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∫∑§—¥¬àÕ

°“√∑¥≈Õß∑’Ë 1 ¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“¢π“¥øÕßÕ“°“»·≈–§«“¡‡§Á¡µàÕª√– ‘∑∏‘¿“æ°“√·¬°¢Õß·¢Áß

∑—ÈßÀ¡¥¢Õß‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡ ‚¥¬ÕÕ°·∫∫°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥∑’Ë¡’ 4x4 ·ø§∑Õ‡√’¬≈

´÷Ëß‡ª≈’Ë¬π·ª≈ß¢π“¥øÕßÕ“°“» 4 √–¥—∫ ‰¥â·°à 0.57, 2.14, 3.65 ·≈– 7.82 ¡‘≈≈‘‡¡µ√ ·≈–‡ª≈’Ë¬π·ª≈ß√–¥—∫

§«“¡‡§Á¡ 4 √–¥—∫ ‰¥â·°à 0, 10, 20 ·≈– 30 ppt ÷́Ëßº≈°“√»÷°…“æ∫«à“ øÕßÕ“°“»¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß

2.14 ¡‘≈≈‘‡¡µ√ ·≈–§«“¡‡§Á¡ 30 ppt ∑”„Àâ‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡ ¡’ª√– ‘∑∏‘¿“æ„π°“√∑”ß“π Ÿß∑’Ë ÿ¥

®“°π—Èππ”º≈°“√∑¥≈Õß∑’Ë 1 ¡“„™â„π°“√∑¥≈Õß∑’Ë 2 ‚¥¬‡ª√’¬∫‡∑’¬∫°“√‡≈’È¬ßÕ“√å∑’‡¡’¬√–À«à“ß™ÿ¥

∑¥≈Õß∑’Ë¡’√–∫∫°√Õß·∫∫·¬°‚ø¡ ·≈–‰¡à¡’√–∫∫°√Õß º≈°“√∑¥≈Õßæ∫«à“ ‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡  “¡“√∂

™à«¬≈¥¢Õß·¢Áß∑—ÈßÀ¡¥ 22.16%, ·Õ¡‚¡‡π’¬ 19.15%, ‰π‰µ√å∑ 16.19%, ‰π‡µ√∑ 16.75%, Õπ‘π∑√’¬å‰π‚µ√‡®π

√«¡ 19.09% ·≈– ÕÕ√å‚∏øÕ ‡øµ 14.37% ·≈–™à«¬‡æ‘Ë¡Õ—µ√“°“√√Õ¥¢ÕßÕ“√å∑’‡¡’¬ 66.45%, §«“¡¬“«πÕ‡æ≈’¬ 

30.26% ·≈–§«“¡¬“«Õ“√å∑’‡¡’¬ 5.07% ®“°º≈°“√∑¥≈Õßæ∫«à“¡’·π«‚πâ¡∑’Ë®– “¡“√∂π”√–∫∫°√Õß‰ªª√–¬ÿ°µå

„™â„π°“√∫”∫—¥πÈ”®“°°“√‡æ“–‡≈’È¬ß —µ«åπÈ”™π‘¥Õ◊ËπµàÕ‰ª

Abstract

The first experimental purpose of this work was to study the effect of bubble size and salinity on total

solid separated efficiency of a foam fractionator. Completely randomized factorial design was used. Four

bubble sizes, 0.57, 2.14, 3.65 and 7.82 mm and 4-water salinity levels, 0, 10, 20 and 30 ppt were applied.

Results of the study show that the best bubble size and salinity for total solid separation were 2.14 mm and

30 ppt, respectively.
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The results from the first experiment were applied to the second experiment in artemia culture tanks.

The experimental treatment was compared between artemia culture units with and without a foam fractionator.

Results illustrate that foam fractionator could decrease 22.16% of total solid, 19.15% ammonia, 16.19% nitrite,

16.75% nitrate, 19.09% total inorganic nitrogen and 14.37% orthophosphate and increase by 66.45% the

survival rate, by 30.26% the length of the nauplius and by 5.07% the length of the artemia. The consequences

of this study can be used for water treatment in other aquacultural activities.

§” ”§—≠: ‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡, °“√∫”∫—¥§ÿ≥¿“æπÈ”, °“√‡æ“–‡≈’È¬ß —µ«åπÈ”

Keywords: foam fractionation, water treatment, aquaculture

∫∑π”

„π°“√‡≈’È¬ß —µ«åπÈ”¢Õß‡ ’¬∑’Ë ‡°‘¥®“°°“√

¢—∫∂à“¬¢Õß —µ«åπÈ”·≈–®“°Õ“À“√∑’Ë‡À≈◊Õ ®–∑”„Àâ

§ÿ≥¿“æπÈ”‡ ◊ËÕ¡≈ß ∂â“‰¡à¡’°“√°”®—¥Õ“À“√∑’Ë‡À≈◊Õ

∑—Èß à«π∑’Ë·¢«π≈Õ¬·≈– à«π∑’Ë≈–≈“¬„ππÈ”ÕÕ°

® –∑” „Àâ Õ “ À “ √ ‡ À ≈à “ π’È ‡ °‘ ¥ ° “ √ ‡ πà “ ‡  ’ ¬ · ≈ –

 “√ª√–°Õ∫‚ª√µ’π„πÕ“À“√´÷Ëß‡ªìπ “√Õ‘π∑√’¬å

®–∂Ÿ°¬àÕ¬ ≈“¬‚¥¬·∫§∑’‡√’¬„π∏√√¡™“µ‘‡°‘¥‡ªìπ

 “√ª√–°Õ∫Õπ‘π∑√’¬å‰π‚µ√‡®π ÷́Ëß≈–≈“¬πÈ” ‰¥â·°à

·Õ¡‚¡‡π’¬ ‰π‰µ√å∑ ·≈–‰π‡µ√∑ ‚¥¬‡©æ“–

·Õ¡‚¡‡π’¬ ·≈–‰π‰µ√å∑ ¡’§«“¡‡ªìπæ‘…µàÕ —µ«åπÈ”

√ÿπ·√ß„πª√‘¡“≥∑’ËπâÕ¬ (Spotte, 1979) µâÕß¡’°“√

‡ª≈’Ë¬π∂à“¬πÈ”‡æ◊ËÕ≈¥§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬ ·≈–

‰π‰µ√å∑„ÀâÕ¬Ÿà„π√–¥—∫∑’Ë‰¡à‡ªìπæ‘…µàÕ —µ«åπÈ” ∑”„Àâ

°“√„™âπÈ”‰¡à§ÿâ¡§à“ ‡ ’¬‡«≈“·≈–§à“„™â®à“¬„π°“√

®—¥°“√¡“°  ‘Èπ‡ª≈◊Õß·√ßß“π ·≈–‡ ’Ë¬ßµàÕ°“√µ“¬

·≈–°“√µ‘¥‡™◊ÈÕ‚√§¿“¬πÕ°∑’Ëªπ‡ªóôÕπ¡“°—∫πÈ”

°“√∫”∫—¥§ÿ≥¿“æ‡æ◊ËÕ°“√‡æ“–‡≈’È¬ß —µ«åπÈ”

‡ªìπ°√–∫«π°“√∑’Ë™à«¬¬÷¥Õ“¬ÿ°“√„™âπÈ”„Àâ¬“«π“π

ÕÕ°‰ª ¡’À≈“¬«‘∏’∑—Èß¥â“π°“¬¿“æ ‡§¡’ ·≈–™’«¿“æ

 ”À√—∫°“√∫”∫—¥§ÿ≥¿“æπÈ”‚¥¬„™âµ—«°√Õß·∫∫·¬°

‚ø¡ (foam fractionation À√◊Õ protein skimmer)

‡ªìπ√–∫∫°√Õß∑’Ë¡ÿàß°”®—¥ “√·¢«π≈Õ¬∑’Ë·¢«π≈Õ¬

Õ¬Ÿà„ππÈ” ‚¥¬°“√„™â·√ßµ÷ßº‘«¢ÕßøÕßÕ“°“»„π°“√

·¬° “√·¢«π≈Õ¬ÕÕ°®“°πÈ” (Spotte, 1979; Weeks

et al., 1992; Chen et al., 1994a; Chen et al., 1994b)

´÷Ëß°“√·¬° “√·¢«π≈Õ¬ÕÕ°®“°πÈ”°àÕπ∑’Ë “√

·¢«π≈Õ¬‡À≈à“π’È®–∂Ÿ°·∫§∑’‡√’¬∑’Ë¡’Õ¬Ÿà„ππÈ”∏√√¡™“µ‘

¬àÕ¬ ≈“¬„Àâ°≈“¬‡ªìπ “√ª√–°Õ∫ Õπ‘π∑√’¬å

‰π‚µ√‡®π´÷Ëß‡ªìπ “√ª√–°Õ∫∑’Ë¡’§«“¡‡ªìπæ‘…

µàÕ —µ«åπÈ” Ÿß

°“√„™â‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡„π°“√°”®—¥

 “√Õ‘π∑√’¬å∑’Ë≈–≈“¬πÈ”·≈– “√·¢«π≈Õ¬ÕÕ°®“°πÈ”

‡ªìπ¢—ÈπµÕπ„π°“√∫”∫—¥§ÿ≥¿“æπÈ”∑’Ë®”‡ªìπ ‡æ√“–

„π°“√·¬° “√Õ‘π∑√’¬å∑’Ë≈–≈“¬πÈ”·≈– “√·¢«π≈Õ¬

¥â«¬«‘∏’Õ◊Ëπ ®–µâÕß√Õ„Àâ “√Õ‘π∑√’¬å‡À≈à“π’È∂Ÿ°¬àÕ¬

 ≈“¬°≈“¬‡ªìπ “√Õπ‘π∑√’¬å®÷ß “¡“√∂∑”°“√∫”∫—¥‰¥â

´÷Ëß°“√∑’Ëª≈àÕ¬„Àâ “√Õ‘π∑√’¬å∑’Ë≈–≈“¬πÈ”·≈– “√

·¢«π≈Õ¬∂Ÿ°¬àÕ¬ ≈“¬„ππÈ”®–∑”„ÀâπÈ”¡’§ÿ≥¿“æ·¬à≈ß

∂â“ “¡“√∂·¬° “√Õ‘π∑√’¬å∑’Ë≈–≈“¬πÈ”·≈– “√

·¢«π≈Õ¬ÕÕ°°àÕπ∑’Ë®–¡’°“√¬àÕ¬ ≈“¬®–‡ªìπ°“√

™à«¬∑”„ÀâπÈ”¡’§ÿ≥¿“æ¥’ ·≈–≈¥¿“√–„π°“√∫”∫—¥

§ÿ≥¿“æπÈ”„π¢—ÈπµàÕ‰ª‰¥âÕ¬à“ß¡“° ¥—ßπ—Èπ°“√»÷°…“

§√—Èßπ’È¡’«—µ∂ÿª√– ß§å ‡æ◊ËÕ»÷°…“º≈¢Õß¢π“¥øÕß

Õ“°“»·≈–§«“¡‡§Á¡¢ÕßπÈ”µàÕ§«“¡ “¡“√∂„π°“√

·¬°¢Õß·¢Áß∑—ÈßÀ¡¥¢Õß‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡ ·≈–

»÷°…“ª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡

 ”À√—∫°“√„™â‡≈’È¬ß —µ«åπÈ”

Õÿª°√≥å·≈–«‘∏’¥”‡π‘π°“√»÷°…“

 ∂“π∑’Ë¥”‡π‘π°“√»÷°…“ ‰¥â·°à ÀâÕßªØ‘∫—µ‘°“√

§≥–‡∑§‚π‚≈¬’∑“ß∑–‡≈ ¡À“«‘∑¬“≈—¬∫Ÿ√æ“ «‘∑¬“‡¢µ

 “√ π‡∑» ®—π∑∫ÿ√’ °“√∑¥≈Õßª√–°Õ∫¥â«¬ 2 °“√

∑¥≈Õß ‰¥â·°à
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°“√∑¥≈Õß∑’Ë 1 º≈¢Õß¢π“¥øÕßÕ“°“»

·≈–§«“¡‡§Á¡µàÕ°“√·¬°¢Õß·¢Áß∑—ÈßÀ¡¥

¢Õß‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡

°“√»÷°…“π’È¡’°“√«“ß·ºπ°“√∑¥≈Õß·∫∫

 ÿà¡µ≈Õ¥∑’Ë¡’ 4X4 factorial ∑”°“√‡ª≈’Ë¬π·ª≈ß¢π“¥

øÕßÕ“°“» 4 √–¥—∫ ‰¥â·°à 0.57, 2.14, 3.65 ·≈– 7.82

¡‘≈≈‘‡¡µ√ ·≈–∑”°“√‡ª≈’Ë¬π·ª≈ß§«“¡‡§Á¡∑’Ë„™â„π

°“√»÷°…“ 4 √–¥—∫ ‰¥â·°à 0, 10, 20 ·≈– 30 ppt

∑”°“√∑¥≈Õß 2 ´È” ®—¥™ÿ¥∑¥≈Õß·≈– È́”‚¥¬°“√ ÿà¡

°“√«—¥¢π“¥øÕßÕ“°“»∑”‚¥¬°“√∂à“¬¿“æøÕßÕ“°“»

¢≥–∑’ËøÕßÕ“°“»‡√‘Ë¡À≈ÿ¥®“°Õÿª°√≥å„ÀâÕ“°“» ·≈–

«—¥§«“¡¬“«‡ âπºà“»Ÿπ¬å°≈“ß¢ÕßøÕßÕ“°“»¥â«¬

‚ª√·°√¡§Õ¡æ‘«‡µÕ√å ∑”°“√«—¥ 8 ́ È” ‡æ◊ËÕÀ“§à“‡©≈’Ë¬

∂—ß∑¥≈Õß„™â∂—ßæ≈“ µ‘°∑√ß Ÿß °âπ‡√’¬∫

¢π“¥§«“¡®ÿ 40 ≈‘µ√ „ àπÈ”®”π«π 35 ≈‘µ√ √–À«à“ß

°“√∑¥≈Õß ¿“¬„πµ‘¥µ—Èß‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡

∑”®“°∑àÕæ’«’´’ 2 ¢π“¥  «¡∑—∫°—π‚¥¬∑àÕ¿“¬πÕ°

·≈–¿“¬„π¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß 3 ·≈– 2 π‘È«

µ“¡≈”¥—∫ §«“¡ Ÿß 35 ‡´πµ‘‡¡µ√ ¥â“π∫πµ‘¥µ—Èß

°√«¬‡°Á∫¢Õß‡ ’¬∑’Ë‡§√◊ËÕß°√Õß·¬°‰¥â „ÀâÕ“°“»

ºà“π¥â“π≈à“ß¢Õß‡§√◊ËÕß°√Õß ·≈–∑”°“√µ‘¥µ—Èß

Õÿª°√≥å„ÀâÕ“°“»¢π“¥µà“ß Ê µ“¡∑’Ë°”Àπ¥‰«â

π”Õ“À“√°ÿâß∫¥≈–‡Õ’¬¥·≈â«∑’Ë¡’√–¥—∫‚ª√µ’π 35

‡ªÕ√å‡´πµå ¡“„ à„π∂—ß∑¥≈Õß®”π«π 200 °√—¡

‡ªî¥Õ“°“»„Àâ ‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡∑”ß“π

∑”°“√√«∫√«¡ª√‘¡“≥¢Õß·¢Áß∑—ÈßÀ¡¥∑’Ë·¬°‰¥â®“°

‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡∑“ß¥â“π∫π¢Õß‡§√◊ËÕß

°“√»÷°…“π’È®–∑”°“√‡°Á∫¢Õß·¢Áß∑—ÈßÀ¡¥

∑’Ë·¬°‰¥â®“°‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡„π·µà≈–«—π

π”‰ªÕ∫·Àâ ß ‡æ◊Ë ÕÀ“πÈ”Àπ—°∑’Ë ·πàπÕπµ“¡«‘ ∏’

¢Õß AOAC (1990) °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈ ∑”°“√

‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß¢Õßª√‘¡“≥¢Õß·¢Áß∑—ÈßÀ¡¥

∑’Ë ·¬°‰¥â®“° ‡§√◊Ë Õß°√Õß·∫∫·¬°‚ø¡¥â«¬«‘∏’

«‘‡§√“–Àå§«“¡·ª√ª√«π (analysis of variance) ·≈–

‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬¥â«¬«‘∏’ Duncanûs

new multiple range test ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95

‡ªÕ√å‡´πµå (Cody and Smith, 1997)

°“√∑¥≈Õß∑’Ë 2 ª√– ‘∑∏‘¿“æ°“√·¬°

¢Õß·¢Áß∑—ÈßÀ¡¥∑’Ë·¬°‰¥â¢Õß‡§√◊ËÕß°√Õß·∫∫

·¬°‚ø¡„π°“√‡≈’È¬ßÕ“√å∑’‡¡’¬

°“√»÷°…“π’È¡’°“√«“ß·ºπ°“√∑¥≈Õß·∫∫

 ÿà¡µ≈Õ¥ ∑”°“√‡ª√’¬∫‡∑’¬∫°“√∫”∫—¥πÈ”√–À«à“ß™ÿ¥

§«∫§ÿ¡∑’Ë¡’°“√‡≈’È¬ßÕ“√å∑’‡¡’¬‚¥¬‰¡à¡’°“√∫”∫—¥πÈ” ·≈–

™ÿ¥∑¥≈Õß∑’Ë¡’°“√‡≈’È¬ßÕ“√å∑’‡¡’¬·≈–„™â‡§√◊ËÕß°√Õß

·∫∫·¬°‚ø¡„π°“√∫”∫—¥§ÿ≥¿“æπÈ” ‚¥¬∑”°“√

‡≈◊Õ°¢π“¥¢ÕßøÕßÕ“°“» ·≈–§«“¡‡§Á¡∑’Ë¡’°“√·¬°

¢Õß‡ ’¬¥’∑’Ë ÿ¥®“°°“√∑¥≈Õß∑’Ë 1 ¡“„™â„π°“√∑¥≈Õß

∑’Ë 2 ∑”°“√∑¥≈Õß 3 È́” ®—¥™ÿ¥∑¥≈Õß·≈– È́”‚¥¬

°“√ ÿà¡ ∂—ß∑¥≈Õß·≈–‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡

„π°“√»÷°…“§√—Èßπ’È„™â‡À¡◊Õπ°—∫°“√∑¥≈Õß∑’Ë 1

 —µ«å∑¥≈Õß„™âÕ“√å∑’‡¡’¬µ—«‡µÁ¡«—¬ ∑”°“√

‡≈’È¬ß∑’Ë√–¥—∫§«“¡Àπ“·πàπ 1500 µ—«/≈‘µ√ Õ“À“√

∑’Ë„™â„π°“√∑¥≈Õß„™âÕ“À“√°ÿâß°ÿ≈“¥”∫¥≈–‡Õ’¬¥

¡’ª√‘¡“≥‚ª√µ’πª√–¡“≥ 35 ‡ªÕ√å‡´πµå ∑”°“√„Àâ

Õ“À“√ª√–¡“≥ 3 °√—¡/∂—ß∑¥≈Õß/«—π ‡°Á∫µ—«Õ¬à“ßπÈ”

µ≈Õ¥√–¬–‡«≈“°“√∑¥≈Õß π”‰ªÀ“§à“·Õ¡‚¡‡π’¬,

‰π‰µ√å∑, ‰π‡µ√∑, Õπ‘π∑√’¬å‰π‚µ√‡®π√«¡ ·≈–

ÕÕ√å‚∏øÕ ‡øµ µ“¡«‘∏’¢Õß Strickland and Parsons

(1972) ·≈–µ√«® Õ∫ª√‘¡“≥ “√¢Õß·¢Áß∑—ÈßÀ¡¥

∑’Ë·¬°‰¥âµ“¡«‘∏’¢Õß AOAC (1990) «—¥§à“‡ªÕ√å‡´πµå

Õ—µ√“°“√√Õ¥µ“¬, §«“¡¬“«‡©≈’Ë¬¢ÕßÕ“√å∑’‡¡’¬ ·≈–

§«“¡¬“«‡©≈’Ë¬¢ÕßπÕ‡æ≈’¬  ∑ÿ° 2 «—π ¢âÕ¡Ÿ≈∑’Ë‡°Á∫

‰¥â∑—ÈßÀ¡¥π”¡“«‘‡§√“–Àå§«“¡·µ°µà“ß√–À«à“ß™ÿ¥

∑¥≈Õß¥â«¬«‘∏’ T-test (Cody and Smith, 1997)

∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95 ‡ªÕ√å‡´πµå

º≈°“√∑¥≈Õß

°“√∑¥≈Õß∑’Ë 1 ®“°¢âÕ¡Ÿ≈ª√‘¡“≥¢Õß·¢Áß

∑—ÈßÀ¡¥∑’Ë·¬°‰¥â®“°‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡æ∫«à“

¢π“¥¢ÕßøÕßÕ“°“»·≈–§«“¡‡§Á¡‰¡à¡’ªØ‘ —¡æ—π∏å

Õ¬à“ß¡’π—¬ ”§—≠ (P>0.05) ¥—ßπ—Èπ®÷ß∑”°“√«‘‡§√“–Àå

¢âÕ¡Ÿ≈‚¥¬·¬°«‘‡§√“–Àåº≈ÕÕ°®“°°—π

º≈¢Õß¢π“¥øÕßÕ“° “»µà Õ° “√·¬°

 “√ª√–°Õ∫·¢«π≈Õ¬¢Õß‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡

09 8/4/09, 8:34 AM558



559KKU Res J 14 (6) : June 2009
º≈¢Õß¢π“¥øÕßÕ“°“»·≈–§«“¡‡§Á¡µàÕª√– ‘∑∏‘¿“æ°“√·¬°¢Õß·¢Áß∑—ÈßÀ¡¥

¢Õß‡§√◊ËÕß·¬°‚ø¡ ”À√—∫°“√‡æ“–‡≈’È¬ß —µ«åπÈ”

æ∫«à“ª√‘¡“≥¢Õß·¢Áß∑—ÈßÀ¡¥∑’Ë·¬°‰¥â®“°‡§√◊ËÕß°√Õß

·∫∫·¬°‚ø¡∑’Ëµ‘¥µ—ÈßÕÿª°√≥å„ÀâÕ“°“»¢π“¥·µ°µà“ß

°—ππ—Èπ¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠ (P<0.05)

· ¥ß¥—ß Figure 1A ‚¥¬‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡

∑’Ëµ‘¥µ—ÈßÕÿª°√≥å„ÀâøÕßÕ“°“»‡ âπºà“»Ÿπ¬å°≈“ß¢π“¥

2.14 ¡‘≈≈‘‡¡µ√  “¡“√∂·¬°¢Õß·¢Áß∑—ÈßÀ¡¥‰¥â¡“°∑’Ë ÿ¥

21.12±9.23 °√—¡/«—π ·≈–·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠

(P<0.05) °—∫‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡∑’Ëµ‘¥µ—Èß

Õÿª°√≥å„ÀâøÕßÕ“°“»‡ âπºà“»Ÿπ¬å°≈“ß¢π“¥ 0.57 ·≈–

7.82 ¡‘≈≈‘‡¡µ√ ·µà‰¡à·µ°µà“ß°—∫‡§√◊ËÕß°√Õß

·∫∫·¬°‚ø¡∑’Ëµ‘¥µ—ÈßÕÿª°√≥å„ÀâøÕßÕ“°“»¢π“¥ 3.65

¡‘≈≈‘‡¡µ√ ·≈–‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡∑’Ëµ‘¥µ—Èß

Õÿª°√≥å„ÀâøÕßÕ“°“»‡ âπºà“»Ÿπ¬å°≈“ß¢π“¥ 7.82

¡‘≈≈‘‡¡µ√ ‰¡à “¡“√∂·¬°¢Õß·¢Áß∑—ÈßÀ¡¥®“°πÈ”‰¥â‡≈¬

º≈¢Õß§«“¡‡§Á¡µàÕ°“√·¬° “√ª√–°Õ∫

·¢«π≈Õ¬¢Õß‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡ æ∫«à“

‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡ “¡“√∂·¬°¢Õß·¢Áß

∑—ÈßÀ¡¥‰¥â„πª√‘¡“≥∑’Ë·µ°µà“ß · ¥ß¥—ß Figure 1B ‚¥¬

‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡∑’Ëµ‘¥µ—Èß„ππÈ”∑’Ë¡’§«“¡‡§Á¡ 10,

20 ·≈– 30 ppt  “¡“√∂·¬°¢Õß·¢Áß∑—ÈßÀ¡¥‰¥â

13.40±15.17, 15.90±11.15 ·≈– 17.41±12.17 °√—¡/«—π

µ“¡≈”¥—∫ ·≈–ª√‘¡“≥¢Õß·¢Áß∑—ÈßÀ¡¥∑’Ë·¬°‰¥â®“°

‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡∑’Ëµ‘¥µ—Èß„ππÈ”∑’Ë¡’§«“¡∑—Èß 3

√–¥—∫ ‰¡à¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠ (P>0.05)

·µà·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠ (P<0.05) °—∫ª√‘¡“≥

¢Õß·¢Áß∑—ÈßÀ¡¥∑’Ë·¬°‰¥â®“°‡§√◊ËÕß°√Õß·∫∫·¬°

‚ø¡∑’Ëµ‘¥µ—Èß„ππÈ”∑’Ë¡’§«“¡‡§Á¡‡∑à“°—∫ 0 ppt ‚¥¬

‡§√◊ËÕß°√Õß∑’Ëµ‘¥µ—Èß„ππÈ”∑’Ë¡’§«“¡‡§Á¡‡∑à“°—∫ 0 ppt

 “¡“√∂·¬°¢Õß·¢Áß∑—ÈßÀ¡¥‰¥â 5.22±4.90 °√—¡/«—π

°“√∑¥≈Õß∑’Ë 2 º≈¢Õß°“√„™â‡§√◊ËÕß°√Õß

·∫∫·¬°‚ø¡„π°“√‡≈’È¬ßÕ“√å∑’‡¡’¬ ∑”°“√µ√«® Õ∫

§ÿ≥¿“æπÈ”„π√–À«à“ß°“√∑¥≈Õß · ¥ß¥—ß Figure 2

‚¥¬µ√«® Õ∫·Õ¡‚¡‡π’¬ ‰π‰µ√å∑ ‰π‡µ√∑

Õπ‘π∑√’¬å‰π‚µ√‡®π√«¡ ·≈–ÕÕ√å‚∏øÕ ‡øµ æ∫«à“

‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡ “¡“√∂™à«¬≈¥ª√‘¡“≥

·Õ¡‚¡‡π’¬ ‰π‡µ√∑ ª√‘¡“≥‰π‚µ√‡®π√«¡ ·≈–

ª√‘¡“≥¢Õß·¢Áß∑’Ë·¬°‰¥â ·≈–¡’§«“¡·µ°µà“ß°—∫

™ÿ¥§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠ (P<0.05) „π¢≥–∑’Ë

ª√‘¡“≥‰π‰µ√å∑ ·≈–ÕÕ√å‚∏øÕ ‡øµ ¡’·π«‚πâ¡

‰¡à·µ°µà“ß°—π„π™à«ßµâπ¢Õß°“√∑¥≈Õß ·µàª√‘¡“≥

‰π‰µ√å∑ ·≈–ÕÕ√å‚∏øÕ ‡øµ‡æ‘Ë¡¢÷Èπ Ÿß„π™à«ß∑â“¬

¢Õß°“√∑¥≈Õß

º≈°“√‡®√‘≠‡µ‘∫‚µ¢ÕßÕ“√å∑’ ‡¡’¬æ∫«à“

§«“¡¬“«¢ÕßÕ“√å∑’‡¡’¬„π·µà≈–√–¬–¢Õß°“√∑¥≈Õß

¡’§«“¡·µ°µà“ß√–À«à“ß§«“¡¬“«¢ÕßÕ“√å∑’‡¡’¬ (P<0.05)

„π«—π ÿ¥∑â“¬¢Õß°“√∑¥≈Õß‡∑à“π—Èπ  à«π√–¬–‡«≈“

µ—Èß·µà‡√‘Ë¡µâπ‰¡àæ∫§«“¡·µ°µà“ß¢Õß§«“¡¬“«Õ“√å∑’‡¡’¬

√–À«à“ß∑—Èß Õß™ÿ¥∑¥≈Õß (Figure 3A)  à«π°“√

‡®√‘≠‡µ‘∫‚µ¢Õßµ—«ÕàÕπÕ“√å∑’‡¡’¬√–¬–πÕ‡æ≈’¬  „π™à«ß

4 «—π·√°¢Õß°“√∑¥≈ÕßÕ“√å∑’‡¡’¬∑—Èß Õß™ÿ¥∑¥≈Õß

¡’°“√‡®√‘≠‡µ‘∫‚µ‰¡à·µ°µà“ß°—π ®π∂÷ß«—π∑’Ë 6 ¢Õß

°“√∑¥≈Õßæ∫«à“§«“¡¬“«¢ÕßπÕ‡æ≈’¬ „π™ÿ¥

§«∫§ÿ¡¡’§«“¡¬“«πâÕ¬°«à“™ÿ¥∑¥≈ÕßÕ¬à“ß¡’π—¬ ”§—≠

(P<0.05) ®π°√–∑—Ëß ‘Èπ ÿ¥°“√∑¥≈Õß (Figure 3B)

 ”À√—∫Õ—µ√“°“√√Õ¥¢ÕßÕ“√å∑’‡¡’¬æ∫«à“

Õ“√å∑’‡¡’¬„π™ÿ¥∑¥≈Õß¡’Õ—µ√“°“√√Õ¥ Ÿß°«à“Õ“√å∑’‡¡’¬

„π™ÿ¥§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠µ—Èß·µà«—π∑’Ë 4 ¢Õß°“√

∑¥≈Õß¥—ß Figure 4 ‡¡◊ËÕ§”π«≥ª√– ‘∑∏‘¿“æ

¢Õß‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡æ∫«à“‡§√◊ËÕß°√Õß·∫∫

·¬°‚ø¡ “¡“√∂™à«¬≈¥ª√‘¡“≥·Õ¡‚¡‡π’¬ ‰π‰µ√å∑

‰π‡µ√∑ Õπ‘π∑√’¬å‰π‚µ√‡®π√«¡ ÕÕ√å‚∏øÕ ‡øµ ·≈–

¢Õß·¢Áß∑—ÈßÀ¡¥ 19.15, 16.19, 16.75, 19.09, 14.37

·≈– 22.16 ‡ªÕ√å‡´πµå „π¢≥–∑’ËÕ“√å∑’‡¡’¬¡’§«“¡¬“«

·≈–Õ—µ√“°“√√Õ¥‡æ‘Ë¡¢÷Èπ 5.07 ·≈– 66.45 ‡ªÕ√å‡´πµå

·≈–πÕ‡æ≈’¬ ¡’§«“¡¬“«‡æ‘Ë¡¢÷Èπ 30.26 ‡ªÕ√å‡´πµå

¥—ß Table 1

«‘®“√≥åº≈°“√∑¥≈Õß

°“√»÷°…“§√—Èßπ’Èæ∫«à“¢π“¥øÕßÕ“°“»·≈–

§«“¡‡§Á¡¡’º≈µàÕ°“√·¬°¢Õß‡ ’¬¢Õß‡§√◊ËÕß°√Õß·∫∫

·¬°‚ø¡ øÕßÕ“°“»¢π“¥‡≈Á°®–¡’ª√– ‘∑∏‘¿“æ

„π°“√·¬°¢Õß·¢Áß∑—ÈßÀ¡¥‰¥â¥’°«à“‡π◊ËÕß®“° —¥ à«π

æ◊Èπ∑’Ëº‘«µàÕª√‘¡“µ√¢ÕßøÕßÕ“°“»¢π“¥‡≈Á°®–¡’§à“

¡“°°«à“‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫øÕßÕ“°“»¢π“¥„À≠à

·≈–®“°°“√∑”ß“π¢Õß‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡π—Èπ
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º≈¢Õß¢π“¥øÕßÕ“°“»·≈–§«“¡‡§Á¡µàÕª√– ‘∑∏‘¿“æ°“√·¬°¢Õß·¢Áß∑—ÈßÀ¡¥

¢Õß‡§√◊ËÕß·¬°‚ø¡ ”À√—∫°“√‡æ“–‡≈’È¬ß —µ«åπÈ”

¢Õß‡ ’¬∑’Ë‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡®– “¡“√∂·¬°ÕÕ°¡“

‰¥âπ—Èπ®–µâÕß®—∫Õ¬Ÿà∫πº‘«¢ÕßøÕßÕ“°“» (Spotte, 1979)

 à«ππÈ”∑’Ë§«“¡‡§Á¡ Ÿß®–™à«¬∑”„Àâª√– ‘∑∏‘¿“æ

¢Õß‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡¡’ª√– ‘∑∏‘¿“æ Ÿß¢÷Èπ

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫πÈ”∑’Ë§«“¡‡§Á¡µË”π—Èπ ‚¥¬ª°µ‘πÈ”

∑’Ë§«“¡‡§Á¡ Ÿß¢÷Èπ®–¡’§«“¡Àπ◊¥¢ÕßπÈ”‡æ‘Ë¡¡“°¢÷Èπ

µ“¡ª√‘¡“≥‡°≈◊Õ·√à ·≈– “√µà“ßÊ ∑’Ë≈–≈“¬≈ß‰ª„ππÈ”

‡¡◊ËÕπÈ”¡’§«“¡Àπ◊¥¡“°¢÷Èπ®–∑”„Àâ‡¡◊ËÕ¡’øÕßÕ“°“»‡°‘¥

¢÷Èπ·≈–≈Õ¬¢÷Èπ‰ª¥â“π∫π øÕßÕ“°“»∑’Ë≈Õ¬¢÷Èπ‡Àπ◊Õ

º‘«πÈ”®–·µ°ÕÕ°∂â“·√ßµ÷ßº‘«¢ÕßøÕßÕ“°“»πâÕ¬°«à“

·√ß¥—π¢ÕßÕ“°“»¿“¬„π  ”À√—∫„ππÈ”∑’Ë¡’§«“¡‡§Á¡

∑”„Àâ§«“¡Àπ◊¥¢ÕßπÈ”‡æ‘Ë¡¢÷Èπ àßº≈µàÕ·√ßµ÷ßº‘«¢Õß

øÕßÕ“°“»∑’Ë≈Õ¬¢÷Èπ¡“∫√‘‡«≥º‘«πÈ”∑”„Àâ‡ªìπ°“√‡æ‘Ë¡

·√ßµ÷ßº‘«¢ÕßøÕßÕ“°“»  àßº≈„ÀâøÕßÕ“°“»·µ°µ—«

™â“≈ß ·≈–‡¡◊ËÕøÕßÕ“°“»·µ°µ—«™â“≈ß®÷ß¡’‡«≈“∑’ËøÕß

Õ“°“»„À¡à∑’Ë‡°‘¥¢÷Èπ®–¡“¥—πøÕßÕ“°“»‡¥‘¡„Àâ Ÿß¢÷Èπ

¢Õß‡ ’¬∑’Ë∂Ÿ°®—∫Õ¬Ÿà∫√‘‡«≥º‘«¢ÕßøÕßÕ“°“»®–∂Ÿ°·¬°

‰¥â¥’¬‘Ëß¢÷Èπ ∑”„Àâª√– ‘∑∏‘¿“æ‚¥¬√«¡„π°“√·¬°

¢Õß‡ ’¬¢Õß‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡ Ÿß¢÷Èπ

®“°°“√»÷°…“∑’Ëºà“π¡“¡’°“√„™â‡§√◊ËÕß°√Õß

·∫∫·¬°‚ø¡„π°“√™à«¬∫”∫—¥§ÿ≥¿“æ√à«¡°—∫√–∫∫

°√Õß·∫∫Õ◊Ëπ ‚¥¬ª°µ‘„π°“√‡≈’È¬ß —µ«åπÈ”®–‰¡à„™â

‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡‡æ’¬ß™π‘¥‡¥’¬«„π°“√∫”∫—¥

§ÿ≥¿“æπÈ”·µà®–„™â√à«¡°—∫√–∫∫°√Õß™π‘¥Õ◊Ëπ ‡π◊ËÕß®“°

®ÿ¥ª√– ß§å„π°“√∫”∫—¥πÈ”§ÿ≥¿“æπÈ”¢Õß√–∫∫°√Õß

·µà≈–™π‘¥·µ°µà“ß°—π ‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡®–„™â

„π°“√·¬° “√ª√–°Õ∫·¢«π≈Õ¬„ππÈ”´÷Ëß à«π„À≠à

®–‡ªìπ “√ª√–°Õ∫Õ‘π∑√’¬å„π¢≥–∑’Ë¢Õß‡ ’¬‡À≈à“π—Èπ

¬—ß‰¡à‰¥â∂Ÿ°¬àÕ¬ ≈“¬‚¥¬·∫§∑’‡√’¬ ·≈–∂â“ “√ª√–°Õ∫

Õ‘π∑√’¬å‡À≈à“π—Èπ∂Ÿ°¬àÕ¬ ≈“¬°≈“¬‡ªìπ “√ª√–°Õ∫

Õπ‘π∑√’¬å‰π‚µ√‡®π·≈â« ‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡

°Á‰¡à “¡“√∂™à«¬°”®—¥ÕÕ°‰¥âµâÕßÕ“»—¬°“√®—¥°“√

§ÿ≥¿“æπÈ”√–∫∫Õ◊Ëπ Ê ‡¢â“¡“®—¥°“√ ‡™àπ °“√„™â

 “À√à“¬¢π“¥„À≠à (™≈’ ·≈–§≥–, 2548; Neori et al.,

1996; Schuenhoff et al., 2003) ·≈–°“√„™â·∫§∑’‡√’¬

„π¢∫«π°“√ nitrification (‡∫Á≠®¡“» ·≈–§≥–, 2550;

De Los Reyes Jr. and Lawson, 1996; Pfeiffer and

Malone, 2006)

º≈°“√»÷°…“°“√„™â‡§√◊ËÕß°√Õß·∫∫·¬°

‚ø¡„π°“√∫”∫—¥§ÿ≥¿“æ ”À√—∫°“√‡æ“–‡≈’È¬ß —µ«åπÈ”

™’È„Àâ‡ÀÁπ«à“‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡¡’ª√– ‘∑∏‘¿“æ

„π°“√∫”∫—¥§ÿ≥¿“æπÈ” ·¬°¢Õß‡ ’¬∑’Ë·¢«π≈Õ¬

ÕÕ°®“°πÈ” ™à«¬≈¥ª√‘¡“≥ “√ª√–°Õ∫‰π‚µ√‡®π

∑—Èß·Õ¡‚¡‡π’¬ ‰π‰µ√å∑ ·≈–‰π‡µ√∑ ·≈–™à«¬≈¥

ª√‘¡“≥ÕÕ√å‚∏øÕ ‡øµ„ππÈ” ‡¡◊ËÕ§ÿ≥¿“æπÈ”¥’¢÷Èπ

 àßº≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ ·≈–Õ—µ√“°“√√Õ¥¢Õß —µ«å

πÈ” ∑”„Àâ°“√‡®√‘≠‡µ‘∫‚µ·≈–Õ—µ√“°“√√Õ¥¢Õß —µ«å

πÈ” Ÿß¢÷Èπ  Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß »π‘°“πµå

·≈–§≥– (2551) ∑’Ë„™â‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡√à«¡

°—∫°“√æàπ‚Õ‚´π„π°“√‡µ√’¬¡πÈ” ”À√—∫°“√‡æ“–

æ—π∏ÿå —µ«åπÈ”·∑π°“√„™â§≈Õ√’π §ÿ≥ ¡∫—µ‘¢ÕßπÈ”

¿“¬À≈—ß°“√∫”∫—¥¥â«¬‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡

√à«¡°—∫°“√æàπ‚Õ‚´π¡’§à“§àÕπ¢â“ß§ß∑’Ë ·≈–√“¬ß“π

¢Õß Suantika et al. (1999; 2001; 2003) ·≈– Suzuki

et al. (2003) ∑’Ë„™â‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡√à«¡°—∫

√–∫∫°√ÕßÕ◊Ëπ “¡“√∂‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√

‡≈’È¬ß —µ«åπÈ”„Àâ Ÿß¢÷Èπ ·≈–™à«¬≈¥ª√‘¡“≥¢Õß‡ ’¬

®“° “√ª√–°Õ∫ Õπ‘π∑√’¬å‰π‚µ√‡®π„ππÈ”‰¥â¥â«¬

 √ÿªº≈°“√∑¥≈Õß

1. ¢π“¥øÕßÕ“°“»·≈–§«“¡‡§Á¡¡’º≈

µàÕª√– ‘∑∏‘¿“æ°“√∑”ß“π¢Õß‡§√◊ËÕß°√Õß·∫∫·¬°

‚ø¡ „π°“√»÷°…“§√—Èßπ’È¢π“¥øÕßÕ“°“»‡∑à“°—∫ 2.14

¡‘≈≈‘‡¡µ√ ·≈–§«“¡‡§Á¡ 30 ppt ∑”„Àâ‡§√◊ËÕß°√Õß

·∫∫·¬°‚ø¡¡’ª√– ‘∑∏‘¿“æ„π°“√∑”ß“π Ÿß∑’Ë ÿ¥

2. ‡§√◊ËÕß°√Õß·∫∫·¬°‚ø¡ “¡“√∂™à«¬

≈¥§à“·Õ¡‚¡‡π’¬, ‰π‰µ√å∑, ‰π‡µ√∑, Õπ‘π∑√’¬å

‰π‚µ√‡®π√«¡, øÕ ‡øµ ·≈–§à“¢Õß‡ ’¬∑’Ë

·¢«π≈Õ¬Õ¬Ÿà„ππÈ”„ÀâµË”°«à“„π™ÿ¥°“√∑¥≈Õß∑’Ë‰¡à¡’

√–∫∫°√Õß·≈– àßº≈„Àâ§à“‡ªÕ√å‡´πµåÕ—µ√“°“√√Õ¥

µ“¬, §«“¡¬“«‡©≈’Ë¬µàÕµ—«¢ÕßÕ“√å∑’‡¡’¬·≈–§«“¡¬“«

‡©≈’Ë¬µàÕµ—«¢ÕßπÕ‡æ≈’¬ ¢Õß√–∫∫‡≈’È¬ß∑’Ë¡’‡§√◊ËÕß

°√Õß·∫∫·¬°‚ø¡π—Èπ¡’§à“ Ÿß°«à“„π√–∫∫‡≈’È¬ß

∑’Ë‰¡à¡’‡§√◊ËÕß°√ÕßÕ¬à“ß¡’π—¬ ”§—≠ (P<0.05)
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Figure 1. Effects of bubble size (A) and salinity (B) on total solids separation. The same alphabets over

the bar are not significantly different.

Figure 2. Concentrations of ammonia (A), nitrite (B), nitrate (C), total inorganic nitrogen (D), orthophosphate (E),

and total solids (F) in experiment 2. The same alphabets on the same day are not significantly

different.
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Figure 3. Lengths of artemia (A) and nauplius (B) in experiment 2. The same alphabets on the same day

are not significantly different.

Figure 4. Survival rate of artemia. The same alphabets on the same day are not significantly different.

Table 1. Efficiency of foam fractionation
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