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Abstract

This study was conducted to investigate the applicability of physico-chemical processes, namely
acid coagulation and ammonia stripping for a pretreatment of wastewater from pig farming under
laboratory conditions. The processes were found to achieve high removal efficiencies of organic
compounds and nitrogen compounds in piggery wastewater. The results showed that at velocity
gradient (G) 560 s-1 and contact time of 10 min, the COD removal efficiency was achieved at
60% - 75% with pH ranged from 3.5 to 4.5. The application of acid coagulation process increased
biodegradable ratio (BOD/COD) to 20% - 28% from the initial BOD/COD ratio. Followed by
stripping process, ammonia in the wastewater was removed at the efficiency of 90% at G 2,850 s-1 with
pH between 11 and 12 for contact time of 6 h. Such high efficiencies of acid coagulation and ammonia
stripping processes  showed high the potential application for the pretreatment of piggery wastewater.
However, the application of these processes would require further treatment in a biological treatment
system in order to reduce organic and remaining nitrogen compounds to meet the Thai effluent
standards allowed for pig farming.
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∫∑π”

ªí≠À“ ‘Ëß·«¥≈âÕ¡‡ªìπªí≠À“∑’Ë∑«’§«“¡√ÿπ·√ß¡“°

¢÷Èπ„π‚≈°ªí®®ÿ∫—π ‡π◊ËÕß®“°¡’°“√‡®√‘≠‡µ‘∫‚µ ·≈–

°“√æ—≤π“∑“ß¥â“πÕÿµ “À°√√¡·≈–‡°…µ√°√√¡

Õ¬à“ß¡“° „πª√–‡∑»‰∑¬ø“√å¡‡≈’È¬ß ÿ°√‡ªìπ∏ÿ√°‘®

∑“ß°“√‡°…µ√∑’Ë ”§—≠ ¢π“¥¢Õßø“√å¡·≈–®”π«π

 —µ«å‡≈’È¬ß¡’·π«‚πâ¡‡æ‘Ë¡¡“°¢÷Èπ  àßº≈„Àâ‡°‘¥

ªí≠À“¥â“π ‘Ëß·«¥≈âÕ¡∑’Ë ”§—≠ §◊Õ πÈ”‡ ’¬·≈–°≈‘Ëπ

®“°ø“√å¡ ÿ°√ πÈ”‡ ’¬®“°ø“√å¡ ÿ°√ à«π„À≠à¡’

 “√ª√–°Õ∫Õ‘π∑√’¬å ·≈–‰π‚µ√‡®π‡¢â¡¢âπ Ÿß

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫πÈ”‡ ’¬™ÿ¡™π (Chin and Ong,

1993; EPA, 2001) ≈—°…≥–πÈ”‡ ’¬®“°ø“√å¡ ÿ°√

ª√–°Õ∫¥â«¬ “√Õ‘π∑√’¬å‚ª√µ’π ‰¢¡—π ·≈–

§“√å‚∫‰Œ‡¥√µ ¡’ —¥ à«π¢Õß “√Õ‘π∑√’¬å∑’Ë¬àÕ¬

 ≈“¬‰¥â¬“°ª√–¡“≥ 40 ‡ªÕ√å‡´Áπµå (Andreadakis,

1992) ÷́ËßÕ“®®–ªπ‡ªóôÕπµàÕ ‘Ëß·«¥≈âÕ¡‰¥â

¥—ßπ—Èπ°“√∫”∫—¥πÈ”‡ ’¬®“°ø“√å¡‡≈’È¬ß ÿ°√®÷ß¡’

§«“¡®”‡ªìπÕ¬à“ß¬‘Ëß‡æ◊ËÕªÑÕß°—π¡‘„Àâ‡°‘¥ªí≠À“

¡≈æ‘…µàÕ ‘Ëß·«¥≈âÕ¡

°√–∫«π°“√∫”∫—¥πÈ”‡ ’¬‚¥¬∑—Ë«‰ª·∫àß‡ªìπ

 Õß°√–∫«π°“√À≈—°§◊Õ °√–∫«π°“√∫”∫—¥∑“ß

™’«¿“æ ·≈–°√–∫«π°“√∫”∫—¥∑“ß‡§¡’°“¬¿“æ

(Metcalf and Eddy, 1991)  à«π„À≠à°√–∫«π°“√∫”∫—¥

∑“ß™’«¿“æ®–„™â„π°“√∫”∫—¥πÈ”‡ ’¬∑’Ë¡’ à«πª√–°Õ∫

 “√Õ‘π∑√’¬å∑’Ë¬àÕ¬ ≈“¬ßà“¬·≈–°√–∫«π°“√∫”∫—¥

∑“ß‡§¡’°“¬¿“æ®–„™â ”À√—∫πÈ” ‡ ’¬∑’Ë¡’ à«π

ª√–°Õ∫¢Õß “√Õ‘π∑√’¬å∑’Ë¬àÕ¬ ≈“¬¬“° ·≈–

 “√∑’Ë‡ªìπæ‘…µàÕ®ÿ≈™’æ ‡π◊ËÕß®“°¡’º≈¬—∫¬—Èß°“√

‡®√‘≠‡µ‘∫‚µ¢Õß®ÿ≈™’æ„π√–∫∫∫”∫—¥πÈ”‡ ’¬∑“ß

™’«¿“æ (Marco et al., 1997)

≈—°…≥–¢ÕßπÈ”‡ ’¬®“°ø“√å¡ ÿ°√¡’§à“§«“¡

 °ª√°„π√Ÿª¢Õß ’́‚Õ¥’·≈–‰π‚µ√‡®π Ÿß¡“°

·≈– “√∑”„Àâ‡°‘¥‚√§ ÷́Ëßª√–°Õ∫¥â«¬ “√Õ‘π∑√’¬å

∑’Ë¬àÕ¬ ≈“¬‰¥âßà“¬ ·≈– “√Õ‘π∑√’¬å∑’Ë¬àÕ¬ ≈“¬

‰¥â¬“° ®÷ß¡’ª√– ‘∑∏‘¿“æµË”À“°„™â«‘∏’∑“ß™’«¿“æ

„π°“√∫”∫—¥πÈ”‡ ’¬‡æ’¬ß«‘∏’‡¥’¬« ¡’ß“π«‘®—¬®”π«π

¡“°∑’Ë»÷°…“°“√∫”∫—¥πÈ”‡ ’¬®“°ø“√å¡ ÿ°√¥â«¬

√–∫∫∫”∫—¥∑“ß™’«¿“æ·∫∫‰√âÕ“°“» (Anaerobic

Process) æ∫«à“¡’ª√– ‘∑∏‘¿“æ°“√∫”∫—¥„π√–¥—∫¥’

(Kongsricharoern, 1991; Jayamanne, 2002)

Õ¬à“ß‰√°Áµ“¡πÈ”∑‘Èß∑’Ëºà“π°“√∫”∫—¥¬—ß‰¡à‰¥â¡“µ√∞“π

§«∫§ÿ¡°“√√–∫“¬πÈ”∑‘Èß®“°ø“√å¡ ÿ°√¢Õß°√¡§«∫§ÿ¡

¡≈æ‘… ¥—ßπ—Èπ°√–∫«π°“√∫”∫—¥πÈ”‡ ’¬®“°ø“√å¡

 ÿ°√®”‡ªìπµâÕß∫”∫—¥¥â«¬«‘∏’∑“ß™’«¿“æµ“¡¥â«¬«‘∏’

∑“ß‡§¡’°“¬¿“æ À√◊Õ«‘∏’∑“ß‡§¡’°“¬¿“æµ“¡¥â«¬«‘∏’

∑“ß™’«¿“æ πÕ°®“°π’ÈπÈ”‡ ’¬®“°ø“√å¡ ÿ°√¬—ß¡’

§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬ Ÿß´÷Ëß “¡“√∂¬—∫¬—Èß

°“√‡®√‘≠‡µ‘∫‚µ¢Õß ‘Ëß¡’™’«‘µ„ππÈ”‰¥â (Reeves, 1972;

Poggi-Varaldo et al., 1997) ¥—ßπ—Èπ°“√°”®—¥

·Õ¡‚¡‡π’¬„Àâ¡’§«“¡‡¢â¡¢âπ∑’ËµË”≈ß ®÷ß¡’§«“¡

®”‡ªìπµàÕ°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√∫”∫—¥¢Õß

√–∫∫∫”∫—¥πÈ”‡ ’¬∑“ß™’«¿“æ„π¢—ÈπµÕπµàÕ‰ª

´÷Ëß°“√„™â«‘∏’∫”∫—¥∑“ß‡§¡’°“¬¿“æ°—∫πÈ”‡ ’¬®“°

ø“√å¡ ÿ°√„π¢—Èπµâπ®–™à«¬°”®—¥ “√Õ‘π∑√’¬å®”æ«°

 “√·¢«π≈Õ¬∑’Ë‡ªìπ à«πª√–°Õ∫À≈—°¢ÕßπÈ”‡ ’¬

∑—Èß¬—ß “¡“√∂™à«¬°”®—¥°≈‘Ëπ·≈– “√ª√–°Õ∫

Õ‘π∑√’¬å∑’Ë¬àÕ¬ ≈“¬¬“° ·≈–™à«¬≈¥ª√‘¡“≥Õ‘π∑√’¬å

·≈–≈¥§«“¡‡ªìπæ‘…Õ’°¥â«¬

ß“π«‘®—¬π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“§«“¡‡ªìπ

°“√∫”∫—¥·≈â«®–¡’§à“Õ—µ√“ à«π¢Õß BOD/COD ‡æ‘Ë¡¢÷Èπ√–À«à“ß 20 - 28 ‡ªÕ√å‡´Áπµå ‡¡◊ËÕ‡∑’¬∫°—∫

§à“Õ—µ√“ à«π¢Õß BOD/COD ¢ÕßπÈ”‡ ’¬‡√‘Ë¡µâπ  ”À√—∫°“√°”®—¥·Õ¡‚¡‡π’¬¥â«¬°√–∫«π°“√‰≈à°ä“´

·Õ¡‚¡‡π’¬ æ∫«à“¡’ª√– ‘∑∏‘¿“æ°“√°”®—¥·Õ¡‚¡‡π’¬ª√–¡“≥ 90 ‡ªÕ√å‡´Áπµå ∑’Ë§à“æ’‡Õ™„π™à«ß√–À«à“ß

11-12 ·≈–§à“ G = 2,850 s-1 „™â√–¬–‡«≈“∑”ªØ‘°‘√‘¬“ª√–¡“≥ 6 ™—Ë«‚¡ß Õ¬à“ß‰√°Áµ“¡πÈ”‡ ’¬∑’Ëºà“π

°“√∫”∫—¥·≈â«¬—ß§ß¡’§à“§«“¡ °ª√° ŸßÕ¬Ÿà ®÷ß§«√∑’Ë®–ºà“π‡¢â“ Ÿà√–∫∫∫”∫—¥πÈ”‡ ’¬„π¢—ÈπµàÕ‰ª‡æ◊ËÕ°”®—¥

 “√Õ‘π∑√’¬å·≈–‰π‚µ√‡®π∑’Ë¬—ß§ß‡À≈◊ÕÕ¬Ÿà°àÕπ∑’Ë®–ª≈àÕ¬ Ÿà ‘Ëß·«¥≈âÕ¡µàÕ‰ª
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‰ª‰¥â„π°“√„™â«‘∏’°“√∫”∫—¥πÈ”‡ ’¬∑“ß‡§¡’°“¬¿“æ

‡ªìπ√–∫∫∫”∫—¥¢—Èπµâπ ”À√—∫∫”∫—¥πÈ”‡ ’¬®“°

ø“√å¡ ÿ°√ ·≈–‡æ◊ËÕ»÷°…“§à“¢Õßªí®®—¬∑’Ë®”‡ªìπ ·≈–

‡°’Ë¬«¢âÕß°—∫°“√∫”∫—¥πÈ”‡ ’¬®“°ø“√å¡ ÿ°√„π

√–¥—∫ÀâÕßªØ‘∫—µ‘°“√

«— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√

≈—°…≥–πÈ”‡ ’¬®“°ø“√å¡ ÿ°√∑’Ë„™â‡ªìππÈ”‡ ’¬∑’Ë‡°‘¥

®“°°“√≈â“ß§Õ° ÿ°√À≈—ß®“°°“√‚°¬¡Ÿ≈ ÿ°√·≈â«

¢Õßø“√å¡ ÿ°√ª√–‡¿∑ ¢ (®”π«π ÿ°√µ—Èß·µà 500 -

5,000 µ—«) ·ÀàßÀπ÷Ëß„π®—ßÀ«—¥ √–∫ÿ√’ πÈ”‡ ’¬∑’Ë‡°‘¥

®“°°“√≈â“ß§Õ°®–∂Ÿ°√«∫√«¡∑’Ë∫àÕæ—°πÈ”‡ ’¬¢Õß

ø“√å¡ ∑”°“√‡°Á∫µ—«Õ¬à“ßπÈ”‡ ’¬·∫∫®â«ß∑’Ë∫àÕæ—°

πÈ”‡ ’¬À≈—ß®“°∑‘Èß„Àâµ°µ–°Õπ ·≈â«π”¡“«‘‡§√“–Àå

À“§«“¡‡¢â¡¢âπ¢Õß “√Õ‘π∑√’¬å„π√Ÿª∫’‚Õ¥’ (BOD)

·≈–´’‚Õ¥’ (COD) ·≈–§«“¡‡¢â¡¢âπ¢Õß‰π‚µ√‡®π

„π√Ÿª·Õ¡‚¡‡π’¬-‰π‚µ√‡®π (NH3-N) ·≈–∑’‡§‡ÕÁπ

(TKN) ‚¥¬πÈ”‡ ’¬µ—«Õ¬à“ß∑’Ë‡°Á∫√–À«à“ß‡¥◊Õπ

µÿ≈“§¡∂÷ß‡¥◊Õπæƒ»®‘°“¬π 2546 ¡’≈—°…≥–¥—ß

· ¥ß„πµ“√“ß∑’Ë 1

°√–∫«π°“√∫”∫—¥πÈ”‡ ’¬∑“ß‡§¡’°“¬¿“æ∑’Ë

„™â„πß“π«‘®—¬π’Èª√–°Õ∫¥â«¬ Õß¢—ÈπµÕπÀ≈—°§◊Õ

°“√°àÕµ–°Õπ„π ¿“«–°√¥ ·≈–°“√‰≈à°ä“´

·Õ¡‚¡‡π’¬ (Ammonia Stripping) ¥—ß· ¥ß„π√Ÿª∑’Ë

1 ∂—ßªØ‘°‘√‘¬“∑’Ë„™â¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 0.20

‡¡µ√  Ÿß 0.35 ‡¡µ√ „π·µà≈–°“√∑¥≈Õß„™â

ª√‘¡“µ√πÈ”‡ ’¬®“°ø“√å¡ ÿ°√ 2 ≈‘µ√  “√‡§¡’∑’Ë„™â

„π°“√ª√—∫æ’‡Õ™ „π¢—ÈπµÕπ°“√°àÕµ–°Õπ„π

 ¿“«–°√¥‡µ√’¬¡®“°°√¥ —́≈øÿ√‘§‡¢â¡¢âπ 100

¡‘≈≈‘≈‘µ√ ·≈– “√ â¡ (Al2(SO4)3) §«“¡‡¢â¡¢âπ

2 °√—¡µàÕ≈‘µ√ ‡æ◊ËÕª√—∫æ’‡Õ™„ÀâÕ¬Ÿà„π™à«ß√–À«à“ß

2.5 ∂÷ß 5.0 ·≈–ª√–‡¡‘π   ¿“«–∑’Ë‡À¡“– ¡„π

°“√°àÕµ–°Õπ„π√Ÿª¢Õß§à“ velocity gradient (G)

·≈–√–¬–‡«≈“∑”ªØ‘°‘√‘¬“ À≈—ß®“°π—Èπª≈àÕ¬„Àâ

µ°µ–°Õπ‡ªìπ‡«≈“ 30 π“∑’ π”πÈ” à«π„  à«π

∫π¡“«‘‡§√“–Àå§à“´’‚Õ¥’ ·≈â«π”‰ª°”®—¥·Õ¡‚¡‡π’¬

‚¥¬°“√‡µ‘¡ “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å

‡æ◊ËÕª√—∫æ’‡Õ™„ÀâÕ¬Ÿà„π™à«ß√–À«à“ß 9.0 ∂÷ß 12.0

‡æ◊Ë Õª√–‡¡‘π ¿“«–∑’Ë ‡À¡“– ¡„π°“√°”®—¥

·Õ¡‚¡‡π’¬‚¥¬æ‘®“√≥“„π√Ÿª¢Õß§à“ G ·≈–√–¬–‡«≈“

∑”ªØ‘°‘√‘¬“ À≈—ß®“°π—Èπª≈àÕ¬„Àâµ°µ–°Õπ‡ªìπ‡«≈“

60 π“∑’ π”πÈ” à«π„ ¡“«‘‡§√“–Àå§à“·Õ¡‚¡‡π’¬-

‰π‚µ√‡®π ·≈–∑’‡§‡ÕÁπ ‚¥¬«‘∏’°“√«‘‡§√“–Àå

Õâ“ßÕ‘ßµ“¡ Standard Methods for the Examination

of Water and Wastewater (APHA et al., 1998)

º≈°“√«‘®—¬ ·≈–°“√Õ¿‘ª√“¬º≈

°“√°àÕµ–°Õπ„π ¿“«–°√¥

   πÈ”‡ ’¬®“°ø“√å¡ ÿ°√∑’Ëπ”¡“»÷°…“„π§√—Èßπ’È¡’

§«“¡ °ª√°„π√Ÿª¢Õß´’‚Õ¥’„π™à«ß 3,000 - 3,600

¡‘≈≈‘°√—¡µàÕ≈‘µ√ °“√»÷°…“À“ ¿“«–∑’Ë‡À¡“– ¡

„π°“√°”®—¥§«“¡ °ª√°¥â«¬«‘∏’°“√°àÕ·≈–µ°

µ–°Õπ„π ¿“«–°√¥ æ∫«à“§à“æ’‡Õ™∑’Ë‡À¡“– ¡

Õ¬Ÿà„π™à«ß 3.5 ∂÷ß 4.5 „Àâª√– ‘∑∏‘¿“æ„π°“√

Table 1. Characteristics of piggery wastewater

Parameter Unit Value

pH
COD
BOD

NH3-N
Organic-N

TKN
SS

-
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

7.3 - 7.8
3,000 - 3,600
1,900 - 2,100

100 - 110
20 - 40

120 - 150
280 - 410
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°”®—¥ “√Õ‘π∑√’¬å„π√Ÿª´’‚Õ¥’ Ÿß ÿ¥ ¥—ß· ¥ß„π

√Ÿª∑’Ë 2 ́ ÷Ëß‡°‘¥®“°°“√°àÕµ–°Õπ¢Õß‚ª√µ’πÕ‘π∑√’¬å

∑’Ë¡’Õ¬Ÿà„ππÈ”‡ ’¬ ‚¥¬∑’Ëª√– ‘∑∏‘¿“æ°“√°”®—¥ “√

Õ‘π∑√’¬å‰π‚µ√‡®πÕ¬Ÿà„π™à«ß 20 ∂÷ß 26 ‡ªÕ√å‡ Á́πµå

‡¡◊ËÕ§à“æ’ ‡Õ™ Ÿß¢÷Èπª√– ‘∑∏‘¿“æ°“√°”®—¥ “√

Õ‘π∑√’¬å≈¥≈ß ‡π◊ËÕß®“°‚ª√µ’π„π “√≈–≈“¬¡’

ª√–®ÿ≈∫ ∑”„Àâ‡°‘¥·√ßº≈—°°—π√–À«à“ßÕπÿ¿“§

§Õ≈≈Õ¬¥å∑’Ë‡°‘¥„ππÈ”‡ ’¬ (Meyer, 1986; Chen

et al., 2000) πÕ°®“°π’ÈÕ“®¡’ “‡Àµÿ¡“®“°§«“¡¡’

‡ ∂’¬√¿“æ¢ÕßÕπÿ¿“§§Õ≈≈Õ¬¥å∑’Ë ‡°‘¥¢÷Èπ„π

√–À«à“ß°“√‡°‘¥ªØ‘°‘√‘¬“ ‡™àπ Al(OH)4
- ∑”„Àâ‡°‘¥

·√ßº≈—°°—π√–À«à“ßÕπÿ¿“§§Õ≈≈Õ¬¥å∑’Ë‡°‘¥¢÷Èπ°—∫

Õπÿ¿“§§Õ≈≈Õ¬¥å∑’Ë¡’Õ¬Ÿà„ππÈ”‡ ’¬ (Sincero and

Sincero, 2003)

®“°√Ÿª∑’Ë 3 æ∫«à“‡¡◊ËÕ§à“ G ‡æ‘Ë¡¢÷Èπ

ª√– ‘∑∏‘¿“æ„π°“√°”®—¥ “√Õ‘π∑√’¬å¡’·π«‚πâ¡

≈¥≈ß Õ“®‡ªìπº≈¡“®“°Õπÿ¿“§∑’Ë‡°“–µ—«„À≠à¢÷Èπ

∂Ÿ°·√ß°√–∑”¡“°¢÷Èπ∑”„Àâ·µ°‡ªìπÕπÿ¿“§¢π“¥

‡≈Á° ¡’Õπÿ¿“§∫“ß à«π·¢«π≈Õ¬Õ¬Ÿà„ππÈ”·≈–∫“ß

 à«π≈Õ¬¢÷Èπ Ÿàº‘«πÈ” ÷́Ëß —ß‡°µ®“°≈—°…≥–·≈–

°“√√«¡µ—«¢Õßµ–°Õπ ª√– ‘∑∏‘¿“æ„π°“√°”®—¥

 “√Õ‘π∑√’¬å„π√Ÿª¢Õß´’‚Õ¥’Õ¬Ÿà„π™à«ß 60 ∂÷ß 75

‡ªÕ√å‡´Áπµå ∑’Ë§à“ G ‡∑à“°—∫ 560 s-1 ·≈–„™â√–¬–‡«≈“

„π°“√‡°‘¥ªØ‘°‘√‘¬“ 10 π“∑’ ¥—ß· ¥ß„π√Ÿª∑’Ë 4

πÕ°®“°π’Èæ∫«à“ “√Õ‘π∑√’¬å à«π∑’Ë¬àÕ¬ ≈“¬‰¥âßà“¬

´÷Ëß«‘‡§√“–Àå„π√Ÿª¢Õß∫’‚Õ¥’¡’·π«‚πâ¡®–∂Ÿ°°”®—¥

‰¥â¬“°¢÷Èπ‡¡◊ËÕ§à“ G  Ÿß¢÷Èπ ¥—ß· ¥ß„πµ“√“ß∑’Ë 2

·≈–πÈ”∑’Ëºà“π°“√∫”∫—¥·≈â«®–¡’§à“Õ—µ√“ à«π¢Õß

BOD/COD ‡æ‘Ë¡¢÷Èπ√–À«à“ß 20  ∂÷ß 28 ‡ªÕ√å‡´Áπµå

‡¡◊ËÕ‡∑’¬∫°—∫§à“Õ—µ√“ à«π¢Õß BOD/COD ¢Õß

πÈ”‡ ’¬‡√‘Ë¡µâπ · ¥ß„Àâ‡ÀÁπ«à“ “√Õ‘π∑√’¬å∑’Ë¬àÕ¬ ≈“¬

‰¥â¬“°®–∂Ÿ°°”®—¥ÕÕ°¡“°°«à“ “√Õ‘π∑√’¬å∑’Ë¬àÕ¬ ≈“¬

‰¥âßà“¬ ÷́Ëß®–‡ªìπ°“√™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√∫”∫—¥

¢Õß√–∫∫∫”∫—¥πÈ”‡ ’¬∑“ß™’«¿“æ„π¢—ÈπµÕπµàÕ‰ª

Figure 1.   Experimental flowchart
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Figure 3. COD removal efficiency of piggery wastewater adjusted to a pH of 4.0 versus
velocity gradient with a contact time of five minutes

Figure 2. COD removal efficiency of piggery wastewater versus pH with a velocity
gradient of 200 s-1 and a contact time of five minutes

Figure 4. COD removal efficiency of piggery wastewater at a pH of 4.0 and a velocity
gradient 560 s-1 versus contact time
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°“√°”®—¥·Õ¡‚¡‡π’¬

°“√°”®—¥·Õ¡‚¡‡π’¬„ππÈ”‡ ’¬®“°ø“√å¡ ÿ°√

°àÕπ∑’Ë®–ºà“π‡¢â“ Ÿà√–∫∫∫”∫—¥πÈ”‡ ’¬∑“ß™’«¿“æ

π—Èπ ‡æ◊ËÕ≈¥§«“¡‡ªìπæ‘…¢Õß·Õ¡‚¡‡π’¬Õ‘ √–µàÕ

·∫§∑’‡√’¬ π—°«‘®—¬æ∫«à“·Õ¡‚¡‡π’¬Õ‘ √–‡¢â¡¢âπ

‡æ’¬ß 0.1 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ °Á¡’º≈¬—∫¬—Èß°“√‡®√‘≠

‡µ‘∫‚µ¢Õß·∫§∑’‡√’¬°≈ÿà¡ Nitrifying bacteria

(¡—Ëπ ‘π µ—≥±ÿ≈‡«»¡å ·≈– ¡—Ëπ√—°…å µ—≥±ÿ≈‡«»¡å,

2545; Abeling and Seyfried, 1992) Õ—π‡π◊ËÕß¡“

®“°·Õ¡‚¡‡π’¬Õ‘ √–„π√–∫∫∫”∫—¥πÈ”‡ ’¬∑“ß™’«¿“æ

®“°°“√∑¥≈Õßæ∫«à“§à“æ’‡Õ™ §à“ G ·≈–

√–¬–‡«≈“„π°“√∑”ªØ‘°‘√‘¬“¡’º≈µàÕ°“√°”®—¥

·Õ¡‚¡‡π’¬¥â«¬°√–∫«π°“√‰≈à°ä“´·Õ¡‚¡‡π’¬

√–¬–‡«≈“∑’Ë„™â„π°“√∑¥≈Õß§√—Èßπ’Èª√–¡“≥ 6 ™—Ë«‚¡ß

æ∫«à“¡’ª√– ‘∑∏‘¿“æ„π°“√°”®—¥·Õ¡‚¡‡π’¬

ª√–¡“≥ 90 ‡ªÕ√å‡ Á́πµå ∑’Ë§à“æ’‡Õ™„π™à«ß√–À«à“ß

11 - 12 ·≈–§à“ G ‡∑à“°—∫ 2,850 s-1 ´÷Ëß‡ªìπ™à«ß

∑’Ë„Àâª√– ‘∑∏‘¿“æ°“√°”®—¥‡ªìπ∑’Ëπà“æÕ„® ‡π◊ËÕß®“°

∑”„Àâ‡°‘¥§«“¡‡™◊ËÕ¡—Ëπ«à“‰π‚µ√‡®π∑’Ë‡À≈◊ÕÕ¬Ÿà„π

πÈ”‡ ’¬À≈—ß°“√‰≈à°ä“´·Õ¡‚¡‡π’¬π—Èπ ®–‰¡à‡°‘¥

°ä“´·Õ¡‚¡‡π’¬´÷Ëß‡ªìπ “√¬—∫¬—Èß°“√‡®√‘≠‡µ‘∫‚µ

¢Õß·∫§∑’‡√’¬ À√◊Õ‡°‘¥°ä“´·Õ¡‚¡‡π’¬πâÕ¬¡“°

„π√–∫∫∫”∫—¥πÈ”‡ ’¬∑“ß™’«¿“æ ¥—ß· ¥ß„π√Ÿª∑’Ë 5

∑—Èßπ’È‡°‘¥°“√∂à“¬‡∑¡«≈·Õ¡‚¡‡π’¬®“°¢Õß‡À≈« Ÿà

∫√√¬“°“» (Srinath and Loehr, 1974) ·≈–°“√

‡æ‘Ë¡¢÷Èπ¢Õßª√– ‘∑∏‘¿“æ°“√°”®—¥·Õ¡‚¡‡π’¬

®–·ª√º—πµ“¡°“√‡æ‘Ë¡§à“ G ·≈–§à“æ’‡Õ™ ¥—ß· ¥ß

„π√Ÿª∑’Ë 6 ÷́Ëß‡ªìπªí®®—¬ ”§—≠∑’Ë∑”„Àâ‡°‘¥°“√

·æ√à°√–®“¬¢ÕßÕ“°“»¥’ ·≈– ¡¥ÿ≈‡§¡’¢Õß

·Õ¡‚¡‡π’¬‡°‘¥¢÷Èπ ¡∫Ÿ√≥å¥—ß ¡°“√∑’Ë 1 ·≈–

º≈°“√∑¥≈Õß°Á Õ¥§≈âÕß°—∫ Cheung et al. (1997)

·≈– Kabdasl i et al . (2000) πÕ°®“°π’È

ª√– ‘∑∏‘¿“æ°“√°”®—¥·Õ¡‚¡‡π’¬¬—ß¢÷ÈπÕ¬Ÿà°—∫

√Ÿª√à“ß¢Õß∂—ßªØ‘°‘√‘¬“¥â«¬ §◊Õ —¥ à«π¢Õßæ◊Èπ∑’Ë

Àπâ“µ—¥µàÕª√‘¡“µ√πÈ”‡ ’¬ (A:V ratio) ÷́Ëß°“√

∑¥≈Õßπ’È„™â A:V ratio ‡∑à“°—∫ 17 ‡ªìπ°“√‡æ‘Ë¡

‚Õ°“ „π°“√·æ√à°√–®“¬¢Õß°ä“´·Õ¡‚¡‡π’¬

 Ÿà∫√√¬“°“»¡“°¢÷Èπ (Smith and Arab, 1988)

    
(1)

∫∑ √ÿª

ª√– ‘∑∏‘¿“æ°“√°”®—¥ “√Õ‘π∑√’¬å·≈–·Õ¡‚¡‡π’¬

‡ªìπªí®®—¬Àπ÷Ëß∑’Ë§«√®–π”¡“æ‘®“√≥“„π°“√∫”∫—¥

πÈ”‡ ’¬®“°ø“√å¡ ÿ°√ ÷́Ëß°“√ÕÕ°·∫∫√–∫∫∫”∫—¥

§«√¡’°“√≈¥ª√‘¡“≥Õ‘π∑√’¬å ·≈–≈¥§«“¡‡ªìπæ‘…

¢Õß·Õ¡‚¡‡π’¬°àÕπºà“π‡¢â“ Ÿà√–∫∫∫”∫—¥πÈ”‡ ’¬

∑“ß™’«¿“æ„π¢—ÈπµàÕ‰ª ∑—Èßπ’Èª√– ‘∑∏‘¿“æ°“√

°”®—¥ “√Õ‘π∑√’¬å ·≈–·Õ¡‚¡‡π’¬¢÷ÈπÕ¬Ÿà°—∫§à“æ’‡Õ™

§à“ G ·≈–√–¬–‡«≈“„π°“√‡°‘¥ªØ‘°‘√‘¬“

®“°º≈°“√∑¥≈Õßæ∫«à“°√–∫«π°“√∫”∫—¥

πÈ”‡ ’¬®“°ø“√å¡ ÿ°√¢—Èπµâπ ¥â«¬°√–∫«π°“√°àÕ

µ–°Õπ¿“¬„µâ ¿“«–°√¥ ¡’ª√– ‘∑∏‘¿“æ°“√°”®—¥

Table 2. Effects of velocity gradient on BOD and COD concentration of piggery wastewater
(pH 4.0, contact time 10 min)

Conditions BOD (mg/L) COD (mg/L) BOD/COD ratio

Raw piggery wastewater
Wastewater after settling:

   G 560 s-1

   G 1,530 s-1

   G 2,850 s-1

   G 4,330 s-1

2,100

1,040
1,120
1,120
1,240

3,600

1,280
1,440
1,360
1,440

0.58

0.81
0.78
0.82
0.86
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Figure 5. Effect of ammonia stripping on content of ammonia-nitrogen of piggery
wastewater

Figure 6. Ammonia removal efficiency versus (a) pH and (b) velocity gradient with a
contact time of two hours
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 “√Õ‘π∑√’¬å„π√Ÿª´’‚Õ¥’„π™à«ß 60 - 75 ‡ªÕ√å‡ Á́πµå

∑’Ë§à“æ’‡Õ™ 3.5 - 4.5 §à“ G ‡∑à“°—∫ 560 s-1

·≈–√–¬–‡«≈“°“√‡°‘¥ªØ‘°‘√‘¬“ª√–¡“≥ 10 π“∑’ ·≈–

‡¡◊ËÕ§à“ G ‡æ‘Ë¡¢÷Èπæ∫«à“πÈ”‡ ’¬¡’ à«πª√–°Õ∫¢Õß

 “√Õ‘π∑√’¬å∑’Ë¬àÕ¬ ≈“¬‰¥âßà“¬¡’·π«‚πâ¡‡æ‘Ë¡¡“°¢÷Èπ

·≈–πÈ”‡ ’¬∑’Ëºà“π°“√∫”∫—¥¢—Èπµâππ’È¡’Õ—µ√“ à«π¢Õß

BOD/COD ‡æ‘Ë¡¢÷Èπ‡™àπ°—π „π¢≥–∑’Ë°√–∫«π°“√

‰≈à°ä“´·Õ¡‚¡‡π’¬¡’ª√– ‘∑∏‘¿“æ°“√°”®—¥ª√–¡“≥

90 ‡ªÕ√å‡ Á́πµå ∑’Ë§à“æ’‡Õ™ 11.0 - 12.0 §à“ G

‡∑à“°—∫ 2,850 s-1 ·≈–√–¬–‡«≈“°“√‡°‘¥ªØ‘°‘√‘¬“

ª√–¡“≥ 6 ™—Ë«‚¡ß Õ¬à“ß‰√°Áµ“¡πÈ”‡ ’¬∑’Ëºà“π°“√

∫”∫—¥·≈â«¬—ß§ß¡’§à“§«“¡ °ª√° ŸßÕ¬Ÿà§◊Õ §«“¡

‡¢â¡¢âπ¢Õß ’́‚Õ¥’‡©≈’Ë¬ 1,360 ¡‘≈≈‘°√—¡µàÕ≈‘µ√

∫’‚Õ¥’ ‡©≈’Ë¬ 1,120 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ ∑’‡§‡ÕÁπ

‡©≈’Ë¬ 28 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ ·≈–·Õ¡‚¡‡π’¬-‰π‚µ√‡®π

‡©≈’Ë¬ 11 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ ®÷ß§«√∑’Ë®–ºà“π‡¢â“ Ÿà√–∫∫

∫”∫—¥πÈ”‡ ’¬„π¢—ÈπµàÕ‰ª ‡æ◊ËÕ°”®—¥ “√Õ‘π∑√’¬å

·≈–‰π‚µ√‡®π∑’Ë¬—ß§ß‡À≈◊ÕÕ¬Ÿà°àÕπ∑’Ë®–ª≈àÕ¬ Ÿà

 ‘Ëß·«¥≈âÕ¡µàÕ‰ª

‡Õ° “√Õâ“ßÕ‘ß

¡—Ëπ ‘π µ—≥±ÿ≈‡«»¡å ·≈– ¡—Ëπ√—°…å µ—≥±ÿ≈‡«»¡å.
(2545). ‡§¡’«‘∑¬“¢ÕßπÈ”·≈–πÈ” ‡ ’¬ .
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