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Abstract
Bunyakan, C., Saeoung, S., Intamanee, J. and Chungsiriporn, J.

Mass transfer coefficient for volatilization of volatile organic compounds

from wastewater
Songklanakarin J. Sci. Technol., 2006, 28(5) : 1095-1107

Volatilization of volatile organics compounds (VOCs) from wastewater is recognized as an important

source that caused air pollution today. In air pollution management regarding VOCs emission to atmosphere,

the amount of VOCs that released from wastewater needs to be known. A model for predicting of VOCs

volatilized from wastewater is then necessary. The aim of this research was to develop the gas-film (k
G
a,

VOC
)

and liquid-film (k
L
a,

VOC
) mass transfer coefficients from volatilization of VOCs from wastewater. The volatil-

ization experiments were performed in a pilot volatilization tank with a volume of 100 L. The wind speed over

the water surface, measured at 10 cm above water surface (U
10cm

), was the main parameter which invest-

igated in this work. The U
10cm

 were varied from 0 to 4.42 m/s. VOCs used in this investigation were methanol,

toluene and methyl ethyl ketone.
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Mass transfer coefficient for volatilization of VOCs
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The results revealed that the gas-film coefficient of methanol increased linearly with increasing U
10cm

over the investigated range of U
10cm

 whereas the liquid-film coefficient of toluene fell into two regimes with

a break at the U
10cm

 of 2.4 m/s. The correlations of k
G
a,

VOC
 and k

L
a,

VOC
 were developed from gas-film and

liquid-film coefficient of methanol and toluene, respectively, and verified by predicting overall mass transfer

coefficient (K
OL

a) of MEK. It was found that the correlations of k
G
a,

VOC
 and k

L
a,

VOC
 predicted the mass

transfer coefficient of MEK which volatilized from wastewater quite well but underestimated K
OL

a of MEK

volatilized from pure water. Since the mass transfer coefficient of VOCs volatilized from pure water were

significant higher than that of wastewater as found in this work, the k
G
a,

VOC
 and k

L
a,

VOC
 developed based on

wastewater is recommended for prediction of VOCs emission rate from wastewater rather than the cor-

relation previously developed based on pure water.

Key words : VOCs, volatilization, mass transfer coefficient, MEK, toluene, methanol
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°“√√–‡À¬¢Õß “√Õ‘π∑√’¬å√–‡À¬ (volatile organic compounds, VOCs) ®“°πÈ”‡ ’¬‡ªìπ·À≈àß°àÕ¡≈æ‘…∑“ß

Õ“°“»∑’Ë ”§—≠ „π°“√®—¥°“√¡≈æ‘…∑“ßÕ“°“»∑’Ë‡°’Ë¬«¢âÕß°—∫°“√ª≈àÕ¬ VOCs  Ÿà∫√√¬“°“» ®”‡ªìπµâÕß∑√“∫ª√‘¡“≥

¢Õß VOCs ∑’Ëª≈àÕ¬®“°√–∫∫∫”∫—¥πÈ”‡ ’¬¥â«¬ ·∫∫®”≈Õß∑’Ë„™â„π°“√∑”π“¬ª√‘¡“≥°“√√–‡À¬¢Õß VOCs ®“°πÈ”

‡ ’¬®÷ß‡ªìπ ‘Ëß®”‡ªìπ °“√«‘®—¬π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕæ—≤π“ ¡°“√ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä  (k
G
a,

VOC
) ·≈– ¡°“√ —¡ª√– ‘∑∏‘Ï

øî≈å¡¢Õß‡À≈« (k
L
a,

VOC
) ®“°°“√√–‡À¬¢Õß VOCs ®“°πÈ”‡ ’¬®√‘ß ‚¥¬∑”°“√∑¥≈Õß„π∂—ß√–‡À¬ª√‘¡“µ√ 100 ≈‘µ√

µ—«·ª√À≈—°∑’Ë»÷°…“§◊Õ§«“¡‡√Á«≈¡‡Àπ◊Õº‘«πÈ” §«“¡‡√Á«≈¡‡©≈’Ë¬∑’Ë√–¬– 10 ´¡. ‡Àπ◊Õº‘«πÈ” (U
10cm

) ∑’Ë»÷°…“¡’§à“Õ¬Ÿà

„π™à«ß 0-4.42 ‡¡µ√/«‘π“∑’ ·≈– VOCs ∑’Ë„™â„π°“√»÷°…“§◊Õ ‡¡∑“πÕ≈ ∑Ÿ‚≈Õ’π ·≈–‡¡∑∑‘≈‡Õ∑∑‘≈§’‚µπ (Methyl

Ethyl Ketone, MEK)

º≈°“√»÷°…“æ∫«à“ —¡ª√– ‘∑∏‘øî≈å¡·°ä ¢Õß‡¡∑“πÕ≈‡æ‘Ë¡¢÷Èπ°—∫ U
10cm

 ∑’Ë‡æ‘Ë¡¢÷Èπ·∫∫‡™‘ß‡ âπµ≈Õ¥™à«ß¢Õß

U
10cm

 ∑’Ë»÷°…“ „π¢≥–∑’Ë —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«¢Õß∑Ÿ‚≈Õ’π·∫àßÕÕ°‡ªìπ Õß™à«ß‚¥¬¡’®ÿ¥‡ª≈’Ë¬π∑’Ë U
10cm

 ‡∑à“°—∫ 2.4

‡¡µ√/«‘π“∑’  ¡°“√¢Õß k
G
a,

VOC
 ·≈– ¡°“√¢Õß k

L
a,

VOC
 ∂Ÿ°æ—≤π“¢÷Èπ®“°¢âÕ¡Ÿ≈°“√√–‡À¬¢Õß‡¡∑“πÕ≈·≈–¢Õß

∑Ÿ‚≈Õ’π®“°πÈ”‡ ’¬µ“¡≈”¥—∫ ·≈–‰¥âµ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß ¡°“√¥—ß°≈à“«‚¥¬„™â∑”π“¬ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ

¡«≈√«¡¢Õß MEK ∑’Ë√–‡À¬®“°πÈ”‡ ’¬ (K
OL
a) º≈°“√µ√«® Õ∫æ∫«à“ ¡°“√ k

G
a,

VOC
 ·≈– k

L
a,

VOC
 ∑’Ëæ—≤π“¢÷Èπ®“°

°“√√–‡À¬¢Õß VOCs ®“°πÈ”‡ ’¬∑”π“¬ K
OL
a ¢Õß MEK ∑’Ë√–‡À¬®“°πÈ”‡ ’¬‰¥â¥’·µà∑”π“¬ K

OL
a ¢Õß MEK ∑’Ë

√–‡À¬®“°πÈ”∫√‘ ÿ∑∏‘ÏµË”°«à“§à“∑’Ë«—¥‰¥â®√‘ß ‡π◊ËÕß®“°º≈°“√»÷°…“π’Èæ∫«à“ K
OL
a ¢Õß VOCs ∑’Ë√–‡À¬®“°πÈ”∫√‘ ÿ∑∏‘Ï¡’

§à“ Ÿß°«à“ K
OL
a ¢Õß VOCs ∑’Ë√–‡À¬®“°πÈ”‡ ’¬¡“°  ¡°“√ k

G
a,

VOC
 ·≈– ¡°“√ k

L
a,

VOC
 ∑’Ëæ—≤π“¢÷Èπ®“°°“√√–‡À¬

¢Õß VOCs ®“°πÈ”‡ ’¬®√‘ß„π°“√»÷°…“π’È ®÷ß‡À¡“– ¡ ”À√—∫„™â∑”π“¬°“√√–‡À¬¢Õß VOC ®“°πÈ”‡ ’¬¡“°°«à“°“√

„™â ¡°“√∑’Ëæ—≤π“¢÷Èπ¡“®“°°“√√–‡À¬¢Õß VOCs ®“°πÈ”∫√‘ ÿ∑∏‘Ï∑’Ë¡’√“¬ß“π‰«â∑—Ë«‰ª

 “√Õ‘π∑√’¬å√–‡À¬ (volatile organic compounds,

VOCs) ‡ªìπ “√‡§¡’∑’Ë¡’„™â∑—Ë«‰ª„πÕÿµ “À°√√¡ª√–‡¿∑
µà“ßÊ ‡™àπ Õÿµ “À°√√¡ªî‚µ√‡§¡’ Õÿµ “À°√√¡°“√º≈‘µ ’
Õÿµ “À°√√¡æ≈“ µ‘°·≈–æÕ≈‘‡¡Õ√å  ·≈–Õÿµ “À°√√¡
°√–¥“… ‡ªìπµâπ πÕ°®“°®–„™â„πÕÿµ “À°√√¡¢π“¥„À≠à

¢â“ßµâπ·≈â« æ∫«à“¬—ß¡’°“√„™â VOCs „π°‘®°√√¡Õ◊ËπÊ ∑’Ë
Õ¬Ÿà„°≈âµ—«‡√“Õ’°¡“° ‰¥â·°à °“√‡§≈◊Õ∫º‘« ‡™àπ ÕŸà‡§“–æàπ
 ’√∂¬πµå ·≈–‚√ßß“πº≈‘µ‡øÕ√åπ‘‡®Õ√å   °“√°”®—¥ “√
À≈àÕ≈◊Ëπ  ‡™àπ  °“√„™âµ—«∑”≈–≈“¬‡æ◊ËÕ≈â“ß™‘Èπ à«πµà“ßÊ
¢Õß‡§√◊ËÕß®—°√„π°“√ à́Õ¡∫”√ÿß¢Õß‚√ßß“πÕÿµ “À°√√¡
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∑—Èß¢π“¥‡≈Á°·≈–¢π“¥„À≠à °“√º≈‘µ ‘Ëßæ‘¡æå °“√´—°·Àâß
°“√‡°Á∫·≈–®à“¬º≈‘µ¿—≥±åªî‚µ√‡≈’¬¡ ‡ªìπµâπ °“√¥”‡π‘π
°“√„πÕÿµ “À°√√¡À√◊Õ°‘®°√√¡¢â“ßµâπ®– àßº≈„Àâ¡’°“√
ªπ‡ªóôÕπ¢Õß VOCs „ππÈ”„™â„π°√–∫«π°“√ ´÷Ëß„π∑’Ë ÿ¥
VOCs  à«πÀπ÷Ëß°Á®–∂Ÿ°∂à“¬‚Õπ‰ªÕ¬Ÿà„ππÈ”‡ ’¬¢Õß‚√ßß“π
Õÿµ “À°√√¡ À√◊Õ„ππÈ”‡ ’¬¢Õß√–∫∫∫”∫—¥πÈ”‡ ’¬¢Õß
™ÿ¡™π  ¥—ßπ—Èπ°“√√–‡À¬¢Õß VOCs ®“°√–∫∫∫”∫—¥
πÈ”‡ ’¬®÷ß‡ªìπ·À≈àß°”‡π‘¥¢Õß¡≈æ‘…∑“ßÕ“°“»∑’Ë ”§—≠
·≈–‰¥â¡’°“√»÷°…“‡√◊ËÕßπ’È°—π¡“‡ªìπ‡«≈“π“π°«à“ 20 ªï ·≈–
¬—ß¡’°“√»÷°…“«‘®—¬‡√◊ËÕßπ’ÈÕ¬à“ßµàÕ‡π◊ËÕß (Hwang, 1981;

Mackay et al., 1983; Corsi, 1991; Sedek et al., 1996;

Aneja et al., 2001; Escalas et al., 2003; Lin et al.,

2004) °“√√–‡À¬¢Õß VOCs ®“°√–∫∫∫”∫—¥πÈ”‡ ’¬¡’º≈
°√–∑∫µàÕ ÿ¢¿“æ¢Õß ‘Ëß¡’™’«‘µ∑—Èß§π  —µ«å ·≈–æ◊™‚¥¬µ√ß
‚¥¬§«“¡√ÿπ·√ß‡π◊ËÕß®“°§«“¡‡ªìπæ‘…¢Õß VOCs µàÕ
 ÿ¢¿“æ¢Õß ‘Ëß¡’™’«‘µπ—Èπ®–¢÷ÈπÕ¬Ÿà°—∫™π‘¥·≈–ª√‘¡“≥¢Õß
VOCs ∑’Ë√–‡À¬ ŸàÕ“°“»·≈–¢÷ÈπÕ¬Ÿà°—∫√–¬–‡«≈“∑’Ë ‘Ëß¡’™’«‘µ
 —¡º— °—∫ VOCs ¥â«¬ °“√∑’Ë®–µâÕß∑√“∫∂÷ßª√‘¡“≥¢Õß
VOCs ∑’Ë√–‡À¬®“°πÈ”‡ ’¬„π™à«ß‡«≈“„¥∑’Ë π„®®÷ß‡ªìπ ‘Ëß
®”‡ªìπ ”À√—∫°“√À“·π«∑“ß‡æ◊ËÕªÑÕß°—π¡≈æ‘…∑“ßÕ“°“»
Õ—π‡π◊ËÕß¡“®“°°“√√–‡À¬¢Õß VOCs ®“°πÈ”‡ ’¬

°“√√–‡À¬¢Õß “√Õ‘π∑√’¬å√–‡À¬ßà“¬®“°πÈ”‡ ’¬

Õ—µ√“°“√√–‡À¬¢Õß “√Õ‘π∑√’¬å√–‡À¬®“°πÈ”‡ ’¬
‡™àπ®“°∫àÕ∫”∫—¥πÈ”‡ ’¬¢π“¥„À≠à  “¡“√∂«—¥‰¥â‚¥¬µ√ß
‚¥¬„™âÕÿª°√≥å∑’Ë‡√’¬°«à“ø≈—°´å·™¡‡∫Õ√å (flux chamber)

À√◊Õ„™â«‘∏’ª√–¡“≥‚¥¬°“√§”π«≥®“°§«“¡‡¢â¡¢âπ¢Õß
VOCs „ππÈ”‡ ’¬  «‘∏’À≈—ß®–π‘¬¡¡“°°«à“«‘∏’·√°‡æ√“–
 “¡“√∂∑”π“¬Õ—µ√“°“√√–‡À¬¢Õß VOCs ‡¡◊ËÕ ¿“«–
·«¥≈âÕ¡‡ª≈’Ë¬π·ª≈ß‰ª‰¥â –¥«°°«à“   «‘∏’°“√§”π«≥
Õ—µ√“°“√√–‡À¬¢Õß VOCs ∑’Ë‡ªìπ∑’Ë¬Õ¡√—∫·≈–„™â°—π¡“
π“π§◊Õ°“√ª√–¬ÿ°µå„™â∑ƒ…Æ’ Õßøî≈å¡¢Õß Whitman

(Õâ“ß‚¥¬ Treybal, 1980) Õ—µ√“°“√√–‡À¬¢Õß VOCs „¥Ê
®“°πÈ”‡ ’¬· ¥ß‰¥â¥—ß ¡°“√

RVOC = KOLa,VOC CVOC (1)

‡¡◊ËÕ R
VOC

 §◊ÕÕ—µ√“°“√√–‡À¬¢Õß VOC ®“°πÈ”‡ ’¬ (‚¡≈/
«‘π“∑’) C

VOC
 §◊Õ§«“¡‡¢â¡¢âπ¢Õß VOC π—ÈπÊ „ππÈ”‡ ’¬

(‚¡≈/≈∫.‡¡µ√) K
OL

a,
VOC

 §◊Õ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈
√«¡¢Õß VOC (≈∫.‡¡µ√/«‘π“∑’) ´÷Ëß¢÷ÈπÕ¬Ÿà°—∫ —¡ª√– ‘∑∏‘Ï
øî≈å¡·°ä   —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈« ·≈–§à“§ß∑’Ë‡Œπ√’Ë¢Õß
VOC µ“¡ ¡°“√ (2)

1
KOLa,VOC

=
1

kLa,VOC
+

RT
HkGa,VOC

(2)

‡¡◊ËÕ  k
L
a,

VOC
  §◊Õ —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«¢Õß  VOC

(≈∫.‡¡µ√/«‘π“∑’)   k
G
a,

VOC
 §◊Õ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ¢Õß

VOC (≈∫.‡¡µ√/«‘π“∑’)   H §◊Õ§à“§ß∑’Ë‡Œπ√’Ë¢Õß VOC

(∫√√¬“°“» ≈∫.‡¡µ√/‚¡≈)    T §◊ÕÕÿ≥À¿Ÿ¡‘ —¡∫Ÿ√≥å
(‡§≈«‘π)  ·≈– R §◊Õ§à“§ß∑’Ë “°≈¢Õß·°ä  (∫√√¬“°“»
≈∫.‡¡µ√/‚¡≈/‡§≈«‘π) ·¡â«à“π—°«‘®—¬À≈“¬∑à“π‰¥â‡ πÕ
 ¡°“√ ”À√—∫À“§à“ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ·≈–§à“ —¡ª√– ‘∑∏‘Ï
øî≈å¡¢Õß‡À≈« ”À√—∫„™âÀ“§à“ K

OL
a,

VOC
 ‰«âÀ≈“¬√Ÿª·∫∫

·µà ¡°“√∑’Ë¡’Õ¬Ÿà∑—ÈßÀ¡¥∂Ÿ°æ—≤π“¢÷Èπ®“°¢âÕ¡Ÿ≈∑’Ë‰¥â®“°
°“√√–‡À¬¢Õß  VOCs  ®“°πÈ”∫√‘ ÿ∑∏‘Ï  (Mackay  and

Yeun, 1983; Lunney et al., 1985; Liss and Merlivat,

1986; Bunyakan et al., 2001) ´÷Ëß¡’§ÿ≥ ¡∫—µ‘∑’Ë·µ°µà“ß
‰ªπÈ”‡ ’¬®√‘ß¡“° Bunyakan ·≈–§≥– (2005) æ∫«à“
 —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß  MEK  ≈¥≈ßÕ¬à“ß¡’
π—¬ ”§—≠°—∫ª√‘¡“≥¢Õß¢Õß·¢Áß·¢«π≈Õ¬ (suspended

solid)  „ππÈ”‡ ’¬  ¥—ßπ—Èπ°“√„™â ¡°“√ k
L
a,

VOC
  ·≈–

k
G
a,

VOC
 ∑’Ëæ—≤π“¢÷Èπ¡“®“°°“√√–‡À¬¢Õß¢Õß VOCs ®“°

πÈ”∫√‘ ÿ∑∏‘Ï¡“∑”π“¬§à“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡
¢Õß VOCs ∑’Ë√–‡À¬®“°πÈ”‡ ’¬®–∑”„Àâ‰¥â§à“ —¡ª√– ‘∑∏‘Ï
°“√∂à“¬‚Õπ¡«≈√«¡¢Õß VOCs ∑’Ë Ÿß°«à“§«“¡‡ªìπ®√‘ß
ß“π«‘®—¬π’È®÷ß∑”°“√»÷°…“‡æ◊ËÕæ—≤π“ ¡°“√ k

L
a,

VOC
 ·≈–

k
G
a,

VOC
 ¢÷Èπ¡“„À¡à‚¥¬∑”°“√»÷°…“À“§à“ —¡ª√– ‘∑∏‘Ï

¥—ß°≈à“«®“°°“√∑¥≈Õß√–‡À¬ VOCs ¢ÕßπÈ”‡ ’¬®√‘ß
«—µ∂ÿª√– ß§åÀ≈—°¢Õßß“π«‘®—¬π’È‡æ◊ËÕæ—≤π“·≈–µ√«® Õ∫
§«“¡∂Ÿ°µâÕß¢Õß ¡°“√ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ·≈– —¡-
ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«∑’Ë‰¥â®“°°“√√–‡À¬¢Õß VOCs ®“°
πÈ”‡ ’¬®√‘ß  ¡°“√ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ·≈– —¡ª√– ‘∑∏‘Ï
øî≈å¡¢Õß‡À≈«∑’Ë‰¥â®“°°“√√–‡À¬¢Õß VOCs ®“°πÈ”‡ ’¬
®√‘ß®– “¡“√∂π”‰ª„™â∑”π“¬°“√√–‡À¬¢Õß VOCs ®“°
πÈ”‡ ’¬‰¥â
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∑ƒ…Æ’·≈–À≈—°°“√

«‘∏’°“√À“§à“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡, K
OL
a,

VOC

°“√À“§à“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß
VOCs ∑’Ë√–‡À¬®“°πÈ”‡ ’¬„™â«‘∏’°“√‡¥’¬«°—∫°“√À“
 —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡®“°°“√√–‡À¬¢Õß VOCs

®“°πÈ” ∑’Ë‰¥â√“¬ß“π‰«â∑—Ë«‰ª (Bunyakan et al., 2001)

‚¥¬∑’Ë K
OL

a,
VOC

  “¡“√∂À“§à“‰¥â®“°¢âÕ¡Ÿ≈§«“¡‡¢â¡¢âπ
¢Õß VOCs „π√–∫∫∑’Ë»÷°…“∑’Ë‡«≈“µà“ßÊ ¥—ß ¡°“√ (3)

− ln
CVOC

CVOC,0

=
KOLa,VOC

V t (3)

‡¡◊ËÕ V §◊Õª√‘¡“µ√¢ÕßπÈ”‡ ’¬∑’Ë¡’ VOC ≈–≈“¬Õ¬Ÿà (≈∫.
‡¡µ√) C

VOC,0
 §◊Õ§«“¡‡¢â¡¢âπ¢Õß VOC „ππÈ”‡ ’¬∑’Ë‡«≈“

‡√‘Ë¡µâπ (‚¡≈/≈∫. ‡¡µ√) C
VOC

 §◊Õ§«“¡‡¢â¡¢âπ¢Õß VOC

„ππÈ”‡ ’¬∑’Ë‡«≈“„¥Ê (‚¡≈/≈∫. ‡¡µ√) ·≈– t §◊Õ‡«≈“∑’Ë„™â
„π°“√√–‡À¬¢Õß VOC («‘π“∑’)  ®“° ¡°“√ (3)  “¡“√∂
À“§à“ K

OL
a,

VOC
 ‰¥â®“°§«“¡™—π¢Õß°√“ø∑’Ëæ≈ÁÕµ√–À«à“ß

-ln (C
VOCt

/C
VOC,0

) °—∫ t §◊Õ

KOLa,VOC = VS (4)

‡¡◊ËÕ S §◊Õ§«“¡™—π¢Õß°√“ø («‘π“∑’-1) ¥—ßπ—Èπ‚¥¬°“√«—¥
§«“¡‡¢â¡¢âπ¢Õß VOCs ∑’Ë‡«≈“µà“ßÊ µ≈Õ¥°√–∫«π°“√
√–‡À¬¿“¬„µâ ¿“«–∑’Ë π„® °Á®– “¡“√∂À“§à“ K

OL
a,

VOC

¿“¬„µâ ¿“«–π—Èπ‰¥â

«‘∏’°“√°“√À“§à“ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä , k
G
a,

VOC

 —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä À“§à“‰¥â®“° —¡ª√– ‘∑∏‘Ï°“√
∂à“¬‚Õπ¡«≈√«¡¢Õß VOCs ∑’Ë¡’§«“¡ “¡“√∂„π°“√
≈–≈“¬πÈ” ŸßÀ√◊Õ¡’§à“§ß∑’Ë¢Õß‡Œπ√’ËµË”‚¥¬∑’Ë H < 5x10-6

∫√√¬“°“» ≈∫.‡¡µ√/‚¡≈ (Mackay et al., 1979)  „π
°“√∑¥≈Õßπ’È‡≈◊Õ°«—¥ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ®“°°“√√–‡À¬
¢Õß‡¡∑“πÕ≈®“°πÈ”‡ ’¬ ®“°§«“¡ —¡æ—π∏å√–À«à“ß —¡-
ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß‡¡∑“πÕ≈°—∫ —¡ª√– ‘∑∏‘Ï
øî≈å¡¢Õß‡À≈«  —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä  ·≈–§à“§ß∑’Ë¢Õß‡Œπ√’Ë
 ”À√—∫‡¡∑“πÕ≈¥—ß· ¥ß„π ¡°“√ (2) ‡¡◊ËÕ§à“§ß∑’Ë¢Õß
‡Œπ√’Ë¡’§à“µË” º≈§Ÿ≥¢Õß§à“§ß∑’Ë¢Õß‡Œπ√’Ë°—∫ —¡ª√– ‘∑∏‘Ï
øî≈å¡·°ä ∑’Ëª√“°ØÕ¬Ÿà„π‡∑Õ¡∑’Ë Õß∑“ß¢«“¡◊Õ¢Õß ¡°“√

¥—ß°≈à“«¡’§à“πâÕ¬¡“°∑”„Àâ‡∑Õ¡¥—ß°≈à“«¡’§à“¡“°°«à“‡∑Õ¡
·√°¡“°®÷ß “¡“√∂≈–‡≈¬‡∑Õ¡·√°‰¥â®÷ß‡À≈◊Õ‡©æ“–‡∑Õ¡
¢Õß —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß‡¡∑“πÕ≈·≈–
‡∑Õ¡¢Õß —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ¢Õß‡¡∑“πÕ≈‡∑à“π—Èπ´÷Ëß
 “¡“√∂®—¥ ¡°“√„À¡à‡æ◊ËÕÀ“ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ¢Õß
‡¡∑“πÕ≈‰¥â¥—ß ¡°“√ (5)

kGa,MeOH =
RTKOLa,MeOH

H
(5)

‡¡◊ËÕ k
G
a,

MeOH
 §◊Õ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ¢Õß‡¡∑“πÕ≈ (≈∫.

‡¡µ√/«‘π“∑’) K
OL

a,
MeOH

 §◊Õ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈
√«¡¢Õß‡¡∑“πÕ≈ (≈∫.‡¡µ√/«‘π“∑’)  H §◊Õ§à“§ß∑’Ë‡Œπ√’Ë
¢Õß VOC (∫√√¬“°“» ≈∫.‡¡µ√/‚¡≈)   T §◊ÕÕÿ≥À¿Ÿ¡‘
 —¡∫Ÿ√≥å (‡§≈«‘π)  ·≈–  R  §◊Õ§à“§ß∑’Ë “°≈¢Õß·°ä 
(∫√√¬“°“» ≈∫.‡¡µ√/‚¡≈/‡§≈«‘π) ®“° ¡°“√∑’Ë (5) „π
°“√À“§à“ k

G
a,

MeOH
  ”À√—∫°“√√–‡À¬¢Õß‡¡∑“πÕ≈®“°

πÈ”‡ ’¬®”‡ªìπµâÕß∑√“∫§à“ H ¢Õß‡¡∑“πÕ≈„ππÈ”‡ ’¬´÷Ëß
‰¡à¡’¢âÕ¡Ÿ≈√“¬ß“π‰«â·≈–„π°“√»÷°…“π’È‰¡à‰¥â∑”°“√∑¥≈Õß
‡æ◊ËÕÀ“§à“ H ®÷ß¬—ß§ß„™â§à“ H ∑’Ë‰¥â®“°°“√»÷°…“‚¥¬„™âπÈ”
∫√‘ ÿ∑∏‘Ï∑’Ë¡’√“¬ß“π‰«â∑—Ë«‰ª (Zierold, 1996) ·¡â«à“§à“ H

∑’Ë„™â¬—ß‡ªìπ§à“∑’Ë‰¥â®“°πÈ”∫√‘ ÿ∑∏‘Ï ·µà°“√„™â§à“ K
OL

a,
MeOH

∑’Ë‰¥â®“°°“√∑¥≈Õß‚¥¬„™âπÈ”‡ ’¬®√‘ß®–∑”„Àâ§à“ k
G
a,

MeOH

∑’Ë‰¥â¡’§«“¡‡À¡“– ¡∑’Ë®–π”‰ªª√–¬ÿ°µå„™â‡æ◊ËÕÀ“§à“
k

G
a,

VOC
 ¢Õß VOC „¥Ê ∑’Ë π„®‰¥â ‚¥¬ k

G
a,

VOC
  “¡“√∂

À“§à“‰¥â‚¥¬„™â‡¡∑“πÕ≈‡ªìπ “√Õâ“ßÕ‘ß·≈–„™â —¡ª√– ‘∑∏‘Ï
°“√·æ√à‡ªìπµ—«ª√—∫·°âµ“¡«‘∏’∑’Ë¡’√“¬ß“π‰«â°àÕπÀπâ“π’È
(Bunyakan, 1998)

kGa,VOC = kGa,MeOH

DVOC−air

DMeOH−air







n

(6)

‡¡◊ËÕ k
G
a,

VOC
 §◊Õ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ¢Õß VOC (≈∫.‡¡µ√/

«‘π“∑’)  D
VOC-air

 ·≈– D
MeOH-air

 §◊Õ —¡ª√– ‘∑∏‘Ï°“√·æ√à¢Õß
VOCs  ·≈–¢Õß‡¡∑“πÕ≈  (µ√.‡¡µ√./«‘π“∑’)  „πÕ“°“»
µ“¡≈”¥—∫ n §◊Õ§à“§ß∑’Ë  ”À√—∫∑ƒ…Æ’øî≈å¡ (Õâ“ß‚¥¬
Treybal, 1981)   n  ¡’§à“‡∑à“°—∫ 1.0

«‘∏’°“√À“§à“ —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«, k
L
a,

VOC

 —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«À“§à“‰¥â®“° —¡ª√– ‘∑∏‘Ï
°“√∂à“¬‚Õπ¡«≈√«¡¢Õß VOC ∑’Ë¡’§«“¡ “¡“√∂„π°“√
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≈–≈“¬πÈ”µË”´÷Ëß°Á§◊Õ VOC ∑’Ë¡’§à“§ß∑’Ë¢Õß‡Œπ√’Ë Ÿß (H >

5x10-3 ∫√√¬“°“» ≈∫.‡¡µ√/‚¡≈) (Mackay et al., 1979)

„π°“√∑¥≈Õßπ’È‡≈◊Õ°«—¥ —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«®“°
°“√√–‡À¬¢Õß∑Ÿ‚≈Õ’π®“°πÈ”‡ ’¬ §«“¡ —¡æ—π∏å√–À«à“ß
 —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß∑Ÿ‚≈Õ’π°—∫ —¡ª√– ‘∑∏‘Ï
øî≈å¡¢Õß‡À≈«  —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä  ·≈–§à“§ß∑’Ë¢Õß‡Œπ√’Ë
¢Õß∑Ÿ‚≈Õ’π· ¥ß„π ¡°“√ (2) ‡¡◊ËÕ§à“§ß∑’Ë¢Õß‡Œπ√’Ë¡’§à“
 Ÿßº≈§Ÿ≥¢Õß§à“§ß∑’Ë¢Õß‡Œπ√’Ë°—∫ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ∑’Ë
ª√“°ØÕ¬Ÿà„π‡∑Õ¡∑’Ë Õß∑“ß¢«“¡◊Õ¢Õß ¡°“√¥—ß°≈à“«¡’
§à“¡“°∑”„Àâ‡∑Õ¡¥—ß°≈à“«¡’§à“πâÕ¬°«à“‡∑Õ¡·√°¡“°·≈–
 “¡“√∂≈–‡≈¬‡∑Õ¡¥—ß°≈à“«‰¥â®÷ß‡À≈◊Õ‡©æ“–‡∑Õ¡¢Õß
 —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß∑Ÿ‚≈Õ’π·≈–‡∑Õ¡¢Õß
 —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«¢Õß∑Ÿ‚≈Õ’π‡∑à“π—Èπ´÷Ëß “¡“√∂
®—¥ ¡°“√„À¡à‡æ◊ËÕÀ“ —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«¢Õß∑Ÿ‚≈Õ’π
‰¥â¥—ß ¡°“√ (7)

kLa,Toluene = KOLa,Toluene (7)

‡¡◊ËÕ k
L
a,

Toluene
 §◊Õ —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«¢Õß∑Ÿ‚≈Õ’π

(≈∫.‡¡µ√/«‘π“∑’) K
OL

a,
Toluene

 §◊Õ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ
¡«≈√«¡¢Õß∑Ÿ‚≈Õ’π (≈∫.‡¡µ√/«‘π“∑’) ‡¡◊ËÕ‰¥â§à“ k

L
a,

Toluene

°Á “¡“√∂À“§à“ k
L
a,

VOC
 ‰¥â‚¥¬„™â∑Ÿ‚≈Õ’π‡ªìπ “√Õâ“ßÕ‘ß

·≈–„™â —¡ª√– ‘∑∏‘Ï°“√·æ√à‡ªìπµ—«ª√—∫·°âµ“¡«‘∏’∑’Ë¡’
√“¬ß“π‰«â°àÕπÀπâ“π’È (Bunyakan, 1998) ®–‰¥â«à“

kLa,VOC = kLa,Toluene

DVOC−water

DToluene−water







n

(8)

‡¡◊ËÕ k
L
a,

VOC
 §◊Õ —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«¢Õß VOC (≈∫.

‡¡µ√/«‘π“∑’)   D
VOC-water

 ·≈– D
Toluene-water

 §◊Õ —¡ª√– ‘∑∏‘Ï
°“√·æ√à¢Õß VOC ·≈–¢Õß∑Ÿ‚≈Õ’π (µ√.‡¡µ√/«‘π“∑’) „π
πÈ” µ“¡≈”¥—∫  ·≈– n §◊Õ§à“§ß∑’Ë  ”À√—∫∑ƒ…Æ’øî≈å¡ n ¡’
§à“‡∑à“°—∫ 1.0 ‡¡◊ËÕ∑√“∫§à“ k

G
a,

VOC
 ·≈– k

L
a,

VOC
 ·≈â«

®– “¡“√∂∑”π“¬ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß
VOC „¥Ê ‰¥â‚¥¬„™â ¡°“√ (2) ·≈–®– “¡“√∂∑”π“¬
Õ—µ√“°“√√–‡À¬·≈–ø≈—°´å°“√√–‡À¬¢Õß VOC ‰¥â¥—ß
 ¡°“√ (1) ·≈– ¡°“√ (9) µ“¡≈”¥—∫

NVOC =
RVOC

A
(9)

‡¡◊ËÕ N
VOC

 §◊Õø≈—° ǻ°“√√–‡À¬¢Õß VOC ®“°πÈ”‡ ’¬ (‚¡≈/
«‘π“∑’/µ√.´¡.) R

VOC
 §◊ÕÕ—µ√“°“√√–‡À¬¢Õß VOC ®“°

πÈ”‡ ’¬ (‚¡≈/«‘π“∑’) ·≈– A §◊Õæ◊Èπ∑’Ë¢Õß°“√√–‡À¬ (µ√.´¡.)

Õÿª°√≥å ·≈–«‘∏’°“√∑¥≈Õß

°“√»÷°…“°“√√–‡À¬¢Õß VOCs ®“°πÈ”‡ ’¬∑”„π
™ÿ¥∑¥≈Õß¢π“¥µâπ·∫∫∑’Ëª√–°Õ∫¥â«¬∂—ß√–‡À¬ (¢π“¥
¬“« 1 ‡¡µ√ °«â“ß 0.5 ‡¡µ√ ·≈– Ÿß 0.2 ‡¡µ√)  ·≈–
√–∫∫®”≈Õß°√–· ≈¡‚¥¬„™âæ—¥≈¡¢π“¥„À≠à∑’Ë “¡“√∂ àß
Õ“°“»‰¥â Ÿß ÿ¥∂÷ß 3000 CFM µ‘¥µ—ÈßÕ¬Ÿà‡Àπ◊Õº‘«πÈ”∑’Ë
ª≈“¬¥â“πÀπ÷Ëß¢Õß∂—ß√–‡À¬¥—ß· ¥ß„π Figure 1 ªí®®—¬
À≈—°∑’Ë¡’º≈µàÕ°“√√–‡À¬¢Õß VOCs ®“°πÈ”‡ ’¬§◊Õ§«“¡
‡√Á«≈¡‡Àπ◊Õº‘«πÈ” °“√»÷°…“π’È®÷ß„Àâ§«“¡ π„®°—∫ªí®®—¬
¥—ß°≈à“«‡ªìπÀ≈—° ‚¥¬„™â§«“¡‡√Á«≈¡∑’Ë√–¬– 10 ´¡. ‡Àπ◊Õ
º‘«πÈ”‡ªìπ®ÿ¥Õâ“ßÕ‘ß ∑”°“√«—¥§«“¡‡√Á«≈¡∑’Ë√–¥—∫Õâ“ßÕ‘ßπ’È
®”π«π 15 ®ÿ¥°√–®“¬∑—Ë«º‘«πÈ”·≈–À“§à“‡©≈’Ë¬ §«“¡‡√Á«
≈¡‡©≈’Ë¬∑’Ë√–¬– 10 ´¡. (U

10cm
) ∑’Ë»÷°…“¡’§à“Õ¬Ÿà„π™à«ß 0-

4.42 ‡¡µ√/«‘π“∑’ „π¢≥–∑’ËÕÿ≥À¿Ÿ¡‘¢ÕßπÈ”·≈–Õÿ≥À¿Ÿ¡‘
¢ÕßÕ“°“»¡’§à“§ß∑’ËÕ¬Ÿà„π™à«ß 29±1ºC ·≈– 31±1ºC µ“¡
≈”¥—∫ §à“ BOD

5
, COD ·≈– SS ¢ÕßπÈ”‡ ’¬∑’Ë„™â„π°“√

»÷°…“¡’§à“Õ¬Ÿà„π™à«ß 50-98 ¡°./≈‘µ√, 2320-2960 ¡°./
≈‘µ√ ·≈– 27-38 ¡°./≈‘µ√ µ“¡≈”¥—∫ VOCs ∑’Ë„™â„π°“√
»÷°…“§◊Õ  ‡¡∑“πÕ≈  ∑Ÿ‚≈Õ’π  ·≈–‡¡∑∑‘≈‡Õ∑∑‘≈§’‚µπ
(Methyl Ethyl Ketone, MEK) ‡¡∑“πÕ≈∂Ÿ°‡≈◊Õ°„™â
‡æ◊ËÕÀ“§à“ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä  ∑Ÿ‚≈Õ’π∂Ÿ°‡≈◊Õ°„™â‡æ◊ËÕÀ“
 —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈« ·≈– MEK ∂Ÿ°‡≈◊Õ°‡æ◊ËÕ„™âµ√«®
 Õ∫§«“¡∂Ÿ°µâÕß¢Õß —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ·≈– —¡ª√– ‘∑∏‘Ï
øî≈å¡¢Õß‡À≈«  ‡æ√“–§«“¡µâ“π∑“πµàÕ°“√√–‡À¬¢Õß
MEK ®“°πÈ”‡ ’¬¡’Õ¬Ÿà„π∑—Èß Õß«—Ø¿“§Õ¬à“ß¡’π—¬ ”§—≠
§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ¢Õß VOCs „ππÈ”‡ ’¬∑’Ë„™â · ¥ß¥—ß
Table 1

°“√∑¥≈Õß‡√‘Ë¡µâπ¥â«¬°“√‡µ√’¬¡ “√≈–≈“¬ VOC

„ππÈ”‡ ’¬„Àâ¡’§«“¡‡¢â¡¢âπµ“¡µâÕß°“√·≈–¡’ª√‘¡“µ√¢Õß
πÈ”‡ ’¬√«¡‡∑à“°—∫ 100 ≈‘µ√ ‡µ‘¡ “√≈–≈“¬∑’Ëº ¡°—π¥’
·≈â«≈ß„π∂—ß√–‡À¬  ‡°Á∫µ—«Õ¬à“ßπÈ”‡ ’¬‡æ◊ËÕ«‘‡§√“–ÀåÀ“
§«“¡‡¢â¡¢âπ¢Õß VOC ‡√‘Ë¡µâπ ‡ªî¥æ—¥≈¡„Àâ¡’°√–· ≈¡
æ—¥ºà“πº‘«πÈ”·≈–‡°Á∫µ—«Õ¬à“ßπÈ”‡ ’¬®“°∂—ß√–‡À¬µ“¡
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√–¬–‡«≈“∑’Ë°”Àπ¥‡æ◊ËÕ«‘‡§√“–ÀåÀ“§«“¡‡¢â¡¢âπ¢Õß VOC

∑’Ë‡«≈“„¥Ê   °“√«‘‡§√“–Àå§«“¡‡¢â¡¢âπ¢Õß VOC „π
πÈ”‡ ’¬„™â·°ä ‚§√¡“‚∑°√“øï (model HP9806, Hewlett

Packard) ‚¥¬¡’ ¿“«– ”À√—∫°“√«‘‡§√“–Àå§◊Õ Õÿ≥À¿Ÿ¡‘
¢ÕßÕ‘π‡®§‡µÕ√å (Injector) ‡∑à“°—∫ 180ºC Õÿ≥À¿Ÿ¡‘¢Õß
¥’·∑§‡µÕ√å (Detector) ‡∑à“°—∫ 200ºC ·≈–Õÿ≥À¿Ÿ¡‘
§Õ≈—¡πå‡∑à“°—∫ 50ºC §Õ≈—¡πå∑’Ë„™â‡ªìπ capillary §Õ≈—¡πå
(HP-FAAP,  Polyethylene  glycol-TPA  modified,

Hewlett Packard)  ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 0.25 ¡¡.
¬“« 30 ‡¡µ√  Õ—µ√“°“√‰À≈¢ÕßŒ’‡≈’¬¡‡∑à“°—∫ 0.2 ¡≈./
π“∑’ π”¢âÕ¡Ÿ≈§«“¡‡¢â¡¢âπ√«¡¢Õß VOC ∑’Ë‡ª≈’Ë¬π‰ª°—∫
‡«≈“¡“„™âÀ“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡µ“¡ ¡°“√
(3) À“ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ®“° ¡°“√ (6) ·≈–À“ —¡-

ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«®“° ¡°“√ (8) ®“°π—Èπ®÷ß∑”°“√
«‘‡§√“–ÀåÀ“ ¡°“√· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡√Á«≈¡
°—∫ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä  ·≈– —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«
¢Õß VOC ·≈–µ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß ¡°“√¥—ß°≈à“«

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

1.  —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß VOC, K
OL
a,

VOC

 —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß VOC „π
°√–∫«π°“√√–‡À¬®“°πÈ”‡ ’¬∑’Ë ¿“«–°“√∑¥≈Õßµà“ßÊ
À“§à“‰¥â®“°°“√«—¥§«“¡‡¢â¡¢âπ¢Õß VOC „ππÈ”‡ ’¬∑’Ë
‡«≈“µà“ßÊ ·≈â«∑”°“√·ª≈º≈®“°¢âÕ¡Ÿ≈¢Õß§«“¡‡¢â¡¢âπ
‡ªìπ§à“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡‚¥¬„™â ¡°“√ (3)

Figure 1.  Pilot volatilization tank equipped with a wind generated system

[Color figure can be viewed in the electronic version]

Table 1. Summary of the experimental conditions for

studying the influence of wind speed on volatil-

ization  rate  of  methanol,  toluene  and  MEK

from wastewater

U
10cm

T
water

Initial concentration of VOCs in

(m s-1) (oC) wastewater (mg L-1)

Methanol Toluene MEK

0.00 29±1 1330 269 759
0.43 29±1 1259 280 718
1.86 29±1 1164 259 698
2.40 29±1 1376 268 1091
2.81 29±1 1053 228 621
3.43 29±1 1236 249 600
4.42 29±1 1068 268 365
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Figure 2 · ¥ß≈—°…≥–‚¥¬∑—Ë«‰ª¢Õß°√“ø∑’Ëæ≈ÁÕµ√–À«à“ß
-ln (C

VOC
/C

VOC,0
) °—∫ t  ”À√—∫°“√√–‡À¬¢Õß‡∑π“πÕ≈

MEK ·≈–∑Ÿ‚≈Õ’π®“°πÈ”‡ ’¬∑’Ë§«“¡‡√Á«≈¡‡Àπ◊Õº‘«πÈ”
‡∑à“°—∫ 2.81 ‡¡µ√/«‘π“∑’  ®“° Figure 2 §«“¡™—π¢Õß
°√“ø -ln (C

VOC
/C

VOC,0
) °—∫ t ¢Õß‡¡∑“πÕ≈ ‡¡∑‘≈‡Õ∑‘≈

§’‚µπ ·≈–∑Ÿ‚≈Õ’π‡∑à“°—∫ 5.535x10-4, 1.553x10-3 ·≈–
2.532x10-3 π“∑’-1 „π¢≥–∑’Ëª√‘¡“µ√¢ÕßπÈ”‡ ’¬„π∂—ß
√–‡À¬‡∑à“°—∫ 0.1 ≈∫.‡¡µ√  ¥—ßπ—Èπ K

OL
a,

VOC
 ¿“¬„µâ

 ¿“«–¥—ß°≈à“«´÷Ëß§”π«≥®“° ¡°“√ (4) §◊Õ 9.23x10-7,

2.59x10-6 ·≈– 4.22x10-6 ≈∫.‡¡µ√/«‘π“∑’  °“√À“§à“
K

OL
a  ¢Õß‡¡∑“πÕ≈  MEK  ·≈–∑Ÿ‚≈Õ’π∑’Ë ¿“«–°“√

∑¥≈ÕßÕ◊ËπÊ „™â«‘∏’°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈‡™àπ‡¥’¬«°—π°—∫∑’Ë‰¥â
· ¥ß¢â“ßµâπ  §à“ K

OL
a ¢Õß‡¡∑“πÕ≈ MEK ·≈–¢Õß

∑Ÿ‚≈Õ’π∑’Ë§«“¡‡√Á«≈¡µà“ßÊ · ¥ß‡ª√’¬∫‡∑’¬∫°—π„π Fig-

ure 3 ́ ÷Ëß®–‡ÀÁπ‰¥â«à“ K
OL

a ¢Õß‡¡∑“πÕ≈¡’§à“µË” ÿ¥ K
OL

a

¢Õß∑Ÿ‚≈Õ’π¡’§à“ Ÿß ÿ¥  ·≈– K
OL

a ¢Õß MEK ¡’§à“Õ¬Ÿà
√–À«à“ß¢Õß‡¡∑“πÕ≈·≈–¢Õß∑Ÿ‚≈Õ’π„π∑ÿ°§«“¡‡√Á«≈¡∑’Ë
»÷°…“ º≈°“√∑¥≈Õß Õ¥§≈âÕß°—∫≈—°…≥–¢Õß VOC §◊Õ
∑Ÿ‚≈Õ’π‡ªìπ “√Õ‘π∑√’¬å√–‡À¬∑’Ë¡’§à“§ß∑’Ë¢Õß‡Œπ√’Ë Ÿß ÿ¥®÷ß
 “¡“√∂√–‡À¬®“°πÈ”‰¥â‡√Á«  (H  ¢Õß∑Ÿ‚≈Õ’π∑’Ë  25ºC

‡∑à“°—∫ 6.68x10-3 ∫√√¬“°“» ≈∫.‡¡µ√/‚¡≈ (Mackay

and Leinonen, 1975)) „π¢≥–∑’Ë‡¡∑“πÕ≈‡ªìπ “√Õ‘π∑√’¬å

Figure 2. Typical plot of -ln (C
VOC

/C
VOC,0

) versus t for volatilization of methanol, MEK, and

toluene from wastewater (Twastewater= 29±1ºC, water depth = 20 cm and waste-

water properties: BOD 50-98 mg/L, COD = 2320-2960 mg/L and SS = 27-38 mg/L)

Figure 3. K
OL

a of methanol MEK and toluene as a function of wind speed (T
wastewater

 = 29±1ºC,

water depth = 20 cm and wastewater properties: BOD 50-98 mg/L, COD = 2320-

2960 mg/L and SS = 27-38 mg/L)
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∑’Ë¡’§à“§ß∑’Ë¢Õß‡Œπ√’ËµË” ÿ¥®÷ß√–‡À¬®“°πÈ”‰¥â¬“°∑’Ë ÿ¥ (H

¢Õß‡¡∑“πÕ≈∑’Ë 25ºC ‡∑à“°—∫ 5.05x10-6 ∫√√¬“°“»
≈∫.‡¡µ√/‚¡≈ (Zierold, 1996))   à«π§à“§ß∑’Ë‡Œπ√’Ë¢Õß
MEK Õ¬Ÿà√–À«à“ß¢Õß‡¡∑“πÕ≈·≈–∑Ÿ‚≈Õ’π (H ¢Õß MEK

∑’Ë 25ºC ‡∑à“°—∫ 6.39x10-5 ∫√√¬“°“» ≈∫.‡¡µ√/‚¡≈
(Zierold, 1996)) §«“¡ “¡“√∂„π°“√√–‡À¬®“°πÈ”®÷ß
Õ¬Ÿà√–À«à“ß‡¡∑“πÕ≈·≈–∑Ÿ‚≈Õ’π

‡¡◊ËÕæ‘®“√≥“º≈¢Õß§«“¡‡√Á«≈¡µàÕ§à“ K
OL

a ¢Õß
VOC ·µà≈–™π‘¥æ∫«à“„π™à«ß¢Õß§«“¡‡√Á«≈¡µË”Ê U

10cm

< 2.4 ‡¡µ√/«‘π“∑’ §à“ K
OL

a ¢Õß‡¡∑“πÕ≈§àÕ¬Ê ‡æ‘Ë¡¢÷Èπ
°—∫§«“¡‡√Á«∑’Ë‡æ‘Ë¡¢÷ÈπÕ¬à“ß™â“Ê „π¢≥–∑’Ë K

OL
a ¢Õß MEK

·≈–¢Õß∑Ÿ‚≈Õ’π¡’§à“‡°◊Õ∫§ß∑’Ëµ≈Õ¥™à«ß¢Õß§«“¡‡√Á«≈¡π’È
·≈–¡’§à“„°≈â‡§’¬ß°—∫°√≥’∑’Ë‰¡à¡’°√–· ≈¡æ—¥ºà“π (U

10cm
 =

0 ‡¡µ√/«‘π“∑’) À√◊Õ°≈à“«Õ’°π—¬Àπ÷Ëß‰¥â«à“§«“¡‡√Á«≈¡
πâÕ¬°«à“ 2.4 ‡¡µ√/«‘π“∑’ π—Èπ‰¡à ŸßæÕ∑’Ë®–∑”„Àâ‡°‘¥§«“¡
ªíòπªÉ«π„π«—Æ¿“§¢Õß‡À≈«®÷ß‰¡à “¡“√∂∑”„Àâ‡°‘¥°“√
√–‡À¬¢Õß VOC ®“°πÈ”‡ ’¬‰¥âÕ¬à“ß¡’π—¬ ”§—≠ ·µà‡¡◊ËÕ
U

10cm
 > 2.4 ‡¡µ√/«‘π“∑’ æ∫«à“ K

OL
a ¢Õß VOC ∑—Èß 3

ª√–‡¿∑·ª√º—π°—∫§«“¡‡√Á«≈¡Õ¬à“ß¡’π—¬ ”§—≠ ‚¥¬‡©æ“–
¢Õß¢Õß∑Ÿ‚≈Õ’π´÷Ëß√–‡À¬‰¥âßà“¬π—Èπæ∫«à“°“√‡æ‘Ë¡¢÷Èπ¢Õß
§«“¡‡√Á«≈¡„π™à«ßπ’È¡’º≈µàÕ°“√√–‡À¬¢Õß∑Ÿ‚≈Õ’πÕ¬à“ß
™—¥‡®π´÷Ëß‡ÀÁπ‰¥â®“°§«“¡™—π¢Õß‡ âπ°√“ø∑’Ë‡ª≈’Ë¬π‰ª
Õ¬à“ß¡“°

º≈°“√‡ª√’¬∫‡∑’¬∫√–À«à“ß K
OL

a ¢Õß MEK ∑’Ë

√–‡À¬®“°πÈ”‡ ’¬°—∫°√≥’∑’Ë√–‡À¬®“°πÈ”∫√‘ ÿ∑∏‘Ï∑’Ë§«“¡‡√Á«
≈¡µà“ßÊ· ¥ß„π Figure 4 æ∫«à“„π™à«ß¢Õß§«“¡‡√Á«≈¡
µË”Ê (U

10cm
 < 2.4 ‡¡µ√/«‘π“∑’) §«“¡·µ°µà“ß√–À«à“ß

K
OL

a ¢Õß MEK ∑’Ë√–‡À¬®“°πÈ”‡ ’¬°—∫∑’Ë√–‡À¬®“°πÈ”
∫√‘ ÿ∑∏‘Ï¡’§à“‚¥¬‡©≈’Ë¬ª√–¡“≥ 27% ·≈–§«“¡·µ°µà“ß
¥—ß°≈à“«·ª√º—π°—∫§«“¡‡√Á«≈¡∑’Ë‡æ‘Ë¡¢÷ÈππâÕ¬¡“° º≈°“√
∑¥≈Õß· ¥ß„Àâ‡ÀÁπÕ¬à“ß™—¥‡®π«à“ “√ª√–°Õ∫Õ‘π∑√’¬å
(organic mass) ∑’ËÕ¬Ÿà„ππÈ”‡ ’¬ “¡“√∂≈¥°“√√–‡À¬¢Õß
MEK ®“°πÈ”‡ ’¬‰¥â ÷́Ëß‡°‘¥®“°°≈‰°°“√°’¥°—π°“√
‡§≈◊ËÕπ∑’Ë¢Õß‚¡‡≈°ÿ≈¢Õß MEK „ππÈ”‡ ’¬∑”„Àâ°“√√–‡À¬
¢Õß MEK ≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫°“√√–‡À¬®“°πÈ”∫√‘ ÿ∑∏‘Ï´÷Ëß
‰¡à¡’°≈‰°¥—ß°≈à“«  ·≈–®“°°“√∑’Ë§«“¡·µ°µà“ß√–À«à“ß
K

OL
a ¢Õß MEK ∑’Ë√–‡À¬®“°πÈ”‡ ’¬°—∫∑’Ë√–‡À¬®“°πÈ”

∫√‘ ÿ∑∏‘Ï¡’§à“‡°◊Õ∫§ß∑’Ë„π™à«ß§«“¡‡√Á«≈¡µË”Ê · ¥ß„Àâ‡ÀÁπ
«à“¢π“¥¢Õß§«“¡‡√Á«≈¡„π™à«ß¥—ß°≈à“«‰¡à “¡“√∂∑”„Àâ
‡°‘¥§«“¡ªíòπªÉ«π„π«—Æ¿“§¢Õß‡À≈«„π√–∫∫∑’Ë»÷°…“‰¥â
§«“¡·µ°µà“ß√–À«à“ß K

OL
a ¢Õß MEK ∑’Ë√–‡À¬®“°

πÈ”‡ ’¬°—∫∑’Ë√–‡À¬®“°πÈ”∫√‘ ÿ∑∏‘Ïπà“®–‡ªìπº≈¡“®“°°“√
°’¥°—π°“√√–‡À¬‚¥¬ “√Õ‘π∑√’¬å∑’ËÕ¬Ÿà„ππÈ”‡ ’¬‡æ’¬ßÕ¬à“ß
‡¥’¬«

Õ¬à“ß‰√°Áµ“¡ ‡¡◊ËÕ§«“¡‡√Á«≈¡ Ÿß°«à“ 2.4 ‡¡µ√/
«‘π“∑’  æ∫«à“ K

OL
a ¢Õß MEK ∑’Ë√–‡À¬®“°πÈ”∫√‘ ÿ∑∏‘Ï¡’

§à“·µ°µà“ß®“° K
OL

a ¢Õß MEK ∑’Ë√–‡À¬®“°πÈ”‡ ’¬Õ¬à“ß
¡’π—¬ ”§—≠·≈–§«“¡·µ°µà“ßπ’È®–‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ§«“¡‡√Á«≈¡

Figure 4. The comparison between K
OL

a of MEK volatilization from wastewater (BOD 50-

98 mg/L, COD = 2320-2960 mg/L and SS = 27-38 mg/L) and that from pure water

at T
water

 = 29±1ºC and a water depth of 20 cm.
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 Ÿß¢÷Èπ º≈°“√∑¥≈Õßπ’È¬◊π¬—π«à“ “√Õ‘π∑√’¬å∑’ËÕ¬Ÿà„ππÈ”‡ ’¬
∑”Àπâ“∑’Ë°’¥°—π°“√√–‡À¬·≈–≈¥§«“¡ªíòπªÉ«π„ππÈ”‡ ’¬
‡π◊ËÕß®“°°√–· ≈¡‰¥â¥’ àßº≈„Àâ K

OL
a ¢Õß MEK ∑’Ë

√–‡À¬®“°πÈ”‡ ’¬¡’§à“µË”°«à“∑’Ë√–‡À¬®“°πÈ”∫√‘ ÿ∑∏‘ÏÕ¬à“ß¡’
π—¬ ”§—≠ ®“°§«“¡·µ°µà“ß√–À«à“ß K

OL
a ¢Õß MEK ∑’Ë

√–‡À¬®“°πÈ”∫√‘ ÿ∑∏‘Ï°—∫ K
OL

a ¢Õß MEK ∑’Ë√–‡À¬®“°
πÈ”‡ ’¬· ¥ß«à“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈∑’Ë„™â∑”π“¬
°“√√–‡À¬¢Õß VOC ®“°πÈ”‡ ’¬∑’Ëæ—≤π“¢÷Èπ¡“®“°°“√
»÷°…“°“√√–‡À¬¢Õß VOC ®“°πÈ”∫√‘ ÿ∑∏‘Ï·≈–„™â°—πÕ¬Ÿà
∑—Ë«‰ªπ—Èπ‰¡àπà“®–∑”π“¬°“√√–‡À¬¢Õß VOC ®“°πÈ”‡ ’¬
‰¥â¥’   °“√„™â —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ·≈– —¡ª√– ‘∑∏‘Ïøî≈å¡
¢Õß‡À≈«∑’Ë‰¥â®“°°“√√–‡À¬¢Õß VOC ®“°πÈ”‡ ’¬‚¥¬µ√ß
®÷ß‡ªìπ·π«∑“ß∑’Ë¥’°«à“

2.  —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä  ”À√—∫°“√√–‡À¬¢Õß VOC ®“°

πÈ”‡ ’¬, k
G
a,

VOC

 —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ¢Õß VOC ∑’Ë√–‡À¬®“°πÈ”
‡ ’¬§”π«≥‰¥â®“° —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ¢Õß‡¡∑“πÕ≈
(k

G
a,

MeOH
)  ¥—ß· ¥ß¥â«¬ ¡°“√  (6)  ‚¥¬∑’Ë  k

G
a,

MeOH

§”π«≥‰¥â®“° K
OL

a ¢Õß‡¡∑“πÕ≈µ“¡ ¡°“√ (5)  Fig-

ure 5 · ¥ß¢âÕ¡Ÿ≈¢Õß k
G
a,

MeOH
 ∑’Ë§”π«≥‰¥â°—∫§«“¡‡√Á«

≈¡‡©≈’Ë¬‡Àπ◊Õº‘«πÈ” (U
10cm

) „π™à«ß∑’Ë»÷°…“ æ∫«à“§«“¡
 —¡æ—π∏å√–À«à“ß k

G
a,

MeOH
 °—∫ U

10cm
 ¡’≈—°…≥–‡ªìπ°√“ø

‡ âπµ√ß∑’Ë “¡“√∂·∑π‰¥â¥â«¬ ¡°“√ (10) ‚¥¬¡’§à“ R2 =

0.94

kGa,MeOH = 1.39 ×10−3U10cm +1.22 ×10−4 ,

 0 ≤ U10cm ≤ 4.42  ms−1 (10)

Figure 5. k
G
a,

MeOH
 of methanol in wastewater as a function of wind speed (T

wastewater
 = 29±1ºC,

water depth = 20 cm and wastewater properties: BOD 50-98 mg/L, COD = 2320-

2960 mg/L and SS = 27-38 mg/L)

Figure 6. The comparison between k
G
a,

MeOH
 of methanol volatilization from wastewater (BOD

50-98 mg/L, COD = 2320-2960 mg/L and SS = 27-38 mg/L) and that from pure

water at T
water

 = 29±1ºC and a water depth of 20 cm.
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 “¡“√∂„™â∑”π“¬§à“ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ¢Õß VOC „¥Ê
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kGa,VOC = 1.39 ×10−3U10cm +1.22 ×10−4[ ] DVOC−air
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
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
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Figure 7. k
L
a,

Toluene
 of toluene in wastewater as a function of wind speed (T

wastewater
 = 29±1ºC,

water depth = 20 cm and wastewater properties: BOD 50-98 mg/L, COD = 2320-

2960 mg/L and SS = 27-38 mg/L)
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Figure 8. The comparison between of toluene volatilization from wastewater (BOD 50-98

mg/L, COD = 2320-2960 mg/L and SS = 27-38 mg/L) and that from pure water at
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water

 = 29±1ºC and a water depth of 20 cm.

kLa,VOC = 3.35 ×10−6 DVOC−liquid

DToluene−liquid





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·≈–
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
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
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4.  —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß VOC: ‡ª√’¬∫
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