
57«“√ “√«‘∑¬“»“ μ√å ¡»« ªï∑’Ë 23 ©∫—∫∑’Ë 1 (2550) 

∫∑§«“¡«‘®—¬ 

°“√»÷°…“ª√– ‘∑∏‘¿“æ¢Õß®ÿ≈‘π∑√’¬å„π°“√∫”∫—¥ ’¬âÕ¡ºâ“ 

 ÿ¡“≈’ ‡À≈◊Õß °ÿ≈* ·≈– ∏π«√√≥ ‚ ¡¥’ 

∫∑§—¥¬àÕ 
 ®“°°“√π”πÈ”∑‘Èß®“°‚√ßß“πøÕ°¬âÕ¡·≈–‚√ß¶à“ ÿ°√¡“„™â„π°“√∫”∫—¥ ’¬âÕ¡ºâ“ 3 ™π‘¥ 
‰¥â·°à  ’¥”  ’·¥ß ·≈– ’πÈ”‡ß‘π æ∫«à“®ÿ≈‘π∑√’¬å∑’ËÕ“»—¬„ππÈ”∑‘Èß∑—Èß 2 ·À≈àß  “¡“√∂≈¥§«“¡‡¢â¡¢Õß ’
∑—Èß 3 ™π‘¥‰¥âμ—Èß·μà«—π·√°¢Õß°“√∑¥≈Õß ‚¥¬®ÿ≈‘π∑√’¬å®“°πÈ”∑‘Èß‚√ßß“πøÕ°¬âÕ¡ “¡“√∂∫”∫—¥
 ’πÈ”‡ß‘π·≈– ’¥”‰¥â¥’∑’Ë ÿ¥  à«π ’·¥ß≈¥≈ß‰¥â‡≈Á°πâÕ¬  à«π®ÿ≈‘π∑√’¬å®“°πÈ”∑‘Èß‚√ß¶à“ ÿ°√≈¥ ’·¥ß‰¥â¥’
°«à“ º≈®“°°“√·¬°‡™◊ÈÕ∫√‘ ÿ∑∏‘Ïæ∫«à“¡’®ÿ≈‘π∑√’¬åÀ≈“¬™π‘¥„ππÈ”∑‘Èß ‚¥¬æ∫«à“‡™◊ÈÕ∑’Ë “¡“√∂∫”∫—¥ ’
¬âÕ¡∑—Èß 3 ™π‘¥‰¥â¥’∑’Ë ÿ¥ §◊Õ‡™◊ÈÕ√À—  A (Streptomyces sp.) √Õß≈ß¡“§◊Õ‡™◊ÈÕ√À—  B4, F2 ·≈– F3 
(Bacillus spp.)  “¡“√∂∫”∫—¥ ’·¥ß°—∫ ’¥”‰¥â ‡¡◊ËÕ∑”°“√‡ª√’¬∫‡∑’¬∫°—∫‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï∑’Ë·¬°‰¥â®“°
ß“π«‘®—¬°àÕπÀπâ“π’È §◊Õ Bacillus sp. Had 6 ·≈– Bacillus sp. T5 æ∫«à“™π‘¥·√° “¡“√∂‡®√‘≠
·≈–∫”∫—¥ ’·¥ß‰¥â‡≈Á°πâÕ¬ ·μà‰¡à “¡“√∂∫”∫—¥ ’πÈ”‡ß‘π°—∫ ’¥”‰¥â  à«π™π‘¥À≈—ß‰¡à “¡“√∂∫”∫—¥ ’
¬âÕ¡∑—Èß 3 ™π‘¥‰¥â πÕ°®“°π’È¬—ßæ∫«à“®ÿ≈‘π∑√’¬åº ¡®“°‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï∑’Ë·¬°‰¥â “¡“√∂∫”∫—¥ ’¬âÕ¡‰¥â¥’
°«à“°“√„™â‡™◊ÈÕ‡æ’¬ß™π‘¥‡¥’¬«  
 
§” ”§—≠:  ’¬âÕ¡ ®ÿ≈‘π∑√’¬å °“√∫”∫—¥ ’  
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           Study of Microorganism Efficiency in Textile 
Dyes Decolorization 
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ABSTRACT 

 In this study, the potential of certain microorganisms to degrade textile dyes 
was investigated. It was observed that microorganisms in wastewater samples from a 
textile plant and a slaughterhouse could degrade black, red and blue dyes from the first 
day of experiment. In terms of dye decolorizing efficiency, the sample from the textile 
plant was better in removing the black and blue dyes while the sample from the 
slaughterhouse could remove the red dye more efficiently. Results from pure culture 
isolation revealed several isolates of microorganisms in the wastewater samples under 
study. Among these isolates, strain A (Streptomyces sp.) was the most effective in 
decolorizing all three dyes whereas strains B4, F2 and F3 (Bacillus spp.) could degrade 
only red and black dyes. Other pure-cultured strains of Bacillus sp. Had 6 and Bacillus 
sp. T5 were obtained in a previous study. The former was able to decolorize only a 
certain degree of red dye and the latter possessed no potential to degrade any of the 
three dyes. From this study, it was also found that for dye decolorization using a mixed 
culture derived from the pure-cultured strains was more efficient than using single 
strains alone. 
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∫∑π” 
 Õÿμ “À°√√¡ ‘Ëß∑Õ ‡ªìπÕÿμ “À°√√¡æ◊Èπ∞“π∑’Ë ”§—≠Õ¬à“ßÀπ÷Ëß¢Õßª√–‡∑»‰∑¬ ∑’Ë¡’¡Ÿ≈§à“
°“√º≈‘μ·≈–°“√ àßÕÕ°Õ¬Ÿà„πÕ—π¥—∫μâπ¢Õßª√–‡∑» „πÕÿμ “À°√√¡ ‘Ëß∑Õ·∫àßμ“¡°≈ÿà¡Õÿμ “À°√√¡
°“√º≈‘μÕÕ°‡ªìπ 3 °≈ÿà¡ ‰¥â·°à °≈ÿà¡°“√º≈‘μ¢—Èπμâπ (upstream) ‰¥â·°à °≈ÿà¡∑’Ë∑”°“√º≈‘μ‡ âπ„¬
∏√√¡™“μ‘ ‡ âπ„¬ª√–¥‘…∞å·≈–π”‰ªªíòπ‡ªìπ‡ âπ¥â“¬ °≈ÿà¡°“√º≈‘μ¢—Èπ°≈“ß (midstream) ‰¥â·°à °≈ÿà¡
∑’Ë∑”°“√∂—° ∑Õºâ“ øÕ°¬âÕ¡ æ‘¡æå·≈–μ°·μàß ”‡√Á® ·≈–°≈ÿà¡°“√º≈‘μ¢—Èπª≈“¬ (downstream) 
‰¥â·°à °≈ÿà¡Õÿμ “À°√√¡º≈‘μ‡§√◊ËÕßπÿàßÀà¡·≈–‡§À– ‘Ëß∑Õ‡ªìπ à«π„À≠à Õÿμ “À°√√¡øÕ°¬âÕ¡ ‘Ëß∑Õ
π—ÈπÕ¬Ÿà„π°≈ÿà¡°“√º≈‘μ¢—Èπ°≈“ß ´÷ËßμâÕß„™â “√‡§¡’™π‘¥μà“ßÊ „π°√–∫«π°“√ ‡™àπ  “√™à«¬¬âÕ¡ °√¥ 
¥à“ß ∫—ø‡øÕ√å ‡°≈◊Õ  “√øÕ°¢“«  “√°—π√“ ·≈– ’¬âÕ¡ ‡ªìπμâπ [1] 
 „πÕÿμ “À°√√¡°“√øÕ°¬âÕ¡‚¥¬‡©æ“–„π°√–∫«π°“√™”√–≈â“ß¢Õß∑ÿ°¢—ÈπμÕπ ®–‡°‘¥πÈ”
∑‘Èß∑’Ë¡’ ‘Ëß °ª√°‡®◊ÕªπÕ¬Ÿà¡“° ‡™àπ ‡»…‡ âπ„¬ºâ“  “√‡§¡’ °√¥¥à“ß ‰¢¡—π  ∫Ÿà μ—«∑”≈–≈“¬ ·≈– ’
¬âÕ¡ §«“¡‡¢â¡¢âπ¢Õß ’¬âÕ¡∑’Ë‡À≈◊ÕÕ¬Ÿà„π “√≈–≈“¬ ’¬âÕ¡®“°°“√¥Ÿ¥´÷¡¢Õß‡ âπ„¬ºâ“®–·μ°μà“ß°—π
‰ªμ—Èß·μà√âÕ¬≈– 5-50 ¢÷ÈπÕ¬Ÿà°—∫ª√–‡¿∑¢Õß ’∑’Ë„™â ´÷Ëß·¡â®–¡’ª√‘¡“≥‡æ’¬ß‡≈Á°πâÕ¬°Á¬—ß§ß∑”„ÀâπÈ”∑‘Èß¡’
°“√‡®◊Õªπ¢Õß ’‡°‘¥¢÷Èπ ‚¥¬‡©æ“–∂â“‡ªìπ ’ —ß‡§√“–Àå´÷Ëß¡’‚§√ß √â“ß∑“ß‡§¡’∑’Ë ≈—∫´—∫´âÕπ·≈â« ®–
¬“°μàÕ°“√∑”≈“¬‚§√ß √â“ß¢Õß ’‡À≈à“π’È πÕ°®“°π’È ’∑’Ë‡®◊Õªπ„ππÈ”∑‘ÈßÕ“®¡’º≈μàÕª√‘¡“≥°ä“´∑’Ë
≈–≈“¬„ππÈ”·≈– àßº≈μàÕ√–∫∫π‘‡«»„ππÈ”¥â«¬  ’∑’Ë®—¥«à“‡ªìπÕ—πμ√“¬∑’Ë ÿ¥ ‰¥â·°à ’∑’Ë‡ªìπ “√ª√–°Õ∫
„π°≈ÿà¡Õ–‚´ (Azo) À√◊Õ “√ª√–°Õ∫‰π‚μ√ (nitro-compounds) ´÷ËßÕ“®‡ª≈’Ë¬π‰ªÕ¬Ÿà„π√Ÿª‡Õ¡’π∑’Ë
‡ªìπæ‘…‰¥â (toxic amines) √«¡∑—Èß ’∫“ßμ—«∑’Ë¡’‚§√ß √â“ß —́∫´âÕπ ‡™àπ æ«° “√ª√–°Õ∫‡™‘ß ấÕπ
Õ–‚√¡“μ‘§∑’Ë¬àÕ¬ ≈“¬‰¥â¬“° ¥—ßπ—Èπ‡¡◊ËÕ¡’°“√ª≈àÕ¬πÈ”∑‘Èßπ’È≈ß Ÿà·À≈àßπÈ”∏√√¡™“μ‘®–∑”„Àâ‡°‘¥ªí≠À“
°“√ªπ‡ªóôÕπ¢Õß ’„π·À≈àßπÈ” °àÕ„Àâ‡°‘¥¡≈æ‘…∑“ßπÈ”´÷Ëß àßº≈°√–∑∫μàÕ ‘Ëß·«¥≈âÕ¡ ®÷ß‰¥â¡’°“√
æ—≤π“«‘∏’°“√∑’Ë®–°”®—¥ ’¬âÕ¡∑’Ë‡À≈◊ÕÕ¬Ÿà„ππÈ”∑‘Èß„ÀâÀ¡¥‰ª À√◊Õ„Àâ‡À≈◊ÕÕ¬ŸàπâÕ¬∑’Ë ÿ¥®π‰¡à‡°‘¥ªí≠À“
μàÕ ‘Ëß·«¥≈âÕ¡ ∑—Èß«‘∏’°“√∑“ß‡§¡’ ∑“ß°“¬¿“æ ´÷Ëß¡’√“§“ Ÿß ¥—ßπ—Èπ„π™à«ß‡«≈“À≈“¬ªï∑’Ëºà“π¡“®÷ß‰¥â¡’
°“√π”‡Õ“‡∑§‚π‚≈¬’™’«¿“æ¡“„™â„π°“√∫”∫—¥πÈ”∑‘Èß∑’Ëª≈àÕ¬ÕÕ°®“°‚√ßß“π [2] ‚¥¬¡’°“√»÷°…“       
®ÿ≈‘π∑√’¬å∑—Èß∑’Ë„™â·≈–‰¡à„™âÕÕ° ‘́‡®π„π°“√∫”∫—¥ ’¬âÕ¡ ´÷Ëßº≈∑’Ë‰¥â®“°°“√„™â®ÿ≈‘π∑√’¬å∫”∫—¥ §◊Õ     
°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å °ä“´‰π‚μ√‡®π ·≈–πÈ” °≈ÿà¡®ÿ≈‘π∑√’¬å∑’Ë„™â„π°“√∫”∫—¥ ’¬âÕ¡¡’∑—Èß·∫§∑’‡√’¬ 
[3-5] √“ ‡™àπ white rot fungi ´÷Ëß¡’§«“¡ “¡“√∂„π°“√∫”∫—¥ ’ Phenol red, Methylene blue, 
Coomassie blue, Dextran blue, Poly R-478, Poly R-481, Poly Y-606, Poly B-411 [6, 
7] À√◊Õ Trametes hirsuta ´÷Ëß¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬ ’¬âÕ¡‰¥â∂÷ß√âÕ¬≈– 80 ¿“¬„π√–¬–
‡«≈“ 8 «—π ‚¥¬μ√«®æ∫‡Õπ‰´¡å·¡ß°“π’ ‡ªÕ√åÕÕ°´‘‡¥  (manganese peroxidases) ·≈–·≈§‡§  
(laccases) [8] πÕ°®“°π’È¬—ß¡’°“√»÷°…“°“√„™â‡∑§π‘§°“√μ√÷ß‡´≈≈å„π°“√∫”∫—¥ ’¬âÕ¡‚¥¬„™â
®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂º≈‘μ‡Õπ‰´¡å·≈§‡§  ≈‘°π‘π‡ªÕ√åÕÕ° ‘́‡¥  (lignin peroxidases) ·≈–
·¡ß°“π’ ‡ªÕ√åÕÕ°´‘‡¥  ´÷Ëß®–‰ª∑”≈“¬‚§√ß √â“ßÕ–‚√¡“μ‘° [9] ·μà∑—ÈßÀ¡¥π’È¬—ß‡ªìπ°√–∫«π°“√
∫”∫—¥∑’Ë¡’§à“„™â®à“¬ Ÿß∑—Èß ‘Èπ ¥—ßπ—Èπ ‘Ëß∑’Ë¬—ß‡ªìπªí≠À“Õ¬Ÿà„π¢≥–π’È¢Õßª√–‡∑»‰∑¬ §◊Õ πÈ”∑‘Èß®“°
Õÿμ “À°√√¡„π§√—«‡√◊ÕπÀ√◊ÕÀ¡Ÿà∫â“π∑’Ëº≈‘μ ‘π§â“ ‘Ëß∑Õ‚¥¬°“√ π—∫ πÿπ¢Õß√—∞ ¬—ß‰¡à¡’°“√∫”∫—¥πÈ”
∑‘Èß ‡π◊ËÕß®“°¢“¥§«“¡√Ÿâ·≈–‡ß‘π∑ÿπ„π°“√∑”√–∫∫∫”∫—¥ 
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 ß“π«‘®—¬§√—Èßπ’È¡’«—μ∂ÿª√– ß§å„π°“√»÷°…“§«“¡ “¡“√∂¢Õß®ÿ≈‘π∑√’¬å®“°·À≈àß∏√√¡™“μ‘„π
°“√∫”∫—¥ ’¬âÕ¡ºâ“ ‚¥¬∑¥ Õ∫°—∫ ’¬âÕ¡ —ß‡§√“–Àå 3 ª√–‡¿∑ ‰¥â·°à  ’¥” (Matanon Direct 
Black RB) ‡ªìπ ’‰¥‡√§¢Õß ∫√‘…—∑ Matangi Dyestuff Industries  ’·¥ß (Sawacryl Red GTL 
200%) ‡ªìπ ’‡∫ ‘§ ¢Õß∫√‘…—∑ A.C. Burapa ·≈– ’πÈ”‡ß‘π (Reactive Cold Dye Blue 4GD) ‡ªìπ
 ’√’·Õ§∑’ø¢Õß∫√‘…—∑ Imperial Chemical Inc. (ICI) ‚¥¬¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√»÷°…“§√—Èßπ’È®–‡ªìπ
·π«∑“ß„π°“√„™â®ÿ≈‘π∑√’¬å∑’Ë¡’»—°¬¿“æ„π°√–∫«π°“√∫”∫—¥ ’¬âÕ¡„ππÈ”∑‘Èß∑—Èß®“°‚√ßß“πÕÿμ “À°√√¡
 ‘Ëß∑Õ·≈–®“°§√—«‡√◊ÕπÀ√◊ÕÀ¡Ÿà∫â“π∑’Ëº≈‘μ ‘π§â“ ‘Ëß∑Õ‚¥¬°“√ π—∫ πÿπ¢Õß√—∞‰¥â‚¥¬¡’§à“„™â®à“¬‰¡à Ÿß 
·≈– “¡“√∂∑”‰¥âßà“¬  

 “√‡§¡’∑’Ë„™â„π°“√∑¥≈Õß 
 1.  ’¥” (C.I. Direct Black 83) ¡’™◊ËÕ∑“ß°“√§â“«à“ Matanon Direct Black RB ¡’
‚§√ß √â“ß∑“ß‡§¡’¥—ß· ¥ß„π√Ÿª∑’Ë 1 ®—¥Õ¬Ÿà„π°≈ÿà¡ trisazo ‡ªìπæ«° ’‰¥‡√§ ¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ Ÿß ¡’
À¡Ÿà°√¥ —́≈‚øπ‘§ ™à«¬∑”„Àâμ—« ’≈–≈“¬πÈ”‰¥â ‡¡◊ËÕ≈–≈“¬„ππÈ”·≈â«‚¡‡≈°ÿ≈ ’®–¡’ª√–®ÿ≈∫ 
 
 
 
 
 
 

√Ÿª∑’Ë 1 ‚§√ß √â“ß∑“ß‡§¡’¢Õß ’ Matanon Direct Black RB [10] 
 
 2.  ’·¥ß (C.I. Basic Red 18; Dull red) ¡’™◊ËÕ∑“ß°“√§â“«à“ Sawacryl Red GTL 
200% ¡’‚§√ß √â“ß∑“ß‡§¡’¥—ß· ¥ß„π√Ÿª∑’Ë 2 ®—¥Õ¬Ÿà„π°≈ÿà¡ Monoazo ‡ªìπ ’‡∫ ‘§ (Cationic dyes) 
‡π◊ËÕß®“°‡ªìπ ’∑’Ë„Àâª√–®ÿ∫«°‡¡◊ËÕ·μ°μ—«„ππÈ”  
 
 
 
 
 

√Ÿª∑’Ë 2 ‚§√ß √â“ß∑“ß‡§¡’¢Õß ’ Sawacryl Red GTL 200% [10] 
 
 3.  ’πÈ”‡ß‘π (C.I. Reactive Blue 168) ¡’™◊ËÕ∑“ß°“√§â“«à“ Reactive Cold Dyes 
Procion Blue MX-4GD ®—¥Õ¬Ÿà„π°≈ÿà¡ Azo ‡ªìπæ«° ’√’·Õ§∑’ø ´÷Ëß¡’ª√–®ÿ≈∫∑’Ë≈–≈“¬πÈ”‰¥â  
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√Ÿª∑’Ë 3 ‚§√ß √â“ß∑“ß‡§¡’¢Õß ’ Reactive Cold Dyes Procion Blue MX-4GD 

«‘∏’°“√∑¥≈Õß 
1. °“√∑¥ Õ∫§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬ ’¬âÕ¡¢Õß®ÿ≈‘π∑√’¬å„π¢—Èπμâπ  
  ¥Ÿ¥πÈ”∑‘Èß®“°‚√ßß“πøÕ°¬âÕ¡À√◊Õ‚√ß¶à“ ÿ°√¡“ 0.2 ¡‘≈≈‘≈‘μ√ ‡μ‘¡≈ß‰ª„ππÈ”°≈—Ëπ º ¡
°—∫ ’¬âÕ¡ºâ“∑—Èß 3 ™π‘¥ §«“¡‡¢â¡¢âπ 40-60 ppm À≈Õ¥≈– 5 ¡‘≈≈‘≈‘μ√  ’≈– 4 À≈Õ¥ ‚¥¬„™âπÈ” ’∑’Ë
ºà“π·≈–‰¡àºà“π°“√¶à“‡™◊ÈÕ ·≈–„™âÀ≈Õ¥∑’Ë‰¡à‡μ‘¡‡™◊ÈÕ‡ªìπÀ≈Õ¥§«∫§ÿ¡ ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ∫—π∑÷°º≈
°“√‡ª≈’Ë¬π·ª≈ß§«“¡‡¢â¡¢Õß ’„π·μà≈–À≈Õ¥‡ª√’¬∫‡∑’¬∫°—∫À≈Õ¥§«∫§ÿ¡  

2. °“√·¬°‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï·≈–°“√®—¥®”·π°‡™◊ÈÕ 
  ¥Ÿ¥πÈ”∑‘Èß®“°À≈Õ¥„π¢âÕ 1 ∑’Ë¡’°“√≈¥≈ß¢Õß ’¡“°∑’Ë ÿ¥ ¡“ 0.1 ·≈– 1.0 ¡‘≈≈‘≈‘μ√ „ à≈ß
„π®“π‡æ“–‡™◊ÈÕ ®“°π—Èπ‡μ‘¡πÈ” ’‡¢â¡¢âπ 60 ppm ∑’Ëº ¡«ÿâπ 1.5 ‡ªÕ√å‡´Áπμå≈ß‰ª  ’≈– 4 ®“π ∫à¡‡™◊ÈÕ
∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‡ªìπ‡«≈“ 4 «—π §—¥‡≈◊Õ°‚§‚≈π’∑’Ë¡’‚´π„ ≈âÕ¡√Õ∫¡“∑¥ Õ∫§«“¡ “¡“√∂„π°“√¬àÕ¬
 ≈“¬ ’´È”Õ’°§√—ÈßÀπ÷Ëß ®“°π—Èπ®÷ßπ”®ÿ≈‘π∑√’¬å∑’Ë¬àÕ¬ ≈“¬ ’¬âÕ¡‰¥â¥’¡“∑”°“√®—¥®”·π°μ“¡«‘∏’
¡“μ√∞“π [11, 12] 

3. °“√∑¥ Õ∫°“√∫”∫—¥ ’¬âÕ¡¢Õß‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï 
  π”®ÿ≈‘π∑√’¬å∑’Ë¬àÕ¬ ≈“¬ ’¬âÕ¡‰¥â¥’®“°¢âÕ 2 ¡“∑¥ Õ∫§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬ ’
¬âÕ¡‡ª√’¬∫‡∑’¬∫°—∫ Bacillus sp. Had 6 ·≈– Bacillus sp. T5 ∑’Ë¡’§«“¡ “¡“√∂„π°“√¬àÕ¬‰¢¡—π
‰¥â¥’ ‚¥¬„ à‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï 2 ≈Ÿª ≈ß„ππÈ” ’‡¢â¡¢âπ 60 ppm  ’≈– 5 À≈Õ¥Ê ≈– 5 ¡‘≈≈‘≈‘μ√ ∫à¡∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕß ‡ªìπ‡«≈“ 8 «—π 

4. °“√∑¥ Õ∫°“√∫”∫—¥ ’¬âÕ¡¢Õß‡™◊ÈÕº ¡ 
 π”‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï∑—Èß√“ ¬’ μå ·≈–·∫§∑’‡√’¬ ∑’Ë·¬°‰¥â®“°¢âÕ 2 ¡“‡™◊ÈÕ≈– 1 ≈Ÿª „ à≈ß„ππÈ” ’
‡¢â¡¢âπ 60 ppm  ’≈– 5 À≈Õ¥Ê ≈– 5 ¡‘≈≈‘≈‘μ√ ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‡ªìπ‡«≈“ 8 «—π 

º≈°“√∑¥≈Õß 

1. °“√∑¥ Õ∫§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬ ’¬âÕ¡¢Õß®ÿ≈‘π∑√’¬å„π¢—Èπμâπ  
  º≈°“√∑¥ Õ∫§«“¡ “¡“√∂¢Õß®ÿ≈‘π∑√’¬å®“°πÈ”∑‘Èß®“°‚√ßß“πøÕ°¬âÕ¡·≈–‚√ß¶à“ ÿ°√ „π
°“√∫”∫—¥ ’¬âÕ¡ 3  ’ æ∫«à“®ÿ≈‘π∑√’¬å®“°πÈ”∑‘Èß¢Õß‚√ßß“π∑—Èß 2 ·À≈àß ¡’°“√‡®√‘≠‡ªìπ‡ âπ„¬ ’¢“«∑’Ë
°âπÀ≈Õ¥∑—Èß 3  ’ ·≈–¡’μ–°Õπ ’Õ¬Ÿà¥â“π∫π ‚¥¬§«“¡‡¢â¡¢Õß ’‡√‘Ë¡≈¥≈ßμ—Èß·μà«—π·√°¢Õß°“√∫à¡‡™◊ÈÕ 
‚¥¬®ÿ≈‘π∑√’¬å®“°πÈ”∑‘Èß‚√ßß“πøÕ°¬âÕ¡ “¡“√∂≈¥ ’πÈ”‡ß‘π·≈– ’¥”‰¥â¥’°«à“®ÿ≈‘π∑√’¬å®“°πÈ”∑‘Èß‚√ß¶à“
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 ÿ°√ ·μà®ÿ≈‘π∑√’¬å®“°πÈ”∑‘Èß‚√ß¶à“ ÿ°√ “¡“√∂≈¥ ’·¥ß‰¥â¥’°«à“®ÿ≈‘π∑√’¬å®“°πÈ”∑‘Èß‚√ßß“πøÕ°¬âÕ¡ ¥—ß
· ¥ß„πμ“√“ß∑’Ë 1 ¥—ßπ—Èπ®÷ßπ”À≈Õ¥®ÿ≈‘π∑√’¬å®“°πÈ”∑‘Èß‚√ßß“πøÕ°¬âÕ¡∑’Ë≈¥ ’πÈ”‡ß‘π°—∫ ’¥”‰¥â¥’·≈–
À≈Õ¥®ÿ≈‘π∑√’¬å®“°πÈ”∑‘Èß‚√ß¶à“ ÿ°√∑’Ë≈¥ ’·¥ß‰¥â¥’‰ª·¬°‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï„π¢—ÈπμÕπμàÕ‰ª 
 
μ“√“ß∑’Ë 1 °“√‡ª≈’Ë¬π·ª≈ß¢Õß ’¬âÕ¡À≈—ß®“°‡μ‘¡πÈ”∑‘Èß®“°‚√ßß“πøÕ°¬âÕ¡·≈–‚√ß¶à“ ÿ°√ 
 

           ·À≈àß¢Õß®ÿ≈‘π∑√’¬å 
  ’¬âÕ¡ 

‚√ßß“πøÕ°¬âÕ¡ ‚√ß¶à“ ÿ°√ 

 ’¥” „  §àÕπ¢â“ß„  

 ’·¥ß  ’≈¥≈ß‡≈Á°πâÕ¬ 
 ’≈¥≈ß√âÕ¬≈– 50         
¢ÕßÀ≈Õ¥§«∫§ÿ¡ 

 ’πÈ”‡ß‘π „  øÑ“„  

2. °“√·¬°‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï·≈–°“√®—¥®”·π°‡™◊ÈÕ  
 ®“°°“√·¬°‡™◊ÈÕæ∫«à“¡’®ÿ≈‘π∑√’¬å∑—Èß√“ ¬’ μå ·≈–·∫§∑’‡√’¬ ¥—ß· ¥ß„πμ“√“ß∑’Ë 2  
 
μ“√“ß∑’Ë 2 ≈—°…≥–¢Õß‡™◊ÈÕ∑’Ë·¬°‰¥â·≈–°“√®—¥®”·π° 
 

√À— ‡™◊ÈÕ ≈—°…≥–∫π®“π‡æ“–‡™◊ÈÕ∑’Ë„ à ’¬âÕ¡ 
≈—°…≥–¢Õß‡™◊ÈÕ¿“¬„μâ

°≈âÕß®ÿ≈∑√√»πå 
°“√®—¥®”·π° 

A 
 ’¬âÕ¡√Õ∫‚§‚≈π’‡ª≈’Ë¬π‡ªìπ„  „π
«—π∑’Ë 2 ¢Õß°“√∫à¡  

Streptomyces sp. 
 

A1 
‡°‘¥‚´π„ √Õ∫‚§‚≈π’‡≈Á°πâÕ¬ „π«—π
∑’Ë 4 ¢Õß°“√∫à¡ 

Aspergillus sp. 
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√À— ‡™◊ÈÕ ≈—°…≥–∫π®“π‡æ“–‡™◊ÈÕ∑’Ë„ à ’¬âÕ¡ 

≈—°…≥–¢Õß‡™◊ÈÕ¿“¬„μâ
°≈âÕß®ÿ≈∑√√»πå 

°“√®—¥®”·π° 

A2 
‡°‘¥‚´π„ √Õ∫‚§‚≈π’‡≈Á°πâÕ¬ „π«—π
∑’Ë 4 ¢Õß°“√∫à¡ 

Aspergillus sp. 

A3 
‡°‘¥‚´π„ √Õ∫‚§‚≈π’‡≈Á°πâÕ¬ „π«—π
∑’Ë 4 ¢Õß°“√∫à¡ 

Aspergillus sp. 

A4 
‡°‘¥‚´π„ √Õ∫‚§‚≈π’‡≈Á°πâÕ¬ „π«—π
∑’Ë 2 ¢Õß°“√∫à¡ 

 

budding yeast 

A5 
‡°‘¥‚´π„ √Õ∫‚§‚≈π’‡≈Á°πâÕ¬ „π«—π
∑’Ë 3 ¢Õß°“√∫à¡ 

 

Nigrospora sp. 

B1 
‡°‘¥‚´π„ √Õ∫‚§‚≈π’∑—Èß 3  ’ „π«—π
∑’Ë 2 ¢Õß°“√∫à¡ 

 

Streptococcus sp. 

B2 
‡°‘¥‚´π„ √Õ∫‚§‚≈π’∑—Èß 3  ’ „π«—π
∑’Ë 2 ¢Õß°“√∫à¡ 

 

Staphylococcus sp. 

μ“√“ß∑’Ë 2 (μàÕ) 
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√À— ‡™◊ÈÕ ≈—°…≥–∫π®“π‡æ“–‡™◊ÈÕ∑’Ë„ à ’¬âÕ¡ 
≈—°…≥–¢Õß‡™◊ÈÕ¿“¬„μâ

°≈âÕß®ÿ≈∑√√»πå 
°“√®—¥®”·π° 

B4 
‡°‘¥‚´π„ √Õ∫‚§‚≈π’∑—Èß 3  ’ „π«—π
∑’Ë 2 ¢Õß°“√∫à¡ 
 

 

Bacillus sp. 

F1 

‡°‘¥‚´π„ √Õ∫‚§‚≈π’„π ’·¥ß·≈–
 ’πÈ”‡ß‘π„π«—π∑’Ë 3 ¢Õß°“√∫à¡ ´÷Ëß„π
 ’·¥ß®– ‡ÀÁπ™—¥ ‡®π¡“°°«à “ „π
 ’πÈ”‡ß‘π  à«π ’¥”‰¡à‡°‘¥‚´π  

Bacillus sp. 

F2 

‡°‘¥‚´π„ √Õ∫‚§‚≈π’„π ’·¥ß·≈–
 ’πÈ”‡ß‘π„π«—π∑’Ë 4 ¢Õß°“√∫à¡ ·μà
‡ÀÁπ‰¡à™—¥‡®π  à«π„π ’¥”‰¡à‡°‘¥
‚´π„   

Bacillus sp. 

F4 

‡°‘¥‚´π„ √Õ∫‚§‚≈π’„π ’·¥ß·≈–
 ’πÈ”‡ß‘π„π«—π∑’Ë 4 ¢Õß°“√‡®√‘≠·μà
‡ÀÁπ‰¡à™—¥‡®π  à«π ’¥”‰¡à‡°‘¥‚´π
„   

Bacillus sp. 

 
 ‡™◊ÈÕ√“·≈–¬’ μå∑’Ë·¬°‰¥â≈¥ ’‰¥â™â“·≈–‡ªìπæ«°∑’Ë‡®√‘≠∑’Ëº‘«¢Õß ’¬âÕ¡ ·≈–·∫§∑’‡√’¬∫“ß
™π‘¥¡’°“√‡®√‘≠∑—Ë«∑—ÈßÀ≈Õ¥ ‰¡àμ°μ–°Õπ ∑”„Àâ‰¡à‡À¡“– ¡∑’Ë®–π”¡“„™â„π°“√∫”∫—¥ ¥—ßπ—Èπ®÷ß‡≈◊Õ°
‡©æ“–·∫§∑’‡√’¬∑’Ë∑”„Àâ‡°‘¥°“√μ°μ–°Õπ‡∑à“π—Èπ¡“∑¥ Õ∫„π¢—ÈπμàÕ‰ª 

3. °“√∑¥ Õ∫°“√∫”∫—¥ ’¬âÕ¡¢Õß‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï 
 º≈°“√∑¥ Õ∫°“√∫”∫—¥ ’¬âÕ¡¢Õß‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï∑’Ë·¬°‰¥â‡ª√’¬∫‡∑’¬∫°—∫ Bacillus sp. Had 
6 ·≈– Bacillus sp. T5 „π ’¬âÕ¡∑—Èß 3 ™π‘¥ æ∫«à“·∫§∑’‡√’¬∑’Ë·¬°‰¥â “¡“√∂∫”∫—¥ ’∑—Èß 3 ™π‘¥ ‰¥â
·μ°μà“ß°—π ¥—ß· ¥ß„πμ“√“ß∑’Ë 3 ‡™◊ÈÕ√À—  A (Streptomyces sp.)  “¡“√∂∫”∫—¥ ’¬âÕ¡∑—Èß 3 ™π‘¥
‰¥â¥’μ—Èß·μà«—π·√°¢Õß°“√∫à¡ ·≈– “¡“√∂∫”∫—¥ ’·¥ß  ’¥” ·≈– ’πÈ”‡ß‘π‰¥âÀ¡¥„π«—π∑’Ë 2, 5 ·≈– 8 
¢Õß°“√∫à¡ √Õß≈ß¡“§◊Õ‡™◊ÈÕ√À—  B4, F2 ·≈– F3 (Bacillus spp.) ÷́Ëß “¡“√∂∫”∫—¥ ’¥”‰¥âÀ¡¥„π
«—π∑’Ë 2 ¢Õß°“√∫à¡  à«π ’·¥ß≈¥≈ß‡°◊Õ∫À¡¥„π«—π∑’Ë 8 ¢Õß°“√∫à¡ ‚¥¬‡™◊ÈÕ√À—  B4 „Àâº≈¥’°«à“ 
F2 ·≈– F3 „π¢≥–∑’Ë Bacillus sp. Had 6 ‰¡à “¡“√∂∫”∫—¥ ’πÈ”‡ß‘π·≈– ’¥”‰¥â∑—Èß„ππÈ” ’∑’Ëºà“π·≈–

μ“√“ß∑’Ë 2 (μàÕ) 
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‰¡àºà“π°“√¶à“‡™◊ÈÕ  à«π ’·¥ß “¡“√∂∫”∫—¥‰¥â‡≈Á°πâÕ¬  ”À√—∫ Bacillus sp. T5 ‰¡à “¡“√∂∫”∫—¥ ’
∑—Èß 3 ™π‘¥‰¥â  
 
μ“√“ß∑’Ë 3  ·∫§∑’‡√’¬∑’Ë “¡“√∂∫”∫—¥ ’¬âÕ¡™π‘¥μà“ßÊ ‰¥â 
 

 ’¬âÕ¡ ·∫§∑’‡√’¬∑’Ë∫”∫—¥ ’¬âÕ¡‰¥â 

 ’¥” A, B4, F2 , F3 

 ’·¥ß A, B1, B2, B4, F2, F3, F4 

 ’πÈ”‡ß‘π A, B3 

4. °“√∑¥ Õ∫°“√∫”∫—¥ ’¬âÕ¡¢Õß‡™◊ÈÕº ¡ 
  º≈°“√π”‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï∑ÿ°™π‘¥¡“„™â√à«¡°—π„π°“√∫”∫—¥ ’¬âÕ¡∑—Èß 3 ™π‘¥ æ∫«à“ “¡“√∂≈¥
 ’∑—Èß 3 ™π‘¥‰¥â¥’μ—Èß·μà«—π·√°¢Õß°“√∑¥≈Õß  

 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß  
 ®ÿ≈‘π∑√’¬å®“°πÈ”∑‘Èß∑—Èß 2 ·À≈àß “¡“√∂‡®√‘≠·≈–∫”∫—¥ ’∑—Èß 3 ™π‘¥‰¥â¥’ ‚¥¬§«“¡‡¢â¡¢Õß
 ’≈¥≈ßμ—Èß·μà«—π·√°¢Õß°“√∑¥≈Õß ‡π◊ËÕß®“°∑”„Àâ ’¬âÕ¡μ°μ–°Õπ ßà“¬μàÕ°“√∫”∫—¥ ®÷ßπà“ π„®∑’Ë
®–π”‰ª∑¥≈Õß„π¢—ÈπμàÕ‰ª ‚¥¬®ÿ≈‘π∑√’¬å®“°πÈ”∑‘Èß‚√ßß“πøÕ°¬âÕ¡ “¡“√∂≈¥ ’πÈ”‡ß‘π·≈– ’¥”‰¥â¥’
∑’Ë ÿ¥  à«π ’·¥ß≈¥≈ß‰¥â‡≈Á°πâÕ¬  à«π®ÿ≈‘π∑√’¬å®“°πÈ”∑‘Èß‚√ß¶à“ ÿ°√≈¥ ’·¥ß‰¥â¥’°«à“  
 º≈®“°°“√·¬°‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï æ∫«à“¡’®ÿ≈‘π∑√’¬åÀ≈“¬™π‘¥„ππÈ”∑‘Èß ‰¥â·°à Aspergillus spp. 
3 ‰Õ‚´‡≈∑ budding yeast 1 ‰Õ‚´‡≈∑ Streptomyces sp. 1 ‰Õ‚´‡≈∑ Bacillus spp. 5 ‰Õ‚´‡≈∑ 
Streptococcus sp. 1 ‰Õ‚´‡≈∑ ·≈– Staphylococcus sp. 1 ‰Õ‚´‡≈∑ ´÷Ëßº≈ Õ¥§≈âÕß°—∫ß“π«‘®—¬
Õ◊ËπÊ ∑’Ë√“¬ß“π«à“æ∫‡™◊ÈÕ√“ Aspergillus oryzae M-2-3 [13], Aspergillus foetidus [14], 
Trametes hirsuta [15], Paecilomyces variotii [16] ·≈–‡™◊ÈÕ„π°≈ÿà¡·Õ§μ‘‚π¡—¬ ’∑ ‡™àπ 
Streptomyces spp. [17], Streptomyces chromofuscus A11 [4] ·≈–·∫§∑’‡√’¬ Xanthobacter 
flavus 14p1 [5] ·≈– Bacillus sp. strain SF [3]  “¡“√∂∫”∫—¥ ’‰¥â 
 º≈°“√π”‡™◊ÈÕ·∫§∑’‡√’¬∫√‘ ÿ∑∏‘Ï‰ª∑¥ Õ∫°“√∫”∫—¥ ’¬âÕ¡∑—Èß 3 ™π‘¥ æ∫«à“‡™◊ÈÕ∑’Ë “¡“√∂
∫”∫—¥ ’¬âÕ¡∑—Èß 3 ™π‘¥‰¥â¥’∑’Ë ÿ¥ §◊Õ‡™◊ÈÕ√À—  A (Streptomyces sp.) ·≈–‡™◊ÈÕ√À—  B4, F2 ·≈– F3 
(Bacillus spp.)  “¡“√∂∫”∫—¥ ’·¥ß°—∫ ’¥”‰¥â „π¢≥–∑’Ë Bacillus sp. Had 6 ‰¡à “¡“√∂∫”∫—¥
 ’πÈ”‡ß‘π°—∫ ’¥”‰¥â „π¢≥–∑’Ë‡®√‘≠·≈–≈¥ ’·¥ß‰¥â‡≈Á°πâÕ¬  à«π‡™◊ÈÕ Bacillus sp. T5 ‰¡à “¡“√∂
∫”∫—¥ ’¬âÕ¡∑—Èß 3 ™π‘¥‰¥â ®“°°“√∑¥≈Õßπ’È®–‡ÀÁπ‰¥â«à“·∫§∑’‡√’¬∑’Ë„™â∑¥ Õ∫ à«π„À≠à “¡“√∂∫”∫—¥
 ’·¥ß‰¥â ‡æ√“– ’·¥ß¡’‚§√ß √â“ß∑“ß‡§¡’„π°≈ÿà¡‚¡‚πÕ–‚´ (monoazo) ÷́Ëß¡’§«“¡´—∫´âÕππâÕ¬∑’Ë ÿ¥ 
„π¢≥–∑’Ë ’¥”¡’‚§√ß √â“ß‡ªìπ°≈ÿà¡∑√‘ Õ–‚´ (trisazo) ·≈– ’πÈ”‡ß‘π‡ªìπ°≈ÿà¡ ’Õ–‚´∑’Ë¡’§≈Õ√’π·≈–À¡Ÿà
‰μ√Õ– ‘́π‘≈ (triazinyl) ∑’Ë‡√’¬°«à“ ‰´¬“πŸ√‘°§≈Õ‰√¥å (cyanuric chloride) Õ¬Ÿà„π‚¡‡≈°ÿ≈ ∑”„Àâ¡’
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§«“¡´—∫´âÕπ°«à“®÷ß¬àÕ¬ ≈“¬‰¥â¬“°°«à“   
 °“√∑¥≈Õß„ππÈ” ’∑’Ë‰¡àºà“π°“√¶à“‡™◊ÈÕ°—∫πÈ” ’∑’Ëºà“π°“√¶à“‡™◊ÈÕ„Àâº≈‰¡à·μ°μà“ß°—π Õ“®
‡π◊ËÕß¡“®“°„π¢—ÈπμÕπ°“√‡μ√’¬¡πÈ” ’∑’Ë‰¡àºà“π°“√¶à“‡™◊ÈÕπ—ÈπμâÕß„™â§«“¡√âÕπ Ÿß‡æ◊ËÕ∑”„Àâ ’≈–≈“¬¥’
¢÷Èπ ®÷ß∑”„Àâº≈°“√∫”∫—¥ ’¬âÕ¡∑—Èß 2 ·∫∫‰¡à¡’§«“¡·μ°μà“ß°—π 
 ®ÿ≈‘π∑√’¬åº ¡®“°‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï∑’Ë·¬°‰¥â “¡“√∂∫”∫—¥ ’¬âÕ¡‰¥â¥’°«à“°“√„™â‡™◊ÈÕ‡æ’¬ß™π‘¥
‡¥’¬« Õ¬à“ß‰√°Áμ“¡≈—°…≥–°“√∫”∫—¥ ’·≈–‡°‘¥°“√μ°μ–°Õπ¢Õß ’®–·μ°μà“ß°—π ¢÷Èπ°—∫™π‘¥¢Õß ’
¬âÕ¡·≈–™π‘¥¢Õß®ÿ≈‘π∑√’¬å∑’Ë„™â 

°‘μμ‘°√√¡ª√–°“» 
 ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ ¥√. πÕß ∑Õßª“π ∑’Ë‡Õ◊ÈÕ‡øóôÕμ—«Õ¬à“ßπÈ”∑‘Èß∑—Èß 2 ·À≈àß¡“„™â„π°“√«‘®—¬§√—Èßπ’È 

‡Õ° “√Õâ“ßÕ‘ß 
1. °√¡ àß‡ √‘¡Õÿμ “À°√√¡. 2544. §Ÿà¡◊Õ ¡∫—μ‘·≈–°√√¡«‘∏’°“√«‘‡§√“–Àå “√‡§¡’∑’Ë„™â„π°√–∫«π°“√

øÕ°¬âÕ¡. æ‘¡æå§√—Èß∑’Ë 1. °√ÿß‡∑æœ. ‚√ßß“π§ÿ√ÿ ¿“≈“¥æ√â“«.  
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