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ABSTRACT

Hydrogen sulfide is a crucial problem found in nature, sewage, oil reservoir, biogas
production, as well as wastewater under strictly anaerobic condition. Hydrogen sulfide causes a
wide range of effects to human health, environment, equipment corrosion. Using microorganism
to convert hydrogen sulfide to elemental sulfur is a potential method since this method is
safe, environmentally friendly and saves cost. This article; therefore, reviews the effect of
hydrogen sulfide, the role of sulfur-reducing bacteria or SOB and nitrate-reducing, sulfide-
oxidizing bacteria or NR-SOB in the hydrogen sulfide removal, and the isolation of SOB and
NR-SOB from many sources for using to reduce hydrogen sulfide that occurs presently.
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∫∑π”
°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å (H2S) ‡°‘¥¢÷Èπ„π√–∫∫°“√º≈‘μ°ä“´™’«¿“æ®“°¡«≈™’«¿“æ ®“°°“√¬àÕ¬

 ≈“¬ “√®”æ«°‚ª√μ’πÀ√◊Õ “√∑’Ë¡’´—≈‡øÕ√å‡ªìπÕß§åª√–°Õ∫¿“¬„μâ ¿“«–∑’Ë‰¡à¡’ÕÕ°´‘‡®π [1] ª√‘¡“≥°ä“´
‰Œ‚¥√‡®π´—≈‰ø¥å∑’Ëæ∫„π°√–∫«π°“√º≈‘μ°ä“´™’«¿“æ¢÷ÈπÕ¬Ÿà°—∫«—μ∂ÿ¥‘∫μ—Èßμâπ ‚¥¬¡’ª√‘¡“≥ 0.1-2%
¢Õß°ä“´∑—ÈßÀ¡¥∑’Ë‡°‘¥¢÷Èπ ‚¥¬æ∫«à“°ä“´™’«¿“æ∑’Ë‡°‘¥®“°°“√º≈‘μªÿÜ¬∏√√¡™“μ‘·≈–¢Õß‡ ’¬®“°Õÿμ “À°√√¡
¡’°“√ª≈¥ª≈àÕ¬ª√‘¡“≥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å∑’Ë Ÿß Õ’°∑—Èß°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å¬—ß “¡“√∂‡°‘¥¢÷Èπ„π‚√ßß“π
Õÿμ “À°√√¡ ‡™àπ ‚√ß°≈—Ëπªî‚μ√‡≈’¬¡ Õÿμ “À°√√¡°“√º≈‘μ°√–¥“… ·≈–Õÿμ “À°√√¡°“√º≈‘μÕ“À“√
‡ªìπμâπ [2] πÕ°®“°°≈‘Ëπ∑’Ë‰¡àæ÷ßª√– ß§å·≈â«°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å∑’Ë‡°‘¥¢÷Èπ¬—ß¡’§«“¡‡ªìπæ‘… Ÿß °“√‰¥â√—∫
°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å„π√–¥—∫§«“¡‡¢â¡¢âπ∑’ËμË”°àÕ„Àâ‡°‘¥°“√√–§“¬‡§◊ÕßμàÕ‡¬◊ËÕ‡¡◊Õ° ·≈–∑”„Àâ‡°‘¥Õ“°“√
ª«¥À—««‘ß‡«’¬π»’√…– §≈◊Ëπ‰ âæ–Õ◊¥æ–Õ¡ À“°‰¥â√—∫°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å„π√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë Ÿß
 “¡“√∂∑”„ÀâÀ¡¥ μ‘‰¥â À√◊ÕÀ“°‰¥â√—∫°ä“´™π‘¥π’È∑’Ë§«“¡‡¢â¡¢âπ¡“°°«à“ 700 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ Õ“®√â“¬·√ß
®ππ”‰ª Ÿà°“√‡ ’¬™’«‘μ‰¥â √«¡∂÷ßªí≠À“ ”§—≠Õ’°ª√–°“√¢Õß°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å„π¥â“πÕÿμ “À°√√¡ §◊Õ
 “¡“√∂°—¥°√àÕπ¿“¬„πÕÿª°√≥å‡§√◊ËÕß®—°√®π‡°‘¥§«“¡‡ ’¬À“¬ [2]

ªí®®ÿ∫—π°“√°”®—¥À√◊Õ≈¥°“√‡°‘¥°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å„π∑“ßæ“≥‘™¬å¬—ß§ß„™â«‘∏’∑“ß‡§¡’ ‡π◊ËÕß®“°
‡ªìπ«‘∏’∑’Ë –¥«°·≈–¡’ª√– ‘∑∏‘¿“æ ·μà¡’§à“„™â®à“¬ Ÿß¡“° [2] °“√°”®—¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å∑”‰¥âÀ≈“¬«‘∏’
‡™àπ °“√¥Ÿ¥´—∫¥â«¬∂à“π°—¡¡—πμå °“√„™â “√‡§¡’ °“√ÕÕ°´‘‡¥™—π‚¥¬„™â§«“¡√âÕπÀ√◊Õ‡∑Õ√å¡Õ≈ÕÕ°´‘‡¥™—π
(Thermal Oxidation) ‚¥¬æ∫«à“°√–∫«π°“√§≈Õ  (Claus Process) ‡ªìπ°√–∫«π°“√∑’Ë‰¥â√—∫§«“¡π‘¬¡
„π°“√≈¥ À√◊Õ°”®—¥°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å„π∑“ßÕÿμ “À°√√¡ ‚¥¬„π¢—Èπ·√°°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å∫“ß à«π
∂Ÿ°ÕÕ° ‘́‰¥´å¥â«¬Õ“°“»‰ª‡ªìπ´—≈‡øÕ√å‰¥ÕÕ°‰´¥å (SO2) À≈—ß®“°π—Èπ°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å·≈–´—≈‡øÕ√å-
‰¥ÕÕ°‰´¥å∑’Ëº ¡°—π®–∑”ªØ‘°‘√‘¬“°—π ´÷Ëß¡’∫Õ°‰´μå (Bauxite) ‡ªìπμ—«‡√àßªØ‘°‘√‘¬“‰¥âº≈‘μ¿—≥±å‡ªìπ
´—≈‡øÕ√å (S°) ·≈–πÈ” æ∫«à“ 90-95% ¢Õß°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å‡ª≈’Ë¬π‡ªìπ´—≈‡øÕ√å  à«π∑’Ë‡À≈◊Õ®–∂Ÿ°
ÕÕ°´‘‰¥´å‡ªìπ´—≈‡øÕ√å‰¥ÕÕ°‰´¥åÀ√◊Õ´—≈‡øÕ√åμàÕ‰ª [2] «‘∏’°“√°”®—¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å‚¥¬«‘∏’∑“ß‡§¡’
‡ªìπ«‘∏’∑’Ë¡’§à“„™â®à“¬ Ÿß‡π◊ËÕß®“°„™â “√‡§¡’‡ªìπ®”π«π¡“° [2] ¥—ßπ—Èπ°“√„™â«‘∏’∑“ß™’«¿“æ‡æ◊ËÕ°”®—¥°ä“´
‰Œ‚¥√‡®π —́≈‰ø¥å ®÷ß‡ªìπÕ’°∑“ß‡≈◊Õ°∑’Ëπà“ π„®‡π◊ËÕß®“°‡ªìπ«‘∏’∑’Ë¡’§à“„™â®à“¬μË”°«à“«‘∏’∑“ß‡§¡’·≈–ª≈Õ¥¿—¬
μàÕ ‘Ëß·«¥≈âÕ¡

°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å (Hydrogen Sulfide)
            °ä“´‰Œ‚¥√‡®π´—≈‰ø¥å‡ªìπ “√ª√–°Õ∫∑’Ë‰¥â®“°∏“μÿ´—≈‡øÕ√å ≈—°…≥–∑“ß°“¬¿“æ‡ªìπ°ä“´∑’Ë‰¡à
¡’ ’ „Àâ°≈‘Ëπ∑’Ë‰¡àæ÷ßª√– ß§å §≈â“¬‰¢à‡πà“ °ä“´™π‘¥π’È¡’™◊ËÕ‡√’¬°Õ◊ËπÊ Õ’°À≈“¬™◊ËÕ ‡™àπ °√¥‰Œ‚¥√ —́≈øî«√‘°
°ä“´∑àÕ√–∫“¬πÈ” ‡ªìπμâπ °ä“´‰Œ‚¥√‡®π´—≈‰ø¥å¡’§ÿ≥ ¡∫—μ‘∑“ß°“¬¿“æ·≈–‡§¡’ ¥—ß· ¥ß„πμ“√“ß∑’Ë 1
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μ“√“ß∑’Ë 1  ¡∫—μ‘∑“ß°“¬¿“æ·≈–‡§¡’¢Õß°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å [6]

 ¡∫—μ‘ ¢âÕ¡Ÿ≈

 Ÿμ√‡§¡’ H2S
πÈ”Àπ—°‚¡‡≈°ÿ≈ 34.08

 ’ ‰¡à¡’ ’
 ∂“π– °ä“´

®ÿ¥À≈Õ¡‡À≈« -85.49 °C
®ÿ¥‡¥◊Õ¥ -60.33 °C

§«“¡¥—π‰Õ 15,600 mmHg ∑’Ë 25 °C
§«“¡Àπ“·πàπ 1.5392 g/L ∑’Ë 0 °C, 760 mmHg

°≈‘Ëπ §≈â“¬‰¢à‡πà“
§à“§ß∑’Ë°“√·μ°μ—« pKa(1) = 7.04, pKa(2) = 11.96
Õÿ≥À¿Ÿ¡‘«‘°ƒμ‘ 100.4 °C
§«“¡¥—π«‘°ƒμ‘ 88.9 atm
°“√≈–≈“¬πÈ” ≈–≈“¬: 3980 mg/L ∑’ËÕÿ≥À¿Ÿ¡‘ 20 °C

º≈°√–∑∫¢Õß°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å
°ä“´‰Œ‚¥√‡®π —́≈‰ø¥åæ∫‰¥â„π∏√√¡™“μ‘ ∫àÕπÈ”¡—π¥‘∫ °√–∫«π°“√º≈‘μ°ä“´™’«¿“æ ‚√ßß“π

°√–¥“… ‚√ßß“π·ªÑß¡—πΩ√—Ëß Õÿμ “À°√√¡πÈ”¡—πæ◊™ √«¡∂÷ß·À≈àßπÈ”‡ ’¬®“°‚√ßß“πÕÿμ “À°√√¡À≈“¬™π‘¥
°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å∑’Ë‡°‘¥¢÷Èπ àßº≈°√–∑∫μàÕ¥â“πÕÿμ “À°√√¡  ‘Ëß·«¥≈âÕ¡ ·≈–∑’Ë ”§—≠¬—ß àßº≈°√–∑∫
μàÕ ‘Ëß¡’™’«‘μÕ’°¥â«¬

- º≈°√–∑∫„π¥â“πÕÿμ “À°√√¡
°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å∑’Ë‡°‘¥¿“¬„μâ ¿“«–∑’Ë¡’ÕÕ° ‘́‡®π ∑”„Àâ‡°‘¥°√¥ —́≈øî«√‘°°àÕ„Àâ‡°‘¥°“√

°—¥°√àÕπ¢ÕßÕÿª°√≥å ‡§√◊ËÕß®—°√ ´÷Ëß‡ªìπªí≠À“∑’Ë ”§—≠∑”„Àâ‡ ’¬§à“„™â®à“¬„π°“√ à́Õ¡·´¡‡§√◊ËÕß®—°√ [3]
- º≈°√–∑∫μàÕ ‘Ëß·«¥≈âÕ¡·≈– ‘Ëß¡’™’«‘μ
°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å∑’Ë‡°‘¥¢÷Èπ‡¡◊ËÕÕÕ° Ÿà™—Èπ∫√√¬“°“»°àÕ„Àâ‡°‘¥¡≈æ‘…∑“ßÕ“°“»‰¥â ‚¥¬‡¡◊ËÕ

 —¡º—  Ÿà∫√√¬“°“» °ä“´‰Œ‚¥√‡®π —́≈‰ø¥å®–∂Ÿ°ÕÕ° ‘́‰¥ ǻ‡ªìπ´—≈‡øμ ‡¡◊ËÕ√«¡μ—«°—∫‰ÕπÈ”À√◊ÕΩπ∑”„Àâ¡’
ƒ∑∏‘Ï‡ªìπ°√¥ ´÷Ëß¡’º≈°√–∑∫μàÕæ◊™∑”„Àâæ◊™‡μ‘∫‚μ™â“ À“°‰À≈≈ß„π·À≈àßπÈ”∑”„Àâ ‘Ëß¡’™’«‘μ‰¡à “¡“√∂Õ“»—¬
Õ¬Ÿà‰¥â [4]  “∏“√≥√—∞π“¡‘‡∫’¬‡ªìπ·ÀàßÀπ÷Ëß∑’Ë‰¥â√—∫º≈°√–∑∫®“°°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å´÷Ëß‡°‘¥¢÷ÈπÀà“ß®“°
∫√‘‡«≥™“¬Ωíòß¢Õß “∏“√≥√—∞π“¡‘‡∫’¬ª√–¡“≥ 150 ‡¡μ√ ‡π◊ËÕß¡“®“°≈—°…≥–¢Õß°√–· πÈ”∫√‘‡«≥π—Èπ
‡ªìπ·∫∫πÈ”ºÿ¥ (Upwelling) ¥—ßπ—Èπ°√–· πÈ”‡¬Áπ®–π” “√Õ“À“√®“°„μâ∑–‡≈¢÷Èπ¡“¬—ßº‘«πÈ”∑”„Àâæ◊™πÈ”
 “¡“√∂‡®√‘≠‡μ‘∫‚μ‰¥âÕ¬à“ß¥’ ‡¡◊ËÕæ◊™‡À≈à“π—Èπμ“¬·≈–μ° Ÿà°âπ∑–‡≈®–∂Ÿ°¬àÕ¬ ≈“¬‚¥¬·∫§∑’‡√’¬¿“¬„μâ
 ¿“«–∑’Ë¡’ÕÕ° ‘́‡®πμË” ‡°‘¥‡ªìπ°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å´÷Ëß¡’§«“¡‡ªìπæ‘…μàÕª≈“·≈– —μ«å∑–‡≈Õ◊ËπÊ √«¡∂÷ß
 àßº≈°√–∑∫μàÕ√–∫∫π‘‡«»πå¢Õß™“¬ΩíòßÕ’°¥â«¬ [5]
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- º≈°√–∑∫μàÕ ‘Ëß¡’™’«‘μ
‡¡◊ËÕ ‘Ëß¡’™’«‘μ‰¥â Ÿ¥¥¡°ä“´‰Œ‚¥√‡®π —́≈‰ø¥åμ—Èß·μà§«“¡‡¢â¡¢âπμË”‰ª¬—ß§«“¡‡¢â¡¢âπ Ÿß≈â«π¡’º≈

°√–∑∫μàÕ√–∫∫μà“ßÊ „π√à“ß°“¬ ¥—ß· ¥ß„πμ“√“ß∑’Ë 2 À“°¡πÿ…¬å‰¥â√—∫°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å„π√–¥—∫∑’ËμË”
Õ“®∑”„Àâ‡°‘¥Õ“°“√‡«’¬πÀ—« Õ“‡®’¬π √«¡∂÷ß¡’Õ“°“√¡«π∑âÕß ·≈–‡¡◊ËÕ‰¥â√—∫„πª√‘¡“≥¡“°¢÷Èπ
°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å®–‰ª∑”ªØ‘°‘√‘¬“°—∫‡Õπ‰´¡å„π°√–· ‡≈◊Õ¥ ·≈–‰ª¬—∫¬—Èß°√–∫«π°“√À“¬„®„π√–¥—∫
‡´≈≈å π”‰ª Ÿà°“√À“¬„®∑’Ë‡ªìπÕ—¡æ“μ·≈–‡ªìπ “‡Àμÿ¢Õß°“√‡ ’¬™’«‘μ‰¥â [2, 6]

μ“√“ß∑’Ë 2  · ¥ß√–¥—∫¢Õß°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å∑’Ë¡’º≈μàÕ√à“ß°“¬¡πÿ…¬å

ª√‘¡“≥¢Õß°ä“´
‰Œ‚¥√‡®π —́≈‰ø¥å º≈∑’Ë‡°‘¥¢÷Èπ ·À≈àßÕâ“ßÕ‘ß

(¡‘≈≈‘°√—¡/≈Ÿ°∫“»°å‡¡μ√)

0.011 ‡√‘Ë¡‰¥â√—∫°≈‘Ëπ Amoore & Hautala., 1983 [7]
2.8 ‡°‘¥¿“«–À≈Õ¥≈¡À¥μ—«„πºŸâ∑’Ë‡ªìπ‚√§À◊¥ Jappinen et al., 1990 [8]
5.0 Õ“°“√√–§“¬‡§◊Õßμ“ Vanhoorne et al., 1995 [9]
7-14 §«“¡‡¢â¡¢âπ¢Õß·≈§‡μ∑„π‡≈◊Õ¥‡æ‘Ë¡¢÷Èπ Bhambhani & Singh, 1991 [10];

≈¥°‘®°√√¡¢Õß‡Õπ‰´¡å´‘‡μ√∑ ´‘π‡∑ „π Bhambhani et al., 1996, 1997
°≈â“¡‡π◊ÈÕ≈“¬ ≈¥°“√π”‡¢â“¢Õß°ä“´ÕÕ° ‘́‡®π [11, 12]

28 ¡’Õ“°“√ª«¥À—« ÕàÕπ‡æ≈’¬ ‡∫◊ËÕÕ“À“√ §≈◊Ëπ‰ â Ahlhorg, 1951 [13]
√«¡∂÷ß¡’º≈°√–∑∫μàÕ§«“¡®”

> 140 ª√– “∑√—∫°≈‘Ëπ‰¡à∑”ß“π Hirsch & Zavala, 1999 [14]
> 560 ‡°‘¥¿“«–À“¬„®≈”∫“° Spolyar, 1951 [15]

≥ 700 ∂÷ß·°à™’«‘μ Beauchamp et al.,1984 [16]

°“√‡°‘¥°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å®“°·∫§∑’‡√’¬„π°≈ÿà¡√’¥‘«´‘ß§å´—≈‡øμ
(Sulfate Reducing Bacteria)

 “‡ÀμÿÀ≈—°¢Õß°“√‡°‘¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å‡°‘¥®“°·∫§∑’‡√’¬„π°≈ÿà¡√’¥‘«´‘ß§ǻ —≈‡øμ (Sulfate
Reducing Bacteria) À√◊Õ ‡Õ Õ“√å∫’ (SRB) ·∫§∑’‡√’¬°≈ÿà¡π’È “¡“√∂„™â´—≈‡øμ (Sulfate; SO4

2-) ·≈–
‰Œ‚¥√‡®π (Hydrogen; H2) ‡ªìπ·À≈àßæ≈—ßß“π ‚¥¬„™â´—≈‡øμ‡ªìπμ—«√—∫Õ‘‡≈Á°μ√Õπμ—« ÿ¥∑â“¬·∑π°“√„™â
ÕÕ°´‘‡®π¿“¬„μâ ¿“«–∑’Ë‰¡à¡’ÕÕ° ‘́‡®π®“°°“√¬àÕ¬ ≈“¬ “√Õ‘π∑√’¬å∑’Ë¡’´—≈‡øÕ√å‡ªìπÕß§åª√–°Õ∫‡ªìπ
·À≈àßæ≈—ßß“πºà“π°√–∫«π°“√´—≈‡øμ√’¥—°™—π (Sulfate Reduction) ‚¥¬√’¥‘«´å “√ª√–°Õ∫´—≈‡øÕ√å‰¥â
‡ªìπ´—≈‰ø¥å¥—ß ¡°“√∑’Ë 1 [17]

4H2 + SO4
2- + H+ → HS- + 4H2O (1)
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‚¥¬°“√‡°‘¥‰Œ‚¥√‡®π´—≈‰ø¥å ‡°‘¥®“°‡Õ Õ“√å∫’„™â´—≈‡øμ‡ªìπ “√μ—Èßμâπ‡ª≈’Ë¬π‡ªìπÕ–¥’‚π´’π
øÕμ‚ø —́≈‡øμ (Adenosine Phosphosulfate) À√◊Õ ‡Õæ’‡Õ  (APS) ‚¥¬‡Õπ‰´¡å´—≈‡øμÕ–¥‘π‘≈‘≈
∑√“π ‡øÕ‡√  (Sulfate Adenylyltransferase) À≈—ß®“°π—Èπ‡Õæ’‡Õ ®–∂Ÿ°‡Õπ‰´¡å‡Õæ’‡Õ √’¥—°‡∑ 
(APS Reductase) ‡ª≈’Ë¬π‡ªìπ´—≈‰øμå (Sulfite; SO3

2-
) ·≈–´—≈‰ø¥å (Sulfide; S

2-
) μ“¡≈”¥—∫ [18, 19, 20]

¥—ß· ¥ß√Ÿª∑’Ë 1 —́≈‰ø¥å∑’Ë‡°‘¥¢÷Èπ∑”ªØ‘°‘√‘¬“°—∫‰Œ‚¥√‡®π„ππÈ”‰¥â‡ªìπ°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å„π∑’Ë ÿ¥

√Ÿª∑’Ë 1 °“√‡°‘¥´—≈‰ø¥å®“°‡Õ Õ“√å∫’ [19]

°“√°”®—¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å
«‘∏’°“√°”®—¥°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å “¡“√∂∑”‰¥â∑—Èß«‘∏’°“¬¿“æ·≈–‡§¡’‚¥¬·μà≈–«‘∏’¡’¢âÕ¥’·≈–

¢âÕ‡ ’¬·μ°μà“ß°—π‰ª¥—ß· ¥ß„πμ“√“ß∑’Ë 3 ‚¥¬«‘∏’∑“ß°“¬¿“æ ‡™àπ °√–∫«π°“√π“‚πøî≈‡∑√™—π
(Nanofiltration) ‡ªìπ«‘∏’°“√°”®—¥´—≈‡øμ´÷Ëß‡ªìπ “√μ—Èßμâπ∑’Ëπ”‰ª Ÿà°“√‡°‘¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å √«¡∂÷ß«‘∏’
∑“ß‡§¡’ ´÷Ëß‡ªìπ°“√π” “√‡§¡’¡“„™â„π°“√≈¥ª√‘¡“≥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å À√◊Õ°“√„ à “√‡æ◊ËÕ¬—∫¬—Èß
‡Õ Õ“√å∫’´÷Ëß‡ªìπ “‡ÀμÿÀ≈—°∑’Ë∑”„Àâ‡°‘¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å ‡™àπ °≈Ÿμ“√—≈¥’‰Œ¥å (Glutaraldehyde) À√◊Õ
‚§‚§‰¥‡Õ¡’π (Cocodiamine) [21] «‘∏’∑“ß‡§¡’‡ªìπ«‘∏’∑’Ë„™â “√‡§¡’‡ªìπ®”π«π¡“°°àÕ„Àâ‡°‘¥ªí≠À“°—∫
 ‘Ëß·«¥≈âÕ¡ [2] Õ’°∑—Èß°“√„™â “√‰∫‚Õ‰´¥å (Biocide) ¬—ß¡’§«“¡‡ªìπæ‘…·≈–∫“ß™π‘¥‡ªìπ “√°àÕ¡–‡√Áß
Õ’°¥â«¬ ®÷ßπ”‰ª Ÿà°“√π”«‘∏’∑“ß™’«¿“æ¡“„™â‡æ◊ËÕ≈¥ª√‘¡“≥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å∑’Ë‡°‘¥¢÷Èπ
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μ“√“ß∑’Ë 3 ‡ª√’¬∫‡∑’¬∫¢âÕ¥’ ¢âÕ‡ ’¬¢Õß«‘∏’∑“ß°“¬¿“æ ‡§¡’ ·≈–™’«¿“æ„π°“√°”®—¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å

«‘∏’°“√°”®—¥°ä“´
¢âÕ¥’ ¢âÕ‡ ’¬ ·À≈àßÕâ“ßÕ‘ß

‰Œ‚¥√‡®π —́≈‰ø¥å

«‘∏’∑“ß°“¬¿“æ ‡ªìπ«‘∏’∑’Ë¡’§à“„™â®à“¬μË”  “¡“√∂°”®—¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å‰¥â Syed et al., 2006
„πª√‘¡“≥∑’ËμË” [2]
„π∫“ß°√–∫«π°“√¡’§«“¡√âÕπ‡°‘¥¢÷Èπ
∑”„Àâ¬“°·°à°“√§«∫§ÿ¡

«‘∏’∑“ß‡§¡’ „Àâª√– ‘∑∏‘¿“æ°“√°”®—¥ ¡’§à“„™â®à“¬∑’Ë Ÿß ®—π∑‘¡“., 2551 [22]
°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å∑’Ë Ÿß  “√‡§¡’∫“ßμ—«¡’§«“¡‡ªìπæ‘… àßº≈ Syed et al., 2006

°√–∑∫μàÕºŸâ„™â [2]
°àÕ„Àâ‡°‘¥ªí≠À“·°à ‘Ëß·«¥≈âÕ¡

«‘∏’∑“ß™’«¿“æ ‡ªìπ«‘∏’∑’Ëª√–À¬—¥ „™âæ◊Èπ∑’Ë„π°“√μ‘¥μ—Èß‡ªìπ®”π«π¡“° Syed et al., 2006
ª≈Õ¥¿—¬μàÕ ‘Ëß·«¥≈âÕ¡ À“°ÕÕ°·∫∫¡“‡ªìπ√–∫∫ [2]
„Àâª√– ‘∑∏‘¿“æ°“√°”®—¥ ªí∑∑¡“., 2552 [4]
°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å∑’Ë Ÿß

°“√„™â«‘∏’∑“ß™’«¿“æ‚¥¬„™â·∫§∑’‡√’¬‡æ◊ËÕ≈¥ª√‘¡“≥¢Õß°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å
°“√„™â«‘∏’∑“ß™’«¿“æ‚¥¬„™â®ÿ≈‘π∑√’¬å ‡™àπ ·∫§∑’‡√’¬ ®÷ß‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß∑’Ëπà“ π„® ‚¥¬π”¡“

„™â‡æ◊ËÕ°”®—¥À√◊Õ≈¥ª√‘¡“≥¢Õß°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å «‘∏’π’È‡ªìπ«‘∏’∑’Ë¡’ª√– ‘∑∏‘¿“æ„π°“√°”®—¥°ä“´
‰Œ‚¥√‡®π´—≈‰ø¥å ª√–À¬—¥ ‡ªìπ¡‘μ√μàÕ ‘Ëß·«¥≈âÕ¡ ·∫§∑’‡√’¬°≈ÿà¡À≈—°Ê ∑’Ë¡’∫∑∫“∑„π°“√≈¥ª√‘¡“≥°ä“´
‰Œ‚¥√‡®π —́≈‰ø¥å‰¥â·°à

·∫§∑’‡√’¬„π°≈ÿà¡´—≈‡øÕ√åÕÕ° ‘́‰¥´‘ß§å (Sulfur-Oxidizing Bacteria) À√◊Õ ‡Õ ‚Õ∫’ (SOB)
·∫§∑’‡√’¬°≈ÿà¡´—≈‡øÕ√åÕÕ°´‘‰¥´‘ß§å‡ªìπ·∫§∑’‡√’¬°≈ÿà¡À≈—°∑’Ë‡°’Ë¬«¢âÕß°—∫«—Æ®—°√´—≈‡øÕ√å„π

∏√√¡™“μ‘  “¡“√∂„™â°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å∑’Ë‡°‘¥¢÷Èπ‡ªìπ·À≈àßæ≈—ßß“π‚¥¬„ÀâÕ¬Ÿà„π√Ÿª¢Õß´—≈‡øÕ√åÀ√◊Õ
´—≈‡øμºà“πªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∫“ß à«π „π ¿“«–∑’Ë¡’ÕÕ°´‘‡®π®”°—¥®–‰¥âº≈‘μ¿—≥±å‡ªìπ´—≈‡øÕ√å À√◊Õ
Õ“®‡°‘¥‡ªìπ´—≈‡øμ„π°√≥’∑’Ë´—≈‰ø¥å¡’ª√‘¡“≥®”°—¥ ‚¥¬¡’ªØ‘°‘√‘¬“Õ◊ËπÊ∑’Ë‡°’Ë¬«¢âÕß· ¥ß„πμ“√“ß∑’Ë 4
·∫§∑’‡√’¬°≈ÿà¡π’È∂Ÿ°π”¡“„™âª√–‚¬™πå„π°“√≈¥ª√‘¡“≥°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å ‡™àπ °√–∫«π°“√º≈‘μ°ä“´
™’«¿“æ ·∫§∑’‡√’¬°≈ÿà¡ Thiobacillus sp. ‡ªìπμ—«Õ¬à“ß·∫§∑’‡√’¬„π°≈ÿà¡¢Õß‡Õ ‚Õ∫’∑’Ë¡’ºŸâ∑”°“√»÷°…“
‡°’Ë¬«°—∫°“√≈¥´—≈‰ø¥å ‚¥¬·∫§∑’‡√’¬°≈ÿà¡π’È “¡“√∂‡®√‘≠‰¥â„π ¿“«–∑’ËÀ≈“°À≈“¬ ‡™àπ  ¿“«–∑’Ë‡ªìπ
°√¥¡“°  ¿“«–∑’Ë¡’ÕÕ°´‘‡®ππâÕ¬ [2]
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Thiobacillus

thioparus

Thiobacillus

denitrificans

Thiobacillus

ferrooxidans

2HS- + O2 → 2S + 2OH-

2S + 3O2 + 2OH-
 → 2SO4

2-
 + 2H+

H2S + 2O2 → SO4
2-

 + 2H+

3HS- + 3.9NO3
-
 + 0.2NH4

+
 + HCO3

-
 + 1.7H+

 → CH1.8O0.5N0.2 +

1.9N2 + 3SO4
2-

 + 2.3H2O

14.5HS- + 5NO3
-
 + 0.2NH4

+
 + HCO3

- + 20.3H+
 → CH1.8O0.5N0.2 +

2.5N2 + 14.5S + 27.4H2O

55S + 20CO2 + 50NO3
- + 38H2O + 4NH4

+ → 4C5H7O2N +

25N2 + 55SO4
2- + 64H+

5HS- + 8NO3
-
 + 3H+

 → 5SO4
2-

 + 4N2 + 4H2O

2FeSO4 + H2SO4 + 1/2O2 → Fe2(SO4)3+H2O

Chung et al., 1996

[23]

Kim et al., 2002

[24]

Kleerebezem and

Mendez., 2002 [25]

Lampe and Zhang.,

1996 [26]

McComas and

Sublette., 2001 [27]

Mesa et al., 2002

[28]

Takano et al., 1997

[29]

μ“√“ß∑’Ë 4 · ¥ßªØ‘°‘√‘¬“∑’Ë‡°’Ë¬«¢âÕß°—∫·∫§∑’‡√’¬„π°≈ÿà¡∑’Ë„™âæ≈—ßß“π®“°ªØ‘°‘√‘¬“‡§¡’ (Chemotrophic
Bacteria) [2]

·∫§∑’‡√’¬ °≈‰°¢ÕßªÆ‘°‘√‘¬“ ·À≈àßÕâ“ßÕ‘ß

·∫§∑’‡√’¬„π°≈ÿà¡‰π‡μ√∑√’¥‘«´‘ß§å ´—≈‰ø¥åÕÕ° ‘́‰¥´‘ß§å (Nitrate-Reducing, Sulfide-
Oxidizing Bacteria) À√◊Õ ‡ÕÁπÕ“√å-‡Õ ‚Õ∫’ (NR-SOB)

·∫§∑’‡√’¬°≈ÿà¡π’È„™â´—≈‰ø¥å‡ªìπ·À≈àßæ≈—ßß“π‡™àπ‡¥’¬«°—∫‡Õ ‚Õ∫’ ·μà∂â“·∫§∑’‡√’¬ “¡“√∂„™â
‰π‡μ√∑ (NO3

-) ‡ªìπμ—«√—∫Õ‘‡≈Á°μ√Õπ·∑πÕÕ°´‘‡®πºà“πªØ‘°‘√‘¬“√’¥—°™—π‰¥â‡ªìπ‰π‰μ√∑å (NO2
-) ®–®—¥‡ªìπ

·∫§∑’‡√’¬„π°≈ÿà¡‡ÕÁπÕ“√å-‡Õ ‚Õ∫’ ‰π‰μ√∑å∑’Ë‡°‘¥ “¡“√∂¬—∫¬—Èß‡Õ Õ“√å∫’´÷Ëß‡ªìπ “‡ÀμÿÀ≈—°„π°“√‡°‘¥°ä“´
‰Œ‚¥√‡®π´—≈‰ø¥å ‚¥¬¬—∫¬—Èß∑’Ë‡Õπ‰´¡å´—≈‰ø¥å√’¥—°‡μ  (Sulfite Reductase) „π‡Õ Õ“√å∫’ ®“°°“√∑¥≈Õß
„π·À≈àßπÈ”¡—πªî‚μ√‡≈’¬¡æ∫«à“ ‡¡◊ËÕ„ à Thiomicrospira denitrificans  “¬æ—π∏ÿå CVO ´÷ËßÕ¬Ÿà„π°≈ÿà¡
‡ÕÁπÕ“√å-‡Õ ‚Õ∫’·≈–‰π‡μ√∑≈ß‰ªæ∫«à“ §à“√’¥Õ° ǻ¡’§à“‡æ‘Ë¡¢÷Èπ®π∂÷ß√–¥—∫∑’Ë “¡“√∂¬—∫¬—Èß‡Õ Õ“√å∫’ ‡π◊ËÕß®“°
‡Õ Õ“√å∫’‰¡à “¡“√∂‡®√‘≠‰¥â„π∫√‘‡«≥∑’Ë§à“√’¥Õ°´å¡’§à“∑’Ë Ÿß·≈–∑”„Àâ§«“¡‡¢â¡¢âπ¢Õß´—≈‰ø¥å≈¥≈ßÕ¬à“ß
‡ÀÁπ‰¥â™—¥ Õ’°∑—Èß¬—ßæ∫«à“‡ÕÁπÕ“√å-‡Õ ‚Õ∫’·≈–‡Õ Õ“√å∫’¡’§«“¡ —¡æ—π∏å·∫∫Õ¬Ÿà√à«¡°—π [30] ‚¥¬‡Õ Õ“√å∫’

2FeS2 + 7.5O2 + H2O → Fe2(SO4)3 + H2SO4
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√’¥‘«´å´—≈‡øμ∑’Ë¡’Õ¬Ÿà‡ªìπ´—≈‰ø¥å À≈—ß®“°π—Èπ‡ÕÁπÕ“√å-‡Õ ‚Õ∫’π”Õ‘‡≈Á°μ√Õπ´÷Ëß‰¥â√—∫Õ‘‡≈Á°μ√Õπ®“°°√–∫«π
°“√ÕÕ°´‘‡¥™—π´—≈‰ø¥å ‰ª√’¥‘«´å‰π‡μ√∑‰¥â‡ªìπ‰π‚μ√‡®π‚¥¬ºà“π “√μ—«°≈“ß §◊Õ ‰π‰μ√∑å ÷́Ëß‰π‰μ√∑å∑’Ë
‡°‘¥®–‡¢â“‰ª¬—∫¬—Èß°√–∫«π°“√√’¥—°™—π∑’Ë®–‡ª≈’Ë¬π´—≈‡øμ„Àâ‡ªìπ´—≈‰ø¥å ¥—ß· ¥ß„π√Ÿª∑’Ë 2 [31]

√Ÿª∑’Ë 2 §«“¡ —¡æ—π∏å·∫∫°“√Õ¬Ÿà√à«¡°—π√–À«à“ß‡ÕÁπÕ“√å-‡Õ ‚Õ∫’·≈–‡Õ Õ“√å∫’ [31]

‡∑§‚π‚≈¬’∑“ß™’«¿“æ ”À√—∫§«∫§ÿ¡°“√ª≈¥ª≈àÕ¬‰Œ‚¥√‡®π´—≈‰ø¥å„π√–∫∫∑àÕπÈ”‡ ’¬
°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å‡ªìπ°ä“´™π‘¥Àπ÷Ëß´÷Ëßª≈àÕ¬®“°√–∫∫∑àÕπÈ”‡ ’¬°àÕ„Àâ‡°‘¥ªí≠À“„πÀ≈“¬Ê ¥â“π

‰¡à«à“®–‡ªìπ°“√∑”„Àâ‡°‘¥°“√°—¥°√àÕπ¢Õß§Õπ°√’μ °≈‘Ëπ¢Õß°ä“´∑’Ë¡’°≈‘Ëπ‡À¡Áπ‡¡◊ËÕÕÕ° Ÿà∫√√¬“°“»
√«¡∂÷ßÕ—πμ√“¬μàÕ§πß“πÀ“°‰¥â√—∫°“√ Ÿ¥¥¡ ‚¥¬ªí≠À“°“√°—¥°√àÕπ§Õπ°√’μæ∫«à“§«“¡‡¢â¡¢âπ¢Õß°ä“´
‰Œ‚¥√‡®π´—≈‰ø¥å„π™à«ß 0.1-0.5 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ∑”„Àâ‡°‘¥°“√°—¥°√àÕπ„πª√‘¡“≥‡≈Á°πâÕ¬ À“°‰¥â√—∫
§«“¡‡¢â¡¢âπ¢Õß°ä“´‰Œ‚¥√‡®π —́≈‰ø¥åμ—Èß·μà 2.0 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ∑”„Àâ‡°‘¥°“√°—¥°√àÕπ∑’Ë√ÿπ·√ß„π
§Õπ°√’μ „π≈“ ‡«°—  ª√–‡∑» À√—∞Õ‡¡√‘°“ æ∫«à“ 10% ¢Õß∑àÕπÈ”‡ ’¬¡’°“√°—¥°√àÕπ®“°°ä“´
‰Œ‚¥√‡®π —́≈‰ø¥å∑”„Àâ‡°‘¥§à“„™â®à“¬„π°“√ à́Õ¡·´¡ Ÿß∂÷ß 400 ≈â“π¬Ÿ‚√/ªï‡™àπ‡¥’¬«°—∫„πª√–‡∑»‡¬Õ√¡—π
´÷Ëß¡’§à“„™â®à“¬ Ÿß∂÷ß 100 æ—π≈â“π¬Ÿ‚√μàÕªï [32]

°“√·°âªí≠À“°“√°—¥°√àÕπÕ—π‡π◊ËÕß¡“®“°°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å„π√–∫∫∑àÕπÈ”‡ ’¬¡’À≈“¬«‘∏’ ‡™àπ
1. °“√ÕÕ°·∫∫√–∫∫∑àÕ√–∫“¬πÈ”„Àâ¡’°“√º≈‘μ°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å„πª√‘¡“≥∑’ËπâÕ¬
2. °“√„™â‡∑§‚π‚≈¬’§«∫§ÿ¡ª√‘¡“≥ —́≈‡øμ„Àâ≈¥≈ß
3. °“√ª√—∫ª√ÿß∑àÕ„Àâ “¡“√∂∑πμàÕ°“√°—¥°√àÕπ®“°‰Œ‚¥√‡®π —́≈‰ø¥å‰¥â
4. °“√≈¥ª√‘¡“≥°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å∑’Ëª≈àÕ¬®“°√–∫∫∑àÕπÈ”‡ ’¬
°“√‡æ‘Ë¡§à“√’¥Õ°´å‡ªìπÕ’°«‘∏’Àπ÷Ëß∑’Ë “¡“√∂¬—∫¬—Èß°‘®°√√¡¢Õß‡Õ Õ“√å∫’·≈–≈¥ª√‘¡“≥°ä“´

‰Œ‚¥√‡®π´—≈‰ø¥å ‚¥¬°“√ª√—∫æ’‡Õ™À√◊Õ„ à “√¬—∫¬—Èß ‰¥â·°à ‚¡≈‘∫‡¥μ [32]
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πÕ°®“°π’È¬—ß¡’«‘∏’°“√Õ◊ËπÊ „π∑“ß‡§¡’·≈–™’«¿“æ∑’Ë„™â„π°“√§«∫§ÿ¡°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å∑’Ë‡°‘¥
¢÷Èπ„π√–∫∫πÈ”‡ ’¬ ‚¥¬¡’∑—Èß°“√¬—∫¬—Èß·≈–°”®—¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å∑’Ë‡°‘¥¢÷Èπ ¥—ß· ¥ß„π√Ÿª∑’Ë 3 ‡™àπ
°“√‡μ‘¡‡°≈◊Õ¢Õß‡À≈Á° À√◊Õ°“√μ°μ–°Õπ¢Õß‡øÕ√— ´—≈‰ø¥å ‡æ◊ËÕ°”®—¥´—≈‰ø¥å∑’Ë “¡“√∂≈–≈“¬‰¥â®“°∑àÕ
πÈ”‡ ’¬ °“√„ à‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å À√◊Õ§≈Õ√’π‡æ◊ËÕÕÕ°´‘‰¥ ǻ´—≈‰ø¥å∑”„Àâª√‘¡“≥¢Õß´—≈‰ø¥å¡’ª√‘¡“≥
∑’Ë≈¥≈ß √«¡∂÷ß°“√„ à‰π‡μ√∑À√◊Õ‰π‰μ√∑å√à«¡°—∫‡ÕÁπÕ“√å-‡Õ ‚Õ∫’‡æ◊ËÕ∑”ªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π°—∫
‰Œ‚¥√‡®π´—≈‰ø¥å„Àâ‰¥â‡ªìπÕπÿæ—π∏å¢Õß´—≈‡øÕ√å [32]

√Ÿª∑’Ë 3 °“√„™â«‘∏’∑“ß‡§¡’·≈–™’«¿“æ„π°“√§«∫§ÿ¡°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å„π√–∫∫πÈ”‡ ’¬

 ”À√—∫°“√°”®—¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å‚¥¬«‘∏’∑“ß™’«¿“æ  “¡“√∂„™â·∫§∑’‡√’¬À≈“°À≈“¬ “¬
æ—π∏ÿå∑’ËÕ¬Ÿà„π°≈ÿà¡‡Õ ‚Õ∫’·≈–‡ÕÁπÕ“√å-‡Õ ‚Õ∫’„π°“√°”®—¥°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å®“°∫àÕπÈ”¡—π·≈–√–∫∫∑àÕ
πÈ”‡ ’¬ ´÷Ëß¡’∫∑∫“∑ ”§—≠„π°√–∫«π°“√∑“ß™’«¿“æ ‚¥¬ Thiomicrospira denitrificans ·≈– Thiobacillus
denitrificans ‡ªìπμ—«Õ¬à“ß¢Õß·∫§∑’‡√’¬∑’Ë “¡“√∂°”®—¥°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å„π ¿“«–∑’Ë¡’‰π‡μ√∑Õ¬Ÿà
¥—ß‡™àπ„π°“√∑¥≈Õß¢Õß Nemati ·≈–§≥– [30] „™â·∫§∑’‡√’¬„π°≈ÿà¡ Thiomicrospira denitrificans
°”®—¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å∑’Ë‡°‘¥„π∫√‘‡«≥∫àÕπÈ”¡—π æ∫«à“ “¡“√∂¬—∫¬—Èß°“√‡°‘¥¢Õß°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å
·≈–¬—ß¬—∫¬—Èß‡Õ Õ“√å∫’´÷Ëß‡ªìπ “‡Àμÿ∑’Ë∑”„Àâ‡°‘¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å πÕ°®“°π’È·∫§∑’‡√’¬ Beggiatoa sp.
¬—ß‡ªìπ°≈ÿà¡·∫§∑’‡√’¬∑’Ë¡’°“√π”‰ª„™â„π°“√°”®—¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å ‚¥¬·∫§∑’‡√’¬°≈ÿà¡π’È “¡“√∂
ÕÕ°´‘‰¥´å´—≈‰ø¥å‰¥â‡ªìπ´—≈‡øÕ√å‡°Á∫‰«â¿“¬„π‡´≈≈å·≈–‡°‘¥º≈‘μ¿—≥±å‡ªìπ´—≈‡øμμàÕ‰ª [32]

®“°ª√–‚¬™πå∑’Ëæ∫„π·∫§∑’‡√’¬¥—ß‰¥â°≈à“«‰«â¢â“ßμâπ °“√§—¥‡≈◊Õ° “¬æ—π∏ÿå·∫§∑’‡√’¬¡’§«“¡
 ”§—≠Õ¬à“ß¡“°„π°“√°”®—¥À√◊Õ≈¥°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å ®÷ßπ”‰ª Ÿà°“√»÷°…“‡°’Ë¬«°—∫°“√§—¥‡≈◊Õ° “¬æ—π∏ÿå
·∫§∑’‡√’¬‡æ◊ËÕπ”¡“„™âª√–‚¬™πå„π°“√≈¥°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å ‚¥¬¡’μ—«Õ¬à“ßß“π«‘®—¬∑’Ë„™â·À≈àß„π°“√
§—¥‡≈◊Õ° “¬æ—π∏ÿå∑’Ë·μ°μà“ß°—π¥—ßπ’È
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°“√§—¥·¬°‡™◊ÈÕ®“°πÈ”‡ ’¬®“°‚√ßß“π¬“ßæ“√“
¥«ßæ√ ·≈–§≥– [33] §—¥·¬°‡™◊ÈÕ·∫§∑’‡√’¬°≈ÿà¡ Thiobacillus spp. ®“°πÈ”‡ ’¬®“°·À≈àß

∫â“π‡√◊Õπ·≈–‚√ßß“π·ª√√ŸªπÈ”¬“ßæ“√“ ´÷Ëß·∫§∑’‡√’¬°≈ÿà¡π’È “¡“√∂„™â·À≈àßÕ“À“√·≈–§“√å∫Õπ®“° “√
Õ‘π∑√’¬å·≈–Õπ‘π∑√’¬å “¡“√∂‡®√‘≠‰¥â∑—Èß„π ¿“«–∑’Ë¡’·≈–‰¡à¡’ÕÕ° ‘́‡®π æ’‡Õ™ ·≈–Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡
μàÕ°“√‡®√‘≠ §◊Õ 6.5 ·≈– 30-35 Õß»“‡´≈‡´’¬  μ“¡≈”¥—∫ ‡¡◊ËÕπ”·∫§∑’‡√’¬°≈ÿà¡π’È‰ª„™â„π°“√∫”∫—¥
πÈ”∑‘Èß∑’Ë¡’ “√´—≈‡øÕ√å‡ªìπÕß§åª√–°Õ∫ æ∫«à“ Thiobacillus sp. WI1  “¡“√∂≈¥§à“´’‚Õ¥’ (Chemical
Oxygen Demand, COD) ‰¥â¡“° ÿ¥ ‚¥¬≈¥∂÷ß 54%  à«π∫’‚Õ¥’ (Biochemical Oxygen Demand,
BOD) ≈¥‰¥â∂÷ß 33% „π¢≥–∑’Ë Thiobacillus sp. WI4  “¡“√∂≈¥§à“∫’‚Õ¥’‰¥â Ÿß ÿ¥§‘¥‡ªìπ 83%  à«π
´’‚Õ¥’≈¥‰¥â∂÷ß 46% °“√∑¥≈Õß§√—Èßπ’Èπ—∫«à“‡ªìπª√–‚¬™πå¡“°‡π◊ËÕß®“°„πª√–‡∑»‰∑¬¡’‚√ßß“π¬“ßæ“√“Õ¬Ÿà
¡“° Õ’°∑—Èß„π·∫§∑’‡√’¬°≈ÿà¡ Thiobacillus spp. ∑’Ë¡’Õ¬Ÿà·≈â«„π·À≈àßπÈ”‡ ’¬·≈–‚√ßß“π·ª√√Ÿª¬“ßæ“√“
¡“„™â„π°“√≈¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å‡ªìπ«‘∏’∑’Ëª√–À¬—¥·≈–¡’ª√– ‘∑∏‘¿“æÕ’°¥â«¬

Kantachote ·≈–§≥– [34] §—¥·¬°·∫§∑’‡√’¬ Alcaligenes spp. ´÷Ëß‡ªìπ‡Õ ‚Õ∫’®“°πÈ”‡ ’¬
®“°‚√ßß“π¬“ßæ“√“∑“ß¿“§„μâ¢Õßª√–‡∑»‰∑¬ ‚¥¬„™â°“√μ√«® Õ∫∑“ß¥â“π —≥∞“π«‘∑¬“  √’√«‘∑¬“
™’«‡§¡’ ·≈–π”‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë‰¥â¡“∑¥ Õ∫ª√– ‘∑∏‘¿“æ°“√≈¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å®“°πÈ”‡ ’¬„π∂—ß
ªÆ‘°√≥å´—≈‡øμ °àÕπ∑’Ë®–π”‡¢â“ Ÿà°√–∫«π°“√º≈‘μ°ä“´™’«¿“æ ®“°°“√∑¥≈Õßæ∫«à“ “¡“√∂≈¥ª√‘¡“≥
°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å∑’Ë‡°‘¥¢÷Èπ·≈–°ä“´¡’‡∑π¬—ß¡’ª√‘¡“≥‡æ‘Ë¡¢÷ÈπÕ’°¥â«¬ °“√∑¥≈Õßπ’È‡ªìπ°“√∑¥≈Õß∑’Ë
§≈â“¬§≈÷ß°—∫°“√∑¥≈Õß¢â“ßμâπ·μà¡’°“√Õ∏‘∫“¬∂÷ß¢—ÈπμÕπ°“√∑¥≈Õß∑’Ë≈–‡Õ’¬¥°«à“ ¡’°“√π”·∫§∑’‡√’¬∑’Ë
§—¥‡≈◊Õ°‰¥â‰ª∑¥ Õ∫§«“¡ “¡“√∂„π°“√°”®—¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å ·≈–∑”„Àâ‡ÀÁπ∂÷ßª√–‚¬™πå„π°“√
°”®—¥°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å Õ“®¡’°“√μàÕ¬Õ¥ß“π«‘®—¬π’È‡æ◊ËÕπ”‰ª„™â≈¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å„π√–¥—∫∑’Ë Ÿß¢÷Èπ
‡™àπ √–¥—∫π”√àÕß (Pilot Scale) √–¥—∫‚√ßß“π (Plant Scale) ‰¥â„πÕπ“§μ

°“√§—¥·¬°‡™◊ÈÕ®“°∫àÕ∫”∫—¥πÈ”‡ ’¬·∫∫·Õ§∑‘‡«‡μÁ¥ ≈—¥®å (Activated Sludge)
Luo ·≈–§≥– [35] §—¥·¬°·∫§∑’‡√’¬‰¥â 8 °≈ÿà¡‰¥â·°à Acinetobacter, Rhodopseudomonas,

Pseudomonas, Halothiobacillus, Ochrobactrum, Paracoccus, Thiobacillus, ·≈– Alcaligenes
‚¥¬§—¥·¬°·∫§∑’‡√’¬∑—Èß„π ¿“«–∑’Ë¡’ÕÕ°´‘‡®π·≈–„π ¿“«–∑’Ë‰¡à¡’ÕÕ°´‘‡®π®“°∫àÕ∫”∫—¥πÈ”‡ ’¬·∫∫‡Õ§∑’-
‡«‡μÁ¥ ≈—¥®åºà“π°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ßª√–«—μ‘™“μ‘æ—π∏ÿå (Phylogeny) ‚¥¬„™â¢âÕ¡Ÿ≈¢Õß¬’π 16s rRNA
®“°·∂∫¥’‡ÕÁπ‡Õ¥â«¬‡∑§π‘§¥’®’®’Õ’ (Denaturing Gradient Gel Electrophoresis, DGGE) ®“°¢âÕ¡Ÿ≈
‡∑§π‘§¥’®’®’Õ’·≈–°“√μ√«® Õ∫§«“¡ “¡“√∂„π°“√ÕÕ°´‘‰¥ ǻ‰∑‚Õ —́≈‡øμ æ∫«à“ Halothiobacillus ·≈–
Rhodopseudomonas ¡’§«“¡ “¡“√∂„π°“√ÕÕ° ‘́‰¥ ǻ‰∑‚Õ —́≈‡øμ‰¥â Ÿß ÿ¥·≈–‡ªìπ·∫§∑’‡√’¬À≈—°
∑’Ëæ∫‰¥â„π°“√∑¥≈Õß

Zhang ·≈–§≥– [36] ‰¥â‡°Á∫μ—«Õ¬à“ß®“°∫àÕ∫”∫—¥πÈ”‡ ’¬·∫∫·Õ§∑‘‡«‡μÁ¥ ≈—¥®å ‡æ◊ËÕ§—¥‡≈◊Õ°
‡ÕÁπÕ“√å-‡Õ ‚Õ∫’ ®“°°“√∑¥≈Õßæ∫«à“‡ªìπ·∫§∑’‡√’¬„π°≈ÿà¡ Paracoccus ‚¥¬μ√«® Õ∫®“°¢âÕ¡Ÿ≈∑“ß
ª√–«—μ‘™“μ‘æ—π∏ÿå æ∫«à“·∫§∑’‡√’¬°≈ÿà¡π’È “¡“√∂‡®√‘≠‰¥â„πÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬  æ’‡Õ™ 7 ·≈–
∑”°“√∑¥≈Õß‡∫◊ÈÕßμâπ‡°’Ë¬«°—∫°“√‡ª≈’Ë¬π√Ÿª‰∑‚Õ´—≈‡øμ ‰π‡μ√∑-‰π‚μ√‡®π ∑—Èß„π ¿“«–∑’Ë¡’·≈–‰¡à¡’
ÕÕ°´‘‡®π
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°“√§—¥‡≈◊Õ°·∫§∑’‡√’¬∑—Èß 2 «‘∏’¢â“ßμâπ„™â‡∑§π‘§„π°“√§—¥‡≈◊Õ°∑’Ë·μ°μà“ß°—π Õ’°∑—Èß‡ªìπ°“√
∑¥≈Õßπ’È‡ªìπ‡æ’¬ß°“√§—¥·¬°·∫§∑’‡√’¬„π°≈ÿà¡‡Õ ‚Õ∫’ ¬—ß‰¡à¡’°“√π”·∫§∑’‡√’¬∑’Ë§—¥·¬°‰¥â‰ª„™âª√–‚¬™πå
„π°“√°”®—¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å §«√π”·∫§∑’‡√’¬∑’Ë§—¥‡≈◊Õ°‰¥â‰ª„™âª√–‚¬™πå„π°“√°”®—¥°ä“´‰Œ‚¥√‡®π-
´—≈‰ø¥å∑’Ë‡°‘¥¢÷Èπ„π√–∫∫μà“ßÊ

°“√§—¥·¬°‡™◊ÈÕ®“°∫àÕπÈ”¡—π
Gevertz ·≈–§≥– [37] ‡°Á∫μ—«Õ¬à“ßπÈ”®“°·À≈àßπÈ”¡—π·ÀàßÀπ÷Ëß„πª√–‡∑»·§π“¥“ ·≈–‡¡◊ËÕ

π”¢âÕ¡Ÿ≈®“°≈”¥—∫‡∫ ∫π “¬¥’‡ÕÁπ‡Õ¢Õß¬’π 16s rRNA ¡“®—¥‡ªìπª√–«—μ‘™“μ‘æ—π∏ÿåæ∫«à“‡ªìπ·∫§∑’‡√’¬„π
°≈ÿà¡ Thiomicrospira denitrificans  “¬æ—π∏ÿå CVO ·≈–·∫§∑’‡√’¬ “¬æ—π∏ÿåÀπ÷Ëß∑’Ëμ—Èß™◊ËÕ«à“ FWKO
¡’§«“¡„°≈â‡§’¬ß°—∫®’π—  Arcobacter æ∫«à“·∫§∑’‡√’¬∑—Èß Õß “¬æ—π∏ÿå„™â “√Õπ‘π∑√’¬å‡ªìπ·À≈àßæ≈—ßß“π
‚¥¬ “¬æ—π∏ÿå CVO „™â´—≈‰ø¥å·≈–Õπÿæ—π∏å¢Õß —́≈‡øÕ√å‡ªìπμ—«√—∫Õ‘‡≈Á°μ√Õπ „π¢≥–∑’Ë “¬æ—π∏ÿå
FWKO  “¡“√∂„™â‰¥â∑—Èß‰Œ‚¥√‡®π øÕ√å‡¡μ ·≈–´—≈‰ø¥å Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡„π°“√‡®√‘≠‡μ‘∫‚μÕ¬Ÿà„π™à«ß
5-40 Õß»“‡´≈‡´’¬  ®“°°“√∑¥≈Õßæ∫«à“·∫§∑’‡√’¬ “¬æ—π∏ÿå CVO  “¡“√∂‡®√‘≠‰¥â‚¥¬ºà“π°√–∫«π°“√
¥’‰πμ√‘øî‡§™—π (Denitrification) ¢Õß‰π‡μ√∑ À√◊Õ‰π‰μ√∑å „π¢≥–∑’Ë “¬æ—π∏ÿå FWKO ‡®√‘≠‰¥â‚¥¬ºà“π
°√–∫«π°“√√’¥—°™—π®“°‰π‡μ√∑‡ªìπ‰π‰μ√∑å‡∑à“π—Èπ ß“π«‘®—¬π’Èπ—∫«à“‡ªìπß“π«‘®—¬∑’Ë¡’ª√–‚¬™πå‡π◊ËÕß®“°
¡’°“√π”·∫§∑’‡√’¬„π°≈ÿà¡ Thiomicrospira denitrificans  “¬æ—π∏ÿå CVO ∑’Ë§—¥‡≈◊Õ°‰¥â®“°ß“π«‘®—¬π’È¡“
„™âª√–‚¬™πå‡æ◊ËÕ¬—∫¬—Èß°“√‡°‘¥‰Œ‚¥√‡®π´—≈‰ø¥å‚¥¬„™â√à«¡°—∫‰π‡μ√∑ Õ’°∑—Èß¬—ß “¡“√∂§«∫§ÿ¡‡Õ Õ“√å∫’´÷Ëß
‡ªìπ “‡Àμÿ∑’Ë∑”„Àâ‡°‘¥‰Œ‚¥√‡®π´—≈‰ø¥å„π·À≈àßπÈ”¡—π‰¥âÕ’°¥â«¬ [31]

°“√§—¥·¬°‡™◊ÈÕ®“°·À≈àßπÈ”„μâ¥‘π
Kodama ·≈–§≥– [38]  “¡“√∂§—¥·¬°‡™◊ÈÕ·∫§∑’‡√’¬ “¬æ—π∏ÿå YK-1 ®“°·À≈àßπÈ”„μâ¥‘π

´÷Ëß¡’§«“¡„°≈â‡§’¬ß°—∫·∫§∑’‡√’¬ “¬æ—π∏ÿå Thiomicrospira denitrificans ‚¥¬¡’§«“¡§≈â“¬§≈÷ß°—π 90%
‚¥¬μ√«® Õ∫®“°¢âÕ¡Ÿ≈¢Õß¬’π 16s rRNA ®“°º≈°“√∑¥≈Õßæ∫«à“‡ªìπ·∫§∑’‡√’¬∑’Ë„™â “√Õπ‘π∑√’¬å‡ªìπ
·À≈àßæ≈—ßß“π„™â´—≈‰ø¥å Õπÿæ—π∏å¢Õß´—≈‡øÕ√å ‰∑‚Õ´—≈‡øμ ·≈–„™â‰π‡μ√∑‡ªìπμ—«√—∫Õ‘‡≈Á°μ√Õπ ·≈–æ∫«à“
·∫§∑’‡√’¬ “¬æ—π∏ÿåπ’È‰¡à “¡“√∂‡®√‘≠„ππÈ”¡—π¥‘∫‰¥â‡π◊ËÕß®“°‰¡à‰¥â„™â·À≈àß§“√å∫Õπ‡ªìππÈ”¡—π¥‘∫ ·μà “¡“√∂
‡®√‘≠‰¥âÀ“°·À≈àßπÈ”¡—π¥‘∫π—Èπ¡’´—≈‡øÕ√å‡ªìπÕß§åª√–°Õ∫®÷ßπà“‡ªìπ‰ª‰¥â«à“·∫§∑’‡√’¬™π‘¥π’È„™âπÈ”¡—π¥‘∫
‡ªìπμ—«„ÀâÕ‘‡≈Á°μ√Õπ‰¡à„™à·À≈àß§“√å∫Õπ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ß“π«‘®—¬π’È°—∫ß“π«‘®—¬¢Õß Govertz [37] æ∫
«à“°“√‡μ‘¡´—≈‡øμ„π∫√‘‡«≥º‘«πÈ”¢Õß·À≈àßπÈ”¡—π¡’§«“¡ ”§—≠μàÕ«—Æ®—°√¢Õß´—≈‡øÕ√å ·μà„πß“π«‘®—¬π’Èæ∫«à“
´—≈‡øμ “¡“√∂‡°‘¥¢÷Èπ‰¥â®“°·∫§∑’‡√’¬ “¬æ—π∏ÿå YK-1 ‚¥¬‡°‘¥¢÷Èπ®“°°√–∫«π°“√ÕÕ°´‘‡¥™—π¢Õß´—≈‰ø¥å

®“°°“√»÷°…“¢â“ßμâπ· ¥ß„Àâ‡ÀÁπ«à“  “¡“√∂§—¥·¬°·∫§∑’‡√’¬‡Õ ‚Õ∫’·≈–‡ÕÁπÕ“√å-‡Õ ‚Õ∫’‰¥â
®“°À≈“°À≈“¬·À≈àß‰¡à«à“®–‡ªìπ ∫àÕπÈ”¡—π ∫àÕ∫”∫—¥πÈ”‡ ’¬ ‡ªìπμâπ Õ’°∑—Èß·∫§∑’‡√’¬∑’Ë§—¥‡≈◊Õ°‰¥â¡’À≈“¬
 “¬æ—π∏ÿå·μ°μà“ß°—π‰ª ´÷Ëßæ∫«à“§«“¡ “¡“√∂„π°“√≈¥°ä“´‰Œ‚¥√‡®π´—≈‰ø¥åÕ“®‡°‘¥®“°·∫§∑’‡√’¬
‡æ’¬ß™π‘¥‡¥’¬« À√◊Õ‡°‘¥®“°°“√∑”ß“π√à«¡°—π¢Õß·∫§∑’‡√’¬À≈“¬™π‘¥ (Bacterial Consortium) «‘∏’°“√
§—¥‡≈◊Õ°·∫§∑’‡√’¬·μà≈–°≈ÿà¡∑’Ë¡’∫∑∫“∑„π°“√≈¥‰Œ‚¥√‡®π´—≈‰ø¥å¡’«‘∏’·μ°μà“ß°—πÕÕ°‰ª„π·μà≈–ß“π«‘®—¬
‚¥¬·∫§∑’‡√’¬∑—Èß Õß°≈ÿà¡ “¡“√∂π”‰ª„™âª√–‚¬™πå ‡æ◊ËÕ≈¥°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å´÷Ëß‡ªìπ°ä“´∑’Ë°àÕ„Àâ‡°‘¥
ªí≠À“„πÀ≈“¬¥â“π‰¡à«à“®–‡ªìπ¥â“π°≈‘Ëπ ªí≠À“μàÕÕÿª°√≥å°“√„™âß“π √«¡∑—Èßªí≠À“μàÕ ‘Ëß¡’™’«‘μ
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 √ÿª
ªí®®ÿ∫—π°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å∑’Ë‡°‘¥¢÷Èπ®“°∑“ß∏√√¡™“μ‘·≈–∑“ßÕÿμ “À°√√¡  àßº≈°√–∑∫¥â“π

 ÿ¢¿“æ ·≈– ‘Ëß·«¥≈âÕ¡ °“√π”‡Õ ‚Õ∫’·≈–‡ÕÁπÕ“√å-‡Õ ‚Õ∫’‡æ◊ËÕπ”‰ª„™â„π°“√≈¥°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å
π—∫‡ªìπ«‘∏’∑“ß™’«¿“æ∑’Ëª√–À¬—¥ ‡ªìπ¡‘μ√μàÕ ‘Ëß·«¥≈âÕ¡ ·≈–¡’ª√– ‘∑∏‘¿“æ‡¡◊ËÕ‡∑’¬∫°—∫«‘∏’∑“ß‡§¡’
¥—ßπ—Èπ∑’Ëºà“π¡“®÷ß¡’ß“π«‘®—¬À≈“°À≈“¬ß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕß°—∫°“√π” “¬æ—π∏ÿå·∫§∑’‡√’¬„π°≈ÿà¡‡Õ ‚Õ∫’·≈–
‡ÕÁπÕ“√å-‡Õ ‚Õ∫’ ‡™àπ Thiomicrospira denitrificans À√◊Õ Thiobacillus spp. ¡“„™â‡æ◊ËÕ≈¥ª√‘¡“≥
°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å∑’Ë‡°‘¥®“°À≈“°À≈“¬·À≈àß ‡™àπ „π√–∫∫°“√º≈‘μ°ä“´™’«¿“æ À√◊Õ·À≈àßπÈ”‡ ’¬
‡ªìπμâπ °“√≈¥°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å≈â«π¡’ª√–‚¬™πå‰¡à«à“®–‡ªìπ°“√≈¥·≈–ªÑÕß°—π „π¥â“π°≈‘Ëπ °“√‡°‘¥
°“√°—¥°√àÕπ¢ÕßÕÿª°√≥å‡§√◊ËÕß„™â„π√–∫∫ Õ’°∑—Èß¬—ß‰¡àæ∫«à“°“√„™â·∫§∑’‡√’¬‡À≈à“π’È‡°‘¥§«“¡‡ªìπæ‘…μàÕ
 ‘Ëß¡’™’«‘μ ∂÷ß·¡â°“√„™â«‘∏’∑“ß™’«¿“æ„πªí®®ÿ∫—π¬—ß¡’°“√„™âÕ¬ŸàπâÕ¬°«à“«‘∏’∑“ß‡§¡’´÷Ëß‡ªìπ«‘∏’∑’Ë¡’§«“¡ –¥«°
‡π◊ËÕß®“° “√‡§¡’∑’Ë„™â„π°“√°”®—¥°ä“´‰Œ‚¥√‡®π´—≈‰ø¥å “¡“√∂À“‰¥âßà“¬ ·μà„πÕπ“§μ¡’·π«‚πâ¡°“√π”
®ÿ≈‘π∑√’¬å¡“„™â„π°“√≈¥°ä“´‰Œ‚¥√‡®π —́≈‰ø¥å‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß®“°¡’°“√μ√–Àπ—°∂÷ßº≈°√–∑∫μàÕ ‘Ëß·«¥≈âÕ¡
¡“°¢÷Èπ Õ“®¡’°“√º “π«‘∏’∑“ß™’«¿“æ·≈–‡∑§π‘§∑“ßæ—π∏ÿ«‘»«°√√¡ ‡æ◊ËÕ„Àâ‰¥â®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂°”®—¥°ä“´
‰Œ‚¥√‡®π´—≈‰ø¥å‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ¬‘Ëß¢÷ÈπμàÕ‰ª

‡Õ° “√Õâ“ßÕ‘ß
1. «‘¿“¥“ »‘√‘Õπÿ √≥å»—°¥‘Ï  ÿ¿“ß§å ®ÿÃ“≈—°…≥“πÿ°Ÿ≈ ·≈– «√«ÿ≤‘ ®ÿÃ“≈—°…≥“πÿ°Ÿ≈. 2553. °ä“´™’«¿“æ

·À≈àßæ≈—ßß“π∑¥·∑π. «“√ “√«‘∑¬“»“ μ√å ¡»« 26(2): 197-210.
2. Syed, M., Soreanu, G., Falletta, P., and Beland, M. 2006. Removal of Hydrogen Sulfide

from Gas Streams Using Biological Processes - A Review. Canadian Biosystems Engineering
48: 2.1-2.14.

3. Gusseme, B. D., Schryver, P. D., Cooman, M. D., Verbeken, K., Boeckx, P., Verstraete, W.,
and Boon, N. 2009. Nitrate-Reducing, Sulfide-Oxidizing Bacteria as Microbial Oxidants for
Rapid Biological Sulfide Removal. Federation of European Microbiological Societies 67:
151-161.

4. ªí∑∑¡“ Õ√ÿ≥√“™ ®√—≠ ∫ÿ≠°“≠®πå ·≈– ®—π∑‘¡“ ™—Ëß ‘√‘æ√. 2552. °“√°Ì“®—¥‰Œ‚¥√‡®π —́≈‰ø¥å‚¥¬°“√
¥Ÿ¥´÷¡·≈–ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¥â«¬‚ª·∑ ‡´’¬¡ ‡ªÕ√å·¡ß°“‡πμ„πÀÕ¥Ÿ¥´÷¡·∫∫·æ§. ‰¥â®“°
:http://phoenix.eng.psu.ac.th/qa/KPR/Thesis/Rep_PSU_Bud52/Ref_Bud52/ChE/
Pattama(11_3).pdf. 7 °√°Æ“§¡ 2557.

5. »Ÿπ¬å«‘®—¬·≈–æ—≤π“°“√ªÑÕß°—π·≈–®—¥°“√¿—¬æ‘∫—μ‘. 2556. ·°ä ‰Œ‚¥√‡®π —́≈‰ø¥åÀ√◊Õ·°ä´‰¢à‡πà“
·°ä æ‘…∑’Ë‰¡à§«√¡Õß¢â“¡ ‰¥â®“°: http://dpm.nida.ac.th/main/index.php/articles/chemical-hazards/
item/62-·°ä ‰Œ‚¥√‡®π´—≈‰ø¥å. 7 °√°Æ“§¡ 2557.

6. HSDB. 2014. Hydrogen Sulfide. Available from: http://toxnet.nlm.nih.gov/cgi-bin/sis/search/
r?dbs+hsdb:@term+@DOCNO+576. 10 March 2014.



SWU Sci. J. Vol. 30 No. 2 (2014)200

7. Amoore, J. E., and Hautala, E. 1983. Odor as an Aid to Chemical Safety: Odor Thresholds
Compared with Threshold Limit Values and Volatilities for 214 Industrial Chemicals in
Air and Water Dilution. Journal of Applied Toxicology 3(6): 272-290.

8. Jappinen, P., Vikka, V., Marttila, O., and Haahtela, T. 1990. Exposure to Hydrogen Sulfide
and Respiratory Function. British Journal of Industrial Medicine 47: 824-828.

9. Vanhoome, M., de Rouck, A., and de Bacquer, D. 1995. Epidemiological Study of Eye
Irritation by Hydrogen Sulphide and/or Carbon Disulphide Exposure in Viscose Rayon
Workers. Annals of Occupational Hygiene 39: 307-315.

10. Bhambhani, Y., and Singh, M. 1991. Physiological Effects of Hydrogen Sulfide Inhalation
during Exercise in Healthy Men. Journal of Apply Physiology 71: 1872-1877.

11. Bhambhani, Y., Burnham, R., Snydmiller, G., MacLean, I., and Martin, T. 1996. Effects
of 5 ppm Hydrogen Sulfide Inhalation on Biochemical Properties of Skeletal Muscle
in Exercising Men and Women. American Industrial Hygiene Association Journal 57:
464-468.

12. Bhambhani, Y., Burnham, R., Snydmiller, G., and MacLean, I. 1997. Effects of 10-ppm
Hydrogen Sulfide Inhalation in Exercising Men and Women. Cardiovascular, metabolic,
and biochemical responses. Journal of Occupational Environmental Medicine 39(2):
122-129.

13. Ahlborg, G. 1951. Hydrogen Sulfide Poisoning in Shale Oil Industry. Archives of Industrial
Hygiene and Occupational Medicine 3: 247-266.

14. Hirch, A. R., and Zavala, G. 1999. Long Term Effects on the Olfactory System of Exposure
to Hydrogen Sulfide. Occupational and Environmental Medicine 56: 284-287.

15. Spolyar, L. W. 1951. Three Men Overcome by Hydrogen Sulfide in Starch Plant. Industrial
Health Monthly 11: 116-117.

16. Beauchamp, R. O. J., Bus, J. S., Popp, J. A., Boreiko, C. J., and Andjelkovich, D. A. 1984.
A Critical Review of the Literature on Hydrogen Sulfide Toxicity. Critical Reviews in
Toxicology 13: 25-97.

17. Muyzer, G., and Stams, J. M. A. 2008. The Ecology and Biotechnology of Sulphate-
Reducing Bacteria. Nature Reviews Microbiology 6: 441-454.

18. Dos Santos, E. S., de Souza, L. C. V., de Assis, P. N., Almeida, P. F., and de Souza E. R.
2013. Novel Potential Inhibitors for Adenylylsulfate Reductase to Control Souring of Water
in Oil Industries. Available from: http:/ / dx.doi.org/ 10.1080/ 07391102.2013.834850. 10
March 2014.



«“√ “√«‘∑¬“»“ μ√å ¡»« ªï∑’Ë 30 ©∫—∫∑’Ë 2 (2557) 201

19. Korte, H. L., Zane, G. M., Deutschbauer, A. M., Price, M. N., Arkin, A. P., and Wall, J. D.
Relationship between Nitrate and Nitrite Stress Responses of Desulfovibrio vulgaris
Hildenborough and Desulfovibrio alaskensis G20. Available from:https://mospace.umsystem.edu/
xmlui/bitstream/handle/10355/16018/RelationshipNitrateNitriteStress.pdf?sequence=1.
1 September 2014.

20. Bick, J. A., Dennis, J. J., Zylstra, G. J., Nowack, J., and Leusmak, T. 2000. Identification of
a New Class of 5′-Adenylylsulfate (APS) Reductase from Sulfate-Assimilating Bacteria.
Journal of Bacteriology 182(1): 135-142.

21. Haveman, S. A., Greene, E. A., and Voordouw, G. 2005. Gene Expression Analysis of the
Mechanism of Inhibition of Desulfovibriovulgaris Hildenborough by Nitrate-Reducing,
Sulfide-Oxidizing Bacteria. Environmental Microbiology 7(9): 1461-1465.

22. ®—π∑‘¡“ ™—Ëß ‘√‘æ√ «—π„À¡à ‡≈‘»μ√–°“√ °ÿ≈ º°“«√√≥ ÕàÕπ¢«—≠‡æÁ™√ ·≈– π‘√—μ‘»—¬ √—°¡“°. 2551.
°“√°Ì“®—¥ H2S „π·°Á ™’«¿“æ¥â«¬ªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π. ‰¥â®“°: http://phoenix.eng.psu.ac.th/qa/KPR/
Research/Rep_Bud52/Ref_4_2_2/21_juntima152P1161FPaper.pdf. 7 °√°Æ“§¡ 2557.

23. Chung, Y. C., Huang, C., and Tseng, C. P. 1996. Operation Optimization of Thiobacillus
thioparus CH11 Biofilter for Hydrogen Sulfide Removal. Journal of Biotechnology 52(1):
31- 38.

24. Kim, H., Kim, J. Y., Chung S. J., and Xie, Q. 2002. Long-term Operation of a Biofilter for
Simultaneous Removal of H2S and NH3. Air & Waste Management Association 52(12):
1389-1398.

25. Kleerebezem, R., and Mendez, R. 2002. Autotrophic Denitrification for Combined
Hydrogen Sulfide Removal from Biogas and Post-denitrification. Water Science and
Technology 45(10): 349-356.

26. Lampe, D. G., and Zhang, T. C. 1996. Evaluation of Sulfur-Based Autotrophic Denitrification.
In Proceedings of the HSRC/ WERC Joint Conference on the Environment. Great Plains/
Rocky Mountain Hazardous Substance Research Center. Available from: http://www.
engg.ksu.edu/HSRC/96Proceed/lampe.pdf. 7 July 2014.

27. McComas, C., and Sublette, L. K. 2001. Characterization of a Novel Biocatalyst System
for Sulphide Oxidation. Biotechnology Progress 17(3): 439-446.

28. Mesa, M. M., Macías, M., and Cantero, D. 2002. Biological Iron Oxidation by Acidithiobacillus
ferrooxidans. Chemical and Biochemical Engineering Quarterly 16(2): 69-73.

29. Takano, B., Koshida, M., Fujiwara, Y., Sugimori, K., and Takayangi, S. 1997. Influence of
Sulfur-Oxidizing Bacteria on the Budget of Sulphate in Yugama Crater Lake, Kusatsu-
Shirane Volcano, Japan. Biogeochemistry 38(3): 227-253.



SWU Sci. J. Vol. 30 No. 2 (2014)202

30. Nemati, M., Jenneman, G. E., and Voordouw, G. 2001. Mechanistic Study of Microbial
Control of Hydrogen Sulfide Production in Oil Reservoirs. Biotechnology and Bioengineering
74(5): 424-434.

31. Greene, E. A., Hubert, C., Nemati, M., Jenneman, G. E., and Voordouw, G. 2003. Nitrite
Reductase Activity of Sulphate-Reducing Bacteria Prevents their Inhibition by Nitrate-
Reducing, Sulphide- Oxidizing Bacteria. Environmental Microbiology 5(7): 607-617.

32. Zhang, L., Schryver, P. D., Gusseme, B. D., Muynck, W.D., Boon, N., and Verstraete, W.
2007. Chemical and Biological Technologies for Hydrogen Sulfide Emission Control in
Sewer Systems: A Review. Water Research 42(1): 1-12.

33. ¥«ßæ√ §—π∏‚™μ‘ ·≈– « —πμå Õ‘ππÿæ—≤πå. 2547. °“√·¬° Thiobacillus sp. ‡æ◊ËÕ„™â∫”∫—¥πÈ”∑‘Èß®“°
°“√∑”¬“ßæ“√“·ºàπ. «“√ “√«‘∑¬“»“ μ√å ß¢≈“π§√‘π∑√å 26(5): 649-657.

34. Kantachote, D., Charernjiratrakul, W., Noparatnaraporn, N., and Oda, K. 2008. Selection of
Sulfur Oxidizing Bacterium for Sulfide Removal in Sulfate Rich Wastewater to Enhance
Biogas Production. Electronic Journal of Biotechnology 11(2): 1-12.

35. Luo, J., Tian, G., and Lin, W. 2013. Enrichment, Isolation and Identification of
Sulfur-Oxidizing Bacteria from Sulfide Removing Bioreactor. Journal of Environmental
Sciences 25(7): 1393-1399.

36. Zhang, Y., Chen, M., Yang, J., and Zhou, J. 2011. Screening and Identification of
Nitrate-Reducing, Sulfide-Oxidizing Bacteria and their Characteristics. 2nd International
Conference on Environmental Science and Technology 6: 252-256.

37. Gevertz, D., Telang, A. J., Voordouw, G., and Jenneman, G. E. 2002. Isolation and
Characterization of Strains CVO and FWKO B. Two Novel Nitrate-Reducing,
Sulfide-Oxidizing Bacteria Isolated from Oil Field Brine. Applied and Environmental
Microbiology 66(6): 2491-2501.

38. Kodama, Y., and Watanabe, K. 2003. Isolation and Characterization of a Sulfur-Oxidizing
Chemolithotroph Growing on Crude Oil under Anaerobic Conditions. Applied and
Environmental Microbiology 69(1): 107-112.

‰¥â√—∫∫∑§«“¡«—π∑’Ë 3 ¡‘∂ÿπ“¬π 2557
¬Õ¡√—∫μ’æ‘¡æå«—π∑’Ë 17 °—π¬“¬π 2557



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


