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Selection of commercial biofilters for rearing aquatic animals in closed system
Songklanakarin J. Sci. Technol., 2007, 29(4) : 945-957

A comparative study was made to select the most suitable biofilter from 7 types of commercial water
filters by rearing hybrid catfish (Clarias macrocephalus x C. gariepinus) in aquaria for 64 days. It was found
that diminishing concentrations of ammonia and nitrite were attributed mainly to nitrifying bacteria that
convert ammonia into nitrite and nitrate which required a minimum period of 16-28 days for the process to
function. Low absorption of ammonia was achieved through using activated carbon, coconut shell charcoal,
zeolite and ceramic. Durability and filtering efficiency of the filters depended upon porosity and amount of
biofilm on the filter surface. The filter using one coarse meshed plastic sheet and 37 bioballs was the most
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suitable, though it caused a problem with low total alkalinity resulting in mortality of the biofilm which
peeled off, thus increasing the concentrations of ammonia, nitrite and suspended solids toward the end of
the experimental period. The catfish growth rate, survival and FCR in all treatments were in the ranges of
7.39-8.91 g/d, 84.44-95.56% and 0.21-0.25, respectively.

Key words : filter media, biofilm, water quality, hybrid catfish, growth rate, survival rate
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‡æ◊ËÕ§—¥‡≈◊Õ°™ÿ¥°√Õß™’«¿“æ„πµŸâ‡≈’È¬ß —µ«åπÈ”√–∫∫ªî¥∑’Ë®”Àπà“¬„π∑âÕßµ≈“¥´÷Ëß¥’∑’Ë ÿ¥ ®÷ß∑¥≈Õß‡≈’È¬ßª≈“

¥ÿ°∫‘Í°Õÿ¬„πµŸâ°√–®°¥â«¬™ÿ¥°√Õß 7 ·∫∫ ‡ªìπ√–¬–‡«≈“ 64 «—π æ∫«à“ ª√‘¡“≥·Õ¡‚¡‡π’¬·≈–‰π‰µ√∑å∑’Ë≈¥≈ß

 à«π„À≠à‡°‘¥®“°®ÿ≈‘π∑√’¬å°≈ÿà¡‰πµ√‘ø“¬‡ÕÕ√å‡ª≈’Ë¬π√Ÿª·Õ¡‚¡‡π’¬„Àâ‡ªìπ‰π‰µ√∑å·≈–‰π‡µ√∑ ·≈–µâÕß„™â√–¬–

‡«≈“Õ¬à“ßπâÕ¬ 16-28 «—π °àÕπ∑’Ë√–∫∫®–∑”ß“π‰¥â   à«π°“√¥Ÿ¥´—∫‚¥¬∂à“π°—¡¡—πµå ∂à“π°–≈“¡–æ√â“« zeolite ·≈–

‡´√“¡‘° (ceramic) ‡°‘¥¢÷Èπ„πª√‘¡“≥µË” Õ“¬ÿ°“√„™âß“π·≈–ª√– ‘∑∏‘¿“æ°“√°√Õß®÷ß¢÷ÈπÕ¬Ÿà°—∫§«“¡æ√ÿπ ·≈–ª√‘¡“≥

øî≈å¡®ÿ≈‘π∑√’¬å∑’Ë‡°‘¥¢÷Èπ∫√‘‡«≥º‘«¢Õß«— ¥ÿ°√Õß‡ªìπÀ≈—° ™ÿ¥°√Õß∑’Ë„™â«— ¥ÿ°√Õß‡ªìπ„¬æ≈“ µ‘°À¬“∫ 1 ·ºàπ √à«¡°—∫

bioball 37 ≈Ÿ° ¡’§«“¡‡À¡“– ¡∑’Ë ÿ¥ ·¡â¡’ªí≠À“°—∫°“√≈¥≈ß¢Õß§à“§«“¡‡ªìπ¥à“ß∑—ÈßÀ¡¥ (Alkalinity) ∑”„Àâøî≈å¡

®ÿ≈‘π∑√’¬å∑’Ë‡°“–∫√‘‡«≥º‘««— ¥ÿ°√Õß‡√‘Ë¡µ“¬·≈–À≈ÿ¥ÕÕ° ª√‘¡“≥·Õ¡‚¡‡π’¬ ‰π‰µ√∑å ·≈–¢Õß·¢Áß·¢«π≈Õ¬®÷ß

‡æ‘Ë¡ Ÿß¢÷Èπ„π™à«ßª≈“¬°“√∑¥≈Õß  à«πÕ—µ√“°“√‡®√‘≠‡µ‘∫‚µ Õ—µ√“°“√√Õ¥µ“¬ ·≈–Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ

¢Õßª≈“¥ÿ°„π·µà≈–™ÿ¥°√Õß¡’§à“Õ¬Ÿà„π™à«ß 7.39-8.91 °√—¡/«—π, 84.44-95.56% ·≈– 0.21-0.25 µ“¡≈”¥—∫

°“√‡≈’È¬ßª≈“ «¬ß“¡À√◊Õª≈“µŸâ (Aquarium fish)
‰¥â√—∫§«“¡π‘¬¡¡“°„πªí®®ÿ∫—π  ‚¥¬‡≈’È¬ß‡ªìπß“πÕ¥‘‡√°„Àâ
§«“¡‡æ≈‘¥‡æ≈‘π·≈–§«“¡ «¬ß“¡  °“√‡≈’È¬ßª≈“µŸâ®÷ß
·æ√àÀ≈“¬‰ª∑—Ë«‚≈° ´÷Ëß°“√‡≈’È¬ßª≈“„πµŸâ·≈–¡’√–∫∫ªî¥πÈ”
À¡ÿπ‡«’¬π “¡“√∂√—°…“§ÿ≥¿“æπÈ”„ÀâÕ¬Ÿà„π™à«ß∑’Ë‰¡à‡ªìπ
Õ—πµ√“¬µàÕ —µ«åπÈ”·≈–™à«¬‡æ‘Ë¡Õ—µ√“°“√√Õ¥µ“¬ ·≈–Õ—µ√“
°“√‡®√‘≠‡µ‘∫‚µ ∑”„Àâ “¡“√∂‡≈’È¬ß„π§«“¡Àπ“·πàπ Ÿß™à«¬
≈¥¡≈¿“«–¢ÕßπÈ”∑‘Èß®“°°“√‡æ“–‡≈’È¬ß≈ß Ÿà·À≈àßπÈ”∏√√¡™“µ‘
·≈–¬—ßπ”‰ª„™â„π°“√‡≈’È¬ß·≈–®—¥°“√æàÕ·¡àæ—π∏ÿå  °“√‡æ“–
øí° Õπÿ∫“≈≈Ÿ°ª≈“·≈–º≈‘µª≈“π‘È«„πª≈“À≈“¬™π‘¥ ‡™àπ
ª≈“·Õµ·≈πµ‘°§Õ¥ (Gadus morhua) ·≈–ª≈“‰À≈
(Anguilla anguilla) ‚¥¬ø“√å¡‡æ“–æ—π∏ÿåª≈“¢π“¥ª≈“π‘È«
 à«π„À≠à„π·∂∫‡¡¥‘‡µÕ√å‡√‡π’¬π π‘¬¡º≈‘µ≈Ÿ°ª≈“„π√–∫∫
πÈ”À¡ÿπ‡«’¬π·≈–¡’√–∫∫°√Õß™à«¬ª√—∫ª√ÿß§ÿ≥¿“æπÈ” ÷́Ëß
∑”„Àâº≈‘µ≈Ÿ°ª≈“‡æ‘Ë¡®”π«π¢÷Èπ 15% ( ÿπ‘µ¬å ·≈–§≥–,
2547; Ridha and Cruz, 2001) ‡ªìπº≈¡“®“°ªí®®—¬∑“ß

 ‘Ëß·«¥≈âÕ¡‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß§ÿ≥¿“æ¢ÕßπÈ”∑’Ë„™â‡≈’È¬ß®–¡’
º≈‚¥¬µ√ß°—∫Õ—µ√“°“√√Õ¥µ“¬ °“√‡®√‘≠‡µ‘∫‚µ ·≈–°“√
 ◊∫æ—π∏ÿå (Laohavisuti, 1997) æ√‡≈‘» ·≈–§≥– (2537)
æ∫«à“À“°§ÿ≥¿“æπÈ”‡ª≈’Ë¬π·ª≈ß®“°®ÿ¥∑’Ë‡À¡“– ¡®–∑”„Àâ
 —µ«åπÈ”‡§√’¬¥·≈–ÕàÕπ·Õ àßº≈„Àâ —µ«åπÈ”‡°‘¥‚√§‰¥âßà“¬¢÷Èπ
®÷ßµâÕß¡’·π«∑“ß∑’Ë‡À¡“– ¡„π°“√®—¥°“√§ÿ≥¿“æπÈ”‡æ◊ËÕ≈¥
¢Õß‡ ’¬∑’Ë‡°‘¥¢÷Èπ®“°°“√„ÀâÕ“À“√·≈– ‘Ëß¢—∫∂à“¬¢Õßª≈“∑’Ë
ª≈àÕ¬ÕÕ°¡“√–À«à“ß°“√‡≈’È¬ß «‘∏’°“√°√ÕßπÈ”®—¥‡ªìπ«‘∏’°“√∑’Ë
¡’ª√– ‘∑∏‘¿“æ Ÿß„π°“√°”®—¥µ–°Õπ·≈– “√·¢«π≈Õ¬„πµŸâ
‡≈’È¬ß —µ«åπÈ”  Moe (1992) ‰¥â·∫àß√–∫∫°“√°√ÕßπÈ”„π
µŸâ‡≈’È¬ß —µ«åπÈ”‰«â 3 ª√–‡¿∑ §◊Õ °“√°√Õß‚¥¬«‘∏’∑“ß™’«¿“æ
°“√°√Õß‚¥¬«‘∏’∑“ß‡§¡’ ·≈–°“√°√Õß‚¥¬«‘∏’∑“ß°“¬¿“æ

™ÿ¥°√Õß™’«¿“æ„πµŸâ‡≈’È¬ß —µ«åπÈ”∑’Ë®”Àπà“¬„π∑âÕßµ≈“¥
¡’À≈“¬·∫∫À≈“¬√“§“ ‡æ◊ËÕª√–‚¬™πåµàÕ°“√§—¥‡≈◊Õ°™ÿ¥
°√Õß™’«¿“æ„πµŸâ‡≈’È¬ß —µ«åπÈ”¡“„™âß“π ®÷ß»÷°…“°“√‡ª≈’Ë¬π
·ª≈ß§ÿ≥¿“æπÈ”®“°°“√∫”∫—¥¥â«¬™ÿ¥°√Õß Õ—µ√“°“√‡®√‘≠
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®‘√«—™  ™à«¬√Õ¥À¡¥ ·≈–§≥–947

‡µ‘∫‚µ Õ—µ√“°“√√Õ¥µ“¬ ·≈–Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ
‡π◊ÈÕ¢Õßª≈“¥ÿ°∫‘Í°Õÿ¬∑’Ë„™â‡ªìπ —µ«å∑¥≈Õß  πÕ°®“°π’È¬—ß
æ‘®“√≥“∂÷ß√“§“·≈–√–¬–‡«≈“∑’Ë‡√‘Ë¡Õÿ¥µ—π¢Õß™ÿ¥°√Õß
ª√–°Õ∫°“√§—¥‡≈◊Õ°¥â«¬

Õÿª°√≥å ·≈–«‘∏’°“√∑¥≈Õß

1. ·ºπ°“√∑¥≈Õß

«“ß·ºπ°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥ (Completely
Randomized Design : CRD) (¡πµå∑‘æ¬å, 2536) ‚¥¬
„™â™ÿ¥°√Õß∑’Ë¡’®”Àπà“¬„π∑âÕßµ≈“¥®”π«π 7 ·∫∫Ê ≈– 3
´È”  ™ÿ¥°√Õß·µà≈–·∫∫·µ°µà“ß°—π∑’Ë™π‘¥¢Õß«— ¥ÿ°√Õß
(Figure 1) ·≈–®—¥‡√’¬ß≈”¥—∫¢Õß«— ¥ÿ°√Õß®“°∫π≈ß≈à“ß
¥—ßπ’È

™ÿ¥°√Õß∑’Ë 1 „™â«— ¥ÿ°√Õß‡ªìπ°√«¥ (Gravel) 500
°√—¡ √à«¡°—∫∑√“¬À¬“∫ (Coarse sand) 500 °√—¡ ·≈–
∑√“¬≈–‡Õ’¬¥ (Fine sand) 500 °√—¡

™ÿ¥°√Õß∑’Ë 2 „™â«— ¥ÿ°√Õß‡ªìπ∑√“¬≈–‡Õ’¬¥ 500
°√—¡ √à«¡°—∫∑√“¬À¬“∫ 500 °√—¡ ·≈–°√«¥ 500 °√—¡

™ÿ¥°√Õß∑’Ë 3 „™â«— ¥ÿ°√Õß‡ªìπ„¬æ≈“ µ‘°À¬“∫
(coarse meshed plastic sheet) 1 ·ºàπ √à«¡°—∫‡´√“¡‘°
(ceramic) 300 °√—¡ ·≈– ammonia chip 300 °√—¡

™ÿ¥°√Õß∑’Ë 4 „™â«— ¥ÿ°√Õß‡ªìπ„¬æ≈“ µ‘°À¬“∫ 1
·ºàπ √à«¡°—∫ zeolite  250 °√—¡ ·≈–∂à“π°—¡¡—πµå (activ-
ated carbon) 200 °√—¡

™ÿ¥°√Õß∑’Ë 5 „™â«— ¥ÿ°√Õß‡ªìπ„¬æ≈“ µ‘°À¬“∫ 1
·ºàπ √à«¡°—∫ bioball 37  ≈Ÿ°

™ÿ¥°√Õß∑’Ë 6 „™â«— ¥ÿ°√Õß‡ªìπ∑√“¬§≈–¢π“¥ 500
°√—¡ √à«¡°—∫„¬æ≈“ µ‘°¢“« (coarse meshed plastic sheet)
2 ·ºàπ ·≈–∂à“π°–≈“¡–æ√â“« (coconut shell charcoal)
200 °√—¡

™ÿ¥°√Õß∑’Ë 7 „™â«— ¥ÿ°√Õß‡ªìπ‡»…ª–°“√—ß (broken
coral) 300 °√—¡ √à«¡°—∫ ammonia chip 300 °√—¡ ·≈–
∂à“π°—¡¡—πµå 200 °√—¡

„™âª≈“¥ÿ°∫‘Í°Õÿ¬¢π“¥πÈ”Àπ—°µ—«≈– 10 °√—¡ ®”π«π
15 µ—«µàÕµŸâ ‡≈’È¬ß„πµŸâ°√–®°¢π“¥ 45x60x45 ´¡. ÷́Ëß
∫√√®ÿπÈ”µŸâ≈– 80 ≈‘µ√  „ÀâÕ“°“»µ≈Õ¥‡«≈“  ·≈–„™â‡«≈“
∑¥≈Õß 64 «—π

2. °“√‡µ√’¬¡πÈ” µŸâ∑¥≈Õß ·≈–√–∫∫°√Õß

2.1 °“√‡µ√’¬¡πÈ”„πµŸâ∑¥≈Õß
„™âπÈ”ª√–ª“®“°‚√ß‡√◊Õπ‡æ“–‡≈’È¬ß —µ«åπÈ” ¿“§

«‘™“«“√‘™»“ µ√åæ—°‰«â‡ªìπ‡«≈“ 7 «—π „π∂—ß¢π“¥§«“¡®ÿ 1
≈∫.‡¡µ√ ‚¥¬„ÀâÕ“°“»µ≈Õ¥‡«≈“ ·≈â«π”¡“ºà“π°“√°√Õß

Figure 1.  Filter media used for the experiment.
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¥â«¬∂ÿß°√Õß·æ≈ß°åµÕπ¢π“¥™àÕßµ“ 20-60 ‰¡§√Õπ „ à
„πµŸâ∑¥≈ÕßµŸâ≈– 80 ≈‘µ√  ·≈–∑”°“√‡¥‘π√–∫∫°√Õß‡ªìπ
√–¬–‡«≈“ 8 «—π °àÕπª≈àÕ¬ª≈“≈ß‡≈’È¬ß„πµŸâ∑¥≈Õß„Àâ√–∫∫
°√ÕßÕ¬Ÿà„π ¿“«–æ√âÕ¡„™âß“π·≈–‡ªìπ¢âÕ¡Ÿ≈‡ª√’¬∫‡∑’¬∫
°“√‡ª≈’Ë¬π·ª≈ß§ÿ≥¿“æπÈ”À≈—ß®“°ª≈àÕ¬ª≈“·≈–„ÀâÕ“À“√

2.2 °“√‡µ√’¬¡µŸâ∑¥≈Õß
µŸâ∑’Ë„™â„π°“√∑¥≈Õß∑—ÈßÀ¡¥‡ªìπµŸâ°√–®°√Ÿª

 ’Ë‡À≈’Ë¬¡º◊πºâ“¢π“¥ 45x60x45 ´¡. ¿“¬„πµŸâ∑¥≈Õß¡’™ÿ¥
°√Õß¢π“¥ 10x10x30 ´¡.  «“ßÕ¬Ÿà„π·π«µ—Èß∫√‘‡«≥¡ÿ¡µŸâ
‚¥¬„™â airlift ‡ªìπµ—«§«∫§ÿ¡°“√‰À≈¢ÕßπÈ”ºà“π™ÿ¥°√Õß„π
Õ—µ√“ 1 ≈‘µ√/π“∑’ ·≈–¡’°“√„ÀâÕÕ°´‘‡®πµ≈Õ¥‡«≈“‚¥¬„™â
À—«∑√“¬ 2 À—«µàÕµŸâ (Figure 2)

2.3 °“√‡µ√’¬¡√–∫∫°√Õß
π”«— ¥ÿ°√Õß·µà≈–™π‘¥‰ª≈â“ß¥â«¬πÈ” –Õ“¥·≈â«

π”‰ªÕ∫„Àâ·Àâß°àÕππ”«— ¥ÿ°√Õß∫√√®ÿ„π°≈àÕß·°â«„ à«— ¥ÿ
°√Õß„Àâ«— ¥ÿ°√Õß·µà≈–™π‘¥Àπ“ 5 ´¡. (ª√‘¡“µ√«— ¥ÿ°√Õß
∑—ÈßÀ¡¥ 10x10x5 ≈∫.´¡.) ®“°π—Èππ”√–∫∫°√Õß (°≈àÕß
·°â«∑’Ë¡’«— ¥ÿ°√Õß∫√√®ÿÕ¬Ÿà) ·™àπÈ” –Õ“¥ 24-48 ™¡. „Àâ
«— ¥ÿ°√Õß∑’Ë¡’§«“¡æ√ÿπ Ÿß ‡™àπ ∂à“π°–≈“¡–æ√â“«·≈–∂à“π
°—¡¡—πµå®¡≈ß Ÿàæ◊Èπ¢Õß°≈àÕß·°â«„ à«— ¥ÿ°√Õß„π·µà≈–™—Èπ

3. °“√„ÀâÕ“À“√ª≈“∑¥≈Õß

ª≈àÕ¬ª≈“¥ÿ°∫‘Í°Õÿ¬ (Clarias macrocephalus X C.
gariepinus) ¢π“¥πÈ”Àπ—°‡©≈’Ë¬µ—«≈– 10 °√—¡ ®”π«π 15
µ—«µàÕµŸâ ‚¥¬„ÀâÕ“À“√‡¡Á¥ ”‡√Á®√Ÿª ”À√—∫ª≈“¥ÿ°¢π“¥‡≈Á°
æ‘‡»…¢Õß∫√‘…—∑‡®√‘≠‚¿§¿—≥±åÕ“À“√®”°—¥ (¡À“™π) «—π≈–

5% ¢ÕßπÈ”Àπ—°µ—« (°≈ÿà¡√—°‡°…µ√, 2541) ·∫àß‡ªìπ 2 ¡◊ÈÕ
§◊Õ¡◊ÈÕ‡™â“ (8.00 π.) ·≈–¡◊ÈÕ‡¬Áπ (17.00 π.)  ·≈–∑”°“√
™—ËßπÈ”Àπ—°ª≈“„π·µà≈–™ÿ¥°√Õß ‡æ◊ËÕª√—∫ª√‘¡“≥Õ“À“√∑ÿ°
8 «—π µ≈Õ¥°“√∑¥≈Õß

4. °“√‡°Á∫µ—«Õ¬à“ßπÈ”

‡°Á∫µ—«Õ¬à“ßπÈ”„π∫√‘‡«≥µ√ß¢â“¡°—∫√–∫∫°√Õß·≈–
Àà“ß®“°º‘«πÈ”ª√–¡“≥ 5 ´¡. ª√‘¡“µ√ 1 ≈‘µ√ ®“°µŸâ∑¥≈Õß
∑—ÈßÀ¡¥„π‡«≈“ 16.00 π. ∑ÿ° 4 «—π °àÕπ„ÀâÕ“À“√ª≈“ ‚¥¬
¡’°“√‡µ‘¡πÈ”∑¥·∑π∑ÿ° 8 «—π „Àâ§ßª√‘¡“µ√πÈ” 80 ≈‘µ√
·≈–∑”°“√®¥∫—π∑÷°√–¬–‡«≈“∑’Ë‡√‘Ë¡‡°‘¥°“√Õÿ¥µ—π¢Õß™ÿ¥°√Õß
(√–¬–‡«≈“∑—ÈßÀ¡¥µ—Èß·µà‡√‘Ë¡µâπ°“√∑¥≈Õß®π¡’πÈ”‰À≈∫à“
ÕÕ°∑“ß¥â“π∫π¢Õß°≈àÕß·°â«„ à«— ¥ÿ°√Õß) ∑ÿ°«—πµàÕ‡π◊ËÕß
‰ª®π ‘Èπ ÿ¥°“√∑¥≈Õß‡ªìπ√–¬–‡«≈“ 64 «—π

5. °“√«‘‡§√“–Àå§ÿ≥¿“æπÈ”

«‘‡§√“–ÀåÀ“ª√‘¡“≥‰π‰µ√∑å  ‰π‡µ√∑  ÕÕ°´‘‡®π
≈–≈“¬πÈ” ·≈–∫’‚Õ¥’ µ“¡«‘∏’¢Õß APHA ·≈–§≥– (1989)
·Õ¡‚¡‡π’¬√«¡ ¢Õß·¢Áß·¢«π≈Õ¬ ·≈–§«“¡‡ªìπ¥à“ß∑—ÈßÀ¡¥
µ“¡«‘∏’¢Õß Boyd ·≈– Tucker (1992)  à«π°“√«—¥æ’‡Õ™
(pH) „™â pH meter ¢Õß Mettler Delta √ÿàπ 340 ·≈–
«—¥Õÿ≥À¿Ÿ¡‘„™â thermometer

6. °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

«‘‡§√“–Àå§«“¡·µ°µà“ß¢Õß  Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ
Õ—µ√“°“√√Õ¥µ“¬  Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ  µâπ∑ÿπ
¢Õß√–∫∫°√Õß ·≈–√–¬–‡«≈“∑’Ë™ÿ¥°√Õß‡√‘Ë¡‡°‘¥°“√Õÿ¥µ—π
¥â«¬«‘∏’ one way analysis of variance ·≈– Duncan's
new multiple range test  ∑’Ë§«“¡‡™◊ËÕ¡—Ëπ 95%  ¥â«¬
‚ª√·°√¡ SPSS Release 9.0

«‘∏’°“√§”π«≥¢âÕ¡Ÿ≈µà“ßÊ µ≈Õ¥°“√∑¥≈Õß ¡’¥—ßπ’È
1) Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ (growth rate) §”π«≥

®“° ¡°“√

G = (W
t
− W

o
) / t

‡¡◊ËÕ G §◊Õ Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ (°√—¡ πÈ”Àπ—°‡ªï¬°/
«—π)

Figure 2. A layout of glass aquaria and a filter
system.
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W
t
  §◊Õ πÈ”Àπ—°‡©≈’Ë¬¢Õßª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß

(°√—¡ πÈ”Àπ—°‡ªï¬°)
W

o
§◊Õ πÈ”Àπ—°‡©≈’Ë¬¢Õßª≈“‡¡◊ËÕ‡√‘Ë¡µâπ°“√∑¥≈Õß

(°√—¡ πÈ”Àπ—°‡ªï¬°)
t §◊Õ √–¬–‡«≈“ («—π)
2) Õ—µ√“°“√√Õ¥µ“¬ (survival rate) §”π«≥®“°

 ¡°“√
Õ—µ√“°“√√Õ¥µ“¬ =

®”π«πª≈“∑’Ë‡À≈◊Õ‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß
x 100

      ®”π«πª≈“∑’Ë‡√‘Ë¡°“√∑¥≈Õß

3) Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ (feed convers-
ion ratio : FCR) §”π«≥®“° ¡°“√

FCR  =  F / (W
t
 - W


)

‡¡◊ËÕ F §◊Õ πÈ”Àπ—°√«¡¢ÕßÕ“À“√∑’Ë„™â‡≈’È¬ßª≈“µ≈Õ¥
°“√∑¥≈Õß (°√—¡ πÈ”Àπ—°·Àâß)

W
t

§◊Õ πÈ”Àπ—°√«¡∑—ÈßÀ¡¥¢Õßª≈“‡¡◊ËÕ ‘Èπ ÿ¥°“√
∑¥≈Õß (°√—¡ πÈ”Àπ—°‡ªï¬°)

W


§◊Õ πÈ”Àπ—°√«¡∑—ÈßÀ¡¥¢Õßª≈“‡¡◊ËÕ‡√‘Ë¡µâπ°“√
∑¥≈Õß (°√—¡ πÈ”Àπ—°‡ªï¬°)

4) µâπ∑ÿπ¢Õß√–∫∫°√Õß §”π«≥®“° ¡°“√
µâπ∑ÿπ¢Õß√–∫∫°√Õß =
§à“°≈àÕß·°â«„ à«— ¥ÿ°√Õß + §à“«— ¥ÿ°√Õß + §à“∑àÕ airlift

º≈·≈–«‘®“√≥å°“√∑¥≈Õß

1. §ÿ≥¿“æπÈ”∑’Ë∫”∫—¥¥â«¬√–∫∫°√Õß„π∑âÕßµ≈“¥

1) Õÿ≥À¿Ÿ¡‘
„π·µà≈–™ÿ¥°√Õß¡’·π«‚πâ¡°“√‡ª≈’Ë¬π·ª≈ß

Õÿ≥À¿Ÿ¡‘„π∑‘»∑“ß‡¥’¬«°—πµ≈Õ¥√–¬–‡«≈“°“√∑¥≈Õß 64 «—π
·≈–¡’§à“Õ¬Ÿà„π™à«ß 26-29oC ´÷Ëß‡À¡“– ¡µàÕ°“√‡®√‘≠‡µ‘∫‚µ
¢Õßª≈“¥ÿ°µ“¡√“¬ß“π¢ÕßÕÿ∑—¬√—µπå (2538)

2) æ’‡Õ™·≈–§«“¡‡ªìπ¥à“ß∑—ÈßÀ¡¥
æ’‡Õ™¡’§«“¡ —¡æ—π∏å·∫∫·ª√º—πµ“¡°—∫§«“¡

‡ªìπ¥à“ß∑—ÈßÀ¡¥„π·µà≈–™ÿ¥°√Õß·≈–¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ„π

™à«ßµâπ°“√∑¥≈Õß®“°°“√√–‡À¬¢ÕßπÈ”∑’Ë¡“°°«à“°“√„™â·À≈àß
§“√å∫Õπ¢Õß®ÿ≈‘π∑√’¬å·≈–‡¡◊ËÕ¡’¢Õß‡ ’¬‡æ‘Ë¡¢÷Èπ®“°°“√ª≈àÕ¬
ª≈“·≈–„ÀâÕ“À“√∑”„Àâæ’‡Õ™·≈–§«“¡‡ªìπ¥à“ß∑—ÈßÀ¡¥§àÕ¬Ê
≈¥≈ß®“°°“√¬àÕ¬ ≈“¬¢Õß®ÿ≈‘π∑√’¬å„π√–∫∫°√Õß∑’Ë∑”„Àâ
‡°‘¥°√¥ (Moriarty, 1997) ‚¥¬™ÿ¥°√Õß∑’Ë 3 („™â«— ¥ÿ°√Õß
‡ªìπ„¬æ≈“ µ‘°À¬“∫√à«¡°—∫‡´√“¡‘° ·≈– ammonia chip)
™ÿ¥°√Õß∑’Ë 4 („™â«— ¥ÿ°√Õß‡ªìπ„¬æ≈“ µ‘°À¬“∫√à«¡°—∫
zeolite ·≈–∂à“π°—¡¡—πµå) ·≈–™ÿ¥°√Õß∑’Ë 5 („™â«— ¥ÿ°√Õß
‡ªìπ„¬æ≈“ µ‘°À¬“∫√à«¡°—∫ bioball) ‰¡à¡’°“√Õÿ¥µ—π ·≈–
§“¥«à“®–‡°‘¥°√–∫«π°“√‰πµ√‘øî‡§™—π¢÷Èπ ∑”„Àâæ’‡Õ™·≈–
§«“¡‡ªìπ¥à“ß∑—ÈßÀ¡¥≈¥≈ß„πª√‘¡“≥ Ÿß°«à“™ÿ¥°√Õß∑’Ë 1 („™â
«— ¥ÿ°√Õß‡ªìπ°√«¥√à«¡°—∫∑√“¬À¬“∫ ·≈–∑√“¬≈–‡Õ’¬¥)
™ÿ¥°√Õß∑’Ë 2 („™â«— ¥ÿ°√Õß‡ªìπ∑√“¬≈–‡Õ’¬¥√à«¡°—∫∑√“¬À¬“∫
·≈–°√«¥) ™ÿ¥°√Õß∑’Ë 6 („™â«— ¥ÿ°√Õß‡ªìπ∑√“¬§≈–¢π“¥
√à«¡°—∫„¬æ≈“ µ‘°¢“« ·≈–∂à“π°–≈“¡–æ√â“«) ·≈–™ÿ¥°√Õß∑’Ë
7 („™â«— ¥ÿ°√Õß‡ªìπ‡»…ª–°“√—ß√à«¡°—∫ ammonia chip
·≈–∂à“π°—¡¡—πµå) ∑’Ë¡’°“√Õÿ¥µ—π¢Õß√–∫∫°√Õß‡©≈’Ë¬Õ¬Ÿà∑’Ë
37.0 «—π, 34.0 «—π, 41.0 «—π ·≈– 43.7 «—π µ“¡≈”¥—∫
´÷Ëß§“¥«à“®–‡°‘¥°√–∫«π°“√¥’‰πµ√‘øî‡§™—π¢÷Èπ ∑—Èßπ’È‡æ√“–
„π°√–∫«π°“√‰πµ√‘øî‡§™—π·∫§∑’‡√’¬‰πµ√‘ø“¬‡ÕÕ√å®–°”®—¥
·Õ¡‚¡‡π’¬ 1 ¡°./≈‘µ√ „Àâ‡ªìπ‰π‡µ√∑µâÕß„™âÕÕ° ‘́‡®π 4.18
°√—¡  “√Õπ‘π∑√’¬å§“√å∫Õπ 0.09 °√—¡ ·≈–§«“¡‡ªìπ¥à“ß
∑—ÈßÀ¡¥ 7.14 ¡°./≈‘µ√ ®÷ß®–‰¥â‡´≈≈å„À¡à‡°‘¥¢÷Èπ 0.15 °√—¡
 à«π°“√¬àÕ¬ ≈“¬·∫∫‰¡à„™âÕÕ°´‘‡®π„π√–∫∫°√Õß∑’ËÕÿ¥µ—π
(°√–∫«π°“√¥’‰πµ√‘øî‡§™—π) „π°“√°”®—¥‰π‡µ√∑ 1 ¡°./
≈‘µ√ „Àâ‡ªìπ°ä“´‰π‚µ√‡®π‰¥â§«“¡‡ªìπ¥à“ß∑—ÈßÀ¡¥°≈—∫§◊π¡“
3.57 ¡°./≈‘µ√ (‡°√’¬ß»—°¥‘Ï, 2543; Liu and Han, 2004)

æ’‡Õ™·≈–§«“¡‡ªìπ¥à“ß∑—ÈßÀ¡¥„π·µà≈–™ÿ¥°√Õß
¡’§à“‡ª≈’Ë¬π·ª≈ßÕ¬Ÿà„π™à«ß 5.18-8.53 ¡°./≈‘µ√ ·≈– 2-
110 ¡°./≈‘µ√ µ“¡≈”¥—∫ (Figure 3 ·≈– 4 µ“¡≈”¥—∫) ´÷Ëß
æ’‡Õ™∑’Ë‡À¡“– ¡µàÕª≈“¥ÿ°¥â“π (Clarias batrachus) Õ¬Ÿà
„π™à«ß 7-8.5 ·≈–À“°¡’æ’‡Õ™Õ¬Ÿà„π™à«ß 8.5-9.5 ®–¡’ªí≠À“
°—∫§«“¡‡ªìπ¥à“ß∑—ÈßÀ¡¥∑’Ë‡æ‘Ë¡ Ÿß¢÷Èπ∑”„Àâ·Õ¡‚¡‡π’¬‡ª≈’Ë¬π
√Ÿª®“° NH

4

+ ‰ªÕ¬Ÿà„π√Ÿª NH
3
 ∑’Ë¡’æ‘… Ÿß°«à“ (Saha et al.,

2002)  à«π§«“¡‡ªìπ¥à“ß∑—ÈßÀ¡¥∑’Ë‡À¡“– ¡§«√ Ÿß°«à“ 20
¡°./≈‘µ√ ‡æ◊ËÕ‡æ‘Ë¡º≈º≈‘µª≈“·≈–µâ“π∑“π§«“¡‡ªìπ°√¥
¢Õß·À≈àßπÈ” (Boyd, 1990)
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Figure 3.  Mean pH in the water treated with 7 commercial biofilters.

Figure 4.  Mean total alkalinity level  in the water treated with 7 commercial biofilters.

Figure 5. Mean dissolved oxygen concentration in the water treated with 7 commercial
biofilters.
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3) ÕÕ°´‘‡®π≈–≈“¬πÈ” ∫’‚Õ¥’ ·≈–¢Õß·¢Áß·¢«π
≈Õ¬∑—ÈßÀ¡¥

ª√‘¡“≥ÕÕ°´‘‡®π≈–≈“¬πÈ”„π·µà≈–™ÿ¥°√ÕßµË”
 ÿ¥Õ¬Ÿà„π™à«ß 3.4-4.3 ¡°./≈‘µ√ (Figure 5) ´÷Ëß„π°“√‡≈’È¬ß
ª≈“¥ÿ°∑—Ë«Ê ‰ª¡’ª√‘¡“≥ÕÕ°´‘‡®π≈–≈“¬πÈ”Õ¬Ÿà„π™à«ß 5-6
¡°./≈‘µ√ ·≈–À“°≈¥≈ß∂÷ß 3.0-3.5 ¡°./≈‘µ√ °Á‰¡à‡ªìπ
Õ—πµ√“¬µàÕª≈“ (Õÿ∑—¬√—µπå, 2538; Colt, 2006) ·µàÀ“°
ÕÕ°´‘‡®π≈–≈“¬πÈ”µË”°«à“ 3 ¡°./≈‘µ√ ∑”„Àâª≈“‡®√‘≠‡µ‘∫‚µ
™â“ ·≈–®”°—¥°“√‡®√‘≠¢Õß·∫§∑’‡√’¬‰πµ√‘ø“¬‡ÕÕ√å (Masser
et al., 1999 Õâ“ß‚¥¬ Akinwole and Faturoti, 2007)
 à«π∫’‚Õ¥’·≈–¢Õß·¢Áß·¢«π≈Õ¬∑—ÈßÀ¡¥„π™ÿ¥°√Õß∑’Ë‰¡à

Õÿ¥µ—π¡’§à“ Ÿß ÿ¥Õ¬Ÿà„π™à«ß 5.9-7.2 ¡°./≈‘µ√ ·≈– 39.8-
56.3 ¡°./≈‘µ√ µ“¡≈”¥—∫ (Figure 6 ·≈– 7 µ“¡≈”¥—∫)
´÷Ëßª√‘¡“≥∫’‚Õ¥’„π°“√‡≈’È¬ß —µ«åπÈ”‰¡à§«√‡°‘π 30 ¡°./≈‘µ√
(Boyd and Gross, 1999 Õâ“ß‚¥¬ Xinglong and Boyd,
2005)  ·≈–ª√‘¡“≥∫’‚Õ¥’∑’Ë Ÿß¢÷ÈπÕ“®∑”„ÀâπÈ”¢“¥·§≈π
ÕÕ°´‘‡®π‰¥â

ÕÕ° ‘́‡®π≈–≈“¬πÈ”≈¥≈ßµ≈Õ¥°“√∑¥≈ÕßÕ“®
‡°‘¥®“°°“√„™â¢Õßª≈“·≈–°“√¬àÕ¬ ≈“¬ “√Õ‘π∑√’¬å‚¥¬
·∫§∑’‡√’¬æ«°‰πµ√‘ø“¬‡ÕÕ√å (Turner and Bower, 1982)
 à«π∫’‚Õ¥’„π·µà≈–™ÿ¥°√Õß‡ª≈’Ë¬π·ª≈ß·∫∫·ª√º—πµ“¡°—∫
¢Õß·¢Áß·¢«π≈Õ¬∑—ÈßÀ¡¥  ‡π◊ËÕß®“°™à«ßµâπ°“√∑¥≈Õß¡’

Figure 6.  Mean BOD concentration in the water treated with 7 commercial biofilters.

Figure 7.  Mean suspended solid concentration in the water treated with 7 commercial biofilters.
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ª√‘¡“≥øî≈å¡®ÿ≈‘π∑√’¬å‰¡à‡æ’¬ßæÕ∑”„Àâ™àÕß«à“ß√–À«à“ß«— ¥ÿ
°√Õß¡’¢π“¥„À≠à (¡—Ëπ ‘π, 2542) ‡¡◊ËÕ√–¬–‡«≈“°“√∑¥≈Õß
ºà“π‰ª√–¬–Àπ÷Ëß®÷ß‡°‘¥øî≈å¡®ÿ≈‘π∑√’¬å™à«¬≈¥™àÕß«à“ß√–À«à“ß
«— ¥ÿ°√Õß„Àâ‡≈Á°≈ß ´÷Ëß«— ¥ÿ°√Õß∑’Ë‡√’¬ßµ—«®“°§«“¡æ√ÿπ Ÿß
‰ªÀ“§«“¡æ√ÿπµË”„π™ÿ¥°√Õß∑’Ë 1 („™â«— ¥ÿ°√Õß‡ªìπ°√«¥
√à«¡°—∫∑√“¬À¬“∫ ·≈–∑√“¬≈–‡Õ’¬¥) ∑”„Àâµ–°Õπ∑’Ë¡’¢π“¥
„À≠àµ‘¥Õ¬Ÿà¥â“π∫π  à«πµ–°Õπ¢π“¥√Õß≈ß¡“®–≈Õ¥ºà“π
·≈–µ‘¥Õ¬Ÿà„π™—Èπ°√Õß∂—¥‰ª ·µà„π™ÿ¥°√Õß∑’Ë 2 („™â«— ¥ÿ°√Õß
‡ªìπ∑√“¬≈–‡Õ’¬¥√à«¡°—∫∑√“¬À¬“∫ ·≈–°√«¥) «— ¥ÿ°√Õß
¥â“π∫π¡’§«“¡æ√ÿπµË”µ–°Õπ∑—Èß¢π“¥‡≈Á°·≈–¢π“¥„À≠à®–
µ‘¥Õ¬Ÿà∑’Ëº‘«¥â“π∫π∑—ÈßÀ¡¥®÷ß‡°‘¥°“√Õÿ¥µ—π‰¥âßà“¬ (¡—Ëπ ‘π,
2542)  à«π™ÿ¥°√Õß∑’Ë 5 („™â«— ¥ÿ°√Õß‡ªìπ„¬æ≈“ µ‘°À¬“∫
√à«¡°—∫ bioball) ∑’Ë¡’™àÕß«à“ß¢Õß«— ¥ÿ°√Õß ŸßÊ ®”‡ªìπµâÕß
„™â‡«≈“√–¬–Àπ÷Ëß‡æ◊ËÕ„Àâµ–°Õπ¢π“¥„À≠àµ°∑—∫°—π·≈–‡°‘¥
øî≈å¡®ÿ≈‘π∑√’¬å¢÷Èπ‡æ◊ËÕ≈¥™àÕß«à“ß„Àâ‡≈Á°≈ß®÷ß “¡“√∂°√Õß
µ–°Õπ∑’Ë¡’¢π“¥‡≈Á°‰¥â ´÷Ëß ‘Ëß‡À≈à“π’È‡ªìπµ—«°”Àπ¥ª√– ‘∑∏‘-
¿“æ·≈–Õ“¬ÿ°“√„™âß“π¢Õß√–∫∫°√Õß

4) ·Õ¡‚¡‡π’¬ ‰π‰µ√∑å ·≈–‰π‡µ√∑
ª√‘¡“≥·Õ¡‚¡‡π’¬√«¡ Ÿß ÿ¥„π™ÿ¥°√Õß∑’Ë 3 („™â

«— ¥ÿ°√Õß‡ªìπ„¬æ≈“ µ‘°À¬“∫√à«¡°—∫‡´√“¡‘° ·≈– ammo-
nia chip) ™ÿ¥°√Õß∑’Ë 4 („™â«— ¥ÿ°√Õß‡ªìπ„¬æ≈“ µ‘°À¬“∫
√à«¡°—∫ zeolite ·≈–∂à“π°—¡¡—πµå) ·≈–™ÿ¥°√Õß∑’Ë 5 („™â
«— ¥ÿ°√Õß‡ªìπ„¬æ≈“ µ‘°À¬“∫√à«¡°—∫ bioball) ´÷Ëß‰¡à‡°‘¥
°“√Õÿ¥µ—π ¡’§à“Õ¬Ÿà√–À«à“ß 2.464-3.584 ¡°./≈‘µ√ (Figure

8) ´÷Ëß§àÕπ¢â“ß‡ªìπÕ—πµ√“¬ ‚¥¬ª√‘¡“≥·Õ¡‚¡‡π’¬„π√Ÿª¢Õß
NH

3
 ∑’Ë∑”„Àâª≈“πÈ”®◊¥À≈“¬™π‘¥µ“¬„π‡«≈“Õ—π —ÈπÕ¬Ÿà∑’Ë

0.2-2 ¡°./≈‘µ√ (EIFAC, 1973) æ’‡Õ™∑’Ë‡æ‘Ë¡¢÷Èπ¡’º≈„Àâ
·Õ¡‚¡‡π’¬‡ª≈’Ë¬π√Ÿª®“° NH

4

+ ‰ªÕ¬Ÿà„π√Ÿª NH
3
 ∑’Ë¡’æ‘…

 Ÿß°«à“·≈–ª√‘¡“≥·Õ¡‚¡‡π’¬ 3.0 ¡°. NH
3
/≈‘µ√ ¡’æ‘…

µàÕª≈“πÈ”®◊¥∑’Ëæ’‡Õ™ 8.5 ·µà‰¡à‡ªìπÕ—πµ√“¬∑’Ëæ’‡Õ™ 6.0
(Lewbart, 1998)   Õ¥§≈âÕß°—∫ Tomasso ·≈–§≥–
(1980) ∑’Ëæ∫«à“¢≥–∑’Ëæ’‡Õ™ 9 ¡’ª√‘¡“≥·Õ¡‚¡‡π’¬√«¡ 4.5
¡°./≈‘µ√  “¡“√∂∑”„Àâª≈“°¥Õ‡¡√‘°—π (channel catfish)
µ“¬À¡¥¿“¬„π 24 ™¡. ·≈–À“°≈¥§«“¡‡ªìπ°√¥¥à“ß„Àâ
‡À≈◊Õ 7 µâÕß¡’ª√‘¡“≥·Õ¡‚¡‡π’¬√«¡∂÷ß 263.6 ¡°./≈‘µ√
®÷ß∑”„Àâª≈“µ“¬   à«πª√‘¡“≥‰π‰µ√∑å Ÿß ÿ¥„π™ÿ¥°√Õß∑’Ë‰¡à
Õÿ¥µ—π¡’§à“Õ¬Ÿà„π™à«ß 2.78-4.53 ¡°./≈‘µ√ (Figure 9) ´÷Ëß
§à“§«“¡‡ªìπæ‘… (96-h LC50) ¢Õß‰π‰µ√∑åµàÕª≈“πÈ”®◊¥
À≈“¬™π‘¥Õ¬Ÿà„π™à«ß 0.66-200 ¡°./≈‘µ√ „π¢≥–∑’Ë¡’Õ—πµ√“¬
µàÕª≈“¥ÿ°‡¡◊ËÕ¡’§à“ Ÿß°«à“ 1 ¡°./≈‘µ√ ·≈–§«“¡‡ªìπæ‘…¢Õß
‰π‰µ√∑å Ÿß¢÷Èπ‡¡◊ËÕæ’‡Õ™≈¥≈ß (Boyd, 1990; Lewbart,
1998; Colt, 2006) „π¢≥–∑’Ëª√‘¡“≥‰π‡µ√∑ Ÿß ÿ¥„π·µà
≈–™ÿ¥°√Õß¡’§à“Õ¬Ÿà„π™à«ß 41.94-61.95 ¡°./≈‘µ√ (Figure
10) ‚¥¬ª°µ‘‰π‡µ√∑¡’§«“¡‡ªìπæ‘…µàÕª≈“πÈ”®◊¥µË”¡“°·≈–
§à“ 96-h LC50 ¢Õß‰π‡µ√∑ Ÿß°«à“ 1,000 ¡°./≈‘µ√ (Colt,
2006)

™ÿ¥°√Õß∑’Ë„™â«— ¥ÿ°√Õß‡ªìπ zeolite, ammonia
chip ·≈–∂à“π°—¡¡—πµå (™ÿ¥°√Õß∑’Ë 3, 4 ·≈– 7)  “¡“√∂

Figure 8. Mean total ammonia nitrogen concentration in the water treated with 7 commercial
                 biofilters.
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™à«¬§«∫§ÿ¡ª√‘¡“≥·Õ¡‚¡‡π’¬„π™à«ßµâπ°“√∑¥≈Õß‰¥â¥’
(Figure 8) ‚¥¬°√–∫«π°“√¥Ÿ¥´—∫ (absorption) (¡—Ëπ ‘π,
2542; ¡—Ëπ ‘π ·≈–‰ææ√√≥, 2539) ·µà°“√∫”∫—¥·Õ¡‚¡‡π’¬
„π√–¬–µàÕ¡“‡°‘¥®“°°√–∫«π°“√‰πµ√‘øî‡§™—π‡ªìπÀ≈—°
¥—ßπ—Èπ°“√‡≈◊Õ°„™â«— ¥ÿ°√Õß∑’Ë¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥™—∫
·Õ¡‚¡‡π’¬√à«¡°—∫«— ¥ÿ°√Õß∑’Ë™—°π”„Àâ‡°‘¥‰πµ√‘øî‡§™—π®÷ß¡’
§«“¡‰¥â‡ª√’¬∫ ‚¥¬™à«ß√–¬–‡«≈“°“√∑¥≈Õß∑’Ë 15 «—π·√°
„π·µà≈–™ÿ¥∑¥≈Õß∑’Ë«— ¥ÿ°√Õß‡ªìπæ«° zeolite, ammonia
chip ·≈–∂à“π°—¡¡—πµå∫”∫—¥‚¥¬°“√¥Ÿ¥´—∫·≈–¡’°“√‡®√‘≠
¢Õßøî≈å¡®ÿ≈‘π∑√’¬å‡°‘¥¢÷Èπ∫√‘‡«≥º‘««— ¥ÿ°√Õß µàÕ¡“∑’Ë√–¬–
‡«≈“°“√∑¥≈ÕßÀ≈—ß®“° 15 «—π °“√¥Ÿ¥´—∫‚¥¬«— ¥ÿ°√Õß∂÷ß

¢’¥®”°—¥·≈–øî≈å¡®ÿ≈‘π∑√’¬å„π√–∫∫°√Õß¡’ª√‘¡“≥‡æ’¬ßæÕ
„π°“√∫”∫—¥·Õ¡‚¡‡π’¬ ·≈–‰π‰µ√∑å ·≈–®“°°“√∑¥≈Õß
æ∫«à“ √–∫∫‰πµ√‘øî‡§™—π®–∑”ß“π‰¥â ¡∫Ÿ√≥åÀ≈—ß®“° 30
«—π ‡ªìπµâπ‰ª ´÷Ëß√–∫ÿ‰¥â®“°°“√∑’Ëª√‘¡“≥‰π‰µ√∑å≈¥≈ß®π
À¡¥·≈–‡°‘¥°“√ – ¡¢Õß‰π‡µ√∑Õ¬à“ßµàÕ‡π◊ËÕß (Figure 9
·≈– 10)  ´÷Ëß¢≥–∑’Ë¡’ÕÕ°´‘‡®π‡æ’¬ßæÕ·≈–¡’¢Õß‡ ’¬
®“°°“√‡æ“–‡≈’È¬ß —µ«åπÈ” “¡“√∂™—°π”„Àâ∫√‘‡«≥º‘««— ¥ÿ
°√Õß¡’°“√‡æ‘Ë¡®”π«π¢Õß·∫§∑’‡√’¬°≈ÿà¡ Nitrosomonas,
Nitrospira, Nitrosococcus ·≈– Nitrosolobus ‡ª≈’Ë¬π
·Õ¡‚¡‡π’¬‰ª‡ªìπ‰π‰µ√∑å µàÕ¡“·∫§∑’‡√’¬°≈ÿà¡ Nitrobacter,
Nitrospira ·≈– Nitrococcus ∑”Àπâ“∑’ËÕÕ°´‘‰¥´å‰π‰µ√∑å

Figure 9.  Mean nitrite-nitrogen concentration in the water treated with 7 commercial biofilters.

Figure 10.  Mean nitrate-nitrogen concentration in the water treated with 7 commercial biofilters.
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‰ª‡ªìπ‰π‡µ√∑ ´÷Ëßªí®®—¬À≈—°∑’Ë§«∫§ÿ¡°≈‰°‡À≈à“π’È§◊Õ§«“¡
 “¡“√∂„π°“√„Àâøî≈å¡®ÿ≈‘π∑√’¬å‡°“–º‘««— ¥ÿ°√Õß ‚¥¬«— ¥ÿ
°√Õß∑’Ë‡ªìπ‡¡Á¥‡≈Á°Ê ‡™àπ ∂à“π°—¡¡—πµå, ∑√“¬, ‡´√“¡‘° ·≈–
ammonia chip  “¡“√∂¥—°µ–°Õπ·¢«π≈Õ¬‰¥â¥’·µàÕÿ¥µ—π
ßà“¬   à«π«— ¥ÿ°√Õß∑’Ë‡ªìπ·ºàπ≈ÕπÀ√◊Õµ“¢à“¬ ‡™àπ „¬
æ≈“ µ‘°À¬“∫·≈–„¬æ≈“ µ‘°¢“« “¡“√∂¥—°µ–°Õπ·¢«π
≈Õ¬‰¥âπâÕ¬·µàÕÿ¥µ—π¬“° ·≈–«— ¥ÿ∑’Ë∑”®“° polyethylene
¡’Õ—µ√“°“√¬÷¥‡°“–¢Õß®ÿ≈‘π∑√’¬å Ÿß ÿ¥ (‡°√’¬ß»—°¥‘Ï, 2543;
∏ß™—¬, 2544; Boyd, 1990; Singh et al., 2004) ∑”„Àâ
™ÿ¥°√Õß∑’Ë„™â„¬æ≈“ µ‘°À¬“∫‡ªìπ«— ¥ÿ°√Õß “¡“√∂≈¥
·Õ¡‚¡‡π’¬·≈–‰π‰µ√∑å„Àâ¡’§à“ Ÿß ÿ¥‡æ’¬ß 1.05-2.13 ¡°./
≈‘µ√ ·≈– 2.78-4.53 ¡°./≈‘µ√ µ“¡≈”¥—∫ (Figure 8 ·≈–
9 µ“¡≈”¥—∫) (™à«ß∑’Ë¡’§«“¡‡ªìπ¥à“ß∑—ÈßÀ¡¥‡æ’¬ßæÕ∑’Ë√–¬–
‡«≈“°“√∑¥≈Õß 0-32 «—π) ´÷ËßµË”°«à“™ÿ¥°√ÕßÕ◊ËπÊ Õ¬à“ß
™—¥‡®π  Õ¥§≈âÕß°—∫ Azim ·≈–§≥– (2004) ´÷Ëß„™â‰¡â‰ºà
„π°“√‡æ‘Ë¡æ◊Èπ∑’Ëº‘«„Àâ‡°‘¥ periphyton (biofilm)  “¡“√∂
≈¥·Õ¡‚¡‡π’¬ ‰π‰µ√∑å·≈–‡æ‘Ë¡º≈º≈‘µ —µ«åπÈ”‰¥â¥’°«à“°“√
‰¡à‡æ‘Ë¡æ◊Èπ∑’Ëº‘« ·µà·∫§∑’‡√’¬‰πµ√‘ø“¬‡ÕÕ√å‡ª≈’Ë¬π·Õ¡‚¡‡π’¬
1 ¡°./≈‘µ√ „Àâ‡ªìπ‰π‡µ√∑∑”„Àâ §«“¡‡ªìπ¥à“ß∑—ÈßÀ¡¥≈¥≈ß
7.14 ¡°./≈‘µ√ (‡°√’¬ß»—°¥‘Ï, 2543; Liu and Han, 2004)
∑”„Àâ„π™ÿ¥°√Õß∑’Ë‰¡àÕÿ¥µ—π (™ÿ¥°√Õß∑’Ë 3, 4 ·≈– 5) ¡’
§«“¡‡ªìπ¥à“ß≈¥≈ßÕ¬à“ßµàÕ‡π◊ËÕß®π‰¡à‡æ’¬ßæÕ°—∫§«“¡
µâÕß°“√¢Õß®ÿ≈‘π∑√’¬å∑’Ë√–¬–‡«≈“°“√∑¥≈Õß 36 «—π (Figure
4) ª√‘¡“≥·Õ¡‚¡‡π’¬®÷ß‡æ‘Ë¡¢÷Èπ®π®∫°“√∑¥≈Õß·≈–
ª√‘¡“≥‰π‰µ√∑å Ÿß¢÷Èπ™à«ßª≈“¬°“√∑¥≈Õß  à«π°“√¬àÕ¬
 ≈“¬·∫∫‰¡à„™âÕÕ°´‘‡®π “¡“√∂°”®—¥‰π‡µ√∑ 1 ¡°./≈‘µ√
„Àâ‡ªìπ°ä“´‰π‚µ√‡®π‰¥â§«“¡‡ªìπ¥à“ß∑—ÈßÀ¡¥°≈—∫§◊π¡“ 3.57
¡°./≈‘µ√ (‡°√’¬ß»—°¥‘Ï, 2543) ™ÿ¥°√Õß∑’ËÕÿ¥µ—π (™ÿ¥°√Õß∑’Ë
1, 2, 6 ·≈– 7) ®÷ß‰¡à¡’°“√¢“¥·§≈π§«“¡‡ªìπ¥à“ß∑—ÈßÀ¡¥
„π°“√°”®—¥·Õ¡‚¡‡π’¬·≈–‰π‰µ√∑å Õ¬à“ß‰√°Áµ“¡°“√‡≈’È¬ß
 —µ«åπÈ”·∫∫ªî¥À¡ÿπ‡«’¬π∑’Ë∫”∫—¥·∫∫‰πµ√‘øî‡§™—π‡ªìπ√–¬–
‡«≈“π“π®–∑”„Àâ‡°‘¥°“√ – ¡¢Õß‰π‡µ√∑´÷Ëß‡ªìπº≈º≈‘µ
 ÿ¥∑â“¬¢Õß°√–∫«π°“√‰πµ√‘øî‡§™—π „π·µà≈–™ÿ¥°√Õß®÷ß¡’
ª√‘¡“≥‰π‡µ√∑‡æ‘Ë¡ Ÿß¢÷ÈπÕ¬à“ßµàÕ‡π◊ËÕß®π®∫°“√∑¥≈Õß
(Figure 10) ·µà„π™ÿ¥°√Õß∑’ËÕÿ¥µ—π¡’ª√‘¡“≥‰π‡µ√∑µË”°«à“
™ÿ¥°“√∑¥≈ÕßÕ◊ËπÊ  Õ¥§≈âÕß°—∫ Moriarty (1997) ∑’Ëæ∫
«à“‡¡◊ËÕ¡’ “√Õ‘π∑√’¬å®”π«π¡“°Ê ®ÿ≈‘π∑√’¬å¬àÕ¬ ≈“¬·∫∫„™â
ÕÕ°´‘‡®π‡°‘¥¢÷Èπ„π¡«≈πÈ”·≈–º‘«µ–°Õπ  ·µàµ–°Õπ∑’Ë¡’

°“√∑—∫∂¡Õ¬Ÿà¥â“π≈à“ß‡°‘¥°“√¬àÕ¬ ≈“¬·∫∫‰¡à„™âÕÕ°´‘‡®π
®÷ß∑”„Àâª√‘¡“≥‰π‡µ√∑≈¥≈ß

2. Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ

Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“¥ÿ°„π·µà≈–™ÿ¥∑¥≈Õß
‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ (P>0.05) ‚¥¬¡’§à“Õ¬Ÿà„π™à«ß
7.39-8.91 °√—¡/«—π (Table 1) ´÷Ëß Ÿß°«à“°“√∑¥≈Õß¢Õß
Akinwole ·≈– Faturoti (2006) ∑’Ë¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ
¢Õßª≈“¥ÿ°Õ¬Ÿà„π™à«ß 4.58-6.29 °√—¡/«—π ‡π◊ËÕß®“°„π°“√
∑¥≈Õßπ’È¡’°“√ª≈àÕ¬ª≈“§«“¡Àπ“·πàπµË”°«à“·≈–¡’§ÿ≥¿“æ
πÈ”‚¥¬√«¡Õ¬Ÿà„π‡°≥±å∑’Ë‡À¡“– ¡µàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õß
ª≈“¥ÿ° ¥—ßº≈°“√»÷°…“§ÿ≥¿“æπÈ”∑’Ë°≈à“«‰ª·≈â«

3. Õ—µ√“°“√√Õ¥µ“¬

Õ—µ√“°“√√Õ¥µ“¬¢Õßª≈“¥ÿ°„π·µà≈–™ÿ¥∑¥≈Õß‰¡à¡’
§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ (P>0.05) ‚¥¬¡’§à“Õ¬Ÿà√–À«à“ß
84.44-95.56% (Table 1) ´÷Ëß¡’§à“„°≈â‡§’¬ß°—∫°“√‡≈’È¬ß„π
√–∫∫πÈ”À¡ÿπ‡«’¬π„π∫àÕ§Õπ°√’µ°≈¡∑’Ë¡’§à“Õ¬Ÿà√–À«à“ß 79.5-
91% (≥√ß§å, 2540) ·µà°“√µ“¬¢Õßª≈“∑—ÈßÀ¡¥‡°‘¥¢÷Èπ∑’Ë
√–¬–‡«≈“°“√∑¥≈Õß 12 ∂÷ß 28 «—π ´÷Ëß‡ªìπ™à«ß∑’Ëª√‘¡“≥
·Õ¡‚¡‡π’¬·≈–‰π‰µ√∑å¡’§à“ Ÿß ÿ¥  Õ¥§≈âÕß°—∫°“√»÷°…“
¢Õß Das ·≈–§≥– (2004) ´÷Ëßæ∫«à“°“√‡°‘¥§«“¡‡§√’¬¥
 ŸßÊ ®“° “√æ‘… (·Õ¡‚¡‡π’¬·≈–‰π‰µ√∑å)  àßº≈„ÀâÕ—µ√“
‡¡µ“∫Õ≈‘´÷¡ Ÿß¢÷Èπ·≈–Õ“®¡’Õ—µ√“°“√µ“¬‡æ‘Ë¡ Ÿß¢÷ÈπÀ“°‰¡à¡’
°“√®—¥°“√∑’Ë¥’

4. Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ

Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ¢Õßª≈“¥ÿ°„π·µà≈–
™ÿ¥∑¥≈Õß‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ (P>0.05) ‚¥¬¡’
§à“Õ¬Ÿà√–À«à“ß 0.21-0.25 (Table 1) ´÷Ëß‡ªìπ§à“∑’ËµË”°«à“°“√
‡≈’È¬ßª≈“¥ÿ°„π√–∫∫πÈ”À¡ÿπ‡«’¬π¢Õß ≥√ß§å (2540) ∑’Ë¡’§à“
Õ¬Ÿà„π™à«ß 1.24-1.49 ‡π◊ËÕß®“°°“√„ÀâÕ“À“√ 5% ¢Õß
πÈ”Àπ—°µ—«  ‡æ’¬ßæÕµàÕ§«“¡µâÕß°“√¢Õßª≈“¥ÿ°  (°≈ÿà¡√—°
‡°…µ√, 2541) ª√–°Õ∫°—∫ —µ«åπÈ”∫“ß™π‘¥·≈–æ«° —µ«å
¢π“¥‡≈Á° “¡“√∂°‘π®ÿ≈‘π∑√’¬å‡ªìπÕ“À“√‰¥â‚¥¬µ√ß (Mor-
iarty, 1997) „π¢≥–∑’Ë Akinwole ·≈– Faturoti (2007)
√“¬ß“π«à“„π°“√‡≈’È¬ßª≈“µ√–°Ÿ≈ catfish (¢π“¥ª≈“π‘È«)
¡’Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕÕ¬Ÿà„π™à«ß 0.60-0.78 ·≈–
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≈¥≈ßµË”°«à“π’ÈÀ“°‡≈’È¬ß„π√–∫∫πÈ”À¡ÿπ‡«’¬π·≈–¡’√–∫∫
°√Õß∑’Ë¥’

5. µâπ∑ÿπ¢Õß√–∫∫°√Õß

µâπ∑ÿπ à«π„À≠à¢Õß√–∫∫°√Õß„π·µà≈–™ÿ¥∑¥≈Õß §◊Õ
°≈àÕß·°â«„ à«— ¥ÿ°√Õß∑’Ë¡’√“§“‡∑à“°—∫ 80 ∫“∑   à«π«— ¥ÿ
°√Õßæ«°∑√“¬µà“ßÊ ·≈–°√«¥¡’√“§“ 10 ∫“∑/°°.  ·µà
√“§“ ammonia chip, ‡´√“¡‘°, zeolite ·≈–∂à“π°—¡¡—πµå
¡’√“§“Õ¬Ÿà∑’Ë 100 ∫“∑/°°. ™ÿ¥°√Õß∑’Ë 6 („™â«— ¥ÿ°√Õß‡ªìπ
∑√“¬§≈–¢π“¥√à«¡°—∫„¬æ≈“ µ‘°¢“«·≈–∂à“π°–≈“¡–æ√â“«)
¡’√“§“∂Ÿ°∑’Ë ÿ¥ (105.40 ∫“∑) ·≈–™ÿ¥°√Õß∑’Ë 7 („™â«— ¥ÿ
°√Õß‡ªìπ‡»…ª–°“√—ß√à«¡°—∫ ammonia chip ·≈–∂à“π

°—¡¡—πµå) ¡’√“§“ Ÿß∑’Ë ÿ¥ (162.00 ∫“∑) (Table 2) À“°
‡ª√’¬∫‡∑’¬∫√“§“µâπ∑ÿπ¢Õß√–∫∫°√ÕßµàÕª√– ‘∑∏‘¿“æ°“√
∫”∫—¥πÈ”‚¥¬√«¡ æ∫«à“ ™ÿ¥°√Õß∑’Ë 5 („™â«— ¥ÿ°√Õß‡ªìπ„¬
æ≈“ µ‘°À¬“∫√à«¡°—∫ bioball) ¥’∑’Ë ÿ¥‡æ√“–„¬æ≈“ µ‘°
À¬“∫ ·≈– bioball ¡’æ◊Èπ∑’Ëº‘«·≈–§«“¡ “¡“√∂„π°“√°—°
‡°Á∫µ–°Õπ Ÿß®÷ß¡’Õ“¬ÿ°“√„™âß“π¬“«π“π

6. √–¬–‡«≈“∑’Ë‡√‘Ë¡‡°‘¥°“√Õÿ¥µ—π¢Õß√–∫∫°√Õß

«— ¥ÿ°√Õß∑’Ë‡ªìπ‡¡Á¥‡≈Á°Ê ‡™àπ ∂à“π°—¡¡—πµå, ∂à“π
°–≈“¡–æ√â“«, ∑√“¬, ‡´√“¡‘° ·≈– ammonia chip  “¡“√∂
¥—°µ–°Õπ·¢«π≈Õ¬‰¥â¥’·µàÕÿ¥µ—πßà“¬ ‚¥¬‡©æ“–«— ¥ÿ°√Õß
∑’Ë‡ªìπ‡¡Á¥¢π“¥§≈–°—π®–¡’√Ÿæ√ÿπµË”®÷ßÕÿ¥µ—π‰¥âßà“¬¬‘Ëß¢÷Èπ
 à«π«— ¥ÿ°√Õß∑’Ë‡ªìπ·ºàπ≈ÕπÀ√◊Õµ“¢à“¬ ‡™àπ „¬æ≈“ µ‘°
À¬“∫ bioball ·≈–„¬æ≈“ µ‘°¢“« “¡“√∂¥—°µ–°Õπ·¢«π
≈Õ¬‰¥âπâÕ¬·µàÕÿ¥µ—π¬“° (¡—Ëπ ‘π, 2542; ‡°√’¬ß»—°¥‘Ï, 2543)
∑”„Àâ™ÿ¥°√Õß∑’Ë 5 („™â«— ¥ÿ°√Õß‡ªìπ„¬æ≈“ µ‘°À¬“∫√à«¡°—∫
bioball) ‰¡à‡°‘¥°“√Õÿ¥µ—πµ≈Õ¥√–¬–‡«≈“ 64 «—π (Table
2)

 √ÿªº≈°“√∑¥≈Õß

§ÿ≥¿“æπÈ”∑’Ë∫”∫—¥¥â«¬™ÿ¥°√Õß∑’Ë®”Àπà“¬„π∑âÕßµ≈“¥
µ≈Õ¥√–¬–‡«≈“°“√∑¥≈Õß 64 «—π æ∫«à“ª√‘¡“≥·Õ¡‚¡‡π’¬
·≈–‰π‰µ√∑å∑’Ë≈¥≈ß à«π„À≠à‡°‘¥®“°·∫§∑’‡√’¬‰πµ√‘ø“¬‡ÕÕ√å
‡ª≈’Ë¬π√Ÿª·Õ¡‚¡‡π’¬„Àâ‡ªìπ‰π‰µ√∑å·≈–‰π‡µ√∑ ´÷Ëß™ÿ¥°√Õß

Table 1. Growth rate, survival rate and feed conversion ratio
(mean ± SD ) of the catfish reared in glass aquaria
equipped with 7 commercial biofilters for 64 days.

Filter Growth rate Survival rate (%) Feed conversion
(g/day wet weight) ratio

1 8.91±0.05   84.44±10.18 0.21±0.01
2 8.08±0.79 88.89±3.85 0.23±0.02
3 8.42±1.27 91.11±3.85 0.23±0.04
4 8.13±0.84 93.33±0.00 0.23±0.03
5 7.94±0.53 84.45±3.85 0.24±0.02
6 7.39±0.32 85.00±5.00 0.25±0.01
7 8.24±0.82 95.56±7.70 0.23±0.02

No significant difference (P>0.05) among treatments

Table 2. Price and time before clogging of
7 commercial biofilters.

Filter Price (Baht) Time before clogging
(days)

1 111.00a 37.0a

2 111.00a 34.0a

3 159.30e > 64.0c

4 144.30d > 64.0c

5 121.50c > 64.0c

6 105.40b 41.0b

7 162.00f 43.7b

In the same column, means with the same superscript
do not differ significantly  (P>0.05)
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∑’Ë„™â„¬æ≈“ µ‘°À¬“∫ 1 ·ºàπ √à«¡°—∫ bioball 37 ≈Ÿ°
¡’§«“¡‡À¡“– ¡∑’Ë ÿ¥·≈–¡’√“§“‡æ’¬ß 121.50 ∫“∑ ‚¥¬
 “¡“√∂≈¥ª√‘¡“≥·Õ¡‚¡‡π’¬·≈–‰π‰µ√∑å„ÀâÕ¬Ÿà„π ¿“«–ª°µ‘
„™â‡«≈“‡∑à“°—∫ 16 «—π ·≈–≈¥ª√‘¡“≥¢Õß·¢Áß·¢«π≈Õ¬„Àâ
‡À≈◊Õ 7.4 ¡°./≈‘µ√ „™â‡«≈“ 28 «—π À≈—ß®“°ª≈àÕ¬ª≈“·≈–
„ÀâÕ“À“√ ·µà®–¡’ªí≠À“°—∫°“√≈¥≈ß¢Õß§à“§«“¡‡ªìπ¥à“ß
∑—ÈßÀ¡¥´÷Ëß®ÿ≈‘π∑√’¬å„™â‡ªìπ·À≈àß§“√å∫Õπ   àßº≈„Àâøî≈å¡
®ÿ≈‘π∑√’¬å∑’Ë‡°“–∫√‘‡«≥º‘««— ¥ÿ°√Õß‡√‘Ë¡µ“¬·≈–À≈ÿ¥ÕÕ°
ª√‘¡“≥·Õ¡‚¡‡π’¬ ‰π‰µ√∑å ·≈–¢Õß·¢Áß·¢«π≈Õ¬®÷ß‡æ‘Ë¡
 Ÿß¢÷Èπ„π™à«ßª≈“¬°“√∑¥≈Õß¢≥–∑’Ë™ÿ¥°√Õß‰¡à¡’°“√Õÿ¥µ—π

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫æ√–§ÿ≥∫—≥±‘µ«‘∑¬“≈—¬ ¡À“«‘∑¬“≈—¬ ß¢≈“-
π§√‘π∑√å ∑’Ë„Àâ∑ÿπÕÿ¥Àπÿπ°“√«‘®—¬  ¢Õ¢Õ∫æ√–§ÿ≥Õ“®“√¬å
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