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Abstract

The objectives of this research were to evaluate type of media on surface bacterial attachment
and inorganic nitrogen compound removal and to evaluate optimal time of biofilter submerge in water
for high efficiency water treatment. Completely randomized designs were used in trials with 3
replicates. The attention factor was biofilter type including bioball, roll net and fibrous rope. Zero point
one square meter of each biofilter was submerged in one liter of aquacultural water in plastic tank. Total
marine bacteria, nitrifying bacteria and water quality parameters as total ammonia, nitrite and nitrate
were collected every 5 days. The experimental period was 20 days. Results illustrated that bioball could
improve water quality and had significantly (P < 0.05) higher number of total marine and nitrifying
bacteria than the others. Number of total marine bacteria and nitrifying bacteria at 15 and 20 days had
significantly (P < 0.05) higher number than the day before. Ranges of total ammonia, nitrite and nitrate
concentration in this research were 0.06 - 0.64, 0.01 - 0.43 and 0.02 - 0.13 mg-N/L, respectively. All
results of this study revealed that optimal time of biofilter submersion in water was 15 day bioball could
improve water quality for aquacultural closed recirculating water system.
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∫∑§—¥¬àÕ

«—µ∂ÿª√– ß§å¢Õß°“√∑¥≈Õß§√—Èßπ’È§◊Õ»÷°…“√Ÿª·∫∫¢Õßµ—«°√Õß™’«¿“æ∑’Ë¡’º≈µàÕ®”π«π·∫§∑’‡√’¬∑’ËÕ¬Ÿà∫π
æ◊Èπº‘«¢Õßµ—«°√Õß™’«¿“æ·≈–°“√≈¥ “√ª√–°Õ∫Õπ‘π∑√’¬å‰π‚µ√‡®π √«¡∂÷ß√–¬–‡«≈“∑’Ë‡À¡“– ¡ ”À√—∫°“√·™à
µ—«°√Õß™’«¿“æ‡æ◊ËÕ„Àâ·∫§∑’‡√’¬¡“‡°“–∫πº‘«µ—«°√Õß™’«¿“æ ÕÕ°·∫∫°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥ (completely
randomized design) ∑” 3 ´È” ´÷Ëßµ—«·ª√„π°“√∑¥ Õ∫§◊Õ √Ÿª·∫∫¢Õßµ—«°√Õß™’«¿“æ (µ—«°√Õß™’«¿“æ∑√ß°≈¡
·∫∫µ“¢à“¬¡â«π‡ªìπ«ß°≈¡ ·≈–·∫∫‡ âπ„¬) „ àµ—«°√Õß™’«¿“æ„π·µà≈–√Ÿª·∫∫§‘¥‡ªìπæ◊Èπ∑’Ëº‘«‡∑à“°—∫ 0.1 µ“√“ß‡¡µ√
≈ß„ππÈ”∑’Ëºà“π°“√‡æ“–‡≈’È¬ß —µ«åπÈ”·≈â« ª√‘¡“µ√ 1 ≈‘µ√ „π∂—ßæ≈“ µ‘° µ√«®π—∫®”π«π·∫§∑’‡√’¬∑—Èß 2 °≈ÿà¡
(total marine bacteria ·≈– nitrifying bacteria) ·≈–«‘‡§√“–Àå§ÿ≥¿“æπÈ” (·Õ¡‚¡‡π’¬√«¡ ‰π‰µ√åµ ·≈–‰π‡µ√µ)
„π∑ÿ° Ê 5 «—π √–¬–‡«≈“„π°“√∑¥≈Õß 20 «—π ®“°º≈°“√∑¥≈Õß √ÿª‰¥â«à“µ—«°√Õß™’«¿“æ·∫∫∑√ß°≈¡ “¡“√∂
ª√—∫ª√ÿß§ÿ≥¿“æπÈ”‰¥â ·≈–‡æ‘Ë¡®”π«π·∫§∑’‡√’¬∑—Èß 2 °≈ÿà¡‰¥â·µ°µà“ß°—π∑“ß ∂‘µ‘ (P < 0.05) °—∫µ—«°√Õß™’«¿“æ
Õ’° 2 √Ÿª·∫∫ ·≈–¬—ßæ∫«à“√–¬–‡«≈“°“√·™àµ—«°√Õß™’«¿“æª√–¡“≥ 15 ·≈– 20 «—π ®–∑”„Àâ®”π«π·∫§∑’‡√’¬
‡æ‘Ë¡®”π«π¡“°°«à“°“√·™à∑’Ë„™â‡«≈“πâÕ¬°«à“Õ¬à“ß¡’π—¬ ”§—≠ (P < 0.05) §«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬√«¡ ‰π‰µ√åµ
·≈–‰π‡µ√µ¡’§à“Õ¬Ÿà„π™à«ß 0.06 - 0.64, 0.01 - 0.43 ·≈– 0.02 - 0.13 ¡‘≈≈‘°√—¡ - ‰π‚µ√‡®π/≈‘µ√ µ“¡≈”¥—∫
®“°º≈°“√»÷°…“§√—Èßπ’È √ÿª‰¥â«à“√–¬–‡«≈“∑’Ë‡À¡“– ¡°“√·™àµ—«°√Õß™’«¿“æª√–¡“≥ 15 «—π ·≈–µ—«°√Õß™’«¿“æ
∑√ß°≈¡ “¡“√∂ª√—∫ª√ÿß§ÿ≥¿“æπÈ”„π°“√À¡ÿπ‡«’¬ππÈ”√–∫∫ªî¥‡æ◊ËÕ°“√‡æ“–‡≈’È¬ß —µ«åπÈ”

§” ”§—≠ : °“√ª√—∫ª√ÿß§ÿ≥¿“æπÈ” °“√‡æ“–‡≈’È¬ß —µ«åπÈ” ∏“µÿÕ“À“√ ·∫§∑’‡√’¬ ‰∫‚Õ∫Õ≈µ—«°√Õß™’«¿“æ

∫∑π”

πÈ”®—¥«à“‡ªìπ∑√—æ¬“°√∑’Ë ”§—≠¡“°„π°“√‡æ“–
‡≈’È¬ß —µ«åπÈ”™π‘¥µà“ßÊ ́ ÷Ëß„πªí®®ÿ∫—π¡’·π«‚πâ¡«à“∑√—æ¬“°√
πÈ”‡√‘Ë¡¢“¥·§≈π ·≈–‡ ◊ËÕ¡‚∑√¡‡æ‘Ë¡¡“°¢÷Èπ‡√◊ËÕ¬ Ê
‡æ√“–©–π—Èπ°“√‡æ“–‡≈’È¬ß —µ«åπÈ”„πªí®®ÿ∫—πµàÕ‡π◊ËÕß‰ª
®π∂÷ß„πÕπ“§µπà“®–¡’·π«‚πâ¡¥â«¬√–∫∫À¡ÿπ‡«’¬ππÈ”
·∫∫ªî¥ (closed recirculating water system)
‡æ‘Ë¡¡“°¢÷Èπ ÷́Ëßµ—«°√Õß™’«¿“æ (biofilter) ‡ªìπÕ’°
∑“ß‡≈◊Õ°Àπ÷Ëß„π°“√™à«¬∫”∫—¥πÈ”‚¥¬‡©æ“–°“√∫”∫—¥
 “√ª√–°Õ∫‰π‚µ√‡®π (nitrogen compounds) ∑’Ë‡°‘¥
®“°°“√‡æ“–‡≈’È¬ß —µ«åπÈ” ‚¥¬Õ“»—¬°“√∑”ß“π¢Õß
·∫§∑’‡√’¬„πµ—«°√Õß™’«¿“æ∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“‰πµ√‘øî‡§™—Ëπ
(nitrification) ·≈–ªØ‘°‘√‘¬“¥’‰πµ√‘øî‡§™—Ëπ (denitri-
fication) ÷́ËßÀ≈—°°“√¢Õß√–∫∫°√Õß∑“ß™’«¿“æµâÕß¡’
«— ¥ÿ∑’Ë‡√’¬°«à“µ—«°√Õß™’«¿“æ ´÷Ëß°Á§◊Õ«— ¥ÿ∑’Ë¡’·∫§∑’‡√’¬
¬÷¥‡°“–Õ¬Ÿà‰¥â ·∫§∑’‡√’¬∑’Ë¬÷¥‡°“–‡™àπ ‰πµ√‘ø“¬Õ‘Èß

·∫§∑’‡√’¬ (nitrifying bacteria) ®“°π—Èπ®– √â“ß
lipopolysaccharide ÕÕ°¡“‡ªìπ‡¡◊Õ°®—∫°—∫æ◊Èπº‘«¢Õß
µ—«°√Õß (Hagopain and Riley, 1998) °“√¬÷¥‡°“–
¥—ß°≈à“«Õ“®‡√’¬°«à“°“√µ√÷ß (immobilization) ‡°‘¥‡ªìπ
™—Èπ‡√’¬°«à“øî≈å¡™’«¿“æ (biofilm) ∑’Ë “¡“√∂π”¡“„™â
∫”∫—¥πÈ”‡ ’¬∑’Ë‰À≈ºà“πµ—«°√Õß™’«¿“æ‰¥â ·∫§∑’‡√’¬
„π√–∫∫∫”∫—¥ à«π„À≠à®–‡µ‘∫‚µ‡æ‘Ë¡®”π«π∫πµ—«°√Õß
™’«¿“æ (Leonard et al., 2000) ‚¥¬‡©æ“–‰πµ√‘ø“¬
Õ‘Èß·∫§∑’‡√’¬´÷Ëß¡’Õ—µ√“°“√‡®√‘≠™â“ ®÷ßµâÕß„™â°“√µ√÷ß
‡´≈≈å·∫§∑’‡√’¬°—∫«— ¥ÿ‡æ◊ËÕπ”¡“„™â‡ªìπµ—«°√Õß™’«¿“æ
(Seo et al., 2001) °“√‡°“–¢Õß·∫§∑’‡√’¬∫πº‘«µ—«
°√Õß®–°≈“¬‡ªìπ™—ÈπÀπ“¢÷Èπ‡√◊ËÕ¬ Ê ‚¥¬„π√–¬–‡√‘Ë¡
·√°®–‡ªìπ™—Èπ‡´≈≈å∫“ß∑’ËÕ¬Ÿà„π ¿“æ∑’Ë„™âÕÕ° ‘́‡®π‰¥â
(aerobic layer) ·µà‡¡◊ËÕ‡´≈≈å‡æ‘Ë¡®”π«π‡ªìπ™—ÈπÀπ“
¢÷Èπ®–‡°‘¥ ¿“æ‰√âÕÕ° ‘́‡®π¢÷Èπ¿“¬„π (anaerobic layer)
 à«πº‘«¥â“ππÕ°¬—ß§ß¡’ ¿“«–„™âÕÕ°´‘‡®πÕ¬Ÿà ‚¥¬∑—Ë«‰ª
®ÿ≈‘π∑√’¬å„π™—Èπøî≈å¡ ¿“æ„™âÕÕ° ‘́‡®π®–‡ªìπµ—«∑’Ë∫”∫—¥
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πÈ”‡ ’¬‚¥¬ “√Õ‘π∑√’¬å≈–≈“¬„ππÈ”‡ ’¬À√◊Õ  “√Õ‘π∑√’¬å
·¢«π≈Õ¬®–∂Ÿ°‰Œ‚¥√‰≈´å®π‰¥â‚¡‡≈°ÿ≈‡≈Á° Ê ∫√‘‡«≥
º‘«øî≈å¡®ÿ≈‘π∑√’¬å®“°π—ÈππÈ”‡ ’¬®–‰À≈ºà“π™—Èπøî≈å¡
®ÿ≈‘π∑√’¬å¥â«¬«‘∏’ molecular diffusion ·≈â«∂Ÿ°®ÿ≈‘π∑√’¬å
‡ª≈’Ë¬π√ŸªÀ√◊Õ¬àÕ¬ ≈“¬µàÕ‰ª (‡°√’¬ß»—°¥‘Ï, 2543)

Õ¬à“ß‰√°Áµ“¡À“°®–æ—≤π“√–∫∫∫”∫—¥πÈ”‡æ◊ËÕ
°“√‡æ“–‡≈’È¬ß —µ«åπÈ”·∫∫™’«¿“æ„Àâ¡’ª√– ‘∑∏‘¿“æ Ÿß¢÷Èπ
π—Èπ®”‡ªìπÕ¬à“ß¬‘Ëß∑’ËµâÕß∑√“∫∂÷ß°“√‡ª≈’Ë¬π·ª≈ß®”π«π
ª√–™“§¡¢Õß®ÿ≈‘π∑√’¬å„π°“√∫”∫—¥πÈ”‡À≈à“π—Èπ √«¡∂÷ß
°“√‡ª≈’Ë¬π·ª≈ß¢Õß§ÿ≥¿“æπÈ”∑’Ë‡°‘¥¢÷Èπ´÷Ëß‡ªìπº≈¡“®“°
°“√∫”∫—¥¥â«¬µ—«°√Õß™’«¿“æ√Ÿª·∫∫µà“ß Ê ́ ÷Ëß„πªí®®ÿ∫—π
¬—ß¢“¥·§≈π¢âÕ¡Ÿ≈·≈–°“√«‘®—¬„π≈—°…≥–¥—ß°≈à“«π’È
‡æ√“–©–π—Èπ„π°“√«‘®—¬§√—Èßπ’È®÷ß¡’®ÿ¥ª√– ß§å‡æ◊ËÕ»÷°…“
√Ÿª·∫∫¢Õßµ—«°√Õß™’«¿“æ∑’Ë¡’º≈µàÕ®”π«π·∫§∑’‡√’¬∑’Ë
Õ¬Ÿà∫πæ◊Èπº‘«¢Õßµ—«°√Õß™’«¿“æ·≈–°“√≈¥ “√ª√–°Õ∫
Õπ‘π∑√’¬å‰π‚µ√‡®π ·≈–√–¬–‡«≈“∑’Ë‡À¡“– ¡ ”À√—∫

°“√·™àµ—«°√Õß™’«¿“æ‡æ◊ËÕ„Àâ·∫§∑’‡√’¬¡“‡°“–∫πº‘«µ—«
°√Õß™’«¿“æ ´÷Ëß¢âÕ¡Ÿ≈®“°°“√«‘®—¬§√—Èßπ’È “¡“√∂π”¡“
„™â „π°“√æ—≤π“√–∫∫∫”∫—¥ “√ª√–°Õ∫‰π‚µ√‡®π
 ”À√—∫°“√‡æ“–‡≈’È¬ß —µ«åπÈ”‡æ◊ËÕ„Àâ¡’°“√„™â∑√—æ¬“°√πÈ”
Õ¬à“ß¬—Ëß¬◊π ·≈–‡ªìπ¡‘µ√°—∫ ‘Ëß·«¥≈âÕ¡µàÕ‰ª

«‘∏’°“√»÷°…“

1. °“√«“ß·ºπ°“√∑¥≈Õß
ÕÕ°·∫∫°“√∑¥≈Õß·∫∫ CRD (completely

randomized design) ∑”°“√∑¥≈Õß 3 ́ È” ®—¥™ÿ¥∑¥≈Õß
·≈–´È”‚¥¬°“√ ÿà¡ µ—«·ª√„π°“√∑¥ Õ∫§◊Õ √Ÿª·∫∫
¢Õßµ—«°√Õß™’«¿“æ 3 √Ÿª·∫∫ ‰¥â·°à µ—«°√Õß™’«¿“æ
·∫∫∑√ß°≈¡ ·∫∫µ“¢à“¬¡â«π‡ªìπ«ß°≈¡ ·≈–·∫∫‡ âπ„¬
¥—ß Fig. 1

2. °“√∑¥≈Õß ·≈–°“√‡°Á∫¢âÕ¡Ÿ≈
2.1 ¢—ÈπµÕπ°“√‡µ√’¬¡πÈ”‡æ◊ËÕπ”¡“∑¥≈Õß:
π”πÈ”¡“®“°∫àÕ∑’Ëºà“π°“√‡≈’È¬ß°ÿâß„π∫àÕ¥‘π

§«“¡‡§Á¡ 30 psu ´÷Ëßπ”¡“®“°»Ÿπ¬å«‘®—¬‡∑§‚π‚≈¬’∑“ß
∑–‡≈ §≥–‡∑§‚π‚≈¬’∑“ß∑–‡≈ ¡À“«‘∑¬“≈—¬∫Ÿ√æ“
π”¡“ª√‘¡“µ√ 100 ≈‘µ√ ∑”°“√µ√«®«‘‡§√“–Àå§ÿ≥¿“æ
πÈ”°àÕπ‡√‘Ë¡°“√∑¥≈Õß ‰¥â·°à ·Õ¡‚¡‡π’¬ ‰π‰µ√åµ ‰π‡µ√µ
§«“¡‡ªìπ°√¥-¥à“ß Õÿ≥À¿Ÿ¡‘πÈ” ·∫§∑’‡√’¬√«¡„ππÈ”∑–‡≈
(total marine bacteria; TMB) ·≈–‰πµ√‘ø“¬Õ‘Èß
·∫§∑’‡√’¬ (nitrifying bacteria; NB) ª√—∫§«“¡‡¢â¡

Fig. 1 Type of the biofilters used in the experiment. (a) bioball (b) rolled net and (c) fibrous rope

¢âπ¢ÕßÕπ‘π∑√’¬å‰π‚µ√‡®π√«¡∑’Ë≈–≈“¬πÈ”„Àâ‡∑à“°—∫
1 mg-N/L ¥â«¬ NH

4
Cl

2.2 ¢—ÈπµÕπ°“√π”µ—«°√Õß™’«¿“æ·µà≈–√Ÿª
·∫∫¡“∑¥≈Õß

π”µ—«°√Õß™’«¿“æ·µà≈–√Ÿª·∫∫ ‰¥â·°à
µ—«°√Õß™’«¿“æ·∫∫∑√ß°≈¡ ·∫∫µ“¢à“¬¡â«π‡ªìπ«ß°≈¡
·≈–·∫∫‡ âπ„¬ ∑’Ë¡’æ◊Èπ∑’Ë·µà≈–√Ÿª·∫∫‡∑à“°—∫ 0.1 m2

¡“·™à∑¥≈Õß„ππÈ”∑’Ë‡µ√’¬¡‰«â·≈â«„π∂—ßæ≈“ µ‘°ª√‘¡“µ√
1000 ml ‚¥¬∑”°“√∑¥≈Õß∑√’∑‡¡πµå≈– 3 ´È” ´÷Ëß„π
·µà–≈–´È”§‘¥‡ªìπæ◊Èπ∑’Ë 0.1 m2/L „ÀâÕ“°“»µ≈Õ¥‡«≈“
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¥â«¬À—«∑√“¬¢π“¥‡≈Á° 1 Õ—π ∑”°“√‡°Á∫¢âÕ¡Ÿ≈§ÿ≥¿“æ
πÈ” ·≈–·∫§∑’‡√’¬∑ÿ° 5 «—π ÷́Ëß¡’«‘∏’°“√‡°Á∫µ—«Õ¬à“ß
¥—ßÕ∏‘∫“¬„πÀ—«¢âÕ∑’Ë 2.3) ∑”°“√∑¥≈Õß 20 «—π
‡¡◊ËÕ§√∫°”Àπ¥∑ÿ°Ê 5 «—π À≈—ß®“°∑”°“√‡°Á∫·∫§∑’‡√’¬
∑’Ë‡°“–∫πµ—«°√Õß™’«¿“æ·≈â«®–∑”°“√‡ª≈’Ë¬π∂à“¬πÈ”
·≈–¿“™π–„À¡à

2.3 ¢—ÈπµÕπ°“√‡°Á∫·∫§∑’‡√’¬®“°µ—«°√Õß
™’«¿“æ ·≈–‡°Á∫µ—«Õ¬à“ßπÈ”‡æ◊ËÕ°“√«‘‡§√“–Àå:

 ”À√—∫«‘∏’°“√‡°Á∫µ—«Õ¬à“ß·∫§∑’‡√’¬ ·≈–
µ—«Õ¬à“ßπÈ”‡æ◊ËÕπ”‰ª«‘‡§√“–Àå®”π«π·∫§∑’‡√’¬·≈–§ÿ≥¿“æ
πÈ”¡’«‘∏’°“√¥—ßπ’È §◊Õ

2.3.1) °“√·¬°·∫§∑’‡√’¬®“°µ—«°√Õß
™’«¿“æ∑”‰¥â‚¥¬„™â forceps §’∫µ—«°√Õß™’«¿“æ·µà≈–
√Ÿª·∫∫¡“‚¥¬„Àâ‰¥âæ◊Èπ∑’Ëº‘«Õ¬à“ß≈– 0.01 µ“√“ß‡¡µ√
„ à≈ß„π¢«¥ª√‘¡“µ√ 300 ml µ«ßπÈ”®“°∂—ßæ≈“ µ‘°
∑’Ë∑”°“√·™àµ—«°√Õß™’«¿“æ„π«—π∑’Ë ‡√‘Ë¡µâπ°“√∑¥≈Õß,
5, 15 ·≈– 20 ¢Õß°“√∑¥≈Õß ‡∑≈ß‰ª„π¢«¥¥—ß°≈à“«
ª√‘¡“µ√ 50 ml ·≈â«ªî¥Ω“„Àâ π‘∑ π”µ—«°√Õß™’«¿“æ
„π·µà≈–√Ÿª·∫∫¡“§—¥·¬°·∫§∑’‡√’¬™π‘¥≈– 3 È́”
®“°π—Èπ‡¢¬à“¥â«¬·√ß ¡Ë”‡ ¡Õ¥â«¬‡§√◊ËÕß‡¢¬à“Õ—µ‚π¡—µ‘
(New Brunswick Scientific √ÿàπ Classic C1, USA)
µ‘¥µàÕ°—ππ“π 3 π“∑’ ®“°π—Èπªî‡ªµπÈ”µ—«Õ¬à“ß 1 ml
π”‰ª∑”°“√‡®◊Õ®“ßµ“¡«‘∏’¡“µ√∞“π∑—Ë«‰ª ”À√—∫µ√«® Õ∫
ª√‘¡“≥·∫§∑’‡√’¬µàÕ‰ª «‘∏’°“√‡æ“–‡≈’È¬ß·≈–µ√«®π—∫
®”π«π·∫§∑’‡√’¬∑’Ë¬÷¥‡°“–°—∫æ◊Èπ∑’Ëº‘«¢Õßµ—«°√Õß™’«¿“æ
∑”‚¥¬°“√‡æ“–‡≈’È¬ß TMB ·≈– NB „πÕ“À“√‡≈’È¬ß
‡™◊ÈÕ™π‘¥ nutrient agar ·≈– ammonia oxidizing
bacteria agar ∑’Ë‡µ√’¬¡‰«â µ“¡≈”¥—∫ (Skinner and
Walker, 1968) ®“°π—Èπ∑”°“√π—∫®”π«π‚§‚≈π’¢Õß
·∫§∑’‡√’¬∑’Ë‡µ‘∫‚µ¢÷Èπ∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ®”‡æ“–∑—Èß 2 ™π‘¥

2.3.2) °“√«‘‡§√“–Àå§ÿ≥¿“æπÈ”: π”πÈ”
∑’Ë‡À≈◊Õ®“°«‘∏’°“√§—¥·¬°·∫§∑’‡√’¬ÕÕ°®“°µ—«°√Õß
™’«¿“æ¡“∑”°“√«‘‡§√“–Àå§à“·Õ¡‚¡‡π’¬√«¡ ‰π‰µ√åµ ·≈–
‰π‡µ√µ «‘∏’«‘‡§√“–Àå‚¥¬ Parsons et al. (1984) §«“¡

‡ªìπ°√¥-¥à“ß «—¥‚¥¬ pH meter (HANNA √ÿàπ HI 8418,
USA) §«“¡‡§Á¡«—¥‚¥¬ Hand refractometer (√ÿàπ MNL
1280 S, Japan) ·≈–Õÿ≥À¿Ÿ¡‘πÈ”«—¥‚¥¬ Thermometer
3. °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

«‘‡§√“–Àåº≈¢Õß√Ÿª·∫∫µ—«°√Õß™’«¿“æµàÕ
®”π«π·∫§∑’‡√’¬∫πæ◊Èπ∑’Ëº‘«¢Õßµ—«°√Õß™’«¿“æ ·≈–
ª√– ‘∑∏‘¿“æ¢Õßµ—«°√Õß™’«¿“æ„π°“√∫”∫—¥ “√ª√–°Õ∫
Õπ‘π∑√’¬å‰π‚µ√‡®π∑’Ë≈–≈“¬πÈ” √«¡∂÷ß√–¬–‡«≈“∑’Ë
‡À¡“– ¡„π°“√·™àµ—«°√Õß™’«¿“æ ”À√—∫°“√∫”∫—¥
 “√ª√–°Õ∫Õπ‘π∑√¬å‰π‚µ√‡®π≈–≈“¬πÈ” ¥â«¬«‘∏’
«‘‡§√“–Àå§«“¡·ª√ª√«π (Analysis of variance) ·≈–
‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬√–À«à“ß™ÿ¥∑¥≈Õß
‚¥¬«‘∏’ Duncanûs multiple range test ∑’Ë√–¥—∫§«“¡
‡™◊ËÕ¡—Ëπ 95% ‚¥¬„™â‚ª√·°√¡ Statistic Analysis
System (SAS, 1985)

º≈°“√»÷°…“·≈–«‘®“√≥å

®”π«π·∫§∑’‡√’¬√«¡„ππÈ”∑–‡≈∑’Ë‡°“–∫πæ◊Èπº‘«µ—«
°√Õß™’«¿“æ

µ≈Õ¥√–¬–‡«≈“°“√»÷°…“®”π«π¢Õß TMB
∑’Ë‡°“–∫πº‘«µ—«°√Õß™’«¿“æ∑—Èß 3 √Ÿª·∫∫ §◊Õ ·∫∫∑√ß
°≈¡, µ“¢à“¬¡â«π‡ªìπ«ß°≈¡ ·≈–‡ âπ„¬ æ∫«à“®”π«π
¢Õß TMB ‰¡à¡’§«“¡·µ°µà“ß∑“ß ∂‘µ‘ (P > 0.05)
‚¥¬µ—«°√Õß™’«¿“æ·∫∫∑√ß°≈¡¡’®”π«π TMB ¡“°∑’Ë ÿ¥
·≈–πâÕ¬∑’Ë ÿ¥∫πµ—«°√Õß™’«¿“æ·∫∫‡ âπ„¬¡’§à“‡∑à“°—∫
7.09 ± 6.64 x 106 ·≈– 4.74 ± 4.42 x 106 CFU/
ml µ“¡≈”¥—∫ ¥—ß Fig. 2 ´÷Ëß®”π«π¢Õß TMB ∑’Ëæ∫„π
°“√»÷°…“§√—Èßπ’È¡’§«“¡„°≈â‡§’¬ß°—∫ß“π«‘®—¬¢Õß°ÿ≈«√“
(2534) æ∫«à“ª√‘¡“≥·∫§∑’‡√’¬∑—ÈßÀ¡¥∑’Ëæ∫„π∫àÕ‡≈’È¬ß
°ÿâß¡’ª√–¡“≥ 3.33 − 3.19 × 106 CFU/ml ÷́Ëß¡’
ª√‘¡“≥¡“°°«à“∑’Ëæ∫µ“¡∏√√¡™“µ‘ ‡π◊ËÕß®“°„π∫àÕ‡≈’È¬ß
°ÿâß¡’ª√‘¡“≥ “√ª√–°Õ∫§“√å∫Õπ·≈–‰π‚µ√‡®π¡“°°«à“
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®”π«π‰πµ√‘ø“¬Õ‘Èß·∫§∑’‡√’¬∑’Ë‡°“–∫πº‘«µ—«°√Õß™’«¿“æ
µ≈Õ¥√–¬–‡«≈“°“√»÷°…“®”π«π¢Õß NB ∑’Ë¡“

‡°“–∫πº‘«µ—«°√Õß™’«¿“æ∑—Èß 3 √Ÿª·∫∫ æ∫«à“®”π«π
¢Õß·∫§∑’‡√’¬∑’Ë¡“‡°“–∫πµ—«°√Õß™’«¿“æ√Ÿª·∫∫‡ âπ„¬
·≈–·∫∫µ“¢à“¬¡â«π‡ªìπ«ß°≈¡‰¡à¡’§«“¡·µ°µà“ß°—π
∑“ß ∂‘µ‘ (P > 0.05) ·µà∑—Èß 2 √Ÿª·∫∫®–¡’§«“¡·µ°
µà“ß∑“ß ∂‘µ‘°—∫µ—«°√Õß™’«¿“æ·∫∫∑√ß°≈¡ (P < 0.05)
¥—ß Fig. 3 ‚¥¬®”π«π¢Õß·∫§∑’‡√’¬∑’Ë¡“°∑’Ë ÿ¥∑’Ë‡°“–

∫πµ—«°√Õß™’«¿“æ∑√ß°≈¡‡∑à“°—∫ 11.95 ± 5.97 x106

CFU/ml ·≈–∑’ËπâÕ¬∑’Ë ÿ¥∑’Ë‡°“–∫πµ—«°√Õß™’«¿“æ·∫∫
‡ âπ„¬‡∑à“°—∫ 8.37 ± 3.06 x106 CFU/ml ´÷Ëß‚¥¬
∑—Ë«‰ª·≈â« Nitrobacter ®–∂Ÿ°∑”≈“¬‰¥âßà“¬°«à“
Nitrosomonas (Prosser, 1986) πÕ°®“°π—Èπ¬—ß¡’°“√
»÷°…“¢Õß ‡°√’¬ß»—°¥‘Ï (2543) √“¬ß“π«à“™—Èπøî≈å¡
™’«¿“æ¢Õß·∫§∑’‡√’¬∑’Ë‡°“–∫πµ—«°√Õß∑’Ë¡’§«“¡Àπ“
·πàπ‡°‘π‰ª∑”„Àâ‰πµ√‘ø“¬Õ‘Èß·∫§∑’‡√’¬∑”ß“π‰¥âπâÕ¬≈ß
‰¥â‡™àπ°—π

Fig. 2 a) Amount of total marine bacteria (CFU/ml) as affected by type of biofilter and submerging time during

experiment. b) Average number of total marine bacteria as affected by type of biofilter

Fig. 3 a) Amount of nitrifying bacteria (CFU/ml) as affected by type of biofilter and submerging time. b) Average

number of nitrifying bacteria as affected by submerging time

* Means followed by the same superscript are not significantly different at the 95% confidence level.

§«“¡ “¡“√∂„π°“√ª√—∫ª√ÿß§ÿ≥¿“æπÈ”¢Õßµ—«°√Õß™’«¿“æ
§ÿ≥¿“æπÈ”‚¥¬∑—Ë«‰ª„π√–À«à“ß°“√»÷°…“æ∫«à“

Õÿ≥À¿Ÿ¡‘ ·≈– æ’‡Õ™¢ÕßπÈ”„π∑ÿ°µ—«°√Õß™’«¿“æ‰¡à¡’
§«“¡·µ°µà“ß°—π‚¥¬¡’æ‘ —¬‡∑à“°—∫ 25.6 - 25.7 Õß»“

‡´≈‡ ’́¬  ·≈– 8.3 - 8.4 µ“¡≈”¥—∫ °“√‡ª≈’Ë¬π·ª≈ß
§«“¡‡¢â¡¢âπ·≈–§à“‡©≈’Ë¬§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬√«¡
‰π‰µ√åµ ·≈–‰π‡µ√µ „π°“√∑¥≈Õß¥—ß Table 1 æ∫«à“
§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬√«¡µ≈Õ¥°“√∑¥≈Õß§àÕπ
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¢â“ß Ÿß ‚¥¬¡’§à“‡©≈’Ë¬ª√–¡“≥ 0.19 mg-N/L ´÷Ëß
·Õ¡‚¡‡π’¬√«¡®–∂Ÿ°ÕÕ° ‘́‰¥ ǻ‚¥¬·∫§∑’‡√’¬°≈ÿà¡
·∫§∑’‡√’¬ÕÕ°´‘‰¥´å·Õ¡‚¡‡π’¬ (ammonia oxidizing
bacteria) ∑”„Àâ‡°‘¥‡ªìπ‰π‰µ√åµ¢÷Èπ À≈—ß®“°π—Èπ·∫§∑’‡√’¬
°≈ÿà¡∑’Ë “¡“√∂ÕÕ° ‘́‰¥´å‰π‰µ√åµ (nitrite oxidizing
bacteria) ®–∑”°“√‡ª≈’Ë¬π‰π‰µ√åµ„Àâ‡ªìπ‰π‡µ√µ

(Prosser, 1986) ®÷ß∑”„Àâæ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß‰π‰µ√åµ ·≈–
‰π‡µ√µ ÷́Ëß®“°°“√∑¥≈Õßπ’Èæ∫«à“¡’‡°‘¥ªØ‘°‘√‘¬“
‰πµ√‘øî‡§™—ËπÕ¬à“ß‰¡à ¡∫Ÿ√≥å‚¥¬·Õ¡‚¡‡π’¬√«¡∂Ÿ°ÕÕ°
´‘‰¥´å‡ªìπ‰π‰µ√åµ ·µà¡’‰π‰µ√åµ‡æ’¬ß∫“ß à«π‡∑à“π—Èπ∑’Ë
∂Ÿ°‡ª≈’Ë¬π„Àâ‡ªìπ‰π‡µ√µ®÷ß∑”„Àâ‡°‘¥°“√ – ¡¢Õß
‰π‰µ√åµ¢÷Èπ„π√–∫∫∑’Ë∑”°“√∑¥≈Õß§√—Èßπ’È

Table 1 Concentrations of total ammonia, nitrite and nitrate (mg-N/L) as affected by type of biofilter

* Means followed by the same superscript in the same column are not significantly different at the 95% confidence level.

°“√‡°‘¥ªØ‘°‘√‘¬“‰πµ√‘øî‡§™—Ëπ∑’Ë‰¡à ¡∫Ÿ√≥åπ—Èπ
Õ“®‡π◊ËÕß¡“®“°·∫§∑’‡√’¬ÕÕ°´‘‰¥´å‰π‰µ√åµ∂Ÿ°¬—∫¬—Èß
°“√∑”ß“π‚¥¬·Õ¡‚¡‡π’¬√«¡∑’Ë¡’§«“¡‡¢â¡¢âπ Ÿß À√◊Õ
Õ“®‡°‘¥®“° hydroxylamine ∑’Ë‡°‘¥®“°°“√ÕÕ°´‘‰¥´å
·Õ¡‚¡‡π’¬‚¥¬·∫§∑’‡√’¬ÕÕ°´‘‰¥´å·Õ¡‚¡‡π’¬∑’Ë‡®√‘≠
Õ¬Ÿà„π√–∫∫∑’Ë∑”°“√∑¥≈Õß (Schmidt et al., 2003) À√◊Õ
Õ“®‡π◊ËÕß¡“°®“°ª√‘¡“≥ÕÕ° ‘́‡®π„ππÈ”‡ ’¬ À√◊ÕπÈ”„π
√–∫∫ ÷́Ëß¡’º≈Õ¬à“ß¡“°µàÕ°“√‡°‘¥‰π‰µ√åµ ÕÕ° ‘́‡¥™—Ëπ
‚¥¬·∫§∑’‡√’¬ °ÿ≈ Nitrobacter ®–∂Ÿ°¬—∫¬—Èß°“√∑”ß“π
‰¥âÀ“°Õ¬Ÿà„π ¿“«–∑’Ë¡’ÕÕ° ‘́‡®π Ÿß´÷Ëß®–∑”„Àâ‡°‘¥°“√
 – ¡¢Õß‰π‰µ√åµ„π√–∫∫‰¥â (Prosser, 1986 ·≈–
Schmidt et al., 2003) ·≈–πÕ°®“°π’È Prosser (1986)
¬—ß√“¬ß“π«à“„π ¿“«–∑’Ë‰¡à‡À¡“– ¡µàÕ°“√‡®√‘≠‡µ‘∫‚µ
¢Õß Nitrobacter ´÷Ëß‡ªìπ·∫§∑’‡√’¬∑’Ë‡ª≈’Ë¬π·Õ¡‚¡‡π’¬
√«¡„Àâ‡ªìπ‰π‰µ√åµ®–∂Ÿ°∑”≈“¬‰¥âßà“¬°«à“ Nitrosomonas
÷́Ëß‡ªìπ·∫§∑’‡√’¬∑’Ë¡’§«“¡ “¡“√∂„π°“√‡ª≈’Ë¬π‰π‰µ√åµ

„Àâ‡ªìπ‰π‡µ√µ ´÷Ëß Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß∑’Ëæ∫«à“¡’
°“√ – ¡¢Õß·Õ¡‚¡‡π’¬√«¡ ·≈–‰π‰µ√åµ„π™ÿ¥°“√
∑¥≈Õß∑—Èß 3 ∑√’∑‡¡πµå „π¢≥–∑’Ë°“√‡°‘¥‰π‰µ√åµ

ÕÕ°´‘‡¥™—Ëπ‡°‘¥‰¥â‰¡à¥’‡∑à“∑’Ë§«√®÷ß¡’°“√ – ¡¢Õß‰π‡µ√µ
πâÕ¬°«à“∑’Ë§«√®–‡ªìπ Õ¬à“ß‰√°Áµ“¡º≈°“√«‘®—¬§√—Èßπ’È
æ∫«à“ °“√„™âµ—«°√Õß™’«¿“æ·∫∫∑√ß°≈¡∑”„Àâ‡°‘¥
ªÆ‘°‘√‘¬“‰πµ√‘øî‡§™—Ëπ„π√–∫∫‰¥â¥’∑’Ë ÿ¥‡π◊ËÕß®“°¡’°“√
 – ¡‰π‡µ√µ¡“°∑’Ë ÿ¥ ·≈–·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠
(P < 0.05) °—∫°“√„™âµ—«°√Õß™’«¿“æ·∫∫µ“¢à“¬¡â«π
‡ªìπ«ß°≈¡ ·≈–·∫∫‡ âπ„¬ µ“¡≈”¥—∫  ”À√—∫°“√
∑¥≈Õß„π√–¥—∫ÀâÕßªØ‘∫—µ‘°“√Õ◊ËπÊ π—Èπ Skjolstrup et al.
(1998) ¡’√“¬ß“π«à“ “¡“√∂∫”∫—¥‰π‚µ√‡®π‰¥â∂÷ß 48%
¢Õß‰π‚µ√‡®π∑—È ßÀ¡¥‚¥¬‡ª≈’Ë¬π„Àâ ‡ªìπ‰π‡µ√µ
´÷Ëß√–∫∫ª√–°Õ∫¥â«¬°“√·¬°µ–°Õπ °“√∫”∫—¥¥â«¬
· ßÕÿ≈µ√â“‰«‚Õ‡≈µ °“√‡æ‘Ë¡ÕÕ°´‘‡®π ·≈–°“√∫”∫—¥
¥â«¬°√–∫«π°“√∑“ß™’«¿“æ

√–¬–‡«≈“∑’Ë‡À¡“– ¡ ”À√—∫°“√·™àµ—«°√Õß™’«¿“æ
√–¬–‡«≈“∑’Ë‡À¡“– ¡ ”À√—∫°“√·™àµ—«°√Õß

™’«¿“æ∑—Èß 3 √Ÿª·∫∫ µ≈Õ¥√–¬–‡«≈“°“√∑¥≈Õß∑’Ë
∑”„Àâ·∫§∑’‡√’¬¡“‡°“–‰¥â¡“°∑’Ë ÿ¥ ÷́Ëß¡’§«“¡ ”§—≠„π
°“√∫”∫—¥πÈ”æ∫«à“ ®”π«π·∫§∑’‡√’¬®–§àÕ¬Ê ‡æ‘Ë¡
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®”π«π¢÷Èπ·≈–¡’®”π«π¡“°∑’Ë ÿ¥„π«—π∑’Ë 15 ¢Õß°“√·™à
´÷Ëß®–¡’∑—Èß®”π«π·∫§∑’‡√’¬°≈ÿà¡ TMB (Fig. 4) ·≈– NB
(Fig. 5) ´÷Ëß Õ¥§≈âÕß°—∫º≈°“√»÷°…“¢Õß Ling and
Chen (2005) Õâ“ß∂÷ß„π °Õ∫»—°¥‘Ï ‡°µÿ‡À¡◊Õπ ·≈–§≥–,
2548 √“¬ß“π«à“°“√°√–µÿâπ√–∫∫‡æ◊ËÕ„Àâ¡’ª√– ‘∑∏‘¿“æ
„π°“√∫”∫—¥·Õ¡‚¡‡π’¬„Àâ‡ªìπ‰π‡µ√µµâÕß„™â√–¬–‡«≈“
‰¡àπâÕ¬°«à“ 7 - 35 «—π ¥—ßπ—Èπº≈°“√∑¥≈Õßπ’È “¡“√∂
π”‰ªª√–¬ÿ°µå„™âª√–‚¬™πå‰¥â ‡™àπ °àÕπ°“√‡≈’È¬ßª≈“
 «¬ß“¡„πµŸâ°√–®°π—Èπ§«√π”µ—«°√Õß™’«¿“æ‰ª·™à„ππÈ”
Õ¬à“ßπâÕ¬ 15 «—π ‡æ◊ËÕ„Àâ·∫§∑’‡√’¬§àÕ¬Ê ª√—∫µ—« ·≈–
‡æ‘Ë¡®”π«π¡“°¢÷Èπ‡æ◊ËÕ™à«¬∫”∫—¥πÈ”¥â«¬°√–∫«π°“√
‰πµ√‘øî‡§™—Ëπ‰¥â¥’¬‘Ëß¢÷Èπ

 √ÿª

º≈®“°°“√»÷°…“§√—Èßπ’Èæ∫«à“µ—«°√Õß™’«¿“æ
·∫∫∑√ß°≈¡ ¡’®”π«π·∫§∑’‡√’¬∑—Èß 2 °≈ÿà¡ §◊Õ TMB
·≈– NB ¡“‡°“–Õ¬Ÿà∫πæ◊Èπº‘«¡“°∑’Ë ÿ¥ ´÷Ëß “¡“√∂™à«¬
≈¥§«“¡‡¢â¡¢âπ¢Õß “√ª√–°Õ∫‰π‚µ√‡®π‰¥â ·≈–
√–¬–‡«≈“∑’Ë‡À¡“– ¡ ”À√—∫°“√·™àµ—«°√Õß™’«¿“æ∑’Ë
∑”„Àâ·∫§∑’‡√’¬¡“‡°“–¡“°∑’Ë ÿ¥ §◊Õ «—π∑’Ë 15 ¢Õß°“√
∑¥≈Õß ´÷Ëß®–™à«¬„Àâ°“√∫”∫—¥πÈ”∑“ß™’«¿“æ¥â«¬
°√–∫«π°“√‰πµ√‘øî‡§™—Ëπ‡ªìπ‰ª‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ
¡“°∑’Ë ÿ¥

°‘µµ‘°√√¡ª√–°“»

ß“π«‘®—¬π’È‰¥â√—∫∑ÿπ π—∫ πÿπ°“√«‘®—¬¥â«¬‡ß‘π
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