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reactor) 3xVVUeHIN i ldeandau szuutionsed luldeendiou szuuowauuLeULs 1S
S . . < 9
UN (Anaerobic activated sludge) 1wuau
o @ %:} A Aa Y %’ F) @ IJa
nszuaumstiaindenidenldlulssnugasinssuiiienduinaz 1935n19
= = 9 g’; A g g’/ o w 1q ¥ a 9
1 Falszneudlreratsiuaountunaszvuiiniauu lildeendnu vazszuvuuuly
pondaulaun Yeriinlul¥eendau (Anaerobic pond) laun Ueninne lul¥eandiou
. 1 Aa . ] a a I
(Facultative pond), 1o l¥oondiu (Aerobic pond) LA UDINNDDNGLIU (aerated lagoon) Audu
= o v A Aa Yo A g ' o 9 ¥ Aa Y o ] 1A
FeszvvriniandunteylainiEuaietensin luldeendnumsiz ldnaenuies msaaaiil
= S 3 4 g}/ dy ] ] a a A 3 ]
ToRdszana 60-80 Wosikud IuTunouiazyIeaANTLUITTUVLBANRNFIUNIT WD
[ o Y 1 FYA o w LBl 1q Y a A9 A A a d' A [
waeq M ldaamldoelumsinia uate lildeengnuiidedene matywisesnau (Nao,
2543)

9 [

dy 9 1 9 a =~ A =) ] =
L!’E]ﬂ%Tﬂ‘L!fﬂiGlGI)’ﬂ‘i$°1J’J°L.lﬂ1§LL“]J“]Jllilﬁl“lf@@ﬂ“]fli]ui]%hﬂﬂluﬂ1ﬂﬁ1ﬂﬂj’t]ﬂ®ElNﬂ’f']

9

AA A =® 9

EX o a a 9 A 9 o W 9

suanFenlslumsihianigau Tas Tumsiuaussuuiiga (Start-up) 3999195101111
o w 1y % = H g a A J g
uazszuuihiadsuaala luaaemsnasuulasvefSunaindes USinaarsdunidluiuae
[ 9 Y

garglitazanmadeudu fafinszuIumsthiauuylildoen®inu (Anaerobic process)
] I A A v A A =1 [ o w 9 a .
Hududsnilsevdanga iwenfSeumeununszuiumstauuulseondian (Aerobic

=1 Y A Y A o w 9.! = 3}/ Y o
process) au1safseuieudefuazyeidevesnszuiumsiindariudensaes laaanaaaly

H 9 9
A15199 1.2 mumzﬂanﬁqmwwﬂizmumsﬂmmmu”lmcl%'aaﬂcmu Aail

1.2.3.1 ngunszuaumsindanuulildeondiou (Anaerobic process) (Dicter and
Angelika, 2008, N HALAIUTY, 2549, 1Az T, 2546)

o % =y = 9 9 a I o w AqyY a A I [

nszuaumstiaindendinmuoy lildeengnu Wumsinianldgaunidnlu

Y a o a ] Aa J ) 9 A o
ldoondnulumsmissdialumsgesaamearsounid Taona ludrgaunidinnuenals

a A Ja

FlaR10A U FauaazriiasgimiNuana1anu n13vuvesgaunsdn bildeengiaun

Y
a AaAd a A

= ' a A . . = o Y '
139NN LL@HLL'@IﬁJﬂLL‘UﬂV]LﬁJ (Anaerobic bacteria) “HQT@]EJV]?UlTJLLajﬁ]aHVI YYUAUTINITDYDY

q

a A d 4 2 Y A 9 Y 99
ganeansounsd . md o lamse Tusau lviiy wazduq Taenwaganiess lansanazuna

Q

Y ¥

= a X X o w 2 ] I ¥ @ o A
UINUINaYU c}fdﬂallﬂmimummuuﬂmm@amﬂu 4 YUADUNANS) AU "lﬂll,ﬂ
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d‘ Y a 9 o v 3 o 9 9 a .
M195719N 1.2 YOA-UDIAY 611?Nﬂi$‘]JT]Llﬂ”li‘]JT}JSF’m”ILE"(EJLL'U‘]J]'lllhlclf’fil’eilﬂ“]ﬂi]u (Anaerobic process)

= Y A
317 valad

=

Y { 1 1 ]
1. @wnsnfumsyansounso 1a 3915180y | 1. gamwihnsgamoelaaiulvelilda

’.f Y A o A % 9 = v %’
U158 UUNY BOD ’L;N WIATIUUINIUNUTY IADIUNTUIUAUUTY
v 3

=1

9 A = 2 Aa =)
AIYITVVDIUADDNIIIL LAHTITINNUUNTINA

a v Ia Y ° o o Y v ' Y
2. ﬂimmﬁammzmqm"lﬂmmmaﬂ 2. ﬂﬁﬂ’J‘Uﬂllﬁ%‘u‘]ﬂﬁl‘l’ilﬂzﬁllﬂ’ﬂuelﬂ\‘lQ\‘Ifﬂﬂ

(aznouiiy)

P ) Aa a o v o Y 9y
3. 5$U1Jﬁ113\|ﬁ@\1ﬂ’]5ﬁ’]5@’]ﬁ’]51|']ﬂ 3. ﬂjgﬁ%‘ﬁﬂ’]Wﬂ’]iu’]U@ﬁ’l @a\iﬂhﬂ’]a’]u']u

o a [+ % a [+ o S o a
4 1¥wasnrudesnazinaunalmuds | 4. naunalalasnudalvd i ldinadym
o I @ f a 4 A
sl 1 unasaru¥eowas | Sesnau

naunu'ld

N1 10T, 2546

v v
U I

Tunoun 1 MsaarsTuana Ine (Hydrolysis)
I 1 a A J 1 [l %’ 1 =
Wunszuaunsdesdisounidluanalvguaz luazarer iy Tdsau
s Y ¢ A A A .
a3 10 laasa uag lviiu Taoweu laad Extracellular Naosoninninuuafisenin Hydrolytic
o q ¥ o a < Ty v Ay Y !
mlduanarsulivinaTuenadnas awnsoazaieninld dawalaninnisdesans Tuana
[] 2’, dyd' a J a Y 1 [ Y o dy
lvgluvuaeulinnaninasemsuaazsiiaeg Idnauana1enu uaadlaasil (nguauaz

FUHY, 2549)

Y
Tisau —> 5ozl U (INIMua 21 ¥ia)
woausaa lsa —>  TuTuusanlsa

Tafu —  n3a'luiu

2 9 aaa a - A . 3 ¥ =X o Y a
ueNINULAIUGA301019NAINUDATITININ Fermentative 1 19 @99z 95119100
4 a A J 4 < 9
#13152NBUNIN HOANDIDA NTABUNTS lalasiau uay arsuou laoon laa tludu Tae
1 (] a g Y =KX ?xlz A o a aan
NIzUIUMSsIosdaleas luanavua lugazmnaiud 1iluruaeuidmuamsinalinie

9
NINUAVDINTZVIUMT
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?u H a a o
YUADUN 2 MTHAANTABUNTY (Acidogenesis)

& 7

I % ' a A JAA <] I a A ]
nJumumumiﬂaﬂamﬂmiaumwuTmaQamﬂauﬂuﬂmaumﬂigmmw

4 [ 4
(Volatile acid) #aza13ouq Jasuuafiisenina31ansa (Acid former) vzilaoesoulasi
=< A A dys} 1 A 9 a 1 Z’, =< A A 9
Intracellular ~ FuUARGenINHdos0gluda1zi 1Foondaumiuy Fsnanani lao1n
gé’ U a S A d' a dy 1 A Aan .
ATZUIUMTHUUNLEIT01M1S FHAUUANGTY nsatnaduaIuIng Ao NTAEBAN (Acetic
acid) n3A TWsW 191in (Propionic acid) 1ag nsADaA3N (Butyric acid) naasmsmalgnserld

Aatl (NOHATIUFY, 2549)

a Aaa (2 4 4 =]
nsAoLH Ty —> n3ARzEAN, unaAIveu laoen lua, ey iy
o a =Y aa a a
TuTuusaalsda —» n3aiinnan, nsaezdan, n3alIngi leiln, BN1U0A,

() J 4 (4]
unaasuesu laoen lud tazuna lalasiau

=

a o aa a a [
NIADUNTE —> n30Fan, nsalwsn laiin uazuna lalasmu

a A g Y ¥ ' T . d a
gaunsonlsluvuneugesaaisluanalvgl (Hydrolysis) HAaZUUABUNITHAANIA
a S o . . v 2 v A ' . ] a a
BUNTY (Acidogenesis) It unIN@eINUIETINN Non-methanogenesis bacteria G]fm'itgmﬂm
Y 1 I 1 = a = 1
1aaTurrennuilunia - a194.0 - 6.5 Fguugllszum 32 — 35 seruralBod LagdIu
[~ o a g‘x a
Tr)iilunan Facultative anaerobic bacteria 7o 11306159330 lanaluaniz 13eendgiau
a a 0 g ¥ wa ! 4 v 2 YA
wazlioandau M lvaaduianuaenislasunlasaniizuinaoy HenINULAINTATING

a a =S 9
L%Sifgmﬂjﬁq\iﬂﬂﬂ’lﬂ

: 4 1 a o ]
Glmﬂﬂ‘lr!ﬁ 3 N5UPIADIYNTADUNTITLINENY (Acetogenesis)

=3

3 A a ds! 2 a a A o A ~
ﬂiﬂﬁ%!’ﬂfJ\TIfJ‘I/]LﬂﬂschlueUu@’ﬂuﬂ'liWﬁﬁﬂiﬂ@uﬂiﬂﬂggﬂlﬂﬁﬂuiﬂﬂllﬂﬂ‘ﬂl ]
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I a 4 %)
Homoacetogenic W11 HoE AN (Acetate) Wo5iun (Formate) unalalasuuazuna

% I o w aan g I aan 4
miveulasenlyd Fuiluasiszneudidnylunmsadiimu d§nsertiteduljnsen

o

a1y lumsandamimsazauvesnsaszmonas lalasnulufFinaigs Adluaunglums

¢ v

Y = 9 == 1 . = 1 a A d' 9
‘(’J‘]J‘EJx‘]ﬂ'i%‘U’Jllﬂﬁﬁﬁ"l\ﬁJLVqulﬂ HUANLIINYN  Homoacetogenic 819L38NIN LUANLTINT I

a A

4 1 ] a 4
laTas19u (Hydrogen forming bacteria) tHannuuafisenai1alalasnuinadansadunid

=KX A A A

18 uadnadanialae1n ldansoadalalasmu 39de nuansenadelelaswuily

=

a Aa Ay v & Aa Ay Aa Ay [
FUAVDILUANLIINTINNNIA ﬂﬂuullﬂﬂﬂ!iﬂﬂﬁi%‘]‘lﬁjiﬂimulmgllﬂﬂﬂliﬂ‘ﬂﬁi%‘iﬂiﬂ INGIRN
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=]

¥HADNIFINTINAUI nuARiTeN 1aa3 193U (Non-methanogenic bacteria) (Raegn, 2543)

Ufnsemnavuluduaouil udaslagail
msdosaatonsalnsniudmilunsAnosdAn  (Dieter and  Angelika, 2008,
http://www.diw.go.th)
4 CH,CH,COOH+2H,0 —» 4 CH,COOH + CO, + 3 CH,

] a aa I aa g 1
ﬂ’lﬁﬂ@ﬂﬁa’lﬂﬂﬁﬂ'ﬂ’)‘ﬂiﬂhlﬂ!ﬂuﬂﬁﬂﬂg"]f@ﬂ uui]&’gﬂﬂﬂﬂﬁaWﬂhlﬁjZ LYY

UV 1: CH,CH,CH,COOH +2H,0 — 2 CH,COOH +2H,
UV 2: CH,CH,CH,COOH + H, —  CH,CH,COOH + CH,
CH,CH, COOH + H, —  CH,COOH + CH,

A

a ] a 4 3 a g 1
%qﬁuﬂ‘iElclufnﬁElf)Elﬁiﬂﬁlﬂiﬂ@L!‘VldiEli$L°ViEl\ﬂilllﬁ%fﬂﬁLﬂﬂﬁlﬂuuuﬂ%a@ﬁﬂgﬁ@ﬂiu

a A o 2 '

52U dmiuaunionaatimuszanninegion lananuaudiuved lalasouiinige ¥

q

[ 9 a a a AaAa v I an a A Y A [
danaliinsaInsiiludn nsatiisn desaaadlunsaecdanuazinaiimulaa uaiiiannuau
[ Ao ~ 1 a =4 . ~ 9 a 9] 9]
dauweslalasauiiaim vzlinaneaunsdnan Acetonic N1 lumsnaaundlalasou una

4 4 a
msvoulaoenluduavezdinn
4 %’ =y ] 4 o a
iosnindudenin IssnuesmnsneidSunamssenouda lage s ldinadam
Tuszuuye lailderme iwenuaiiiz sdszn lalde1me 1w uuaRiZewan Sulfate reducing

ana Aaa

o 1 a = 9 a d‘d ] [] o 2- L& a 4
vIMsdosmsounsdlaglveanaounlogluszun wu damla (S0,”) Funalnseiaas
o o a 4 Y [Y] 4 H @
Fama (Reduction of sulfate) ¥ 1RasduUnIdaatedr linasnuuazasdsznoudungni

A [~ [ %] % P <3 Y g‘/ a W A
ANy 1Y una lalasnudalng  Feazludrdudimanaunatmuluszuy auise

Fana'1d01naun5919a19% (Dieter and Angelika, 2008)

SO,” +4H, — H,S+2H,0+2OH

S0,” + CH,COOH — H,S +2 HCO,

aan A A d o a 49! Y a A A A
Ugnsesargdamaszinaduladieluaniizilnd iesvnuuaiiGenan (Sulfate
Y
bacteria reducing, SBR) 9218n51m 3193 a Tagenimuaiiizoninadadimu daiulgnse

Aa Jo a ' a W A a wa (aaa Y a 49! " v
sariamavzinanoumsnaunalimu TumelfuRdgnsemadesszinavunrngnu 'l Tu
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nsfidadIuues COD/SO,” ¥1NNI120 Temdazinal§aserdesdunisdrsauiosuin
Aa A o o <3 dg! A IS a ds@} Y 19 o U

Usz@nTammsmita COD NzgeiuuazilSmaunainisinanizgaiuaie uanidadiy

2- Y J a A Aaa Jdo < aaa o [ A

Y94 COD/S0,” eandn 2 azinalgnseisardsamaiiuilfaseman uaasdsnimilsznoun
o s a 1 v v 9 1 dy o Y a 9 '

1.3 Fa ldanmavzazanimandiniaumsdianil i ldkandaagatsvesnszuiumsdon

aaouny i ldeondnuazilunnalalasnuga llaunnn

HS <> HS+H <>  S°+2H

a

] I ada ' a A Aa Jo a2 2 '
pd19 lsNawgurgiininanemsinal§nseisadrgdama vinguugiiuIued
3 2 A a [ o s 2 9 a a 1
saEmzmumanauna lalasuda lauiniu nindesnisaiugunstanIsnaund
@ 4 ° A v 3 1 ] Aa
TaTasnusalna asoild Taadiuainnuiunia - araldunszouTagnsan Tsar 'l

o A { o a 7o <
(NaOH) #30a UM sNonIInseussnnansounsoae iudu

=
2
12.0 |~ - = ©= =300 o
.0, ) Toxic (@)
Y00 |50 2 0N 2 » & o & i 855 =
8.0 200
B :
c 6.0 R o — & G e Ee
o) . : Increasing
T 40 = = AN 5=+ = 1100 innibition
pH=75™ .
2.0 1= * ] i
. i 1 No
0 . inhibition

10 20 30 40
CODred / Sred >

' v
ﬂTW‘lJ§$ﬂE)‘Uﬁ 1.3 ﬂ']ﬁfJ‘Uﬂ\iﬂﬁmﬂllﬁ,ﬁqﬁjﬂi!%ucﬁﬁuh’m’

(Dieter and Angelika, 2008)
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v v
U I

a 4]
VUADUN 4 miwammﬁﬁmu (Methanogenesis)

< =

2 a Y A = : a J
gﬂumumuqﬂﬁ’wiumiwamu,ﬂﬁumuiﬂmmﬂﬂﬁamﬂ Methanogenic %Qﬂiﬂ@u‘ﬂ ]

] ] I [S = 24 4 4 I [
sumediwazgndosaareiluunalimu (CH,) nazunamiveonlaven lad (Co,) Hudiulng
1Y 9 % o o ¥ 1
pilund laTasougalva (1,9) undlulasiau () undlalasau (1) uazlorh nauog
Y = [ = 1 @ A ~ o
A8 FITIAUITINI “UNTFININ (INT, 2546 LazNaY, 2543)
=S = v =
FunlveanszUIUMIAS19TMY
A A . [ [ I .
HUANITININ Methanogenic  @I3U 1% 9211/ UWIN Methanobacterium,
Metranosacina, Methanospirillum (i8¢ Methanococcus Fatanvansalumsldasernnsld

o w Y 1 4 4 4 a a ~
na laun arsveulaen laa-lalasou, Woswn, ezdwn, wmuoa, wnaalu uag

[ F4
amfueuuouenlad U§nsomanlasunilawaasldaail

4H, + CO, - CH, + 2H,0
4CHOOH — CH, + 3CO, +2H,0
4CH,OH — 3CH, + CO, + 2H,0
— 9CH, +3CO, +6H,0 + 4NH,

4(CH)N + H,0

v
a | =} S A

o ~ Y A A (=Y a 1 g’/ < = [ a
nazd1593Iaeg la luid lulieondumniu ifusuafiBenianuliaesendounin
dy == - 1 a a Yy 9 . v Ao
uonnnHuuaiGeds luamnsonsgdau Ta laat1 Redox Potential lugsazatoainaledinigm
1 Y] 9 A a a 4 I =
171-500 mV uAgInIdeInsasemstensnsyauIa asueu laoen lea uouTudio
% 4 I [ 1 o [ 1 Aa 4
uaz a'lia vouTudlodluuras luTaswuns iy ua luemuisaldnsaoz i Tunionll ng
o o Y o o w . a .
18 dra TlaidunnasdameiNdngnga vrewiialy Crytine unu'la
aa I 3’, [
miadimunnnsaesdaniunszuiunsiuaou@ednin 1 nguues

Methanogenic bacteria
CH,COOH —» CH, + CO,

a a 3 g‘/ a
ﬂTiLﬂﬂﬁL“I/lllﬂWﬂﬂ'iﬂIW‘iqWIu@ﬂ!ﬂuﬂﬁ%UﬂuﬂTﬁ 2 VUHABDULINADIIN

. . ' an I .
Methanogenic bacteria 2 NQU wazlinsaozFanuasununalN (Intermediate step)
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YUABUN 1:  CH,CH,COOH + 0.5H,0 ~ —>»  CH,COOH + 0.025CO, +0.75CH,

Yupoufi2:  CH,COOH — (O, + CH,

Tupens I CH,CH,COOH + 0.5H,0 — 1.25C0O, + 1.75CH,
Tuvuasusinvesmsnianun lildoondouvesnisTulamsaiiu

o s A o Ay Y Vo o Y
ﬂﬁ‘]J?J‘L!Ulﬂ’E]E]ﬂU],"B@ LAaZULNU “]Jai3J1il!Llﬂﬁ‘ﬂllﬂi]$L‘1/Hﬂ‘1.!u’ﬁ@Nﬂ\°Iﬁ'3Jﬂ1isllNﬁN

(CH,0), + xH,O —»  xCH,0, —» 3xCH, + 3xCO,

Y
[ o

msgeslisaulauen Tudleasin§nsennuii
NH, + HOH —>» NH, + OH

= I [ ia A o aaa [ 4 k4 1 aaa
Gﬁﬂlﬂullﬁﬁﬂﬂl’i)i‘lElﬂif]ﬂul“ﬁﬂﬂ@@umﬂWﬂQﬂiEﬂﬂ‘UﬂTiU@ullﬂﬂ’t]ﬂulc]iﬂ‘i$1’i’ﬂﬁﬂ§]ﬂ381

LA a g 2 a
Methanogenesis mammﬂu"lummamm@@u

CO, + HOH — H,CO, — H+ + HCO,

H,CO, + OH — HCO, + H,0

9 Y (9% I'4 4 1 o aan [ Ia

ﬁ)']ﬂﬁ'iJﬂTﬁGU']\WIULLﬂﬁﬂTTU@ullﬂf’)@ﬂll%'ﬂﬂ']\iﬁ'JLlﬁ$ﬂ']f]‘1/]”Iﬂf‘]ﬂﬁﬂ'lﬂﬂvlaﬂﬁﬂﬂ“l“ﬁﬂ@-

- I 4 a . . - = =Y (9

29U (OH) 1uizuuﬂmmﬂu'lumsuammaau (Bicarbonate ion, HCO3) ‘ﬁ)’\‘]ﬂﬁll']ﬂlllﬂﬁ

¢ 2Z o & ' ¢ a a ¢

m’u‘uau”l%’t)ﬂ"lﬁmmuﬂu mmgﬂuﬂﬁﬂ—mﬂ, Ul,‘umi‘umuﬂ@aau, qmﬁ{]m&azmﬂﬂszﬂau
VDITT

o g ¥ A g ? o Yo

‘01ﬂﬂ'ﬁUlﬂaﬂ']ﬁ‘iJ']UﬂlL‘U‘iJlliJGlGIf@f]ﬂ“Mﬂuﬂ\i 4  YUADUNAN ﬁ11]']§ﬂﬁ§ﬂu1ﬂﬂ\1

~
Mwlsenoun 1.4
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Hydrolysis Acidogenesis Acetogenesis  Methanogenesis
With the aid of extra cellulare enzymes Carbonic acid, alcolhaols, acelate
A
In solution: Short chained acids,
Carbon hydrat& Short chained sugar, Alcohols, :::t";"
Pr{JlEinS, Amino acidsj — ) CH4| COg, H p
Fats Fatty acids, CO,Hy genesis
Glycerine \
> HoS
Sulfate reduction 2
Nitrate reduction

NHz, NHy

d' g’; 1 a A o 9 9 a
mnszneun 14 Euum@umiﬂ@ﬂﬁmﬂmi@umﬂ“luﬁm’sz"lu“l%'eﬂcmu

7117 Dieter and Angelika (2008)

1.2.4 dadenaimansznuaenszulumsinvainaenuylilvesndiau (Dieter and
Angelika, 2008 L1a2 115, 2546)

a o A ] ™ q ¥ A Y] 9

ATZUAIUMSIDAUAATININA NIz UIUNM THITnuUY T lFponFauiiu doele

9 (3 o Y A 9 a a A A A 9 1
anudaynuamnuIadeunlylumsnigaulavesnuanFomslslunisdosaaiy
a ~ X a W A I v @ o g Y a 3’4
AFOUNTI IUMTHAAUNAFININ T UBUA VLT 1nATZUIUMITHINUUY B lFoanFauna 3

[

) v H
unou anwadeunininading laun

1.2.4.1 Qﬂm{]ﬁ (Temperature)

1 a 4 ] a Aada A J 1
1u33uumsﬂaﬂﬁmﬂmseuﬁ%ﬂuuu‘lu“l%’aaﬂmmu Qﬂ!ﬁawﬁﬂﬂ‘ﬁv‘mﬁﬂﬂﬁﬂﬂﬂﬁﬁw

=1

a ® g 1 < R A o [ = =
uazmawaaunailuegiann Taend lwungsngunginmmzaudmsunuaiBeliog 3
] A
%9 AD
- NQUUUARITY Phychrophilic 928008A18TTOUNIE 1AA 1UBIIAUNYIAT (5-
20 9IRHALTYE) FIQUNYUNIHNIT Y (Optimum) 320¢ 11N 5-15 DIFNITAITHA
1 S A e ' a ~ Y 1 a
- NQUUUATIGE Mesophilic 1zdosaaIoa1IouUNIdlaa lurragungiiv
NAN (25-42 IR UFAITIA)  FIQUUYUNIMNIZAY (Optimum) 920 1UFII 25-40 936N

=S
IyaLyY e
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- nguuuARiTo Thermophilic VzdpsaaIwa1ToUNIdlAa IuTIguuYiige
(45-65 DAUVAHH) BIQUHYNNUUIZAY (Optimum) 9208 11 55-60 DIFUYAHE

¥19guu i una1uazygungligazioninauinngaasnisgosaaly

U Q

G

a 7 A PN 4 o ' 2 ° 9 ) ~ a ~ [Y
A150UN3H Bagunglganiu sasimsdesszgeiu mldamsasulfinuasdunidla

2 o 9 o w i ] A A '
gevunazihildszeznainsiiiiaaaas edralsiamwaninermalunuidiulvaves
Uszimer lneliguvgiimasiszuna 30 osrusaFod  Feogluriguugiiunarway

an 1A v R I 9
qmwgﬂmﬂaﬂuuﬂa\mmuﬂ G]Nl,ﬂuﬂ'l'il,ﬂll'lgﬁﬂﬂmuﬁﬁ‘Hﬁﬁ’lﬁﬁﬁ@ﬂﬂﬁﬂ

1.2.4.2 anuiunsa-ae (pH)
I 1 =\ o o 1 Aa A [] a A J ]
anuilunsa-anianudiagaolss@nTnnnsgesdaIea1ToUNI guIN TN

3 1 ~ ] a a A ] ] Y I
Wunsa - ﬂN‘VIL‘ViﬁJ"IzﬁﬂJGI’f)ﬂ?ﬁl%i@t@ﬂiﬁﬂl@ﬁllﬂﬂﬂlifJfJQGlHGI)"N 5.5-7.5 o nuunse -

=

1 A o A I @ 1 A A A A Yy A Y <
ﬂNg;mwmasnmu"lﬂﬂmﬂuaumwmummia Iﬂﬂm‘WWm‘Uﬂ‘V]LﬁEJT]ﬁ’iNiJmu 1Al

Y ]
= o

! o < @ 1 o 1
NI - ﬂT\T@]TﬂQﬁQ 53 ﬂxlﬂu@u@]i"mﬁﬂﬂ”ﬁﬂTiﬂ%WGUﬂQ!LUﬂﬁSEJﬂQNH ANINNITAANIAIUDN

I 1 1 A Y a a S Y
ANMYUNTA - AL NAAINNIS Yo udSuImvesd1souUNI a1

(4 v a

anlnuas e

e -

Aa A 9 = 9 a A J 3 A a ,&f [ K- a
LL']J‘ﬂ‘VILifJ‘VIﬁiNiJWIuGlGIfﬂiﬂ@uTIiﬂizlﬂEN"IEJTILﬂWU‘L!]liJVIu AUNANISAZANVDINTA 1Y
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4 ¥ o o Y o = ¥ v Y
PIUINUNNTSAENTDY (A, NITY) LLﬁTJu"Ill‘]J'JN']Juﬂ'i’JEJﬂi’EN ﬂﬂu"lﬂﬂu(lﬁ

oy
nszAlen lanTeanTeIgYRINIA

3.
A )
NNTDIULNN

4.

vy

auldgeu

Y 1] 1 Q'J
G]’NUWI’J?JEJN@%}’JEJﬂiZU?Jﬂ@]ﬁﬂﬂ%ﬂ?@i 100 Wa. IMWIUNTEATHNTDIIUNTENNET

ﬂﬂ!ﬂ%ﬂﬂﬂi@ﬂi%ﬁﬂﬁﬂﬂigﬂ”lyﬂi@ﬂﬂf’)ﬂﬁﬂﬂﬂi’lﬂﬂiﬂﬁ ’JN‘UHﬂigﬁ]ﬂ‘lﬂﬁﬂﬂjflﬂ

figaungil 103-105 °C 1Funan 1 427w

Y
5. i ldnaddiEuluTogannuiu
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M A Y @
6. ¥ansTAIWNIBINNI0LlA (B, NN)

o ¥ Y o 1 Ayy ' =
7. “l/ﬂﬂﬁ’l/]ﬂﬁ@ﬂ"lﬂl,!,ﬁ’Ju1?]11/]11@141?11@@fJ

MIAUIN

UTuaa15uvIuany (mg/l) =  (B-A) x 1000 x 1000

1A, VIR

@

Y
UINUNNTEAIYNITDI (NTN)

A
1ye A
B

4 Y
= UIURUNNTTAIYNTON + UIHUNAITUVIUADY (DTY)

4. wonlantien-1uIn519Y (Ammomium-nitogen: NH, -N)

=

=Y %’ < Aa 4 =\ A 9)%' o ao} 2
Psualulasmulmhnhuundmsizrezivaregiuuy Anolundidnasaima
%’ tg’ v A 1 ~ 4
9110 15931UgAd NI TN HaziNeIneIasnsisou ogluglveen Tuile-TuTasu, vo3
a é a 4 =Y = = 1
uniin luTasou FamsiaszinfsuaneyTuiie-Tulasnuevazliarssunivazaivey
90’ % o 1 LA 4 g‘/ a ] % [} ’o‘ a
Tuiih e ldaniasied Iduuranaia'ly 9y drdee19110US v uaatdey (Ca™)
1 1 =\ 9 1 I a = o Aaan @
WINNI1250 mel  Awen Tudsaziosni1nnuiues e msizuaaienaz il §nsenuy
] 14 a [ g’/ Iy
Woalmiwiles 1z nouuaadeunomma uavina H eanun datiudededimsysy pH 14
Taalszana 7.4 neou
A A ¢
in309NauazalnIal
< P
1. yanauanIna (Kjeldhal flask) Y11 800 1A,
Y L o i
2. nszhzumasuiuanalay (Connecting bulb)
Jd A
3. ADUIAULEDIBUANTI
4. In3UrunvIIa 250 ¥a.
=
ARG
g < = 1 < [ 4 z:'? = a a 1
1. dnavlsianinuen Tuilelagriunisnavasluneauil Gauandeeussueg
(Cation-exchange resin)
Y] 4 o
2. msazaevoalativhnes (Phosphate buffer) @son lagazate Tululldadon
lalaTasuroaa (KH,PO,) 14.3 n§u uaz laluamdeon laTasnuroava (K HPO,) 68.8
o ¥ ) ) Y A I & a A a Y A I
a5y Tuwihnauauldazaendivenailuviledns ensazarewson laeedl pH 1y 7.4
v 4 [ 4 Y]
3. esazane lwAonda lid (Na,S0,) wsonTasazate Tudondalig 0.9 niu lu

Y Y 9 oa g a 2 ~ A 9 )
1NAULANI0UTU 1 ans a1sazaelinlsazsTonlonans 19
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{ [ ’3 Y] 1 I 1 4
4. msazanendsy pH shdeealiiunars 1dun asazare Tx@en laason lod
(NaOH) 1 M uaza1sazalgnsaganisn 0.5 M
5. @1302@19NIAVUBIN (Boric acid, H;BO,) 2% 9381 1agaza1onintosn 20 Niu
% < Y A I a
Twihnauuaverwilu 1 ans
a Ia a J ~ a a a J
6. @A1TATANNTOUAIANDT TN TasazauNNAITADUAIAMBS 200 N, U
a 4 a a 4
NaLdanadoa (95%) 100 wa. uazazawm‘ﬂa?\uug 100 ¥n. lueNaueanesdoa (95%) 50
) 4 Y ¥ o 2 ~ A A
YA, LAINANATATAINIADUNIAUNY a1TaralsllaITsounnY el ierisaadly
A3ara18nNIADINIE Iaasaraediig uaziuen Tuenausonuiluaisazalensauesn
Y a A
¥ ldansazanediven
7. @15aza10IATIUNTATaNIEN (H,S0,) 0.01 M w3enlagioansaganisn
I a ) v a a 1
0.5 M 131103 20 wa. udavenailu 1 das hasazarenasgiunsasaisniwsonla 11
1 Y 4
mamasgunuasazaronigu Isdey laason leq 0.01 M
ad a d
ABMINUATIZH
o 1 { 1% 1 I 1 4 =y
1. anddedandsum pH Wil 7.4 udrlaasluviamania 500 va. WJ51as
2 To ¥ o ' Y ) o ' A A 3 v
YuognuIAIe61e Mneudanline1vszanlSinsaioe19aunie 300 H3e 200 ua. N 1)
° o = s A v o ' ° < ] v o 1
msmuvadn laslasenudmiounualosd i ldnaunseunualos
a o 4 1 <3
2. @umsazaeealatinives 20 wa. ldgnuna 5-6 e
° Jd 1 Y oo 2 o Y v s
3. dhanaudonuAsUIUAAITaY  uadne IndalevesnvimuiosINadly
15922180930 50 V.
9 9 ' A & a H g ) I3 ' ]
4. Tanudouunaisneznau tazilaimasioy nautazinuasazais laegul
J a I ¥ 3’/ a)
Uargaeuauwesawasluaisazarsuein 5ol laasazarenarualszana 250 wa. ia
nIdnaUNTauiIvIANIALDI NEBNI LT
o A A < 9 a Ja A 4 o 9
5. hnsavesninnauld veaiindduaiames 2-3 vea 1111 lamsaalvansazaie
WINTFIUNIAFANITN 0.01 M
MIMUIN

uenTuile-1uTasau (mg/) = (A-B) x 1000 x M x 28

3 oA o
ya. GUENMWI’JGEINVIGI,%}ﬂau
d‘ U a d‘ U )
o A =17, "U'E')\‘lﬂ‘iﬂ‘ﬂfﬁ‘i/\lf]iﬂﬂiﬁ@m‘iﬁ@’)@ﬂN

o a a A J
B =ua. "UENﬂiﬂ%aﬂﬁﬁﬂﬂiﬂ@]miﬁuﬂﬁﬂﬂ

~q 9

M = Molar ¥09nIAFaN I3 NN 1%
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¢ o
5. 19am¥ia 11IASIUNIHNA (Total kjeldhal nitrogen: TKN)
a J A a J 1
msansizrlsualulasou Sinsied ldvategduny wu veuTudie-Tulasiou,
s A % =2 s A A =
posuniinlulasou nazwamvalulasu Fuvaaialulasiou AedsuiavenTudle
4 a (Y 4 '
TuTaswunazessuntalulasnusiuny uazgduuvdug ves lulasmuldun Tulas-
Tulaswu (NO)) Twasa-lulasiou (NO)
4 A d
in3eeionazginsal
v o
1. gAnauIanIna (Kjeldhal flask) Y1419 800 ua.
Qy vd
2. ﬂﬁSL‘]J”ISLLfS{’Jﬂ’E)‘LJL‘L!ﬂ@N‘]JaN (Connecting bulb)
3. AOUAUIEDIFIAAT

4. viazisuyving 250 wa.

=
GAFGEY
o 4 %

1. asazaerloaatwiles (Phosphate buffer) w3ouIasazate ululdddson

la'laTasnuremva (KH,PO,) 14.3 n§u uaz laTddm@on laTasnuneodla (K,HPO,) 68.8
o ) ) Y A < & a

a5y luhnauauliazaroudasenailuvileans

2. @3azawnIAueIn (Boric acid, H,BO,) 2% @381 lagaza1aninloan 20 N5

H < Y A I a
Twihnauudivenaily 1 ans
a Ja A I'4 a Aa A 14
3. @15arangNnEaUAIAINDT ey Tasazaeunal Ao uAIAMes 200 ¥n.  1u
a 4 a a 4

NaLdanadoa (95%) 100 wa. u,azazmﬂm‘ﬂaauug 100 wn. Tuwnaweanodsa (95%) 50

) & Y ¥ o 2 - a A
YA, UAIWTUEITALAENIA0UNIANY A15aza1elnITNIsNNNY 1A Iereaadly
M3ara1enIAveINIE Idasararediig uaziuen Tuenausonunluaisazalensauesn

Y S A
vz ldasazanediven
) % 1 . . G % =S
4. @1sazaed1vsuMsgosaats (Digest solution) tasoulasazate lUaaaew
Y '
Fala (K,80,) 134 n3u Tuiinau 650 va. wunsaganasndudu 200 va. asliliaziosn
[ Ia 4

IUETATANIUNYA 9T INATATAONDINI300N I5A (11A9) (Mercury (1) oxide (red).
H,0)) 2 nsuazawlunsagaiain3 M USies 50 wa. liduluesazaeTddadeou
@ { @ < I a
salaeson HBasudu sy NaI3lFdundavenailu 1 ans

5. A13aza1eNIAIFIUNTATaTIEN (H,S0,) 0.01 M wienlagioainsaganisn

d a o [V =Y =) H

0.5 M 151105 20 wa. udadenuiu 1 das thensazaemasgiunsadanaznimson 1

wiAnNasTIUfUmIazaenInigIu Isdeu laasen lud 0.01 M
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J a a 4 J
6. msazasiueanmauduaamss wisnIasazarsuoannaulalw@eou 5
o ¥ < 9 A I a A ~ o ~ ) a I
a5y Tuhnauudnvenadu 1 aas vise azareduoarmau 5 nsu luenausansasd 95%
A P ¥ 4 A < a
@9 NMeTnNaIonuily 1 ans
o [
7. msazaelw@eulaasenlaa-lanenls Tovama TasazareTmaesnlaason
4 [ Y [ 901 < g
la 500 5w nay TmAeuls lodaa (Na,S,0,. 5H,0) 25 afu lusinauudaitensdlo
v d a

nauilu 1 ans

ada 4

AN

9 ? o ' A 1 o ] A A Y < '
1. 15fSuasihdied 1 300 va. visearuveidrogan@eaaud nilu 300 va. lalu
4 a o @ l . . ' Y < o
PIAa-AHa AVAIsaza1ed 11T UNIgoodals (Digest solution) 50 ¥a. lagnuia 5-6 e 1
Y '
dauillddosaareludaiu aunseialdarsazarela minarsazareds lila Tiauaisdos
2 ] ] o [ < a %’ )
aaanudn 20 wa. gesaasae llaunszndldarsazarsla Idddsadwaniiinauas’lal 300
.
) I 1 4 4 a
2. mldduanalasveaflusanniduasluviamanivia udnduaisazale
4 @ @ 4 I

Twdenlaason loa- Imaey 15 ToFama Uszuna 50 va. dunadveaiueanmauszua

o ' { I A o 1 I~
suyy 1169 lunlaswdudyuyldauaslifiazidoss aunsgnudaeuiludsuyey

1 J Y

3. Fueernnuganauiui Yesnu'lul levesasszmeli #elovesasiueinae
=1 =\ k)
HueuTutleeanuane

v W ' ' ] P4 A

4. nausedalasldaruuiuriiuaowauyesuuuasIadluaisazalsuosn

' Y
AUNTEN IR ETAZTAWNINUA 200 YA,

o ~ < 9 a Ja A 4 o 9

5. hmsazaennau la veaungouaaaes 2-3 vea 11l lawsadremsazare

WINTFIUNIATANITN 0.01 M

NMIAIUIN

¢ ¥
waaia lulnsnunavua (mg/l) = (A-B) x 1000 x M x 28

%I (J 1 HAq ¥ &
ya. ﬂJfJQu’l@]'JﬂfJ’N‘Vﬂﬂfﬂau
A v o a A Y '
o A =17, "U’E)\‘]ﬂ'iﬂclfﬁv\hﬁﬂﬂiﬁﬁmiﬁﬁ?@ﬂ’lﬁ
v a a A Jd
B =ua. "U'ENﬂiﬂ%ﬁﬂ?iﬂﬂﬁl%}q@lmiﬁuﬂaﬂﬂ

M = Molar v09niasan3nnley

6. datuln (Sulfate: SO,
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o

9 2 ~ 72 : 2
alanuoglinss A NIINMUe R a0 1591UgAAIHNTTY
a aAA ’o} A o 1 Y a Y a ds! <=1
AU Inanaunhnigamalsunamnaznelimansszuieneanavy lunsgaaimnssuni
o o A I o A o Y a o ¥y ¥ Y a A A o
anudagiesnniuainm inaazniuluniei neldinalayriFTosnauntaznisng
1 1 H 1% 1 a aan v o o I @ 4
nsouluneude Tymdenarimannlfnsesansuvesdamaiiudalianieldaniig 13
a asa J o = asy ' R ' =2 ax Y ' .. . £
PONTFIIU 15 AATIZHFAHANA1TT ta TUNTUIZNA1IDIITNITIAAIINYY (Turbidimetric) &1
I a {1 <3 19 a ° 1 a
WHudtnheazainsiaswazansamdaaludSuiudn 188 srdamlailsuiauge
a 4 =) v 1 %,’
AWITDUATIZN 1 1AM 517091961061911
A A ¢
inesieNazgnIos
4 ] <]
1. 1AFeenIULLIHan (Magnetic Stirrer)
2. 19309 UV-visible
3. ¥Ia3nsreva 250 wa.
=
Al
aAav a a 4 .. . ~ = [y
1. ABUAYUUN 31013UA (Conditioning Reagent) waon Iaenaunayosoa S0 ua. N
; - 1 o
a1snlszneudlonsalalasaaesndudu 30 ua. Winau 300 ua. NIUBA 95% TIUIU 100
=) 4 [
wa. uaz ImAounan 15a 75 nTu
= 4 a <
2. uuiFounanlsa (BaCl2) ¥HANTA YUIA 20-30 mesh
% = = 4 g
3. drsazatsuiasgiugaa mseulasazateTsaendaalsiaoinin
o ¥ o I a )
(Anhydrous Na2804) $1u7u 147.9 un. Twhnduudaveniailu 1 das vielaemsiinga
al a ° a 3 v A
Fanasndudu 0.020 N $1uau 1041 wa. @wthnauanlalFuag 100 wa. @sazate
[} dsl 1 U v U
masgugamlail 1.00 wa. mny 100 luTasniudama
ad a J
IBEMIAIZH
2 v 1 v % :
1. e 100 wa. (Hrdredrniuaisnsesdiediaiiney) laluviagil
a Aad aa 14 Y A ' < = v ©
N399 AUADUATUINIDIIUA 5 A, HauuaynIu laslsnsosn uulman Tuyaz@eanun
a = ~ J 9 A o v A
WuranuuiGounae 1sa Yszana 1 You Gudunamiui
A 3’, 9 = o [ ] = 1
2. easmuldasu 1 i wganiu il daanugu melunar 10 Wi e
Y A 1w gﬂ 3}/ Aaa v ] = o 1 [
mizaana Idasiminunnasanannsziategazsounsmasgw) i ldeuan
Usmnagamannniviniaigiu
~ ~ o Yy 9y 9
3. MawssunI eI gIu wssnasazatenIasgIusama 1 uanudngu 500,

1000, 1500, 2000 taz 3000 1ulasnsu Tastliamsazaremasgriudamann s, 10, 15, 20, 25,

o o ' a 3 < < 1
uaz 30 va. awdey laluviaginsreududmimauauldfznesdlu 100 va. lundazaia
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NIATUIN

Faa (mg/l) = luTnsnsudama

. 2
ya. ve95uaaiegain
7. Ao (Mixed liquor suspended solid: MLSS )
as A [ = 1 9}90’ a =4 %‘ =
M1 MLSS 35M3HNoUAUNITHI SS 1NIUa 5ns nougaunisunuinge
$19819
8. wuneadeaod (Mixed liquor volatile suspended solid: MLVSS )
A A ¢
in3e9ianazglnIas
1. NUTINY
2. IOULTY
3. IpAfAAmes
A < A
4. IN3D9TIALIDA
5. IMWNNQUNNI 500+ 50 DIFI AT
ad a d
ABMSAUNIIZH
= ° ~ = 3 ]
1. wisuauseveTaei lmn 5002 50 aenarmea Hunal 1l ¥ lud g
' < A s s ¥ o
aoesliiguluadaamosdszana 30 1A udrvaimiin
' 4
2. hauszmenyainmiinedl TS e MLSS
o = k) A = I =\
3. uszmenn MLSS a2 11 500+ 50 sarnya@ea 12umal 30 Ui
' v < A s ¥ & H o A A
4. daselduluadanmes LalsI v naITNwae

MIATUIN

MLVSS (mg) = U312 MLSS (mg) — USmnarveaudaimaondansin
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a ¢ o o A
MANUIN V: Naﬂ]iglﬂﬁ']gﬁu]!a’ﬂ!!agu]‘nﬂ

M99 V.1 HANMSIAATIZ

7%

a A v J
qYNITTYLININITNNLNUANE

Huu
VFA Alkalinity
HRT Day Temp.
pH (mg/L as (mg/L as | VFA/Alkalinity
(day) 0
CH,COOH) | CaCO,)
15 2 7.26 900 - -
3 33 7.36 600 1600 0.56
4 33 7.47 412.5 1575 0.38
5 32 7.48 337.5 1525 0.27
6 33 7.42 150 1525 0.22
7 33 7.51 175 1475 0.10
8 33 7.75 175 1500 0.12
9 33 7.68 175 1500 0.12
10 32 7.83 175 1475 0.12
11 33 7.68 150 1500 0.12
12 32 7.57 175 1500 0.10
13 33 7.57 175 1625 0.11
14 30 7.6 150 1500 0.12
15 32 7.58 150 1625 0.09
16 31 7.66 125 1625 0.09
17 32 7.45 175 1750 0.07
18 32 7.47 150 1500 0.12
19 32 7.43 175 1625 0.09
20 32 7.46 150 1525 0.11
21 33 7.43 175 1350 0.11
22 32 7.46 150 1475 0.12
23 32 7.43 175 1575 0.10




P

15197 U.1 HaMsAAIIEHUL

a A v ' '
FINTSHLLININITNNNUN N (71D)

VFA Alkalinity
HRT Day Temp.
pH (mg/L as (mg/L as | VFA/Alkalinity
(day) §©)
CH,COOH) | CaCO,)
15 24 32 7.42 175 1550 0.11
25 32 7.43 175 1475 0.12
26 32 7.43 150 1525 0.11
27 32 7.46 175 1525 0.10
28 31 7.47 175 1425 0.12
10 29 32 7.46 337.5 1400 0.13
30 31 7.46 300 1550 0.22
31 32 7.7 375 1525 0.20
32 32 7.55 337.5 1500 0.25
33 32 7.52 300 1500 0.23
34 29 7.61 450 1550 0.19
35 32 7.54 450 1550 0.29
36 32 7.48 487.5 1550 0.29
37 32 7.59 487.5 1450 0.34
38 32 7.57 450 1450 0.34
39 32 7.6 487.5 1525 0.30
40 32 8.01 450 1300 0.38
41 33 7.44 450 1525 0.30
42 32 7.7 450 1350 0.33
43 32 7.83 412.5 1400 0.32
44 33 7.43 375 1525 0.27
45 29 7.42 412.5 1500 0.25
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15197 U.1 HaMsAAIIEHUL

a A v ' '
FINTSHLLININITNNNUN N (71D)

VFA Alkalinity
HRT Day Temp.
pH (mg/L as (mg/L as | VFA/Alkalinity
(day) §©)
CH,COOH) | CaCO,)
10 46 29 7.65 450 1500 0.28
47 29 7.48 450 1550 0.29
48 31 7.42 412.5 1500 0.30
49 30 7.46 450 1475 0.28
50 32 7.69 412.5 1550 0.29
51 32 7.56 375 1450 0.28
52 33 7.55 375 1500 0.25
53 33 7.41 412.5 1600 0.23
54 32 7.43 375 1500 0.28
5 55 31 7.51 375 1500 0.25
56 29 7.45 375 1500 0.25
57 29 7.12 375 1525 0.25
58 29 6.74 525 1450 0.36
59 30 7.13 450 1400 0.32
60 30 6.98 525 1550 0.34
61 31 7.16 450 1600 0.28
62 30 6.98 615 1500 0.41
63 29 6.99 600 1450 0.41
64 29 6.91 660 1500 0.44
65 30 6.53 615 1550 0.40
66 30 6.83 630 1550 0.41
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COD COD Biogas
HRT SS % COD
Day Influent effluent Production
(day) (mg/L) removal
(mg/L) (mg/L) (mg/day)
15 2 i i i i i
3 626 6426.48 1293.60 79.87 1075
4 318 6426.48 1156.40 82.01 1100
5 222 6426.48 1081.84 83.17 1055
6 201 6426.48 999.60 84.45 1110
7 195 6426.48 725.20 88.72 1115
8 213 6426.48 646.80 89.94 1080
9 272 6426.48 490.00 92.38 1115
10 274 6426.48 494.00 92.31 715
11 228 6426.48 554.80 91.37 690
12 211 6426.48 576.80 91.02 620
13 232 6426.48 656.40 89.79 450
14 266 6426.48 646.60 89.94 410
15 247 6426.48 659.80 89.73 450
16 199 6426.48 668.00 89.61 320
17 196 6426.48 691.20 89.24 390
18 236 6426.48 691.20 89.24 360
19 217 6426.48 662.80 89.69 410
20 233 6426.48 668.00 89.61 365
21 264 6426.48 681.60 89.39 365
22 266 6426.48 720.00 88.80 365
23 218 6426.48 696.00 89.17 385
24 155 6426.48 728.00 88.67 380
25 205 6426.48 600.00 90.66 460
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COD COD Biogas
HRT SS % COD
Day Influent effluent Production
(day) (mg/L) removal
(mg/L) (mg/L) (mg/day)

15 26 199 5178.16 488.90 90.56 530

27 197 5178.16 436.70 91.57 490

28 190 5178.16 418.40 91.92 480

10 29 166 5178.16 446.90 91.37 550

30 120 5178.16 436.80 91.56 500

31 153 5178.16 689.70 86.68 495

32 113 5178.16 678.00 86.91 510

33 134 5178.16 670.60 87.05 475

34 146 5178.16 678.90 86.89 510

35 132 5178.16 649.60 87.46 495

36 115 5178.16 666.90 87.12 450

37 168 5178.16 735.00 85.81 480

38 116 5178.16 711.63 86.26 445

39 108 1924.8 332.56 82.72 425

40 148 1924.8 339.53 82.36 455

41 180 1924.8 348.53 81.89 560

42 162 1924.8 359.16 81.34 640

43 190 1924.8 348.53 81.89 565

44 154 1924.8 335.58 82.57 560

45 143 1924.8 366.05 80.98 545

46 161 1924.8 369.46 80.81 555

47 153 1924.8 348.65 81.89 595

48 126 1924.8 349.43 81.85 575

49 140 1924.8 353.56 81.63 545
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COD COD Biogas
HRT SS % COD
Day Influent effluent Production
(day) (mg/L) removal
(mg/L) (mg/L) (mg/day)
10 50 154 1924.8 359.54 81.32 525
51 153 1924.8 364.69 81.05 540
52 162 1456.6 255.69 82.45 565
53 192 1456.6 247.69 83.00 575
54 150 1456.6 247.27 83.02 455
5 55 115 1456.6 268.32 81.58 790
56 149 1456.6 297.9 79.55 725
57 163 1456.6 298.74 79.49 795
58 179 1456.6 296.48 79.65 820
59 73 5196.96 1237.02 76.20 820
60 46 5196.96 1243.63 76.07 890
61 51 5196.96 1268.64 75.59 880
62 70 5196.96 1240.98 76.12 840
63 54 5196.96 1200.02 76.91 860
64 57 5196.96 1242.86 76.08 860
65 58 5196.96 1222.86 76.47 840
66 54 5196.96 1241.72 76.11 850
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COD Influent (mg/L) COD effluent (mg/L) % COD removal
bay 1 3 6 1 3 6 1 3 6
3 14016 | 14016 | 14016 1696 3448 5580 87.90 75.40 60.19
6 14016 | 14016 | 14016 1890 3550 5430 86.52 74.67 61.26
9 14016 | 14016 | 14016 1840 3250 5400 86.87 76.81 61.47
12 14016 | 14016 | 14016 1900 3400 5324 86.44 75.74 62.01
15 14016 | 14016 | 14016 | 1950 3290 5424 86.09 | 76.53 | 61.30
18 14016 | 14016 | 14016 2024 3159 5350 85.56 77.46 61.83
21 14016 | 14016 | 14016 1880 3200 5350 86.59 77.17 61.83
24 14016 | 14016 | 14016 2150 3350 5420 84.66 76.10 61.33
27 14016 | 14016 | 14016 | 1690 3458 5448 87.94 | 7533 | 61.13
30 11548 | 11548 | 11548 | 1561 3149 4318 86.48 | 72.73 | 62.61
33 11548 | 11548 | 11548 | 1488 3498 4816 87.11 | 69.71 | 58.30
36 11548 | 11548 | 11548 | 1582 3360 4954 86.30 | 70.90 | 57.10
39 11548 | 11548 | 11548 | 1672 3109 5109 85.52 | 73.08 | 55.76
42 11548 | 11548 | 11548 | 1541 3762 4987 86.66 | 67.42 | 56.82
45 10368 | 10368 | 10368 | 1467 3326 4218 85.85 | 67.92 | 59.32
48 10368 | 10368 | 10368 | 1448 3163 4418 86.03 | 69.49 | 57.39
51 10368 | 10368 | 10368 | 1488 3184 4514 85.65 | 69.29 | 56.46
54 10368 | 10368 | 10368 1476 3211 4467 85.76 69.03 56.92
57 10368 | 10368 | 10368 1483 3313 4316 85.70 68.05 58.37
60 10368 | 10368 | 10368 | 1472 3287 4136 85.80 | 68.30 | 60.11
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Temperature (°C) pH
Day
1 3 6 1 3 6

3 33 33 33 7.48 7.66 7.50
6 33 33 33 7.78 7.55 7.38
9 33 33 33 7.68 7.59 7.68
12 33 32 33 7.79 7.48 7.21
15 34 32 33 7.34 7.55 7.11
18 33 34 32 7.49 7.39 7.01
21 33 34 32 7.33 7.32 6.86
24 33 34 33 7.59 7.35 6.78
27 32 34 29 7.44 7.46 6.44
30 32 34 29 7.49 7.31 6.33
33 32 34 29 7.43 7.32 6.22
36 30 33 29 7.56 7.38 6.44
39 30 33 33 7.66 7.52 6.56
42 30 33 33 7.53 7.44 7.21
45 29 33 32 7.49 7.43 7.43
48 29 33 33 7.66 7.45 7.62
51 29 33 33 7.54 7.49 7.77
54 29 33 33 7.52 7.48 7.54
57 29 33 32 7.62 7.44 7.58
60 29 33 33 7.48 7.41 7.6
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VFA Alkalinity
VFA/Alkalinity
Day (mg/L as CH,COOH) (mg/L as CaCO,)
1 3 6 1 3 6 1 3 6

3 220 225 215 1550 1550 1650 0.142 0.145 0.130

6 167 285 315 1550 1550 1600 0.108 0.184 0.197

9 260 295 345 1500 1570 1650 0.173 0.188 0.209
12 265 340 335 1560 1575 1650 0.170 0.216 0.203
15 240 355 395 1550 1550 1600 0.155 0.229 0.247
18 255 350 400 1550 1650 1650 0.165 0.212 0.242
21 265 350 415 1500 1650 1650 0.177 0.212 0.252
24 250 350 425 1550 1655 1600 0.161 0.211 0.266
27 255 355 435 1500 1575 1600 0.170 0.225 0.272
30 235 345 445 1550 1525 1650 0.152 0.226 0.270
33 235 365 455 1550 1575 1650 0.152 0.232 0.276
36 260 350 435 1550 1525 1625 0.168 0.230 0.268
39 265 355 435 1575 1550 1625 0.168 0.229 0.268
42 265 375 455 1550 1550 1525 0.171 0.242 0.298
45 245 355 450 1550 1500 1550 0.158 0.237 0.290
48 235 355 385 1500 1600 1550 0.157 0.222 0.248
51 225 375 365 1550 1550 1600 0.145 0.242 0.228
54 235 360 375 1500 1500 1550 0.157 0.240 0.242
57 255 355 365 1500 1550 1625 0.170 0.229 0.225
60 245 370 400 1550 1600 1650 0.158 0.231 0.242




3 @ a 2] i o a 1
ﬂTﬁNﬁ V.6 Nﬁ“ll’f)\‘l’f)@'i"Iﬂ?ﬁlﬂmlﬂﬁ%’lﬂWWﬁ@ﬁﬁﬂﬁzUiinﬂﬁﬁﬂuﬂ%t’f@nﬂ 9

88

Biogas Production (mL/day)

Day
1 3 6

3 880 910 900
6 695 770 790
9 680 755 780
12 710 745 760
15 630 760 795
18 640 755 785
21 655 760 795
24 640 780 810
27 655 700 800
30 675 750 785
33 655 795 789
36 725 765 780
39 735 765 795
42 655 780 775
45 645 750 760
48 735 760 790
51 655 810 785
54 660 785 800
57 680 780 790
60 675 810 790
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Biogas Content

Day HRT = 15 day HRT = 10 day HRT =5 day
CH, Co, CH, CO, CH, CO,

) ] ] ] ] ] ]

3 70.33 7.02 67.84 4.69 32.57 4.96
4 77.21 7.73 80.98 14.19 62.13 9.43
5 67.81 7.19 77.21 13.54 34.94 6.51
6 64.69 6.84 48.08 8.58 31.87 5.94
7 90.07 11.70 50.75 9.06 35.03 6.42
8 79.82 11.10 56.45 7.41 43.89 5.76
9 73.83 10.35 61.04 8.84 67.18 11.60
10 80.22 10.86 59.32 10.41 72.80 10.06
11 60.35 8.14 65.51 11.23 71.34 10.15
12 35.78 6.26 70.36 13.40 74.10 11.22
13 33.53 5.87 68.78 12.99 75.57 9.01
14 72.47 12.20 16.24 3.57 61.99 7.06
15 77.34 13.10 14.94 3.28 - -
16 68.67 11.63 53.41 8.26 - -
17 43.87 6.67 57.73 9.17 - -
18 41.70 6.33 5475 5.47 - -
19 67.67 11.94 60.98 8.91 - -
20 65.17 11.48 58.91 8.61 - -
21 69.96 9.50 43.74 8.17 - -
22 66.60 10.88 57.64 10.22 - -
23 55.18 9.58 63.98 10.64 - -
24 52.90 9.18 54.57 7.73 - -
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Day

Biogas Content

HRT = 15 day

HRT = 10 day

HRT =5 day

CH,

o,

CH,

o,

25
26
27
28
29
30
31
32
33
34
35
36
37
38

43.19
44.76
50.03
28.87

7.53
7.71
7.70
4.87

58.05
52.24
66.89
43.82

9.37
9.17
11.18
6.49
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T METHOD
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OVEH
Inicial temp: 4¢ 'C (On)
Initial time: 3.00 min
Ramps -

# PRate Final temp Final time

1 B.DD 124
2 0.0{0fE
Past bempr O 'C
Bost time: 0,00 min
Bun time: 1300 min

FRGNT IWNLET (SPLIT/SPLITLEES)
Mode: Split
Ipitial temp: 50 'C (Qff]
Pressure: 50,00 pasi (0ff)
Totel flow: 103,85 mlL/min
Gas savear: QfF
Gag Type: Helium

COLUEN 1
Facked Column
Model Humber: BRestek 128B0B
Shincarban=5T
Max Temperature:; 3IE0 'C
Hodg constant pressure
Fresgure: 50,00 psi
Inlet: Back Inlet
Cutlet: Front Detector
Cuclet pressure: ambieéent

FRONT DETECTOR (TCD)
Temperatursa: 200 'C (0n)
Reference flow: On
Hakeup flow: On
Makeup Gas Type: Helium
Filament: 0On
Negaclve polarity: OfCF

SIGHAL 1
Data rate: 30 Hz
Tyoe: front detector
Sawve Data:r On
Zarva: 0.0 [Off)
Rangs: ©
Fast Peaks: Off
Attenuatlion: 0

Maximum temp: 330 °C
Equilibration time: L.00 min

BACK INLET {SELIT/SPLITLESS}

Mode: Splicless

Initial temp: oo *C 1ony
Pregaure: 50.00 psi [On}
Purge flow: 0.0 mL/min
rurge time: 0.00 min
Total flow: 45.0 mL/min
Gas saver: OIf

Gaa type: Helium

COLUMK 2

[net installed)

BACE DETECTCR [HED)

Temperature: £330 "C {Qff)
Hydragen flaw: Off

Air flow: Off

Makeun flaw: Off

Makeup Gas Type: Hitrogen
Adjust affsect 30.00
Electromater: Off

Bead: OQff

Equilibration time: 5.00

SIGHAL 2

Data rate: &0 Hz
Typer back detector
Save Datat Off
fdaro: 0.0 (0OEL)
Ranga: @

Fast Pesks: Off
Attenuation; O
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MANUIN 3.1 Gl’)i’)EI'Nfﬂi’J!ﬂﬁZ‘WENﬂﬂigﬂﬂﬂllﬁﬁ%ﬂﬂWWﬁ}’w GC-TCD

Datz|File C:\HPCHEM\1\DATA\PANIDA\JUL20013.D Sample Name: 17/07/2554 3
[RT=15 day >> dth
njection Date : 7/20/2011 3:26:02 PM
ample Name : 17/07/2554 3 vial : 1
\cg. Operator : Panida Inj : h
Inj Volume : Manually
bcg. Method : C:\HPCHEM\1\METHODS\PANIDA.M
ast changed : 7/20/2011 10:25:09 AM by pornpimen
hnalysis Method : C:\HPCHEM\1\METHODS\PANIDACA.M
last changed :+ 8/31/2011 11:35:24 AM by Panida
(modified after loading)
TCD1 A, (PANIDAWUL20013.D)
25UV ]
1600 ~
4 =
1400 - 5
1200 -
1000 - |
1 |
[
800 - [
g [
F i| ;
600 - b I -
| @
9 T |= 8
| | \
400 | 8
| 0
4 | @
|
200+ I'.
2 4 6 8 10 12 min
External Standard Report
orted By : Signal
alib. Data Modified : Wednesday, August 31, 2011 11:35:24 AM
NMultiplier . 1.0000
ilution : 1.0000
ignal 1: TCD1 A,
etTime Type Rrea Amt /Area Amount Grp Name
[min] [25 uV*s]) [%]
| l==Etx | | S Ji==1
1.613 VB + 2743.39062 1.77239%e-2 4,86236 N2
4.563 PBA + 1.5487led 4.76698e-3 73.82845 CH4
9.522 PBA + 3412.64160 3.03255e-3 10.34902 co2
fotals : 89.03783
Results obtained with enhanced integrator!
**% End of Report ***
Instyument 1 8/31/2011 12:08:34 PM Panida Page 1 of 1
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Abstract: A4n overview of preparation of biogas
Jormation from rubber industrial wastewater was given
in this study. A biogas formation was carried out on the
treatment of wastewater from rubber industiv using an
anaerobic fixed film reactor (AFFR), designed in the
laboratory scale. The objective of this work was to study
organic loading rate (OLR) by conducting at adjustment
ranged 1.5-6 kg COD/m’.d and hvdraulic retention time
(HRT) for 2-10 dayvs. The average chemical oxvgen
demand (COD) of rubber industrial wastewater which
was used as influent of the system was 14,016 mg/L. The
results indicated that OLR has significant effect on
biogas production. At different OLR could achieve COD
removal about 60-90%. Using AFFR was found to be
applicable to produce biogas from rubber industrial
wastewater containing high COD.

Key Words: Biogas/ Anaereobic fixed film reactor/
Rubber industrial wastewater

1. INTRODUCTION

Rubber (Hevea brasilienensis Muell. Arg.) is the one
of leading economic crops in southern part of Thailand.
Latex from the rubber tree can be transformed and used
to produce natural rubber, which is a basic component
for various products. There are many types of natural
rubber product but most important exported types are
Standard Thai Rubber 20 (STR20), smoked sheet, skim
crepe and concentrated latex. Currently, concentrated
latex and skim crepe industries trend to rapidly increase
as the increasing of the rubber demand [l]. Since
concentrated latex is raw material for other industries
such as rubber gloves and tries, etc.

This industry could generate major of pollution in all
environments. Wastewater is unavoidable by-product of
processing include process waste from manufacturing,
wash waters and relatively uncontaminated water from
heating and cooling operations [2]. On this basis,
wastewater should be well treated prior to discharging in
to the environment.

Anaerobic technology is one of
methods for wastewater treatment,

most suitable
especially  for

treatment high organic loading wastewater. The
anaerobic wastewater process is biological process that
happen naturally when bacteria breaks down organic
matter and then generating useful by-product [3]. One of
the important by-products of this process is a biogas.
Biogas contains 60-70% methane (CH,), 30-40% carbon
dioxide (CO;), less than 1% nitrogen (N,) and 10-2000
ppm hydrogen sulfide (H,S) [4].

There are several types of biogas reactor such as
continuous stirred tank (CSTR), anaerobic contact
reactor, fluidized bed reactor, anaerobic fixed film
reactor (AFFR) and up-flow anaerobic sludge blanket
{(UASB) reactor [5].

The AFFR has been widely used for the treatment of
various types and strengths of organic wastewater due to
its effective and feasible technology for wastewater
treatment. It is basically a contact process in which
wastewater pass over or through biomass growing on a
fixed media contained in the reactor.

In this study, biogas production from rubber
industrial wastewater was investigated in AFFR on
variation of different organic loading rates (OLR). The
effect to biogas production was analyzed by percentage
of chemical oxygen demand removal and amount of
biogas production during process operation. The results
obtained are presented and discussed in this paper.

2. MATERIALS AND METHODS

2.1. Fermentor

To evaluate the treatment efficiency of concentrated
latex wastewater, acrylic anaerobic fixed film reactor
(AFFR) was used in this study. The reactor was designed
in a vertical cylindrical column with a working volume
of 8.9 L. The body of the reactor was 20 cm diameter and
33.3 cm height. The reactor was filled with PVC pall
rings that have specific surface of 207.3 m%/m’ used as
packing bed. The influent wastewater was fed using a
peristaltic pump (Masterflex, Model 7520-47, Barrington
Co., Illinois) with semi-continuous and effluent water
was drawn from the reactor as shown in Fig.1. Biogas



production was measured daily by water displacement
gas collector which connected at the top of reactor. The
biogas sample was collected from a bottle for
composition analysis. The reactor carried out at

mesophilic condition and pH was kept constant at 6.5-
7.5.

(1) Storage Tank

(2) Peristaltic pump

(3) AFFR reactor was filled with PUVC pall rings
(4) and (3) Sampling port

(6) Gas Collsctor

(7) Gas Sampling port

Fig. 1. Schematic diagram of the anaerobic fixed film
reactor in this study.

2.2, Wastewater and seed sludge

Concentrated latex wastewater was obtained from
Thai Hua Rubber Co. Ltd. which the pH was adjusted to
range 6.5-7.5 by adding 6N NaOH (Sodium hydroxide)
and 6N H,S0, (Sulfuric acid). In later experiments the
wastewater was treated without any pH adjustment. The
feature and composition of this wastewater are
summarized in Table 1. This present the average value
from three repetitions.

The seed sludge used in this study was obtained from
the UASB reactor from Kiang Huat Sea Gull Trading
Frozen Food Co, Ltd., Songkhla, Thailand. The AFFR
were inoculated with the mixed sludge at 20,000 mg/L
MLSS. The reactor was allowed to acclimate for 24 h
before starting the experiments. Both substrates were
stored at 4°C until required and allowed to reach room

temperature before being used.

Table 1. Characteristics of concentrate latex wastewater.

Parameter® Influent

pH 4.84
Temperature 30
COD 14016
Alkalinity 975
VFA 2362
TSS 257
TKN 561
NH,-N 204
Sulfate 2885

*All parameters except pH are in mg/l and temperature
in °C
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2.3. Experimental setup

The reactor was operated at different organic loading
rate (OLR). OLR selected were 1.5, 3 and 6
kgCOD/m’.d. The reactor was operated by continuous
feeding of rubber industrial wastewater starting at 0.3
kgCOD/m’/d for acclimatizing of seed sludge and was
sequentially increased to 1.00 kgCOD/‘mB;"d. This
acclimation period used about approximately 28 days
when COD removal reached 50-70%. Influent and
effluent COD was frequently analyzed to determine
system performance. Biogas was collected from the top
of reactor which was connected to water displacement
gas meter and further analyzed for methane and carbon
dioxide by GC-TCD (Gas chromatograph-Thermal
conductivity detector).

2.4. Analytical methods

The following parameters were analyzed according to
Standard Methods (APHA. 1998) [6]. while alkalinity
and volatile fatty acid were determined by direct titration
method [7]. Influent and effluent samples were analyzed
daily for pH and temperature. Chemical oxygen demand
(COD), alkalinity, volatile fatty acid (VFA), and sulfate
were analyzed for three times per week while Total
suspended solid (TSS), total kjeldhal nitrogen (TKN) and
ammonium nitrogen (NHy -N) analyzed for two times
per week. The volume of biogas produced was measured
by water displacement. Biogas compositions (CH4 and
C0,) were measured by GC-TCD (Hewlett Packard, HP
6890: Shincarbon — ST column, Helium was used carrier
gas at a flow rate 10.7 mm 5'1}.

3. RESULTS AND DISCUSION

3.1. Performance of the reactor

The process performance such as the effluent quality:
COD removal efficiency and biogas production were
important consideration since the final objective is to
achieve higher treatment capacity and better effluent
water quality. In this experiment, a start-up phase lasted
for 28 days for seed sludge acclimatization and system
tune-up as indicated by effluent COD. There is
significant difference in effluent COD between OLR of
1.5, 3 and 6 keCOD/m*/d.

As seen in Fig. 2. it was shown that percent of COD
removal decreased from 86.8%. 76.1% and 61.4%.
respectively by using OLR of 1.5, 3 and 6 kgCOD/mE;'d.
The data show that at start-up OLR 0.5 kgCOD/m’/d
(HRT= 28 day), the removal efficiencies of the systems
was lower than OLR 6 kgCOD.-"m}.-"'d (HRT= 2.3 day)
(Fig. 2).

For all operating conditions in this study, the average
value of methane content during anaerobic digestion was
82.05% with COD removal of 74.7%. When OLR was
increased from 3 to 6 kgCOD;’ms:“d. There was indeed a
period of low COD removal and relative worse effluent.



Fig. 2. Performance of the reactor showing COD effluent
and COD removal efficiency of AFFR treating rubber
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The methane content in the biogas was affected by
flow rate of wastewater in the feed. The performance of
the reactor at steady-state is presented in Table 2 and Fig.

(75

ity
——a——a——a——a

w4 CODeffluent =fl=COD influent  =&="5COD removal

P T et ST WL, LY

0 1 2

Time (day)
) OLR - 1.5 kgCOD/m3/d

N e . i Ty
———————a—1

L SELE SCEIPPOURRY TP PP Suenr TITL J
=+#: CODeffluent =8=COD influent ==d=%COD removal
[} 1 2 3 4 5 [ 7 8 9 1n
Time (days)
b) OLR = 3 kgCOD/m*d
—i————
b =k =k =k —h= A= A~ A= A

0-..,’.........‘.0...‘..-....‘ ..... O SERT

++ @+ CODeffluent ==le=COD influent ==A==t:COD removal
B

o 1 2 3 4 5 & 7 & 9 1w
Time (days)
¢) OLR = 6 kgCOD/m*/d

industrial wastewater under different OLR.

4 3 6 7 i} Ll i

Yo COD removal

Yl QD removal

“HCOD removal

Table 2. Opearating condition and process performance

during anaerobic  digestion
wastewater in AFFR reactor.

of rubber

industrial
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Experiment step
Parameter Start }
up 1 2 3
OLR
3, . . 3
(kgCOD/m/d) 03 L3 6
HRT
28 9.3 47 23
(day)
Q ;
Ld) 0.32 0.96 1.89 3.87
CO,D 4450 | 13350 | 26700 | 53400
(mg/d)
COD removal - )
(%) 44 86.8 76.1 614
Biogas - aym
N 7 2 43 525
production (ml/d) 176 : +0
[\.’Iethm(l;sontem 363 779 20 8 876
Methane yield 3237 | 1447 1723 13.8
(In—l‘:gCODeﬁluem) - - o ]
pH 7.0 7.5 7.3 7.2

In this experiment, the system indicated that biogas
production rate increased with OLR increased. However,

COD treatment efficiency

decreased  with

OLD

increased. For all experiment conditions. the average of
biogas production rate was 340 ml/d.

600

500

400

300

200

100

Biogas Production {(mlsd)

0

Time (days)

a)

—+—methane —#-Carbon dioxide

Biogas Content (")

Time (days)

b)

Fig. 3. Performance of the reactor showing a) biogas
production rate and b) Biogas content from AFFR
treating rubber industrial wastewater under different

organic loading rate.



4. CONCLUSIONS

The experimental results show that concentrate latex
wastewater with high organic was effectively treated by
AFFR under different organic loading rates. In this
study, highest average COD efficiency was 86.8% at an
organic loading rate (OLR) of 1.5 keCOD/m*/d and
hydraulic retention time (HRT) of 9.3 days. However,
increasing the OLR was added organics as a substrate of
microorganisim causing the digestion and resulting in the
increasing of biogas production. Therefore, the highest
biogas production rate of 525 ml/d and 87.6% of
methane content were also obtained at the highest OLR
(6 kgCOD/m3/d).
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