ÿß ÿ¥

®”π«πµ—«Õ¬à“ß∑’Ëæ∫/®”π«π

(π“‚π°√—¡/°√—¡-πÈ”Àπ—°‡ªï¬°)  (æ.».) ∑’Ëæ∫
µ—«Õ¬à“ß∑—ÈßÀ¡¥

(% µ—«Õ¬à“ß∑’Ëµ√«®æ∫)
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HCH-isomer ‰¡àæ∫„π™à«ßªï 2544-2545 ·¡â®–µ√«®

‚¥¬‡∑§π‘§ dry weight basis · ¥ß«à“ “√°≈ÿà¡ HCH-

isomer πà“®–¡’ª√‘¡“≥≈¥≈ß ‡π◊ËÕß®“°¡’°“√Àâ“¡„™â

 “√„π°≈ÿà¡¥—ß°≈à“«„πªï æ.».2539 Õ¬à“ß‰√°Áµ“¡°“√

µ√«®æ∫ “√µ°§â“ßÕ“®¡’ª√‘¡“≥≈¥≈ß‡√◊ËÕ¬Ê À“°

Àπà«¬ß“π∑’Ë‡°’Ë¬«¢âÕß “¡“√∂§«∫§ÿ¡°“√„™â “√‡§¡’„Àâ

∂Ÿ°µâÕß ‰¡à„™â “√‡§¡’‡°‘π§«“¡®”‡ªìπ À√◊ÕÀâ“¡„™â

 “√‡§¡’Õ¬à“ßº‘¥°ÆÀ¡“¬ °“√µ‘¥µ“¡µ√«® Õ∫‚¥¬

„™âÀÕ¬·¡≈ß¿Ÿà‡ªìπ¥—™π’™’«¿“æ°Á‡ªìπ∑“ßÀπ÷Ëß∑’Ë “¡“√∂

®–„™â™’È«—¥§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡∫√‘‡«≥π—Èπ‰¥â

 ”À√—∫°“√µ√«®«‘‡§√“–Àå PAHs „πµ—«Õ¬à“ß

ÀÕ¬·¡≈ß¿Ÿàªï æ.». 2542-2543 ÷́Ëß„™â wet weight

basis æ∫„π PAHs ª√‘¡“≥πâÕ¬ ‚¥¬‡¡◊ËÕ·∫àß°≈ÿà¡‡ªìπ

low molecular weight (Naphthalene-Pyrene) ·≈–

high molecular weight B[a]A ∂÷ß Indono[1,2,3-cd]P

 à«π¡“°®–æ∫ PAHs  à«π low molecular weight

´÷Ëß· ¥ß‡ªìπ % µ—«Õ¬à“ß∑’Ëµ√«®æ∫¥—ßµ“√“ß 3 ‚¥¬

∑—Ë«‰ª°“√æ‘®“√≥“ PAHs ∑’Ëµ°§â“ß„π ‘Ëß·«¥≈âÕ¡  ”À√—∫

low molecular weight ∑’Ë‡ ∂’¬√π—Èππ‘¬¡„™â§«“¡

‡¢â¡¢âπ¢Õß phenanthrene ‡ªìπµâπ‰ª®π∂÷ß Pyrene

¥—ßπ—Èπ®“°º≈µ“√“ß 3 ®–æ∫§«“¡ —¡æ—π∏å¢Õß°“√µ√«®

«‘‡§√“–Àå√–À«à“ß§«“¡·µ°µà“ß¢Õß Molecular weight

´÷Ëß “¡“√∂™’È∂÷ß·À≈àß°“√∑’Ë¡“¢Õß°“√ – ¡¢Õß “√

°≈ÿà¡ PAHs ‰¥â§◊Õª√‘¡“≥∑’Ëµ√«®æ∫ “√ PAHs °≈ÿà¡

low molecular weight ¡’¡“°°«à“°≈ÿà¡ high molecular

weight ÷́ËßÀ¡“¬∂÷ß°“√ªπ‡ªóôÕπ‚¥¬ “√°≈ÿà¡π’È¡“®“°

°≈ÿà¡°“√‡º“‰À¡â‡ªìπ·À≈àß„À≠à ®“°°“√·ª√º≈ ®“°

ratio µà“ß Ê ‡™àπ H/L ·≈– Fluo/Pyr πà“®–¡’°“√ – ¡

PAHs „πÀÕ¬·¡≈ß¿Ÿà·∫∫ Pyrogenic ·≈– Petrogenic

Õ¬à“ß‰√°Áµ“¡º≈°“√«‘‡§√“–Àå¬—ß„Àâº≈‰¡à™—¥‡®ππ—° ´÷Ëß®–

‰¥â∑”°“√æ—≤π“«‘∏’°“√«‘‡§√“–ÀåµàÕ‰ª„π‚§√ß°“√»÷°…“

«‘®—¬·≈–æ—≤π“‡∑§π‘§°“√µ‘¥µ“¡ “√°≈ÿà¡ PAHs ‚¥¬

„™â Molecular marker

4.  √ÿªº≈°“√«‘®—¬
°“√»÷°…“‚§√ß°“√π’È¡’§«“¡ª√– ß§å®–‡æ‘Ë¡

ª√– ‘∑∏‘¿“æ°“√µ√«®«‘‡§√“–Àå “√°≈ÿà¡ÕÕ√å°“‚π§≈Õ√’π

‚¥¬°“√æ—≤π“«‘∏’°“√«‘‡§√“–Àå·≈–π”¡“ª√–¬ÿ°µå„™â

´÷Ëßæ∫«à“º≈°“√„™â«‘∏’°“√«‘‡§√“–Àå∑’Ëæ—≤π“π—Èπ “¡“√∂

µ√«®æ∫ “√°≈ÿà¡ÕÕ√å°“‚π§≈Õ√’π‡æ‘Ë¡¢÷Èπ ·µàª√‘¡“≥∑’Ë

æ∫¬—ßÕ¬Ÿà„π√–¥—∫∑’Ëª≈Õ¥¿—¬µàÕºŸâ∫√‘‚¿§  ”À√—∫ “√°≈ÿà¡

PAHs ‡ªìπ°“√µ‘¥µ“¡µ√«® Õ∫À“ª√‘¡“≥ “√µ°§â“ß

„π°≈ÿà¡π’È‡æ◊ËÕ¥Ÿ·π«‚πâ¡¥â“π§«“¡ª≈Õ¥¿—¬„π°“√∫√‘‚¿§

‡™àπ°—π ·µà‡π◊ËÕß®“°ª√–‡∑»‰∑¬¬—ß‰¡à ‰¥â°”Àπ¥

¡“µ√∞“π ·µàª√‘¡“≥∑’Ëµ√«®æ∫°Á¡’‰¡à Ÿßπ—°‡¡◊ËÕ‡∑’¬∫

°—∫µà“ßª√–‡∑» ·≈–º≈®“°°“√µ√«® “√ PAHs „π§√—Èß

π’È®–‰¥âπ”‰ª„™âæ—≤π“ß“π«‘®—¬‡æ◊ËÕÀ“·À≈àß∑’Ë‡ªìπ‰ª‰¥â

„π°“√‡ªìπ·À≈àß∑’Ë¡“¢Õß “√æ‘…„πß“π«‘®—¬µàÕ‰ª

‡Õ° “√Õâ“ßÕ‘ß
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Abstract
The utilization of organochlorine pesticides

for pest control chemical has been of great interest

on residue contamination from biological organisms

in the environment. Green Mussel (Perna viridis)

samples were monitored as bioindicators for

assessment of the water quality in coastal waters

along the Gulf of Thailand. Thirty-six samples were

collected from 12 stations during 1997-1999 and

analysed for 26 organochlorine pesticide compounds.

This paper focuses on the contamination of

organochlorine pesticide residues in green mussel

(P. viridis) during 1997-1999. The limit of

detection of all organochlorine pesticides

compounds was at the range of 0.1-8.3 ng.g-1 wet

weight and recovery 75-95%. The concentration

of organochlorine pesticides residues in green

mussel was lower than the maximum residue

limit for aquatic animals as recommended by the

Ministry of Public Health of Thailand. The trend

of organochlorine pesticide residue contamination

in this area decreased from 1989 to 1999.

Key words: Organochlorine pesticides, monitoring,

green mussel, distribution

1. Introduction
In the past, organochlorine pesticides were

extensively used as pest control chemicals for

increased of agricultural product. Thailand is

a tropical country where persistent insecticides

like HCHs, DDTs, aldrin and dieldrin were used

in large quantities for agriculture and public health.

The total amount of pesticides used clearly showed

a growing trend. The pest control chemical has

produced its share of pesticide poisonings and

wider environmental contamination, especially in

the agricultural sector. In recent years usage of

some imported pesticides such as DDT were banned

in 1983. Endrin, aldrin, dieldrin and heptachlor

were banned in 1988. The coastal pollutants are also

varied to nature as they originate with variety of

anthropogenic activities such as domestic sewage,
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agricultural activities, industrialization, etc. In

order to assess the current status of organochlorine

pesticide residue to the marine environment,

the mussel watch program was established along

the coastal area in Thailand by the Environmental

Research and Training Center since 1989.

Monitoring of trace toxic substances in the

aquatic environment using green mussel (Perna

viridis) as a biological indicator is commonly

used because of its advantages such as the wide

geographical distribution, immobile, easy sampling,

tolerance of a wide range of salinity and

comparatively long life-span. The organs of mussels

can accumulate chemicals from surrounding water

and water itself as state in the mussel watch

concept (Phillip, 1980; OûConnor et al . ,1992;

Sericano et al., 1993,1995). This paper highlighted

their comparison of the concentration of

organochlorine pesticide residues found during.

2. Materials and methods
Thirty six green mussel samples were

collected from 12 stations along the coastal area

of Thailand during 1997-1999 as shown Fig 1.

The samples were cleaned and frozen at -20 ÌC

until analysis. The mussel samples were cleaned

and removed carefully to avoid any contamination.

The tissue was homogenized about 300-400 g in

Fig. 1.  Map and sampling stations along the gulf of Thailand
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each station. The samples were analysed for 26

compounds of organochlorine pesticides (e.g.,

aldrin ,dieldrin, endrin, hexachlorocyclohexane

(HCHs ; α, β, γ, δ isomer) heptachlor, heptachlor

epoxide, mirex, chlordane (cis-and trans-isomer),

hexachlorobenzen (HCB), and DDTs (o,pû- and p,pû

- isomer). Moisture content of the mussel sample

was determined by drying to a constant weight

at 105 ÌC. The method validation is used SRM

IAEA142 mussel homogenate for repeat 8 times

and spike samples. The method detection limit

was determined by 3 times of standard deviation

of variation of concentration in 8 times of spike

sample.

Ten grams of mussel tissues were extracted

with 100 ml hexane by using homogenization,

centrifugation, filtration and concentration.

The samples were concentrated until dryness to

determine the fat content. The residue was cleaned

up with florisil column and a solvent mixtures

of hexane and diethyl ether.

Gel Permeation Chromatography technique

(GPC) was used to eliminate the fat . The GPC

column was prepared with biobeads, SX-3, 200-400

mesh in solvent mixture of cyclohexane : ethyl

acetate (1:1). The gel material were packed into

600mm x 22mm i.d. The samples were eluted

with 200 ml of solvent mixture of cyclohexane :

ethyl acetate (1:1).

Florisil column (glass 30 cm x 1.2 cm i.d)

was prepared by placing glass wool and packed

with 10 g florisil PR grade (activated 130 ÌC,

3 hrs) in hexane and add about 2 g.Na2SO4

on the top of the upper florisil. The hexane

concentrate was quantitatively transferred to

the column and eluted with 100 ml hexane

(fraction 1) and 200 ml 20 % diethyl ether in hexane

(fraction 2)

Quantification of organochlorine pesticides

residues was performed by a gas chromatograph

(Hewlett Packard 5890 series II plus) equipped

with a Ni63 electron capture detector . The fuse

silica capillary column was HP-1 (50 m length x

0.32 mm i.d , 0.25 µm film thickness of stationary

phase) the oven temperature program was

70 ÌC for 1 min to 150 ÌC at the rate of 10 ÌC min-1,

held 1 min and increased by 3 ÌC min1 to 180 ÌC

and the last step increased by 10 ÌC min-1 to

220 ÌC, held 20 min. The carrier gas was hydrogen

(flow rate 1 ml .min-1). The detector make up gas

was nitrogen at a flow rate ca 30 ml.min-1. The

detector and injector temperature were 300 ÌC and

220 ÌC.

3. Results and discussion
The concentration of organochlorine

pesticides in green mussels (Perna viridis) from

the coastal area of Thailand in 1997-1999 were

analysed on wet weight basis . Biological

information and concentration of organochlorine

pesticides were shown in Table 1. The result of

validation method by SRM IAEA 142 is in the

range of IAEA142 requirement. The method

detection limit and recovery of the analysed

organochlorine pesticide residues by spike

organochlorine standards in green mussel for

8 times were 3 times of standard deviation at

the range of 0.1-8.0 ppb (ng.g-1 wet weight) and

75-95 %, respectively.

Concentration of β-HCH was detected

5.0 ng.g-1 only one station during these three

years at Krabi station in 1998. The other isomers

such as α-HCH, γ-HCH and δ-HCH were not

detected . The data in 1989 and 1990 were detected

α-HCH and γ-HCH in 60% of total samples

(Siriwongse et al 1991, Ruangwises et al, 1994).

A number of sample and concentration of

pesticides residues in 1997-1999 were decreased

from pervious data in 1989-1996.
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Relatively of DDTs and isomers (o,pû- and

p,pû- of DDT, DDE, DDD) were detected during

1997-1999, p,pû-DDE were found at the range of

0.50-1.7 ng.g-1 in many stations. In these three

years, the highest and lowest concentration was

detected at Prachuab Kirikhan and Pang-nga

stations in 1998, respectively. The p,pû-DDD

were detected at the range of 0.78-1.9 ng.g-1,

which the highest and lowest concentration are

found at Ranong station in 1997 and 1998.

Concentration of p,pû-DDT were detected at the

range of 1.5-5.7 ng.g-1, which the highest and

lowest concentration at Ranong station in 1999

and Trung station in 1998, respectively. The trend

of frequency of DDT-isomer were p,pû-DDE > p,pû-

DDT > p,pû-DDD. The p,pû-DDE was major

compound among organochlorine pesticides. The

main source of p,pû-DDE is metabolic transfor-

mation of p,pû-DDT to p,pû-DDE isomer under

oxidation condition. The results from 1989-1990

were found DDT-isomer in 100% of total samples

at the range of 0.78-5.38 ng.g-1 and 0.54-7.3 ng.g-1,

respectively (Siriwongse et al., 1991; Ruangwises

et al., 1994). A number of sample in 1997-1999

were detected only 20% of total samples. The

trend of some organochlorine pesticide residues

in green mussels were summarized as shown in

Table 2 and Fig. 2, respectively.

Fig. 2.  Distribution of DDTs of green mussel (Perna viridis) from coastal area of Thailand during 1997-1999.
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Chlordane has been widely used to

protect soil and house foundation against termite

infestation. Chlordane could released into the

environment primary from its application as an

insecticide. It is applied directly to soil or foliage

to control a variety of insect pest. Technical

chlordane constituents cis and trans-nonachlor

and cis-chlordane metabolites oxychlordane. It

was directly applied to soil or foliage to control

a variety of pests (Worthing et al., 1983). Artificial

pollution source of chlordane may enter the

atmosphere through volatilization from plants,

soil or water. Significant correlation were found

among cis, trans-nonachlor, cis-, trans-chlordane

and oxychlordane in blood level whose home

had been treated for termite control (Watshi

et al., 1986). Environmental accumulation of total

chlordane were detected in fish and shellfish

sample (Miyazaki et al., 1980). In this study

chlordane and metabolizes were detected in the

green mussel sample. The concentration of cis-

and trans-chlordane during 1997-1999 were

detected at the range of 0.38-1.6 ng g-1, where

the highest concentration was at Prachuab

kirikhan station in 1997. Oxychlordane was found

at the range of 0.22-0.55 ng g-1 , where the highest

concentration was at Trung station in 1999. Cis-

and trans-nonachlor were 1.0-12.0 ng g-1 , where

the highest concentration is at Trad station in 1998.

Chlordane and isomers were shown in Fig. 3.

Dieldrin and aldrin have been applied

extensively in the past. Dieldrin were detected at

the range of 1.8-2.8 ng g-1 at Pattani and Prachub

Kirikhun station during 1998-1999. Aldrin were

detected at the range of 0.69-1.3 ng g-1 at Krabi

and Pattani station in 1997-1998. The detection of

dieldrin and aldrin in green mussel were declined

from 100% during 1989-1990 (Siriwongse et al.,

1991) to 10% in 1997-1999.

Other organochlorine pesticide residues

such as heptachlor, heptachlor epoxide, endrin,

endosulfan-isomer and mirex were not detected

or concentration of residues were lower than

the detection limit during 1997-1999. A number

of organochlorine pesticide residues found such

as aldrin, dieldrin, DDTs, α-HCH, β-HCH and

heptachlor were mostly found. The concentration

of pesticide residues were found higher than

during the year 1993-1996. Comparison of the

trend of orgenochlorine pesticide residue in green

mussel found in the coastal area of Thailand during

1989-1995 are shown in Table 2. The residue levels

were far below the US. FDA Action level, 1987

The Environmental Research and Training

Center has monitored green mussel since 1989

and the result showed that all samples DDT and

isomer DDT, dieldrin and HCHs were detected.

Decreasing of pesticide residues were observed in

Table 2.  The trend of organochlorine pesticide residues during 1989-1999a

a References of the data in 1989, Siriwongse et al. (1991); 1990, Tabucanon et al. (1990); 1991, Ruangwises

et al. (1994); 1993-1996, Boonyatumanond et al. (1999).

1989 DDTs > aldrin > dieldrin > HCB > heptachlor > HCHs

1990 DDTs > dieldrin > aldrin > HCHs

1991 DDTs > aldrin > dieldrin > heptachlor

1993 - 1996 β-HCH > α-HCH > δ-HCH > endosulfan II

1997 - 1999 Nonachlordane > oxychlordane > DDTs

Year Trend of organochlorine pesticide residues
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1993. HCHs were banned for using in agricultural

activities in 1980, DDT, dieldrin and endrin in

1983. It is a one reason for decreasing of pesticide

residues detection. DDT was used mainly for

malaria vector control in boundary area as shown

in Table 3. Department of Communicable Disease

Control, Ministry of Public Health has introduced

to use δ-methrin and θ-trihalothrin instead of

DDT since 1995.

The concentration of organochlorine

pesticide residuesl were detected at lower level

along the coastal area of Thailand if compared

with other area in Table 4. The green mussel

sample of Thailand was reported at low

concentration (Tanabe et al, 1998). The moisture

content of wet mussel is about 80-85% and fat

content about 0.15-0.25 g. fat/10 g wet weight.

The transport of residues from the land area to

the aquatic environment in the tropics and the

bioavailbility to resident aquatic organisms is low.

(Tanabe, 1991). The tropical climatic conditions

favor rapid volatilization of the residues from

the soil and heavy rain fall also facilitates the loss

of residue, through water run off from the source

area. The contamination of coastal species by

pesticides in the tropical countries are not higher

when compared to those of developed countries.

(A.N. Subramanian, 1980).

Fig. 3  Distribution of chlordane of green mussel (Perna viridis) from the coastal area
of Thailand during1997-1999.
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Phetchaburi 2476 1917 4468 3038 3024 3326
Prachuap Kirikhan 4432 4083 -b - 1555 2121
Chumphon 22092 8161 4332 - - -
Nakhon SiThammarat 11816 7812 4101 - - 7281
Pattani - - - - - -
Trung 7016 5241 432 400 257 2399
Ranong 8967 6668 5505 5052 4960 224
Chonburi 1880 1494 3193 - 1170 1124
Trad 5523 3957 1893 1552 1768 2640
Suratthani 26272 18905 13739 10334 8952 323
Krabi N/Ac N/A - - 1336 -
Pung-nga N/A N/A 11504 1815 2062 2549

Table 3.  The usage of DDT 95% for malaria vector control in 1993-1998a

Location Amount of DDT 75% used (kg)

(provinces) 1993 1994 1995 1996 1997 1998

a Source: Malaria Division (1993-1998), Department of Public Health, Thailand
b not used.
c N/A, not available.

Marine bivalves East Java DDE 0.01-2.0 µg-1 g lipid wt Boon et al, 1989
(Mytilus edulis) Jakarta bay (Indonesia) 1.9-20.8 ng g-1 wet wt Razak et al, 1991
Oyster Gulf of Mexico Sum of heptachlor, heptachlor epoxide and

chlordane 1-590 ng g-1 dry wet Sericano et al, 1993
Mussel Estuarine bays, (Spain) Heptachlor 6.21-6.39 ng g-1 wet wt pineiro et al, 1995
(Mytilus edulis) Perth, DDT 0.2 ng g-1 wet wt Burt et al, 1995

(Western Australia) Chlordane 5.0-17.0 ng g-1 wet wt
Clam Manukau Harbour, Sum chlordane 103 ng g-1 lipid wt Simpson et al, 1996
(Mactra ovata) (New Zealand)
Oyster Taiwan HCHs 0-7 ng g-1 dry wet Ling et al, 1997
(Crassostrea gigas) DDTs 0-131 ng g-1 dry wet

Endosulfan sulfate 0-23 ng g-1 dry wet
Oyster China HCHs 0-0.0080 µg g-1 wet wt Guan, 1997

DDTs 0-0.74 µg g-1 wet wt
Clam The Red river Sum HCHs 1.2 ng g-1 dry wt Dang et al, 1998

(north Vietnam) Sum DDTs 19.4 ng g-1 dry wt
Mussel The marine coastal DDTs 0.51-27.9 ng g-1 dry wt OûCornnor et al, 1998

(U.S.A.) Chlordane 0.033-7.97 ng g-1 dry wt
Mussel Coastal water of Thailand Sum DDTs 0.39-0.41 ng g-1 wet wt Siriwong et al, 1991
(Perna viridis) Sum HCHs < 0.02-0.09 ng g-1 wet wt

Coastal water of Thailand DDTs 0.09-0.32 ng g-1 wet wt Boonyatumanond et al, 1999
HCHs < 0.02-1.6 ng g-1 wet wt
Chlordane < 0.02-3.4 ng g-1 wet wt

Coastal water of Thailand DDTs 0.05-5.7 ng g-1 wet wt This study
Chlordane 0.22-12.0 ng g-1 wet wt

Table 4 Concentration of organochlorine pesticides residue found in shellfish from different location.

Shellfish Location Compounds References
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4. Conclusion
Residues of organochlorine pesticides also

remained widespread, but showed a significant

decline from1989 to 1999, especially HCHs,

heptachlor, endrin, aldrin, dieldrin and DDT-isomer.

The most persistant DDT and metabolise is

p,p-DDE that is the major breakdown product

of DDT. Recent evidence has shown that some of

chlordane metabolize could detected in green

mussel during 1997-1999. However, the

concentration of residues were lower than the

Maximum Residue Limit (MRL) for aquatic animal

as recommended by The Ministry of Public Health

of Thailand.
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∫∑§—¥¬àÕ
 ∂“π°“√≥å°“√ªπ‡ªóôÕπ·≈–·π«‚πâ¡¢Õß

 “√æ‘…°≈ÿà¡‚≈À–Àπ—°∫√‘‡«≥™“¬Ωíòß∑–‡≈¢Õßª√–‡∑»

‰∑¬‰¥â∑”°“√»÷°…“ ‚¥¬°“√„™â°“√ – ¡„π‡π◊ÈÕ‡¬◊ËÕ

¢Õßµ—«Õ¬à“ß™’«¿“æ §◊Õ ÀÕ¬·¡≈ß¿Ÿà (Perna viridis)

∑’Ë∑”°“√»÷°…“‰¥â‡°Á∫®“° 13  ∂“π’µ≈Õ¥™“¬Ωíòß∑–‡≈

¢Õßª√–‡∑»‰∑¬√–À«à“ßªï 1998 - 2003 æ∫«à“°“√

ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—° 8 ™π‘¥ ´÷Ëßª√–°Õ∫¥â«¬

·§¥‡¡’¬¡ ‚§√‡¡’¬¡ ∑Õß·¥ß µ–°—Ë« π‘°‡°‘≈ ·¡ß°“π’ 

 —ß°– ’ ·≈–‡À≈Á° ¡’§à“°“√ – ¡‡©≈’Ë¬‡∑à“°—∫ 0.06 -

2.10, 0.07 - 3.01, 0.28 - 6.52, 0.01 - 1.23, 0.08 - 1.12,

0.82 - 15.84, 2.18 - 16.89 ·≈– 12.87 - 484.69

¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡πÈ”Àπ—°‡ªï¬° µ“¡≈”¥—∫ ∫√‘‡«≥∑’Ë

æ∫°“√ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—°™π‘¥µà“ßÊ „πª√‘¡“≥∑’Ë

¡“°∑’Ë ÿ¥ 3 Õ—π¥—∫·√° §◊Õ ∫√‘‡«≥æ◊Èπ∑’Ë ®.π§√»√’∏√√¡√“™

®.ª√–®«∫§’√’¢—π∏å ·≈– ®.µ√“¥ ‚¥¬æ◊Èπ∑’Ë∑—ÈßÀ¡¥Õ¬Ÿà

„π∫√‘‡«≥Õà“«‰∑¬ ´÷Ëß‡ªìπæ◊Èπ∑’Ë∑’Ë¡’°“√ª√–°Õ∫°‘®°√√¡

µà“ßÊ ‡ªìπ®”π«π¡“°  à«π·π«‚πâ¡¢Õß°“√ªπ‡ªóôÕπ„π

·µà≈–ªï‰¡à¡’§«“¡·µ°µà“ß∑’Ë‡¥àπ™—¥ ·≈–¬—ß¡’§à“§àÕπ¢â“ß

µË” ·¡â«à“°“√ªπ‡ªóôÕπ¬—ß¡’§à“∑’Ë§àÕπ¢â“ßµË”Õ¬Ÿà ·µà°Á‰¥â¡’

°“√°”Àπ¥¡“µ√°“√·≈–·π«∑“ßµà“ßÊ „π°“√∑’Ë®–∑”„Àâ

¡’°“√ªπ‡ªóôÕπ¢Õß “√æ‘…™π‘¥µà“ß„π ‘Ëß·«¥≈âÕ¡„Àâ

πâÕ¬∑’Ë ÿ¥ ‡æ◊ËÕ„Àâ¡’°“√„™â∑√—æ¬“°√™“¬ΩíòßÕ¬à“ß¬—Ëß¬◊πµàÕ‰ª

Abstract
Fate of trace metal contamination in the

coastal area of Thailand was studied by means of

bioaccumulation in green mussel (Perna viridis)

samples. The samples were collected from 13

stations along the coastal area of Thailand during

1998 - 2003. It was found that, contamination of

8 types of trace metals, cadmium, chromium,

copper, lead, nickel, manganese, zinc and iron,

are 0.06 - 2.10, 0.07 - 3.01, 0.28 - 6.52, 0.01 - 1.23,

0.08 - 1.12, 0.82 - 15.84, 2.18 - 16.89 and 12.87 -

484.69 mg/kg wet weight, respectively. The

three-most contaminated areas are Nakhon

Si Thammarat, Prachuab Khirikhan, and Trat

Provinces, which are along the Gulf of Thailand,

regarding those areas have high industrial

activities. Signifiest difference of contamination

between different years was not found. In addition,

the levels of contamination are still very low.

However, the responsible agencies of the Thai

Government have set up guidelines and control

measures in order to prevent future serious problem

of toxic substances contamination to sustain natural

resource management and protection.

Introduction
Coast means the land from the shoreline

up to the land until the areas that the topography

changes obviously. The wide of the coast is not

stable. The coast of Thailand is 2,815 kilometers

length. It comprises of 2 sides of shoreline i.e.

on the gulf of Thailand close to the South China

Sea in the Pacific Ocean with 1,878 length and on

the Andaman Sea in the Indian Ocean with 937

kilometers. They have the characteristics as the

follow.

1. Coastal on the gulf of Thailand is

located in the South China Sea in Pacific Ocean.

Distribution of Toxic Compounds in Green Mussels
(Perna viridis) from Marine Estuaries in Thailand

Sukanya Boonchalermkita, Sutiab Srilachai a

a»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√ 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
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It could be divided into 2 sides i.e. the east of

the gulf of Thailand is in the middle of the Thachin

river and the Chaopraya river to the east until

the border of Cambodia at Ban Had Lek, Trat

province. The total length is 544 kilometers

approximately. And at the west of the gulf of

Thailand, it is on between the middle of the

Thachin river into the west until Malaysia at

the river mouth of the Sughai Kolok river,

Narathiwas province. The total length is about

1,334 kilometers.

2. Coastal on the Andaman Sea from

the river mouth of Kraburi, Ranong province until

the border of Burma and into the south until

the border of Malaysia at Satun province in

Malaca Streight. The total length is 937 kilometers.

The Thai coastal lines are about 2,815 kilometers

in total.

The marine areas, which are between

the east of the gulf of Thailand at Samae San,

Rayong province and the west of the gulf of

Thailand at Amphoe Hua Hin, Prachuab Khirikhan

province until the bottom of the gulf of Thailand

is called çHistorical Gulfé. The bottom of the gulf

of Thailand is between the river mouth of the

Mae Klong river until the river mouth of the

Bangpakong river . The areas are very productive

and diversified.

The rapidly increasing population and

development of agroindustrial activities in Thailand

have created potential risks of contamination by

toxic substances in the marine environment

(Hungspreugs et al., 1989). Most domestic wastes

contain extremely high amounts of organic matter,

which contribute to high BOD values. In addition,

industrial wastewaters also contain other pollutants

such as pesticides, PCBs and trace metals.

Moreover, the other problems could be concluded

into the main items as the following.

1. Community growth dramatically.

2. Utilization of the resources without

careful.

3. Lack of awareness in capacity of the

nature serving.

4. Deterioration of mangrove forest, coral

reefs and sea grass such as use of

mangrove in shrimp farming.

5. Loss of beauty of natural in tourism site.

6. Conflict in land use at the coastal

areas such as waste land, extrusion of

the land, old mining, and mangrove

destroy.

7. Extrusion of coastal areas to construct

such as construction of hotels and waste

water drainage into water course and

the sea, construction of high building and

hind the beauty of the nature.

8. Destroy of aquatic life and buffer

naturally.

9. Water pollution and throw solid waste

into the sea. (http://www.environ

net.in.th/evdb/info/coast/coast6.html,

30.06.04)

Moreover, the marine pollution of the oil

leak into the sea could impact the marine resources

in quality, beach, corals, fishery and tourism

(Office of the Environmental Policy and Planning,

2546)

Monitoring of trace toxic substances in

the aquatic environment using green mussel

(Perna viridis) as biological indicators are

commonly used because of its advantages such

as the wide geographical distribution, immobile,

easy sampling, tolerance of a wide range of

salinity and comparatively long life-span. The

organs of mussels can accumulate chemicals from

surrounding water and water itself as stated in

the mussel watch concept (Oû Conor et al., 1992,

Phillip, 1980, Sericano J.L.1995).
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The aim of this study was to assess the
current status of contamination by trace toxic
substances in the coastal waters of Thailand by
using green mussel as a biological indicator.
This study also investigated whether contamination
levels in the mussel tissues are still within the
acceptable levels for human consumption.

Materials and Methods
Green mussel samples were collected

from 13 stations along coastal areas of the Gulf
of Thailand and the Andaman Sea once a year
(Figure 1) during the dry season (March) from
1998 to 2003. At each station, approximately
5 kilograms of green mussels, 6-9 cm in length
were collected. The mussels were rinsed for 2-
3 times with water at the sampling station to
wash off mud and remove barnacles, then washed
by deionized distilled water and freshly packed in
plastic bags. Samples were kept in iceboxes during
transportation to the laboratory where they were
frozen at-20 ÌC until analysis.

In the laboratory, 50 - 100 mussels of
the same size (6-9 cm. In length, 4-5.5 cm. In

width) were selected for each site. Whole soft
tissues were separated carefully from the shell
to avoid contamination. Samples at each station
were ground in a glass blender equipped with
a stainless steel cutter.

For trace metals determination, the samples
were analyzed for 8 trace metals (cadmium,
chromium, copper, nickel, lead, ion, manganese
and zinc) approximately three grams of mussel
tissue (wet weight) were digested with 20 mL
concentrated HNO3 at room temperature for
overnight, then heated about 130 ÌC until the
solution reduced to 5 mL. After that 5 - 10 mL
HNO3, were added until clear solution were
observed (add more HNO3 if necessary). Care
was taken to avoid overheating and boiling
during the digestion process. After digestion,
the samples were cooled at room temperature
and rinse with 10 - 20 mL DDW and followed
by filtration with filter paper (No.5B). The filtrate
solution was made up to 50 mL with double
distilled water and measured using Atomic
Absorption Spectrophotometer (AAS).

Figure 1  Map and sampling stations along the coastal area of Thailand
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Results and discussion
The concentration of trace metals in green

mussels from the coastal of Thailand during

1998-2003 were analysed. The concentration of

each trace metal in mussel tissue was showed

in table 1. It was founed the accumulated was

different in each area, in each year (13 stations for

6 years). The concentration of cadmium was

detected at the range of 0.06 - 2.10 mg/kg wet

weight. The lowest and highest concentration

were found at Pattani station in 2001 and Prachuab

Khirikhan station in 2002 respectively. The

chromium was detected at the range of 0.07 - 3.01

mg/kg wet weight, where the lowest and highest

concentration were found at Samut Prakan in

2000 and Phetchaburi in 1999. The copper was

detected at the range of 0.28 - 6.52 mg/kg wet

weight , with the lowest concentration at

Chumphon in 2001 and highest concentration

at Prachuab Khirikhan station in 1998 . The lead

was detected at the range of 0.05 - 1.23 mg/kg

wet weight. The lowest and highest concentration

were found at Surat Thani in 2000 and Phang Nga

in 2001. Concentration of nickel was detected at

the range of 0.08 - 1.12 mg/kg wet weight with

the lowest and highest concentration at Ranong

in 2001 and Phetchaburi in 1999. The concentration

of manganese, zinc and iron were detected at

the range of 0.82 - 15.84, 2.18 - 16.89 and 12.87 -

484.69 mg/kg wet weight respectively. The lowest

concentration of these trace metals were found

at Prachuab Khirikhan in 2001, Chumphon in 2001

and Prachuab Khirikhan in 2001. The highest

concentration were found at Phetchaburi in 1999,

Surat Thani in 2000 and Nakhon Si Thammarat

in 1998. (Table 1)

Table 1  Concentration of trace metal accumulation in green mussel tissue along the coastal area of Thailand

Station
Cd Cr

1998 1999 2000 2001 2002 2003 Mean 1998 1999 2000 2001 2002 2003 Mean

Trat 0.31 0.22 0.28 0.71 0.59 0.39 0.42 0.91 0.64 0.37 0.23 0.59 0.48 0.54

Chon Buri 0.39 0.14 0.19 0.16 0.18 0.29 0.23 0.47 0.40 0.16 0.38 0.50 0.52 0.41

Samut Prakan NA NA 0.14 0.27 0.16 0.36 0.23 NA NA 0.07 0.92 0.70 0.59 0.57

Phetchaburi 0.41 0.28 0.41 0.21 0.21 0.26 0.30 0.28 3.01 0.25 0.65 0.47 0.71 0.90

Prachuab Khirikhan 0.83 0.57 0.93 1.11 2.10 0.73 1.05 0.84 0.90 0.21 1.32 1.38 0.56 0.87

Chumphon NA 0.42 0.89 0.77 0.89 0.73 0.74 NA 1.47 0.40 0.67 0.68 0.71 0.79

Surat Thani NA 0.28 1.28 0.47 0.42 0.46 0.58 NA 0.73 0.10 0.66 0.68 0.82 0.60

Nakhon Si Thammarat 0.51 0.58 0.85 NA 0.25 0.30 0.50 1.32 0.41 0.50 NA 1.68 0.57 0.90

Pattani 0.24 0.32 0.24 0.06 0.19 0.77 0.30 0.51 1.63 0.19 0.50 0.96 0.83 0.77

Trang 0.20 NA 0.19 0.14 0.16 0.35 0.21 0.73 NA 0.40 0.39 NA 0.53 0.51

Krabi 0.20 0.17 0.18 0.12 0.18 0.11 0.16 0.43 0.62 0.40 0.23 0.46 0.77 0.48

Phang Nga 0.27 0.35 0.22 0.12 0.24 0.12 0.22 1.23 0.65 0.53 1.01 0.57 0.31 0.72

Ranong 0.16 0.23 0.10 0.08 0.06 0.06 0.11 0.38 0.97 0.33 0.60 0.44 0.74 0.58

Mean 0.35 0.32 0.45 0.35 0.43 0.38 0.39 0.71 1.04 0.30 0.63 0.76 0.63 0.66
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Table 1  (Cont.)

Station
Cu Pb

1998 1999 2000 2001 2002 2003 Mean 1998 1999 2000 2001 2002 2003 Mean

Trat 2.66 2.07 1.64 1.65 1.24 1.85 1.85 0.30 0.48 0.56 0.48 0.07 0.24 0.36

Chon Buri 1.68 6.34 2.84 0.91 1.27 1.06 2.35 0.40 0.45 0.71 0.40 0.05 0.13 0.36

Samut Prakan NA NA 1.97 1.29 0.97 1.03 1.32 NA NA 0.76 0.51 0.07 0.17 0.38

Phetchaburi 1.34 1.61 1.52 1.02 0.89 0.68 1.18 0.50 0.53 0.70 0.34 0.08 0.08 0.37

Prachuab Khirikhan 6.52 1.70 1.82 0.35 1.42 0.81 2.10 0.32 0.55 0.58 0.57 0.04 0.18 0.37

Chumphon NA 1.34 1.65 0.28 1.20 1.19 1.13 NA 0.72 0.97 0.55 0.06 0.08 0.48

Surat Thani NA 1.19 1.54 0.30 1.64 2.06 1.35 NA 0.27 0.05 0.44 0.28 0.19 0.25

Nakhon Si Thammarat 3.94 1.18 3.36 NA 1.77 1.14 2.28 0.55 0.33 0.99 NA 0.15 0.23 0.45

Pattani 2.21 1.24 0.84 0.41 1.55 1.69 1.32 0.40 0.30 0.79 0.43 0.36 0.43 0.45

Trang 2.64 NA 1.67 0.49 NA 2.45 1.81 0.92 NA 0.46 0.53 NA 0.08 0.50

Krabi 1.22 0.73 1.27 0.32 0.44 1.04 0.84 0.29 0.35 0.81 0.61 0.03 0.18 0.38

Phang Nga 3.48 2.37 2.78 1.24 0.87 0.42 1.86 0.74 0.51 0.84 1.23 0.10 0.04 0.58

Ranong 2.03 2.66 2.25 1.22 1.11 1.10 1.73 0.59 0.40 1.19 0.75 0.01 0.08 0.50

Mean 2.77 2.04 1.93 0.79 1.20 1.27 1.62 0.50 0.44 0.72 0.57 0.11 0.16 0.42

Station
Ni Mn

1998 1999 2000 2001 2002 2003 Mean 1998 1999 2000 2001 2002 2003 Mean

Trat 0.83 0.29 0.73 0.67 0.81 0.77 0.68 6.05 6.37 7.67 10.36 11.96 5.28 7.95

Chon Buri 0.56 0.42 0.31 0.24 0.29 0.47 0.38 6.64 13.83 9.17 2.56 14.24 7.83 9.04

Samut Prakan NA NA 0.28 0.60 0.16 0.41 0.36 NA NA 4.72 11.70 7.73 7.87 8.01

Phetchaburi 0.16 1.12 0.20 0.14 0.26 0.26 0.36 7.44 15.84 7.54 8.27 14.21 3.81 9.52

Prachuab Khirikhan 0.34 0.53 0.48 0.32 0.61 0.57 0.48 13.71 8.66 5.96 0.82 5.94 5.82 6.82

Chumphon NA 0.69 0.32 0.21 0.27 0.41 0.38 NA 12.82 11.37 1.80 9.02 10.07 9.01

Surat Thani NA 0.46 0.30 0.32 0.24 0.53 0.37 NA 6.05 6.60 1.81 7.89 13.72 7.22

Nakhon Si Thammarat 0.99 0.37 0.81 NA 0.90 0.46 0.71 10.40 9.42 2.34 NA 7.56 8.22 7.59

Pattani 0.51 0.78 0.18 0.24 0.43 0.48 0.44 8.04 5.25 5.34 2.03 6.09 5.23 5.33

Trang 0.62 NA 0.32 0.26 NA 0.68 0.47 3.45 NA 4.86 1.32 NA 3.64 3.32

Krabi 0.15 0.40 0.19 0.09 0.44 0.33 0.27 5.47 2.91 6.19 1.42 9.21 1.01 4.37

Phang Nga 0.49 0.31 0.21 0.24 0.25 0.28 0.30 4.63 5.36 4.98 2.75 4.77 6.14 4.77

Ranong 0.14 0.28 0.11 0.08 0.33 0.35 0.22 3.68 10.38 7.49 6.81 14.58 4.53 7.91

Mean 0.48 0.52 0.34 0.29 0.42 0.46 0.42 6.95 8.81 6.48 4.30 9.43 6.40 6.99
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of lead metal decreased dramatically in 2002

and 2003 (Table 2 and Figure 2). But the total

tendency of every trace metal during the study

period from 1998 to 2003 by using the

Table 1  (Cont.)

Station
Zn Fe

1998 1999 2000 2001 2002 2003 Mean 1998 1999 2000 2001 2002 2003 Mean

Trat 10.44 8.96 9.44 8.42 10.98 9.12 9.56 387.99 131.11 312.82 105.85 172.84 86.84 199.58

Chon Buri 5.88 7.75 8.21 4.11 8.60 7.53 7.01 53.85 90.59 55.72 35.59 91.47 53.48 63.45

Samut Prakan NA NA 12.05 8.12 8.44 7.71 9.08 NA NA 32.98 114.78 82.17 96.23 81.54

Phetchaburi 7.44 11.35 9.12 6.07 9.19 5.81 8.16 79.88 141.98 126.27 66.89 97.77 67.65 96.74

Prachuab Khirikhan 12.09 11.29 8.61 4.00 11.39 6.80 9.03 368.34 65.70 89.29 12.87 106.74 65.91 118.14

Chumphon NA 8.79 9.36 2.18 9.01 7.92 7.45 NA 141.11 169.95 42.61 117.07 142.79 122.70

Surat Thani NA 13.94 16.89 3.30 9.21 15.02 11.67 NA 101.64 89.83 40.26 174.07 174.95 116.15

Nakhon Si Thammarat 12.91 8.88 13.61 NA 10.37 8.65 10.88 484.69 71.83 47.47 NA 224.57 133.07 192.33

Pattani 10.94 10.78 6.23 3.08 7.95 6.55 7.59 240.58 242.85 122.08 66.12 216.07 171.57 176.54

Trang 6.87 NA 7.73 3.40 NA 8.03 6.51 186.37 NA 108.64 17.41 NA 68.25 95.17

Krabi 8.85 6.75 9.93 2.69 8.66 2.35 6.54 78.80 72.56 124.72 30.82 48.97 36.10 65.33

Phang Nga 9.68 9.02 9.12 4.89 9.51 7.05 8.21 126.05 139.94 101.16 76.85 81.67 131.51 109.53

Ranong 6.45 8.81 6.97 4.61 10.28 7.53 7.44 67.17 111.52 56.56 33.46 93.00 104.16 77.65

Mean 9.16 9.66 9.79 4.57 9.47 7.70 8.40 207.37 119.17 110.58 53.63 125.53 102.50 116.53

The result could be used to predict the

tendency of trace metals contamination. In each

year, it has been found that the tendency has

not been shown obviously, unless the tendency

Table 2 Concentration (mg/kg wet wt.) and % of concentration of each element for study period

Cadmium 0.35 15.35 0.32 14.04 0.45 19.74 0.35 15.35 0.43 18.86 0.38 16.67 2.28 100

Chromium 0.71 17.44 1.04 25.55 0.30 7.37 0.63 15.48 0.76 18.67 0.63 15.48 4.07 100

Copper 2.77 27.70 2.04 20.40 1.93 19.30 0.79 7.90 1.20 12.00 1.27 12.70 10.00 100

Lead 0.50 20.00 0.44 17.60 0.72 28.80 0.57 22.80 0.11 4.40 0.16 6.40 2.50 100

Nickel 0.48 19.12 0.52 20.72 0.34 13.55 0.29 11.55 0.42 16.73 0.46 18.33 2.51 100

Manganese 6.95 16.40 8.81 20.79 6.48 15.29 4.30 10.15 9.43 22.26 6.40 15.11 42.37 100

Zinc 9.16 18.19 9.66 19.19 9.79 19.44 4.57 9.08 9.47 18.81 7.70 15.29 50.35 100

Ion 207.37 28.86 119.17 16.58 110.58 15.39 53.63 7.46 125.33 17.44 102.50 14.26 718.58 100

% Conc. of 6 yrs. 20.38 19.36 17.36 12.47 16.15 14.28 100

Concentration (mg/kg wet wt.) and % of concentration of each element for study period

Element 1998 1999 2000 2001 2002 2003 SUM

Conc. % Conc. % Conc. % Conc. % Conc. % Conc. % Conc. %
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contamination values of trace metals to be

calculated into percent in each year (as in

equation 1). While the total of 8 metals have

tendency to decrease slightly about 1 percent

(Figure 3).

% of concentration of metal A in year B =

(concentration of metal A in year B x

100) / total of metal A concentration

in the whole study year

when, A is type of trace metal and

B is the year collecting the samples.

The contamination and distribution of

each trace metal in each area during the study

period has been found that the characteristic is

different in each area and each trace metal. The

contamination value in average from 6 years in

each station of cadmium, copper, lead, nickel,

manganese, zinc and iron are in the range of 0.11 -

1.05, 0.41 - 0.90, 0.84 - 2.35, 0.25 - 0.58, 0.22 - 0.71,

3.32 - 9.52, 6.51 - 11.67 and 63.45 - 199.58 mg/kg wet

weight, respectively. The contamination values in

6 years, and the values of each trace metal are

shown in Table 3. The distribution of each trace

metal in each area is shown in Figure 4 -11.

Figure 2  Concentration of trace metal accumulation in green mussel tissue (perna viridis)

Figure 3  % of concentration of trace metal accumulation in green mussel tissue (perna viridis)
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Trat 0.42 0.54 1.85 0.36 0.68 7.95 9.56 199.58

Chon Buri 0.23 0.41 2.35 0.36 0.38 9.04 7.01 63.45

Samut Prakan 0.23 0.57 1.32 0.38 0.36 8.01 9.08 81.54

Phetchaburi 0.30 0.90 1.18 0.37 0.36 9.52 8.16 96.74

Prachuab Khirikhan 1.05 0.87 2.10 0.37 0.48 6.82 9.03 118.14

Chumphon 0.74 0.79 1.13 0.48 0.38 9.01 7.45 122.70

Surat Thani 0.58 0.60 1.35 0.25 0.37 7.22 11.67 116.15

Nakhon Si Thammarat 0.50 0.90 2.28 0.45 0.71 7.59 10.88 192.33

Pattani 0.30 0.77 1.32 0.45 0.44 5.33 7.59 176.54

Trang 0.21 0.51 1.81 0.50 0.47 3.32 6.51 95.17

Krabi 0.16 0.48 0.84 0.38 0.27 4.37 6.54 65.33

Phang Nga 0.22 0.72 1.86 0.58 0.30 4.77 8.21 109.53

Ranong 0.11 0.58 1.73 0.50 0.22 7.91 7.44 77.65

Sum 5.04 8.62 21.10 5.41 5.41 90.85 109.14 1514.84

Table 3 Average concentration of trace metal accumulation in green mussel tissue (perna viridis)

Concentration (mg/kg wet wt.)
Station

Cd Cr Cu Pb Ni Mn Zn Fe

Figure 4 - 11 Distribution of average concentration of 8 elements along the coastal area of Thailand

Figure 4  Cadmium Figure 5  Chromium
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Figure 6  Copper Figure 7  Lead

Figure 8  Nickel Figure 9  Manganese
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area has been found that there is the significantly

difference. But the perspective analysis of

distribution of 8 trace metals in each area and

using the percent values of contamination of each

trace metal to be combined, it has been found

that the area in the Gulf of Thailand has high

values of contamination. The first three areas

which have the highest values are NaKhon

Si Thammarat, Prachuab Khirikhan and Trat

(Table 4 and Figure 12-13). Those three areas are

located on the coast of the gulf of Thailand. While

the coast on the Andaman sea has the lower

contamination of trace metals. The cause of the higher

on coast of the gulf of Thailand than on the Andaman

sea come from the areas have many activities such

as residents, industries i.e. eastern seaboard project

and southern seaboard project. These are the

sources of the trace metals into the environment.

While they emphasis on the tourism on the coast of

the Andaman sea mainly. Moreover, the physical

characteristic of the gulf of Thailand is close that

the circulation of the pollutants is limited. The coast

on the Andaman sea is open that the circulation

and dilution of pollutants is better.

% of concentration of trace metal A in the area C =

(concentration of trace metal A in area C x

100)/ total of concentration of trace metal

A during the study

When, A is the type of trace metal and

C is the sampling area.

Figure 10  Zinc Figure 11  Iron
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Table 4 % concentration of each element in each station for 6 yrs.

Trat 8.27 6.23 8.78 6.56 12.67 8.75 8.76 13.17 73.19

Chon Buri 4.46 4.70 11.13 6.60 7.07 9.96 6.43 4.19 54.53

Samut Prakan 4.62 6.60 6.23 6.98 6.68 8.81 8.32 5.38 53.63

Phetchaburi 5.90 10.39 5.57 6.87 6.59 10.48 7.48 6.39 59.67

Prachuab Khirikhan 20.73 10.10 9.97 6.92 8.80 7.51 8.27 7.80 80.09

Chumphon 14.68 9.11 5.36 8.81 7.02 9.92 6.83 8.10 69.84

Surat Thani 11.51 6.95 6.38 4.55 6.88 7.94 10.69 7.67 62.57

Nakhon Si Thammarat 9.90 10.41 10.79 8.29 13.09 8.35 9.97 12.70 83.49

Pattani 5.98 8.93 6.27 8.35 8.09 5.86 6.95 11.65 62.08

Trang 4.11 5.94 8.58 9.16 8.64 3.65 5.96 6.28 52.33

Krabi 3.21 5.63 3.96 6.97 4.98 4.81 5.99 4.31 39.86

Phang Nga 4.36 8.33 8.81 10.63 5.50 5.25 7.53 7.23 57.63

Ranong 2.27 6.68 8.19 9.30 3.99 8.71 6.82 5.13 51.08

SUM % 100 100 100 100 100 100 100 100 800

% of concentration of each element for 6 yrs.
Station

Cd Cu Ni Pb Ni Mn Zn Fe SUM %

Figure 12  Average concentration of 8 trace metal accumulation in green mussel tissue (perna viridis)
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still less than the standard (Table 5). Comparison

of recommended for daily intakes with metals

accumulation in mussel tissue. The concentrations

in mussels tissue were in recommended for daily

intakes. (Table 6).

Figure 13  Sum % of concentration of each element in each station for 6 yrs.

Comparison with the average concentration

for some trace metals which are defined by other

agencies in table 5, and the Maximum Residue

Limit (MRL) of trace metals in green mussel, it

was found that the residue concentration were

THE CANADIAN FOOD AND DRUG 10 - 100 100

DIRECTORATE (UTHE AND BLIGH, 1974)

THE TASMANIAN PUBLIC HEALTH - 5.5 40.0 30.0

(FOOD AND DRUG STANDARD REGULATION)

(EUSTACE, 1974)

THE NATIONAL HEALTH AND MEDICAL - 2 1,000 -

RESEARCH COUNCIL (EUSTACE, 1974)

Ministry of Public Health (1986) 1.0 - 100 20

Average value in study 0.57 0.38 8.39 1.82

Table 5 Standard for trace metal in food (mg/kg wet wt.)

Agency Lead Cadmium Zinc Copper

Reference : Tongra-ar, V. 1991.
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Implementation of the Thai
government

Though the level of trace metals in the

coastal areas of Thailand is low, the problems

have been occurred as mentioned previously. For

the sustainable utilization of coastal resource, the

Thai government has defined the measures as the

following.

1. Provide various agencies relating the

coastal resource such as Office of the Environmental

Policy and Planning to consult and coordinate the

coastal management in perspective, Department of

Forestry, Department of Land Development, and

Department of Fishery to consult and be responsible

for those areas. For example, Department of

Forestry is responsible for marine national parks

and mangrove forest, Department of Fishery is

responsible for aquatic living conservation zone

and coral reefs. Department of Land Development

is responsible for coastal land use planning. The

development agencies are responsible for the

major projects such as the office of the National

Economic and Social Development Board.

2. Publicize the regulations and laws such

as Environmental Conservation Act B.E.2535,

Recommend
Range of conc.

Element
(mg/d)

 from study Remark
(mg/kg wet wt.)

Cadmium 0.4 - 0.5 0.06 - 2.10 PTWI

Copper 2.0 - 3.0 0.28 - 6.52 ADI

Lead 3.0 0.01 - 1.23 PTWI

Manganese 2.5 - 5.0 0.82 - 15.84 ADI

Zinc 15.0 2.18 - 16.89 RDA

Iron 10.0 12.87 - 484.69 RDA

* RDA = Recommended Daily Dietary Allowances (For male 25 - 30 years old, 75 kgs. body weight)
ADI = Adequate Daily Dietary Intakes
PTWA = Provisional Tolerable weekly Intakes

Reference : Wongpitak, U. et al. 1994.

Table 6 Recommended for daily intakes compared with concentration from study.

Fishery Act B.E. 2490, National Park Act B.E. 2504,

Thai Maritime Navigation Act B.E. 2456, Land

Law B.E. 2497, cabinet approval concerning

mangrove and coral reefs in land management.

Coastal resources management lacks of integration.

In B.E. 2545, the government reforms the system

into the cluster such as coastal resources under

the Ministry of Natural Resources and Environment

in order that it could be planned the integration

administration effectively.

3. Provide the conference at the ministerial

level on sustainable development in marine in

East Asia between 8-12 December B.E.2546. The

Thai government has defined the strategies for

sustainable development in marine in East Asia.

The important contexts are as follow.

■ Give the importance of marine transpor-

tation, bio diversity conservation, marine

pollution problems from land, fishery

resources and aquatic culture, the

importance of cooperation in local

level, national level and regional level.

■ Provide the draft regulation of Office

of the Prime Minister on policy and

restoration of Thai Sea B.E......
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4. Provide the collection system and

wastewater treatment system from domestic, coastal

aquatic culture, fishery activities, pig farms and

factories.

5. The Pollution Control Department

proposes the measures to solve the problems

effectively and the water quality is within the

standards of effluent. (Appendix 1)

Conclusion
The result has been found that there is

no trend of the accumulation of trace metals except

lead, which tends to decrease obviously seen in

2002 and 2003. While the trace metals contami-

nation on the coastal of the gulf of Thailand is

more than the coast of the Andaman Sea. The

reasons of this come from the various activities on

the coast of the gulf of Thailand distribution of

pollutants into the sea. Though such contamination

is low compared with the standards, the monitoring

and protection of the problems, which may increase

in the future, is necessary.
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Coastal Water Quality Standards
Classification of Coastal Waters

1 Preservation areas
The water is preserved as natural conditions and its beneficial uses include the following:

1. Scientific research and/or demonstration. These activities, such as scientific observation,
monitoring, etc., must not alter the natural surroundings.

2. Activities related to aesthetic and natural beauty.
3. Activities related to management and conservation which do not alter the environment.

2 Coral conservation in coral communities area.
3 Conservation of other natural resources such as mangrove, wildlife habitat, reproduction zone,

nursery zone, and nutrition zone for marine organisms.
4 Areas for coastal aquaculture activities such as shellfish, prawns, fish.
5 Water contact sport, such as swimming.
6 Water proximity sport, such as sailing.
7 Industrial zone where water is used for industrial activities such as mining or used as receiving

water for industrial effluent. After effluent discharge, the water quality must be within set
standards.

Class Description

Coastal Water Quality Standards

Appendix 1

1. Floatable solids - n NOB* NOB* NOB* NOB* NOB* NOB* Visual Testing
2. Floatable oil/grease - n NV NV NV NV NV NV Visual Testing
3. Color/odor - n - - NOB NOB NOB NOB Color-Visual testing odor-

Organolaptic
4. Temperature ÌC n >>33.0 >>33.0 >>33.0 - - ±3.0 Thermometer
5. pH - n 7.5-8.9 7.5-8.5 7.5-8.5 - - ** Electrometric pH Meter
6. Salinity ppt n 29-35 >>10% >>10% - - ** Refractometer
7. Transparency m n ±10% ±10% ±10% ±10% - ** White Secchi Disc,

Diameter 30 cm.
8. Dissolved Oxygen (DO) mg/l n <<4 <<4 <<4 - - ** Azide Modification
9. Total coliform MPN/

100 ml n - - >>1,000 >>1,000 - ** Multiple Tube
Fermentation Technique

10. Fecal coliform Bacteria MPN/ n - - n - - ** Multiple Tube
100 ml Fermentation Technique

11. NO3 -N mg/l n n n n - - ** Cadmium Reduction
12. PO4 -P mg/l n n n n - - ** Ascorbic Acid
13. Mercury (Hg) mg/l n >> >> >> - - >> Atomic Absorption Cold

0.0001 0.0001 0.0001 0.0001 Vapour Technique
14. Cadmium (Cd) mg/l n >>0.005 >>0.005 >>0.005 - - >>0.005 Atomic Absorption

Spectrophotrometry
(Flameless Technique)

15. Chromium (Cr) mg/l n >>0.1 >>0.1 >>0.1 - - ** Atomic Absorption
Spectrophotrometry
(Flameless Technique)

Parameter Unit Class Class Class Class Class Class Class Methods for
1 2 3 4 5 6 7 Examination
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Parameter Unit Class Class Class Class Class Class Class Methods for
1 2 3 4 5 6 7 Examination

Remarks : NOB = not objectionable
NV = not visible
n = natural condition
* = natural floatable solids not included
** = may be established as necessary
>> = not more than
<< = not less than
± = change from natural condition

Base on Standard Methods for the Examination of Water and Wastewater recommended by APHA: American
Public Health Association, AWWA : American Water Works Association and WPCF : Water Pollution Control
Federation

Source : Notification of the National Environmental Board No. 7, dated January 20, B.E. 2537 (1994), issued under the Enhancement
and Conservation of national Environmental Quality Act B.E. 2535 (1992), published in the Royal Government Gazette
vol. 111, Part 16, dated February B.E. 2537 (1994).

16. Chromium hexavalent mg/l n >>0.05 >>0.05 >>0.05 - - >>0.1 Atomic Absorption
Spectrophotrometry
(Flameless Technique)

17. lead (Pb) mg/l n >>0.05 >>0.05 >>0.05 - - ** Atomic Absorption
Spectrophotrometry
(Flameless Technique)

18. Copper (Cu) mg/l n >>0.05 >>0.05 >>0.05 - - ** Atomic Absorption
Spectrophotrometry
(Flameless Technique)

19. Manganese (Mn) mg/l n >>0.1 >>0.1 >>0.1 - - ** Atomic Absorption
Spectrophotrometry
(Flameless Technique)

20. Zinc (Zn) mg/l n >>0.1 >>0.1 >>0.1 - - ** Atomic Absorption
Spectrophotrometry
(Flameless Technique)

21. Iron (Fe) mg/l n >>0.3 >>0.3 >>0.3 - - ** Atomic Absorption
Spectrophotrometry
(Flameless Technique)

22. Fluoride (F) mg/l n >>1.5 >>1.5 >>1.5 - - ** Colorimetric SPANDS
with Distillation

23. Residue Cl2 mg/l n >>0.01 >>0.01 >>0.01 - - ** Iodometric Method
24. Phenols mg/l n >>0.03 >>0.03 >>0.03 - - ** Distillation, 4-Amino

antipyrene
25. NH3 mg/l n >>0.04 >>0.04 >>0.04 - - ** Distillation Nesslerization
26. Sulfide mg/l n >>0.01 >>0.01 >>0.01 - - ** Colorimetric, Methylene

Blue
27. CN› mg/l n >>0.01 >>0.01 >>0.01 - - ** Pyridine- Babituric Acid
28. PCB mg/l n n n n - - ** Gas-Chromatography
29. Total Chlorinated µg/l n >>0.05 >>0.05 >>0.05 - - ** Gas-Chromatography

Pesticides
30. Radioactivity - - ** Low Background

Proportional Counter
- Alpha Gross Becquerel/l n >>0.1 >>0.1 >>0.1 - - **
- Beta Gross Becquerel/l n >>1.0 >>1.0 >>1.0 - - **
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Abstract
The concentration of polycyclic aromatic

hydrocarbon (PAHs) of surface sediment from

canals, rivers, estuaries and coastal area in

Thailand were investigated in 2003. In order to

assess the status of the pollutants, thirty-five of

sediment samples were collected and analysed

from low to high molecular weight (3-7 rings)

PAHs by gas chromatography mass spectrometer

(GC/MS). Total concentration of PAHs in sediment

range is 6-8399 ng g-1 (dry weight). The average

of total PAHs concentration in sediment samples

from canals, rivers, estuaries and coastal area

are 2554, 226, 325, and 62 ng g-1 (dry weight),

respectiverly. The composition of PAHs showed

the patterns of PAHs and the ratios of

methylphenanthrenes/phenanthrene (MP/P ration)

are 0.27-3.10, Flu/Pyr are 0.58-1.45, and Flu/

Flu+Pyr ratio are 0.41-0.64, which all ratios

indicated that the sources of pollutant are mixture

of petrogenic and pyrogenic source. The recovery

of all PAHs compounds is in the range of

75-110% and standard deviation 3.2-10.0%. The

result from this study will be applied to investigate

the source of pollutants in the future plan.

‚§√ß°“√»÷°…“°“√°√–®“¬µ—«¢Õß “√µ°§â“ß°≈ÿà¡ ‚æ≈’ ‰´§≈‘°
Õ“‚√¡“µ‘§ ‰Œ‚¥√§“√å∫Õπ „πµ–°Õπ¥‘π∫√‘‡«≥·¡àπÈ”‡®â“æ√–¬“
·≈–™“¬Ωíòß¢Õßª√–∑»‰∑¬

√ÿ®¬“ ∫ÿ≥¬∑ÿ¡“ππ∑åa,  ÿ‡∑’¬∫ »√’≈“™—¬a

a»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√ 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
Environmental Research and Training Centre, Technopolis, Klong 5, Klong Luang, Pathumthani, 12120  E-mail : ruchaya@deqp.go.th

2nd Asian Pacific International Conference on Pollutants Analysis and Control 1-3 December 2003,

‚Œ®‘¡‘π∑å ª√–‡∑»‡«’¬¥π“¡

∫∑§—¥¬àÕ
‚§√ß°“√°“√»÷°…“°“√°√–®“¬µ—«¢Õß “√°≈ÿà¡

‚æ≈’‰´§≈‘°Õ“‚√¡“µ‘§‰Œ‚¥√§“√å∫Õπ (PAHs) „π µ—«Õ¬à“ß

µ–°Õπ¥‘π∫√‘‡«≥§≈Õß∑’Ë‡™◊ËÕ¡µàÕ°—∫·¡àπÈ”‡®â“æ√–¬“

µ—Èß·µà®—ßÀ«—¥Õ¬ÿ∏¬“∂÷ßª“°·¡àπÈ”®—ßÀ«—¥ ¡ÿ∑√ª√“°“√

·≈–∫√‘‡≥™“¬Ωíòß∑–‡≈¢Õßª√–‡∑»‰∑¬ ¡’®ÿ¥ª√– ß§å

‡æ◊ËÕª√–‡¡‘π ∂“π–°“√ªπ‡ªóôÕπ¢Õß “√°≈ÿà¡¥—ß°≈à“«

„πµ–°Õπ¥‘πº‘«Àπâ“ ·≈–‡æ◊ËÕÀ“ “‡ÀµÿÀ≈—°·≈–·À≈àß

∑’Ë¡“¢Õß°“√ªπ‡ªóôÕπ¥—ß°≈à“« ‚¥¬»Ÿπ¬å«‘®—¬·≈–Ωñ°

Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ ‰¥â∑”°“√‡°Á∫µ—«Õ¬à“ß®”π«π

35 µ—«Õ¬à“ß ¡“∑”°“√µ√«®«‘‡§√“–Àå “√°≈ÿà¡ PAHs

®“° 3-7 rings §◊Õµ—Èß·µà Phenanthrene ∂÷ß coronene

‚¥¬„™â‡§√◊ËÕß°ä“´‚§√¡“‚µ°√“ø ·¡  ‡ª§‚µ√¡‘‡µÕ√å

´÷Ëßæ∫«à“§«“¡‡¢â¡¢âπ¢Õß “√°≈ÿà¡ PAHs „πµ–°Õπ¥‘π

¡’§à“Õ¬Ÿà√–À«à“ß 6-8399 ng.g-1 (dry weight) ·≈–¡’

§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬∫√‘‡«≥§≈Õß ·¡àπÈ”‡®â“æ√–¬“

ª“°·¡àπÈ” ·≈–™“¬Ωíòß ¥—ßπ’È 2554, 226, 325 ·≈–

62 ng.g-1 (dry weight) µ“¡≈”¥—∫ Õß§åª√–°Õ∫¢Õß

PAHs ·≈– ratio µà“ßÊ ‡™àπ MP/P ratio §◊Õ

0.27-3.10 Flu/pyr §◊Õ 0.58-1.45 ·≈– Flu/

Flu+Pyr §◊Õ 0.41-0.64 · ¥ß„Àâ‡ÀÁπ«à“·À≈àß∑’Ë¡“¢Õß

 “√ PAHs ¡’‚Õ°“ ‡ªìπ‰¥â ‰¥â∑—Èß petrogenic ·≈–

pyrogenic º≈®“°°“√∑¥ Õ∫ recomvery Õ¬Ÿà„π™à«ß

75-110% ·≈–§à“‡∫’Ë¬ß‡∫π‡©≈’Ë¬ 3.2-10% º≈®“°°“√

»÷°…“§√—Èßπ’È “¡“√∂π”¡“ª√–¬ÿ°µå„™â „π°“√ ”√«®À“

·À≈àß∑’Ë¡“¢Õß “√ PAHs ‰¥â„πÕπ“§µ
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1. ∫∑π”
 “√°≈ÿà¡ Polycyclic Aromatic Hydrocarbons

(PAHs) ‡ªìπ “√°≈ÿà¡∑’Ë – ¡‰¥â¥’„π‰¢¡—π·≈–¡’Õ¬Ÿà∑—Ë«‰ª

„π ‘Ëß·«¥≈âÕ¡  “√°≈ÿà¡π’ÈÕ“®¡“‰¥â®“°µ“¡∏√√¡™“µ‘

·≈–∑’Ë¡πÿ…¬å √â“ß¢÷Èπ  “√°≈ÿà¡ PAHs ª√–°Õ∫¥â«¬ “√

hydrocarbon µ—Èß·µà 2 À√◊Õ¡“°°«à“ 2 benzene ring

¢÷Èπ‰ª  ”À√—∫°‘®°√√¡µà“ßÊ ¢Õß¡πÿ…¬å∑’Ë àßº≈„Àâ‡°‘¥

 “√ PAHs ·≈–ªπ‡ªóôÕπ„π ‘Ëß·«¥≈âÕ¡·∫àß‰¥â‡ªìπ

2 ª√–‡¿∑„À≠àÊ §◊Õ pyrogenic source ‡™àπ

¢∫«π°“√‡º“‰À¡âµà“ßÊ„πÕÿµ “À°√√¡‡º“µà“ßÊ °“√„™â

¬“π¬πµå‚¥¬πÈ”¡—π‡∫π ‘́π·≈–¥’‡´≈ °“√‡º“ªÉ“ ‡º“¢¬–

·≈– petrogenic source §◊Õ°“√„™âº≈‘µ¿—≥±åªî‚µ√‡≈’¬¡

√«¡∑—Èß°“√‡°‘¥Õÿ∫—µ‘‡Àµÿ°“√≥å√—Ë«‰À≈πÈ”¡—π ‡ªìπµâπ

‡π◊ËÕß®“° “√¥—ß°≈à“«¡’§«“¡‡ªìπæ‘… ¡’º≈µàÕ√–∫∫

endocrine system „π√à“ß°“¬ ‡ªìπ “‡Àµÿ¢Õß°“√

‡°‘¥¡–‡√Áß ∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß·∫∫º‘¥√Ÿª„π —µ«å

∑¥≈Õß (mutation) ÷́ËßÕ“® àßº≈„π¡πÿ…¬å¥â«¬‡™àπ°—π

°“√»÷°…“°“√°√–®“¬µ—«¢Õß “√ PAHs ·≈–À“·À≈àß

∑’Ë¡“¢Õß “√æ‘…π’È ‰¥â¡’°“√„™â ratio µà“ßÊ ¡“™à«¬„π°“√

Õ∏‘∫“¬ ‡™àπ Pyrene/Fluoranthene sum of

methylphenanthene/phenanthrene cyclopenta (def)

methylphenanthrene/methyl phenanthrene ·≈–

high molecular weight/low molecular weight

‡ªìπµâπ °“√»÷°…“°“√°√–®“¬µ—«¢Õß “√°≈ÿà¡π’È‡æ◊ËÕ

ª√–‡¡‘π ∂“π°“√≥å·≈–À“ “‡Àµÿ¢Õß°“√∑”„Àâ‡°‘¥ “√

¥—ß°≈à“«ªπ‡ªóôÕπ„π ‘Ëß·«¥≈âÕ¡ √«¡∑—ÈßÀ“¡“µ√°“√

°“√≈¥°“√‡°‘¥ “√ PAHs ‡æ◊ËÕ ‘Ëß·«¥≈âÕ¡∑’Ë¥’¢÷Èπ

2. «— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√

2.1 «— ¥ÿÕÿª°√≥å
■ Ultrasonic

■ Rotary evaporator

■ Glass column

■ Gas Chromatograph-Mass Spectrometer

2.2 æ◊Èπ∑’Ë»÷°…“

√Ÿª 1  ·ºπ∑’Ë· ¥ßæ◊Èπ∑’Ë»÷°…“µ—«Õ¬à“ßµ–°Õπ¥‘π∫√‘‡«≥§≈Õß ·¡àπÈ”‡®â“æ√–¬“ ·≈–™“¬Ωíòß∑–‡≈
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HP-5MS fuse silica column (30 m length x 0.25 mm.id

x 0.25 um film thickness) inlet temp 310 ÌC

oven temp 70 ÌC ‡æ‘Ë¡‡ªìπ 150 ÌC ¥â«¬Õ—µ√“ 30 ÌC/min

·≈–‡æ‘Ë¡‡ªìπ 310 ÌC ¥â«¬Õ—µ√“ 4 ÌC/min °“√∑” QA/

QC  ”À√—∫ß“ππ’È„™â surrogate compound §◊Õ

Naphthalene d8

benzo[a]anthracene d12

Anthracene d10

Perylene d12

P-terphenyl d14

µ“√“ß 1  æ◊Èπ∑’Ë»÷°…“·≈–‡°Á∫µ—«Õ¬à“ßµ–°Õπ¥‘π

§≈Õß √√æ “¡‘µ√ St.A ª“°·¡àπÈ” ®. ¡ÿ∑√ª√“°“√ GT4

§≈Õß ”‚√ß St.B ª“°·¡àπÈ” ®. ¡ÿ∑√ª√“°“√ GT6

§≈Õßæ√–‚¢πß St.C ª“°·¡àπÈ” ®. ¡ÿ∑√ª√“°“√ GT11

§≈Õß∫“ß°Õ°„À≠à St.F ª“°·¡àπÈ” ®. ¡ÿ∑√ª√“°“√ GT12

§≈Õß∫“ß°Õ°πâÕ¬ St.G

§≈Õß∫“ß≈”æŸ St.H

§≈Õßº¥ÿß°√ÿß‡°…¡ St.I

Õ.æ√– ¡ÿ∑√‡®¥’¬å St.2 ®.µ√“¥ CS1

®. ¡ÿ∑√“ª√“°“√

®.√–¬Õß CS2

Õ.æ√–ª–·¥ß ®. ¡ÿ∑√ª√“°“√ St.3 ®.™≈∫ÿ√’ CS3

∑à“‡√◊Õ§≈Õß‡µ¬ °√ÿß‡∑æœ St.4 ®. ¡ÿ∑√ª√“°“√ CS4

®.‡æ™√∫ÿ√’ CS5

∑à“‡√◊Õ ’Ëæ√–¬“ °√ÿß‡∑æœ St.5 ®.ª√–®«∫ CS6

 –æ“πªîòπ‡°≈â“ °√ÿß‡∑æœ St.6 ®.™ÿ¡æ√ CS7

 –æ“πæ√–√“¡ 7 ®.ππ∑∫ÿ√’ St.7 ®. ÿ√“…Æ√å CS8

∑à“πÈ”ª“°‡°√Á¥ ®.ππ∑∫ÿ√’ St.8 ®.π§√»√’∏√√¡√“™ CS9

 –æ“πππ∑∫ÿ√’ St.9 ®.ªíµµ“π’ CS10

µ. ”·≈ ®.ª∑ÿ¡∏“π’ St.10 ®.µ√—ß CS11

Õ.∫“ß‰∑√ ®.Õ¬ÿ∏¬“ St.11 ®.°√–∫’Ë CS12

Õ.‡¡◊Õß ®.Õ¬ÿ∏¬“ St12 ®.æ—ßß“ CS13

Õ.∫“ß∫“≈ ®.Õ¬ÿ∏¬“ St13 ®.√–πÕß CS14

2.3 «‘∏’°“√«‘‡§√“–Àå
°“√«‘‡§√“–Àå “√°≈ÿà¡ PAHs „πµ–°Õπ¥‘π

‰¥â¡’°“√æ—≤π“®“°‚§√ß°“√‡¥‘¡‚¥¬„™âµ—«Õ¬à“ß∑”„Àâ·Àâß

¥â«¬ freeze dry ·≈–«‘‡§√“–Àå¥â«¬‡∑§π‘§ sonication

‚¥¬„™â ultrasonic ®“°π—Èπ∑”°“√ °—¥·¬° ‘Ëß °ª√°¥â«¬

silica gel column (5% H2O deactive) ·≈–·¬°

fraction ¥â«¬ Fully activated silica gel column ·≈–

elute ¥â«¬ 20 ml (3:1) hexane : dichloromethane

°“√À“ª√‘¡“≥«‘‡§√“–Àå¥â«¬ GC/MS (Hewlett-

Packard 5892 series II plus) ·≈– Capillary column

®ÿ¥‡°Á∫µ—«Õ¬à“ß √À— µ—«Õ¬à“ß ®ÿ¥‡°Á∫µ—«Õ¬à“ß √À— µ—«Õ¬à“ß
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3. º≈°“√«‘‡§√“–Àå·≈–«‘®“√≥å

st.A 512 108 0.35 0.361 0.81 0.55 0.90

st.B 1735 107 2.54 0.103 1.12 0.47 0.51

st.C 1462 88 3.10 0.132 0.86 0.45 0.58

st.F 8399 168 0.31 0.248 0.69 0.59 0.92

st.G 708 184 1.76 0.502 1.20 0.45 1.37

st.H 2513 104 1.34 0.148 0.86 0.54 0.61

st.I 1958 111 2.66 0.091 1.14 0.47 0.69

st.13 33 44 0.22 0.573 0.73 0.58 0.33

st.11 134 67 0.39 0.328 0.92 0.52 0.54

st.10 187 189 0.73 0.492 0.82 0.55 1.15

st.9 268 67 0.48 0.553 0.83 0.55 0.83

st.8 150 100 0.54 0.382 0.92 0.52 1.00

st.6 285 182 1.36 0.266 1.02 0.49 1.56

st.5 570 107 1.04 0.236 0.90 0.53 1.33

st.4 157 230 1.63 0.383 0.81 0.55 0.96

st.3 251 156 2.55 0.235 1.71 0.37 1.06

GT4 724 156 1.63 0.317 0.73 0.54 1.53

GT6 285 182 1.36 0.266 0.86 0.49 1.56

GT11 88 105 1.84 0.129 1.02 0.46 1.60

GT12 207 134 1.52 0.208 1.17 0.49 1.45

CS1 9 7 0.71 0.609 1.29 0.44 0.64

CS2 24 1 1.83 0.114 1.03 0.44 0.66

CS3 39 8 1.45 0.172 0.82 0.48 1.31

CS4 49 67 1.85 0.154 1.10 0.48 1.19

CS5 46 34 0.93 0.184 1.10 0.55 0.41

CS6 32 2 3.82 0.119 1.10 0.39 0.35

CS7 6 3 0.67 0.442 0.85 0.54 0.72

CS8 39 6 1.31 0.220 1.56 0.30 0.91

CS9 13 10 0.83 0.537 1.10 0.48 1.21

CS10 22 7 0.96 0.185 2.31 0.50 0.90

CS11 228 7 0.43 1.761 0.73 0.58 1.41

CS12 82 4 1.90 0.114 1.81 0.36 0.52

CS13 21 3 1.08 0.425 1.14 047 0.83

CS14 33 5 0.27 0.450 0.80 0.55 0.30

µ“√“ß 2 º≈°“√«‘‡§√“–Àå§«“¡‡¢â¡¢âπ¢Õß “√PAHs „πµ—«Õ¬à“ßµ–°Õπ¥‘π∫√‘‡«≥ §≈Õß ·¡àπÈ”‡®â“æ√–¬“ ª“°·¡àπÈ”

·≈–™“¬Ωíòß¢Õßª√–‡∑» (π“‚π°√—¡/°√—¡ ; πÈ”Àπ—°·Àâß) ·≈–‡ª√’¬∫‡∑’¬∫ ratio µà“ß Ê

station Total PAHs perylene MP/P CPP/MP Pyr/Flu Fluo/Fluo+Py H/L
ratio ratio ratio ratio ratio
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√Ÿª 2  · ¥ß§«“¡‡¢â¡¢âπ¢Õß PAHs „πµ—«Õ¬à“ßµ–°Õπ¥‘π∫√‘‡«≥§≈Õß ·¡àπÈ”‡®â“æ√–¬“ ª“°·¡àπÈ” ·≈–™“¬Ωíòß∑–‡≈¢Õßª√–‡∑»

√Ÿª 3  · ¥ß MP/P ratio ¢Õßµ—«Õ¬à“ßµ–°Õπ¥‘π∫√‘‡«≥§≈Õß ·¡àπÈ”‡®â“æ√–¬“ ª“°·¡àπÈ” ·≈–™“¬Ωíòß∑–‡≈¢Õßª√–‡∑»

√Ÿª 4  · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß Pyrene ·≈– Fluaranthene „πµ—«Õ¬à“ßµ–°Õπ¥‘π
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®“°º≈°“√»÷°…“∑—Èß 35 µ—«Õ¬à“ß‰¥â· ¥ß‰«â„π

µ“√“ß 2 ÷́ËßæÕ √ÿª‰¥â¥—ßπ’È ª√‘¡“≥§«“¡‡¢â¡¢âπ∑’Ë

µ√«®æ∫ PAHs „π§≈Õß ·¡àπÈ”‡®â“æ√–¬“ ª“°·¡àπÈ”

·≈–™“¬Ωíòß∑–‡≈¡’§à“√–À«à“ß 512-8399 ng.g-1 (dry

weight) 33-570 ng.g-1 (dry weight) 88-724 ng.g-1

(dry weight) ·≈– 6-228 ng.g-1 (dry weight) µ“¡

≈”¥—∫¥—ß· ¥ß„πµ“√“ß 2 ·≈– √Ÿª 2 (log scale)

´÷ËßÕ∏‘∫“¬«à“ µ—«Õ¬à“ßµ–°Õπ¥‘π®“°§≈Õß¡’§«“¡‡¢â¡¢âπ

¢Õß PAHs  Ÿß°«à“µ—«Õ¬à“ß®“°∑’ËÕ◊ËπÊ ‡™àπ µ–°Õπ¥‘π

®“°·¡àπÈ” ª“°·¡àπÈ” ·≈–™“¬Ωíòß∑–‡≈ ∑”„Àâ “¡“√∂

‡¢â“„®‰¥â«à“·À≈àß∑’Ë¡“¢Õß PAHs Õ“®¡’°“√∂à“¬‡∑®“°

§≈Õß¡“ Ÿà ‘Ëß·«¥≈âÕ¡Õ◊ËπÊ  ”À√—∫§à“ MP/P ratio

¡’§à“ Ÿß∫√‘‡«≥§≈Õß‚¥¬¡’§à“ Ÿß ÿ¥∑’Ë ∂“π’ C ·≈– B

´÷Ëß‡ªìπæ◊Èπ∑’Ë „π‡¢µ‡¡◊Õß·≈–„°≈â‡¢µÕÿµ “À°√√¡§◊Õ

∫√‘‡«≥§≈Õß‡µ¬·≈– ¡ÿ∑√ª√“°“√ ÷́Ëßπà“®–‰¥â√—∫

Õ‘∑∏‘æ≈®“° PAHs „πÕ“°“»·≈–°“√™–¢ÕßπÈ”®“°

º‘«∂ππ ‡¡◊ËÕæ‘®“√≥“«à“ MP/P ®“°√Ÿª 3 ®–‡ÀÁπ profile

¢Õß§à“ MP/P ‡ª≈’Ë¬π·ª≈ß‚¥¬¡’·π«‚πâ¡ Ÿß¢÷Èπ®“°æ◊Èπ∑’Ë

Õ¬ÿ∏¬“ ·≈–‡¡◊ËÕºà“π‡¢µ‡¡◊Õß¡’ MP/P  Ÿß¢÷Èπ · ¥ß«à“

¡’§«“¡‡ªìπ‰ª‰¥â∑’Ë ‰¥â√—∫º≈°√–∑∫®“°æ◊Èπ∑’Ë‡¢µ‡¡◊ÕßÕ¬à“ß

¡“°∑’Ë∑”„Àâ‡°‘¥°“√ – ¡ PAHs ‚¥¬‡©æ“– st4 ·≈–

st3 ·≈–¡’°“√∂à“¬‡∑ “√ PAHs  Ÿà∫√‘‡«≥ª“°·¡àπÈ”

¥â«¬‡™àπ GT4 GT6 GT11 ·≈– GT12 ®“°µ“√“ß 2

°“√·ª√º≈¥â«¬°“√„™â ratio µà“ßÊ ‡æ◊ËÕÕ∏‘∫“¬≈—°…≥–

¢Õß PAHs ∑’Ëæ∫‚¥¬„™â Sum of methylphenanth-

rence/phenanthrene ratio (MP/P ratio > 1 ‡ªìπ

petrogenic ·≈– MP/P ratio <1 ‡ªìπ pyrogenic)

cyclopenta (def)/methylphenanthrene ratio (CPP/

MP ratio > 0.2 ‡ªìπ pyrogenic ·≈– CPP/MP ratio <

0.2 ‡ªìπ petrogenic) Fluoranthene/Fluoranthene+

Pyrene (Fluo/Fluo+Pyr>0.5 ‡ªìπ pyrogenic ·≈–

Fluo/Fluo+Pyr <0.5 ‡ªìπ petrogenic) high molecular

weight PAHs/low molecular weight PAHs (H/L >

1 ‡ªìπ pyrogenic ·≈– H/L < 1 petrogenic) º≈®“°

°“√„™â Pyr/Fluo ratio ·≈– Fluo/Fluo+Pyr ratio

„Àâº≈∑’Ë Õ¥§≈âÕß°—π∂÷ß 95% ®“°§à“ ratio µà“ßÊ

∑’Ë· ¥ß¢Õ∫‡¢µ°“√æ‘®“√≥“·≈â«π—Èπ ‡¡◊ËÕ‡∑’¬∫°—∫º≈

„πµ“√“ß · ¥ß„Àâ‡ÀÁπ«à“·À≈àß∑’Ë¡“¢Õß°“√ªπ‡ªóôÕπ

„πµ–°Õπ¥‘π¡’‚Õ°“ ‡ªìπ‰ª‰¥â∑—Èß 2 ·À≈àß §◊ Õ

pyrogenic ·≈– petrogenic ¥—ß· ¥ß„π√Ÿª∑’Ë 4 ÷́Ëß

Õ∏‘∫“¬ ratio √–À«à“ß Pyr/Flu (Pyr/Flu >1 = pyro-

genic, Flu/Pyr < 1 = petrogenic) ‚¥¬®–‡ÀÁπ«à“

°“√°√–®“¬µ—«¢Õß “√ PAHs „πµ–°Õπ¥‘π¡’§«“¡

‡ªìπ‰ª‰¥â∑—Èß°“√ªπ‡ªóôÕπ®“°°“√‡º“‰À¡â∑’Ë ‰¡à ¡∫Ÿ√≥å
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√Ÿª 5  · ¥ß PAHs pattern ¢Õßº≈°“√«‘‡§√“–Àå„πµ—«Õ¬à“ßµ–°Õπ¥‘π
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(Pyrogenic) ·≈–°“√ªπ‡ªóôÕπ®“°·À≈àß∑’Ë¡“®“°

º≈‘µ¿—≥±åªî‚µ√‡≈’¬¡ ‚¥¬‡©æ“– st3 ÷́Ëß§«“¡ —¡æ—π∏å

√–À«à“ß ratio µà“ßÊ ‚¥¬ 3 „π 5 ratio (MP/P ratio

Pyr/Flu ratio ·≈– Fluo/Pyr+Fluio ratio) √«¡°—π

·≈– 4 „π 5 ratio (MP/P ratio H/L ratio Pyr/Flu

ratio ·≈– Fluo/Pyr+Fluio ratio) ∑’Ëπ”¡“‡ª√’¬∫‡∑’¬∫

π—Èπ¡’º≈‰ª∑“ß‡¥’¬«°—π∂÷ß 70% πÕ°®“°π—Èπ°“√„™â

composition ¢Õß PAHs ¥—ß· ¥ßµ—«Õ¬à“ß pattern

„π√Ÿª 5 π—Èπ ®–· ¥ß„Àâ‡ÀÁπ«à“¡’§«“¡‡ªìπ‰ª‰¥â¢Õß

·À≈àß∑’Ë¡“∑—Èß 2 ·∫∫ ‡™àπ°—π °—∫°“√„™â ratio æ‘®“√≥“

¥—ß∑’Ë‡ πÕ‰«â·≈â«¢â“ßµâπ Õ¬à“ß‰√°Áµ“¡¢âÕ¡Ÿ≈„π‚§√ß°“√

«‘®—¬π’È®–„™â„π°“√»÷°…“µàÕ‰ª‡æ◊ËÕÀ“·À≈àß∑’Ë¡“„Àâ™—¥‡®π

¡“°¢÷Èπ √«¡∑—Èß»÷°…“∑‘»∑“ß°“√·æ√à°√–®“¬¢Õß PAHs

‚¥¬®–∑”°“√‡°Á∫µ—«Õ¬à“ß ‘Ëß·«¥≈âÕ¡Õ◊ËπÊ ‡æ◊ËÕπ”º≈

¡“‡ª√’¬∫‡∑’¬∫µàÕ‰ª

4.  √ÿªº≈°“√»÷°…“
®“°°“√»÷°…“°“√°√–®“¬µ—«¢Õß “√ PAHs

„πµ–°Õπ¥‘πº‘«Àπâ“∫√‘‡«≥§≈Õßµà“ßÊ ·¡àπÈ”‡®â“æ√–¬“

ª“°·¡àπÈ”·≈–™“¬Ωíòß∑–‡≈¢Õßª√–‡∑» æ∫«à“¡’°“√

ªπ‡ªóôÕπ·≈–°“√ – ¡„πª√‘¡“≥§àÕπ¢â“ß Ÿß ‚¥¬‡©æ“–

∫√‘‡«≥§≈Õßµà“ßÊ ÷́Ëß‡™◊ËÕ¡µàÕ°—∫·¡àπÈ” ·≈–¡’·π«‚πâ¡

≈¥≈ß‡¡◊ËÕ‡¢â“ Ÿà∫√‘‡«≥·¡àπÈ”‡®â“æ√–¬“ ·≈–ª“°·¡àπÈ”

·≈–¡’ª√‘¡“≥°“√ – ¡ “√ PAHs µË”∑’Ë ÿ¥§◊Õµ–°Õπ¥‘π

™“¬Ωíòß ®“°º≈°“√»÷°…“πà“®–‡ÀÁπ·π«‚πâ¡°“√°√–®“¬

µ—«·≈– “‡Àµÿ°“√ªπ‡ªóôÕπ Õ“®‡π◊ËÕß®“°ªí≠À“ PAHs

„π‡¡◊Õß‚¥¬¡’°“√™–≈ß Ÿà·À≈àßπÈ”∏√√¡™“µ‘‚¥¬ºà“π

§≈Õßµà“ßÊ Õ¬à“ß‰√°Áµ“¡ ¡¡ÿµ‘∞“π¥—ß°≈à“«®–µâÕß„™â

‡∑§π‘§Õ◊Ëπ‡¢â“¡“Õ∏‘∫“¬‡æ‘Ë¡‡µ‘¡ √«¡∑—Èß√“¬≈–‡Õ’¬¥

 “‡Àµÿ·≈–§«“¡‡ªìπ‰ª‰¥â¢Õß∑’Ë¡“¢Õß “√ PAHs ‚¥¬

ºŸâ«‘®—¬®–∑”°“√»÷°…“µàÕ‰ª ‚¥¬„™â “√ molecular

marker „πß“π«‘®—¬¢—ÈπµàÕ‰ª

À¡“¬‡Àµÿ
T-PAHs: sum (anthracene, phenanthrene,

fluoranthene, pyrene, benzo[a]anthracene, chrysene,

benzo[b]fluoranthene, benzo[j]fluoranthene, benzo[k]

fluoranthene, benzo[e]pyrene, benzo[a]pyrene,

benzo[a]pyrene, perylene, indeno[1,2,3-cd]pyrene,

benzo[ghi]perylene, and coronene),MP/P:sum

(1-methylphenanthrene, 2-methylphenanthrene,

3-methylphenanthrene, 9-methylphenanthrene/

to phennanthrene, CCP/MP : cyclopenta(def)pyrene

to sum(1-methylphenanthrene, 2- methylphenanth-

rene, 3-methylphenanthrene, 9-methylphenanth-

rene (H/L: sum(benzo[a]anthracene, chrysene,

benzo[b]fluoranthene, benzo[e]fluoranthene,

benzo[k]fluoranthene, benzo[e]pyrene, benzo[a]

pyrene, benzo[a]pyrene, perylene, indeno[1,2,3-

cd]pyrene, benzo[ghi]perylene and coronene ) to

sum (anthracene, phenanthrene, fluoranthene,

pyrene) , Pyrene/ Fluoranthene (Pyr/Fluo),

Fluoranthene/Fluoranthene+Pyrene (Fluo/Fluo+

Pyr)
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°“√»÷°…“™π‘¥¢Õß·æ≈ß°åµÕπ —µ«åπÈ”®◊¥ (Rotifer species)
„π·À≈àßπÈ”∑’Ë¡’°“√ªπ‡ªóôÕπ “√ÀπŸ
Study on Zooplankton (Rotifer species ) in the Arsenic Contaminated
Water Resources

 ‡®π«‘∑¬å «ß…å»“πŸπa,  ÿ°—≠≠“ ∫ÿ≠‡©≈‘¡°‘®a, æπ¡æ√ «ß…åª“πa

Abstract
Rotifers were considered as biological

indicators of water quality. Rotifers can also be used

as test organisms in toxicity test and heavy metal

in water.

Two water resources were studied. They

were similar in water characteristic but only the

contamination of arsenic level in water and

sediment. Rotifers were collected and identified

from two water resources compare from the list of

11 selected species.

Some of Brachionous species, Lecane

species were shown clearly different, and can be

uses as biological indicator.

∫∑§—¥¬àÕ
°“√ª√–‡¡‘π∑“ß™’«¿“æ ¥â«¬°“√„™â ‘Ëß¡’™’«‘µ

‡ªìπ¥—™π’™’È«—¥§ÿ≥¿“æπÈ” ‚¥¬æ‘®“√≥“®“°°“√µÕ∫ πÕß

¢Õß ‘Ëß¡’™’«‘µµàÕ§ÿ≥≈—°…≥–¢ÕßπÈ”∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª

·≈–§—¥‡≈◊Õ° ‘Ëß¡’™’«‘µ∑’Ë‡À¡“– ¡ „π°“√»÷°…“§√—Èßπ’È„™â

·æ≈ßµÕπ —µ«åπÈ”®◊¥ “¬æ—π∏ÿå‚√µ‘‡øÕ√å (Rotifer sp.)

‡ªìπ¥—™π’™’È«—¥ ‡π◊ËÕß®“°¡’¢âÕ¡Ÿ≈®“°°“√∑∫∑«π‡Õ° “√

√–∫ÿ«à“ Rotifer sp. ¡’°“√µÕ∫ πÕß∑’Ë¥’µàÕ°“√‡ª≈’Ë¬π·ª≈ß

§ÿ≥¿“æπÈ” πÕ°®“°π’È Rotifer species ∫“ß™π‘¥¬—ß∂Ÿ°

„™â„π°“√µ√«® Õ∫§«“¡‡ªìπæ‘… À√◊Õ°“√ªπ‡ªóôÕπ¢Õß

 “√æ‘…√«¡∑—Èß‚≈À–Àπ—°„ππÈ”‰¥â‡ªìπÕ¬à“ß¥’

°“√»÷°…“‚¥¬°“√§—¥‡≈◊Õ°™π‘¥¢Õß Rotifer

®”π«π 11 ™π‘¥ ·≈–µ√«®À“ Rotifer ‡À≈à“π’È„π·À≈àßπÈ”

a»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√ 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
Environmental Research and Training Centre, Technopolis, Klong 5, Klong Luang, Pathumthani, 12120

2 ·À≈àß §◊Õ¢ÿ¡‡À¡◊Õß∑ÿàßπÈ”®“π·≈–¢ÿ¡‡À¡◊Õß∑â“¬‡√◊Õ

´÷Ëß¡’§ÿ≥≈—°…≥–∑“ß°“¬¿“æ§≈â“¬§≈÷ß°—π·µà·µ°µà“ß

„π√–¥—∫°“√ªπ‡ªóôÕπ “√ÀπŸ„ππÈ”·≈–µ–°Õπ¥‘π ¥—ßπ—Èπ

™π‘¥¢Õß Rotifer ∑’Ëµ√«®æ∫‡¡◊ËÕπ”¡“‡ª√’¬∫‡∑’¬∫„π

·ßà¢Õß°“√°√–®“¬µ—«·≈–°“√§ßÕ¬Ÿà·≈â«®–π”¡“‡ªìπ

¢âÕ¡Ÿ≈æ◊Èπ∞“π„π°“√„™â‡ªìπ¥—™π’™’È«—¥°“√ªπ‡ªóôÕπ‰¥â

∑“ß°“√»÷°…“ Rotifer ∑’Ëµ√«®æ∫· ¥ß„Àâ

‡ÀÁπ‡¥àπ™—¥«à“¡’Õ¬Ÿà„π·À≈àßπÈ”Àπ÷Ëß·µà‰¡àæ∫„πÕ’°·À≈àßπÈ”

´÷Ëß¡’§«“¡·µ°µà“ß°—π„π√–¥—∫°“√ªπ‡ªóôÕπ¢Õß “√ÀπŸ

·≈– “¡“√∂„™â‡ªìπ¥—™π’™’È«—¥‡∫◊ÈÕßµâπ‰¥â·°à Brachionus

sp. (∫“ß species), Lecane sp. (∫“ß species)

1. ∫∑π”
Õ.√àÕπæ‘∫Ÿ≈¬å ®.π§√»√’∏√√¡√“™ ‡§¬‡ªìπæ◊Èπ∑’Ë

∑”‡À¡◊Õß·√à¥’∫ÿ°¡“°«à“ 100 ªï ≈—°…≥–°“√∑”‡À¡◊Õß

¡’∑—Èß‡À¡◊Õß‡√◊Õ¢ÿ¥·≈–‡À¡◊ÕßÕÿ‚¡ß§å ¿“¬À≈—ß®“°°“√

∑”‡À¡◊Õß‡√◊Õ¢ÿ¥ æ◊Èπ∑’Ë∑’Ëºà“π°“√∑”‡À¡◊Õß®–∂Ÿ°ª≈àÕ¬

∑‘Èß«à“ß‡ª≈à“ ¿“¬À≈—ß®–‡ªìπ·À≈àß‡°Á∫°—°πÈ” ´÷Ëß¡’‡ªìπ

®”π«π¡“°∑—Èß¢π“¥‡≈Á°·≈–¢π“¥„À≠à °“√»÷°…“¢Õß

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

2543-2544 æ∫«à“∫√‘‡«≥·À≈àßπÈ”À√◊Õ¢ÿ¡‡À¡◊Õß‡À≈à“π’È

∫“ß¢ÿ¡‡À¡◊Õß¡’ª√‘¡“≥¢Õß “√ÀπŸªπ‡ªóôÕπÕ¬Ÿà„ππÈ”

·≈–µ–°Õπ¥‘π„π√–¥—∫ Ÿß ·µà∫“ß¢ÿ¡‡À¡◊Õß·¡â®–Õ¬Ÿà

„°≈â‡§’¬ß°—π¡’ ¿“æ∑“ß¿Ÿ¡‘»“ µ√å  ¿“æ·«¥≈âÕ¡

§≈â“¬§≈÷ß°—π æ∫«à“πÈ”·≈–µ–°Õπ¥‘π¡’ “√ÀπŸªπ‡ªóôÕπ

„π√–¥—∫µË” ´÷ËßÀ“°‰¡à¡’°“√µ√«®«‘‡§√“–Àå∑“ß‡§¡’·≈â«

®–‰¡à “¡“√∂·¬°¢ÿ¡‡À¡◊Õß∑’Ë¡’°“√ªπ‡ªóôÕπ°—∫¢ÿ¡‡À¡◊Õß

∑’Ëª√“»®“° “√ÀπŸÕÕ°®“°°—π‰¥â
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·À≈à ßπÈ”®”π«πÀπ÷Ë ß´÷Ë ßª√“»®“° “√ÀπŸ

ªπ‡ªóôÕπ “¡“√∂π”¡“„™âª√–‚¬™πå‡æ◊ËÕ°“√Õÿª‚¿§‰¥â

·µàµâÕß¡’°“√µ√«® Õ∫‚¥¬°“√«‘‡§√“–Àå∑“ß‡§¡’ ´÷Ëß

¬ÿàß¬“°„™â‡«≈“·≈–§à“„™â®à“¬ Ÿß ¥—ßπ—ÈπÀ“°¡’«‘∏’°“√Õ¬à“ß

ßà“¬„π°“√∫àß™’È°“√ªπ‡ªóôÕπ¢Õß “√ÀπŸ„π·À≈àßπÈ”

·≈â«°Á®–‡ªìπª√–‚¬™πåÕ¬à“ß¬‘Ëß„π°“√µ√«® Õ∫°“√

ªπ‡ªóôÕπ‡∫◊ÈÕßµâπ

°“√»÷°…“«‘®—¬§√—Èßπ’È¡’®ÿ¥ª√– ß§å ‡æ◊ËÕ°“√

ª√–¬ÿ°µå„™â¥—™π’™’«¿“æ ‚¥¬‡©æ“–·æ≈ßµÕπ —µ«åπÈ”®◊¥

™π‘¥ Rotifer ¡“„™â„π°“√∫àß™’È°“√ªπ‡ªóôÕπ‡∫◊ÈÕßµâπ ‚¥¬

Rotifer À≈“¬™π‘¥‰¥â∂Ÿ°„™â‡ªìπ¥—™π’∫àß™’È§ÿ≥¿“æπÈ”

„πÀ≈“°À≈“¬¥—™π’ ‡™àπ ª√‘¡“≥ÕÕ°´‘‡®π≈–≈“¬πÈ”

ª√‘¡“≥‚≈À–Àπ—° ª√‘¡“≥√—ß ’ §«“¡‡ªìπ°√¥‡ªìπ‡∫ 

ª√‘¡“≥ “√Õ‘π∑√’¬åªπ‡ªóôÕπ √«¡∑—Èß„™â∑¥ Õ∫§«“¡

‡ªìπæ‘… (toxicity) Õ’°¥â«¬ (21)

2. «‘∏’°“√»÷°…“
Rotifer ‡ªìπ Zooplankton ∑’Ëæ∫¡“°·≈–

‡µ‘∫‚µ‰¥â¥’„π·À≈àßπÈ”∑—Ë«‰ª ¡’º≈„π√–∫∫π‘‡«»πå Ÿß

‚¥¬‡ªìπµ—«∫√‘‚¿§Õ—π¥—∫·√°„πÀà«ß‚´àÕ“À“√ ¡’°“√

°√–®“¬µ—«§àÕπ¢â“ß Ÿß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ Zooplankton

°≈ÿà¡Õ◊ËπÊ Õ“®æ∫µ—Èß·µà 50-250 ™π‘¥„π·À≈àßπÈ”‡¥’¬«

´÷Ëß “¡“√∂π”¡“‡ª√’¬∫‡∑’¬∫°—∫·À≈àßπÈ”Õ◊ËπÊ ‰¥âßà“¬

¡’¢π“¥Õ¬Ÿà√–À«à“ß 45 ‰¡§√Õπ ®π∂÷ß 2.5 ¡‘≈≈‘‡¡µ√

§«“¡¬“«®–Õ¬Ÿà√–À«à“ß 100-500 ‰¡§√Õπ  à«π„À≠à®–

‡ªìπ‡æ»‡¡’¬ Rotifer ®–¡’°“√°√–®“¬µ—«Õ¬à“ß°«â“ß¢«“ß

·≈–®—¥‡ªìπ°≈ÿà¡¢Õß —µ«å‰¡à¡’°√–¥Ÿ° —πÀ≈—ß∑’Ë‡°à“·°à∑’Ë ÿ¥

„π ¿“æ∑—Ë«‰ª®–æ∫Õ¬Ÿà 50-500 µ—« µàÕπÈ” 1 ≈‘µ√

Rotifer ®–æ∫‰¥â„π·À≈àßπÈ”∑—Ë«‰ª ∑–‡≈ “∫

ÀπÕß∫÷ß √«¡∑—Èß„π∫àÕπÈ” πÈ”„µâ¥‘π ·µà‚¥¬ à«π„À≠à

Rotifer ®–æ∫„π·À≈àßπÈ”π‘Ëß„π‡¢µ littoral zone ¢Õß

∑–‡≈ “∫ ‡¢◊ËÕπ ∫àÕª≈“ ·¡àπÈ” §≈Õß ¡’√“¬ß“π«à“ 75%

¢Õß Rotifer ®–æ∫„π‡¢µ littoral zone (13)

º≈¢Õß pH ∑’Ë¡’µàÕ Rotifer ‚¥¬∑—Ë«‰ªπÈ”∑’Ë¡’

§ÿ≥ ¡∫—µ‘‡ªìπ‡∫  (pH>7.0) ®–¡’®”π«π™π‘¥¢Õß

Rotifer πâÕ¬ ·µà®–¡’®”π«πµ—«µàÕ™π‘¥¡“° „π¢≥–∑’ËπÈ”

∑’Ë¡’§ÿ≥ ¡∫—µ‘‡ªìπ°√¥®–æ∫«à“¡’™π‘¥¢Õß Rotifer ¡“°

·µà¡’®”π«πµ—«µàÕ™π‘¥πâÕ¬°«à“ ¡’°“√°√–®“¬µ—« Ÿß°«à“

„ππÈ”∑’Ë¡’§ÿ≥ ¡∫—µ‘‡ªìπ‡∫  ‰¥â √ÿªº≈¢Õß pH ∑’Ë¡’µàÕ

™π‘¥¢Õß Rotifer «à“ πÈ”∑’Ë¡’§ÿ≥ ¡∫—µ‘‡ªìπ¥à“ß®–¡’™π‘¥

¢Õß Rotifer ‡™àπ Asplanchra, Asplanchropus,

Mytil ina, Brachionus, Fil inia , Lacinolaria ,

Sinantherina, Eosphora ·≈– Nothalea ™π‘¥¢Õß

Rotifer ∑’Ë¡’Õ¬Ÿà ‰¥â∑—Èß„ππÈ”∑’Ë‡ªìπ‡∫ ·≈–°√¥®–‡ªìπ à«π

„À≠à¢Õß Rotifer ·≈–™π‘¥¢Õß Rotifer ∑’ËÕ¬Ÿà„ππÈ”

∑’Ë¡’ƒ∑∏‘Ï‡ªìπ°√¥ ‡™àπ Cephalocella, Lepadella,

Lecane, Monostyla, Trichocerca ·≈– Dicranophorus

‡ªìπµâπ (11) (12)

·µà‚¥¬ ¿“æ·∑â®√‘ß·≈â« Rotifer  “¡“√∂∑’Ë

®–°√–®“¬µ—«‰¥â‚¥¬≈¡ πÈ” ¥—ßπ—Èπ®÷ß∑”„Àâ¡’°“√·æ√à

°√–®“¬Õ¬à“ß°«â“ß¢«“ß‚¥¬∑—Ë«‰ª ¡’∫“ß™π‘¥∑’Ë “¡“√∂

°√–®“¬µ—«·≈–æ∫‰¥â∑—Ë«‰ª„π∑ÿ°·À≈àßπÈ”

Rotifer ∂Ÿ°®—¥‡ªìπ¥—™π’™’È«—¥§ÿ≥¿“æπÈ”∑’Ë ¥’

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫„π≈—°…≥–°“√ªπ‡ªóôÕπ¥â«¬Õ‘π∑√’¬ “√

¡’°“√Õâ“ßÕ‘ß∂÷ß§à“ BODs À√◊Õ§à“ÕÕ°´‘‡®π≈–≈“¬πÈ”

¡’°“√°≈à“«∂÷ß°“√„™â Rotifer species „π°“√™’È«—¥

§ÿ≥¿“æπÈ”„π·À≈àßπÈ”µà“ßÊ ®”π«πÀ≈“¬·À≈àß ·≈–

 “¡“√∂ √ÿª™π‘¥¢Õß Rotifer ∑’Ë “¡“√∂π”¡“‡ªìπ

¥—™π’™’«¿“æ‰¥â‚¥¬¡’§«“¡ —¡æ—π∏å„π‡™‘ß ∂‘µ‘ (18) (21)

Rotifer ∂Ÿ°„™â‡ªìπ¥—™π’™’È«—¥§ÿ≥¿“æπÈ”§√—Èß·√°

‰¥â∫—π∑÷°™π‘¥¢Õß Rotifer §◊Õ Rotaria neptunia

·≈– R.rotatoria ‰«â‡ªìπ Polysaprobic species µàÕ¡“

‰¥â‡æ‘Ë¡ Diplax trigona „π Polysaprobic, Brachionus

ureceolaris „π Beta mesosaprobic, Filinia longiseta,

Polyarthra platyptera, Kellatella longispina ·≈–

Keratella cochlearic ‡ªìπ Oligsaprobic (5) (6)

(7) (25)

2.1 °“√§—¥‡≈◊Õ°™π‘¥¢Õß Rotifer „π
°“√»÷°…“

¡’°“√∫—π∑÷° Rotifer ‰«â 82 ™π‘¥ «à“‡ªìπ¥—™π’

™’È«—¥∑’Ë¥’·≈–¡’§«“¡∂Ÿ°µâÕß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫®“°°“√

«‘‡§√“–Àå∑“ß‡§¡’ (21) °“√»÷°…“§√—Èßπ’È„™â¢âÕ¡Ÿ≈æ◊Èπ∞“π

¥—ß°≈à“«¡“§—¥‡≈◊Õ°‚¥¬§âπ§«â“Õâ“ßÕ‘ß®“°√“¬ß“π∑’Ë

ºà“π¡“ (2) (15) (16) (17) (21) (24) (26) ‚¥¬‡ªìπ°“√

§—¥‡≈◊Õ°‡©æ“– Rotifer ∑’Ë‡ªìπ¥—™π’µ√«® Õ∫§ÿ≥¿“æπÈ”

∑’Ë‡°’Ë¬«¢âÕß°—∫‚≈À–Àπ—° ·≈–¡’Õ¬Ÿà„πª√–‡∑»‰∑¬ ‚¥¬®–

µâÕß¡’§ÿ≥ ¡∫—µ‘‡©æ“–µ—« Õ¥§≈âÕß°—∫§ÿ≥¿“æ¢Õß

·À≈àßπÈ”∑’Ë‡°Á∫µ—«Õ¬à“ß π”¡“§—¥‡≈◊Õ°™π‘¥¢Õß Rotifer

∑’Ë¡’§«“¡‡ªìπ‰ª‰¥â®”π«π 11 ™π‘¥ ÷́Ëß·µà≈–™π‘¥¡’
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√“¬≈–‡Õ’¬¥§◊Õ

Brachionus angularis angularis ‡ªìπ

Rotifer ∑’ËÕ“»—¬Õ¬Ÿà„π·À≈àßπÈ”∑’Ë¡’ƒ∑∏‘Ï‡ªìπ¥à“ß ‡™àπ „π

 √–πÈ” æ∫«à“‡ªìπÀπ÷Ëß„πÀ°™π‘¥ ÿ¥∑â“¬∑’ËÀ≈ß‡À≈◊ÕÕ¬Ÿà

„ππÈ”∑’Ë¡’ ¿“æ∑’Ë¡’¡≈¿“«– Ÿß ¡’¢π“¥√–À«à“ß 160-200

‰¡§√Õπ ¡’ª√‘¡“≥√–À«à“ß 5-100 µ—«µàÕπÈ” 1 ≈‘µ√ (1)

Brachionus quadridentatus æ∫„ππÈ”

 ¿“æ‡ªìπ¥à“ß ¡’°“√°√–®“¬µ—«§àÕπ¢â“ß Ÿß·µà¡’ª√‘¡“≥

πâÕ¬ ·≈–®–æ∫πâÕ¬¡“°„π·À≈àßπÈ”∑’Ë¡’¡≈¿“«– ‡™àπ

„π∫àÕ∫”∫—¥πÈ”‡ ’¬

Cephalodella uncinata bicuspidata ‡ªìπ

™π‘¥∑’Ëæ∫∑—Ë«‰ª„π·À≈àßπÈ”∏√√¡™“µ‘ ·µà “¡“√∂ª√—∫µ—«

„ÀâÕ¬Ÿà„π·À≈àßπÈ”∑’Ë¡’¡≈¿“«–‰¥â‡ªìπÕ¬à“ß¥’

Platyias quadricornis æ∫‰¥â„π‡¢µπÈ”µ◊Èπ

µ“¡·π«™“¬¢Õ∫·À≈àßπÈ” ‡ªìπ™π‘¥∑’Ë¡’°“√°√–®“¬µ—« Ÿß

æ∫„π∫àÕª≈“  √–πÈ” ·≈–∑–‡≈ “∫¢π“¥‡≈Á° ∑—Ë«‰ª

Keratella cochlearis ‡ªìπ Rotifer ∑’Ë

 “¡“√∂æ∫‰¥â∑—Ë«‰ª ¡’°“√°√–®“¬µ—« Ÿß∑—Èß„π·À≈àßπÈ”π‘Ëß

·≈–·À≈àßπÈ”‰À≈™â“ æ∫«à“ “¡“√∂°‘πÕ“À“√‰¥â∑—Èß

·æ≈ß°åµÕπæ◊™·≈–·æ≈ß°åµÕπ —µ«å (4)

Lecane bulla ‡ªìπ Rotifer ∑’Ë¡’°“√°√–®“¬

µ—«Õ¬Ÿà∑—Ë «‰ª·≈–Õ¬Ÿà „π‡¢µ™“¬πÈ”¢Õß·À≈àßπÈ” ‡™àπ

™“¬∑–‡≈ “∫ ∫àÕ  √–∫“ß§√—Èß®–æ∫„π∫àÕ∫”∫—¥

πÈ”‡ ’¬ ÷́Ëß¡’§ÿ≥¿“æπÈ”¥’‡ªìπ®”π«π¡“°

Lecane luna ‡ªìπ Rotifer ∑’Ë„™â macrophyte

‡ªìπ·À≈àßÕ“À“√ “¡“√∂Õ¬Ÿà ‰¥â „ππÈ”∑’Ë¡’¡≈¿“«–·µà¡’

°“√‡®√‘≠‡µ‘∫‚µ‰¥â¥’„π·À≈àßπÈ” –Õ“¥ (22)

Lecane lunaris ‡ªìπ Rotifer ∑’ËÕ“»—¬Õ¬Ÿà„π

πÈ”∫√‘‡«≥¢Õ∫™“¬Ωíòß littoral zone ¢Õß∫àÕª≈“  √–

·µà°Á “¡“√∂æ∫‰¥â∫â“ß„π·À≈àßπÈ”¢Õß√–∫∫∫”∫—¥πÈ”‡ ’¬

Rotatoria rotatoria ‡ªìπ Rotifer ∑’Ëæ∫‰¥â

‚¥¬∑—Ë«‰ª„π∑–‡≈ “∫  √– ‚¥¬ à«π¡“°®–æ∫∫√‘‡«≥

º‘«πÈ”„π∫“ß ∂“π∑’Ë®–æ∫«à“¡’¡“°∑’Ë ÿ¥„π∫√√¥“ Rotifer

„π∫√‘‡«≥π—Èπ æ∫«à“¡’„π∫àÕ∫”∫—¥πÈ”‡ ’¬®“°‚√ßπÈ”µ“≈

‡ªìπ™π‘¥∑’Ëæ∫‡ªìπ®”π«ππâÕ¬„π∫àÕ∑’Ë¡’ ¿“æ‡≈« ·µà®–

æ∫«à“¡’®”π«π‡æ‘Ë¡¡“°„π∫àÕ∑’Ë¡’πÈ”§ÿ≥¿“æ¥’ (19) (20)

Lepadella acuminata æ∫‰¥â„π·À≈àßπÈ”¢—ß

∑—Ë«‰ª ¡’°“√°√–®“¬µ—«§àÕπ¢â“ß¥’  “¡“√∂æ∫‰¥â·¡â

„πæ◊Èπ∑’Ë≈ÿà¡πÈ”À√◊Õ·À≈àßπÈ”¢—ß¢π“¥‡≈Á°

Rotatoria nepturia æ∫„π·À≈àß littoral

zone Õ“®æ∫„π‚§≈π∫√‘‡«≥°âπ∫àÕ·≈–æ∫„π·À≈àßπÈ”

∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß‡ ’¬„π∫àÕ∫”∫—¥  “¡“√∂®”·π°

‰¥âßà“¬ ¡’≈—°…≥–∑’Ë™—¥‡®π·≈– “¡“√∂∑πÕ¬Ÿà„π ¿“«–∑’Ë

ªπ‡ªóôÕπ Ÿß (23)

2.2 ¢—ÈπµÕπ°“√‡°Á∫·≈–«‘‡§√“–Àåµ—«Õ¬à“ß
2.2.1 «‘∏’°“√‡°Á∫µ—«Õ¬à“ß

‡°Á∫µ—«Õ¬à“ß„π·À≈àßπÈ” 2 ·À≈àß §◊Õ ¢ÿ¡

‡À¡◊Õß‡°à“∑ÿàßπÈ”®“π ·≈–¢ÿ¡‡À¡◊Õß‡°à“∫√‘‡«≥∑â“¬‡√◊Õ

µ.√àÕπæ‘∫Ÿ≈¬å ‡æ◊ËÕ‡ªìπ°“√‡ª√’¬∫‡∑’¬∫√“¬≈–‡Õ’¬¥„π

µ“√“ß∑’Ë 1

µ—«Õ¬à“ß√«¡®”π«π 10 µ—«Õ¬à“ß ∫√‘‡«≥

littoral zone ¢Õß∑—Èß Õß·À≈àßπÈ”®–‡°Á∫‚¥¬°“√„™â

Plankton net ¢π“¥ 30 ‰¡§√Õπ ·≈–Õ’° 10 µ—«Õ¬à“ß

®–„™â plankton trap ¢π“¥ 20 ≈‘µ√ ¥—°®—∫‚¥¬∑‘Èß‰«â

12 ™—Ë«‚¡ß„π·µà≈–®ÿ¥‡°Á∫

®“°π—Èπµ—«Õ¬à“ß®–∂Ÿ°∫√√®ÿ„π¢«¥æ≈“ µ‘°‚¥¬

‡µ‘¡πÈ”¬“ formalin ‡æ◊ËÕ√—°…“ ¿“æ §ÿ≥¿“æπÈ” ≥ ®ÿ¥

‡°Á∫®–µ√«®«—¥·≈–∫—π∑÷°Õÿ≥À¿Ÿ¡‘ §«“¡‡ªìπ°√¥‡∫ 

§«“¡‡§Á¡ °“√π”‰øøÑ“ πÕ°®“°π’È¬—ß‡°Á∫µ—«Õ¬à“ßπÈ”·≈–

¥‘πµ–°Õπ„π·µà≈–¢ÿ¡‡À¡◊Õßπ”¡“«‘‡§√“–ÀåÀ“ª√‘¡“≥

 “√ÀπŸªπ‡ªóôÕπ ¥—ß√“¬≈–‡Õ’¬¥„πµ“√“ß∑’Ë 2

 ∂“π∑’Ë «—π ‡«≈“
®”π«πµ—«Õ¬à“ß

À¡“¬‡Àµÿ
Littoral zone Plankton trap

µ“√“ß∑’Ë 1 ®ÿ¥‡°Á∫µ—«Õ¬à“ß «—π‡«≈“ ®”π«πµ—«Õ¬à“ß

¢ÿ¡‡À¡◊Õß∑ÿàßπÈ”®“π 29 ¡.§. 45 5 5 Uncontaminated

¢ÿ¡‡À¡◊Õß∑â“¬‡√◊Õ 30 ¡.§. 45 5 5 Contaminated



‚§
√ß

°“
√«

‘®—¬
·≈

–æ
—≤

π“
‡∑
§‚
π‚
≈¬

’ ‘Ëß
·«

¥≈
âÕ¡

¥â“
π 

“√
æ‘…

ª√
–®

”ª
ï 2

54
4 

- 2
54

6

154

2.2.2 «‘∏’°“√«‘‡§√“–Àåµ—«Õ¬à“ß

■ µ— «Õ¬à “ ßπÈ” ·≈–¥‘ πµ–°Õπ®–∑”°“√

«‘‡§√“–ÀåÀ“ª√‘¡“≥ “√ÀπŸ‚¥¬„™â‡§√◊ËÕß

Atomic Absorption Spectrophotometer

■ µ—«Õ¬à“ß Rotifers ®–®—¥®”·π°‡∫◊ÈÕßµâπ

·≈–∫—π∑÷°‡©æ“–™π‘¥∑’Ë∂Ÿ°§—¥‡≈◊Õ°‰«â·≈â«

®“°π—Èπ∑”°“√∂à“¬¿“æ‚¥¬°“√§—¥‡≈◊Õ°·≈–

®”·π°™π‘¥®–„™âÕπÿ°√¡«‘∏“π (8) (9) (10)

(14) (17)

3. º≈°“√»÷°…“
3.1 §ÿ≥≈—°…≥–‚¥¬∑—Ë«‰ª¢Õß·À≈àßπÈ”‡ª√’¬∫

‡∑’¬∫ 2 ·À≈àß (µ“√“ß 2)  “¡“√∂ √ÿª‰¥â«à“ ∑—Ë«‰ª

¡’§ÿ≥ ¡∫—µ‘∑“ß¿“¬¿“æ∑’Ë„°≈â‡§’¬ß°—π‡™àπ PH, Salinity,

ORP, Conductivity ·µà§«“¡·µ°µà“ß∑’Ë —ß‡°µ‰¥â§◊Õ

ª√‘¡“≥¢Õß “√ÀπŸ„ππÈ”´÷Ëß¢ÿ¡‡À¡◊Õß∑â“¬‡√◊Õ¡’§à“‡ªìπ

20 ‡∑à“¢Õß¢ÿ¡‡À¡◊Õß∑ÿàßπÈ”®“π  à«π„πµ–°Õπ¥‘π

ª√‘¡“≥¢Õß “√ÀπŸ„π¢ÿ¡‡À¡◊Õß∑â“¬‡√◊Õ¡’§à“‡ªìπ 6 ‡∑à“

¢Õß¢ÿ¡‡À¡◊Õß∑ÿàßπÈ”®“π

3.2 ®”π«π·≈–™π‘¥¢Õß Zooplankton ™π‘¥

Rotifer ∑’Ë “¡“√∂®”·π°®“°¢ÿ¡‡À¡◊Õß∑—Èß Õß‚¥¬

§—¥‡≈◊Õ°‡©æ“–™π‘¥∑’Ë ‰¥â®—¥∑”√“¬°“√‰«â ®“°µ“√“ß

‡ª√’¬∫‡∑’¬∫√–À«à“ß¢ÿ¡‡À¡◊Õß∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß

 “√ÀπŸ§◊Õ¢ÿ¡‡À¡◊Õß∑â“¬‡√◊Õ°—∫¢ÿ¡‡À¡◊Õß∑’Ë ‰¡à¡’°“√

ªπ‡ªóôÕπ§◊Õ¢ÿ¡‡À¡◊Õß∑ÿàßπÈ”®“π®– “¡“√∂ √ÿª‰¥â®“°

®”π«π Rotifer ∑’Ë∑”°“√∑∫∑«π‡Õ° “√·≈–§—¥‡≈◊Õ°‰«â

11 ™π‘¥  “¡“√∂æ∫‡æ’¬ß∫“ß™π‘¥·µàÕ¬à“ß‰√°Áµ“¡

Rotifer ∑’Ëæ∫°Á¡’§«“¡·µ°µà“ß¥—ß· ¥ß„πµ“√“ß∑’Ë 3

¢ÿ¡‡À¡◊Õß∑ÿàßπÈ”®“π Uncontaminated 6.99 28.6 0 13.55 76.4 8.02 30

¢ÿ¡‡À¡◊Õß∑â“¬‡√◊Õ Contaminated 7.56 29.3 0 12.41 82.5 164.10 185

µ“√“ß∑’Ë 2 §ÿ≥¿“æπÈ” ≥ ®ÿ¥‡°Á∫µ—«Õ¬à“ß

 ∂“π∑’Ë  ∂“π–

§ÿ≥¿“æπÈ” ª√‘¡“≥ As

PH Temp Salinity ORP Conduc-
tivity

„ππÈ”
(ppb)

„π¥‘π
µ–°Õπ
(ppm)

1. Brachionus angularis angularis - -

2. Br. quadridentatus + -

3. Cephalodella uncinata bicuspidata - -

4. Platyias quadricornis + +

5. Keratella cochlearis + +

6. Lecane bulla + +

7. L. luna + -

8. L. lunaris + -

9. Lepadella acuminata - -

10. Rotatoria nepturia - -

11. Rotatoria rotatoria - -

µ“√“ß∑’Ë 3 · ¥ß™π‘¥¢Õß Rotifer ∑’Ëæ∫„π·À≈àßπÈ”

Rotifer species ¢ÿ¡‡À¡◊Õß∑ÿàßπÈ”®“π ¢ÿ¡‡À¡◊Õß∑â“¬‡√◊Õ
Uncontaminated Contaminated
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®“°º≈°“√»÷°…“æ∫«à“ Zooplankton ∑’Ë∑”°“√

§—¥‡≈◊Õ°‰«â ®”π«π 11 ™π‘¥ æ∫«à“¡’ 5 ™π‘¥∑’Ëµ√«®

‰¡àæ∫„π·À≈àßπÈ”∑—Èß Õß·À≈àß §◊Õ Brachionus angularis

angularis, Cephalodella uncinata bicuspidata,

Lepadella acuminata, Rotatoria nepturia ·≈–

Rotatoria rotatoria ¡’ 3 ™π‘¥∑’Ëµ√«®æ∫„π∑—Èß Õß

·À≈àß§◊Õ Keratella cochlearis, Platyias quadricornis

·≈– Lecane bulla µ√«®æ∫«à“¡’ rotifers ®”π«π

3 ™π‘¥∑’Ëæ∫‡©æ“–„π·À≈àßπÈ”∑’Ë ‰¡à¡’°“√ªπ‡ªóôÕπ

§◊Õ Brachionus quadridentatus, Lecane luna ·≈–

L. lunaris

4.  √ÿª
®“°°“√µ√«®æ∫™π‘¥¢Õß Rotifer ∑’Ë “¡“√∂

æ∫‰¥â‡©æ“–„π·À≈àßπÈ”∑’Ë ‰¡à¡’°“√ªπ‡ªóôÕπ¥â«¬ “√ÀπŸ

‡™àπ Brachionus quadridentatus ´÷Ëß¡’§ÿ≥ ¡∫—µ‘«à“

®–æ∫‰¥âπâÕ¬¡“°„π·À≈àßπÈ”∑’Ë¡’¡≈¿“«– À√◊Õ Lecane

luna ·≈– L. lunaris ∑’Ë®–æ∫¡“°„π·À≈àßπÈ”∑’Ë –Õ“¥

‡ªìπ¢âÕ —ß ‡°µ‰¥â «à “Õ“®®–„™â ‡ªìπ¥—™π’ „π°“√™’È «—¥

‡∫◊ÈÕßµâπ‰¥â

Rotifers ∑’Ë§—¥‡≈◊Õ°„π°“√»÷°…“§√—Èßπ’È®–

¡’§ÿ≥ ¡∫—µ‘‡©æ“–∑’Ë Õ¥§≈âÕß°—∫·À≈àßπÈ” ¡’√Ÿª√à“ß

∑“ß°“¬¿“æ∑’Ëßà“¬µàÕ°“√®¥®”·≈–°“√®”·π°∂÷ß™π‘¥

Õ¬à“ß‰√°Áµ“¡°“√„™â Rotifers „π°“√µ√«®«—¥°“√

ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—°„ππÈ”®”‡ªìπ®–µâÕß¡’°“√∑¥ Õ∫

∑“ßæ‘…«‘∑¬“ ‡æ◊ËÕ»÷°…“º≈¢Õß‚≈À–Àπ—°∑’Ë¡’µàÕ Rotifer

™π‘¥π—ÈπÊ „π‡√◊ËÕß¢Õß°“√‡®√‘≠‡µ‘∫‚µ °“√¢¬“¬æ—π∏ÿå

°“√∑π∑“π ·≈–°“√µÕ∫ πÕßµàÕ°“√‰¥â√—∫‚≈À–Àπ—°

™π‘¥µà“ßÊ „π√–¥—∫§«“¡‡¢â¡¢âπµà“ß°—π Õ—µ√“°“√‡®√‘≠

‡µ‘∫‚µ √«¡∂÷ßÕ—µ√“°“√µ“¬„π·µà≈–™à«ß‡«≈“ ·≈–

™à«ß§«“¡‡¢â¡¢âπ¢Õß‚≈À–Àπ—°∑’Ë ‰¥â√—∫ ‚¥¬µâÕß„™â™π‘¥

∑’Ëßà“¬µàÕ°“√‡æ“–‡≈’È¬ß„πÀâÕßªÆ‘∫—µ‘°“√ ‡®√‘≠‡µ‘∫‚µ‰¥â

„ππÈ”ª√‘¡“≥πâÕ¬  ◊∫æ—π∏ÿå‚¥¬‰¡àµâÕßÕ“»—¬‡æ» ·≈–

 “¡“√∂ —ß‡°µ°“√≥å°“√µ“¬‰¥âÕ¬à“ß™—¥‡®π

5. ¢âÕ‡ πÕ·π–
Phytoplankton ·≈– Macrophyte ®–¥Ÿ¥´÷¡

 “√Õ“À“√ ·≈– “√æ‘…‡¢â“ Ÿàµ—«‡Õß‚¥¬ºà“π∑“ßπÈ”

À√◊Õ®“°µ–°Õπ¥‘π ‚¥¬‡©æ“–„π√Ÿª¢Õß “√≈–≈“¬

¥—ßπ—Èπ„π ‘Ëß¡’™’«‘µ∑’Ë Ÿß¢÷Èπ ‡™àπ Zooplankton ®–‰¥â√—∫

 “√æ‘…‚¥¬µ√ß®“°πÈ” ·≈–‰¥â√—∫®“°Õ“À“√ ÷́Ëß°Á§◊Õ

Phytophankton ·≈– Macrophyte π—Ëπ‡Õß ¢÷ÈπÕ¬Ÿà°—∫

™π‘¥¢Õß Rotifer ·≈–π‘ —¬°“√°‘πÕ“À“√ √«¡∑—Èß°“√

 – ¡¢Õß “√æ‘…„π√à“ß°“¬ §«“¡§ß∑πµàÕ “√æ‘…

·µà≈–™π‘¥ √«¡∂÷ß§«“¡ “¡“√∂„π°“√ª√—∫µ—«¢Õß

Zooplankton ‡À≈à“π—Èπ ÷́Ëß§«“¡·µ°µà“ßπ’È‡Õßπ”‰ª Ÿà

°“√§—¥‡≈◊Õ°™π‘¥¢Õß Zooplankton ‡æ◊ËÕ‡ªìπ¥—™π’

µ√«®«—¥°“√ªπ‡ªóôÕπ

°“√„™â¥—™π’™’«¿“æ„π°“√µ‘¥µ“¡µ√«® Õ∫

§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ¡’æ◊Èπ∞“π¢÷ÈπÕ¬Ÿà°—∫°“√§ßÕ¬ŸàÀ√◊Õ

°“√À“¬‰ª¢Õß ‘Ëß¡’™’«‘µ™π‘¥∑’Ë∂Ÿ°√–∫ÿ„π ‘Ëß·«¥≈âÕ¡

À√◊Õ¢÷ÈπÕ¬Ÿà°—∫°“√°√–®“¬µ—« ´÷Ëß°“√„™â¥—™π’™’«¿“æ·¡â

‰¡à„™à«‘∏’°“√µ√«®«—¥‚¥¬µ√ß ·µà‡ªìπ°“√ª√–¬ÿ°µå„™â

‡ΩÑ“√–«—ß ·≈–µ‘¥µ“¡§«“¡‡ª≈’Ë¬π·ª≈ß¢Õß§ÿ≥¿“æ

 ‘Ëß·«¥≈âÕ¡ Õ“®®–„™â‡ªìπ¥—™π’¢Õß —≠≠“≥‡µ◊Õπ

çwarning signalé ·µàÕ¬à“ß‰√°Áµ“¡¡’§«“¡®”‡ªìπ∑’Ë®–

µâÕß„™â«‘∏’°“√∑“ß™’«¿“æ ·≈–‡§¡’√à«¡°—π ‡π◊ËÕß®“°«‘∏’

°“√Àπ÷Ëß®–‰¡à “¡“√∂∑¥·∑πÕ’°«‘∏’Àπ÷Ëß‰¥â (3)
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‚§√ß°“√æ—≤π“™ÿ¥°√Õß “√ÀπŸ„ππÈ”®“°«— ¥ÿ∏√√¡™“µ‘

 ÿ‡∑’¬∫ »√’≈“™—¬a, «√√≥«‘¡≈ ¿—∑√ ‘√‘«ß»åa,  ÿ°—≠≠“ ∫ÿ≠‡©≈‘¡°‘®a

a»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√ 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
Environmental Research and Training Centre, Technopolis, Klong 5, Klong Luang, Pathumthani, 12120

Abstract
Reddish soil (laterite) naturally can absorb

arsenic in water because of its iron content. Two

and a half kilograms of laterite was used as filter

media in the laboratory-scale filter equipment

made for absorption efficiency testing. It was

found that, for the water sample containing arsenic

100 µg/l, the first 150 liters of filtrate contained

arsenic less than 15 µg/l. After that absorption

efficiency was decrease consequently. For the

water sample containing 500 µg/l, the first

100 liters had arsenic concentration less than 100

µg/l, then the absorption efficiency was reduced

fluctuated rate. When testing with natural water

with arsenic contamination at concentration of

about 200 µg/l, 15 kilograms of laterite was used

and packed in twenty five liters of buckets were

used for the test. It was found that after first

filtration, the arsenic concentration in the filtrate

was less than 100 µg/l. After the second filtration,

the filtrate contained arsenic less than 1 µg/l.

This figure is very much less than the standard of

drinking water. The finding from this research was

transferred to the public through workshop for

the local community where arsenic contamination

has been found.

∫∑§—¥¬àÕ
¥‘π·¥ß¡’§ÿ≥ ¡∫—µ‘„π°“√¥Ÿ¥´—∫ “√ÀπŸ„ππÈ”

‰¥â‡ªìπÕ¬à“ß¥’ ‡π◊ËÕß®“°¡’‡À≈Á°‡ªìπÕß§åª√–°Õ∫ ‚¥¬

‡¡◊ËÕπ”¥‘π·¥ß®”π«π 2.5 °‘‚≈°√—¡ ¡“„™â‡ªìπµ—«°√Õß

„π™ÿ¥°√Õß “√ÀπŸ∑’Ëª√–°Õ∫¢÷Èπ π”‰ª∑¥ Õ∫°—∫

 “√≈–≈“¬ “√ÀπŸ∑’Ë‡µ√’¬¡„πÀâÕßªØ‘∫—µ‘°“√§«“¡‡¢â¡¢âπ

100 ·≈– 500 ‰¡‚§√°√—¡µàÕ≈‘µ√ æ∫«à“ ∑’Ë§«“¡‡¢â¡¢âπ

100 ‰¡‚§√°√—¡µàÕ≈‘µ√ πÈ”∑’Ëºà“π°“√°√Õß 150 ≈‘µ√·√°

¡’§à“‡©≈’Ë¬°“√ªπ‡ªóôÕπ¢Õß “√ÀπŸµË”°«à“ 15 ‰¡‚§√°√—¡

µàÕ≈‘µ√ À≈—ß®“°π—Èπª√– ‘∑∏‘¿“æ°“√°√Õß “√ÀπŸ

≈¥≈ß °√≥’§«“¡‡¢â¡¢âπ 500 ‰¡‚§√°√—¡µàÕ≈‘µ√ πÈ”∑’Ë

ºà“π°“√°√Õß 100 ≈‘µ√·√° ¡’§à“‡©≈’Ë¬°“√ªπ‡ªóôÕπ

¢Õß “√ÀπŸµË”°«à“ 100 ‰¡‚§√°√—¡µàÕ≈‘µ√ À≈—ß®“°π—Èπ

ª√– ‘∑∏‘¿“æ°“√°√Õß°Á≈¥≈ß§≈â“¬°√≥’§«“¡‡¢â¡¢âπ

100 ‰¡‚§√°√—¡µàÕ≈‘µ√ ®“°π—Èπ‰¥â∑¥ Õ∫ª√– ‘∑∏‘¿“æ

°“√¥Ÿ¥´—∫ “√ÀπŸ¢Õß¥‘π·¥ß°—∫πÈ”®“°·À≈àß∏√√¡™“µ‘

∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß “√ÀπŸª√–¡“≥ 200 ‰¡‚§√°√—¡

µàÕ≈‘µ√ ‚¥¬„™â¥‘π·¥ß 15 °‘‚≈°√—¡ ª√–°Õ∫„π¿“™π–

°√Õß¢π“¥ 25 ≈‘µ√ ∑”°“√°√Õß 2 ¢—ÈπµÕπ æ∫«à“

À≈—ß°“√°√Õß§√—Èß∑’Ë 1  “¡“√∂≈¥ “√ÀπŸ‡À≈◊ÕµË”°«à“

10 ‰¡‚§√°√—¡µàÕ≈‘µ√ ·≈–‡¡◊ËÕπ”¡“°√Õß È́”Õ’°§√—Èß

 “¡“√∂≈¥ª√‘¡“≥ “√ÀπŸ‡À≈◊ÕµË”°«à“ 1 ‰¡‚§√°√—¡

µà Õ≈‘ µ√ ´÷Ë ßµË”°«à “¡“µ√∞“ππÈ”¥◊Ë ¡∑’Ë °”Àπ¥‚¥¬

°√–∑√«ß “∏“√≥ ÿ¢·≈–Õß§å°“√Õπ“¡—¬‚≈° (WHO)

∑’Ë¬Õ¡„Àâ¡’ “√ÀπŸ„ππÈ”¥◊Ë¡‰¥â ‰¡à‡°‘π 10 ‰¡‚§√°√—¡

µàÕ≈‘µ√ ‚¥¬º≈®“°°“√»÷°…“π’È ºŸâ«‘®—¬‰¥âπ”‰ª∂à“¬∑Õ¥

„Àâ™ÿ¡™π‡æ◊ËÕ„Àâ “¡“√∂π”‰ªª√–¬ÿ°µå„™â„π°“√≈¥ “√ÀπŸ

„ππÈ”µàÕ‰ª

1. ∫∑π”
°“√ªπ‡ªóôÕπ¢Õß “√ÀπŸ„π ‘Ëß·«¥≈âÕ¡„πæ◊Èπ∑’Ë

Õ.√àÕπæ‘∫Ÿ≈¬å ®.π§√»√’∏√√¡√“™ (√Ÿª 1) ∑’Ë¡’ “‡Àµÿ

¡“®“°°“√∑‘Èß°“°¢’È·√à®“°°“√∑”‡À¡◊Õß¥’∫ÿ°∑’Ë ‰¡à¡’°“√

®—¥°“√∑’Ë¥’·≈–‡À¡“– ¡ ∑”„Àâ¡’°“√·æ√à°√–®“¬ Ÿà

 ‘Ëß·«¥≈âÕ¡ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„ππÈ”·≈–¥‘π ‡¡◊ËÕ√“…Æ√
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„πæ◊Èπ∑’Ë¥—ß°≈à“«¡’°“√„™âπÈ”∑’Ë¡’°“√ªπ‡ªóôÕπ “√ÀπŸ‡¢â“ Ÿà

√à“ß°“¬ °Á®–∑”„Àâ‡ªìπÕ—πµ√“¬µàÕ ÿ¢¿“æ ‚¥¬‡©æ“–

Õ“°“√∑“ßº‘«Àπ—ß∑’Ë‡√’¬°«à“ ç‰¢â¥”é (1)

®“°ªí≠À“¥—ß°≈à“«‰¥â°√–µÿâπ„ÀâÀπà«¬ß“π

µà“ßÊ ∑—Èß¿“§√—∞·≈–‡Õ°™π æ¬“¬“¡À“·π«∑“ß„π°“√

·°â ‰¢ªí≠À“‚¥¬°“√®—¥À“·À≈àßπÈ”„Àâ„™â ·µà°Á¬—ßæ∫«à“

·À≈àßπÈ”∑’Ë®—¥À“¥—ß°≈à“«¬—ß‰¡à§√Õ∫§≈ÿ¡§«“¡µâÕß°“√

„™âπÈ”¢Õß√“…Æ√ ·≈–∫“ß·Ààß°Á¬—ß¡’°“√ªπ‡ªóôÕπ¢Õß

 “√ÀπŸ„π√–¥—∫∑’Ë Ÿß ‡™àπ °“√®—¥∑”√–∫∫ª√–ª“¿Ÿ‡¢“

‚¥¬®“°°“√ ”√«®æ∫«à“‡ªìπ‡æ’¬ß°“√µàÕ∑àÕπÈ”®“°

≈”∏“√∫π¿Ÿ‡¢“‡æ◊ËÕ„Àâ√“…Æ√‰¥â„™â –¥«°¢÷Èπ‡∑à“π—Èπ ·µà

‰¡à‰¥âºà“π°“√∫”∫—¥„¥Ê

°“√·°â ‰¢ªí≠À“°“√ªπ‡ªóôÕπ¢Õß “√ÀπŸ„ππÈ”

„™â¢Õß√“…Æ√∑’Ëπà“®–‡À¡“– ¡¡“°∑’Ë ÿ¥  “¡“√∂∑”‰¥â

‚¥¬°“√®—¥∑”√–∫∫ª√–ª“∑’Ë∂Ÿ°µâÕßµ“¡À≈—°«‘™“°“√ ·µà

°“√¥”‡π‘π°“√¥—ß°≈à“«π—ÈπÕ“®®–µâÕß„™â√–¬–‡«≈“·≈–

ß∫ª√–¡“≥∑’Ë§àÕπ¢â“ß Ÿß ´÷Ëß°Á®”‡ªìπ∑’Ë®–µâÕß°”Àπ¥

‡ªìπ·ºπ„π°“√·°â ‰¢ªí≠À“„π√–¬–¬“«µàÕ‰ª  à«π„π

√–¬–‡√àß¥à«ππ—Èπ °“√®—¥À“πÈ” –Õ“¥∑’Ëª√“»“®“° “√ÀπŸ

‡æ◊ËÕ„Àâ√“…Æ√„™â°Á¡’§«“¡®”‡ªìπ‰¡àπâÕ¬‰ª°«à“°—π ‚¥¬§«√

®—¥∑”„Àâ¡’§«“¡‡À¡“– ¡°—∫ ¿“ææ◊Èπ∑’Ë·≈–§«“¡

®”‡ªìπ √«¡∑—Èß«‘∏’°“√À√◊ÕÕÿª°√≥å∑’Ë®–π”¡“„™âπ—Èπ

§«√®–¡’√“§“∂Ÿ° ∑”‰¥â –¥«°·≈–ßà“¬ ¡’ª√– ‘∑∏‘¿“æ

∑’Ë¥’ „™â«— ¥ÿ„πæ◊Èπ∑’Ë ·≈–∑’Ë ”§—≠§◊Õ√“…Æ√µâÕß¬Õ¡√—∫

„π«‘∏’°“√À√◊Õ‡§√◊ËÕß¡◊Õ∑’Ë®—¥ √â“ß¢÷Èπ¡“ ¥—ßπ—Èπ »Ÿπ¬å«‘®—¬

·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ

 ‘Ëß·«¥≈âÕ¡ ´÷Ëß¡’Àπâ“∑’ËÀ≈—°„π°“√«‘®—¬·≈–æ—≤π“

‡∑§‚π‚≈¬’„π°“√ªÑÕß°—π ·°â‰¢ ·≈–øóôπøŸ¥â“π ‘Ëß·«¥≈âÕ¡

®÷ß‰¥â¡’°“√«‘®—¬·≈–æ—≤π“°“√„™â¥‘π·¥ß∑’Ë¡’Õ¬Ÿà∑—Ë«‰ª

„πæ◊Èπ∑’Ë‡æ◊ËÕª√–°Õ∫‡ªìπ™ÿ¥°√Õß„π°“√≈¥°“√ªπ‡ªóôÕπ

¢Õß “√ÀπŸ„ππÈ” ‡æ◊ËÕπ”‡ πÕ„Àâ‡ªìπ∑“ß‡≈◊Õ°„π°“√

®—¥À“πÈ”∑’Ëª√“»®“° “√ÀπŸ  ”À√—∫√“…Æ√∑’Ëª√– ∫

ªí≠À“®“°πÈ”∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß “√ÀπŸ

¢âÕ¡Ÿ≈ π—∫ πÿπ°“√„™â¥‘π·¥ß‡æ◊ËÕ≈¥ “√ÀπŸ

‰¥â¡’°“√π”‡ πÕ„πÀ≈“¬·À≈àß ‡™àπ ‡Õ‘∫ ‡¢’¬«√◊Ëπ√¡≥å

ºŸâ‡™’Ë¬«™“≠¥â“π∏√≥’«‘∑¬“ ‰¥â√“¬ß“π‰«â«à“°“√∑’Ë¥‘π∑’Ë

§—¥‡≈◊Õ°¡“‡ªìπ à«πª√–°Õ∫¢Õß™ÿ¥°√Õß “¡“√∂ —ß‡°µ

‡ÀÁπ‡ªìπ ’·¥ßπ—Èπ °Á¡’º≈æ«ß¡“®“°°“√∑’Ë¡’‡À≈Á°Õ¬Ÿà

„π√Ÿªµà“ßÊ ‚¥¬‡©æ“–°≈ÿà¡·√à‡À≈Á°ÕÕ°‰´¥å (Iron

Oxides) ‡ªìπ°≈ÿà¡·√à∑’Ë ”§—≠∑’Ë∑”„Àâ‡°‘¥ ’πÈ”µ“≈·¥ß

·≈–‡À≈◊Õß¢Õß¥‘π·≈–æ∫‚¥¬∑—Ë«Ê ‰ª (2) ·√à‡À≈Á°‡À≈à“

π’È∂â“Õ¬Ÿà „πæ◊Èπ∑’Ë∑’Ë¡’ “√ÀπŸ°Á®– “¡“√∂®—∫À√◊Õ√«¡°—∫

 “√ÀπŸ‰¥â‡ªìπÕ¬à“ß¥’ ‡™àπ √«¡°—πÕ¬Ÿà„π√ŸªÕß§åª√–°Õ∫

¢Õß arsenopyrite (FeAsS) À√◊Õ loellingite (FeAs2)

(3) ÷́Ëß√“¬≈–‡Õ’¬¥°“√®—∫µ—«°—π√–À«à“ß‡À≈Á°·≈–

 “√ÀπŸπ’È °Á‰¥â°≈à“«„π§”·π–π”¢Õß Janet G. Hering

·≈–§≥– «à“„π°√–∫«π°“√À√◊Õ«‘∏’°“√°”®—¥À√◊Õ≈¥

 “√ÀπŸ„ππÈ”π—Èπ  à«π¡“°°Áπ‘¬¡®–„Àâ∑”ªØ‘°‘√‘¬“‚¥¬

°“√µ°µ–°Õπ¥â«¬‡À≈Á°´÷Ëß‡ªìπ«‘∏’°“√∑’Ë¡’ª√– ‘∑∏‘¿“æ

¡“° (4)

2. «— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√
°“√»÷°…“„π§√—Èßπ’È ‰¥â¡’°“√‡°Á∫¥‘π·¥ß®“°

∫√‘‡«≥‡™‘ß‡¢“À¡“°¢Õß µ.√àÕπæ‘∫Ÿ≈¬å Õ.√àÕπæ‘∫Ÿ≈¬å

®.π§√»√’∏√√¡√“™ (√Ÿª 2) ‡æ◊ËÕπ”¡“ª√–°Õ∫™ÿ¥°√Õß

„π°“√∑¥ Õ∫°“√¥Ÿ¥´—∫ “√ÀπŸ∑—Èß„πÀâÕßªØ‘∫—µ‘°“√·≈–

¿“§ π“¡ ·≈–‡¡◊ËÕ‰¥âº≈®“°°“√∑¥ Õ∫∑’Ëπà“‡™◊ËÕ∂◊Õ·≈â«

°Á¡’°“√π”™ÿ¥°√Õß‰ª “∏‘µ„Àâ·°à√“…Æ√‚¥¬°“√®—¥Õ∫√¡

√Ÿª 1  æ◊Èπ∑’Ë∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß “√ÀπŸ ´÷Ëßµ—ÈßÕ¬Ÿà
„π‡¢µ Õ.√àÕπæ‘∫Ÿ≈¬å ®.π§√»√’∏√√¡√“™
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æ◊Èπ∑’Ë µ.√àÕπæ‘∫Ÿ≈¬å Õ.√àÕπæ‘∫Ÿ≈¬å ®.π§√»√’∏√√¡√“™

‡æ◊ËÕ∑¥ Õ∫«à“‡¡◊ËÕ ¿“æ¢ÕßπÈ”∑’Ë„™â„π°“√°√Õß‡ª≈’Ë¬π‰ª

º≈°“√∑¥ Õ∫®–‡ªìπÕ¬à“ß‰√·≈–‡æ◊ËÕπ”¢âÕ¡Ÿ≈‰ª„™â

ª√–°Õ∫„π°“√µ—¥ ‘π„®«à“®–π”™ÿ¥°√Õß¥—ß°≈à“«‰ª„™â‰¥â

À√◊Õ‰¡à ´÷Ëß°“√∑¥ Õ∫®–∑”°“√°√Õß 2 ¢—ÈπµÕπ §◊Õ

‡°Á∫πÈ”®“°·À≈àßπÈ”∏√√¡™“µ‘∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß

 “√ÀπŸ (√Ÿª 5) ¡“°√Õß°—∫™ÿ¥°√Õß™ÿ¥∑’Ë 1 À≈—ß®“°π—Èπ

®–π”πÈ”∑’Ëºà“π°“√°√Õß„π§√—Èß∑’Ë 1 ‰ª°√ÕßÕ’°§√—Èß°—∫

™ÿ¥°√ÕßÕ’°™ÿ¥ ·≈–∑”°“√°√Õß®π°√–∑—Èß‰¥âª√‘¡“µ√

400 ≈‘µ√ (√Ÿª 6 - 7) ‚¥¬‡°Á∫µ—«Õ¬à“ßπÈ”∑’Ëºà“π°“√°√Õß

∑ÿ°Ê 20 ≈‘µ√ ‰ª«‘‡§√“–Àåª√‘¡“≥ “√ÀπŸ∑’Ë‡À≈◊ÕÕ¬Ÿà

√Ÿª 2  ‡¢“À¡“° ÷́Ëß‡ªìπ·À≈àß∑’Ë‡°Á∫¥‘π·¥ß¡“∑”°“√∑¥ Õ∫

√Ÿª 3   à«πª√–°Õ∫¢Õß™ÿ¥°√Õß

√Ÿª 4  ∑¥ Õ∫™ÿ¥°√Õß„πÀâÕßªØ‘∫—µ‘°“√

√Ÿª 5  πÈ”∏√√¡™“µ‘´÷Ëß¡’°“√ªπ‡ªóôÕπ “√ÀπŸ
·≈–„™â„π°“√∑¥ Õ∫

√Ÿª 6  ¿“™π–‡°Á∫°—°πÈ”¥‘∫√–À«à“ß∑”°“√∑¥ Õ∫
™ÿ¥°√Õß “√ÀπŸ

√Ÿª 7  ∑¥ Õ∫™ÿ¥°√Õß ‚¥¬°“√°√Õß 2 ¢—ÈπµÕπ

‡™‘ßªØ‘∫—µ‘°“√ ‚¥¬«‘∏’°“√·≈–¢—ÈπµÕπ∑—ÈßÀ¡¥  “¡“√∂

·¬°‡ªìπ 4 ¢—ÈπµÕπÀ≈—° ¥—ßπ’È

2.1 °“√∑¥ Õ∫„πÀâÕßªØ‘∫—µ‘°“√
∑¥ Õ∫§«“¡‡ªìπ‰ª‰¥â„π°“√„™â¥‘π·¥ß‡ªìπµ—«

°√Õß¢Õß™ÿ¥°√Õß “√ÀπŸµâπ·∫∫∑’Ë®—¥∑”¢÷Èπ ‚¥¬°“√„™â

¢«¥πÈ”‡ª≈à“¢π“¥ 5 ≈‘µ√‡ªìπ¿“™π–∫√√®ÿµ—«°√Õß ∑”°“√

ª√–°Õ∫ à«πµà“ßÊ ¢Õß™ÿ¥°√Õß (√Ÿª 3) ®“°π—Èππ”‰ª

∑¥ Õ∫ª√– ‘∑∏‘¿“æ°“√°√Õß (√Ÿª 4)

2.2 °“√∑¥ Õ∫„π¿“§ π“¡§√—Èß∑’Ë 1
‚¥¬„™â™ÿ¥°√Õß§≈â“¬°—∫ 2.1 π”‰ª∑¥ Õ∫°—∫

πÈ”®“°·À≈àß∏√√¡™“µ‘∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß “√ÀπŸ„π
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2.3 °“√∑¥ Õ∫¿“§ π“¡§√—Èß∑’Ë 2
‚¥¬°“√‡æ‘Ë¡¢π“¥¢Õß™ÿ¥°√Õß‡ªìπ∂—ßπÈ”¢π“¥

25 ≈‘µ√·≈–„™â¥‘π·¥ß 15 °‘‚≈°√—¡ (√Ÿª 8 - 10) ‡æ◊ËÕ

µâÕß°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß™ÿ¥°√Õß„π°“√°√ÕßπÈ”

∏√√¡™“µ‘∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß “√ÀπŸ„Àâ ‰¥âª√‘¡“≥

¡“°¢÷Èπ ‚¥¬∑”°“√°√Õß 2 ¢—ÈπµÕπ‡™àπ‡¥’¬«°—∫ 2.2

„π°“√∑¥ Õ∫®–‡µ‘¡πÈ”∑ÿ°«—πÊ ≈–ª√–¡“≥ 12 ≈‘µ√

·≈–∑¥ Õ∫µ‘¥µàÕ°—π‡ªìπ‡«≈“ª√–¡“≥ 2 ‡¥◊Õπ

¢Õß “√ÀπŸ„π ‘Ëß·«¥≈âÕ¡ ·≈–Õ—πµ√“¬µàÕ ÿ¢¿“æ®“°

°“√‰¥â√—∫ “√ÀπŸ‡¢â“ Ÿà√à“ß°“¬„πª√‘¡“≥∑’Ë¡“°‡°‘π‰ª

√«¡∑—Èß·π–π”«‘∏’°“√ª√–°Õ∫™ÿ¥°√Õß‡æ◊ËÕ„Àâ√“…Æ√¡’

§«“¡‡¢â“„®·≈–¡’∑—°…–„π°“√ªØ‘∫—µ‘‡æ◊ËÕ„Àâ¡’°“√π”™ÿ¥

°√Õß‰ªª√–¬ÿ°µå„™â„π™’«‘µª√–®”«—πµàÕ‰ª (√Ÿª 11 - 13)

√Ÿª 8   à«πª√–°Õ∫¢Õß™ÿ¥°√Õß „™â∂—ß¢π“¥ 25 ≈‘µ√
¥‘π·¥ß 15 °.°.

√Ÿª 9  ∑¥ Õ∫ ≥ ∫â“π√“…Æ√∑’Ë¡’°“√„™âπÈ”
®“°·À≈àß∑’Ëªπ‡ªóôÕπ “√ÀπŸ

√Ÿª 10  ™ÿ¥°√Õß¢π“¥ 25 ≈‘µ√∑’Ë∑”°“√∑¥ Õ∫
‚¥¬°“√°√ÕßπÈ”

2.4 ®—¥Õ∫√¡‡™‘ßªØ‘∫—µ‘°“√·°à√“…Æ√
„πæ◊Èπ∑’Ë

‡æ◊ËÕ„Àâ√“…Æ√‰¥â√—∫§«“¡√Ÿâ „π¥â“πµà“ßÊ ‡™àπ

§«“¡‡ªìπ¡“¢Õß°“√‡°‘¥ “√ÀπŸ„πæ◊Èπ∑’Ë °“√·æ√à°√–®“¬

√Ÿª 13   “∏‘µ°“√„™â™ÿ¥∑¥ Õ∫ “√ÀπŸ„π¿“§ π“¡

√Ÿª 11  ‡ªî¥°“√Õ∫√¡‡™‘ßªØ‘∫—µ‘°“√

√Ÿª 12  √“…Æ√ª√–°Õ∫·≈–∑¥ Õ∫
ª√– ‘∑∏‘¿“æ™ÿ¥°√Õß

3. º≈°“√»÷°…“

3.1 °“√∑¥ Õ∫„πÀâÕßªØ‘∫—µ‘°“√
‡¡◊ËÕπ” “√≈–≈“¬∑’Ë¡’§«“¡‡¢â¡¢âπ 100 ‰¡‚§√°√—¡

µàÕ≈‘µ√ ¡“°√Õßæ∫«à“∑’Ëª√‘¡“µ√‰¡à‡°‘π 150 ≈‘µ√

§à“‡©≈’Ë¬À≈—ß°“√°√Õß¡’§à“µË”°«à“ 15 ‰¡‚§√°√—¡µàÕ≈‘µ√

À≈—ß®“°π—Èπª√– ‘∑∏‘¿“æ°“√¥Ÿ¥´—∫ “√ÀπŸ®–¡’·π«‚πâ¡
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≈¥≈ß  à«π°“√°√Õß “√≈–≈“¬§«“¡‡¢â¡¢âπ 500

‰¡‚§√°√—¡µàÕ≈‘µ√ ∑’Ëª√‘¡“µ√‰¡à‡°‘π 100 ≈‘µ√·√°

§à“‡©≈’Ë¬À≈—ß°“√°√Õß¡’§à“µË”°«à“ 100 ‰¡‚§√°√—¡

µàÕ≈‘µ√ À≈—ß®“°π—Èπª√– ‘∑∏‘¿“æ°“√°√Õß®–≈¥≈ß

§≈â“¬°√≥’ 100 ‰¡‚§√°√—¡µàÕ≈‘µ√ (√Ÿª 14)

´÷Ëß„π°“√∑¥ Õ∫πÕ°®“°°“√«‘‡§√“–Àå “√ÀπŸ

„ππÈ”∑’Ëºà“π°“√°√Õß·≈â« ¬—ß¡’°“√«‘‡§√“–Àå‡À≈Á°·≈–

·¡ß°“π’ ¥â«¬ ‚¥¬æ∫«à“¡’§à“µË”°«à“¡“µ√∞“π¡“° ·≈–

‰¥âπ”¥‘π·¥ß∑’Ëºà“π°“√∑¥ Õ∫°“√°√Õß “√ÀπŸ¡“

∑”°“√ °—¥¥â«¬«‘∏’ °—¥ “√ (Leachate extraction

procedure) ¥â«¬πÈ” °—¥ (Leachant) À√◊ÕπÈ”Ωπ°√¥

 —ß‡§√“–Àå (Synthetic acid rain extraction fluid)

µ“¡«‘∏’¡“µ√∞“π„πª√–°“»°√–∑√«ßÕÿµ “À°√√¡

©∫—∫∑’Ë 6 (æ.». 2540) ‡√◊ËÕß°“√°”®—¥ ‘ËßªØ‘°Ÿ≈À√◊Õ«— ¥ÿ

∑’Ë ‰¡à„™â·≈â« æ∫«à“ “√ÀπŸ∑’Ë™–≈â“ßÕÕ°¡“¡’§à“µË”°«à“ 1.0

‰¡‚§√°√—¡µàÕ≈‘µ√

3.2 °“√∑¥ Õ∫™ÿ¥°√Õß„π¿“§ π“¡
§√—Èß∑’Ë 1

‡¡◊ËÕ∑¥ Õ∫°—∫πÈ”®“°·À≈àßπÈ”∏√√¡™“µ‘∑’Ë¡’

°“√ªπ‡ªóôÕπ¢Õß “√ÀπŸª√–¡“≥ 300 ‰¡‚§√°√—¡

µàÕ≈‘µ√ ∑”°“√°√Õß 2 ¢—ÈπµÕπ º≈°“√∑¥ Õ∫ æ∫«à“

„π°“√°√Õß§√—Èß∑’Ë 1 πÈ”∑’Ëºà“π°“√°√Õß 200 ≈‘µ√·√°

 “¡“√∂≈¥ “√ÀπŸ„Àâ‡À≈◊ÕπâÕ¬°«à“ 100 ‰¡‚§√°√—¡

µàÕ≈‘µ√À≈—ß®“°π—Èπ®–¡’·π«‚πâ¡∑’Ë ‰¡à·πàπÕπ ·≈–‡¡◊ËÕ

π”πÈ”∑’Ëºà“π°“√°√Õß„π§√—Èß∑’Ë 1 ‰ª∑”°“√°√ÕßÕ’°§√—Èß

°—∫™ÿ¥°√ÕßÕ’°™ÿ¥ æ∫«à“∑’Ëª√‘¡“µ√°“√°√Õß 140 ≈‘µ√·√°

πÈ”∑’Ëºà“π°“√°√Õß¡’ “√ÀπŸµË”°«à“ 10 ‰¡‚§√°√—¡µàÕ

≈‘µ√ (√Ÿª 15)

3.3 °“√∑¥ Õ∫„π¿“§ π“¡§√—Èß∑’Ë 2
‡¡◊ËÕ‡æ‘Ë¡¥‘π·¥ß‡ªìπ 15 °‘‚≈°√—¡ ∫√√®ÿ„π

¿“™π–¢π“¥ 25 ≈‘µ√ °√ÕßπÈ”∏√√¡™“µ‘∑’Ë¡’°“√

√Ÿª 14  §à“‡©≈’Ë¬°“√µ°§â“ß¢Õß “√ÀπŸÀ≈—ß®“°ºà“π™ÿ¥°√Õß “√ÀπŸ (‰¡‚§√°√—¡µàÕ≈‘µ√)

√Ÿª 15   “√ÀπŸ∑’Ë‡À≈◊Õ„π “√≈–≈“¬À≈—ß®“°°“√°√Õßºà“π™ÿ¥°√Õß∑—Èß 2 ¢—ÈπµÕπ (‰¡‚§√°√—¡µàÕ≈‘µ√)
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ªπ‡ªóôÕπ¢Õß “√ÀπŸª√–¡“≥ 200 ‰¡‚§√°√—¡µàÕ≈‘µ√

∑”°“√°√Õßª√–¡“≥«—π≈– 12 ≈‘µ√‡ªìπ√–¬–‡«≈“ª√–¡“≥

2 ‡¥◊Õπ æ∫«à“πÈ”∑’Ëºà“π°“√°√Õß„π§√—Èß∑’Ë 1 ¡’§à“‡©≈’Ë¬

µË”°«à“ 10 ‰¡‚§√°√—¡µàÕ≈‘µ√ ·≈–‡¡◊ËÕπ”¡“°√Õß È́”Õ’°

§√—Èß¡’§à“‡©≈’Ë¬µË”°«à“ 1 ‰¡‚§√°√—¡µàÕ≈‘µ√ (√Ÿª 16 - 17)

3.4 °“√Õ∫√¡‡™‘ßªØ‘∫—µ‘°“√
√“…Æ√∑’Ë‡¢â“√à«¡°“√Õ∫√¡‡™‘ßªØ‘∫—µ‘°“√‰¥â

∑”°“√Ωñ°ªØ‘∫—µ‘∑ÿ°¢—ÈπµÕπ ‡√‘Ë¡µ—Èß·µà°“√®—¥À“¥‘π·¥ß

°“√ª√–°Õ∫™ÿ¥°√Õß ·≈–∑¥ Õ∫°“√°√ÕßπÈ” πÕ°®“°

π’È ‰¥â¡’°“√ Õπ°“√„™â™ÿ¥∑¥ Õ∫ “√ÀπŸ„π¿“§ π“¡

‡æ◊ËÕ„Àâ√“…Æ√ “¡“√∂„™â‡ªìπ‡§√◊ËÕß¡◊Õ„π°“√µ‘¥µ“¡

 ∂“π°“√≥å°“√ªπ‡ªóôÕπ¢Õß “√ÀπŸ„ππÈ”¢Õß™ÿ¡™π

·≈–‡æ◊ËÕ∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß™ÿ¥°√Õß„π√–¬–

µà“ßÊ ‚¥¬®“°°“√®—¥Õ∫√¡‡™‘ßªØ‘∫—µ‘°“√¥—ß°≈à“« √“…Æ√

‰¥â„Àâ§«“¡ π„®·≈–§«“¡√à«¡¡◊ÕÕ¬à“ß¥’¬‘Ëß ·≈–™ÿ¥°√Õß

∑’Ë „™â „π°“√ “∏‘µ°Á‰¥â·®°®à“¬„Àâ√“…Æ√‡æ◊ËÕπ”‰ª„™â„π

™’«‘µª√–®”«—πµàÕ‰ª πÕ°®“°π’È√“…Æ√∑’Ë‡¢â“√à«¡°“√

Õ∫√¡‡™‘ßªØ‘∫—µ‘°“√¡’§«“¡¬‘π¥’∑’Ë®–π”™ÿ¥°√Õß¥—ß°≈à“«

‰ª·π–π”„Àâ°—∫∫ÿ§§≈Õ◊Ëπ∑’ËµâÕß°“√®–„™âµàÕ‰ª

4.  √ÿªº≈·≈–¢âÕ‡ πÕ·π–
®“°º≈°“√»÷°…“∑’Ë ‰¥â∑—Èß®“°°“√∑¥ Õ∫„π

ÀâÕßªØ‘∫—µ‘°“√·≈–¿“§ π“¡ √«¡∑—Èß°“√®—¥Õ∫√¡

‡™‘ßªØ‘∫—µ‘°“√„Àâ·°à√“…Æ√„πæ◊Èπ∑’Ë  “¡“√∂∑’Ë®– √ÿª

·≈–‡ πÕ·π– ‰¥â¥—ßπ’È

4.1 ™ÿ¥°√Õß¥—ß°≈à“«π’È  “¡“√∂∑’Ë®–≈¥°“√

ªπ‡ªóôÕπ¢Õß “√ÀπŸ„ππÈ”‰¥â‡ªìπÕ¬à“ß¥’ ·≈–¡’§«“¡

‡À¡“– ¡∑’Ë®–·π–π”„Àâ√“…Æ√∑’Ëª√– ∫ªí≠À“‡°’Ë¬«°—∫

°“√ªπ‡ªóôÕπ¢Õß “√ÀπŸ„ππÈ”π”‰ªª√–¬ÿ°µ‘Ï„™â „π™’«‘µ

ª√–®”«—π‰¥â ‡æ√“–®“°°“√∑¥ Õ∫™ÿ¥°√Õß∑’Ë„™â¥‘π·¥ß

15 °‘‚≈°√—¡  “¡“√∂≈¥ “√ÀπŸ„ππÈ”∏√√¡™“µ‘®“°

ª√–¡“≥ 200 ‰¡‚§√°√—¡µàÕ≈‘µ√„Àâ‡À≈◊ÕµË”°«à“

1 ‰¡‚§√°√—¡µàÕ≈‘µ√„π°“√°√Õß 2 ¢—ÈπµÕπ ÷́ËßµË”°«à“

¡“µ√∞“π¢Õß°√–∑√«ß “∏“√≥ ÿ¢∑’Ë°”Àπ¥„Àâ¡’§à“

‰¡à‡°‘π 10 ‰¡‚§√°√—¡µàÕ≈‘µ√ ‚¥¬πÈ”∑’Ëºà“π°“√°√Õß

ºŸâ«‘®—¬·π–π”„Àâ „™â‡æ◊ËÕ°“√≈â“ßÕ“À“√À√◊Õ¿“™π–„ à

Õ“À“√µà“ßÊ ‡∑à“π—Èπ ‚¥¬‰¡à·π–π”„Àâ∫√‘‚¿§‚¥¬µ√ß

·µàÀ“°®”‡ªìπ®√‘ßÊ Õ“®®–µâÕßπ”‰ªºà“π§«“¡√âÕπ‡æ◊ËÕ

°”®—¥®ÿ≈‘π∑√’¬å ‡ªìπµâπ

4.2 ®“°ª√–°“»°√–∑√«ßÕÿµ “À°√√¡ ©∫—∫

∑’Ë 6 (æ.». 2540) ‡√◊ËÕß°“√°”®—¥ ‘ËßªØ‘°Ÿ≈À√◊Õ«— ¥ÿ∑’Ë

‰¡à„™â·≈â« °”Àπ¥«à“¢Õß‡ ’¬∑’Ë “¡“√∂®–∑‘Èß‰¥â‚¥¬µ√ßπ—Èπ

„π à«π¢Õß “√ÀπŸ (Arsenic total) ®–¡’‰¥â ‰¡à ‡°‘π

5.0 ¡‘≈≈‘°√—¡µàÕ≈‘µ√À√◊Õ 5000 ‰¡‚§√°√—¡µàÕ≈‘µ√ ‚¥¬

¢Õß‡ ’¬π—ÈπµâÕß∑”°“√ °—¥¥â«¬«‘∏’ °—¥ “√ (Leachate

extraction procedure) ¥â«¬πÈ” °—¥ (Leachant)

À√◊ÕπÈ”Ωπ°√¥ —ß‡§√“–Àå (Synthetic acid rain

extraction fluid) ·≈–®“°°“√π”¥‘π·¥ß∑’Ëºà“π°“√

°√Õß·≈â«¡“∑”°“√ °—¥¥â«¬«‘∏’¡“µ√∞“π¥—ß°≈à“« æ∫«à“

¡’°“√™–≈â“ß “√ÀπŸÕÕ°¡“„πª√‘¡“≥∑’ËµË”°«à“¡“µ√∞“π

¡“° §◊Õ¡’°“√™–≈â“ßÕÕ°¡“µË”°«à“ 1.0 ‰¡‚§√°√—¡

µàÕ≈‘µ√ ÷́ËßµË”°«à“¡“µ√∞“πª√–¡“≥ 5,000 ‡∑à“ ÷́Ëß

®“°¢âÕ¡Ÿ≈¥—ß°≈à“«π’È®–æ∫‰¥â«à“¥‘π·¥ß∑’Ëºà“π°“√°√Õß

·≈â«°Áπà“®– “¡“√∂∑’Ë®–π”‰ª°”®—¥‰¥â§≈â“¬°—∫¢Õß‡ ’¬

∑—Ë«Ê ‰ª ·µà ‡æ◊ËÕªÑÕß°—πªí≠À“∑’ËÕ“®®–‡°‘¥¢÷Èπ„π

Õπ“§µ °Á§«√®–π”¢Õß‡À≈◊Õ¥—ß°≈à“«π’È ‰ª°”®—¥µ“¡

«‘∏’∑’Ë‡À¡“– ¡ ‡™àπ √–∫∫Ωíß°≈∫∑’Ë∂Ÿ°À≈—° ÿ¢“¿‘∫“≈

(Sanitary landfill) ‡ªìπµâπ

√Ÿª∑’Ë 16  §à“‡©≈’Ë¬ “√ÀπŸÀ≈—ß°“√°√Õßª√–¡“≥ 2 ‡¥◊Õπ √Ÿª∑’Ë 17  §à“‡©≈’Ë¬ “√ÀπŸÀ≈—ß°“√°√Õß·µà≈–√–¬–
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4.3 °“√»÷°…“¥—ß°≈à“«π’È¬—ß¢“¥√“¬≈–‡Õ’¬¥

¢Õß¢âÕ¡Ÿ≈∫“ß à«π∑’Ëπà“®–Õ∏‘∫“¬º≈°“√»÷°…“„Àâ™—¥‡®π

¢÷Èπ‰¥â ´÷ËßÀ“°®– √ÿª‡æ◊ËÕ„Àâ‡ªìπ·π«∑“ß ”À√—∫°“√

»÷°…“‡æ‘Ë¡‡æ◊ËÕ„Àâ¡’°“√¢¬“¬º≈°“√»÷°…“µàÕ‰ªπ—Èπ ºŸâ«‘®—¬

¡’¢âÕ‡ πÕ·≈–·π«∑“ßªØ‘∫—µ‘¥—ßπ’È

■ √“¬≈–‡Õ’¬¥‡°’Ë¬«Õß§åª√–°Õ∫¢Õß¥‘π·¥ß

√«¡∂÷ß°≈‰°°“√¥Ÿ¥´—∫ “√ÀπŸ¢Õß¥‘π«à“¡’

°≈‰°°“√¥Ÿ¥´—∫Õ¬à“ß‰√ ·≈–À“°∑¥ Õ∫°—∫

¥‘π·¥ß®“°·À≈àßÕ◊ËπÊ º≈°“√»÷°…“‡ªìπ

Õ¬à“ß‰√

■ ª√‘¡“≥¢Õß®ÿ≈‘π∑√’¬å™π‘¥µà“ßÊ „ππÈ”À≈—ß

®“°ºà“π°“√°√Õß

■ ª√‘¡“µ√À√◊Õ√–¬–‡«≈“ Ÿß ÿ¥∑’Ë¬Õ¡√—∫‰¥â

„π°“√°√Õß

■ «‘∏’°“√°”®—¥«— ¥ÿÀ≈—ß°“√°√Õß∑’Ëª√–À¬—¥

 –¥«° ßà“¬ ·≈–‡À¡“– ¡ ´÷Ëß®–‰¡à°àÕ

„Àâ‡°‘¥ªí≠À“„πÕπ“§µ

■ æ—≤π“‡ªìπ “√∑’Ë¡’ª√– ‘∑∏‘¿“æ¡“°¢÷Èπ

‚¥¬„Àâ„™âª√‘¡“≥µ—«°√ÕßπâÕ¬≈ß·µà “¡“√∂

°√Õß “√ÀπŸ‰¥â¡“°¢÷Èπ
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Abstract
The major objective of this study is to

investigate appropriate methodology for treatment

of heavy metals from ERTC laboratoryûs

wastewater. Wastewater was classified into 3

types including 1) wastewater from general

analysis of heavy metals as Cd, Cr, Cu, Fe, Mn,

Ni, Pb and Zn 2) wastewater from As analysis

and 3) wastewater from COD analysis which

included Ag, Cr, Fe and Hg. Each types of

wastewater can be treated by precipitation process.

The first type of wastewater was precipitated by

NaOH with pH between 5 to 9 compared with

adding NaHSO3 before setting with NaOH at

pH 9. The second type of wastewater was

precipitated by NaOH at pH 9 compared to

adding NaOCl before hydroxide precipitation at

pH 9. The third type of wastewater precipitated

by NaCl-NaOH compared to NaOH-Na2S

precipitation at Na2S 1.0 and 0.1 gm-equivalent,

respectively.

The results of the study showed the various

concentrations of heavy metals in wastewater

and treatment efficiency of each treatment. The

first type of wastewater was well precipitated by

hydroxides at pH 9 and high efficiency when

adding NaHSO3. The second type of wastewater

was almost precipitated by hydroxide at pH 9

except Fe and Mn. The adding of NaOCl

increased treatment efficiency especially for As.

For the third of wastewater, the precipitation by

NaCl-NaOH at basic condition was higher than

the acidic one especially for Ag and Cr. Adding

0.1 gm-equivalent of Na2S was well sulfide

precipitation.

∫∑§—¥¬àÕ
°“√»÷°…“‡æ◊ËÕÀ“«‘∏’°“√∑’Ë‡À¡“– ¡„π°“√∫”∫—¥

πÈ”‡ ’¬∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—°®“°ÀâÕßªØ‘∫—µ‘°“√

„π»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ ´÷ËßπÈ”‡ ’¬∂Ÿ°

·¬°‡°Á∫·∫àß‡ªìπ 3 ª√–‡¿∑ §◊Õ 1). πÈ”‡ ’¬®“°

°“√«‘‡§√“–Àå‚≈À–Àπ—°∑—Ë«‰ª ´÷Ëß¡’‚≈À–Àπ—°Õ¬Ÿà 8 ™π‘¥

µ“¡¡“µ√∞“ππÈ”∑‘Èß‚√ßß“π∑’Ë°√–∑√«ßÕÿµ “À°√√¡

°”Àπ¥¢÷Èπ ‰¥â·°à Cd, Cr, Cu, Fe, Mn, Ni, Pb ·≈–

Zn 2). πÈ”‡ ’¬∑’Ë ‰¥â®“°°“√«‘‡§√“–Àå “√ÀπŸ ´÷Ëß¡’ As

‡ªìπÕß§åª√–°Õ∫∑’Ë ”§—≠ ·≈–3). πÈ”‡ ’¬®“°°“√

«‘‡§√“–Àå´’‚Õ¥’∑’Ë¡’ Ag, Cr, Fe ·≈– Hg ‡ªìπÕß§åª√–°Õ∫

´÷Ë ßπÈ” ‡ ’¬·µà≈–ª√–‡¿∑ “¡“√∂∫”∫—¥‚≈À–Àπ—°∑’Ë

ªπ‡ªóôÕπ ‚¥¬°“√µ°µ–°Õπ¥â«¬ “√‡§¡’∑’Ë·µ°µà“ß°—π

πÈ”‡ ’¬ª√–‡¿∑·√°π”¡“µ°µ–°Õπ‰Œ¥√Õ°‰´¥å ∑’Ë pH

√–À«à“ß 5-9 ‡ª√’¬∫‡∑’¬∫°—∫°“√‡µ‘¡ NaHSO3 °àÕπ·≈â«

®÷ßπ”¡“µ°µ–°Õπ NaOH ∑’Ë pH 9  à«ππÈ”‡ ’¬ª√–‡¿∑

∑’Ë 2 π”¡“µ°µ–°Õπ‰Œ¥√Õ°‰´¥å ∑’Ë pH 9 ‡ª√’¬∫‡∑’¬∫

°—∫°“√‡µ‘¡ NaOCl °àÕπ ·≈â«®÷ßπ”¡“µ°µ–°Õπ

‰Œ¥√Õ°‰´¥å ∑’Ë pH 9 πÈ”‡ ’¬ª√–‡¿∑∑’Ë 3 ∑”°“√∫”∫—¥

‚¥¬µ°µ–°Õπ¥â«¬ NaCl-NaOH ‡ª√’¬∫‡∑’¬∫°—∫«‘∏’

°“√µ°µ–°Õπ¥â«¬ NaOH-Na2S ∑’Ë Na2S 1 ·≈–

0.1 ‡∑à“°√—¡ ¡¡Ÿ≈¬å µ“¡≈”¥—∫

º≈°“√»÷°…“‚¥¬æ‘®“√≥“®“°§«“¡‡¢â¡¢âπ¢Õß

‚≈À–Àπ—°·µà≈–µ—«∑’Ë‡À≈◊ÕÕ¬Ÿà„ππÈ” ·≈–ª√– ‘∑∏‘¿“æ°“√

∫”∫—¥πÈ”‡ ’¬·µà≈–«‘∏’„ππÈ”·µà≈–ª√–‡¿∑ æ∫«à“πÈ”‡ ’¬

ª√–‡¿∑·√° µ°µ–°Õπ‰Œ¥√Õ°‰´¥å ‰¥â¥’∑’Ë pH 9 ¡’

°“√∫”∫—¥πÈ”‡ ’¬∑’Ë¡’°“√ªπ‡ªóôÕπ‚≈À–Àπ—°®“°ÀâÕßªØ‘∫—µ‘°“√
(Treatment of Heavy metals from laboratoryûs wastewater)

 ¡„®  ‘¡“©“¬“a

a»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√. 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
e-mail : somjai_mun@hotmail.com
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ª√– ‘∑∏‘¿“æ°“√∫”∫—¥ Ÿß°«à“∑’Ë pH 5-8 ·≈–°“√‡µ‘¡

NaHSO3 ™à«¬∑”„Àâ¡’ª√– ‘∑∏‘¿“æ°“√∫”∫—¥¥’¢÷Èπ πÈ”‡ ’¬

ª√–‡¿∑∑’Ë 2 æ∫«à“°“√µ°µ–°Õπ‰Œ¥√Õ°‰´¥å ∑’Ë pH 9

 “¡“√∂µ°µ–°Õπ‚≈À–‰¥â‡°◊Õ∫À¡¥ ¬°‡«âπ Fe ·≈–

Mn °“√‡µ‘¡ NaOCl ™à«¬∑”„Àâª√– ‘∑∏‘¿“æ°“√∫”∫—¥

¥’ ¢÷È π ª√‘¡“≥ “√ÀπŸ∑’Ë ‡À≈◊ÕÕ¬Ÿà „ππÈ”µË”°«à“‡°≥±å

¡“µ√∞“π°”Àπ¥ πÈ” ‡ ’¬®“°°“√«‘ ‡§√“–Àå´’ ‚Õ¥’

‚¥¬‡©æ“– As æ∫«à“ ‚≈À–§≈Õ‰√¥å∑’Ëµ°µ–°Õπ¥â«¬

NaCl-NaOH ∑’Ë ¿“«–¥à“ß ¡’ª√– ‘∑∏‘¿“æ°“√∫”∫—¥

 Ÿß°«à“∑’Ë ¿“«–°√¥ ‚¥¬‡©æ“–‡ß‘π·≈–‚§√‡¡’Ë¬¡

·≈–°“√‡µ‘¡ Na2S ª√‘¡“≥ 0.1 ‡∑à“ ‡æ’¬ßæÕ ”À√—∫

°“√µ°µ–°Õπ —́≈‰ø¥å

1. ∫∑π”
ª√–‡∑»‰∑¬¡’ÀâÕßªØ‘∫—µ‘°“√∑¥≈Õß∑’Ë ¢÷È π

∑–‡∫’¬π‰«â°—∫°√¡‚√ßß“πÕÿµ “À°√√¡ ª√–¡“≥

200 ·Ààß ·≈–¬—ß¡’ÀâÕßªØ‘∫—µ‘°“√∑—Èß∑’Ë‡ªìπ¢Õß‡Õ°™π

Àπà«¬ß“π√“™°“√·≈– ∂“π»÷°…“µà“ßÊ ‡ªìπ®”π«π

¡“°∑’Ë ‰¡à ‰¥â¢÷Èπ∑–‡∫’¬π ´÷ËßÀâÕßªØ‘∫—µ‘°“√·µà≈–·Ààß¡’

πÈ”‡ ’¬∑’Ë‡°‘¥¢÷Èπ ®“°°“√«‘‡§√“–Àåª√‘¡“≥§àÕπ¢â“ß Ÿß

‡™àπ πÈ”‡ ’¬®“°°“√«‘‡§√“–ÀåÀ“‚≈À–Àπ—° ·≈–πÈ”‡ ’¬

®“°°“√«‘‡§√“–ÀåÀ“´’‚Õ¥’‚¥¬«‘∏’‰¥‚§√‡¡µ πÈ”‡ ’¬‡À≈à“π’È

®–¡’°“√ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—° ´÷Ëß‡ªìπÕ—πµ√“¬µàÕ

 ‘Ë ß¡’™’ «‘µ ®”‡ªìπµâÕß‰¥â√—∫°“√∫”∫—¥°àÕπª≈àÕ¬∑‘Èß

πÕ°Õ“§“√ ·µà‡π◊ËÕß®“°¬—ß‰¡à¡’§à“¡“µ√∞“π§ÿ≥¿“æπÈ”

∑‘Èß®“°ÀâÕßªØ‘∫—µ‘°“√œ ÕÕ°¡“„™â∫—ß§—∫ ®÷ß∑”„ÀâÀâÕß

ªØ‘∫—µ‘ °“√∫“ß·Ààß≈—°≈Õ∫ª≈àÕ¬πÈ” ‡ ’¬≈ß„π∑àÕ

√«¡°—∫πÈ”∑‘È ß®“°Õ“§“√‚¥¬‰¡àºà “π°“√∫”∫—¥„¥Ê

°àÕ„Àâ‡°‘¥ªí≠À“°“√ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—°„π·À≈àßπÈ”

´÷Ëß àßº≈µàÕ ÿ¢¿“æÕπ“¡—¬·≈– ‘Ëß·«¥≈âÕ¡‰¥â ¥—ßπ—Èπ

ÀâÕßªØ‘∫—µ‘°“√∑ÿ°·Ààß®÷ß§«√¡’«‘∏’°“√®—¥°“√¢Õß‡ ’¬„π

ÀâÕßªØ‘∫—µ‘°“√¢Õßµπ‡Õß ·≈–ºŸâ¡’Àπâ“∑’Ë‡°’Ë¬«¢âÕß®–

µâÕß‡√àß°”Àπ¥¡“µ√°“√ ‡æ◊ËÕ‡ªìπ·π«∑“ß„π°“√ªØ‘∫—µ‘

µàÕ‰ª

πÈ”‡ ’¬∑’Ë¡’°“√ªπ‡ªóôÕπ‚≈À–Àπ—°®“°ÀâÕßªØ‘∫—µ‘

°“√¢Õß»Ÿπ¬å«‘®—¬œ ·µà‡¥‘¡¡’°“√‡°Á∫√«∫√«¡„Àâ¡’ª√‘¡“≥

¡“°æÕ·≈â«π” àß∫√‘…—∑ GENCO ∑”°“√∫”∫—¥µàÕ‰ª

´÷Ëß·µà≈–§√—ÈßµâÕß‡ ’¬§à“„™â®à“¬„π°“√¥”‡π‘π°“√ Ÿß

ª√–°Õ∫°—∫‰¡à¡’ ∂“π∑’Ë‡°Á∫√«∫√«¡πÈ”‡ ’¬®”π«π¡“°

»Ÿπ¬å«‘®—¬œ®÷ß¡’·π«§‘¥∑’Ë®–∑”°“√∫”∫—¥πÈ”‡ ’¬‡À≈à“π’È

¿“¬„πÀâÕßªØ‘∫—µ‘°“√¢Õß»Ÿπ¬å«‘®—¬œ‡Õß ‚¥¬»÷°…“À“

«‘∏’°“√·≈–‡∑§‚π‚≈¬’∑’Ë‡À¡“– ¡ ”À√—∫πÈ”‡ ’¬∑’Ë¡’°“√

ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—°À≈“¬Ê™π‘¥ ª√–‚¬™πå®“°°“√

»÷°…“„π§√—Èßπ’È πÕ°®“°®–‰¥â«‘∏’°“√∫”∫—¥∑’Ë‡À¡“– ¡

·≈â« ¬—ß„™â‡ªìπ·π«∑“ß„π°“√®—¥∑” Good Laboratory

Practice  ”À√—∫ÀâÕßªØ‘∫—µ‘°“√¢Õß»Ÿπ¬å«‘®—¬œ µàÕ‰ª

·≈–¬—ß‡ªìπ°“√≈¥§à“„™â®à“¬„π°“√∫”∫—¥Õ’°¥â«¬

2. «— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√

2.1 «— ¥ÿ·≈–Õÿª°√≥å
1) Jar test

2) pH meter

3) Oxidation-Reduction Potential meter

4) ‡§√◊ËÕß«‘‡§√“–Àå™π‘¥·≈–ª√‘¡“≥‚≈À–Àπ—°

■ Graphi te Atomic Absorpt ion

Spectrophotometer ¬’ËÀâÕ Perkin

Elmer √ÿàπ 4100 ZL

■ Flame Atomic Absorption Spectro-

photometer ¬’ËÀâÕ Perkin Elmer

√ÿàπ 2100

■ Hydr ide Gene r a t i on Atomi c

Absorption Spectrophotometer

¬’ËÀâÕ Perkin Elmer √ÿàπ Analysis 310

■ Mercury Analyzer (Cold Vapor

Technique)

2.2 «‘∏’¥”‡π‘π°“√
2.2.1) °“√‡°Á∫µ—«Õ¬à“ß ‡°Á∫µ—«Õ¬à“ß‚¥¬·¬°

™π‘¥¢ÕßπÈ”‡ ’¬∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—°∑’Ë‡°‘¥¢÷Èπ

√–À«à“ß°“√«‘‡§√“–Àå„πÀâÕßªØ‘∫—µ‘°“√¢Õß»Ÿπ¬å«‘®—¬œ

·∫àßπÈ”‡ ’¬∑’Ë¡’°“√ªπ‡ªóôÕπ‚≈À–Àπ—°ÕÕ°‡ªìπ 3 ª√–‡¿∑

§◊Õ

1) πÈ”‡ ’¬®“°°“√«‘‡§√“–ÀåÀ“‚≈À–Àπ—°∑—Ë«‰ª

8 ™π‘¥ µ“¡¡“µ√∞“π§ÿ≥¿“æπÈ”∑‘Èß¢Õß°√–∑√«ß

Õÿµ “À°√√¡ ‰¥â·°à Cd, Cr, Cu, Fe, Mn, Ni, Pb

·≈– Zn

2) πÈ”‡ ’¬®“°°“√«‘‡§√“–ÀåÀ“ “√ÀπŸ ÷́Ëß¡’

‚≈À–Àπ—°ªπ‡ªóôÕπ 9 ™π‘¥‰¥â·°à As, Cd, Cr, Cu, Fe,
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Mn, Ni, Pb ·≈– Zn

3) πÈ”‡ ’¬®“°°“√«‘‡§√“–ÀåÀ“ ’́‚Õ¥’ ‚¥¬«‘∏’

Dichromate, Closed System Reflux ´÷Ëß¡’‚≈À–Àπ—°

∑’Ëªπ‡ªóôÕπÕ¬Ÿà 4 ™π‘¥ ‰¥â·°à Ag, Cr, Fe ·≈– Hg

πÈ”‡ ’¬‡À≈à“π’È®–∂Ÿ°√«∫√«¡µ“¡ª√–‡¿∑¢Õß

°“√«‘‡§√“–Àå ‡æ◊ËÕ‡ªìπµ—«Õ¬à“ß„π°“√»÷°…“§√—Èßπ’È √«¡∑—Èß

 “√‡§¡’∑’Ë „™â  “√¡“µ√∞“π∑’Ëºà“π‡¢â“‡§√◊ËÕßµ√«®«—¥

™π‘¥·≈–ª√‘¡“≥‚≈À–Àπ—° ·≈– à«π∑’Ë‡À≈◊Õ§â“ß„π

¿“™π– À≈—ß∑”°“√«‘‡§√“–Àå‡ √Á® √«¡∂÷ßπÈ”≈â“ß§√—Èß·√°

·≈–§√—Èß∑’Ë Õß¢Õß°“√≈â“ß¿“™π–∑’Ë„™â„π°“√«‘‡§√“–Àå

πÈ”‡ ’¬∑—ÈßÀ¡¥®–∂Ÿ°‡°Á∫‰«â„π∂—ßæ≈“ µ‘§ ¢π“¥ 20 ≈‘µ√

¡’Ω“‡°≈’¬«ªî¥·πàπ ¥â“π¢â“ßµ‘¥©≈“°∫Õ°™π‘¥¢Õß

‚≈À–Àπ—° ª√–‡¿∑¢Õß°“√«‘‡§√“–Àå ™◊ËÕÀâÕßªØ‘∫—µ‘°“√

ªï∑’Ë‡°Á∫·≈–À¡“¬‡≈¢∂—ß ‡æ◊ËÕπ”‰ª„™â„π°“√»÷°…“À“

ª√– ‘∑∏‘¿“æ°“√∫”∫—¥µàÕ‰ª

2.2.2) µ√«®«‘‡§√“–ÀåÀ“™π‘¥·≈–ª√‘¡“≥

‚≈À–Àπ—°„ππÈ”‡ ’¬ª√–‡¿∑∑’Ë 1) 2) ·≈– 3) °àÕπ

∑”°“√∫”∫—¥‚¥¬«‘∏’°“√¥—ßπ’È

1) ∑”°“√¬àÕ¬ ≈“¬πÈ”µ— «Õ¬à “ß ·≈â « π”

¡“µ√«®«‘ ‡§√“–Àå¥â«¬‡§√◊ËÕß Graphite Atomic

Absorption Spectrophotometer ‡æ◊ËÕ«‘‡§√“–ÀåÀ“

Cd, Cr, Cu, Pb, Ni ·≈– Zn

2) π”πÈ”µ—«Õ¬à“ß¡“«‘‡§√“–Àå¥â«¬‡§√◊ËÕß

■ Flame Atomic Absorption

Spectrophotometer ‡æ◊ËÕ«‘‡§√“–ÀåÀ“

Ag Fe ·≈– Mn

■ Hydride Generator Atomic

Absorption Spectrophotometer

‡æ◊ËÕ«‘‡§√“–ÀåÀ“ As

■ Mercury Analyzer ‡æ◊ËÕ«‘‡§√“–ÀåÀ“ Hg

2.2.3) ∫”∫—¥πÈ”‡ ’¬µ“¡ª√–‡¿∑¢ÕßπÈ”‡ ’¬

¢—ÈπµÕπ°“√∫”∫—¥·µà≈–«‘∏’· ¥ß„π√Ÿª 1 2 ·≈– 3 µ“¡

≈”¥—∫ °“√∑¥≈Õß∑” 3 È́” ∫—π∑÷°§à“∑’Ë ‰¥â À“§à“‡©≈’Ë¬

·≈–§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π (Standard deviation; SD)

2.2.4) µ√«®«‘‡§√“–ÀåÀ“™π‘¥·≈–ª√‘¡“≥

‚≈À–Àπ—°„ππÈ”‡ ’¬ª√–‡¿∑∑’Ë 1 2 ·≈– 3 À≈—ß

∑”°“√∫”∫—¥ ‚¥¬∑”µ“¡ 2.2.2) À—«¢âÕ 1) ·≈– 2) µ“¡

≈”¥—∫

√Ÿª 1  ¢—ÈπµÕπ°“√∫”∫—¥‚≈À–Àπ—°®“°πÈ”‡ ’¬∑’Ë¡’‚≈À–Àπ—°∑—Ë«‰ª
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√Ÿª 2  ¢—ÈπµÕπ°“√∫”∫—¥‚≈À–Àπ—°®“°πÈ”‡ ’¬∑’Ë¡’ “√ÀπŸ

√Ÿª 3  ¢—ÈπµÕπ°“√∫”∫—¥‚≈À–Àπ—°®“°πÈ”‡ ’¬´’‚Õ¥’
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2.2.5) √«∫√«¡µ–°Õπ¢Õß‚≈À–Àπ—°‰«â

¥â«¬°—π ·≈–π”‰ªº ¡ªŸπ¢“«„πÕ—µ√“ à«πµ–°Õπ:

ªŸπ¢“« 1:3 º ¡„Àâ‡¢â“°—π¥’·≈â«∑‘Èß‰«â„Àâ·Àâß ®“°π—Èπ‡°Á∫

„ à¿“™π–ªî¥ π‘∑

3. º≈°“√»÷°…“·≈–«‘®“√≥å

3.1 πÈ”‡ ’¬®“°°“√«‘‡§√“–ÀåÀ“‚≈À–Àπ—°
∑—Ë«‰ª

°àÕππ”πÈ”‡ ’¬¡“ºà“π¢∫«π°“√∫”∫—¥«—¥§à“ pH

‰¥â 2.14 µ√«®À“ª√‘¡“≥ ¢ÕßCd, Cr, Cu, Fe, Mn,

Ni, Pb ·≈–Zn ¡’§«“¡‡¢â¡¢âπ‡©≈’Ë¬‡∑à“°—∫ 43.87,

67.30, 11.39, 79.49, 65.48, 7.63, 24.82 ·≈– 62.17 mg/l

µ“¡≈”¥—∫

«‘∏’∑’Ë 1 °“√∫”∫—¥πÈ”‡ ’¬¥â«¬ NaOH ∑’Ë pH 5-9

æ∫«à“∑’Ë pH 5 Cd, Cr, Cu, Fe, Ni, Mn, Pb

·≈– Zn ¡’§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬‡∑à“°—∫ 25.82, 2.69,

1.89, 1.19, 5.44, 1.05, 3.21 ·≈– 3.98 mg/L §‘¥‡ªìπ

ª√– ‘∑∏‘¿“æ°“√∫”∫—¥‡∑à“°—∫ 41.1, 96.0, 83.4, 98.5,

91.7, 86.3, 87.1 ·≈– 93.6 ‡ªÕ√å‡´Áπµåµ“¡≈”¥—∫ ·≈–

‡¡◊ËÕ§à“ pH  Ÿß¢÷Èπ ª√‘¡“≥‚≈À–Àπ—°∑’Ë‡À≈◊ÕÕ¬Ÿà„ππÈ”‡ ’¬

 à«π„À≠à≈¥≈ß ¬°‡«âπ Cr ·≈– Fe ·≈–∑’Ë pH 9

¡’ª√– ‘∑∏‘¿“æ°“√∫”∫—¥‡∑à“°—∫ 98.7, 94.0, 94.1, 92.2,

96.9, 94.6, 94.2 ·≈– 99.4 ‡ªÕ√å‡´Áπµå µ“¡≈”¥—∫ ®–‡ÀÁπ

‰¥â«à“∑’Ë ¿“«–¥—ß°≈à“« “¡“√∂„™â∫”∫—¥ Cu , Mn ·≈–

Zn „Àâ‡À≈◊ÕµË”°«à“¡“µ√∞“π°”Àπ¥ „π¢≥–∑’Ë Cd, Cr,

Ni, ·≈– Pb ¬—ß§ß‡À≈◊ÕÕ¬Ÿà„ππÈ”„πª√‘¡“≥ Ÿß ¥—ß· ¥ß

„πµ“√“ß 1

«‘∏’∑’Ë 2 °“√∫”∫—¥πÈ”‡ ’¬¥â«¬ NaHSO3 - NaOH

∑’Ë pH 9

æ∫«à“¡’§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬¢Õß Cd, Cr, Cu,

Fe, Mn, Ni, Pb ·≈– Zn ‡∑à“°—∫ 0.13, 0.04, 0.05,

0.10, 0.03, 4.10, 6.33 ·≈– 3.26 mg/L µ“¡≈”¥—∫

§‘¥‡ªìπª√– ‘∑∏‘¿“æ°“√∫”∫—¥Õ¬Ÿà „π™à«ß 46.3-99.9

‡ªÕ√å‡´Áπµå ¥—ß· ¥ß„πµ“√“ß 2

‡ª√’¬∫‡∑’¬∫«‘∏’°“√∑’Ë‡À¡“– ¡ ”À√—∫∫”∫—¥

πÈ”‡ ’¬®“°°“√«‘‡§√“–ÀåÀ“‚≈À–Àπ—°∑—Ë«‰ª

æ∫«à“°“√µ°µ–°Õπ¥â«¬ NaHSO3 -NaOH

‡À¡“– ”À√—∫°“√∫”∫—¥πÈ”‡ ’¬∑’Ë¡’ °“√ªπ‡ªóôÕπ‚≈À–

Àπ—°∑—Ë«‰ª¡“°°«à“°“√‡µ‘¡ NaOH ‡æ’¬ßÕ¬à“ß‡¥’¬«

‡π◊ËÕß®“°ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥¢Õß‚≈À–Àπ—°‡°◊Õ∫

∑ÿ°µ—« Ÿß¢÷Èπ‚¥¬‡©æ“– Cr ∑’Ë¡’‡À≈◊ÕÕ¬Ÿà„ππÈ”µË”°«à“

¡“µ√∞“π°”Àπ¥ ¢≥–∑’Ë  Fe , Mn ·≈– Zn ¡’

ª√– ‘∑∏‘¿“æ°“√∫”∫—¥µË”·µà ‰¡à‡°‘π¡“µ√∞“ππÈ”∑‘Èß

°”Àπ¥‰«â ®“°°“√∑¥≈Õß 3 §√—Èß æ∫«à“°“√∫”∫—¥¥â«¬

NaHSO3 ¡’ª√– ‘∑∏‘¿“æ Ÿß„°≈â‡§’¬ß°—π ‚¥¬¡’§à“

‡∫’Ë¬ß‡∫π¡“µ√∞“πµË”√–À«à“ß 0.01-0.08 ¬°‡«âπ Fe

∑’Ë¡’§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π Ÿß∂÷ß 0.9 Õ’°∑—Èß°“√‡µ‘¡

NaHSO3 ™à«¬≈¥§«“¡‡ªìπæ‘…¢Õß‚≈À–Àπ—°∑’Ë∫”∫—¥

¢≥–∑’Ë°“√µ°µ–°Õπ¥â«¬ NaOH ∑’Ë pH 9  “¡“√∂∫”∫—¥

Cu, Mn ·≈– Zn ‰¥â¥’ ª√‘¡“≥‚≈À–Àπ—°∑’Ë‡À≈◊Õ

„ππÈ”‰¡à‡°‘π¡“µ√∞“ππÈ”∑‘ÈßÕÿµ “À°√√¡°”Àπ¥‰«â ·µà

ª√‘¡“≥ Cd, Cr, Ni ·≈– Pb ∑’Ë‡À≈◊ÕÕ¬Ÿà„ππÈ”¬—ß Ÿß°«à“

¡“µ√∞“πœ ®÷ß§«√π”πÈ”‡ ’¬¥—ß°≈à“«¡“∫”∫—¥°àÕπ∑’Ë®–

ª≈àÕ¬≈ß Ÿà∑àÕ “∏“√≥– ‡™àπ ∫”∫—¥‚¥¬«‘∏’ chleate

3.2 πÈ”‡ ’¬®“°°“√«‘‡§√“–ÀåÀ“ As
°àÕππ”πÈ”‡ ’¬¡“ºà“π¢∫«π°“√∫”∫—¥«—¥§à“ pH

‰¥â 2.35 §«“¡‡¢â¡¢âπ‡©≈’Ë¬¢Õß As, Cd, Cr, Cu, Fe,

Mn, Ni, Pb ·≈– Zn ¡’§à“‡∑à“°—∫ 267.8, 45.5, 22.8, 27.9,

158.1, 112.5, 46.8, 56.2 ·≈– 65.7 mg/l µ“¡≈”¥—∫

«‘∏’∑’Ë 1 °“√∫”∫—¥πÈ”‡ ’¬¥â«¬ NaOH ∑’Ë pH 9

À≈—ß°“√∫”∫—¥æ∫«à“ As ¡’§à“§«“¡‡¢â¡¢âπ

‡©≈’Ë¬‡∑à“°—∫ 6.6 mg/L §‘¥‡ªìπª√– ‘∑∏‘¿“æ°“√∫”∫—¥

97.5 ‡ªÕ√å‡´Áπµå  à«π Cd, Cr, Cu, Fe, Mn, Ni, Pb

·≈– Zn ¡’§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬‡∑à“°—∫ 0.68, 0.55, 2.3,

73.5, 23.9, 1.97, 2.53 ·≈– 3.22 mg/L µ“¡≈”¥—∫

§‘¥‡ªìπª√– ‘∑∏‘¿“æ°“√∫”∫—¥‡∑à“°—∫ 98.5, 97.6, 92.0,

53.5, 78.8, 95.8, 95.5 ·≈– 95.1 ‡ªÕ√å‡´Áπµå µ“¡≈”¥—∫

´÷Ëß‚≈À–∑ÿ°µ—«¡’ª√‘¡“≥‚≈À–∑’Ë‡À≈◊ÕÕ¬Ÿà„ππÈ” Ÿß‡°‘π°«à“

¡“µ√∞“ππÈ”∑‘Èß°”Àπ¥ ¬°‡«âπ Fe·≈– Zn

«‘∏’∑’Ë 2 °“√∫”∫—¥πÈ”‡ ’¬¥â«¬ NaOCl- NaOH

∑’Ë pH 9

À≈—ß°“√∫”∫—¥æ∫«à“ ¡’§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬

¢Õß As, Cd, Cr, Cu, Fe, Mn, Ni, Pb ·≈– Zn

‡∑à“°—∫ 0.02, 0.09, 0.36, 1.4, 2.7, 4.4, 0.05,0.17 ·≈–

1.53 mg/Lµ“¡≈”¥—∫ §‘¥‡ªìπª√– ‘∑∏‘¿“æ°“√∫”∫—¥

Õ¬Ÿà„π™à«ß 95.0-100 ‡ªÕ√å‡´Áπµå µ“¡≈”¥—∫ ª√‘¡“≥ As,

Cr, Mn, Ni, Pb ·≈– Zn ∑’Ë‡À≈◊Õ„ππÈ”¡’§à“µË”°«à“

¡“µ√∞“ππÈ”∑‘Èß°”Àπ¥ ¢≥–∑’Ë Cd ·≈– Cu ∑’Ë‡À≈◊Õ
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„ππÈ”¬—ß¡’§à“ Ÿß‡°‘π°«à“¡“µ√∞“πœ ¥—ß· ¥ß„πµ“√“ß 3

‡ª√’¬∫‡∑’¬∫«‘∏’°“√∑’Ë‡À¡“– ¡ ”À√—∫∫”∫—¥

πÈ”‡ ’¬®“°°“√«‘‡§√“–ÀåÀ“ As

æ∫«à“«‘∏’‡µ‘¡ NaOCl °àÕπµ°µ–°Õπ‰Œ¥√Õ°‰´¥å

‡À¡“– ¡ ”À√—∫°“√∫”∫—¥πÈ”‡ ’¬∑’Ë¡’°“√ªπ‡ªóôÕπ As

¡“°°«à“°“√µ°µ–°Õπ‰Œ¥√Õ°‰´¥å‡æ’¬ßÕ¬à“ß‡¥’¬«

‡π◊ËÕß®“°ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥¢Õß‚≈À–Àπ—° Ÿß¢÷Èπ

∑ÿ°µ—« ‚¥¬‡©æ“– As, Cr, Mn, Ni, Pb ·≈– Zn

¡’ª√‘¡“≥‡À≈◊Õ„ππÈ”‰¡à‡°‘π¡“µ√∞“ππÈ”∑‘Èß°”Àπ¥‰«â

3.3 πÈ”‡ ’¬®“°°“√«‘‡§√“–ÀåÀ“´’ ‚Õ¥’
‚¥¬«‘∏’ Dichromate

°àÕππ”πÈ”‡ ’¬¡“ºà“π¢∫«π°“√∫”∫—¥«—¥§à“ pH

‰¥â 0.12 §«“¡‡¢â¡¢âπ‡©≈’Ë¬¢Õß Ag, Cr, Fe ·≈– Hg

‡∑à“°—∫ 1,634.9, 214.5, 352.7 ·≈– 1,283.6 mg/l µ“¡

≈”¥—∫

«‘∏’∑’Ë 1 °“√∫”∫—¥πÈ”‡ ’¬¥â«¬ NaCl- NaOH

∑’Ë pH 9

À≈—ß°“√∫”∫—¥æ∫«à“ §«“¡‡¢â¡¢âπ‡©≈’Ë¬¢Õß Cr

·≈– Fe ‡∑à“°—∫ 1.72 ·≈– 32.76 mg/L ·≈– “¡“√∂

°”®—¥‰¥â§à“µË” ¥—ß· ¥ß„πµ“√“ß 4

«‘∏’∑’Ë 2 °“√∫”∫—¥πÈ”‡ ’¬¥â«¬ NaOH ∑’Ë pH 5

·≈– 9 ·≈â«‡µ‘¡ Na2S ∑’Ë 1 ·≈– 0.1 ‡∑à“

æ∫«à“ ∑’Ë pH 9  “¡“√∂°”®—¥ª√Õ∑„Àâ‡À≈◊Õ

µË”°«à“§à“¡“µ√∞“ππÈ”∑‘Èßœ §◊Õ‰¡à‡°‘π 0.005 mg/l

 à«π‚≈À–Àπ—°µ—«Õ◊ËπÊ∑’Ë pH 5·≈– pH 9 ¡’§à“ Ÿß‡°‘π

¡“µ√∞“πœ°”Àπ¥ ·≈–À≈—ß®“°‡µ‘¡ Na2S „πª√‘¡“≥

1 ‡∑à“∑’Ë pH 5 æ∫«à“ Ag, Cr, Fe ·≈– Hg ∑’Ë‡À≈◊Õ

Õ¬Ÿà¡’§à“§«“¡‡¢â¡¢âπ‡©≈’Ë¬‡∑à“°—∫ 29.34, 7.50, 0.694

·≈– 0.1639 mg/l µ“¡≈”¥—∫ ÷́Ëß Ÿß°«à“¡“µ√∞“π

πÈ”∑‘Èß°”Àπ¥‰«â ¢≥–∑’Ë pH 9 °“√‡µ‘¡ Na2S „πª√‘¡“≥

1 ‡∑à“  “¡“√∂∫”∫—¥ Hg„Àâ¡’§«“¡‡¢â¡¢âπµË”°«à“

¡“µ√∞“πœ°”Àπ¥  à«π Cr  “¡“√∂∫”∫—¥‰¥âµË” ÿ¥

‡æ’¬ß 2.4 mg/L  à«π Ag ·≈– Fe ∑’Ë‡À≈◊Õ¡’§à“µË”¡“°

‡ª√’¬∫‡∑’¬∫°—∫°“√‡µ‘¡ Na2S „πª√‘¡“≥ 0.1 ‡∑à“∑’Ë

pH 9 ª√– ‘∑∏‘¿“æ°“√∫”∫—¥„°≈â‡§’¬ß°—∫°“√„™â Na2S

„πª√‘¡“≥ 1 ‡∑à“ ·≈– “¡“√∂®—∫°—∫‚≈À–∑’Ë‡À≈◊Õ‡°‘¥

‡ªìπµ–°Õπ —́≈‰ø¥å ‰¥â∑—ÈßÀ¡¥ ´÷Ëß‡ªìπ‰ªµ“¡§”°≈à“«

Õâ“ß¢Õß [3] ∑’Ë‡ πÕ„Àâ¡’°“√„™â Na2S πâÕ¬°«à“®”π«π

 ¡¡Ÿ≈¬å∑’Ë ‰¥â®“° ¡°“√ ¥—ß· ¥ß„πµ“√“ß 4µ“
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°àÕπ°“√∫”∫—¥ 1634.9±3.15 - 214.5±0.21 - 352.7±0.57 - 1283.6±3.80 -

µ°µ–°Õπ¥â«¬ NaCl 84.8±0.29 94.8 117.1±0.08 45.4 139.0±0.20 60.6 0.037±0.01 100

µ°µ–°Õπ¥â«¬ NaCl

·≈– NaOH ∑’Ë pH 9 6.46±0.17 99.6 1.72±0.02 99.2 32.76±0.40 90.7 0.00±0.00 100

µ“√“ß 4 ª√‘¡“≥‚≈À–Àπ—°∑’Ë‡À≈◊Õ ·≈–ª√– ‘∑∏‘¿“æÀ≈—ß°“√∫”∫—¥ ¥â«¬ NaCl ·≈– NaOH

ª√‘¡“≥‚≈À–Àπ—° ‡ß‘π (Ag) ‚§√‡¡’¬¡ (Cr) ‡À≈Á° (Fe) ª√Õ∑ (Hg)
(mg/L) X±SD. %Eff. X±SD. %Eff. X±SD. %Eff. X±SD. %Eff.

µ“√“ß 5 ª√‘¡“≥‚≈À–Àπ—°∑’Ë‡À≈◊Õ ·≈–ª√– ‘∑∏‘¿“æÀ≈—ß°“√∫”∫—¥¥â«¬ NaOH ·≈– Na2S

ª√‘¡“≥‚≈À–Àπ—° ‡ß‘π (Ag) ‚§√‡¡’¬¡ (Cr) ‡À≈Á° (Fe) ª√Õ∑ (Hg)
(mg/L) X±SD. %Eff. X±SD. %Eff. X±SD. %Eff. X±SD. %Eff.

°àÕπ°“√∫”∫—¥ 1634.9±3.15 - 214.5±0.21 - 352.7±0.57 - 1283.6±3.80 -

«‘∏’∑’Ë 1 µ°µ–°Õπ¥â«¬ NaOH ∑’Ë pH 5 554.7±17.27 66.1 1.502±0.04 99.3 4.585±0.12 98.7 1.484±0.14 99.9

- µ“¡¥â«¬ Na2S 1 ‡∑à“ 29.34±0.31 98.2 7.5±0.12 96.5 0.694±0.03 99.8 0.1639±0.02 100

«‘∏’∑’Ë 2 µ°µ–°Õπ¥â«¬ NaOH ∑’Ë pH 9 8.643±0.23 99.5 10.51±0.05 95.1 92.50±0.66 73.8 0.00 100

- µ“¡¥â«¬ Na2S 1 ‡∑à“ 0.3032±0.06 100.0 2.4±0.10 98.9 0.233±0.02 99.9 0.00 100

- µ“¡¥â«¬ Na2S 0.1 ‡∑à“ 0.3219±0.00 100.0 2.6743±0.04 98.8 0.2433±0.00 99.9 0.00 100

NaCl - NaOH ∑’Ë pH 9 6.46±0.17 99.6 1.72±0.02 99.2 32.76±0.40 90.7 0.0±0.0 100

NaOH - Na2S 1 ‡∑à“∑’Ë pH 5 29.34±0.31 98.2 7.5±0.12 96.5 0.69±0.03 99.8 0.164±0.02 100

NaOH - Na2S 1 ‡∑à“∑’Ë pH 9 0.303±0.06 100 2.4±0.10 98.9 0.23±0.02 99.9 0.00±0.0 100

NaOH - Na2S 0.1 ‡∑à“∑’Ë pH 9 0.322±0.00 100 2.67±0.04 98.8 0.24±0.00 99.9 0.00±0.0 100

µ“√“ß 6 ‡ª√’¬∫‡∑’¬∫«‘∏’°“√∫”∫—¥πÈ”‡ ’¬∑’Ë‡À≈◊Õ®“°°“√«‘‡§√“–Àå´’‚Õ¥’

ª√‘¡“≥‚≈À–Àπ—° ‡ß‘π (Ag) ‚§√‡¡’¬¡ (Cr) ‡À≈Á° (Fe) ª√Õ∑ (Hg)
(mg/L) X±SD. %Eff. X±SD. %Eff. X±SD. %Eff. X±SD. %Eff.

‡ª√’¬∫‡∑’¬∫«‘∏’°“√∑’Ë‡À¡“– ¡ ”À√—∫∫”∫—¥πÈ”‡ ’¬®“°

°“√«‘‡§√“–Àå´’‚Õ¥’

®“°°“√‡ª√’¬∫‡∑’¬∫∑—Èß 2 «‘∏’ æ∫«à“«‘∏’∑’Ë 1

‡À¡“– ¡ ”À√—∫°“√∫”∫—¥πÈ”‡ ’¬®“°°“√«‘‡§√“–Àå´’‚Õ¥’

¡“°°«à“ ‡π◊ËÕß®“°¡’ª√– ‘∑∏‘¿“æ°“√∫”∫—¥ Cr ‰¥â¥’°«à“

·≈–∑—Èß 2 «‘∏’ ¡’ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥ Hg ‰¥â

100 ‡ªÕ√å‡´Áπµå ª√‘¡“≥ Cr ∑’Ë‡À≈◊Õ„ππÈ”¡’§à“§«“¡‡¢â¡¢âπ

‡©≈’Ë¬‡∑à“°—∫ 1.72, 7.5 ·≈– 2.674 mg/L ∑’Ë pH 5 ·≈–

pH 9 µ“¡≈”¥—∫ ·≈–ª√Õ∑ —́≈‰ø¥å¡’§à“°“√≈–≈“¬Õ¬Ÿà∑’Ë

9.0X10-20 mg/L ·µà‡π◊ËÕß®“° “√ —́≈‰ø¥å∑’Ë‡µ‘¡¡’°≈‘Ëπ‡À¡Áπ

¡’§«“¡‡ªìπæ‘…√ÿπ·√ß ¥—ßπ—Èπ®÷ßµâÕß¡’√–∫∫§«∫§ÿ¡∑’Ë¥’

πÕ°®“°π’È NaCl ∑’Ë„™â„π°“√µ°µ–°Õπ¬—ß‡ªìπ “√‡§¡’

∑’Ë§ÿâπ‡§¬‡æ√“–„™â„π™’«‘µª√–®”«—π·≈–¡’√“§“∂Ÿ°

5.  √ÿª·≈–¢âÕ‡ πÕ·π–
1) °“√‡µ‘¡ “√™à«¬‡√àß„Àâµ°µ–°Õπ (Coagu-

lant) ‡™àπ FeCl3 ®–∑”„Àâª√– ‘∑∏‘¿“æ°“√∫”∫—¥ Ÿß¢÷Èπ

§«“¡‡√Á«·≈–‡«≈“¢Õß°“√§π “√≈–≈“¬¡’§«“¡ ”§—≠

µàÕ°“√µ°µ–°Õπ¢Õß‚≈À– °“√‡µ‘¡ “√‡√àß°“√

µ°µ–°ÕπµâÕß„™â§«“¡‡√Á«¢Õß„∫æ—¥√–¥—∫µË”À√◊Õ

ª“π°≈“ß „™â‡«≈“ 1-2 π“∑’ ‡æ◊ËÕ„Àâµ–°Õπ‡∫“®—∫µ—«°—π

ßà“¬¢÷Èπ  à«π “√‡§¡’ª√–‡¿∑Õ◊ËπÊ µâÕß„™â§«“¡‡√Á«„∫æ—¥

 Ÿß·≈–„™â‡«≈“π“π [3]

2) µ–°Õπ∑’Ë·¬°ÕÕ°¡“π”¡“∑”„Àâ·Àâß‡æ◊ËÕ

‡°Á∫√«∫√«¡‰«â„Àâ¡’ª√‘¡“≥¡“°æÕ °àÕππ”‰ª∑”„ÀâÕ¬Ÿà„π

√Ÿª¢Õß·¢Áß (Solidification) ¥â«¬ªŸπ¢“«„πÕ—µ√“ à«π

µ–°ÕπµàÕªŸπ¢“« 1:3 [3]
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3) ‡°≈◊Õ‰Œ¥√Õ°‰´¥å ¡’√“§“∂Ÿ° ¡’§ÿ≥ ¡∫—µ‘

°÷Ëß‚≈À– ·≈– “¡“√∂≈–≈“¬°≈—∫‰¥âßà“¬ ‡¡◊ËÕ pH

‡ª≈’Ë¬π·≈–‡¡◊ËÕ√«¡µ—«°—∫‚≈À–‡°‘¥‡ªìπ‚≈À–ÕÕ°‰´¥å∑’Ë¡’

µ–°Õπ¡“° [1]

4)  “√‡§¡’∑’Ë „™â „π°“√∑”ªØ‘°‘√‘¬“®–µâÕß¡’

§ÿ≥ ¡∫—µ‘„π°“√∑”„Àâ‚≈À–Àπ—°µ°µ–°Õπ ·≈–µ–°Õπ

∑’Ë ‰¥â®–µâÕß‰¡à≈–≈“¬°≈—∫ ‚≈À–Àπ—°∫“ß™π‘¥Õÿ≥À¿Ÿ¡‘

®–¡’º≈°—∫°“√≈–≈“¬ ‚≈À–Àπ—°∑’Ëºà“π°“√µ°µ–°Õπ

·≈â«®–¡’‡À≈◊ÕÕ¬Ÿàª√‘¡“≥‡∑à“„¥¢÷ÈπÕ¬Ÿà°—∫ ªí®®—¬À≈“¬

¥â“π ‡™àπ ª√‘¡“≥‚≈À–∑’Ë¡’µ—Èßµâπ™π‘¥¢Õß “√µ°µ–°Õπ

∑’Ë „™â  ¿“«–∑’Ë∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“ ‚¥¬‡©æ“– pH  “√

Õ◊ËπÊ ∑’Ë‡®◊ÕªπÕ¬Ÿà„ππÈ”´÷ËßÕ“®¡’µ—«¬—∫¬—Èß°“√‡°‘¥µ–°Õπ

¢âÕ‡ πÕ·π–
1) §«√¡’°“√»÷°…“πÈ”‡ ’¬®“°ÀâÕßªØ‘∫—µ‘°“√

·ÀàßÕ◊ËπÊ ‡ª√’¬∫‡∑’¬∫°—π √«¡∑—Èß∑”°“√ª√–‡¡‘π§à“„™â

®à“¬„π°“√∫”∫—¥ πÕ°®“°π’ÈÕ“®„™â “√‡§¡’∑’Ë¡’§ÿ≥¿“æ

µË”≈ß¡“‡æ◊ËÕ‡ªìπ°“√≈¥µâπ∑ÿπ·≈–‡ªìπ·π«∑“ß„ÀâÀâÕß

ªØ‘∫—µ‘°“√Õ◊Ëπ  “¡“√∂π”‰ª„™â ‰¥â ‚¥¬®—¥∑”‡ªìπ§Ÿà¡◊Õ

°“√∫”∫—¥πÈ”‡ ’¬¿“¬„πÀâÕßªØ‘∫—µ‘°“√

2) ÀâÕßªÆ‘∫—µ‘°“√∑’ËµâÕß°“√¢Õ°“√√—∫√Õß

§«“¡ “¡“√∂¢ÕßÀâÕßªØ‘∫—µ‘ °“√µ“¡¡“µ√∞“π

ISO/IEC 17025  “¡“√∂π”«‘∏’°“√∫”∫—¥πÈ”‡ ’¬®“°ÀâÕß

ªØ‘∫—µ‘°“√‰ªª√–¬ÿ°µå„™â ‰¥â ‡π◊ËÕß®“°ÀâÕßªÆ‘∫—µ‘°“√

∑’ËÕ¬Ÿà„π¡“µ√∞“π®–µâÕß®—¥„Àâ‡ªìπ Good Laboratory

Practice (GLP) ÷́Ëß®–µâÕß¡’‡√◊ËÕß¢Õß Safty ·≈– Waste

Management

‡Õ° “√Õâ“ßÕ‘ß
1. ‡°√’¬ß»—°¥‘Ï Õÿ¥¡ ‘π‚√®πå. 2541. °“√∫”∫—¥πÈ”‡ ’¬.

¡‘µ√π√“°“√æ‘¡æå. Àπâ“ 442.

2.  ÿ™“µ“ ™‘π–®‘µ√. Õ—πµ√“¬®“° “√‡§¡’. ‚§√ß°“√

 π—∫ πÿπ‡∑§π‘§Õÿµ “À°√√¡  ¡“§¡ àß‡ √‘¡‰∑¬

≠’ËªÿÉπ :  ”π—°æ‘¡æå ∑’.æ’.æ√‘Èπ∑å ®”°—¥ æ‘¡æå§√—Èß∑’Ë 8

æƒ…¿“§¡ 2545.

3. Haruo Ando. 1996. Copy of Wastewater

Management. 112p.

4. Paul N. Chere Missionoff. 1995. Handbook of

Water and Wastewater Treatment Technology.

Marcel Dekker, Inc. 834p.



‚§√ß°“√«‘®—¬·≈–æ—≤π“‡∑§‚π‚≈¬’
¥â“π°“√®—¥°“√¢Õß‡ ’¬·≈–™’«¡«≈





‚§√ß°“√«‘®—¬·≈–æ—≤
π“‡∑§‚π‚≈¬’¥â“π°“√®—¥°“√¢Õß‡ ’¬·≈–™’«¡«≈

ª√–®”ªï 2544 - 2546

173

Activated Char Production from Pyrolysis of
Coconut Husks

Nittaya Nugranad Milnea

Toru Ishiib, Yoshiaki Matsusawab,
Hiroshi Aramakib, and Emi Yoshitakab

»Ÿπ¬å«‘®—¬·≈–Ωñ°Õ∫√¡¥â“π ‘Ëß·«¥≈âÕ¡ °√¡ àß‡ √‘¡§ÿ≥¿“æ ‘Ëß·«¥≈âÕ¡ ‡∑§‚π∏“π’ µ.§≈ÕßÀâ“ Õ.§≈ÕßÀ≈«ß ®.ª∑ÿ¡∏“π’ 12120 ‚∑√. 0 2577 4182-9 ‚∑√ “√ 0 2577 1138
aEnvironmental Research and Training Centre, Technopolis, Klong 5, Klong Luang, Pathumthani, 12120, Thailand
bIshikawajima-Harima Heavy Industries, Co., Ltd., Japan

∫∑§—¥¬àÕ
ºŸâ«‘®—¬‰¥â∑”°“√»÷°…“°“√‡º“‡ª≈◊Õ°¡–æ√â“«

„π‡µ“‡º“‰æ‚√‰≈´’  „π∫√√¬“°“»∑’Ëª√“»®“°ÕÕ°´‘‡®π

∑’Ë Õÿ≥À¿Ÿ¡‘ 400, 500 ·≈– 600 Ì´ πÈ” ¡— π ∑’Ë ‰¥â∂Ÿ°

¥—°®—∫¥â«¬™ÿ¥¥—°®—∫‰ÕπÈ”Õÿ≥À¿Ÿ¡‘µË” (4 Ì´) °“´∑’Ë‡°‘¥¢÷Èπ

π”‰ª«‘‡§√“–ÀåÕß§åª√–°Õ∫¥â«¬‡§√◊ËÕß·° ‚§√¡“‚µ°√“ø

∂à“ππ”‰ªª√—∫ª√ÿß§ÿ≥¿“æ‰¥â∂à“π°—¡¡—πµå ·≈–∑¥ Õ∫

ª√– ‘∑∏‘¿“æ°“√¥Ÿ¥´—∫°“´´—≈‡øÕ√å ‰¥ÕÕ°‰´¥å∑’Ë

‡ß◊ËÕπ‰¢µà“ßÊ º≈°“√»÷°…“æ∫«à“ ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‰æ‚√‰≈´’ 

 Ÿß¢÷Èπ ®–‰¥âº≈‘µ¿—≥±å∑’Ë‡ªìππÈ”¡—π·≈–°“´¡“°¢÷Èπ „π

¢≥–∑’Ëº≈º≈‘µ∑’Ë‡ªìπ¢Õß·¢Áß§◊Õ∂à“π®–≈¥≈ß πÈ”¡—π∑’Ë

‰¥â¡’ ’‡À≈◊ÕßÕàÕπ ¡’≈—°…≥–‰¡à√«¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π

(heterogeneous) ·≈–¡’ à«πº ¡∑’Ë‡ªìπ oxygenated

compounds ¡“° ∂à“π∑’Ë ‰¥â‡¡◊ËÕπ”‰ªª√—∫ª√ÿß§ÿ≥¿“æ

‡ªìπ∂à “π°—¡¡—πµå ¡’ª√– ‘∑∏‘¿“æ„π°“√¥Ÿ¥´—∫°“´

´—≈‡øÕ√å ‰¥ÕÕ°‰´¥å Ÿß º≈°“√«‘‡§√“–Àåæ◊Èπ∑’Ëº‘«¬◊π¬—π

«à“‰ÕπÈ”¡’º≈™à«¬„Àâ ‰¥âº≈‘µ¿—≥±å∂à“π°—¡¡—πµå∑’Ë¡’æ◊Èπ∑’Ëº‘«

¡“°¢÷Èπ·≈–‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√¥Ÿ¥´—∫ ºŸâ«‘®—¬‰¥âπ”

‡ πÕ·π«§‘¥‚√ßß“πµâπ·∫∫ ”À√—∫°“√¢¬“¬º≈‡™‘ß

æ“≥‘™¬å

Abstract
Coconut husks were pyrolysed in a fixed

bed reactor at 400, 500 and 600 ÌC. The pyrolysis

oils were collected in a series of condensers and

ice traps, and analysed to determined yield and

properties in relation to process conditions. The

pyrolysis vapours were analysed off-line by packed

column chromatography. The char products

from pyrolysis were activated and tested for

desulphurisation property under different

conditions with and without steam at 800 ÌC.

Surface areas of the char samples were determined.

The pyrolysis oils of coconut husks were light

yellow heterogeneous, of low viscosity and highly

oxygenated. The greater the temperature, the more

percentage of oils and gases were produced,

while char products were reduced as pyrolysis

temperatures were increased. The char from

coconut husks can be activated to give high

quality activated carbon. The higher the pyrolysis

temperatures, the better activated char were

produced. The specific surface area increased

significantly while water vapour was added to

the activation system. The biomass utilisation

system through pyrolysis , activation and

desulphurisation processes for commercial pilot

plant has been proposed.

1. INTRODUCTION
Biomass is defined as: trees, grasses, and

algae; agricultural and forest wastes; municipal

solid wastes; and miscellaneous wastes which

contain three major components: cellulose,

hemicellulose and lignin.

Availability of biomass makes it having

advantage for being used as energy source. Biomass

fuels are renewable, and contain very low amounts

of sulphur compared to fossil fuels. Biomass

conversion technology is a low-temperature process
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and there is negligible augmentation of the

greenhouse effect compared to the burning of

fossil fuel, as biomass synthesis is part of the

natural carbon cycle (enhanced use may, however,

cause temporary variation of CO2 emissions).

Biomass energy has a number of additional

benefits, including the provision of modern

energy forms to rural communities, improved land

management, job creation and the reduction of

carbon dioxide emissions.

Advanced biomass technologies have also

being developed in many countries in various parts

of the world. Biomass is therefore one of the clean

energy resources that shows high potential to

supply the future increasing energy demand, and

to substitute the use of existing depleted fossil

energy with little negative effect on the worldûs

environment.

Thailand is one of the World leaders on

agricultural production and export. Agriculture is

a large and an essential sector. Biomass resources

especially agricultural residues are abundant. The

EC-ASEAN COGEN Programme estimated that

energy potential from four main agricultural

residues: bagasse, rice husks, palm oil wastes, and

wood residues; was 11,200 GWh/yr or 2,985 MW

of power capacity. Apart from this, there is a

substantial amount of unexploited agricultural

residues that have not been accounted for. It was

reported that in 1997 more than 100 million tons

of agricultural products were produced. There

were also about 61 million tons of residues, of

which about 15 million tons was already used

as fuel, and a small amount was used for other

purposes. About 41 million tons, which is

equivalent to about 426 PJ or 10.07 MTOE

(Megaton oil equivalent) of energy, was left either

on the field or at the processing plants.

This study was carried out under the

joint research project on the çDevelopment of

Biomass Pyrolysis and Utilisation Systemé between

the Ishikawajima-Harima Heavy Industries (IHI),

Japan, and the Environmental Research and Training

Centre (ERTC), Department of Environmental

Quality Promotion (DEQP), Ministry of Natural

Resources and Environmnet, Thailand, supported

by the New Energy and Industrial Technology

Development Organization (NEDO), Japan.

This research project target technical

development for the use of biomass not only as

fuel but also advanced application for the use

of char produced from slow pyrolysis as

desulphurising agent. The pyrolysis conditions

and desulphurisation test were investigated.

2. MATERIALS AND METHODS

2.1 Coconut husks
The coconut husks used were obtained from

Thailand and were chopped to size 1x1cm2 (see

Figure 2.1-1). Table 2.1-1 shows the proximate,

ultimate analyses and calorific value of the coconut

husks.

Figure 2.1-1  Chopped coconut husks
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2.2 Pyrolysis test
2.2.1 Pyrolysis reactor

The pyrolysis reactor was batch type

reactor equipped with a chamber in which

samples were placed, heated up by electric furnace

with thermocouple. A series of condersers placed

in a cool ice tank, were connected to collect

pyrolysis vapours from the reactor. An activated

carbon column and water bottle were connected

to adsorb remaining hydrocarbon vapours. The

details of pyrolysis reactor are as follows:

(1) Chamber

Size: 300mm diameter x 400mm height

with the thickness of 4mm; Flange 10K thin

type

Materials: Stainless steel SUS304

(2) Electric furnace

Size: Inner diameter 339mm, inner height

320 mm

Maximum temperature: 800 ÌC

(3) Condensers

Column: Pyrex glass tube, 100mm diameter

x 400 mm height x 3 units

Cooling tank: Acrylic resin, 1,000 mm

length x 300 mm depth x 500 mm height;

with cooling water circulating unit

(4) Activated carbon column: Acrylic resin,

60mm diameter x 770mm height

Figure 2.2-1 and 2.2-2 show the

schematic diagram of the pyrolysis process and

the photograph of the pyrolysis equipment.

Volatiles 64.8 Carbon 50.8

Moisture 6.1 Hydrogen 5.4

Ash 2.9 Oxygen 40.3

Fixed carbon 26.2 Nitrogen 0.4

Gross calorific value 18960
(kJ/kg (wet))

Table 2.1-1  Properties of the coconut husks

Proximate analysis (wt%) Ultimate analysis (wt%)

Figure 2.2-1  Schematic diagram of the pyrolysis process
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2.2.2 Methods

The coconut husks were dried prior to

the experiment. The dried sample was placed in

the chamber, and N2 was passed into the reactor

to provide free-oxygen atmosphere and acted as

a carrier gas, at the flow rate of 150 ml/min.

Biomass sample was placed in the chamber. Then

the chamber was heated by the electric furnace

at a heating rate of 5.3 ÌC/min until reaching

specified maximum temperatures of 400, 500 and

600 ÌC. The pyrolysis vapours were then passing

through a series of ice trap condensers of which

condensate was trapped, the escape gas vapours

were trapped by activated carbon column and

water bottle. After finish the test, the chamber

was removed from the electric furnace for cooling

down. The weights of biomass sample, char and

condensate were determined. Pyrolysis gas

was analysed off-line for determination of gas

composition.

The methods of analysis of char and

condensate are as follows:

Industrial analysis (4 elements): JIS M 8812

C, H: JIS M 8813 (Liebigûs method)

Sulphur (total): JIS M 8813 (Eschka method)

Chlorine (total): JIS M 8813 (Eschka method)

Calorific value: JIS M 8814 (Nekken type

automatic calorimeter)

Specific surface area: JIS M 8830 (method

of measuring specific surface area of powder (solid)

through gas absorption)

Pyrolysis gas was analysed by gas chroma-

tography. The conditions of gas chromatograph

are indicated in Table 2.2-1.

Figure 2.2-2  Batch type pyrolysis reactor

GC type Shimadzu GC-8A Shimadzu GC-8A YANAKO G2800 YANAKO G2800

Detector TCD TCD FID FID

Column packing material MS-13X Porapax Type Q Porapax Type N Chromatosorb

Carrier gas Ar Ar N2 N2

Primary pressure, kg/cm2 3.2 3.2 - -

Secondary pressure, kg/cm2 2.2 2.0 3.2 2.6

(specimen size)

Secondary pressure, kg/cm2 2.0 2.2 - -

(reference size)

Injection/Detector 80 80 50 50

temperature, ÌC

Column temperature, ÌC 80 80 45 45

Table 2.2-1 Conditions of gas analysis

C3H6, C3H8,
Type of gas analysed H2, O2, N2, CO CO2 CH4, C2H4, C2H6 i-C4H10, n-C4H10,

i-C4H8
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2.3. Activation and desulphurisation test
2.3.1 Test equipment for activation

process

A vertical tubular electric furnace in which

an SUS reactor has been installed was used as

the test equipment for the activation process.

A pipe for supplying gas and water vapour was

connected to the reactor. Figure 2.3-1 shows the

schematic diagram of the activation process, and

Figure 2.3-2 shows a photograph of the electric

furnace. The detail specifications of the equipment

are as follows:

Type: vertical tubular electric furnace

(external temperature control at 3 points)

Heating temperature: maximum temperature

800 ÌC

Reactor: SUS316 reactor, inner diameter

(i.d.) 40mm; length 600 mm

Gas introduction: nitrogen gas, with mass

flow control

Water vapour introduction: small electric

furnace heating system for distilled water, with

tube pump supply

2.3.2 Test equipment for desulphurisation

In the desulphurisation test, a nitrogen

based standard sulfurous acid gas was introduced

into the glass reactor with a diameter of 15 mm.

Figure 2.3-1 The schematic diagram of the activation process

Figure 2.3-2  Photograph of the electric furnace
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The gas outlet was measured using a SO2 meter.

Figure 2.3-3 shows a schematic diagram of the

test equipment. The details of the test equipment

are as follows:

Test equipment for desulphurisation

Supplied standard gas: 486 ppm SO2/N2

Reactor: glass reator with i.d. 15 mm,

length 400 mm

SO2 measurement equipment: Horiba

VIA-510-SO2

2.3.3 Methods

2.3.3.1 Activation process test

Twenty grams of the char sample was

placed into the reactor and installed in the vertical

tubular electric furnace. The reactor was then

purged with nitrogen gas with a steady rate for

one hour in order to eliminate the remaining air

in the reactor. The reactor was then heated by

the electric furnace to reach the activation

temperature of 800 ÌC, which the test was

commenced. Water vapour was introduced to

the reactor through the nitrogen gas pipe during

the test. After completion of the test, the furnace

was opened to let the sample cool down to room

temperature. The activated char was then remove

and weighed. The activated char and the original

pyrolysis char were analysed for specific surface

area (BET method).

The activation process temperature was

limited at 800 ÌC due to limitations posed by

the pyrolysis temperature and the heating

capacity of the electric furnace. Assuming practical

application, the process was limited to use only

inert gas (N2) with addition of water vapour.

Neither acid nor other chemicals preprocessing

was used for conditioning of the test in this study.

The test conditions are indicated in Table 3.2-1

in Section 3.

2.3.3.2 Desuphurisation test

The desulphurisation tests were under-

taken with respect to specimens obtained from

the pyrolysis and the activation tests.

One gram of roughly powdered char

specimen was placed at the centre of the glass

reactor and standard sulfurous acid gas (486 ppm)

Figure 2.3-3  Schematic diagram of the desulphurisation equipment
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was introduced into the reactor at flow rate of

500 ml/min. The concentration of sulfurous acid

gas was measured continuously using SO2 meter

to monitor absorption process. In order to prevent

channeling during the test, the standard sulfurous

gas was supplied into the reactor downward.

The test run simultaneously for introduction of

the standard gas until reaching breakthrough time

that the concentration of the standard gas reached

the halfway point (243 ppm), the test was ended.

3. RESULTS AND DISCUSSION

3.1 Pyrolysis of coconut husks
The mass and heat balance of pyrolysis

of coconut husks at 400, 500 and 600 ÌC show

that product yields are about 99% by weight. As

the pyrolysis temperature was increased, there

was a marked increase in gaseous and liquid

products, but decrease in char yields. This can

be explained in that at higher temperature the

biomass components become more volatile due

to the severity of the pyrolysis which as the

temperature is increased, the secondary cracking of

tar to form gases will occur1. The decrease in the

char yield as the temperature were increased

could either be due to, at higher pyrolysis

temperatures, the greater primary decomposition

of the biomass to form gases and tar (see equations

3.1-1 and 3.1-2), then tar could undergo secondary

cracking to form gases (equation 3.1-4), or

through secondary decomposition of the char

residue (equation 3.1-6). Since there is no obvious

mechanism for carbon loss with increasing

temperature, it is suggested that higher pyrolysis

temperature volati l ises some of the solid

hydrocarbon content of the char2. The lower

pyrolysis temperature will favour char formation

(equation 3.1-3). Radlein3 suggested that at

higher temperature, the decomposition of biomass

to form liquids and gases will become dominant.

These observations are in agreement with the

literatures (see Nugranad2).

Primary reactions:

Biomass
k1 Gas (3.1-1)

Biomass
k2 Tar (3.1-2)

Biomass
k3 Char (3.1.3)

Secondary reactions:

Tar
k4 Gas (3.1.4)

Tar
k5 Char (3.1-5)

Char
k6 Gas (3.1-6)

Mass and heat balance of a practical

pyrolysis process was calculated to evaluate the

possibility that energy of pyrolysis gas would be

enough to run the process, based on the result of

this experiment (see Figure 3.1-1). Figure 3.1-2

shows the process flow diagram of a possible

pyrolysis process.

1 Columba DB and Russo G, çModeling of transport phenomena and kinetics of biomass pyrolysis.é in Advances in Thermochemical
Biomass Cenversion (ed. AV Bridgwater), Vol. 2, Blackie Academic & Professional, London, pp. 906-921, 1994.

2 Nugranad N, Pyrolysis of Biomass, Ph.D. Thesis, University of Leed, UK (1997).
3 Radlein D, çThe Chemistry of Fast Pyrolysis of Biomassé presented in PyNE Pyrolysis Network of Europe, Minutes of First Meeting,

29-31 May, Solihull, UK, 1995.
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Conditions Yield

Sample Coconut husks (dry)
Weight (g) wt%

Sample 504 100

Max. pyrolysis temp. 400 ÌC Char 263 52.2

Heating time and rate 72 min (5.3 ÌC/min) Condensate 150 29.7

Carrier gas N2, 150 cc/min Gas 84.7 16.8

Moisture content 20.8% Total 498 98.7

Calorific value data Energy

Sample 18960 kJ/kg Calorific value (kJ) wt%

Char  25080 kJ/kg Sample 9958 100

Moisture in condensate  92.4% Char 6598 69.0

TOC in moisture  15% Condensate 1604 16.8

Oil in condensate (wet basis) 21030 kJ/kg H2 5 0.1

Moisture in oil  30.5% O2 0 0.0

H2 68 kcal/mol N2 0 0.0

O2 0 kcal/mol CO 176 1.8

N2 0 kcal/mol CO2 0 0.0

CO 68 kcal/mol CH4 33 0.3

CO2 0 kcal/mol C2H4 7 0.1

CH4 213 kcal/mol C2H6 9 0.1

C2H4 337 kcal/mol C3H8 3 0.0

C2H6 373 kcal/mol C3H6 8 0.1

C3H8 531 kcal/mol i-C4H10 0 0.0

C3H6 492 kcal/mol n-C4H10 1 0.0

i-C4H10 688 kcal/mol i-C4H8 4 0.0

n-C4H10 688 kcal/mol Total amount of gas 245 2.6

i-C4H8 649 kcal/mol Total 8448 88.4

Table 3.1-1 Yield and calorific value from pyrolysis of coconut husks at 400 ÌC
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Table 3.1-2 Yield and calorific value from pyrolysis of coconut husks at 500 ÌC

Conditions Yield

Sample Coconut husks (dry)
Weight (g) wt%

Sample 469 100

Max. pyrolysis temp. 500 ÌC Char 229 48.8

Heating time and rate 90 min (5.3 ÌC/min) Condensate 145 30.9

Carrier gas N2, 150 cc/min Gas 91.5 19.5

Moisture content 22.2% Total 465 99.2

Calorific value data Energy

Sample 18960 kJ/kg Calorific value (kJ) wt%

Char  23930 kJ/kg Sample 8885 100

Moisture in condensate  88.9% Char 5470 61.6

TOC in moisture  15% Condensate 1667 18.8

Oil in condensate (wet basis)  22990 kJ/kg H2 19 0.2

Moisture in oil  25.9% O2 0 0.0

H2 68 kcal/mol N2 0 0.0

O2 0 kcal/mol CO 182 2.0

N2 0 kcal/mol CO2 0 0.0

CO 68 kcal/mol CH4 67 0.8

CO2 0 kcal/mol C2H4 12 0.1

CH4 213 kcal/mol C2H6 25 0.3

C2H4 337 kcal/mol C3H8 11 0.1

C2H6 373 kcal/mol C3H6 20 0.2

C3H8 531 kcal/mol i-C4H10 0 0.0

C3H6 492 kcal/mol n-C4H10 2 0.0

i-C4H10 688 kcal/mol i-C4H8 6 0.1

n-C4H10 688 kcal/mol Total amount of gas 344 3.9

i-C4H8 649 kcal/mol Total 7481 84.2
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Conditions Yield

Sample Coconut husks (dry)
Weight (g) wt%

Sample 356 100

Max. pyrolysis temp. 600 ÌC Char 157 44.1

Heating time and rate 108 min (5.3 ÌC/min) Condensate 121 33.9

Carrier gas N2, 150 cc/min Gas 75.8 21.3

Moisture content 13.8% Total 353 99.3

Calorific value data Energy

Sample 18960 kJ/kg Calorific value (kJ) wt%

Char 20900 kJ/kg Sample 6744 100

Moisture in condensate  86.9% Char 3277 48.6

TOC in moisture 15% Condensate 1391 20.6

Oil in condensate (wet basis) 22720 kJ/kg H2 27 0.4

Moisture in oil  18.0% O2 0 0.0

H2 68 kcal/mol N2 0 0.0

O2 0 kcal/mol CO 146 2.2

N2 0 kcal/mol CO2 0 0.0

CO 68 kcal/mol CH4 87 1.3

CO2 0 kcal/mol C2H4 12 0.2

CH4 213 kcal/mol C2H6 34 0.5

C2H4 337 kcal/mol C3H8 14 0.2

C2H6 373 kcal/mol C3H6 20 0.3

C3H8 531 kcal/mol i-C4H10 0 0.0

C3H6 492 kcal/mol n-C4H10 2 0.0

i-C4H10 688 kcal/mol i-C4H8 6 0.1

n-C4H10 688 kcal/mol Total amount of gas 346 5.1

i-C4H8 649 kcal/mol Total 5015 74.4

Table 3.1-3 Yield and calorific value from pyrolysis of coconut husks at 600 ÌC
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Moisture, wt% 6.1 2.4 92.4 2.8 92.4 2.2 86.9
(inc. organic) (inc. organic) (inc. organic)

Ash, wt% 2.9 15.4 - 24.1 - 36.8 -

Volatile, wt% 64.8 24.5 - 13.6 - 8.1 -

Fixed carbon, wt% 26.2 57.7 - 59.5 - 52.9 -

Gross Calorific 18960 25080 30259 23930 31026 20900 27707
value, kJ/kg (wet)  (wet) (dry) (wet) (dry) (wet) (dry)

C, wt% (dry) 50.8 64.7 75.5 63.4 72.8 56.0 71.5

H, wt% (dry) 5.4 3.5 6.46 2.6 7.02 1.9 6.85

N, wt% (dry) 0.4 0.2 0.83 0.4 0.77 0.4 0.91

O, wt% (dry) 40.3 15.8 17.0 8.8 19.3 4.1 20.6

T-S, wt% (dry) (0.1 (0.1 0.20 (0.1 0.13 (0.1 0.17

T-Cl, wt% (dry) 0.9 1.0 - 0.83 - 0.77 -

TOC in aqueous - - 15.0 - 15.0 - 15.0
phase, wt%

Specific surface - 2.1 - 2.7 - 146 -
area, m2/g

Table 3.1-4 Results of analysis of condensate from coconut pyrolysis at different temperatures

Coconut
husks

400 ÌC 500 ÌC 600 ÌC
Char Condensate Char Condensate Char Condensate

Figure 3.1-1  Mass and heat balance of coconut pyrolysis
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3.2 Activation process test
The specific surface areas of specimen are

summarised in Table 3.2-1. It can be seen that

the specific surface area of the activated char was

increased significantly as the steam was introduced

to the activation process. In addition, the higher

the pyrolysis and activation temperatures, the

higher specific surface areas were found. This could

be explained that as the temperature increased,

the organic compounds in the biomass sample

undergone thermocracking/decomposition reactions

to give more volatiles, leaves the residue char

with less volatiles but remain the fixed carbon in

the structure.

Figure 3.1-2  Flow diagram of biomass pyrolysis process

- - 2.1

400 ÌC
800 ÌC, N2 0.5hr

(1) 76.8 2.5

800 ÌC, N2 2.0hr
(1) 72.6 <1

800 ÌC, N2 + steam 0.5hr(2) 57.1 479

500 ÌC
- - 2.7

800 ÌC, N2 + steam 0.5hr(2) 67.6 616

- - 146

600 ÌC
800 ÌC, N2 0.5hr

(1) 81.1 10

800 ÌC, N2 2.0hr
(1) 87.2 9.8

800 ÌC, N2 + steam 0.5hr(2) 83.5 642

Table 3.2-1 Conditions and yields of activation process test

Note: (1) N2 100 ml/min
(2) N2 100 ml/min, H2O 0.4 g/min (steam 83%)

Pyrolysis Temperature Activation condition Activation Specific surface
yield (%) area (m3/g)
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1853.3 Desulphurisation test
As indicated in Table 3.3-1, steam addition

during activation process of the char has influence

on the property of the activated char. At activation

temperature of 800 ÌC, with addition of 83% steam

for 0.5hr, the efficiency of desulphurisation was

found to be about 100 %.

3.4 Biomass utilisation system for
commercial pilot plant

This research project combines two types

of technology; the pyrolysis of biomass, and the

use of char obtained from the pyrolysis in

a simplified desulphurisation system at low cost

as alternative way for traditional desulphurisation

system (limestone/gypsum process) or other

advance technologies. According to the study,

we proposed the idea of the pilot scale for

biomass utilisation through pyrolysis, activation

and desulphurisation processes. The biomass

utilisation system consists of pyrolysis, activation,

and desulphurisation for commercial pilot plant

has been proposed as shown in Figure 3.4-1.

4. CONCLUSIONS
The char obtained from the pyrolysis of

coconut husks was activated then used for

desulphurisation test under different conditions.

It was confirmed that the activated char could ab-

sorb a maximum of 0.87 mol (64 g) of SO2 per kilo-

gram of char. This value indicates that about 40 m3

of flue gas containing 500 ppm of SO2 could be

treated using one kilogram of the char. The process

conditions such as temperature, amount of steam and

flow rate, have influence on the efficiency of pyroly-

sis and desulphurisation, and also on product yields

and properties.

- - 11.1

400 ÌC
800 ÌC, N2 0.5hr

(1) 76.8 97.9

800 ÌC, N2 2.0hr
(1) 72.6 14.6

800 ÌC, N2 + steam 0.5hr(2) 57.1 80.7

500 ÌC
- - 54.8

800 ÌC, N2 + steam 0.5hr(2) 67.6 102

- - 74.3

600 ÌC
800 ÌC, N2 0.5hr

(1) 81.1 66.1

800 ÌC, N2 2.0hr
(1) 87.2 42.6

800 ÌC, N2 + steam 0.5hr(2) 83.5 101

Table 3.3-1 Results of desulphurisation test

Note: (1) N2 100 ml/min
(2) N2 100 ml/min + H2O 0.4 g/min (steam 83%)

Standard gas: 486 ppm of SO2/N2

Gas flow rate: 00 ml/min (downward)

Sample weight: 1.0 g

Pyrolysis Temperature Activation condition Activation Specific surface
yield (%) area (m3/g)
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∫∑§—¥¬àÕ
ß“π«‘®—¬π’È‰¥â∑”°“√‡º“·°≈∫„π‡µ“‡º“‰æ‚√‰≈ ’́ 

™π‘¥ø≈ŸÕ‘‰¥´å‡∫¥ ∑’ËÕÿ≥À¿Ÿ¡‘ 400, 450, 500, 550 ·≈–

600 Ì´ ‡ª√’¬∫‡∑’¬∫°—∫°“√‡º“∑’ËÕÿ≥À¿Ÿ¡‘ 550 Ì´ ·≈–

ª√—∫ª√ÿß§ÿ≥¿“æ (catalysis) ¢Õß‰Õ‰æ‚√‰≈ ’́ ‚¥¬„™â

zeolite ‡ªìπµ—«‡√àßªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ 400, 450, 500,

550 ·≈– 600 Ì´ °“√‡ª√’¬∫‡∑’¬∫‡ªÕ√å‡´Áπµå·≈–§ÿ≥¿“æ

¢Õßº≈º≈‘µ∑’Ë ‰¥âæ∫«à“ πÈ”¡—π°àÕπ°“√ª√—∫ª√ÿß§ÿ≥¿“æ

¡’ ’πÈ”µ“≈‡¢â¡ ≈—°…≥–Àπ◊¥·≈–√«¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π

¡’Õß§åª√–°Õ∫∑’Ë‡ªìπ oxygenated compounds Õ¬Ÿà

„πª√‘¡“≥ Ÿß ´÷Ëß à«π„À≠à‡ªìπæ«° phenols, cresols,

benzenediols, guaiacol ·≈– Õπÿæ—π∏å¢Õß alkyl

(alkylated derivatives) æ∫ “√®”æ«° polycyclic aromatic

hydrocarbons (PAH) „πª√‘¡“≥‡≈Á°πâÕ¬ ·≈–§«“¡

‡¢â¡¢âπ¢Õß “√ PAH ‡æ‘Ë¡¢÷Èπ‡ªìπ —¥ à«π‚¥¬µ√ß°—∫

°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘‰æ‚√‰≈´’  ‡¡◊ËÕºà“π¢∫«π°“√ª√—∫ª√ÿß

§ÿ≥¿“æ‚¥¬„™â zeolite æ∫«à “ ‰¥âº≈‘µ¿—≥±åπÈ”¡—π

ª√‘¡“≥≈¥≈ß¡“° ·≈–¡’ ’®“ß≈ß Õ¬à“ß‰√°Á¥’πÈ”¡—ππ’È

¡’Õß§åª√–°Õ∫®”æ«° oxygenated compounds

πâÕ¬≈ß‡π◊ËÕß®“°·ª√ ¿“æ‡ªìπ coke ‡°“–Õ¬Ÿà∫πº‘«

¢Õß catalyst º≈¢Õß¢∫«π°“√ª√—∫ª√ÿß§ÿ≥¿“æµàÕ°“√

·ª√√Ÿª¢Õß™’«¡«≈ §◊Õ  “√ oxygenated compounds

®–∂Ÿ°‡ª≈’Ë¬π‡ªìππÈ”∑’ËÕÿ≥À¿Ÿ¡‘µË” ·≈–∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß®–

‡ª≈’Ë¬π‡ªìπ CO ·≈– CO2 ®“°°“√»÷°…“ molecular

weight distribution æ∫«à“ molecular weight

distribution ¢ÕßπÈ”¡—π∑’Ë ‰¥â≈¥≈ß‡¡◊ËÕºà“π¢∫«π°“√

ª√—∫ª√ÿß§ÿ≥¿“æ ·≈–‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ molecular

weight distribution ®–¬‘Ëß≈¥≈ß πÈ”¡—π∑’Ëºà“π°“√

ª√—∫ª√ÿß§ÿ≥¿“æ¡’Õß§åª√–°Õ∫∑’Ë‡ªìπ single ring ·≈–

PAH ‡æ‘Ë¡¢÷Èπ¡“°‡¡◊ËÕ‡∑’¬∫°—∫πÈ”¡—π∑’Ë ‰¥â®“°¢∫«π°“√

‰æ‚√‰≈ ’́ ‡æ’¬ßÕ¬à“ß‡¥’¬«  ”À√—∫§«“¡‡¢â¡¢âπ¢Õß

 “√®”æ«° aromatic ·≈– polycyclic aromatic ®–

‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘¢Õß¢∫«π°“√ª√—∫ª√ÿß§ÿ≥¿“æ

ABSTRACT
Rice husks were pyrolysed in a fluidised

bed reactor at 400, 450, 500, 550 and 600 ÌC. The

rice husks were then pyrolysed at 550 ÌC with

zeolite ZSM-5 catalyst upgrading of the pyrolysis

vapours at catalyst temperatures of 400, 450, 500,

550, and 600 ÌC. The pyrolysis oils were collected

in a series of condensers and cold traps and

analysed to determine their yield and composition

in relation to process conditions. The gases

were analysed off-line by packed column gas

chromatography. The pyrolysis oils before catalysis

were homogeneous, of low viscosity and highly

oxygenated. Polycyclic aromatic hydrocarbons

(PAH) were present in the oils at low concentration

and increased in concentration with increasing

temperature of pyrolysis. Oxygenated compounds

in the oils consisted mainly of phenols, cresols,

benzenediols and guaiacol and their alkylated

derivatives. In the presence of the catalyst the yield

of oil was markedly reduced, although the oxygen

content of the oil was reduced with the formation
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of coke on the catalyst. The influence of the

catalyst was to convert the oxygen in the pyrolysis

oil to largely H2O at the lower catalyst temperatures

and to largely CO and CO2 at the higher catalyst

temperatures. The molecular weight distribution of

the oils was decreased after catalysis and further

decreased with increasing temperature of catalysis.

The catalysed oils were markedly increased in

single ring and PAH compared to uncatalysed

biomass pyrolysis oils. The concentration of

aromatic and polycyclic aromatic species increased

with increasing catalyst temperature.

1. INTRODUCTION
Biomass is recognised as an important

source of energy, particularly in developing

countries where it may be used to reduce the

reliance on imported forms of energy and

conserve the limited supplies of fossil fuels [1-2].

Developing countries tend to have economies

largely based on agriculture and forestry.

Agricultural waste is one form of biomass which

is readily available but is largely not utilised in

energy recovery schemes. Rice husks are an

agricultural waste produced as a by-product of

the rice milling industry. The world wide annual

production of rice husks is estimated to be about

100 million tonnes, 90% of which is generated

in developing countries [3]. The utilisation of

this source of biomass through energy recovery

processes would solve both a disposal problem

and also generate useful energy.

Pyrolysis is one form of energy recovery

process which has the potential to generate a char,

oil and gas product all of which have a potential

end use. The process conditions of pyrolysis can

be optimised to maximise the production of

either pyrolytic char, oil or gas, all of which have

potential uses as fuels [1-11]. The process

parameters which have the largest influence on

the products produced from pyrolysis are the

temperature and heating rate [10]. The oil produced

has a high energy density and may be combusted

directly or refined for the recovery of special

valuable chemicals. The production of a liquid

product has advantages in that it is easier to handle,

store and transport and hence the product does not

have to be used at or near the pyrolysis process

plant [9-11].

However, a drawback in the utilisation of

biomass pyrolysis oils in fuel applications are

their chemical and physical characteristics.

Biomass pyrolysis oils are highly oxygenated,

viscous, corrosive, relatively unstable and

chemically very complex [12-13]. The direct

substitution of the biomass derived pyrolytic oils

for conventional petroleum fuels may therefore be

limited. Consequently, research has developed into

upgrading the oils by catalytic treatment to produce

a derived fuel product similar in quality to a refined

petroleum fuel. Catalytic upgrading has been via

for example, catalytic hydrotreatment of the oils

with H2 or N2 and CO under high pressure and/

or in the presence of Hz donor solvents, or

alternatively using zeolite type catalysts

at atmospheric pressure to dehydrate and

decarboxylate the oil [13-14]. The main zeolite

catalyst used for upgrading biomass pyrolysis

oils has been the hydrogen form of the zeolite,

ZSM-5. The zeolite ZSM-5 catalysts have a strong

acidity, high activities and shape selectivities

which convert the oxygenated oil to a hydrocarbon

mixture in the C1 to C10 range [13,15]. The

resultant oil is highly aromatic with a dominance

of single ring aromatic compounds similar in

composition to gasoline [16-24].

The majority of catalytic pyrolysis work in

relation to biomass pyrolysis oils has been with

wood derived oils. However, there are less data

on the influence of catalyst process parameters on
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the yield and chemical composition of the derived

products from other types of biomass. In this

paper rice husks were pyrolysed in a fluidised

bed reactor in relation to temperature at 400 ÌC,

450 ÌC, 500 ÌC, 550 ÌC and 600 ÌC. The rice husks

were then pyrolysed at 550 ÌC with the freeboard

of the fluidised bed containing a fixed bed of

zeolite ZSM-5 catalyst. The catalytic upgrading of

the pyrolysis vapours was carried out at catalyst

temperatures of 400, 450, 500, 550, and 600 ÌC.

The results of oil composition in relation to the

catalytic upgrading of rice husk pyrolysis oils are

compared with the composition of uncatalysed

rice husk pyrolysis oils. In particular, the aromatic

and polycyclic aromatic hydrocarbon (PAH)

contents of the oils are compared. PAH contents

are important since some are known to be

carcinogenic and/or mutagenic [5-6, 20-21] and

their presence in biomass pyrolysis oils in

significant concentrations may lead to problems

with handling and utilisation.

2. MATERIALS AND METHODS

2.1 Rice husks
The rice husks used were obtained from

Thailand and were sieved to size 0.25-1.0 mm

to minimise elutriation of fines from the fluidised

bed. Table 1 shows the proximate and ultimate

analyses of the rice husks.

2.2 Catalyst

Zeolite ZSM-5 catalyst was used for the

upgrading of the pyrolysis oils derived from rice

husks. The zeolite ZSM-5 used was a high acidity,

shape selective type with an elliptical pore size of

5,4 to 5.6 Angstroms diameter. The grain size of

the catalyst was 0.2 cm diameter spheres which size

prevented the fluidisation of the fixed catalyst

bed and possible elutriation of the catalyst from

the reactor. The silica/ alumina ratio was 50 and

the binder was clay. The surface area of the

ZSM-5 was 300 m2 g-1, the pore volume was

0.48 ml g-1 and the average bulk density was

0.72 g ml-1. The catalyst was regenerated after

each experiment in the form of heating at 550 ÌC

in the presence of air for 8 hours. These conditions

were shown to remove the coke deposits easily

from the catalyst.

2.3 Pyrolysis and pyrolysis/catalysis
reactor

The rice husks were pyrolysed in a fluidised

bed reactor, constructed of stainless steel and was

7.5 cm diameter x 100 cm high. The fluidisation

gas used was nitrogen and this was preheated

prior to its entry into the reactor. The flowrate

of nitrogen used was sufficient to provide three

times the minimum fluidising velocity (MFV) to

the bed and to ensure good mixing of the rice

husks within the sand bed. The bed material was

quartz sand with a mean diameter of 250 pm

Proximate analysis (wt%) Ultimate analysis (wt%) Component analysis (wt%)

Table 1. Properties of the rice husks

Volatiles 59.5 Carbon 44.6 Cellulose 34.4

Moisture 7.9 Hydrogen  5.6 Hemicellulose 29.3

Ash 7.1 Oxygen 49.3 Lignin 19.2

Ash 17.1
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with a static bed depth of 10 cm. The rice husks

were fed to the reactor via a screw feeder to

the top of the fluidised bed at a feedrate of

0.200±0.015 kg h-1. The residence time of

the pyrolytic vapours in the hot reactor was

approximately 5 seconds at a pyrolysis temperature

of 500 ÌC. The rice husks were fed for a period of

20 minutes.

Where pyrolysis/ catalysis was investi-

gated, the same fluidised bed reactor was used

but with the freeboard packed with zeolite

ZSM-5 catalyst to form a fixed bed of catalyst,

held in place with a flanged coarse distributor

plate. For the catalysis part of the work, the fluidised

bed pyrolysis temperature was maintained at

550 ÌC for all the experiments and the fixed bed

catalyst temperature was maintained at either

400 ÌC, 450 ÌC, 500 ÌC, 550 ÌC or 600 ÌC. The

calculated residence time of carrier gas over the

6.5 cm bed depth of the catalyst was 0.4 seconds.

The pyrolysis vapours on exiting the

reactor were passed through a series of condensers.

The initial condensation was provided by two

stainless steel condensers which were water cooled

both internally and externally with the catch pots

for each condenser ice cooled. There followed

a series of glass condensers containing loosely

packed glass wool and cooled using a mixture of

solid carbon dioxide and acetone which were used

to remove any residual vapours from the gas

stream. The condensation system was tested by

evaporating known weights of toluene and water

and passing them through the condensation

system. The system was found to be 97% efficient

in trapping the toluene and 99% efficient for

the condensation of water. The pyrolysis condensate

from all the condensers was mixed and stored

at -10 ÌC. The oil from pyrolysis was a homogeneous

oil containing water and the water fraction of

the pyrolysis liquids was removed to leave the oil

using the standard ASTM D244 and IP 29.1

methods. However, the derived pyrolysis/ catalysis

oils after condensation consisted of distinct oil

and aqueous phases, and were separated by

removal of the oil layer by pipette. Several repeat

runs were carried out under identical conditions

to ensure the repeatability of the process. Figure 1

shows a schematic diagram of the reactor.

2.4 Gas Analysis
The carrier gas stream was sampled after

the condensation system at intervals by means of

gas syringes and were analysed off line by packed

column gas chromatography. Gas samples were

taken every 2-3 minutes and analysed to produce

a gas evolution versus time relationship over the

duration of the experiment, that is until there was

no significant yield of gas after discontinuation of

feeding. The gases were analysed for CO, N2,

and CH4 using a molecular sieve SA 60-80

column with argon as the carrier gas and a thermal

conductivity detector. Carbon dioxide was

determined using a silica column and argon as

the carrier gas with a thermal conductivity detector.

Gaseous hydrocarbons were determined on

a Porosil C 80-100 column with nitrogen as the

carrier gas, using a flame ionisation detector.

Data manipulation was carried out using a Harley

Peakmaster data analysis system. The total weight

of gases produced was calculated by comparison to

the known nitrogen flow rate, gas chromatographic

analysis of concentration and known molecular

weights of the gases and was used to determine

the total mass balance.

2.5 Oil Analysis
2.5.1 Elemental analysis

The carbon and hydrogen content of the

pyrolysis oils and pyrolysis/catalysis oils were

determined using a Model 240C Perkin-Elmer
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Figure 1  Schematic diagram of the fluidised bed reactor

Elemental Analyser. The oxygen content was found

by difference.

2.5.2 Functional group composition

Functional group compositional analysis

of the oils after removal of water was carried

out using Fourier transform infra-red spectrometry.

A Perkin-Elmer 1750 spectrometer was used which

had data processing and spectral library search

facilities. A small amount of the oil was mounted

on a hand made KBr disc which had been

previously scanned as a background. The infra-red

spectra of the sample were then taken.

2.5.3 Molecular weight distribution

The molecular weight (MW) distribution

of the oils was determined by size exclusion

chromatography. The system incorporated two

150 mm x 4.6 mm i.d. columns with Polymer

Laboratories 5 µm RPSEC 100 A type packing.

A third column of the same material was placed

in line between the pump and the injection valve,

to ensure pre-saturation of the solvent with the

column packing material. The calibration system

used was based on polystyrene samples of low

polydispersity in the MW range of 800 to

860 000, also included was benzene for low

MW calibration. Johnson and Chum [25] for

biomass pyrolysis oils also used polystyrene

MW fractions and showed that aromatic acids

and naphthalenes significantly deviated from the

calibration curve. Deviations from polystyrene

calibration curves have also been shown previously

for other model compounds [26-28]. However, in

this work the size exclusion chromatography

system was used to compare oils derived from
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different process temperatures rather than to

determine the absolute MW. Samples were

introduced through a 2 µl loop injection valve

and tetrahydrofuran was used as the solvent

mobile phase. Tetrahydrofuran has been shown

by Johnson and Chum [25] to be suitable for the

analysis of biomass pyrolysis oils. A two detector

system was used consisting of an ultra-violet (uv)

detector from Merck-Hitachi and a refractive index

(RI) detector from Varian. The output from the

detector was recorded on a micro-computer which

analysed the data. The MW distribution was

determined as number and weight average MW,

in addition the polydispersity of the oils was

also calculated. The number average molecular

weight (Mn) has been defined as the average

molecular weight according to the number of

molecules present of each species [29]. The weight

average molecular weight (Mw) is defined as the

sum of the product of the weight of each species

present and its molecular weight divided by

the sum of the weights of the species [29].

Polydispersity is defined as the difference in the

values of Mn and Mw, where the closer the two

measured average molecular weights, the narrower

the molecular weight distribution. For example,

the polydispersity of a single compound measured

on the system used in this work would be about

1 to 1.1.

2.5.4 Detailed oil analysis

The oils derived from the pyrolysis and

pyrolysis/ catalysis of rice husks were fractionated

into chemical classes using open tubular liquid

chromatography and the fractions analysed for

aromatic, polycyclic aromatic hydrocarbons and

oxygenated aromatic hydrocarbons.

A sample of the oil was mixed with a solid

adsorbent, inert Chromosorb G/ AW/ DMCS 60-80

support, and placed on the column. The column

was then eluted with, n-pentane, benzene, ethyl

acetate and methanol (polarity relative to Al2O3,

0.00, 0.32, 0.58 and 0.95 respectively), to produce

an aliphatic, aromatic, oxygenated-aromatic and

polar chemical class fractions respectively. In

previous work [20-24], the pentane fraction has

been found to contain any aliphatic species present

in the oils, however, for highly aromatic oils, such

as in this work where the catalyst was used, low

molecular weight aromatic species also elute into

the pentane fraction. The efficiency of separation

of the various fractions was verified by analysis

of the fractions by Fourier transform infra-red

spectrometry and gas chromatography/ mass

spectrometry.

The concentration of single ring aromatic

hydrocarbons and PAH in the benzene fractions

of the uncatalysed oils and pentane and benzene

fractions of the catalysed oils and the

oxygenated 7 aromatic species present in the

ethyl acetate fractions were determined. Analysis

was by capillary column gas chromatography

with flame ionisation detection. Identification and

quantification was by the extensive use of relative

retention indices [30-32] and the use of internal

standards and response factors. In addition,

the samples were analysed separately by gas

chromatography/ mass spectrometry to confirm

identification of aromatic species. The gas

chromatograph/ flame ionisation system was

a Carlo Erba 5300 chromatograph with cold

on-column injection. The column used in the gas

chromatograph was a 25 m x 0.3 mm fused silica

capillary coated with DB5 and the temperature

programme was 60 ÌC for 2 minutes followed by

a 5 ÌC min-1 heating rate to 270 ÌC. The carrier

and make-up gas was helium with a carrier gas

flow rate of 2 cm3 min-1 at 270 ÌC. The gas

chromatography/mass spectrometry system used

for confirmation of compound identification was

a Carlo-Erba Vega chromatograph also with
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a DB5 capil lary column and temperature

programme identical to the gas chromatograph/

flame ionisation system. The mass spectrometer

was a Finnigan-MAT bench top ion trap detector

with a mass range from 20 to 650 u with scan times

between 0.125 and 2 s and was linked to a computer

with a library containing 38752 mass spectra.

3. RESULTS AND DISCUSSION

3.1 Product yield
Table 2 shows the yield of the pyrolysis

products from the fluidised bed pyrolysis and

pyrolysis/ catalysis of rice husks. For the pyrolysis

of rice husks in the absence of catalysis, the derived

liquid was a brown homogeneous colour of low

viscosity and showed a decrease in yield as the

temperature of pyrolysis was increased from 400

to 600 ÌC. There was a consequent increase in

the gaseous product yield with increased pyrolysis

temperature. The increase in gaseous products is

attributed to be predominately through secondary

cracking of the pyrolysis vapours at higher

temperatures . Beaumont and Schwob [33]

and Samolada et al. [34] also found for the flash

pyrolysis of biomass that as the pyrolysis

temperature was increased the gaseous yield

increased. The increase in gas yield was suggested

as being due to secondary reactions of the pyrolysis

vapours in the reactor. The char yield was reduced

as the pyrolysis temperature was increased, from

33.0 wt% at 400 ÌC to 25.5 wt% at 600 ÌC. The

decrease in the char yield with increasing

temperature could either be due to greater

primary decomposition of the rice husks at

higher temperatures or through secondary

decomposition of the char residue. The secondary

decomposition of the char at higher temperatures

may also give non-condensable gaseous products

which would also contribute to the increase in

gas yield with increasing temperature of pyrolysis.

Table 2 also shows the product yield

from the pyrolysis/ catalysis of rice husks at

a pyrolysis temperature of 550 ÌC and catalyst

temperature increasing from 400 ÌC to 600 ÌC .

The liquid after catalysis consisted of two distinct

phases, an oil phase and an aqueous phase. The

oil phase was light brown in colour with a

distinctive aromatic odour. The yield of oil after

catalysis fell to 7.2 wt% at 400 ÌC and was reduced

further to 3.4 wt% as the catalyst temperature

was increased to 600 ÌC. The role of the catalyst

in this work was to reduce the oxygen content of

the oil and increase the aromatic content through

the selectivity of the pore size and activity of the

catalyst. As will be shown later, the oxygen content

does become markedly reduced and the aromatic

content of the oil increased, however, table 2

shows that there is a penalty of a reduced yield

of the product oil. The conversion of the oil over

the catalyst was from 28.5 wt% for the 550 ÌC

pyrolysis reaction condition to the upgraded yield

of oil which represented a 25.2% conversion of

the oil at 400 ÌC to 11.9% conversion at 600 ÌC.

The low oil yields are as a result of oxygen

removal to water, CO2 and CO, to coke formation

on the catalyst and an increase in hydrocarbon

gas yield due to catalysis. Comparison of the oil

yield after catalysis with those for biomass pyrolysis

in the literature shows similar results. For

example, Scahill et al. [18] reported an oil yield

in the gasoline distillation range of 7 wt% for

the zeolite catalytic upgrading of biomass. They

also showed that the oil yield decreased to

4.4 wt% as the catalyst temperature was

increased from 493-548 ÌC. Williams and Home

[20] pyrolysed biomass in the form of wood in

a fluidised bed with catalytic upgrading. They also

showed that there was a marked reduction in oil

yield from 43.3 wt% for uncatalysed pyrolysis
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reducing to 8.8 wt% at a catalyst temperature

of 400 ÌC and 5.2 wt% at a catalyst temperature

of 550 ÌC.

The gas yield from the pyrolysis of rice

husks at 550 ÌC was 25.4 wt%, after catalysis

there was a small reduction in yield at a catalytic

temperature of 400 ÌC, followed by an increase in

gas yield as the temperature of the catalyst was

increased to 600 ÌC.

Table 2 shows that the percentage mass

yield of water for pyrolysis of rice husks and

shows an increase as the temperature of pyrolysis

was increased. After catalysis with a catalyst

temperature of 400 ÌC there was a marked increase

in water yield. As the temperature of the catalyst

was increased to 600 ÌC, the yield of water reverted

back to the value obtained for the uncatalysed

pyrolysis.

The coke formation on the catalyst showed

a decrease as the temperature of pyrolysis was

increased, from 12.0 wt% at 400 ÌC catalyst

temperature decreasing to 7.8 wt% at 600 ÌC .

Evans and Milne [35] reported similar coke

formation of 10 wt% for the catalytic upgrading

of wood pyrolysis oils.

3.2 Gas composition
Table 3 shows the gas composition from

the fluidised bed pyrolysis and pyrolysis/ catalysis

of rice husks. The data represent on a nitrogen free

basis the weight percent of each gas evolved and

therefore correlate with the total gas yields of

table 2. The gases consisted largely of carbon

monoxide and carbon dioxide with lower

concentrations of hydrogen, methane, ethane,

ethene, propane and propene. There was a marked

increase in the yield of each gas as the temperature

of pyrolysis was increased, reflecting the increase

in total gas yield shown in table 2. The increase

in CO was far more pronounced in comparison

to CO2, and of the hydrocarbon gases, methane

showed by far the larger increase. The increase in

the yield of gaseous species was, as discussed

before, thought to be due to either the primary

decomposition of the rice husks with increasing

temperature, or through secondary reactions

Pyrolysis

400 ÌC 46.5 12.5 6.5 33.0 -

450 ÌC 43.5 13.5 10.0 32.0 -

500 ÌC 37.0 17.0 17.5 29.0 -

550 ÌC 28.5 18.0 25.4 26.8 -

600 ÌC 21.5 19.0 34.5 25.5 -

Pyrolysis/ catalysis

550 ÌC-400 ÌC 7.2 28.1 22.2 30.5 12.0

550 ÌC-450 ÌC 6.7 25.2 26.6 30.3 10.7

550 ÌC-500 ÌC 4.4 19.5 36.2 29.6 9.7

550 ÌC-550 ÌC 3.8 18.4 39.7 29.5 9.6

550 ÌC-600 ÌC 3.4 18.3 41.0 29.3 7.8

Table 2 Product yield from the pyrolysis and pyrolysis/ catalysis of rice husks (wt%)

Reactor Temperature ( ÌC)

Temperature Oil Water Gas Char Coke



‚§√ß°“√«‘®—¬·≈–æ—≤
π“‡∑§‚π‚≈¬’¥â“π°“√®—¥°“√¢Õß‡ ’¬·≈–™’«¡«≈

ª√–®”ªï 2544 - 2546

195

occurring, which are increased at higher

temperatures. Beaumont and Schwob [33] and

Scott and Piskorz [36] pyrolysed biomass in

a fluidised bed reactor and found a similar

increase in the production of carbon monoxide

and carbon dioxide and the hydrocarbons gases

with increased pyrolysis temperatures.

Table 3 also shows the gas composition

from the pyrolysis of rice husks at 550 ÌC with

zeolite catalytic upgrading in relation to catalyst

temperature. The marked increase in gas yield

was mainly due to the increase in CO and CO2

with increasing catalyst temperature as has

been shown before for the pyrolysis/ catalysis

of wood [20].

The conversion of the oxygen in the

pyrolysis oils from the fluidised bed is clearly to

CO and CO2 as the temperature of the catalyst

was increased. Table 2 showed that at the lower

catalyst temperatures conversion of the oxygen

was to H2O mainly. The hydrocarbon gases after

catalysis consisted mainly ofalkanes and alkenes.

The hydrogen and hydrocarbon concentration of

the gases increased as the temperature of the

catalyst was raised. Alkane and alkene gases have

been reported to be the main hydrocarbon gases

from the zeolite catalyst upgrading of oils derived

from pyrolysis of biomass [18-19, 35] and also

from the zeolite catalytic upgrading of biomass

liquefaction oils [37-38] . An increase in

concentration of hydrocarbon gases with increasing

catalyst temperature has been reported by Evans

and Milne [35] and Mathews et al [38]. Mathews

et al [38] also showed that as the reactor

temperature was increased there was a decrease

in the C3 gases. Sharma and Bakhshi [37] have

Table 3 Gas composition from the pyrolysis and pyrolysis/ catalysis of rice husks (wt%)

Pyrolysis Temperature ( ÌC)
Gas

400 450 500 550 600
CO 1.10 2.26 7.58 13.70 21.50

CO2 5.01 6.83 8.09 9.57 9.31

H2 0.01 0.01 0.04 0.11 0.20

CH4 0.29 0.42 0.89 1.36 1.61

C2H6 0.05 0.08 0.12 0.16 0.30

C2H4 0.13 0.21 0.28 0.43 0.63

C3H8 0.06 0.09 0.08 0.11 0.13

C3H6 0.14 0.16 0.22 0.38 0.46

Pyrolysis/ Catalysis Temperature ( ÌC)
Gas

550-400 550-450 550-500 550-550 550-600

CO 11.40 9.72 16.60 15.30 18.90

CO2 11.10 8.90 17.50 13.70 15.70

H2 0.04 0.05 0.06 0.13 0.18

CH4 0.72 0.63 0.95 1.48 1.50

C2H6 0.15 0.12 0.16 0.23 0.21

C2H4 1.18 0.83 1.56 2.71 1.95

C3H8 0.26 0.16 0.18 0.30 0.11

C3H6 1.68 1.63 2.47 2.76 2.45
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Table 4 Elemental analysis of the oil from the pyrolysis and pyrolysis/ catalysis of rice husks (wt%)

Carbon Hydrogen Oxygen

shown that as the temperature of the zeolite

catalyst was increased from 370 ÌC to 410 ÌC ,

the concentration of CO and CO2 in the derived

product gases increased. The conversion of the

oxygen in the pyrolysis oil to CO and CO2 and

H2O has been reported as the primary conversion

oxygen species for zeolite catalytic upgrading

[19, 35].

3.3 Analysis of the pyrolysis oils
3.3.1 Elemental analysis

Table 4 shows the elemental analysis of

the oil separated from the aqueous fraction of

the liquid product from the pyrolysis of rice husks

and for the oil derived from the pyrolysis/ catalysis

of rice husks. The elemental analyses of the

pyrolysis oils in relation to pyrolysis temperature

showed little variation but reflect the typically

high content of oxygen found for biomass derived

pyrolysis oils. For example, the composition of

the oil compares well with that given by Churin

[39] of carbon 52.6%, hydrogen 6.5% and oxygen

40.8% for the pyrolysis oils derived from other

biomasses. Table 4 shows that after catalysis the

oxygen content fell to 14.5 wt% at 400 ÌC catalyst

temperature decreasing further to 8.2 wt% at

600 ÌC catalyst temperature. Clearly, the action of

the zeolite catalyst in removing the oxygen from

the rice husk derived pyrolysis oils is evident

from the much reduced oxygen content of the oils.

The carbon:hydrogen ratio is consequently

increased, being only 6.8 for the uncatalysed oil

and increasing to 10.0 for the 400 ÌC catalysed oil

and further increasing to 11.0 at a catalyst

temperature of 600 ÌC. A similar trend was found

for the catalytic pyrolysis of wood derived biomass

pyrolysis oils [20]. Whilst oxygen levels in the

catalysed oils are much reduced, oxygen is not

completely eliminated. Therefore, the experimental

system used here of fluidised bed with a fixed bed

of catalyst may not be appropriate for the adequate

reaction of pyrolysis vapours and catalyst. In

the petroleum industry where catalytic cracking

takes place, the catalyst reaction takes place in

a fluidised bed catalytic cracking unit to ensure

efficient catalytic reaction.

Pyrolysis

400 ÌC 53.8 7.4 38.8

450 ÌC 50.6 7.2 42.3

500 ÌC 55.1 7.2 37.7

550 ÌC 52.1 7.6 40.2

600 ÌC 51.4 7.0 41.5

Pyrolysis/catalysis

550 ÌC-400 ÌC 77.6 7.7 14.5

550 ÌC-450 ÌC 79.7 7.8 12.5

550 ÌC-500 ÌC 83.9 7.9 8.1

550 ÌC-550 ÌC 84.1 7.6 8.3

550 ÌC-600 ÌC 84.2 7.6  8.2
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3.3.2 Functional group compositional

analysis

Functional group compositional analysis

was determined by Fourier transform infra-red

(FT-ir) spectrometry and the results are shown

in figure 2 for a typical uncatalysed pyrolysis oil

and typical pyrolysis/ catalysis oil. The spectra

are normalised to the highest concentration peak.

The uncatalysed rice husk pyrolysis oil

shows the presence of oxygenated groups. For

example, peaks representing O-H vibrations

between 3050 and 3600 cm-1, C-O stretching

vibrations between 1650 and 1850 cm-1, C-O

stretching vibrations between 850 and 950 cm-1

and C-O stretching and O-H in-plane deformations

between 950 and 1325 cm-1 are all present in

the uncatalysed oil. However, these oxygenated

peaks are also present in the catalysed oil

suggesting that the zeolite catalyst does not

completely remove the oxygenated species, as

has already been shown by the significant oxygen

content in the oils shown in table 4. The

oxygenated compounds represented by the

functional groups discussed are represented by

a wide range of oxygenated compounds which

have been identified in biomass pyrolysis oils.

These include primary, secondary and tertiary

alcohols such as methanol, propanol, butanol

and furfuryl alcohols, carboxylic acids for example,

formic, acetic, propionic, benzoic and butyric acids

and their derivatives, ketones and aldehydes

including, acetaldehyde, benzaldehydes, acetone,

pentanone, indanone and alkylated derivatives,

phenol, alkylated phenols and oxyphenols etc.

[20, 40-41].

Also present in the uncatalysed and

catalysed oils were peaks representative of non-

oxygenated compounds. For example, the C-H

stretching vibrations between 2800 and 3000 cm-1

and C-H deformation vibrations between 1350

and 1475 cm-1 indicate the presence of the chemical

functional groups, -CH3, -CH2 and -CH which are

characteristic of alkane groups. The absorption

peaks between 675 and 900 cm-1 and 1575 and

1625 cm-1 are characteristic of single ring aromatic

compounds and polycyclic aromatic compounds.

Alkanes, single ring aromatic compounds and

polycyclic aromatic hydrocarbons have been

detected in biomass pyrolysis oils but at low

concentration [20, 40]. Therefore, the presence of

these peaks in the uncatalysed oil are perhaps

more likely to represent the presence of alkyi

groups attached to oxygenated compounds and

complex oxygenated compounds with attached

aromatic groups, which have been detected in wood

pyrolysis oils [40].

There are clear changes in the functional

group composition of the oils before and after

catalysis. The peaks at 3000 and 3050 cm-1 and

between 675 and 900 cm-1 are characteristic of

aromatic compounds and these peaks show

a marked increase after catalysis compared to

the uncatalysed oil . These compounds are

representative of aromatic compounds, indicating

that aromatic compounds are significantly increased

in concentration in the pyrolysis/ catalysis oils.

Figure 2  Typical Fourier transform infra-red
spectra of the oils from (a) the pyrolysis and from (b)

the pyrolysis/catalysis of rice husks.



‚§
√ß

°“
√«

‘®—¬
·≈

–æ
—≤

π“
‡∑
§‚
π‚
≈¬

’¥â“
π°

“√
®—¥

°“
√¢

Õß
‡ 
’¬·

≈–
™’«

¡«
≈

ª√
–®

”ª
ï 2

54
4 

- 2
54

6

198

The influence of increasing pyrolysis

temperature and increasing catalyst temperature

for the pyrolysis/ catalysis experiments was not

large, however, a small increase in the intensity of

the aromatic peaks on the spectra could be seen as

the reaction temperature was increased.

3.3.3 Molecular weight distribution

The oils derived from the pyrolysis of

the rice husks were analysed for their molecular

weight distribution and the results for the number

average (MWn) and weight average (MWw)

molecular weights for the oils are shown in

table 5 for the RI and uv detectors. The uncatalysed

pyrolysis oils all showed quite similar molecular

weight distributions from 60 to over 1500 Daltons

(Da) for both the RI and uv detectors. In addition,

the RI and uv data showed that there was a small

but significant shift to lower molecular weights,

reflected in the number and weight averaged

molecular weight data as the temperature of pyroly-

sis was increased from 400 to 600 ÌC. The poly

dispersity data for the oils are also shown in

table 5 for the uncatalysed pyrolysis oils .

Increasing polydispersity indicates a more

complex array of compounds present in the oils.

Table 5 shows that as the temperature of pyrolysis

was increased the polydispersity of the derived

pyrolysis oils showed a slight decrease, suggesting

that thermal degradation of the rice husks at

higher temperatures produces increasingly less

complex oils.

Other researchers have carried out work

on the molecular weight range of biomass pyrolysis

oils [16-17]. For example, Diebold et al. [16]

analysed oils derived from the flash pyrolysis of

biomass at 625 ÌC in a vortex reactor and found

compounds in the oils with molecular weights up

to 2000 Da. Other work [17] on the molecular

weight distribution of the vapours within the

pyrolysis reactor have shown much lower

molecular weights of between 100 and 150 Da.

Diebold et al. [16] have, therefore, been suggested

that the primary pyrolysis vapours generated

within pyrolysis reactors are highly reactive and

when condensation takes place they quickly

polymerise to form higher molecular weight

material.

After catalysis table 5 shows that the MWn

and MWw were significantly reduced as recorded

by the RI and uv detectors, and further reduced

as the temperature of the zeolite catalyst was

increased. The zeolite ZSM-5 catalyst has a specific

pore size structure with a selectivity with an

elliptical pore size of 5.4 to 5.6 Angstroms

diameter which is shape selective. The particular

pore size structure allows compounds of the

approximate molecular size of a C10 molecule to

enter and leave the structure. Therefore, the higher

molecular weight material detected in the zeolite

catalysed oils could either be unconverted pyrolysis

vapours or catalysis products formed on the

outer surface of the catalyst. In addition, as has

been discussed above, it has been shown that

condensation of biomass pyrolysis oils results

in polymerisation to form higher molecular weight

compounds. Consequently the pyrolysis vapours

may enter the pore structure of the catalyst and

react but subsequent polymerisation of species to

increase the molecular weight range of the oils

may occur on condensation.

The polydispersity data for the pyrolysis/

catalysis oils are also shown in table 5. The results

show that for the refractive index detector which

measures all the eluting species there was a small

increase in polydispersity for the catalysed oils

compared to the uncatalysed oils suggesting that

a more complex array of chemical species was

found after catalysis. However, the ultra-violet

detector showed a comparative decrease. The uv

detector detects the aromatic compounds in
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Refractive Index Detector

MWn
1 MWw

2 Polydispersity

Pyrolysis

400 ÌC 296 334 1.57

450 ÌC 267 322 1.52

500 ÌC 204 291 1.43

550 ÌC 195 271 1.39

600 ÌC 206 278 1.35

Pyrolysis/catalysis

550 ÌC-400 ÌC 182 259 1.43

550 ÌC-450 ÌC 179 253 1.43

550 ÌC-500 ÌC 174 248 1.43

550 ÌC-550 ÌC 173 246 1.42

550 ÌC-600 ÌC 172 243 1.42

Ultra-violet Detector

MWn
1 MWw

2 Polydispersity

Pyrolysis

400 ÌC 234 377 1.74

450 ÌC 218 365 1.71

500 ÌC 211 258 1.70

550 ÌC 210 247 1.65

600 ÌC 192 224 1.69

Pyrolysis/catalysis

550 ÌC-400 ÌC 168 260 1.55

550 ÌC-450 ÌC 162 257 1.62

550 ÌC-500 ÌC 151 248 1.64

550 ÌC-550 ÌC 147 235 1.59

550 ÌC-600 ÌC 143 218 1.53

MWn
1 = Number average molecular weight

MWw
2 = Weight average molecular weight

Table 5 Molecular weight distribution from the pyrolysis and pyrolysis/ catalysis of rice husks (Daltons)

the oils preferentially. This suggests that the

aromatic species after catalysis were less complex

than the uncatalysed oil. There appeared to be

no significant trend with increasing catalyst

temperature.

3.3.4 Detailed analysis of the oils.

The benzene fractions derived from the

chemical class fractionation of the uncatalysed

pyrolysis oils and the pentane and benzene

fractions of the pyrolysis/catalysis oils were

analysed to determine their aromatic hydrocarbon

composition. The uncatalysed pyrolysis oils for

400 ÌC and 550 ÌC and the pyrolysis/ catalysis oils

for 550-400 ÌC and 550-550 ÌC were not analysed.
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The major aromatic hydrocarbon compounds

present in the oils are shown in table 6 for the

single ring aromatic compounds and for PAH.

Single ring aromatic compounds, including, toluene

and alkylated benzenes were detected in the oils.

The main PAH present in the oils were naphthalene,

fluorene and phenanthrene and their alkylated

derivatives. Also present were pyrene and

chrysene and their alkylated derivatives at lower

concentration. Lower concentrations of PAH have

been found by other workers in uncatalysed

biomass pyrolysis oils from other feedstocks. For

example, Home and Williams [5] pyrolysed wood

waste in a fluidised bed reactor at between 400

and 550 ÌC and found that single ring aromatic

compounds and PAH were present in the derived

pyrolysis oils. For example, at 550 ÌC, toluene

was identified at a concentration of 67 ppm,

naphthalene at 11 ppm, fluorene at 1 ppm, and

phenanthrene at 11 ppm. Pakdel and Roy [41]

analysed oil derived from the vacuum pyrolysis

of biomass in the form of wood chips. They

identified benzene and alkylated benzenes and

naphthalene, phenanthrene and fluorene and their

alkylated derivatives in the derived oils. They also

quantified certain higher molecular weight four

and five ring PAH including, benzo[a]pyrene,

chrysene and benzo[k]fluoranthene, which were

in concentrations of less than 5 ppm. However,

biomass pyrolysis oils generated at higher pyrolysis

temperatures have higher concentrations of PAH,

for example. Home and Williams [5] showed

Toluene 23 40 48 50540 34980 6320

Ethylbenzene 20 20 27 44350 43430 41850

Naphthalene 524 600 759 11750 20820 34000

Methylnaphthalenes 1922 1628 572 21310 33290 48600

Biphenyl 60 50 50 100 110 120

Dimethylnaphthalenes 201 504 783 10680 19920 23120

Acenaphthene 92 112 120 170 190 200

Trimethylnaphthalenes 123 179 312 2830 3670 5330

Tetramethylnaphthalenes < 1 19 54 150 480 1950

Fluorene 16 26 15 80 510 1350

Methylfluorenes 102 123 194 420 1200 2470

Phenanthrene < 1 94 97 400 1710 2590

Anthracene < 1 96 97 1160 3290 5130

Methylphenanthrenes < 1 143 180 2550 4060 7720

Dimethylphenanthrenes 20 42 86 410 1840 2080

Pyrene 16 50 68 190 1200 1400

Methylpyrene 17 20 22 310 1520 1970

Chrysene 10 10 10 60 160 310

Methylchrysene 30 29 40 150 310 450

Pyrolysis Temperature ( ÌC) Pyrolysis/Catalysis Temperature ( ÌC)
   Aromatic compounds

 450  500 600 550-450 550-500 550-600

Table 6 Aromatic hydrocarbons in pyrolysis oils derived from the pyrolysis and pyrolysis/catalysis of rice
husks (ppm)
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a significant increase in PAH concentration in

biomass pyrolysis oils as the temperature of

pyrolysis was increased from 400 to 550 ÌC .

Elliott [42] has also shown that PAH are not

significant in oils produced below 500 ÌC, but are

markedly increased in concentration in gasification

tars produced above 700 ÌC.

The above quoted literature analyses of

biomass pyrolysis oils for PAH were for wood

which has a low ash content. However, the rice

husks have a very much higher ash content which

may influence the thermal decomposition of the

rice husks producing a relatively more aromatic

oil compared to low ash biomass types such as

wood. Examination of table 1 shows that the ash

content of the rice husks was 17.1 wt% compared

to typical ash concentrations for wood of about

1.5 wt% [5]. The high silica content of the rice husk

ash [3] may influence the thermal degradation of

the biomass. In addition, the presence of metal

salts in the thermal degradation of cellulose has

been shown to exhibit a catalytic effect resulting

in a change in the yield and composition of the

derived pyrolysis products [43]. Consequently,

the high ash content of the rice husks may also

influence the composition of the derived oils

resulting in a catalytic process which increases the

formation of PAH.

The detailed composition of the pyrolysis/

catalysis oils are also shown in table 6. The results

show that single ring aromatic and PAH are in

very high concentrations in the zeolite catalysed

pyrolysis oils. Table 6 shows that in general,

the single ring compounds show a decrease, and

the polycyclic aromatic hydrocarbons show an

increase as the catalyst temperature was increased

from 450 to 600 ÌC. The single ring aromatic

compounds consist of toluene, alkylated benzenes,

indene and methylindenes. The majority of the

PAH are naphthalene, phenanthrene and fluorene,

and their alkylated homologues, whilst fluorene,

pyrene and chrysene and their alkylated

derivatives and benzopyrenes are also present in

significant concentrations. Some of the PAH

identified, such as phenanthrene, methylphe-

nanthrenes, methyl fluorenes, chrysene and the

benzopyrenes are carcinogen/ mutagenic [44-46].

The oils derived from the pyrolysis/catalysis of

rice husks show significant concentrations of these

hydrocarbons which may have consequences for

the safe handling of such oils.

The influence of zeolite catalyst on oils

derived from pyrolysis of other types ofbiomass

has been shown by other researchers to signi-

ficantly increase the concentration of aromatic

compounds in derived pyrolysis oils. For example,

Home and Williams [20] showed for the fluidised

bed zeolite catalysed pyrolysis of wood that a very

large increase in single ring aromatic compounds

and also PAH occurred compared to the

concentrations found in uncatalysed wood

pyrolysis oils. Also, Scahill et al. [18] used a zeolite

catalyst to upgrade wood pyrolysis oils and

reported increased concentrations of benzene,

toluene and alkylated benzenes. Others [35, 37-38]

have also reported increased concentrations of

single ring aromatic and PAH for zeolite catalysed

upgrading of biomass pyrolysis oils.

Table 6 shows that as the temperature

of pyrolysis was increased, the concentration of PAH

in the oils also increased for both the pyrolysis and

pyrolysis/ catalysis oils. The work of Home and

Williams [20], Scahill et al. [18], Mathews et al. [38]

and Evans and Milne [35] have all shown that

increasing the temperature of the zeolite catalyst

resulted in significant increases in the aromatic

hydrocarbons in the derived oils.

Table 7 shows the oxygenated hydrocarbons

present in the ethylacetate fraction of the chemical

class fractionation for the uncatalysed rice husk
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pyrolysis oils and the pyrolysis/ catalysis oils.

The main compounds identified were phenol and

alkylated derivatives of phenol, cresols, guaiacol,

benzenediols and alklylated benzenediols ,

naphthols and alkylated naphthols. In the case of

the uncatalysed pyrolysis oils in relation to

temperature, the overall concentration of these

compounds was not altered significantly. However,

there were significant changes in the concentration

of individual species. For example, phenol showed

an increase in concentration as the pyrolysis

temperature was increased, but the alkylated

phenols, particularly the tri- and tetra-methylphenols

showed a marked decrease in concentration.

The dealkylation of these alkylated phenols as

the temperature of pyrolysis was increased is

suggested to lead to the increased formation

of phenol . The naphthols and alkylated

naphthols , benzenediol showed a general

decrease in concentration with increasing pyrolysis

temperature, whilst the cresols and methylbenze-

nediols showed an increase in concentration.

The large concentrations of the identified

compounds in the ethylacetate fraction reflect

the highly oxygenated characteristic of biomass

derived pyrolysis oils. The oxygen derived from

the highly oxygenated structures present in the

cellulose, hemicellulose and lignin of the rice husks.

A large proportion, over 90 wt%, of the fractionated

chemical classes of the pyrolysis oil occurred in

the ethylacetate and methanol fractions, but only

approximately 12 wt% was identified and

presented in table 7 for the ethylacetate fraction.

Other compounds in the ethylacetate fraction

could not be identified or were represented by

groups of compounds which could not be resolved

using the chromatographic system. In addition,

the methanol fraction could similarly not be

Phenol 12870 15760 22710 44760 35870 32520

Cresols 25870 32590 56720 133680 92140 84130

Guaiacol 5700 2800 1520 2210 1410 720

Ethylphenols 1070 1730 1450 2680 1070 1360

Dimethylphenols 460 650 320 5720 6270 5070

Methylguiacols 540 230 10 20 90 150

Benzenediol 19740 19070 12010 1450 50 20

Trimethylphenols 12930 11220 7270 11670 10240 7820

Methylbenzenediols 710 1670 4050 2730 930 760

Tetramethylphenols 6030 4500 250 1230 1100 320

Syringol 2840 2220 2730 1520 1000 330

Propenylmethoxyphenols 12250 8830 2410 4780 3710 3000

Naphthols 2200 3120 1670 6270 5380 3790

Methylnaphthols 5330 5610 5530 10940 7340 6810

Dimethylnaphthols 10580 7890 1840 3380 2910 2200

Trimethlnaphthols 6600 4160 2400 3200 2400 1530

Pyrolysis Temperature ( ÌC) Pyrolysis/Catalysis Temperature ( ÌC)
 Oxygenated compounds

 450  500 600 550-450 550-500 550-600

Table 7 Oxygenated compounds in pyrolysis oils derived from the pyrolysis/catalysis of rice husks (ppm)
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analysed using the present analytical system due

to the very complex nature of the compounds

present in this fraction. However, other analyses

of biomass pyrolysis oils using different analytical

techniques to those of this work have identified

a variety of oxygenated aromatic compounds such

as, levoglucosan, carboxylic acids such as acetic,

propionic and butanoic acids, benzoic acid,

acohols, such as furfuryl, coumaryl and coniferyl

alcohols, aldehydes such as hydroxy, coniferyl and

syringyl aldehydes, etc. [16, 41, 47-49].

The pyrolysis/ catalysis oils were analysed

for their content of oxygenated species and the

results are also shown in table 7. The main

oxygenated compounds identified were as before,

however table 7 shows that in some cases, after

catalysis the concentration of oxygenated

compounds decreased whilst for other species

concentrations were increased. In addition, as the

temperature of the catalyst was increased, the

concentration of individual species decreased.

Since the role of the zeolite catalyst was to de-

oxygenate the rice husk pyrolysis oils it may be

surprising that the oxygenated species actually

increase in concentration in this ethylacetate

fraction after catalysis. However, table 4 has

shown that the overall oxygen content of the oils

is significantly reduced. Therefore, the de-oxygen-

ation process whilst potentially reducing some of

the species found in the ethylacetate fraction may

also generate such oxygenated species by catalytic

reactions of the higher molecular weight

oxygenated species and more polar species which

occur in the rice husk oils. The consequence of

these two competing reactions is an overall

increase in the particular oxygenated compounds

which occur in the ethylacetate fraction. Williams

and Home [20] have also shown that the zeolite

catalytic upgrading of wood derived pyrolysis

oils also produced a similar increase in the

concentration of oxygenated compounds compared

to uncatalysed wood pyrolysis oils.

A number of chemical mechanisms have

been suggested to account for the increase in

aromatic content of biomass pyrolysis oils after

zeolite catalytic upgrading. It has been suggested

that the zeolite catalytic process forms low

molecular weight hydrocarbon products which

subsequently undergo further polymerisation

and aromatisation in the catalytic process to form

aromatic hydrocarbons [13,40]. The catalytic

pyrolysis of biomass has been shown to produce

increased concentrations of alkene gases. The

catalysis of alkene gases such as, C3H6 and C4H8

over zeolite ZSM-5 catalyst have been found to

produce a highly aromatic oil [41]. Similarly, the

zeolite catalysis of methanol has been suggested

to involve an intermediate formation of C2 to C5

alkenes which then react on the catalyst to form

aromatic hydrocarbons [20].

Alternatively, the formation of aromatic

compounds in zeolite catalyst upgraded biomass

pyrolysis oils have been linked to the direct

de-oxygenation of the large variety of oxygenated

compounds found in biomass pyrolysis vapours.

For example, Diebold et al. [9] suggest that PAH

may be formed from the molecular remnants

derived from carbohydrate and lignin pyrolysis

through catalytic reactions with the zeolite catalyst.

Similarly, larger molecular weight phenolic

compounds present in the heavier fraction of

the biomass oils have been suggested to form

aromatic compounds over zeolite ZSM-5 catalyst

[12]. The zeolite catalysis of simple model biomass

compounds has also shown that aromatic and

polycyclic aromatic hydrocarbons can be formed.

For example, Chen et al. [42] examined the catalysis

of acetic acid over zeolite ZSM-5 catalyst and

detected large amounts of aromatic hydrocarbons

in the product. Home and Williams [43] passed,



‚§
√ß

°“
√«

‘®—¬
·≈

–æ
—≤

π“
‡∑
§‚
π‚
≈¬

’¥â“
π°

“√
®—¥

°“
√¢

Õß
‡ 
’¬·

≈–
™’«

¡«
≈

ª√
–®

”ª
ï 2

54
4 

- 2
54

6

204

methanol, furfural, anisole and cyclopentanone as

representative model oxygenated compounds

found in biomass pyrolysis oils. They showed

that single ring and PAH including alkylated

benzenes, naphthalene, phenanthrene, fluorene

and their alkylated derivatives were formed in

significant concentrations.

A further point as to the possible reaction

mechanisms for the formation of aromatic

compounds and oxygenated compounds is that

the mass yield of oil after catalysis is much reduced

compared to the yield with uncatalysed pyrolysis.

Consequently, the increased production of aromatic

hydrocarbons and oxygenated compounds in

the catalysed pyrolysis oils may be due to a

concentration effect. However, for the case of

aromatic hydrocarbon formation, much higher

levels of single ring and polycyclic aromatic

hydrocarbons are produced than would be the

effect of mere concentration of species from

the uncatalysed pyrolysis. Similarly, the increased

levels of oxygenated compounds found in the

catalysed oils are higher than could be due to

a concentration effect.

Overall it has been shown that there is

a large decrease in the yield of oil after catalysis,

whilst an improved product is obtained with

lower oxygen and high aromatic contents the oil

yield represents an uneconomic return for the

investment in a catalyst unit. However, Diebold

et al. [50] have projected that potential yields of

approximately 24 wt% of an aromatic oil can be

derived from biomass pyrolysis/ catalysis. The

potential yields were based on achieving 85% of

the stoichiometric upper limit, based on an

elemental balance of the pyrolysis vapours being

converted to aromatic gasoline, water and carbon

oxides. The analysis of Diebold et al. [50] however,

was based on additional process units of an alkene

alkylation reactor and distillation unit to maximise

the yield of hydrocarbons which was not the case

in this work. In addition, the feedstock chosen was

wood and therefore the presence of a higher ash

content for rice husks further reduces the available

organic material for conversion using pyrolysis/

catalysis and thereby reduces the viability of the

process as applied to rice husks.

4. CONCLUSIONS
1. The pyrolysis of rice husks in a fluidised bed

reactor have been examined in relation to

pyrolysis temperature and with zeolite catalytic

upgrading.

2. For the uncatalysed reaction, there was a high

conversion of the rice husks to a homogenous,

low viscosity, highly oxygenated liquid which

showed a decrease in yield with increasing

pyrolysis temperature with a consequent

increase in gas yield and decrease in char

yield. The liquid had a high proportion of

associated water.

3. For the catalysed reaction, the yield of oil

was significantly reduced after catalysis,

however, the oxygen content of the oils was

also markedly reduced. The conversion of

the oxygenated species in the oils was largely

to H2O at lower catalyst temperatures and to

CO and CO2 at higher temperatures.

4. The uncatalysed pyrolysis oil separated from

the liquid was analysed and found to be highly

oxygenated, chemically very complex and with

a molecular weight distribution from 60 to

over 2000 Da. After catalysis, the molecular

weight distribution of the oils after catalysis

was shifted to lower molecular weights.

5. Detailed analysis of the oils identified significant

concentrations of polycyclic aromatic hydro-

carbons such as naphthalene, fluorene and

phenanthrene and their alkylated derivatives

which were in higher concentrations than has
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been found for wood derived pyrolysis oils.

The high ash content of the rice husks was

suggested to catalyse the thermal degradation

of the rice husks components and thereby

influence the chemical composition of the

derived pyrolysis oils. The oils after catalysis

were found to be dramatically increased in their

aromatic content and showed a further increase

in aromaticity as the temperature of pyrolysis

was increased.

6. The main oxygenated compounds identified in

the oils consisted of phenols, cresols, alkylated

phenols, guaiacol and alkylated guaiacols,

benzenediols, alkylated benzenediols, naph-

thaols and alkylated naphthols. After catalysis,

some of the oxygenated species identified

were increased in concentration even though

the overall oxygen content of the oils was

decreased. This was attributed to the catalytic

pyrolysis of higher molecular weight and polar

compounds present in the oils producing lower

molecular weight oxygenated species.
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∫∑§—¥¬àÕ
ß“π«‘®—¬π’È ‰¥â∑”°“√»÷°…“°“√ª√—∫ª√ÿß§ÿ≥¿“æ

¢Õß‰Õ‰æ‚√‰≈ ’́ ‚¥¬«‘∏’§–µ–‰≈ ’́  (catalysis) ‚¥¬„™â

´’‚Õ‰≈∑å (zeolite) ‡ªìπµ—«‡√àßªØ‘°‘√‘¬“‡æ◊ËÕ„Àâ ‰ ¥â

º≈‘µ¿—≥±å ‰∫‚ÕÕÕ¬≈å (bio-oil) ∑’Ë‡ªìπ “√Õ–‚√¡“µ‘°

§ÿ≥¿“æ Ÿß Õ–µÕ¡¢ÕßÕÕ° ‘́‡®π‰¥â∂Ÿ°°”®—¥ÕÕ°®“°

pyrolysis oil „π√Ÿª¢ÕßπÈ” (H2O), CO ·≈– CO2

ªØ‘°√‘¬“°“√‡°‘¥ “√ª√–°Õ∫‰Œ‚¥√§“√å∫Õπ∂Ÿ°°”Àπ¥

‚¥¬ª√‘¡“≥¢Õß‰Œ‚¥√‡®πÕ–µÕ¡∑’Ë¡’Õ¬Ÿà·≈–°“√‡°‘¥πÈ”

°“√·°âªí≠À“ ¿“«–¢“¥·§≈π‰Œ‚¥√‡®πÕ–µÕ¡ “¡“√∂

∑”‰¥â‚¥¬°“√©’¥æàπ‰ÕπÈ”‡¢â“ Ÿà‡µ“ªØ‘°√≥å ‰æ‚√‰≈´’ 

°àÕπ∑’Ë®–„Àâ‰Õ‰æ‚√‰≈´’ ºà“π‡¢â“ Ÿà°√–∫«π°“√§–µ–‰≈ ’́ 

Õ¬à“ß‰√°Á¥’ ¡’¢âÕ ¡¡µ‘∞“π∑’Ë«à“‰ÕπÈ”Õ“®∑”„Àâ‡°‘¥

 “√ª√–°Õ∫®”æ«° polycyclic aromatic hydrocarbon

(PAH) ´÷Ëß‡ªìπ “√æ‘…„πª√‘¡“≥∑’Ë¡“°¢÷Èπ ·≈–¡—°‡°‘¥¢÷Èπ

„π°√–∫«π°“√§–µ–‰≈ ’́ ¢Õß‰Õ‰æ‚√‰≈ ’́  ‚¥¬„™â

´’‚Õ‰≈∑å „π°“√»÷°…“π’È ¢Õß‡ ’¬ ™’«¡«≈‰¥â∂Ÿ°·ª√√Ÿª

‚¥¬°√–∫«π°“√·ø≈™‰æ‚√‰≈´’  (flash pyrolysis) „π

‡µ“ø≈ŸÕ‘‰¥ ǻ‡∫¥∑’ËÕÿ≥À¿Ÿ¡‘ 550 ÌC ‚¥¬©’¥æàππÈ”‡¢â“ Ÿà

√–∫∫‡æ◊ËÕ‡æ‘Ë¡‰Œ‚¥√‡®πÕ–µÕ¡ ®“°π—Èπ‰Õ‰æ‚√‰≈´’ ®–

ºà“π‡¢â“ Ÿà§–µ–‰≈´’ ‡∫¥ ‰∫‚ÕÕÕ¬≈å∑’Ë ‰¥âπ”‰ª«‘‡§√“–Àå

À“™π‘¥·≈–ª√‘¡“≥¢Õß PAH ¥â «¬ ‡§√◊Ë Õß gas

chromatography/mass spectrometry º≈°“√»÷°…“

æ‘ Ÿ®πå ¡¡µ‘∞“π¢â“ßµâπ§◊Õ ¬◊π¬—π«à“‰ÕπÈ”¡’ à«π ”§—≠

¡“°∑’Ë∑”„Àâ‡°‘¥ “√ PAH ‡æ‘Ë¡¡“°¢÷Èπ„π°√–∫«π°“√

ª√—∫ª√ÿß§ÿ≥¿“æ¢Õß‰∫‚ÕÕÕ¬≈å

ABSTRACT
Zeolite catalytic upgrading of highly

oxygenated biomass pyrolysis oils has been

proposed as a means of producing an aromatic

premium grade hydrocarbon oil product. The

oxygen from the pyrolysis oil is removed in the

catalytic reaction as water, CO and CO2. The

reaction is hydrogen limited with the hydrocarbon

product being limited by the availability of

hydrogen for hydrocarbon and water formation.

It has been proposed that the hydrogen deficit in

the reaction may be overcome by the addition of

steam to the pyrolytic vapours prior to upgrading

and thereby increase hydrocarbon formation.

However, the presence of steam may also

influence the concentration of polycyclic aromatic

hydrocarbons (PAH). PAH are environmentally

hazardous and are known to form in high

concentrations during the zeolite catalytic

upgrading of biomass. In this paper, biomass

was flash pyrolysed in a fluidised bed reactor at

550 ÌC and the biomass pyrolysis vapours in the

presence of steam have been passed over a zeolite

catalyst. The oils were analysed using coupled

gas chromatography/mass spectrometry to

determine the concentration of PAH. The presence

of steam was found to significantly increase the

formation of PAH in the catalytic upgrading of

biomass using the zeolite catalyst.
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1. INTRODUCTION
Fast pyrolysis of biomass has been shown

to produce a liquid product which may be used as

a fuel and which has a much greater energy

density than the original biomass. However, the

oils can be highly oxygenated, viscous, corrosive,

relatively unstable and chemically very complex

[1, 2]. The direct substitution of biomass derived

pyrolysis oils for petroleum fuels may therefore

be limited. Consequently, catalytic upgrading of

the oils to produce a premium quality fuel or high

value chemical feed stock has received increasing

attention [2]. The zeolite ZSM-5 catalysts have

a strong acidity, high activities and shape

selectivityûs which convert the oxygenated oil to

a light hydrocarbon mixture in the C1 to C10

range by dehydration and deoxygenation

reactions [2, 3]. The oxygen in the oxygenated

compounds of biomass pyrolysis oils is converted

to largely CO, CO2 and H2O, and the resultant

oil is highly aromatic with a dominance of

single ring aromatic compounds [4, 5]. The reaction

is hydrogen limited with the hydrocarbon product

being limited by the availability of hydrogen for

hydrocarbon and water formation. Therefore, it

is preferable for the oxygen to be eliminated as

CO or CO2 rather than H2O to preserve the

hydrogen for hydrocarbon forming reactions.

It has been proposed that the hydrogen

deficit in the reaction may be overcome by the

addition of steam to the pyrolytic vapours prior

to upgrading and thereby increase hydrocarbon

formation [6]. Diebold and Scahill [6] used steam

as the carrier gas for the zeolite ZSM-5 catalytic

upgrading of biomass pyrolysis oils. They found

that with a catalyst temperature of 400 ÌC, a yield

of 10% oil was obtained and the major gaseous

products were CO, CO2, and C2 and C3 alkenes.

Churin [7] showed that for catalytic upgrading

of biomass pyrolysis oils , the maximum

theoretical yield of hydrocarbons is best achieved

by the removal of the oxygen as CO and CO2.

In addition, he also showed that the greater

the amount of hydrogen used in the expulsion

of oxygen from the oils during catalysis the

lower the potential yield of hydrocarbons. Horne

et al.[8] have shown that catalytic upgrading of

biomass pyrolysis oils in the presence of steam

produced increased concentrations of H2, CO

and CO2 and that the derived upgraded oil

contained much higher concentrations of single

ring aromatic compounds than was the case in

the absence of steam.

In addition, it is known that the zeolite

catalytic process also produces significant

concentrations of polycyclic aromatic hydro-

carbons (PAH), whereas the uncatalysed oil

shows only low levels of PAH [5]. PAH are of

interest since amongst the environmental

chemical groups they are known to be the most

environmentally hazardous. Consequently, whilst

steam may have benefits in maintaining the

hydrogen content of the upgraded oils and

increase their single ring aromatic content, the

process may also increase the concentration of

PAH in the oils and thereby have consequences

for their safe handling and utilisation.

In this paper, biomass was flash pyrolysed

in a fluidised bed reactor at 550 ÌC and the

biomass pyrolysis vapours in the presence of

steam have been passed over a zeolite catalyst.

The derived oils have been analysed for their

concentration of PAH in relation to process

conditions.

2. EXPERIMENTAL

2.1 Materials
The biomass used was a mixture of wood

types obtained as waste shavings from a wood
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working company. Table 1 shows the proximate

and ultimate analyses of the biomass waste

material pyrolysed.

The catalyst used was zeolite H-ZSM-5,

obtained from BDH, Ltd. (UK). Conversion to

the H-ZSM-5 form involved ion exchange of the

Na-ZSM-5 form with an NH4NO3 solution,

followed by washing and drying to produce the

NH4-ZSM-5. The NH4-ZSM-5 catalyst was then

heated at 350 ÌC in a dry stream of nitrogen to

produce the hydrogen form of ZSM-5. The zeolite

catalyst consisted of 0.2 cm diameter spheres and

the binder was clay. This grain size was chosen

to prevent fluidisation of the fixed catalyst bed

and elutriation of the catalyst from the reactor.

The silica/alumina ratio was 50 and the elliptical

pore aperture was 5.4 to 5.6 m-10 diameter.

degrade to either higher or lower molecular weight

components or both [9]. The reactor was 7.5 cm

diameter x 100 cm high, constructed of stainless

steel with full gas flow and temperature control.

The reactor was heated externally, and the

fluidised bed and freeboard could be separately

temperature controlled. The incoming fluidising

gas was nitrogen and was preheated to

a temperature of 400 ÌC. The bed material was

silica sand of mean size 250 µm diameter with

a static bed depth of 8 cm. The fluidising velocity

was 3 times the minimum fluidising velocity.

The mass of catalyst used was 200 g and was

6.5 cm in bed depth. The biomass was fed via

a screw feeder and nitrogen gas stream to the top

of the fluidised bed at a feed rate between 0.216

and 0.228 kg h-1. The weight hourly space velocity

(WHSV) representing the weight of reactant per

hour/ weight of catalyst was between 1.05 and

1.14 h-1. The approximate ratio of carrier gas to

pyrolysis vapour was 18:1, calculated from the

mass of vapours and gases evolved during

pyrolysis and assuming an average molecular mass.

The primary fluidised bed temperature was

maintained at 550 ÌC and the fixed bed catalyst

temperature was maintained at either 500

or 550 ÌC. The 550 ÌC primary bed pyrolysis

temperature used has been shown in previous

work to give the highest yields of oil product for

the flash pyrolysis of biomass [10]. The catalysis

temperature was chosen since previous work by

the authors [11] where the catalyst temperature

was varied between 400 and 550 ÌC, has shown

that the optimum catalysis temperature is

between 500-550 ÌC.

The outlet from the fluidised bed was

passed to a series of condensers to trap the

derived oils. Samples of pyrolytic oil without

catalyst upgrading and in the absence of steam

were taken by sampling the pyrolysis vapours

Table 1 Proximate and ultimate analysis of

the biomass (wt%, as received)

Wood Proximate Analysis

Volatiles 91.0

Moisture 7.5

Ash 1.5

Element Ultimate Analysis

Carbon 45.88

Hydrogen 5.71

Oxygen 46.64

Nitrogen 0.18

2.2 Pyrolysis/Catalyst Reactor
The experimental system used was a

combined fluidised bed pyrolysis unit with the

freeboard of the fluidised bed packed with the

catalyst to form a fixed catalyst bed (Figure 1 and

2). The on-line catalysis of the biomass pyrolysis

vapours is preferred since it has been shown that

condensed biomass pyrolysis oils are difficult

to vaporise and also because they may thermally
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before the catalyst and condensing the oils using

the condensation traps as before. The primary bed,

uncatalysed oils consisted of a single liquid phase

and were separated into oil and water fractions

by benzene reflux, using the standard ASTM

D244 and IP 29.1 methods. However, after catalysis

the condensed phase consisted of distinct oil and

aqueous phases, and were easily separated. The

extracted oil samples were then analysed in detail

as described below.

Figure 1 Schematic diagram of the fluidised bed/
catalytic bed reactor

Figure 2
The pyrolysis/catalysis reactor
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and phenanthrene and their alkylated derivatives

and minor concentrations of other compounds

such as pyrene, and chrysene. Some of the PAH

found in the pyrolysis oils have been shown to

by carcinogenic and/or mutagenic for example,

the methylphenanthrenes, chrysene, methylchry-

senes and the methylfluorenes [12-14]. However,

the total concentration of PAH quantified was less

than 120 ppm.

PAH have been detected by other workers

in biomass pyrolysis oils. For example, Pakdel and

Roy (15) analysed oil from the pyrolysis of Aspen

poplar wood chips in a vacuum pyrolysis unit.

They found a wide range of PAH including

naphthalene, phenanthrene and fluorine and their

alkylated substituents, in addition to benzene and

its alkylated substituents. In addition, they

quantified certain PAH, some of which were

biologically active, such as benzo[a]pyrene,

2.3 Oil analysis
Chemical class fractionation of the oils

was performed by liquid chromatography. Glass

columns of 10 cm x 1 cm were packed with silica,

Bondesil (sepralyte) sorbent, pre-treated at 105 ÌC

for 2 h before use. A 250 mg sample of the oil

was placed on the column. The column was then

eluted with, n-pentane, benzene, ethyl acetate

and methanol (polarity relative to Al2O3, 0.00,

0.32, 0.58 and 0.95, respectively), to produce an

aliphatic, aromatic, oxygenated-aromatic and polar

chemical class fractions, respectively. For the

highly aromatic oils after catalysis there was

some pre-elution of aromatic species into the

n-pentane fraction. The concentration of, aromatic

and polycyclic aromatic species in the pentane

and benzene fractions were determined using

coupled gas chromatography/mass spectrometry

(GC/MS). The GC/MS system was a Carlo-Erba,

Vega HRGC with cold on-column injection,

coupled to a Finnigan Mat ion trap detector (ITD)

via a heated transfer line. The ITD was linked to

an IBN PC/XT computer with an NBS/EPA

mass spectral library of 38752 mass spectra.

Identification of PAH was determined by the GC/

MS. Single ion monitoring was carried out to

confirm the presence of species and, in addition,

retention indices were also used for identification.

Details of the experimental and analytical systems

have been reported before [5,8,10,11].

3. RESULTS AND DISCUSSION

3.1 Polycyclic aromatic hydrocarbons
in biomass pyrolysis oils

Table 2 shows the concentration of PAH

in the oils derived from the fluidised bed pyrolysis

of biomass at 550 ÌC, without catalysis and in

the absence of steam. The PAH found to be

present in the pyrolysis liquids were naphthalene

Naphthalene 11

2-Methylnaphtahlene 9

1-Methylnaphthalene 5

Biphenyl 2

Dimethylnaphthalene 15

Acenaphthene 3

Trimethylnaphthalene 7

Fluorene 1

Methylfluorene <1

Phenanthrene 11

Anthracene 6

Methylphenanthrene 16

Dimethylphenanthrene 12

Pyrene 1

Chrysene <1

Methylchrysene <1

Table 2 PAH in uncatalysed biomass pyrolysis
oils in the absence of steam

PAH
Concentration (ppm)

(Pyrolysis temperature 550 ÌC)
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chrysene and benzo[k]fluoranthene, but were

found to be in very low concentration at less than

55 ppm. Elliott [16] has also shown that PAH are

not present in pyrolysis oils produced at

temperatures below 500 ÌC.

Table 3 shows the polycyclic aromatic

hydrocarbons in the oils derived from the fluidised

bed pyrolysis of biomass with catalytic upgrading

but in the absence of steam. After catalysis there

was a marked increase in concentration of PAH

which were mainly naphthalene, phenanthrene and

their alkylated homologues, whilst fluorine, pyrene

and chrysene are also present in significant

concentrations. In addition, the concentration of

PAH increased as the catalyst temperature was

increased from 500 to 550 ÌC. PAH have been

detected by other workers in the oils derived

from the zeolite catalytic upgrading of biomass.

Scahill et al. [17] reported increased concentrations

of benzene, toluene and alkylated benzenes for

the catalytic upgrading of wood pyrolysis vapours

using zelite ZSM-5. Sharma and Bakhshi [18]

have also shown that PAH are formed on catalysis

with zeolite ZSM-5. Mathews et al. [19] showed

that zeolite ZSM-5 catalysed biomass oil produced

naphthalenes and alkylated naphthalenes which

increased with increasing catalyst temperature

from 450 ÌC to 650 ÌC. Evans and Milne [20] also

showed the formation of benzene, toluene and

naphthalene with biomass pyrolysis catalysed with

zeolite ZSM-5.

The mechanism for the formation of

aromatic compounds in catalytic upgrading of

biomass oils over zeolite ZSM-5 catalysts has been

investigated by a number of workers. Sharma and

Bakhsi [18] suggest that phenols are the primary

Naphthalene 5985 9550

2-Methylnaphthalene 5480 4120

1-Methylnaphthalene 2180 1945

Biphenyl 180 70

Dimethylnaphthalene 5415 7240

Acenaphthene 95 110

Trimethylnaphthalene 2085 1435

Fluorene 710 855

Methyldluorene 955 3715

Phenanthrene 420 1370

Anthracene 1675 2330

Methylphenanthrene 2820 6050

Dimethylphenanthrene 905 2310

Pyrene 130 630

Chrysene 80 120

Methylchrysene 20 750

Table 3 PAH in catalysed biomass pyrolysis oils in the absence of steam

PAH

Concentration (ppm)
(Pyrolysis temperature 550 ÌC)

Catalyst Temperature Catalyst Temperature
(500 ÌC) (500 ÌC)
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product of upgrading, which are then deoxygenated

to aromatic and polycyclic aromatic compounds

as the reaction conditions become severe. Soltes

et al. [21], for hydrogenating catalysts, also found

that phenols are the intermediate products formed

from the cracking of the heavier fraction of

the biomass derived oils and are subsequently

converted to aromatic and alkane compounds.

Chantal et al. [22] also suggest that phenolic

compounds present in the heavier fraction of

the biomass oils form aromatic compounds over

zeolite ZSM-5 catalyst which lead to the increased

formation of coke on the catalyst. However,

Chen and Yan [23] have suggested that aromatic

compounds may also form from oligomerisation

of alkenes followed by subsequent aromatisation

over zeolite ZSM-5 catalysts. Condensation reactions

would lead to the formation of PAH. However,

Evans and Milne [20] suggest that since there

are a higher proportion of aromatic compounds

compared to alkenes for wood pyrolysis vapours,

a direct formation path not involving alkenes is

more likely. In addition, Diebold et al. [4] suggest

that the formation of PAH such as naphthalenes,

indene and benzofuran are thought to originate

primarily from the catalytically altered remnants

of carbohydrate and lignin derived pyrolysis

products rather than products of alkene

oligomerisation and subsequent aromatisation.

Williams and Horne have also shown that

increasing the catalyst temperature markedly

increases the concentration of single ring aromatic

compounds and PAH in the derived biomass

pyrolysis oil [11]

Table 4 show the PAH present in the

biomass pyrolysis oils with zeolite catalytic

Naphthalene 8840 11625

2-Methylnaphthalene 10460 18085

1-Methylnaphthalene 3460 6790

Biphenyl 50 140

Dimethylnaphthalene 7860 16860

Acenaphthene 95 235

Trimethylnaphthalene 1655 3760

Fluorene 640 2150

Methyldluorene 2065 3100

Phenanthrene 1095 1850

Anthracene 2220 6885

Methylphenanthrene 7335 11715

Dimethylphenanthrene 2055 2580

Pyrene 335 940

Chrysene 260 465

Methylchrysene <5 40

Table 4 PAH in zeolite catalysed biomass pyrolysis oils and in the presence of steam

PAH

Concentration (ppm)
(Pyrolysis temperature 550 ÌC)

Catalyst Temperature Catalyst Temperature
(500 ÌC) (500 ÌC)
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upgrading and in the presence of steam. Previous

work [8] has shown that where steam is also present

with the zeolite catalytic upgrading, then increased

concentrations of single ring aromatic compounds

are formed. However, table 4 shows that the

concentration of PAH in the oils have increased

and also increase as the catalytic temperature is

raised from 500 to 550 ÌC. The presence of steam

is clearly increasing the formation of PAH.

Consequently, whilst steam addition may improve

aromatic hydrocarbon formation by maintaining

the availability of hydrogen, it also results in the

formation of increased PAH.

4. CONCLUSIONS
PAH are in low concentration in uncatalysed

biomass pyrolysis oils. However, upgrading of

the oils using zeolite catalysis produces a marked

formation of PAH in the oils and the concentrations

of PAH reached are high. When steam is also

used to improve the formation of hydrocarbons,

increased concentrations of PAH are also found.
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