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Abstract

Project Code : MRG5480095

Project Title : Efficiency enhancement of biological hydrogen production from

agro-food industrial wastewater by using synthetic media

Investigator : Assistant Professor Dr.Jaruwan Wongthanate

Faculty of Environment and Resource Studies, Mahidol University
E-mail Address : jaruwan.won@mabhidol.ac.th

Project Period : 15 June 2011 — 14 June 2013

The objectives of this research were to 1) study the feasibility of biological hydrogen
production form agro-food industrial wastewater (fruit juice, coconut milk, starch and noodle) by using
a batch test in dark condition 2) study the optimum of environmental conditions (initial pH 4.5-7.0;
mesophilic temperature and thermophilic temperature) 3) study the type and shape of synthetic
media for efficiency enhancement of biological hydrogen production from wastewater and 4) study
the morphology of biofilm on synthetic media in system for the highest biological hydrogen
production from wastewater. The results of study revealed that the highest cumulative hydrogen
production (183.51 ml H,/I wastewater) could be observed from noodle wastewater. The optimal
environmentas factors on biological hydrogen production were an initial pH at 6.5 and thermophilic
temperature at (55 £ 1°C). Also, synthetic hydrophilic media of ball shape in the ratio of volume of
synthetic media to wastewater at 5% (V/V) could be enhanced the efficiency of biological hydrogen
production from wastewater. When the batch test of noodle wastewater was conducted in
fermenative process under the further data of optimal environmental factors, the extra results showed
that the highest biological hydrogen production applied by synthetic hydrophilic media of ball shape
was about 1,256.50 ml H,/ | wastewater (5% V/V PE Ball). It was a two-fold increase of cumulative
hydrogen production in a control group (676.53 ml H,/| wastewater). In addition, morphology of
microorgamism on the synthetic media (Biofilm) was observed by a scanning electron microscope. It
found that microorgamism were the rod shape and gathered into group on the synthetic hydrophilic
media of ball shape. Furthermore, the trend of pH profile was decrased until 4.0 and the percentage
of COD removal was 43.75 as well as production of volative fatty acid was detected in the majority of

acetic acid and butyric acid, respectively.

Keywords: Agro-food industrial wastewater; batch test; cumulative hydrogen production;

synthetic hydrophilic media of ball shape; morphology of miroogramism.
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(1) mw‘%waoqﬁuw?ﬁuuﬁwamaﬁaﬁr‘hé’wmﬂ 10,000 1¥i1 vadanaLns 1 lulasiuas

ANBULNNFUFIWINGNVBINIATIRRUNTTURIRMNaIFIATzATiaNTaLEN 41
JUUMIUNANAENADIIANTIARBIANATUILLFBINTIA:
(M) FUINUAZIWIAVBIWUWIUND UZ

(1) ms@l?waoﬁ;ﬁuﬂ%ﬁuuﬁwamaLm’mﬂmaﬁr‘i’m‘"ammm 5,000 i1 VaIRLNALNS 5 lulasiuas
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;3’ a 1 &V [} (24 g &V
IUUIITn an1sUaadaasdoiSeunszan 13u Ao luassaanbad (N,O) Ao

ariuaulasanlad (CO,)Mmilinu (CH,) uazimTaunszandug gruusssnma vinlslan
lignsninmaugs defiawandansidasuudlasgningiiennia (Climate change) uaz
gn1zlansan (Global warming) 1UsznaununIsIAANUfALLTaIANNTBAINIIAITUNEIINL
AIUMILA LU n N wRILIAF o LAz LRRINA I WNaaTan inRazraaasth (Das and
Veziroglu, 2001) indudasnaumidvninaluladlunisniansssuainundalng 7'l
AaldiiauafuasiduliasnuRIuiaaay (Environmentally friendly energy production) tiNald
! [ A o A oA A A < A A A

ULASINRINUNALNUATBNRIN WL EENagITUTz AN T waz e En Tedszinalnediadin
RS nan¥aINITVLRZ AN IR WINANAANIINTINEATa NI B LN LN LTAANNEINITD
lunruwdidunmaassgialudnsmzrasniagaannisuinsaTlizinne1ms (§unau
AMAZNITNNMINAUINITLATEHINIURTFIANWAITIA, 2553) AIRURINFINITDUNIVBIRLNLAAN
NITUIUMIHAAVBINARATWNTINNBATUIZIANEIWTT 1w duFpandszygndldiduiagfu
AIFWLUNITWABIHAANRI I nFzaNaa e aluladadnsitouaz ldsudan 13w nInaaine
lalasiaudimwannaeads uwazshuWARILDUNEINULTaRLTalNRS (Fuel cell) lnauaale

2 A, A A A

Fenadusasnvinaulaadneds
mMIndamslalasiaudinwannnsinvedfedunIsninae N991NNITLIRMIHR AV
DARIANITNLNWATUIZLANDINNT LTh ﬁﬂLﬁﬂﬁnﬂINmuuﬂigﬂmmwiwe] (13991%
uissluduznas nzfl uazihwald 9a9) lasidsuudaslfiienisldUszlomtlugduuuaunas
n' 1 1 g |AI ke 1 o a 23 é a
WayadununTldesigiiniadan 1w maiininiamolalasian (Hy) Selqmuaudd
Duawds wiathandszgndlfiduisadisonds (Fuel cell) fodndunainuszanauas
Wulasdefininges (Maddy et al., 2003) °1hﬂamﬂﬂsﬂﬁiaﬂvlaiﬂiﬂﬁi‘uaugﬁaLn@lﬁammu
ANIHAARITTINIW (Biogas) Va3 wiliny (CH,) lauHIUATZUIRNNTHEN (Fermentation

A2 | A . 9 @ A . . .
process) Fodusunitsvaintzuiwnsteasaansuuulaltaangian (Anaerobic digestion
Qdd’ [}
process) uaztduisf laigaen

asnwnalinInfaiilalasiauaniufoveinszuiuniningaannITaIN ¥
v a v a 1 a J v
UsziAneanniIaenIzuInmMIninmatinwuuulseandauuaz ludussannisaiiatule
athafilzantnaw dududesardoanuianudilaluisasdnonmueessfiaasanniaidu
fkdngizuy deadbaninuiadendis g Nlkadanszuaumindaiialalasiaudininuaz
nIdszyndliiaganavaivayuldiianndaiiolalasaudinwlu dsuasiiegsdu
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Q‘.‘: .i’ 2 a aaa a 23 a a A 6 &
saumﬂavlﬂluLuaa@]umaaﬂ15Lﬂ@ﬂgnsmslumswammﬂﬂmmummwmngaumisl FIaz1Tn
ﬂTﬂHaﬁmwwaﬁw"lﬂ;jmsw"’@umaaﬂLmumswﬁmﬁwvl,aimmu%’;mwmnmLﬁwaoﬂszmum‘s

Nﬁ@q@mﬁmmmﬂmﬂs:mﬂmmﬂm:umﬁal,ﬁao (Continuous system) atn3dUszEnsaw
o'l
IaniszasAvalasins
1. iadnsenudullldvasnmandainolalanawnnindevasnizuiwmnga

ARANIINNBATUIUANGIMITILNIZLIUMIRINNITINN

2. Wednwanzedanfiminzaudananaairlalanawnnindeuasnssinn
minfagaswnITNinEaIlIziAMaImBnIzLIURM IR ldun denadunse-
AR (Initial pH) uazamnail (Temperature)

3. Lﬁaﬁﬂm%ﬁmaa’i'aoj]@”’ma’mﬁmLﬁ%uﬂszﬁwﬁmwmm§mﬁ"ﬂ%"[ﬁim@uﬂ’1ﬂ1i%§y
PBINTZLIUMINTADARIWNITNNBATUTUNNAAIIFIBNIZLIUMIRINNITINN

4 INDRAMNATIIROUNANAATIAATUIEHININTL LRI TRAINNNIT1 N
(Intermediate products) 2aINIABUNITIZLn e (Volatile fatty acids, VFAs) 2834n1INAaNND
Vl,aiml,aumﬂﬁwLﬁwaamzmummqu@m'ﬂmswmwmﬂs:mwmmwﬁum:mumwsﬁ'ﬂma
I AWAINNHANAATL AT

5. NafnmansmznIFugIwIenfunIdndaimzizganandluszuunaunsanae

ﬁ”ﬂmvlaI@iLau"Lﬁgoq@awﬂﬁﬁLﬁwaam:mumma@aqmmmwLm&mﬂszm‘nmmiﬁw

NTEUIBNIRUNNITININ

2OULVAVDINITAVE
=2 < X =2 a o a . v a wva

M3Ans1asIdLdun1I@n 139815 9nanay (Experimental research) luwaslfiAnns
Inmaas Immiﬁ’]ﬁnLﬁwaamzmummﬁ@q@ammmmumﬂi:m'ﬂmmma:
NNazNanYaILFEINIZUUTNUATBILRY L°1T’]ﬁﬂiz‘U’Juﬂ’]i‘H&TﬂLLUUVL%/EI’m’]ﬂLLava%jﬁLLﬁGI@El

o a a 1 a a 6 dll a 123 ! =

mﬂm;aumsﬂummaﬂamﬂmsaumﬂLwawa@mﬂﬂmwummw lagfiaauiaany
Anwn3TaToUARUAILAE

1. @T’Jﬂii’]dﬁ’]Lﬁﬂﬂﬁﬂiiddﬁ%ﬂq@]ﬁ’]%ﬂii&lLm:}@lillizm‘ﬂEl’]%’]iﬁ@ﬁﬂ%lﬂ%ﬂl@]ﬂ%&lm“ﬂa
5 wiid (139U AAUNA TIT1UIN 2 Wi Iiamuuﬂsgﬂmw%a T39uauunyinanuds uas
Tssmdundl) Lazninaznauwuadldoainndnan lsanmeavesszuuitevadouuulsonna
INALNAUATUUNYT IRTaUUNYI

2. AIUANENNZWIARBNTBIAANNLTUNIA-6913NE (Initial pH) 4.5 — 7.0 mele
amwaqmﬁnuﬁuuuﬁisﬁﬂﬁf] (Mesophilic condition) (35 + 1 ‘) WRZEN TN AN TULL
wasluRAn (Thermophilic condition) (55 + 1 °x) lun1nasasiae
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3. ﬁioLa‘%umiw§<ﬂﬁ”’16§"l,aiml,w%’smwmﬂﬁﬁLﬁwaaI‘samuq@mmﬁumwmﬂs:mw
mmﬂ@ﬂl*’ﬁ’ﬁ”ﬁ@;@?’;ﬂanéﬁﬁl,ﬂﬁ:ﬁ (Synthetic media) ﬁﬁgﬂmatﬂmum’mﬂma 2 7llafa 19
fanansaILaTIEHIiafinausin (Hydrophiic  media) LLﬂ:'fﬂ@;@”’mmaﬁame:ﬁmﬁ@
Alaiwousin (Hydrophobic media) lué'@mumaaﬂ%mmmaoi’aqﬁ‘mawé’aLm’]:ﬁ@iaﬁuﬁm
(Volume of media/Volume of waste waster) ﬁ 0-6%

4. ﬁﬂmé’ﬂumzmaé'mg'm%mmaaa;ﬁuw%‘ﬁﬁ%Lm:’s”a@m”'mmoé'ome:ﬂuizuu
ﬁmmsmN§@|ﬁ"ﬂsﬁ"[aimmu"l@'ﬁgamﬂﬁ’1Lﬁﬂ@”’;ﬂnﬁaoﬁgamiﬂﬁﬁLﬁﬂmammuﬁaamm (Scanning
electron microscope; SEM)

5. HAANNATIVROUNANAATILANT UITHININTLUIRNNTRINNISTIN W BINTABUNSE
I8 (Volatile fatty acids, VFAs) balA nIauadan (Acetic acid) nsadafisn (Butyric acid)
Wa=NIALWIANRA (Propionic acid) mnﬁnﬁﬂmaﬂsamuq@a’mmimmwmﬂszmwmmi

d‘d e
nuanagnNIn

Usslamifianadnaz a3y (Expected results)

1. nudsuwildvrasanudulylduasansmwmsiivesiadunitganne
q@m‘v\mmmwmmﬂi:ﬂqﬂmﬂlﬂumiwﬁ@ﬁ"ﬁsﬁvla‘[mwwfoLﬁuwﬁi‘muazam@iaizuuﬁnﬂ?wm

2. iayjaﬂ%ﬁ'aamwLn@é’auﬁmm:aﬂumﬂﬁuﬂizﬁwﬁmwmaamzmum*mﬁ'nma
Fanmwdansuaamelalasiaunluszuy

3. ﬁ'ﬂUmwmiﬁn‘”a@m”aﬂmasm.h?zqﬂ@ﬂﬁumzmumwu”nma%umwmaammﬁm
elalasiau

4. iagaﬁugmaﬁfua%umiaaﬂLLmJLﬁaa@Tumaaswumswﬁ@lﬁwvlaimwuLLumimﬁaa
(Continuous  system) tiawawnaluladvosnisnaamalalasianldosgsdaiias uazs

s @nTmwag1989in

NUNINITTINITNRATHAWITENI ST D (Literature review)
W20 UHAINAIITHULAZ M INUWINGII WA 20

ﬂ%ﬁ;ﬂ'm%Lwﬁaﬁlﬁ”luiaﬂﬂszmﬁm 80% WNIMNTINANAILTIN URAILTDINEIL AR NG
aznaaly Uszaulmanauaaunasnn i Masssnd wezinufin iunssnunanild
ﬂ"'uagjﬁlavlﬂ Gﬁaﬁag;ashaﬁ‘i’m”@ wam s WRINUNandUTIRIN ITU S Lo midsnanTenude
SIUNARN LT uaﬁummﬂ‘ﬁLﬁ@]ﬁnﬂﬁ”’lsﬁﬁauﬂizﬁm@m6] léun co,, SO,, C,H, adnaliiia
gnzlansou LﬁﬂLLﬂwL?lﬂbnyl"ﬂ?NLmE\NWE\]DN’ML%EJLwﬁd‘ﬁllﬂﬁﬁ]z%wﬂvl,ﬂ F93nTudaImINEIN®
WSS IR TIL T WUARINE I UN AN (Renewable source) s lgInanTENUAaFILIN DY (Das
and Veziroglu, 2001)
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fedes W ltuseloviinatduunadnaddnunauny (Department of Energy, 2006)
LAWRIINWAANBEINTINA lauianIzn1ITInasdwira hun T lndszinalng  wasan

SR A 1 >3 = d! A L= o v A a
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AIWNAIINH LA TN LTI wURRINR I WY FRla 1989l wawIae
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wananwinglalasiaws1urtnin Wt ialasatsluwnisienlund wazgiursod Ul nuiaas
g =) o v ¥ ‘-'-é o v v 4 1 v 09// Qs 1
Wwanwddlalasass ilnlanszualwvhdsmunsainldlsuszlomiauaug daldld Snvsdsla

FINANTENUADRILINRDNAE

WA balATLIN
g lalanaugndunuiduasiusnlas 1aus aauds (Henry Cavendish) Wniadnd
v 4 o A Aa 2 v o
aInniila W.ea. 2319 laganutady innzaudsnassdeRamandssusluTmaaind
mgaulaadluluasszasiidunsadadunair udnfedjisoldmasadunganaanan
s cql' ci a a d'l 23 ni a = o AaaAaa s ai
auidumgnaalndaldluussemednd WefanifennuundnruUjfisonuamazasnidu
nmgmm%ﬂﬁmm?@uuﬁa ﬁaﬁvl,d’mumLﬁwnaommLLazLﬁaﬁwmiﬁgaﬁmQ@”\‘ma'nwud’]
¥ a nf 1 =3 IOQII 4 (23 g 0 1 1 ) a 1
da  uIgnd amavb‘ﬂmuqﬂﬂaﬁm%ammmnmnw Nalasiaw Mdlsaands weidn
I o< o o A . . . s o
Bl HTIAaAe 89AI% 887898 a133GLS (Antoine Laurent Lavoisier) 94¥iNnN3
= s ci a d'l a “ & o qzn' Ada o ' qz”
nasasuuuidsInunawudnided we. 2328 lavion “‘e1maderiliaddiadiseagle
1 =Y é =Y Y, 1 v =Y
1 “aandaw’  wazisun “‘emadsdalnla” 91 “lalasian’ I@Uh@gmauﬁamiWMmad
23 a 1 v v 2’ 2’ a n€ v 095 { QI
faodinanudlang < da ihuIgnfeanunanmaningd lasasTamunmsininuasd
Aeuwulnainmeinonmaasuazinalulaiin “Hydrogen” dudnin laaas (Hydro) lunimsn3n
1 2’ o 1 v 1 a v 3 1 o s
uladn W uazdrderiofe “‘gene’ udad iieanwisgnatieiulas dudlunmsidingy
a \ A o ¥ X v Ao @ €A P 'Y
Fond lalasiau (Hydrogen) dusgiaansnasiahduanle ddganwoide H Sihmin
8zAaa 1.00794 g/mol ANABNLAAIAANY 259.1 4 C Jaifea Aaau 252.87 C uaz
ANuRwILUL 0.08988 gl Wudonluds lifndu wazlufss azaoilédesunn
g o Aa & A A A v = = & = P
waniniididumneniezaovumaidniga wleunldiiuades 7 luddewdl m annndvas
(3 [ . ) = Rt U oA @ a ady a é/
wazidudInINaI9U (Energy carrier) (wdnnylWvhdadunasinundondndesgnuiadu
g @ § { o & '
uaﬂmnﬁvlaimmumLﬂum@;ﬁﬁmnﬁq@lmma’m ﬁmiaﬂﬁm@ﬂﬂmmuﬂzﬂuaglu
TWUITLINAUIEND 3% 'm@q]vl,aiml,ﬁmu”ﬂ"l&iagjazhoszl,wia:agjmun"’um@;ﬁmﬁ@Lﬂu
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Uagtiudninialalasiauiszanas 400,000 §m§ﬂmﬂﬁmmﬁ'ﬂaﬂ wIatvzume
10% lafisuiunndatiaislaniul wa. 2542 lalasusulnggnldiduiagdumaad
Lﬁamswﬁmﬁuﬁ’ms:quﬂu,awhlLﬁﬂ mstlunsiinlalasian (Hydrogen) Tusindudnsy
MIUSINA 1T TNBDAREDY WNwlan NUOERRY wazinauwTIne wdw wazniIvia

=3 [ d' o a bt 6 1 a o
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NITUARNITHAANAILalaTIan
a (274 n:“f a =< o &
nsuaamlalasieunarnaawies1nana1ussW
ﬁ”ﬂsﬁvl,aimmuﬁw§mﬁ'al°ﬁluq@afmnﬁmﬂﬁ I@mqmamnﬁwm@ﬂﬁﬂwﬁmﬁ”w
a dl [ [ = o Aada o aan 1 6
rrsuTIanIadunasananandiusiwlasdtnsind fisersznivarsialasasuan
(Hydrocarbon) n”uﬁ’flugﬂvlaﬁﬂ@ﬂmﬁ'ﬂwé'omumw%”au (Steam reforming) SIUNANKG
gavhuflafa foaniveulasanloduazislalasian (Hawkes et al., 2002) MINAAGIBITH
' v a A A o & a ' o & &
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mﬂﬂi:muiuﬂ%mmga LLazﬁaﬁaal%wé'aaﬁuﬂ’sﬁw%augamﬂmf’] 210°C wana N
' [ A o Y ' o A o @ o
LARINAINWNIINN LTI T WA RINR I LT LR N A A28
&
nsuaanizlalasioulagisaianinslasa (Electrolysis)
ada qu, 6V 6V a 3’ v & n& =) 0“//
A Tazuenfidlalasianiaziigmaandianaanainiilaslinszug iy Gadan
alanlniasa (Electrode) 2 2708 23U7N (Positive electrode) LRZTINL (Negative electrode)
rnsdundidninsaluialadavldidunanslasdumdwandianlaladt (Electrolyte) 1ou
luesGonlaasanlad (KOH) lodonlaasenlad (NaOH) nIansagafisn (H,SO0,) adhd
A a =) a o Qo =)
Felalasiandoannazaandlandaanazuanalaanainns  laglalasiandasnuinaz hlinie
1780 §uaandiandaanavaz lUinnzAvIuIn (Hawkes et al., 2002) wananiklun13vin
SLﬁﬂivaas'ﬁaﬁauHsrﬁﬁaalﬁm:LLavl,wwmszmm 90 NlaIaduazsINIIDNAAN LalaTLah ber
6 & a 23 Qddq, v 1a &V dl K2 £%
28 QnuIAMuGT ﬁmmswa@1msﬁvlaimwmﬁmﬂﬁﬂimmmﬂﬂmwuﬂga uaaagld
% v & v o 1 a 1 o v a 23 £ a A«
nazus vhgadadsdashannnunamainudi g dldnaniafolalasaudinisabn
A K £ 1A 1 ndd‘w 1
Imvl,asﬁaﬁmm"l,maa’nﬁquwm
A a S ¢
nszuawmsuanlalasionlaggdunie
mswﬁmﬁwﬂﬂmwﬂmmg§uw%‘§ﬁmﬂumsw§@ﬁﬁﬁmgﬂLLazaTammmmLmdm‘"@qﬁu
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(Department of Energy, 2006)
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sU 2 mswaafmzlalasulasadunidngaeis 9
(Kotary and Das, 2008)

m3lvuganasilunisnaa lalasiau (Direct biophotolysis)

AIHAARNDT lalasianaadnTzuInm ANy lalua1nssauiatan (Microalgae)  L3%
\ a a ! a a ¥ a o A A =
R donazarefidoiunuinEgy  lagandognnznduainazieontodlalasdiug
& =) (23 4 Qs %
(Hydrogenase) G93znaamolalasian lasnsilfuuannwasanwuwas Ui duwasanuniaad
A o A [ i A
AMSHAAMD T laTLAIRLTNINNATEUIRANTHILATIZAUES (photosynthesis) G948 2 TeUU Ap
photosystem | (PSI) Wz photosystem Il (PSII) lag PSIl azganasnuussrilnladidnasau
\ v o v oaw o ) a N = { &
wazdslldsdrsudianaseundigarineda iWaIaandu (ferredoxin) Faiduldsduniiimanidu
6 a 09: a a v A« s =3 a o e
890 U5znau nasanuuaIaanduazinedianasenlugadn ol lalasdwmalasadawas9nuain
PSI Niganasauuadld dau PSIl azvmaueniinle 2 ldsaseuuazfiweandian  draudeun
= a A o A& A A o
W lmiilalasdumsazndanielalasiananllsaseuuasdianasan disnansandanislalasian
1aludSunmuén (Benemann, 1997)
m3lvuganivdanlunisudaiiwlalasian (Indirect biophotolysis)

nevawmsnaaielalasiaulasdsiidumsiaiyidulalagandeussnad Cyanobacteria
las¥innnsLasaLiavane Cyanobacteria wadtin lunanluan nlsiuas Cyanobacteria 3z&314

A \ . a o v o o {
nalaadsazatilugdinalalusdu (Glycoprotein) vFimwiIvawas  udvhmmdnidiou
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nalasldiduinalalasaulasidwloflalasdiua (Hydrogenase) (Levin et al., 2004) 1N
A3ANB18Y Markov LAz A DAY (1997) WU Cyanobacterium anabaena variabilis R1U1INNAA
frarlalastawle 12.5 mi Hyvinmsinvasimasuwsls 1 5alus Aanuidunss 45-55 ymolim” uas
170-180 umol/im” Lwimzmumsf:ﬂ”oagﬂuﬂfumaaaLLazmiw"'@umﬁ fnndosltinalulailumania
imadrhlidunuiinangs

nmndarelalasiaulagnisnainluaniicluas (Photo-fermentation)

wuafiSpavemziuaf ldsunstruannuaslumaasyduladon sy Ao ung s
Vl,ﬂLﬂuwé’amumamﬁ%mﬁﬂﬂugﬂ Adenosine Triphosphate (ATP) laanszuaunalnlanaalwsiadu
(Photophosphorylation) daantaadazinier ATP Atdadwluldlunssuiunssanneiasans
Fodussddsznovaiaasaaly I@ﬂLLUﬂﬁL%’Uﬂ@;uﬁLﬂuaaImImﬂ (Autotroph) 2z L4
asuanlaaanloaiduunainrivanlunisiaiauuulnlasalalnsd (Photoautotroph) e
néwﬁnﬂmamaﬂﬂmﬂ (Heterotroph) zld®1sdvznavdunididuwunasansvanlunsiaiey
wuulnlatanaslsinsy (Photoheterotroph) LuafilSa&ILATIEHLFIITEIAITL laaan Lot
Tolwaad udnddswldanuipganaaiu (Caivin cyde) dwmwmeldmuasyuuulnlammnasls
Tn31) (Photoheterotroph) wuafisadsaziuas azlfouudasanslsznaudunssursofiialuid
(pathway) AfmaasuuasiuandsnudwiusiauesssUssnaubunadii 9 (Levin et al.,
2004)

NNITANBIVDY Segers WAz Verstraete (1983) 31837%I1 Rhodopseudomas
capsulate, Rhodospirillum rubrum W8 Rhodomicrobium vannielii &1 Y150 lEnIanaadn (Lactic
acid) NIABEAN (Acetic acid) waznsadIfi3n (Butyric acid) lunsasmnalalasiaunas
frmanfuanlasenlodausasnisnaa 100-926 ml Hyliday uaziilaiwnziassnieldannzid
lulasiauazlimanda lagedis 760 mi Hfliday
nyzuIunIInaawadsu lalasiaulagdsnisvanluaniae lalvuas (Dark- fermentation)

L 1 ¥ = aaa o a g &
mzmumwmluamaﬂwlmmauﬂgﬂsmmﬂ 9 INaY% 2  IWaaw (Two phase

anaerobic process: TPAP) Ao NITUIUNIINAANTA (Acidogenesis) WRZNIZUIBNITHAAN NG

&V =

. = ' & ¥ a v & &v
(Methanogenesis) SN WUINNIEUIBNIINIRDY Beunsonda lanamadinuuaziolalasian

]
=

a ' a 23 a A 6 o dydl
I@]UwﬂizmummamJaamma@m*nﬁ"LaI@maumnansauma (‘5‘1_]7] 3) AInAd

u

N32UIUNI LalaT bada (Hydrolysis)

lalavlagadunszuaumadasuansluananfowalng wiu ldsdu daa uae
o o = ' A o 4 & ¥ a
Taain 1%ag‘lugﬂmaamﬂmaqammmaﬂ LT NIAas L ﬂ@Iﬂa NI laN® SITuaanilia
MUUWANLTAE LALLAW LTNYDILLATILTE

NIZUIUNIIRININTA (Acidogenesis)

a [ e o & a A v o o A a C
Nammmﬂ@mnmu@aumngﬂLLUﬂ‘nmeanaﬁoﬂwm’lvlﬂlmwawa@ﬂmvlwmzmal

318 (Volatile Fatty Acid: VFA) 1WInn3aa8@n (Acetic acid) n3alwiiladin (Propionic acid)
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a a . . = a Aeda o C ° = 6 '
waznsadani3n (Butyric acid) TatdwnIadwnId um%uﬂIuLaqamLLa: dasuanazaad i
L% 5 67

n3zUInNIE lalasianliaznInazddn (Acetogensis)

m@"l,ml”uﬁszmm’wmnﬂm:muﬂﬁa%"wﬂ‘sm:gﬂLmﬂﬁt‘%‘mﬂﬁﬂmﬂum@a:sﬁaﬂ (Acetic
acid) n3awasin (Formic acid) moasuaunlasanlsod (CO,) waziowlalasian  (Hy)
msmﬁymﬂum@a:%ﬁnfﬁugﬂ@‘i'n,ﬁumﬂ@ﬂﬂ&juqﬁuw%‘ﬂﬂwazéﬁm?}ﬁﬂ (Homoacetogenic
bacteria) Nl laf1warsuanlasanloduaziialalasian dnsuuuaiitsodulnifdn
(Syntrophic bacteria) fm:mﬁ'ﬂum@hﬁuﬁszmﬂdﬁmﬂum@azsﬁﬁﬂ (Acetic acid) Waznnw
lalasiaw (Maller, 2003)

NITUIBANTRINIULNY (Methanogenesis)

ninazfdn (Acetic acid) fMawlalasiau (Hy) usziwarsuaulasanlod (CO,) axgn
uwuAfiFoaiallinu (Methanogenesis  bacteria) l¥a3s19fimilinu uuafiiiongunasieiiiny
ﬁw”dﬂiiuazsﬁiﬂﬂaﬁﬁaﬂLLaxﬂijuvlaiﬂiﬁiquiﬂﬂ (Acetoclastic/hydrogenotrophic methanogen)
lansmaiinuiazioarivenlasenleq (Garcia, 2000) HINAUWARIVDI IULATALRZTALNG
sannifauanluilsuazislalanaudalWdld laonguuuafiFsluasaidiGouazdama
38199 (Nitrate-reducing bacteria & Sulfate-reducing bacteria) §IBIUAUNITEDLRANEY

a A L % A a A [ a A A 6
gsdunidlasmananiuannzlsonnia waniiaannszuiunisie Madrnwdsdesddsenay
YIMBHN
e a = ] v a nidtv a 23 dll
mandnlasdunidluanzldlfusadummdnnddannsnfaiolalasiaugaule

= a o a 23 aad A
LﬂiUfUL‘YlEJ?IJﬂfIJﬂit‘LI'J%ﬂ'ﬁNﬂ@lﬂ']‘ﬂfeﬂ@ﬂ"ﬂ%l@SJ’Jﬁa‘H g (AN 1)
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Organic matter

Hydrolytic bactena

Monomeric molecules

Acidogenic bacteria (fermentation)

A

Organic
acids

Syntrophic bactenia
A ]
el H:/ CO > Acetat
.1 Ry p—p r——- cetate
NO: 2 . Homoacetogenic
. Sulfate reducers or 7. bacteria
“YNitrate reducers - 2%
BN 7 N
'\. .', -\-
ﬁ‘ Hydrogenotrophic N, Acetoclastic
i Methanogens \-.\ Methanogens
HS ~ 3 .
CH4/CO:; R » H:- consuming reactions
NH:

311 3 Lmugﬁuamii’umaumsaiaﬂaaﬁﬂaﬁsaun’%ﬂiﬂﬂuuwﬁﬁsamaﬂ%’mnm

(Valdez-Vazquez and Poggi-Varaldo, 2009)
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d. L= S a 24 IS
MN139N 1 Llﬁﬂ\‘lﬂ'ﬁlﬂiﬂ‘uL‘YIEl‘.lJﬂ']iNaGlﬂ']“ﬁlﬂfﬂilﬁ)%l.ﬂHﬂi&ﬂ?%ﬂ']iﬂ']\‘l%']ﬂ'lw

Process Avantages Representative Organism Maximum References
report rate

(mmol H,/I/hr)

Direct biophotolysis Can produce H2 from directly from water Chlamydomonas reinhardtii 0.07 Levin et.al., 2004
and sunlight Solar conversion energy Mahyudin et.al., 1997

increased by tenfold as compared to trees, crops

Indirect biophotolysis Can produce H2 from water Has the ability Anabaena variabilis 0.36 Tanisho et.al., 1998
to fix N2 from atmosphere Kataoka et.al., 1997
Photo fermentation A wide spectral light energy can be used by these bacteria Rhodobacter spheroides 0.16 Mizuno et.al., 2000

Can use different waste materials like distillery effluents, waste, etc.
Dark fermentation It can produce H2 all day long without light Enterobacter cloacae DM 11 75.6 Hussy et.al., 2003
A variety of carbon sources can be used as substrates Clostridium ap. Strain NO. 2 64.5 Lay et.al., 2000
It produces valuable metabolites such as butyric, lactic
and acetic acid as by products

It is anaerobic process, so there is no O2 limitation problem

Two-stage Stoichiomettric yield of 12 mol H2 per mol hexose Enterobacter cloacae DM 11 + 51.2 Lin and Chang, 1999
fermentation represents the ultimate target for biohydrogen Rhodobacter sphaeroides OU 001
(dark + photo) Mixed microbial flora + 47.92 Kumar and Das, 2000

Rhodobacter sphaeroides OU 001

(fw:  Kotay and Das, 2008)
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nalansinamzlalasienluaszuivnsusinlwaniazalauay
nsndairlalasenezsuduiinszuawmandnluaniaz laldues ﬁnﬂm‘ﬂmaqalﬁm
v ngles  nIaludi nimezllu azdhgifives Embden-Meyerhof  w3adfilnalalads
mﬂﬂgiﬂmﬂﬁﬂmﬂu glucose-6-phosphate  lazijATuwWaawasiath  (Phosphorylation)
aum:ﬁiﬁLﬂﬁlmu"l,mﬂum@"lwﬁn (Pyruvic  acid) mmfngﬂﬁum%yjm{uané?aaaﬂ
(Decarboxylation) lagiawlaiieanagad (Alcohol dehydrogenase) uaziiawlodlalasdiue
(hydrogenase) 1uaat39UN587 wazdl NADH (Nicotinamide adenine dinucleotide) Ltilu
lo-taulosd (Co-enzyme) lawas NADH  9:gn Feredoxin wutinemandidaasauldgiowlssd
Vl,aimﬁl,uaﬁl,ﬂuﬁ'ﬁ'uﬁLﬁﬂmau@ﬁq@ﬁﬁnﬁﬂﬁl,ﬁ@wﬁmﬁ"’]aﬁ"lﬂmwu (gﬂﬁ' 4)
fnsumafafialalasawdwiaiusidrgaroiduninesBan (Acetic acid) vzld
folalasiauis 4 Tuiana @M 2) wadudunsadmndn Butyric acid)  azfafie
lalasiaumdss 2 luana (M7 1) @”amfuwawﬁmq@ﬁwﬂﬁﬂ@?ﬂi@azs‘ﬁam:mmmwﬁmﬁﬁsﬁ

lalasanldunniiga (Hawkes et al., 2002)

Glucose —» 2H, + butyrate +2CO, (1)

Glucose —————» 4H, + 2acetate +2C0O, (2)

> 3 3 2/ o > o ) ¥
fovaiiiagldasnunisnaanadlalasionlaanmsnsinluaniizlalauas
A o A da a a ae . X o ¥ oo
msuaafnglalasiawainveafendUsuimsrsdunididuswdszney dunudads
v v 1 & &~ Qs { o s 1 [} U 1
NUNAUTNMNIAF DN § TITnladpNdadanIzuIvNIT 1T @10NLdwNTa-619 (pH)
amannil (Temperature)  WAWAANFILATIZRLAIINNTzUINALINIUTUNATY (Intermediate
products) UL ANVBIRITONRITAIAWA LT I UNTLUIWAITANN (Types of substrate) Las
ANNTNTUVIFTBUNTTIZIRLdN (Volatile solid concentration) Ludn udznaIaTUiNe
vvilvsndenudsaydansnaaielalasianannszuinmaniniiig1dasnunisin w1198
wd

v @
%

v A =
AU AIUAD
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Gluoose Penlose

l

Gilucose-6F Paose-P

Fruckose.6.P

Q) Gliuchm‘\\k:J:P

|

(2) Pyruvirte

Acetate e L QAL COA - - - = 4 Ethanol
-~ ~ '
~ ’
€0, e ’
~So 7
Acetone < -- = D= = = Accioaetyl-O0A
7% )
’ \
z A - R that pred
’ ‘\ during the acidogenic phase
I’ \ G, the solventogenic phise
/ \ v = or bath (=) of
/ 1 carbohydrate fermentation.
4 \
’ \
/ \
1 v Y
: ¥
Butyrate < e Butyryl-CoA = — 9 = = % Butanol

gﬂﬁ 4 wanpiugasnalnnsinatalaswlagdismsuanluaniazlalyuas

(Jones and Woods, 1986)
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AR THNIA-A19

NMIANBVES Davila-Vazquez WazAmhe (2008) WU @1anNidunIa-a1d (pH)
Aflendnann  fnademssudaawloilalasiiua (Hydrogenase) luszuy vl lisansonsa
falalasawldanmsaneidinasgwia 6 pH Sudu (initial pH) ﬁ'mm:awmsag
14719 5.0-6.5 uazmMILUaLuA pH lﬁgﬁu%%aa@aoﬁnﬂ@hﬁmm:au v lAUs=ansnn
mIndamalalasiauanadlszana 20% (Fang et al., 2006 ; Mu Y, 2006 ; Gadhamshetty,
2000) e pH Uszanm 4.5 Aorudugnmimanzanlunsdives thermophilic culture (Shin
et. al., 2004) WONINHNIANWIVEI Van Ginkel WA (2001) 5371891%31 Fanudu
n3A-eN9BNEH (nitial pH) 71 55 udnnunzaulunsuaaiolalasawasinguain
1599MUNAND19NT FIREAARDINUNANMIAN®IU09 Gottwald and Gottschalk (1985) N15n17lE
ngiﬂmﬂumwg\aﬁu wananissdnsenmRudnin 61 pH Budulunszuinnsneinssd
dndwadaszuzmsliuaivasafunid (Lag phase) fndamolalasiaudis lagwuindr pH
4.0-45 Hnavilszozinanaliudizesdunidgandtund (Liu and Shen, 2004; Khanal et.
al., 2004) uazazaaadLlesn pH agfiulszanm 9.0 (Zhang et. al., 2003)

amuaN

panpiifinadanisdonanidunid  danmandefalalasiau mndadolalasiau
NITLIWNTLNANLBRTUVBILLATLTY wazn1TaiLdulavaduuaiitss (Mu et al., 2006)
Lumuaﬁs?jmmﬁuﬂ?ﬁﬁmwLL@]ﬂ@hdﬂ”ﬂ%LL@iﬂx"ﬁNqm%nﬂﬁ%uagjﬁ'uamwLn(ﬂé’awaoi:uu
v‘iﬂﬁmqmﬁgﬁﬁmmmuﬁmwLL@m@i’mn‘”uVLﬂ nsAnsITunisldgisgunniives
Mesophilic range (30 -37 °C) uazmifinsiduunsitdniaiuquliaglugisgmnnives
Thermophilic range (50-60 oC) (Nielsen et. al., 2001; Ueno et. al., 1996; Palazzi et. al., 2000;
Yu et. al., 2002) muﬁa‘*ﬁmqmﬁgﬁﬂ”ﬂﬂmawﬁmmﬁ (Lin and Change, 2004) &% 13087
T mandamalslasanuazmsdesaasassmsanmsassuaansoialamndn dafinng
Lﬁmm‘“waaqm%gﬁuazaglumaqmﬂgﬁmaa Thermophilic range (50-60 °C) &I1n13ANEN
284 Wang tazWan (2008) 31891%737 qm%nﬂﬁﬁmmzawagﬁ 40°c  vihldiAanmsuaanne
lalavanldUSinmgegadszanm 2751 ml Hy/g glucose

ANAINT NI WY DIAAN
nyzuaunsnaalalasiawisdosnuswladlalassiua (Hydrogenase) lagdwlas

lalasSiwalinaniduasdiiznoy  Javilaranudutwusanandswdsraylunisndaies
lalasian  nNanIsAN®I89 Zhang WAz Shen (2006) WU ANANNTUTUVEILAAN 200
Jaantudafasvednandalne (FeSO,) mmsnNﬁmﬁ"ﬂéﬁvlaimmuvlﬁﬁmmqaq@mﬂ 371.7
ml H, ﬁqmﬁgﬁ 35°C
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ao d 4 k3
WRITWENLNIYBY

falalastanmusandadnldanraisdieienu 493EmINEasIEnNITUINRENINAG
Fanmuuul$eonGananvenfedunididunitanaluladilsendauazdniugsin
(Benemann, 1996) lagdins@nwndspirinuunlassawin msuaafnalalasiawan indad
fasdunididusindzneudsnszuiumsnainuuulSenmauas laiduas(Fermentative process
and dark condition) @atwNINARILDLAINAIEATIATII (Batch test) lugnwidafiLos
(pH) 6 LLazag;mafléTamwqmwnﬂﬁmaamsmmﬂﬂ”ﬂﬂﬁﬂi:mm 24-25 °C wuin Mo'lalasian
AAeduannsaswulasvesindsannszuiumsniavesnaasmsineiis (COD 9 gL
uazNwEUznag (COD 21 glL) ﬁmiwﬁ@lagﬁﬂs:mm 0.7-0.9 L-H,/L-wastewater Laz 2.1-2.8 L-
H,/L-wastewater TJ&J501{’]Lﬁﬂﬁ]’mﬂizﬂ’suﬂ’]iwﬁ@lgﬂﬂ’n@ (COD 0.6-20 g/L) AU3u1a3n1InEa
19 0.1-2.0 L-H,/L-wastewater W@ ln19a5InuIIuwLn mmﬁ@]ﬁ"wvl,aimmumﬂﬁﬁLﬁg"gwu
Aadulul3unasitasunifies 0.01 L-H,/L-wastewater (Van Ginkel et al., 2005) wananis il
myenwdssrasnisuaamslalasouiitiaduaniil ovesnszuIunIsHEABIRITIINAN
Sfyi® (COD 8.92 g/L) G9fiUSuNa389 0.21 L-H,/L-wastewater (Oh and Logan, 2005) &3un13
naamolalasiaunisiinwanindevasnszuiunsndalifaindin (CoD 34 gll)
ﬂ”@ﬂﬁﬂﬁtmuuﬂmfu (Upflow reactor) lugnmwifienfites (pH) 5.5 uazgunnd 55 °C i
HaHAalalaTiau (Hydrogen yield) aglunadilszanms 1.37-2.14 mol/mol-hexose (Yu et al.,
2002) wananiimsuaalalasiaunisdrnmanindoidudisiatls (9.2-36.6 glL) 832U
NINARBILUUAIN (Batch test) lugnmwifafies (pH) 6.0 uazamannd 55 °C Hdmania
lalas19% (Hydrogen yield) 1Aaduilszanas 92 mi/ g starch added (Zhang et al., 2003)

aselsfimnumsndainalalesauwaningefidusinmmssunididudndszneussduny
tasmashuanwiansande g sadudassidniiinadenisniafalalasiaudinainday
15 fnanuLIunTa-Aaa I (Initial pH) amwnnil (Temperature) naNAATFILATIZH ldanN
nszuwmanluwnas (Intermediate products) URTRATIENTOMTAISUALEIUNTZLINNT
WNN (Type of substrates) \Ju@w (Fang et al., 2005; Wu et al., 2006) 3nwAnsIaeln
maﬂ%ﬁ]‘”ﬂﬁﬁ%’m”ryﬁmﬁ’ma’mvlﬁiﬁm pH Sudn (Initial pH) MmzgudonInaaiislalasian
mmgﬂmﬁ’a\‘i 5-6 (Fang and Liu, 2002; Khanal et al., 2004; Chen et al., 2001) Waz@1 pH
Uszanm 4.5 dadnduamwiitwanzaulunsdinszuinnsnainuas Thermophilic culture (Shin et
al., 2004) wanNASINUMIENBLRNENENIA pH Budulunszuaunsnaingdaninade
320N IUTUAIV099RUNTE (Lag phase) ndamalalasansndslaonudn 61 pH 4.0-4.5
ﬁwaﬁﬂﬁizuznmmsﬂ%’w‘"’maagﬁuw%ﬁﬂ’nmuﬂdﬁﬂﬂa (Liu and Shen, 2004; Khanal et al.,
2004) wazldirananasidan pH agl;‘ﬁ'ﬂszmm 9.0 (Zhang et al., 2003) FAIUUITHINTNLIAR DY

A& oo A { 3 a 2 v L= [} [
madqmﬁgumﬁuﬁﬂﬂ% BN AnadanINAam T lalasaudIunITUIRINIRANLTUAY (Fang et
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al., 2002; Ueno et al., 2001) L7 msﬁﬂwﬁ?ﬁ'ﬂmﬂﬁmaqm%gﬁmaa Mesophilic range (30-37
°C) LLazmsﬁﬂm%”mmanstﬁﬁmuqulﬁagluﬁaaqmﬁgﬁmaa Thermophilic range (50-60 "C)
(Ueno et al., 1996; Palazzi et al., 2000; Nielsen et al., 2001; Yu et al., 2002) INDIT
qmwnﬂﬁﬁﬁ"lﬂmaamsmmﬂ (20-25 °C) (Lin and Chang, 2004) G'fi!aagﬂ"l:j”’h MINAARNDY
"Laimmmm:mniaﬂamwaamsmmmﬁﬁummmLﬁ@vlﬁga Rudwdefmsinszauvas
QAN LLa:mmsnLﬁ@%ﬂﬁﬁlumaqmﬁgﬁmaa Thermophilic range (50-60 °C)
wonanimsnaainlalasiautinmwaisnssuawmnangs sanIndszyndldiagdinan
ﬂ%ﬁ]’mﬁﬁumaua:ﬁ]’mﬂ'ﬁﬁ'\iLﬂi’lzﬁ"ﬁmﬁa@l%dﬁ]‘ﬁuﬂ%ﬂg (Immobilization cell) (Kumar and Das,
2001) I@]ﬂLa,ww:ﬁgﬁuﬁﬁﬁwﬁmﬁ”’]ﬂﬂmmu (Hydrogen-producing bacteria) Lﬁiaaﬁfuagl,u
Uszansmwnsndamolalasiounsirnmlddlsnandudu anuamsansn3sufnwn
wu*j']ﬁwzomiﬂi:qﬂmﬁlﬂuﬂ'ﬁmaaaLmuﬁam (Batch reactor) waglunidfissndimwiuunyas
n38lna (Fluidized bed bioreactor) I@yl%u”a@;@‘i"mmaﬁé'aLﬂi’]:ﬁmﬂmmamﬁm:ij
8zA3AA AUNND (Acrylic latex) wazdalawn (Silicon) Lﬁa@%gﬁuﬂ%ﬁ%ﬁmﬁ”ﬁf;ﬁvl,aimmusl,u
faUFAsendrnnuuunsaanmelne dldiRanmiaiolalasanainidaifiosuazisan
mMInaam s lalasiau (Hydrogen production rate) 0.93 mi/h/L LRENANAA bTlaTIan (Hydrogen
yield) 2.67 mol H,/mol sucrose (Wu et al., 2002, 2006)
sarmmInaairlalasaniinmwannuesiisaunigensnszuaumsman dnfludasauau
3wu1ﬁag1uamwumﬁauﬁmmzamiammﬁ@ﬁwvl,a‘[mmu LLazmim%@ﬁuﬁffﬁmﬁm
fa'lalastanliuwizgdanasluszuy waansnsAnmansasnmadmgiunuasnguedunisi
naannwlalasiaw (Hydrogen-producing  bacteria) Lﬁaaﬁfuaguﬂizﬁﬂfmwmmﬁ@lﬁ”ﬁéﬁ

= a =} a ] 1 d'l
Vl,aimwu‘mmwvl,@”luﬂsmmga LRz ININRRaENIGaLT

s21d8u757298 (Methodology)
v
1. ﬁﬂi&l”]ﬂ'l']NLfl%Iﬂlﬁ‘ﬂ aam‘mamﬁ"wlafmmumnmLﬁwaan‘szmumswam

?Jq(ﬂﬁ'Wiﬂ‘ii&ll,ﬂ‘]sl'@l‘iﬂ‘i&l,ﬂ‘ﬂa'lﬁ'l‘i

v
1 o

1.1) LﬁmamweﬁamamL?(mrmm:mummﬁmJaaIsaanuqmawwﬂiswLﬂw@li
USTLANBIRITTINIU 5 Wi ﬁ@ﬁagﬂum@ﬂ%umma (ssomimald 2 uvia lysanuudsy
Ve Tsssupnufivinanus LLa:INd’luLéTuﬂﬁ) TudSunm 10 faTdanrd waziAuaasng
mnaznauvadFoansruuitavasdouuulsomalulsunm 5 fas dre3snaiueaetng
RIIEEK (Grab sampling) GldeLam‘lugﬂﬁ 5

1.2) mnﬁms’]zﬁqma‘“ﬂwmzmomﬂm‘wLLa:mﬁﬁLﬁ'mﬁawaaﬁ’nﬁm’mm:mumi
wamaﬂiamuqmmﬁmmmumﬂizm‘ﬂmmsiﬁwmu 5 UWd  WAZNINAZNaWYaILFIINNIZUY
thiavesdsuuyldamatnsdn lagdufinmiinnsimniinesaiiaa pH, COD, BOD,

TKN, TS, TSS, VS Uaz VSS (APHA, 2005)
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1.3) m‘%‘nw”aL%ﬂﬁ;ﬁuﬁﬁﬁmmmNﬁmﬁwvlaimmu lagsmnaznauuadoan
srppthfaidstreduldriiupuinnisanuien (Heattreated process) ﬁ'qmmn‘]ﬁ 100 ‘e
Uszanm 15 wifl Wiasudsuuaiizawanfiuslnalalasian (Hydrogenotrophic bacteria) uaz
faansavatasvasnuanitsouwulildaandian (Spore-forming anaerobic bacteria) (Lee et
al., 1999) LLa:ﬁ’mﬁLgﬂaL%ﬂ@ﬁuﬂ%ﬁaﬁﬂﬂﬁﬂm:nawuaal,ﬁsl Waliduiaganuafisefaunsa
naafarlalasian (Hydrogen producing bacteria) I@mgml,%aﬁ;ﬁuw%ﬁ@hUﬂgiﬂaﬁmﬂmim]'u
20 n./a. luasazaneadanainis (Nutrient stock solution) (msm‘%sm 1 803: 0.5 g NH,CI,
0.25 g KH,POQ,, 0.25 g K,HPO,, 300 mg MgCl,.6H,O, 25 mg FeCl;, 16 mg NiSO,, 25 mg
CaCl,, 11.5 mg ZnCl,, 10.5 mg CoCl,.6H,0, 5 mg CuCl,.2H,0 .8z 15 mg MnCl,.4H,0) (Oh et
al., 2003) luwraumsmarsunm 250 ua. MelanszuiummninuuulseanGianuas llduss
u,az@ﬁLﬁumiﬁ@(mum’;m‘"@ﬂ%mmmmﬁ@ﬁ"ﬁsﬁ%amwLLazﬁ”ﬁsnvl,aImLﬁmnﬂfu

Eﬂﬁ 5 ﬂ’]iLﬁﬂJi']ﬂJT]Nﬁ’lLﬁﬂ’ﬂ’]ﬂﬂSZU?uﬂ’ﬁNﬁ@]ﬂq@]ﬁﬁ‘ﬁﬂ?‘ﬁ\lLﬂ‘]&@]iﬂ?&ﬂ‘ﬂa’]‘ﬁ’]ﬂmz

nMnaznauaadLFeaNIzUUinda SOLI;?EILLUUVL%/S’]T]’]?I
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1.4) ﬁﬂi{mﬁﬂmnﬂszmumswﬁmaﬂiamuq@m%ﬂﬁummsﬂs:mwmmsa‘imm
5 T5997% lud5unm 180 wa.dal599m uaswadauuafisofisnusandaialalasauiiaion
MNNNNATNaUVBILRITI9GRINYSN M 20 WA, laluaiauiInanadsuia 250 U8, WAz
rndiuamwaseawiimanadliagluaniwlisandiauuazlsuas lasmvinldameadae
Malulasian (N,) Yszanm 1w wazvinmidavauiinasasdisanenswiondansausie
Ainfendnass udierinmveauiinasaseanszanuwass (Foil) tiolesnuuas wiaui
Ymsfaes naLiuufa (Air bag) FARIaurINa8a gL amsa;ﬂ%mmﬁ"wﬁ [AeduannszuIums
m"’n‘lmzijmsmaao"??ﬁ'ﬂLLazﬁW’muﬁ'smaaaﬁ%mmwaaluéwﬁﬁﬁmmmmquqanglﬁ
WaTNITEUEZLTIa% (Water bath shaker) 718a31157 120 Saudawfi (rom) IEELINE NN
B UAWMNINARBILULAINWEASIATI (Batch experiment) UAZYiNNITNARDILLLT§DIATI

(Duplication test) sluq@msmaawaaﬁ%ﬁmma:kwm a4 melugﬂﬁ 6

Eﬂﬁ 6 NITLIBNTRNNNINTINTND aqﬁnL?mmﬂmzmumiwﬁmaﬂsamuq@m‘mmmmmﬁ

UyzLAnonIg

15) Gamuanatadsinasiatinmussialalasauinbaduannindoudas
TRANNNITLIRMIRNNTINIWY N8N T UBNAA sNAieaura (Wet glass syringe) 11@
ﬂ%mm@mq (Owen et. al., 1979) LLa:Lﬂ%iad Gas Chromatography-Thermal ionization detector
(GC-TCD) (Varian Star 3400) Wialdasiataanuidudusesmelalasion 32093 daana
ATIIFOUNANAANLAAT HIZRININTLLIBANTHIN (Intermediate products) a4NIABUNTE
J2tnedng (VFAS) @Twm‘%iad Gas Chromatography-Flame conductivity detector (GC-FID)
(Thermo Finnigan Model TRACE GC, America) Wazn3a35293af et (pH) 9n%ineaasing
NN 2 T aunszrialifnmnaamaginnluszuuninasss nasaninazaaiad1dlad

(COD) 3NNAI8E19TBITIANARINIFUFANNITNARBIGIY AIuaaslugin 7
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1.6) AALRANNANIINARDIY mﬁnLﬁwaamzmumswﬁmaﬂsoamqmmmssw

NEATUIHANRIITRAN AN AWK ﬁmﬁwﬂﬂmmugd 89

gﬂﬁ 7 MINTINAUSNIAIANTTININULAZ D Ll ATA%INNATELIRNITRINNIITIN WU

WUFINNTZUIUNINAAD adiiddﬁuqmﬁﬁﬁﬂiill LNEATUILLANDINIT

[ A a 1 [ 1 a w ven
2. @NEIENIITUINRDNNAMNIEENVDIAIANNTUNIA-A19IINAK (Initial pH)
£ a ag Aaa re s o 1 a
45-7.0 n’m‘lman’lwqmwgmmuufﬁﬂaﬂ (Mesophilic condition) (35 + 1 %) @aan1INa®
mMaolalasauanindalsenwdauni
2.1) shihifennnizuunsnaavedlsanugasmnITiinsaIlsziana s siani
dansnwgsgalunniaiialalosiaugigaaninfoninue 5 l399u (lssanmdund)
Tud3um 180 Wa. wazwatTauuafSunaNITaNaafT lalaslauiiaSoNaInNINAzNa%
Ya3LRuT9auludSNm 20 wa. la@luuiauninaaesruia 250 ¥a. wazdsugaIwa1anNLdn
N3A-A19L30AH (Initial pH) 01 4.5, 5.0, 5.5, 6.0, 6.5 LAz 7.0 AIUFITALA1Y 1 M HCI %538 1 M
KOH
22)  éufiunsdiuanwsesnauimasasiiegluanwlieandiauuazliuas
lagnmswulaanmeadismolulasian (N,) dszanas 1 wif wazvinnsdasiauninaasdiais
angawiandanasudmisnunizidnasy tNetdesnuuiain LR TIYINNNITHBVIALAINARBIA I
& . A % o Y & a < I3 o . v @ o
nizauwWasd (Foil) tatlasnuum wiauiinmidaasgaauuis (Air bag) tAuIaLA7
4 a 6V { a J a 1 a o o v
nanadNauItTinasiaiiieduannizuinmminluszniinimesssdds wazhmauia
NafaINInNaIIadludiNauIInauguann nluazn1Iauazifion (Water bath shaker)
dl a = 1 a Ad‘ o é o a & A
N8031L51 120 + 1 JoUdWN (rpm) UAZQMNDIN 35 + 1 T TIFUAUNITNARDIULLAILNNTD
AIAT (Batch experiment) Laz¥iMINaaIluUE &8990 39 (Duplication test) FLu“QQﬂ’]i“mﬂaad

Yy nFaLda 1 399%
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=) Qs o (273 (23 { aQ t&l

2.3)  famuanaladsunesiatinneazialalasiaunnaaduainnszuIuniy
RINNNTINN TINNINIRAAINATIARBUNTABUNITTZIABdNY (VFAS) fRLeT (pH) Way
1 =) = g’ Q 1 ™ =\ o a =
Aglad (COD) IMNINAI8819 UUIANARBIVBINTTUIUMTRANNIITINN (FuilumTindan
TUaaUTaN 1.5))

24) Aalanwazassanadunsa-aasudu (nitial pH) Meldaniwgunnduuy
flerfi&n (Mesophilic condition) (35 + 1 “m) Aigaiaiuliianndaiolalasianldggaain
:/ a a d'd e d' L% ¥ o Aa v 3 A'{
iiFsraslsnusfienfidnonmwgige tialtidulaitbaivgulunmmasesids Tutuaauaug
¢ia b

P Y aa ' [ ' a w .

3. @ANHIENIEHIAR DNNNNAITANVDIAIANNLTBNIA-A1ILINAW (Initial pH)
4.5-7.0 nalaaniwamnnauuuinaslaWan (Thermophilic condition) (55 + 1 °x)
] a [24 g‘ s v a
Aamsuanniwlalasawanindalsemdwni

A

3.1) dfiumimasasliuimileutusendan 2 nndiems onviuitesvasgmnnd

U
1
2

ndasnwguliagmaldaniwmaslufan (Thermophilic condition) (55 + 1 )

32) femuaniadiinasmatimwuasialalanauinaaduannns i snan
NHTINN TINNINITAAANNATIIFALNTABUNITT2Ined18 (Volatile fatty acids) fnftLes (pH)
wazenglod (COD) :MnindaEsluIaNAaasIaINTZUIRNIHINNNITINN (duiiumsiniion
Suautad 1.5))

3.3) AadannavaseanudunIa-9Suan (Initial pH) muldanwgmnniiuuy
waslufAn (Thermophilic condition) (55 + 1 “x) ﬁa&aLﬁ%ﬂﬁLﬁ@ﬂﬁNﬁmﬁﬂénvlaI@iLau"lﬁgaq@aﬂﬂ

g/ a a aid et d'l L% ¥ o a o Oq: d'l
mLamjaﬂiammu@mﬂﬂnmwgoqm LWBl’ﬁLﬁ%ﬂ'ﬁ]'ﬁ]Uﬂ?ﬂﬂ&ﬂ%ﬂ"ﬁ‘ﬂ(ﬂﬂﬂﬂ?ﬁ]ﬂ 1%"]]%@16%6%5]
diall

a %] %] % & { g’ [] g’ 1 =y
4. m‘sﬁnm%uﬂmaamqmnmamLﬂﬁmﬁ%aumLtax1uaiauuﬂ‘lunﬂsaaLasu
v []
isz@ndarnnisuaanislalastauwnisdinnainndalssorwmdnnyd  arale
{ 1 [ 1 a s a
ANINUIARBNTNANZENIAIANNLTWNIA-A19130A% (Initial pH) 6.5 LALANTNALWA A
wuuwmastaWan (Thermophilic condition) (55 + 1 °%)

4.1) Lﬁmﬁaai’mﬁnl,?mmﬂmzmuﬂ'ﬁwﬁmaﬂsoo’mqmm%mmmwmﬂizmﬂmmi
%ﬁ@ﬁﬁﬁ'ﬂilﬂ’lwluﬂ’liwﬁ@lﬁv’lsﬁ‘laIﬂiLﬁ]uvl,@i/q&tj@%’mﬁ’]Lﬁﬂ‘ﬁ'd%w@ laun duduanlssnn
W WAR (Wan1Inaaadsanntan 1) LLazﬁ'lmimaﬁme:ﬁqma"'ﬂumzmammmwuazmﬁi@m
FLABNIITIATIEH NN ALADTAdAB pH, COD, TKN, TS az TSS (APHA, 2005) kazi1iiniie

% dl a a s dly a A dl a 23
NLT9wFuwndlnlSunm 180 wa. LANWILTanuANLSuNaINITaNAaR T lalaTian
A A Y o - ' o
MasuuanmMnaznanaadlFatsenlunlsinn 20 wa. leluriauiinasasuwia 250 Ua.
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42) Usuanwaranudunia-a19l3uan (Iniial pH) NRNIZENGENIINAREIAD
6.5 (WAN1INARBIANNTAN 2 UWazdaN 3) arua13aza1e 1 M HCl #38 1 M KOH

4.3) ﬁﬂmqmawu‘“&ﬁaaﬁumaﬁa@;@“ﬁﬂmaf,%'amezﬁ (Synthetic media) 14 2 THa

SRR A

FailzUnsadwrsuninnais LLazLaw’Ta@]‘@ﬁﬂmaﬁhmezﬁmﬁ@ﬁ'muﬁw (Hydrophilic media)
%‘%m”aqm”anmaé’aLmﬂzﬁﬁﬁ@ﬁ"lsjmauﬁ’] (Hydrophobic media) lusasiuvasdSu1asvad
'Ta@]'@”’mmaé’ams’]zﬁ@iaﬁnﬁﬂ (Volume of media/Volume of waste waster) ﬁl 0% (m”’smuqu),
2%, 3%, 4%, 5% Waz 6% (Zhao et al., 2012)

4.4) @i'n,ﬁuﬂ’ﬁﬂ%'uamwmawmLLﬁaﬂ@aaalﬁa;‘J;‘luamw"l,%”aaﬂs"ﬁmml,a:vlﬂma
lasmsnnlaameameamslulasiaw (N,) dszunm 1 wfl wasvinsdaviaudimaasseas
?gnmawﬁ”awﬂmﬂaauﬁfmmmﬁmﬁﬂﬂ% et oanuufas) uirseriinIrerautimasaseae
nyzeuNans (Foi) tNatesnuuss wi”auf:ﬁwmsa@mgaquﬁuuﬁ”a (Air bag) LAALVIALNT
mmaaLﬁamigﬂ‘%mmﬁ"ﬁsnﬁ'Lﬁmfumnm:mummu”ﬂlus:%'j’loﬂ’lsﬂ@aaa’ifﬁ'ﬂ LRZHITIAUN
mmaaﬁzmumwaoluénﬁﬂﬁ'mmmmquqmvmﬂ Jusznsdusziiian (Water bath shaker)
figas57 120 + 1 saudawf (rpm) LLa:qm%nﬁﬁﬁmmmﬂumimaaa 55 + 1 %% (WANTT
NanasTod 3) B UAWMNINARBILULAILN WS DATIATT (Batch experiment) Laz¥iITN1INARDI
TIE AL CRLER (Duplication test) "I,u‘*q@msmaawaaﬁ%ﬁu

4.5) fanuasratalsunasiatinmnuasalalasiouiindaduannszuiums
RN TN IAAANNATIIFEUNTABUNS T2 IAE Y (VFAs) enfLaT (pH) uas
#%lod (COD) :ntindradn9lu1ANAaaI8INTEUIRMIRAINNSEIAI (Fninnsinian
Suaautad 1.5))

4.6) 3Lﬂiﬂxﬁ°ﬁa§amnmswﬁ@ﬁwvl,aimwumnmﬂ*’ﬁi’&@@ﬁnmoé'ome:vﬁwia:
%ﬁ@luﬂﬂiﬁ\‘]Lﬁ%&lﬂi:ﬁ‘ﬂ%ﬂﬂwﬂ’]‘JNﬁﬁﬁuﬂ‘ﬁvLaI@iLﬁ]quN%’m’]W’ﬁzﬁ&lQ(GQ(@QﬂﬂiiﬂL?('EJI‘JN’]%

WWURR A8 lAFMWINARBUNANNZENVBIAINTA-GNILTNG (Initial pH) WRSFNWE AN

q' 1 > v
5. m‘sﬁnmgﬂ‘mommnmanu (zinssgnuaa isurInnal uazgileaa)

[ L% > I3 { 3’ ] a a a
wamaqmnmamm‘mmﬁ%aummaﬂsza‘nﬁmwmwamﬁﬁﬁrjla‘fml,ﬁmmo%amwa'm
& Y ~ Iy Y ~ ' ' a w
wndelseowidwnd naldanInuIndaaNnaNzany9IAIAMNTBNIA-A1ILTNA
(Initial pH) 6.5 uaza@NINAWUAAKULINAIIATWAN (Thermophilic condition) (55 + 1 °x)

<& [ ¥ a a & [ % ¥ I3
w%’aumﬁnmanumzmaamgﬁwmmwaaqauﬂ%ﬂﬁﬁﬂLm:umaqmnmaaamsﬁm
51) dufluniinaneddspinlouduasuden 4 nndizni wdldiagainais
o ¢ A A ¥ o @
siazdrianTauti 3 3Uns (FUnsvgnues JUURINNE UAz3198D) lusasIuUD
U31a3209789@Na9FILATZAaRNLEY (Volume of media/Volume of waste waster) 71 5%

YBINIINANDIINY (KANITNANDITEN 4)
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52) lamIneasdluniten 5.1) ldinmsndamafimnlussuuual dudin

nIfnmansmenIFugIRefunIdniainzisgainandiansinseuiluszuung 3
o A a o 'Y Y a

(FUnIIgnuen JUURINNGIT wazgdisae) Aewnsanfatialalasauldaniifoves
NIEUIHNTHAAAFINNITULNBATLITLANEIMITAIUNTZLIHINIRANNNTININ G8NTB
’i]'awiiﬂﬁﬁLﬁmﬂiammuﬁadﬂ‘i'}(ﬂ (Scanning  electron  microscope; SEM) JEOL
' A (% ' % % % { . . [
1 JSM-35CF GaiaIpudiadnilaun1iaieiagainaradsianeiilulafad (Biofims) dae
2.5% Glutaraldehy Uszants 1-2 214 Tughidu niuriin13dne6as 0.1 M PBS (pH 7.2-7.4)
n:i a o uq: uq: G > z = Qs a ™ (d‘ 6
Nannil 4°0 31U 3 A3 ARz 5 Wl WAIMUUATIIRGAINANFILATIZAN lulafad
(Biofilms) @178 1% osmium tetroxide 1% 0.1 M PBS (pH 7.2-7.4) ﬁqm%gﬁ 4%y Uszanme 2
2109 UF29YINNIA98NATIeRE 0.1 M PBS (pH 7.2-7.4) amwnd 4% 91U 3 A9 ARz 5
Wf uazvilursse (Dehydrate) 68 Ethyl Alcohol 70%, 80%, 90%, 95% 3197t 2 AT4 WAL
100% 2 934 A9az 30 w7l ud1ey ud3einluviuds o 9a3nne daeie3eq Critical point
drying uaz@iadaiatninazinludasdiuansseidianaseunuusaIniauu SEM stub winy

LARALAIEN A

6. NAIITayauazNIIHlIHA
'iin*'ﬁ”aQamia@mumam‘”@ﬂ%mmmm§@ﬁ”"|6ﬁ%'amwaxau (Cumulative  biogas
production) wazU3u1asnsHAAA T lalaTiaugz N (Cumulative hydrogen  production)
aug987 bainna lfannaniinases wswalasnisdiwimainsunisdizgnduas
Gompertz a3uaasl$luaunisf 1 uaz 2 (Van Ginkel et al., 2005) ez dayaveIfLTum
o

a { a é’ o a ! . .
nanaaniiadulunszuinnIninueInsadunigszinedng (Volatile fatty acids) @1WLaw (pH)
wazANGlad (COD) N FNNaNIINARINTIIATIZAMLARY (X)

H®) = H,o expJ -exp Ri*e(K-t)+1 (1)
Hmax
log  H() = STt windadulutonm () @a.)
Hoax = STt nnindelevanualussuy (Wa.)
R = AATININAAMNTTINN  (NB./TN)
A = JLULAILNNIRIONNAT (lag phase)  (TX)
t = 282N (TX)
e =  ¢nefi 271828
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Vi, i = Vyiu + CH,i(VG,i 'VG,i—l) + Vy(C Hi ~ CH,i—l) (2)

lag  Vy,; = USIasueIme balastauasay o ﬂu%ﬁguvuﬁf@ (i)

Vi = Usinasnasmalalasiaussaunsifnianiwn (i-1)

Vei = U5 ATVIMTELMWTINIR Db nmﬂ?]ﬁ;u”u (i)

Vg1 = USinaTuesfaiimwnanuafiia 1w (i-1)

Ch; = fdaaInuaImMs balasianlugasinanitasnsarainsmealuianasas
(Headspace) tw ﬂ%ﬁgﬁuﬁf@‘[@mﬂ%‘aa GC

Chi = FFaaInuaImT balasianlugasinanitasnsaratnsmealuianasas
(Headspace) ﬂ%ﬁ’fm\i’mmi@mm%ad GC

Vy = USinasnanuavastasinamitasssatnameluianaasd
(Headspace)

I3 . .
NANIINARDIUAZNITINTOLHE (Results and Discussion)
1. AMANBMZNNILAINUAZAR VIR NRIINNTZUIRNINAAD DI
aAFINNITNINBATUIZIANDINITUAZNINAE NV BILTEIINIT UL AYILTS LYY
v
15ana
wami@mﬁﬁmm:ﬁqmﬁ'ﬂﬂm:mqmszwLLaxLﬂﬁ"uaaﬁmﬁmmnm:mumwﬁmaa
Isomuq@m%mwmﬂmﬂizmwmmﬁ‘hmu 5 uit9 (L39uihna byl 2 uia Isamuuﬂigﬂ
Wzw lssnuanunyinanuds wazlssnudund) uaznnazneuvadfeanzuuihuavasie
v & o a a =Y > ¥
wuulsamadsdniunsiiansinindinasasiifa pH, COD, TKN, TS, TSS, VS uaz VSS
= a 6 > ai
laodnadaszy LLﬂzﬁEﬂLﬁ%ﬂ’lWi’JN@GLLﬁ@GI%@]’]T}\‘m 2
1 A dl o d?/ dQ/ v dl v v
mumﬂmﬂamaaLammmmmLma@wﬂgiﬂawm’mwwu 20 n./a. luasazane
[23 dl o ] a a a A 6 dll U 04 dql/ A A dl a 6V
a@laﬂmmi‘nmLﬂu@amimsrymui@maaﬁ;aumﬂ el dunndauuafisanaasanaann
lalasiaw (Hydrogen producing bacteria) 14271auAIMAc2IUUIA 250 WA, HANIINARBINLIN
a v AI a 6V v ﬂq// [ & v
ﬁ;ﬂuﬂ%ﬂu‘ll’)@]LLﬂ’m@aa\‘]LillNa@]ﬂ’l‘HvLEIIGISLﬁ]uVL@@dLL@]’J%LLSﬂﬂJE‘l\‘lﬂ’]?ﬂ(ﬂaa\‘] Faumlsinwas
ﬂ’%mmmmﬁ@lﬁwvl,aimwmim‘"u"lﬁqﬂwﬁw 2 TBULINTBINIINANY UazdINaINIINRARDY
lalasiauazay (Cumulative hydrogen production) gegatlszanas 140 dadaasvasiwlalasian
(ml Hp) tilan1anaaasrinly 10 T4 dausadlugin 8
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] v
A13199 2 qmanwmzmdmﬂmwuazmﬁmaa*ml,ﬁﬂqma'mnﬁmhzmﬂmmmazmnmna%ma\uﬁﬂ

Iidd']%q@lﬁ']‘lﬂﬂii&l tneasdszinnainis

W13INLADST 159974 159971 159971 159971 Ts997m nn
(Mha8) wmalad 1 wmalsl 2 wiv31) WAN VAW ALNDW
NTWI2 nuils 2aILEY
pH 717 5.08 5.52 5.50 5.30 8.23
COD (mg/l) 6,250 4,125 8,275 20,000 4,296 24,300
BOD (mg/l) 2,260 2,270 3,200 3,353 1,096 NA
TKN (mgll) 52.30 70.40 82.7 13.78 68.04 597
TS (mg/l) 526 7.43 672 6,525 545.60 257,860
TSS (mg/l) 375 0.20 434 4,963.20 303.80 212,750
VS (mgll) NA NA NA NA NA 25,370
VSS (mg/l) NA NA NA NA NA 14,327
RULLAG NA = Not analyzed
160
\E, 140 + . . . * .
< .
=2 120 A *
(8]
3
S 100 *
o
@
[e)) 80 _
o
5 *
2 60-
(0]
=
= 40~
=
E 20
3
0 T T T T T T T T T
0 24 48 72 96 120 144 168 192 216 240

Duration (hr)
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Twraumnaaad

[ @

P a a o a A A A
El]‘ﬂ 8 ﬂ?’W\ILLa@\‘1‘].]31]’]@Iiﬂ’]iNﬂ@]ﬂ’]‘ﬁI?ﬂ:@ﬁWuazaﬁJﬂlﬂ@ﬂqﬂ@lzﬂauﬂla\‘]LE‘TEW]LNEJGL’IT@
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2. Nam‘mamﬁ'nﬂafmwumnﬁ'ltﬁwaan‘szmum‘m%@m aafsaaﬂ%qmmwmm

neasUsEIANaINNSg

MNNAMINARITBINTZLIMMIREINMIFInwluaianaassuuufaunisy (Batch test)
mﬂlﬁamw"l,%“mmml,azvl&iﬁLLaamaoﬁnﬁﬂinmugmmmmﬂi:mwmmiﬂg\a 5 159974
Tssomuwinals 2wy Tssormdund Tsssnaundivinannuils wazlssnuudsgduzning
Wwandszuna 1 sdandnuin luﬂwwsauﬁnﬁwamnkwmqmamﬂﬁwmwmﬂi:mﬂ
amsgInITanaam sl GeldinisnaafisEin wasan (Cumulative  biogas
production) agflun2915z07m4 335 — 1,100 ml biogas/| wastewater waziflafieresiasdusznay
PoIfTEIN WAL AR TR NN NLLRNLENIY SaaduTosazaasmalalasian (Hy) Uszanm
0-16.0 Maasuanlasanlsd (CO,) Fauariszunmh 19.92 - 69.70 uazialulasian (Ny)
$ouazilazanms 14.30 — 80.08 dawindin (CH,) linumindalunszuiunmsmanasiin

d'suwamsmaaolud’aumaaﬂ%mmmmﬁmﬁ”’]sﬁvl,aiml,wmﬂﬁﬁLﬁﬂiiaaﬁuq@aﬁwﬂiiu
Usztnnanmsng 5 1ssammu ﬁmﬁwamﬂiwommmmNﬁ@ﬁ"ﬁsn"laI@sL%uVL@T s iwinige
nlssaminalel 2 LmzfgmL'%'m?umaammﬁmﬁﬁﬂa‘[mwuluma@?umaom:mumwﬁnmaa
wFudazsiadauandeiuasus 8 — 36 Talus wgaf:awLﬁadmmﬂumaﬁ@ﬁuw%ﬂ’ﬁaL%a
@Tmlﬁdmﬂ%’u@”ﬂﬁvﬁm”uamwan‘i’amfue] (Lag phase) (Zang Tong et al., 2003) %8Nt
§awun nsndafnalalasian (Hydrogen production) annsintisudazafia (sniutindeen
Tssominnalal 2) iinduagnasaasalugag 2 TuwinvasmInaasduazlagagalugisuinuaz
doy 9 aassauliiiansndafiadiniwluszuumnasss Gsnsniamalalasanas s
(Cumulative hydrogen production) a1niLAsLdszTiaiauuandsnwlasiIessauann
YSunasmisnaalalasiaugzay gaqmvl,ﬂ@"hq@"l,ﬁ@”qf:ﬁa 1) ﬁ%ﬁmmimmmﬁu%ﬁﬁmm56@\1 70
183.51 ml H,/l wastewater 2) Wdsanl5991miwalsy 1 Tnsndaludszanos 149.36 mil Hyl
wastewater 3) 'ﬁﬂLﬁﬂﬁﬂﬂkdﬁ%tLﬂigﬂu:w%nﬁmswﬁmhﬂ%mm 73.90 ml H,/l wastewater
ez 4) dnFoanlssnuanurinanuisdnmsndalulsunes 68.62 ml Hyl wastewater
srwinidsanlssnwimell 2 lawsandairlalasawldan (;sﬂﬁ 9) Yattanalitasann
qmﬁ'ﬂumzmamﬂmwLLazmﬁﬁLmn@mﬂ”umaaﬁ’nﬁﬂ HunalwUsunasvasfrofindadnu
wanarenulddis  Fsnanismeasstredudanuniantunanminasasfiessnseuliin
idsvesnathils vinFovesiuulzng f{mﬁm’mmmumswﬁ@gﬂmm A LaY B 818130
wWasmduwinalalasianlalulSunm 0.7-0.9 | Hy/l wastewater, 2.1-2.8 | H/l wastewater, 0.1
| Ho/l wastewater e 0.4-2.0 | Hy/l wastewater ANEGL (Van Ginkel et al., 2001)
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200

180 X X
160 /
| [ | || | | | | | | y .
140 B waldl 1
120 = LUV
100 / / YUY

|
*
L3
<
L

/ / & ulsgluenin
80 —4

ml H, /L wastewater

—— 1 waldl 2

O/xjo * * * * *

0 24 48 72 96 120 144 168

Duration (hr)

Eﬂﬁ 9 NIWLRAIUTINAININES ﬁﬂ‘ﬁIﬁI@iL%%ﬁzﬂ&l‘ﬂ’]ﬂﬁ’] Lﬁil’iﬂﬂq@] FNNITULNBATUTELAND NS

atalafimuiiiafamuaisanseudayadiWior (pH) 2897 IUAUNITUIUNTTALN
dnFoudacsiaaudIunliinIndafiedinw (Biogas production) lussuunaaadwuin
ATV BINTZLIWMTANN AL LiuaadIasna AL Iuaw (Initial pH) 14139 4 TuuInvad

1 1 v { & a 1 v a 23
MInaasLazANlaTAant19nIN Tilusazidarnunuinuwildunindamslalasiawazay
a ) a o A A ’ ' [ A
Suasauny lasinwnudayanadfsuudaszasdfiietaglutg 3.5-6.0 niftenaiiiasan
dunIdlarimstessaisasdunidluinfouazidfougiidunsadunid (Organic acids)
falalasiaw (Hy) Maasuawlaaeanbos (CO,) Laza130%e (Khanal et al., 2004) daudGlad
v A o o & A o AN v a A o a '
(coD) lwinisudunimaasiuazinduganisnaaasdaduiud iimsndafaginmuwudn
v o s 1 U c:) & v
Javazaainiaiidadled (% COD removal) luszuudauden Gasinwiandayans
{ 1 1 1 a { a J 1 @ e

wWhsuudasaglugg 7.42 - 37.29 uazdnanfaniiaduszniiinzuaummanielalasiau
(Intermediate products) 284NIABUNIEHI=ABINY (VFAS) MANTINWLIN Tn1suaansadunss
ARS8 ININNIATINIIN (Butyric acid) Uszunms 3.18 — 14.08 mg/l LaznInazTan (Acetic
acid) 1.05-11.92 mg/l AMNRIAL WANUNNITHAAABUTIIG1289nTALWTNLadn (Propionic acid)
Uszanm 0.13 -5.76 mg/l luszuy
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IMNNANINARDITIIA mmma‘gﬂ"l,@ﬁwﬁﬂLﬁwaﬂ‘sammﬁu%fﬂﬁﬁ'ﬂmmeumwﬁm
falalasauszanldgoga aainislaindolsnnasnandud meuaaﬁnLﬁﬂ‘s\muqmmmﬁw
InwaTlTsianamTrsnuaiunlslunmanss Tasshanlfiduasarnisaaswdniuns
nasaIANE A s IRNMNIIARDNN T NadanszUIBMIRENINamInaaf T lalasiamn

3. HANIANENENITUINSDNTRR NN ENDIARLaTISNAR (Initial pH) 4.5-7.0
melaanwamnnduuuilaWan (Mesophilic condition) (35 + 1 °%) GaN1INAANND
TalastonannindsTsssnuwdwnil

mnwamsmaawaamiw§mﬁ"wsﬁ"laI@§Laua1ﬂﬁwLﬁﬂsommﬁmfiﬁmuqumﬂ'l,a%
Sud (Initial pH) M3 4.5, 5.0, 5.5, 6.0, 6.5 waz 7.0 lagldnszuiuwmnanluvlranasssuuy
A9 (batch test) luanwlFonmeuas lifuss muldznwamnnduuudladin (Mesophilic
condition) (35 + 1 °m) iuamuszanm 1 Flanwwudn szoziliuda (Lag phase) 1a99RUNTE
TunszuwmswinidasundamalalasananingelutaUssmm 4 - 14 5alug duny
AMLaTISUAUARANAITW (Fang et al, 2005) laswuuwildlvasgniwiaanisoniafie
lalavauazaylddautrog %aﬁﬁwﬁmm‘%wﬁuagﬂuﬁn 6.0 7.0 uazdA1Tzazdsuarnantnd
suszanm 4 - 6 Talue wenanfidinuin ddeveslsssmdundsunsandamatinn
(Biogas production) Vlﬁnnamwmaamﬁtaméuﬁu LazdUSUaTNIINRAMTTINTNRERN
(Cumulative biogas production) luniwsawatjlutisszanm 433.75 — 1,176.25 ml biogas/|
wastewater %aﬂ%mmmwﬁmﬁw%mwazauﬁm@iau‘*ﬁwgﬂuamwmaomﬁl,am%uﬁuﬁag’
Tus29 6.0 =7.0 LU

Tosiladiasziasdusznevaasfafimwnifiedunmwsianuin fsasusosazvesine
lalasiaw (H,) Uszana 0 — 13.86 Awansuanlaaan'lss (CO,) TouavUseunmh 37.47 — 49.06
wazmolulasian (Ny) TouazUseunth 46.49 — 55.85 RAUANTAINK (CH,) JNUMTHER 1
NS TRINASIR

wonaninammesssludinvesiinasmindamalalasauanninguveslsenu
Lﬁu%ﬁﬁmuqmﬁﬁmmﬁuﬁu (Initial pH) asud 4.5 - 7.0 wuin lufnsndamalalasionls
sruumeldanwuasdfiemSudui 4.5 uay 5.0 saudRlaTSuAuA 5.5, 6.0, 65, 7.0 §
mwmmadmm§<§1ﬁ”’16ﬁ"laimﬁlu1uﬂ§umsﬁﬁau"ﬁ’mqolumaLLsmLazﬂ'aU6] asfianldifianis
naafadinnluszoy Tasluaninuasdfiansudud 55 - 6.5 wui uwaliuwasnisnae
ferlalasiauasay (Cumulative hydrogen production) ﬁ@hga%mrmé’m”m”af:ﬁa 5.92 ml Hy/l
wastewater (fNWLATLSUNT 5.5) 46.63 ml Hy/l wastewater (fNfiLaTI5uaUN 6.0) uazilAngIga
Uszanas 307.97 ml Hyl wastewater (fnmiamiSudud 6.5) GeuSuarialalasianazay

a { A o a X A {
aaLTunaTasliadWiaTTNdwANgIIuN 7.0 (3UN 10)
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350

300 /Aﬁi ¢ \ - ¢ \ 4
E) 250
g —f—nitial pH 4.5
..g 200
g e [nitial pH 5.0
_|
S, 150 Initial pH 5.5
I
_é 100 A~ Initial pH 6.0
e=@=nitial pH 6.5
50 e e — —
Initial pH 7.0

Duration (hr)

ni a a &V :’ = U ni
U7 10 NINLRAIUSNIATNTHAAM Tl 2l AT NS RNINNINLR DV LTI ULRURT

neNLaTINGY 4.5 -7.0 muldanmwgmnniuuuiilafan (35 + 1 "m)

HANIAAMNATIIATIROUTBYAAWLET (pH) PasiuBudunszInmsniniEslssnwdund
meldamwenfiaTisudu (Initial pH) AIUA 4.5 - 7.0 IuAUA LT INEAfTE1A W (Biogas
production) luszuunasaswuin drerluninsinSumilduansslugas 3 Fuusnuazasn
wasnntudsdeanfiari 3.5 lunnminaaas asugasluasen 3 dwedlad (cop) luin
54 ”umimaaaLLa:a”uguq@ﬂﬁsw@aaa%aLﬁm”uﬁvlajﬁmm§<ﬂﬁ”w°'fi'amwwud’1 TOURZVDINTT
Asadlad (% COD removal) lwszuutRndwidntos (AsuiunanIInasasdad 2))
S'fjaﬁmwmuﬁay]amﬂﬂﬁiwuﬂmagﬂu‘*ﬁn 3125 — 46.88 WAXAHANAATLAATUIZAIN
AszuInMIRNNMT lalaTian (Intermediate products) 289NTABUNILILIREINY (VFAs)
lunwsinwuin nsudaniadunidrzmsdiasininniadinisn (Butyric acid) Useunm 7.50
— 27.08 mg/l UazNINBLTAN (Acetic acid) 5.05-31.95 mg/l @1NE1AL LANLNIN R Ut 96N
28930 LNTNLafin (Propionic acid) Uszunmk 0.13 -2.66 mg/l luszuy

PNNANINARDITIIAW mminagﬂ"lﬁd’l ArLaTSuauALanaInuInadan 1IN AaT Y

A o @ Y A o A A& 0 oA P V= A Iy
1alasanasaui laaNNNIZUIURNNVAINLF S99 UL FWAN TIATNLATISUAWNFILRSN IR Iz UL
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sanInnAaislalasauszayldgiganeoldanwgmnpiinuuiilofdn (Mesophilic condition)
(35 + 1 1) fia ARl TIINGUN 6.5

dl ¥ 1A o ! s & a ¥ =]
M1379N 3 ?.I?JB;!RI]'IWT]N"UENﬂ'l‘WLE)'ﬁ‘YIRﬂadi%izﬂﬁ'}\‘lﬂﬁiﬁ&lﬂﬂEl\‘l%’]LﬁSlTi\‘l\‘l'l%Lﬁ%‘lﬂN

AfLaTTNA® SLULIIAINTRAN (TN)
(Initial pH) 0 24 48 72 96 120 144 168
4.5 4.5 4.5 3.5 35 35 3.5 3.5 3.5
5.0 5.0 5.0 3.5 35 35 3.5 3.5 3.5
5.5 55 55 4.5 35 35 3.5 3.5 3.5
6.0 6.0 55 4.5 35 35 3.5 3.5 3.5
6.5 6.5 55 4.5 35 35 3.5 3.5 3.5
7.0 7.0 55 4.5 3.5 3.5 3.5 3.5 3.5

4. HANNIANBIFEAIIZUINRDNNNLBAZFENVBIAINLOBLINAW (Initial pH) 4.5- 7.0
nmglagnnamuadisuuimaslaWan (Thermophilic condition) (55 + 1 °2) AaN1IHAR
6V ¥ a o ~
mMaolalasauainndalsenwdauni

nnuanInasasvainInaaislalanawnnindalnuduninaiuqueniianiiudu
(Initial pH) @9ue 4.5, 5.0, 5.5, 6.0, 6.5 waz 7.0 lagltnszuiwnInainluviIanaassuuunan
(batch test) luanwliameauazlifiugs maldanwgnmnduuuinaslafifin (Thermophilic
condition) (55 + 1 °m) ilwaanuszunme 8 TuwWudN szuxdIudn (Lag phase) 28998uNIH

v A A A o Y a . o X o
lunszuiunmsnainilasunaamelalasiananindslugisUseunm 14 - 44 2lu9 Guny
ARLETIINGUNLANAIIN® (Fang et al., 2005) lagWULW?LHIVaIRAINARINITONE
folalasausanlddaudnigs deiianiuduatluga 557.0 uananiidanudt difivves
lysnuiduniianansaniafisdanw (Biogas production) ldnnaninvaddRiaziiadu uaz
fUsnaimindaiolalasiauiinwazan (Cumulative biogas production) luniwinuat
] . = a a o
Tug91U 5201 805.50 — 2,203.75 ml biogas/l wastewater G9U3NNATNNIHRARTEIA NI FY
a 1 % 1 =) QI £ dl dll a 6 6 23
fendautogeluaninvasdriioniiudun 6.5 uaz 7.0 lasillalianziesddznavvasie
{ a 3/ 1 s 1 L% 23 6V
Fanwniedunwiunuin Isasiusesazaaimalalasian (Hy) Useanm 0 — 26.42 A
asuanlaaanloa (CO,) Souazlzunos 28.46 — 40.70 wazinw lulasian (N,) JouasUszunt
44.60 — 71.54 §1Maiing (CH,) tiwumIsnaalunIzuInmIninasan
wananBuanIInaaadluginvesdsunasmsnfaniialalasiauaninfovedlseny
WundfiaruquatiiaTiTudu (nifial  pH)  aaud 4.5 - 7.0 aeldaniwamnniiuuy

wasluNannuqn ladniswaanialalasiawlunszuunialdgninaasdInaTSuauN 4.5 Las
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5.0 FeAMamSuaui 5.5, 6.0 uaz 6.5 ImurnsasmindamalalasanlulSurasiaaudis
gﬂu"mafuusmm:ﬁaﬂq asfianldifiantsndamadiniwluszuy daudifensudui 7.0
innAatrlalasaudendogaanziiuinuazean g asi laglugnwvasaiiamsuaui
5.5 - 6.5 NUI wwaldnvesnsuaatnolalasiauasan (Cumulative hydrogen production)
ﬁmqaifumuﬁwﬁuﬁaﬁﬁa 69.50 ml H,/ | wastewater (fNWLOTLSNGWA 5.5) 187.59 ml H,l
wastewater (ARLaTISURUA 6.0) uwaslengsgaLszanns 552.29 ml Hy/l wastewater (Filas
Sudud 6.5) %aﬂ‘%mmﬁﬁﬂaimmua:aua@maLﬁa@hﬁmméuﬁmﬁugﬁuﬁ 7.0 ALNg9
Uszanas 126.66 mi Hyll wastewater (3171 11)

HANIAAAINATIIATIROUTBYAAAILET (pH) PagTuBuTUNTTUIUM TR NI E 159975

v
=S

wwundneldaawafiasSudn (Initial pH) A9u6 4.5 - 7.0 audiuf LinIniafmodinn
(Biogas production) l®IzUuUN@agdwuin dawtavluainsinduwilduaaaslugag 2
%3 ni s 09/’ v 1 ) nal v nll ni =} dl 1 =)

TBUINUAZAINREINNHY anriulugnnaimiaTsuanwn 55 nldinmsufsuudasvasdrnies

%

aousasluansef 4 drudglad (CoD) El,m”m%'m?umimaaaLm:fuéuq@miﬂmaﬁuﬂu
Sudt lfnsnfamainiwnudn Sesasuasnistisadled (% COD removal) luszuy
ﬁLLmMuLﬁuga;ﬁumuﬂ%mmmiw§@ﬁ”’16ﬁvl,aiml,<~nua:au 6‘5\1ﬁmwsauia;gamﬂﬂﬁwuﬂmagj
Tut29 40.63 — 56.25 uazANaNAaTI AT wsznININTzUMINsRInA e lalasian (Intermediate
products) VBINTABWNIETLHREINY (VFAS) IUATNITINNLI InsudansadunIdszinedne
FAININNTATINIIN (Butyric acid) Uvzanmh 6.50 — 32.20 mg/l LazNIAazTan (Acetic acid)
8.05-38.75 mg/l suS1AU wANUNIHEARauTIiBaInsa lnsiladin (Propionic acid) U3zantk
0.13 -2.56 mg/l luszuy

INHAMINARBITIIAU mmsna;ﬂvl,@i”dwmﬁLam%'m‘fw?f'me@mn”w,l,azan”nwmaoqmvmuﬁ
ﬁmqulm:uu dnadansndamslalasianazauildannszuiunsnanuosintde 15991
\§und %\‘m’miﬁﬁﬂﬁwLL’J@ﬁaNﬂyx‘mﬁi’]’JﬁdLﬁ%NlﬁizUUﬁ’]ﬂJ’ﬁﬂNaﬁﬁﬂsﬁvlaI@iL%uﬁtaNVLﬁQGQQﬁ
ARLaTSNAw 6.5 muldanwgamnduuumaslufan (Thermophilic condition) (55 + 1 o)
azi'mvliﬁmmfial,ﬂ%'ﬂuLﬁwﬁayjaNamimaaﬁa}”mgwmﬁ’mﬁu sunsnayUluninaaw
To idelssnudunidenamwlumsniamalalasauszay (Cumulative hydrogen production)
§I0 wazidashandnmndefalassan wuIaaaNTasFN LTS VAW (Initial pH) Auanangn
mmlﬁqm%nﬂﬁmuqmgﬂuamwﬂﬁnﬂﬁﬂ (Mesophilic condition) (35 + 1 ) uazinaslufan
(Thermophilic condition) (55 + 1 °ar) Wud entaTSudui 6.5 daasulinszuaunisnsn
mU1¢Tqmﬂgﬁmuqm%aadﬁmwﬁ@ﬁ"ﬁéﬁ"laiﬂiLauazawqaq@ %amﬂﬁqmwnﬂﬁmuqmaaamw
wmasluAan sidLa?ulﬁﬂwswﬁ@ﬁ"’lﬂﬁvlaimwuazaugaifu 2.3 1711 WWallSputisununIzuIm
msm‘“ﬂﬁmuquqmﬂgﬁvlﬂuamwﬁieﬁﬂﬁﬂ M9 AAINNEATIN I FANBVBIRITENWNS

{ & 4 a & . a a
ﬁqwmﬁaamwnﬂugwu (Fabiano and Perego, 2002) LLGZ/‘H%E]E]’]’%]Lﬂ@]"i]']ﬂﬂ']iLWllﬂTlllﬁ']@J’]iﬂ

q
a aed a

parafunitnuniafolalaaulunszuiumminvesntsniaiolalasian (Wang and Wan,
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@ '
@ a A

2008) @”@ﬁumanﬁinagﬂﬁiw Uadpaasanmwwiasaunidflassudwuazamnndioindu
¥ o o o ' P laa A ' Aa 2
taspdmagyaiminidninadanindaialalasiaw (Wang and Wan, 2009)

600

*
400 / - nitial pH 4.5

o]
-+
©
4
2 .
a e [nitial pH 5.0
z 300
S / L 2 Initial pH 5.5
N
I
- 200 y — = A Initial pH 6.0
E A A
100 y - =@=Initial pH 6.5

! : 1 Initial pH 7.0

0 24 48 72 96 120 144 168 192

o
~

Duration (hr)

ni a a &V :’ = v ni
U7 11 NINLRAIUSNNIATNNINRAM T alaTL A nas RN NN T LU0 |99l F A

neRlaTINGY 4.5 -7.0 meldanwamnnduuumasluian (55 + 1 o)

] o A ::1' ' o & [y P
N3N 4 ?.laq:llan’IWi’m"].laaﬂ’lwm%ﬂaﬂﬂdi%i:%?’\dﬂ’]iﬁuﬂ%m%’lLﬁﬂtﬁdd’mla%‘wu

AfiLanSNa® STULININIITRAN (BH)
(Initial pH) 0 24 48 72 96 120 144 168 192
4.5 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
5.0 5.0 4.5 4.5 4.5 4.0 4.0 4.0 4.0 4.0
5.5 5.5 55 55 55 55 55 5.5 5.5 5.5
6.0 6.0 6.0 6.0 55 55 55 5.5 5.5 5.5
6.5 6.5 6.0 6.0 55 55 55 5.5 5.5 5.5
7.0 7.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
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a [ v s &l s . .
5. Namsﬁnm%%ﬂﬂaamqmnmamtﬂi’lmﬁﬁaum (Hydrophilic media) taz

TanaIna197 laizaunn (Hydroprobic media) JUns93unIBNAIIIHNITHILEI

dszandnann1snaaniIslalastanniesininainwitdalssorwdwnd avale

H %] 1 a (%] %] %% 6 1
amwmﬂé’au‘ﬁmmmm Tﬂ ﬂim%ﬁﬂﬂ%%ﬂlﬂﬂﬂi&d’l@liﬂ amaqm'snmmamﬁwma

g/ = d. 1 %
WILHHNLLANATS N

wamsmm‘?mﬁzﬁ@mﬁ'ﬂwmzmamslmwLLazLﬂﬁmaaﬁ%ﬁﬂmnkommﬁuﬁﬁ W]J’Ii’]ﬁﬂ"]
NANIILATIZH a9 pH 5.5 BOD 998 mg/l, COD 4025 mg/l, TKN 65.50 mg/l, TS 530.60 mg/l

1 s ¥ v Nt ot Q/ { g/ ' A
Wae TSS 295.70 mgl/l muqm&wmLﬁammlaa'aa@;mnmaaammzﬁﬁmaumLLazvl,umauemﬁgﬂma

LULINLHRIUNRII §FINUTIN ﬁ?‘]_l Wunwswad LLﬁ@]dl%@]'ﬁ’]dﬁ 5

@131971 5 AmENLALH0IARYDITEAAINAWRILATIZA (JLUNTIWUKRIKNRW)

AANUANIINIBAIN
7R e aags  Usanas AnA7 AwnRn
- . . . 2a9iEn  awdnaly  (mm) (cm’) RICIRE NINAA
BHAVBITAAAINANAILATIEN , )
ngwan (cm”) (m”/m7)
(malw)
(mm)
Hydrophilic media Acrylic 20 (16) 10 1.13 13.56 432
type
Hydroprobic media PVC 20 (16) 10 1.13 13.56 432
type
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ﬁnﬂwamsmaawaamm§<§1ﬁ”’]sﬁ"laimmuma%’smwmﬂﬁﬂLﬁﬂsammﬁwﬁﬁmqu i
AamSudn (Initial pH) 7 6.5 lagldnszurunisnsinluaianasasuuuion (batch test)
Tugmwliomeauazlifiuss moldanwamnnluuuimasTufdn (Thermophilic condition)
(55 + 1 o) ‘lumsmaaoﬁlﬁfs"'ﬁ@m‘”’;ﬂawé’ame:ﬁmﬁmauﬁw (Hydrophilic media; HP media)
Wwandszanm 8 7Wwudn Uvzez1suea (Lag phase) maag§uw‘§ﬂumzmumwﬁmf}a
Sundamolalasiauanindolustszanm 8 - 12 52l dunuaasiuosazvasdsinas
a”a@;@”aﬂmaé’amswzﬁua:ﬂ%mmmaaﬁ%ﬁﬂ wazdiUSunasmIndamslalasiaudinwazay
(Cumulative biogas production) lunmwsinaglutagdszanm 552.50 — 2,405.50 mi biogas/|
wastewater uaziiladLinn13iiaseKosfsznaassfaiinwitieduansiuwuin
figasinsavazvasmalalasian (Hy) Uszanm 0.90 — 40.14 fraaisuanlasanlad (CO,)
Jouaztszunm 17.18 — 32.20 uazfinalulasian (N,) Souaztszunt 47.42 — 68.82 daufne
finw (CH,) liwumsndalunssuiumnsnassit saunsuaamalalasanazay (Cumulative
hydrogen production) ﬁLLuﬂﬁua@aaLﬁaLﬁué'@mmaaﬂ%mmmaﬁaq@?‘mmaé}'aLmﬁm’@iaﬁﬂ
\§8 (Volume of media/Volume of waste waster; VIV) 910 2%, 3% uaz 4% (V/V) Liaifiauny
0% (V/V) (f287103) Lmzﬁ@hgaq@Lﬁﬂl‘*ﬁé’ﬂmumaaﬂ%mmwaﬁa@;@‘i‘mmoﬁamezﬁ@iaﬁ%ﬁu
7i 5% (VIV) Lmza@m@%wauﬁatﬁ'ué’@mwﬂaaﬂ%mmmam”a@g@”anmaﬁ'ome:ﬁ@iaﬁmﬁyﬁ 6%
(VV) enugeueadide 366.55 ml Hy/ | wastewater (2% VNV HP media) 40.41 ml Hyll
wastewater (3% V/V HP media) lLaz 100.46 ml H,/I wastewater (4% V/V HP media) %dﬁ
AgagaLlIzanme 748.71 ml Hy/l wastewater (5% V/V HP media) uazdianasiolalasauazay
né’ua@auﬁmﬁwﬁ'@ﬁhwuaoﬂ%mmmaaﬁ«@@ﬁnma6’7\1Lmﬁzﬁ@iaﬁ%ﬁﬂﬁ' 6% VIV HP media
Safientszanme 11.18 ml H,/| wastewater (;sﬂﬁ 12) uaﬂmnftwamiammwmwmmauﬁaga
@ALaT (pH) B89 udunTzUIMMsnIntEs lssmdundnneldgnwuedanfitwunza
(FRLaTSNAuT 6.5) i euiluinsnaafaTinn (Biogas production) luszuunaass
wudn derlunwsaniuwi livaaaslugas 3 Fuusnuazasiinssanin laafilidnas
Wasuulaa wui’lﬁ@hﬁmma@aamﬁagﬁ 45 gmendlad (COD) lushsuduninanasuas
a”uéuqmmatmaaa%aLﬂm”u‘ﬁ'"l,&iﬁmswﬁmﬁ"ﬁéﬁ%amwwm’l Jopazva4nN13iN9a5lad (% COD
removal) 1mzuuﬁuu’ﬂﬁwLﬁugﬁfumuﬂ%mmmmﬁ@]ﬁ"ﬂﬂﬂ@iﬁ]%ﬁxﬁy Gﬁaﬁmwswﬁaga
mnﬂ?islml,ﬂmayﬂumo 4050 — 59.40 UAZANANAANLAALWITHININTZLIRINTRINAD
lalasian (Intermediate products) 2a9nIAduNIITzIRedy (VFAs) lbnwsauwudn Snsuda
nNIRBuNIHIzned18s1nINNIA0IN3A (Butyric acid) Uszanm 2.50 — 5.20 mg/l kaznInazGan
(Acetic acid) 16.05 - 45.75 mg/l AUE1AU LAWUNIHE AR UT9§1maInsalnIAladin

(Propionic acid) Uszanas 1.13 - 2.56 mg/l luszuy

MenwITtatusuyIol (MRG5480095) 33



atnslsfiaudaduiiunsnasasndamelalasiaunisdrninanindslssswdund
ﬁmuqumﬁmm‘i"uﬁu (Initial pH) 71 6.5 Tagldnszurumansinluzranasasuuufisin (batch
test) lusniwliomauazlidfiuas apldsnwamngiivuuinasluAfdn (Thermophilic
condition) (55 + 1 ) I@]ﬂﬁ'ﬁ@lm”anmaé’amﬁ:ﬁmﬁ@"l&imuﬁw (Hydroprobic media; HB
media) (dwandvzunts 8 WU UvzezdIuan (Lag phase) maaqﬁuw%ﬂum:mumwﬁﬂ
Wasundamolalasiauanindulszuim 8 $ala4 lunng dasuasazvasdinaves
';”a@m”aﬂmaﬁatﬂsﬁzﬁ@iaﬁuﬁﬂ (Volume of media/Volume of waste waster; V/V) uazld3nnas
minfamalalasiaudiniwazan (Cumulative biogas production) lunmwianaglugaidszanm
51750 — 1,105.50 ml biogas/ wastewater waziiiadifuniIiaziesdlznouvas
fatinwiAedulunwnunuin ddasmiosazaasialalasion (Hy) Uszanm 3.33 —
17.81 Moansuanlaaanlad (CO,) JauasUseuim 13.43 — 3531 uasmolulasian (Ny)

Souazilszunm 57.08 — 68.76 &MU (CH,) tiwumsnAalunszuiumnanasad

800

700

600

500

== 0% V/V HP media (control)

400 e 2% V/V HP media

3% V/V HP media
300

& 4% V/V HP media

mlH, /L wastewater

200

== 5% V/V HP media

o )
100 6% V/V HP media

0 24 48 72 96 120 144 168 192

Duration (hr)

dl a a 6V Z’ A v dl
3N 12 AnAuaastSunasnInaamalalasauasanannini{evadlsenuwaund
I@]ﬂlﬁa”a@@‘i'aﬂaﬁdé'oLm’wﬁ“ﬁﬁ@ﬁmauﬁn (FUNTIUDLIUAIUNEN)
mulddAansndu 6.5 LL&Z&J’]’]‘WQm%QﬁLLﬁJﬁJmaﬂ&lﬂﬁﬂ (55 + 1 °m)
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gawmsuaafalalasiauasay (Cumulative hydrogen production) Duwdlsiuiiadn
LfiaLﬁué’@d’mmaoﬂ%mmmaai’aqmﬁnmaé’ame:ﬁ@iaﬁnﬁﬂ (Volume of media/Volume of
waste waster; V/V) 900 2%, 3% Waz 4% (V/IV) LLazﬁmqaq@Lfialﬁé?'@dmmaaﬂ%mmmao
fa@]'@”'mmaé'amezﬁ@iai{%ﬁﬂﬁ 5% (VIV) uaznavidrandiadafisgnsinasdlsunasves
fa@]'@”'mmaé'ame:ﬁ@iaﬁmﬁﬂﬁ 6% (VIV) MuELe A 40.43 mi Hy/ | wastewater (2% VIV
HB media) 174.41 ml Hy/l wastewater (3% V/V HB media) a8z 197.48 ml H,/l wastewater (4%
V/V HB media) I@ﬂﬁ@i’]gﬁdﬁg@ﬂizmm 224.31 ml H,/l wastewater (5% V/V HB media) LLag
ﬂ‘%mmﬁ”ﬂsﬁvlaimmuamuné’ua@aaLfiaLﬁué'@mumaaﬂ%mmmaa*;”am"‘anmoé’umwzﬁ@ia
WO 6% (V/V HB media) Gaflentszunms 58.51 ml Hy/l wastewater (gﬂﬁ' 13) wananit
HANIAAMNATIIaTIROLTBYAAWLAT (pH) Pag B uTUNTzUIRNIRIIN A T599u dund]
muldanmwinagenilvanzay (fRteTSuaud 6.5) andeiuildinIniamadinn (Biogas
production) luszuunassswuin ddtaslunwsauwa linansslugag 2 Suusnuazasf
Tagnssaninlidnisasuua wudﬁﬁmﬁmmmamﬁagﬁ 50 fudGlad (CoD) lu
's"ul,'%'uﬁumimaaaLLa:a°u§uq@ﬂwsw@aao&’fiaLﬂufuﬁvl,;iﬁmm§@ﬁ”ﬂ6ﬁ%’amwwud'1 TRUazUD
M3f9adlad (% COD removal) luszuuﬁuuﬂﬁuLﬂ'wqa‘*fumuﬂ%mmmwﬁmﬁ”ﬁﬂﬂmwu
GV 6’1’%3ﬁmwmuﬁagamitﬂﬁwuﬂmagﬂ,wﬁuo 27.42 - 39.29 UaTANANAANLAALUIZNINS
ATTUAIRMIRUNTNT LalaTian (Intermediate  products) BINTABWNIHIZIREINY (VFAS)
lunnsawwuin Snsnfansadunigdzinediodiwinnsadanisn Butyric acid) Uszun
2.50 — 5.20 mg/l UazNINB=TEN (Acetic acid) 5.05 - 25.75 mg/l ANUEIAL LANLUNITHEE

AaudnIsnvaInIalwIiladin (Propionic acid) Uszanew 1.15 - 2.70 mg/l luszuy
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250

200 e
/

I
(7]
)
©
q;) 150 il 0% V//V HB media (control)
+—
§ ey 296 V//V HB media
- .
\ 3% V/V HB media

~ 100
E #== 4% V/V HB media
S

@ 5% V/V HB media
50 —

6% V/V HB media

0 24 48 72 96 120 144 168 192

Duration (hr)

ni a a 6V :’ a v ni
3UM 13 anwuaastTinaImaniafalalanaussauaniifoveslsnudund
lagldiaganandianzisialdreui (GUnssuunIumINIa)
mulddilaniiudu 6.5 uazanwamnnduuumaslufan (55 + 1 o)

PMNNANITNARBIT AU mmmﬂﬁmagﬂ"lﬁdwmimuqmmwLn@ﬁauﬁmmzau (FNLET
LSNAWN 6.5 LLazaqumvﬁgﬁLmumaﬂwﬂﬁﬂ (Thermophilic condition) (55 + 1 ‘1)) 33814
¥ s o 6 A ni :/ o . o 1 a
mﬂma@gmﬂmammew%u@wﬁaum (Hydrophilic media) luaaginaaidSu1asvas
TRQAINAFIATEWARNLFY (Volume of media/Volume of waste waster; V/V) 71 5% §91a34
WiAanndafalalosauazangigaaninfolynuduni  nadtonaiannnguas
AA A o a o o a [ . . Al a v
LLU@mmmaswﬂﬂmwmmzuummana@;mn&mmmi’l:vs (Biofilm) NlTlun1INAaaIian
o oA . a AcAA o A o a P X
auuagu’lmwmeqaummwr\ymwlumw M balaslaunI9FININYaITEULL NN N
2 o o Ao A .
fmaa@ﬂaaaﬂuwammwﬁuq (Wu et al., 2005; Wu and Chang, 2007; Bai et al., 2009)
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6. Namsﬁnﬂﬂgﬂ‘n‘saﬁumn@haﬁuwaa‘f&{qﬁanmaﬁ'aLﬂ‘sﬂzﬁﬁﬁauﬁ”’l@ia
Uszansamnisuaanizlalasieunisdinmanindslssoruiduwna  areld
ANNIIARBNTLANIZEN LATANBIENIIAMIUINIBBIARNIENEatnzunian
AINANFILATIEH

wamsmaﬁmsﬂzﬁﬂmawﬁ@l,i‘j‘umﬁmmfméhﬂmaé‘amiﬂzﬁﬁ'muﬁﬂugﬂmaﬁLmﬂ@mﬁ'u
(sﬂmaaﬂuaa JUNTIURIUN wazgdnTande) awnsastiduniwsiucouaaslu
a13197 6 uaz wamsmaawaamma@méﬁvl,aiml,auwmmmwafmmLaﬂsammauﬁu
muldannuiaganfinunzay (ARemSuedn (Iniial pH) 7 6.5 IDEE SRV G L BTN
Tuf&n (Thermophilic condition) (55 + 1 °x)) laglEnszuiunsnsdnluzianasasuuuiiom
(batch test) luanwlsameauas ldfiues T,@slms'ﬂ@maaﬁ"lé’l,%”a@m“”mmoéhLﬂsﬂzﬁ%ﬁmauﬁﬁ
(Hydrophilic media; HP media) 3 3 gﬂmo@rmﬁna”nmﬁwﬁuiué’wd’mmaaﬂ%mm
's”a@m”'mmaé’amm:ﬁmﬁmﬁ'muﬁw wazUSu1AT89tNE e 5% (uanUszunm 8 Suwudn
520215060 (Lag phase) maagﬁuw%ﬂum:mumwﬁ'ﬂLa‘j'aL'%'uNﬁmﬁ”ﬁsﬁvl,aimwumﬂf:%ﬁﬂ
Tugaedszanns 8 - 14 Talusg %uﬁ'ugﬂmwaai’a@mﬁnmaﬁaLﬂﬂ:ﬁ‘*ﬁﬁ@ﬁmauﬁw waziUSuas
mindafslalasiaudiniwazay (Cumulative biogas production) lunmwsanaglutislszanm
802.50 — 2,500.50 ml biogas/l wastewater uaztiasiifinnsianziasdlsznausosfn
FrnmiAedunwsaunuin daasudesazaasmolalasian (H,) Uszunw 17.96 — 36.62
fMaa1suenlasenlod (CO,) TauazUszunm 599 — 12.21 uazAolulasiau (N,) Sooaz
Uszan0h 35.88 — 52.38 §IwMTALNY (CH,) wundnsnaatuluszuudsinasdndesaziseunm
5.07 — 10.60 uazniIndafiolalasiauszay (Cumulative hydrogen production) gagawulu
3zuuﬁﬁnﬂsﬂi:qﬂ@‘1°ﬁﬁ"a@3m"’anmoéﬁme:ﬁ"ﬁﬁ@‘ﬁ'mauﬁwgﬂm\‘]g]ﬂuaasfiqmmmwﬁmvl,@”lu
3103 1,256.50 ml H,/ | wastewater (5% V/V PE Ball) uazmisdszgndldiagaanany
é”ome:ﬁmﬁ@ﬁmuﬁwgﬂmmaLLmuﬂmqmmmwﬁm"lé‘tuﬂ%mm 1,116.15 ml  H,/ |
wastewater (5% V/V Acrylic Ring) & idszyndldiagainais é’amswzﬁmﬁ@ﬁmuﬁﬁgﬂma
vdafminaatolalasianasanlalulsunasd 499.00 ml Hy/ | wastewater (5% VIV PE
Wheel) %aﬁmm5@1ﬁ"ﬁen"l,aiml,ﬁmazamﬁmdm”amqu (676.53 ml H,/ | wastewater) 289017
NARDINIIT (gﬂ‘ﬁ' 14)

uaﬂﬁnﬂﬁwamia@]mmmﬁmmaauﬁayja@hﬁ'wm (pH) 28955 URUNTZLINANTANN
indlssnwdwmdmoldanmiedoufivanzay (FRLeTSNAUN 6.5) andeiui liinInaa
fMwTIA1N (Biogas production) luszuunaaadwuin drtealusamwiuiuwllduaassann
i'uLLSﬂLLaz@hﬁLam"'uq@ﬁwmadmimaadagjﬁ 4.0 §mANGlad (COD) TuumsSuduminasss
LLa:fuﬁyuq@msw@aaos'fidLﬂufuﬁvl,ajﬁmswﬁmﬁ”w%amwwmﬂ Jauazvain1sinsadlad
(% COD removal) lus:uuﬁumiﬁwLﬁ'ugaﬁumwﬂ%mmmmﬁmﬁwmvlaI@iLauazau 9%
mwsw%yamimaﬁﬂuuﬂmagﬂmha 34.38 — 43.75 UAZFNANAATILAAD UIZWININTZLINANS
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winmolalasian (Intermediate products) V8INIABUNIETTEABINE (VFAS) THATWITINWLIN
Insufansadunidszmediasnwinnsadiniin (Butyric acid) Uszunmk 8.70 — 35.50 mgl/l
LasNIABs TN (Acetic acid) 10.05-45.50 mg/l AUSIAL LEWLNITHAAR 0T 961289
nsalwswladin (Propionic acid) Uszanas 0.13 -1.50 mg/l Tuszuy

M1319N 6 qmauﬁaLﬁaaﬁuwaai'aqﬁanmaé’amswﬁ%ﬁmﬁ%auﬁﬂ

AANLANIINIBAIN
. . %%A e anwgs  Usaas fninn fuinn
sinssvasIanaInas " . , . &
" v A 1 y PO9IEA  AWHNANY  (mm) (cm’) N MIRNA
AILAINERTANTA LR ) , ) s
Agwan (cm’) (m*/m’)
(Shape of hydrophilic media)
(malw)
(mm)
FUNTIRIUWIUNRN Acrylic 20 (16) 10 1.13 13.56 432
type
pHIENOHTRE PE type 20 20 1.00 100 250
319de PE type 11 7 0.20 34.65 850
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1400

L/ ¢

*
\/
/)’H
1000

% ///
A
& 800
@ // - Control
< 600 _— —=34=5% Acrylic Ring
= / u 5% PE Wheel
£ 400 /s
/ - 4 5% PE Ball
200
0

0 24 48 72 96 120 144 168 192

Duration (hr)

ni a a 6V :’ a v ni
3N 14 anwuaastTineImaniafalalanaussauaniifoveslnudund
laglfiaganandanzisianteuni 3 3unss (5% Viv)
mulddtaniiudu 6.5 uazanwamnnduuumailufan (55 + 1 o)

MNTUAN B UL NAUFIRINGNVBIITUNITNATINZUWIRAINANFUATIZA BlANTOU
ﬁ’m"'a;sﬂmaaﬂuaa IUNIIWUAINNE LLazgﬂmdNﬁa wugﬁuw%‘ﬁﬁﬁé’nwwzgﬂi”mLﬁmiau
NaNL3828717 (Rod shape) (Basile et al., 2010; Singh et al., 2013) lasflansaen1Ia3sinIzaad

A A e ' o oA A A eA =< A o a Y ' o
qunIgnuandr9anude duniIdinaIanzuuiaiagainarluansusidunguuuiag
@‘ﬁﬂmagﬂmagnuamm:gﬂmnaa’a LL@iwumméwaaﬁ;ﬁuﬂ?ﬂ‘LmuLﬁuﬂﬁju@iauﬁwﬁasmm”a@;
% (% dl dl =3 a a 6 a o s
dNaaIIUNTINRD (UM 15-16) luumeAinunIaisimzueadunIduuiiuesiagainag
sunsnsumunaluansazidununlassine U 17) niftleraftiasanizgainanigdnsang
wnnaNdguaNTAnIMenwIaidIMouandautinaiTouIlalAsuALTRg@INAIFILATIZA
sUnTIgnUaauazl9de uazilallTouisuan e AMIWINE1IaIAUNIENAT Iz
= = ﬂ/ =3 { :/ Qq// 1 a (23 a &/
Tagamnavsueziriiafireninng 3 junsiwui mmdamalalaseuszaugigaiadule

JUnsgnues ﬂ”@ﬁmmﬁ@ﬁnﬂqmauﬂﬁmamﬂmwmaaﬁuﬁﬁaa‘hLWﬂzmaagﬂuaaﬁ@hgd yinlw
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wuaflSaNuaafelalasian (Hydrogen producing bacteria) l43sUURINNTOATILANZUWAIVD
TRQAINANFUATIZA AL ANIINTU (Zhang et al., 2008a)

(2)

JUN 15 AnEIENIFMIWINETRINIAT AR UK IRgMNANFIe TR nTa U
JUNTNUBaMIENIaI9anIIAUBLANATEULLLFINTIA: (N) JUTIUAZIUIAVBINNUDN LAz
=2 A Ae¢ A 4o o : &
(1) M3 UNTHLRAIVBIgNUEATIAIAIVENY 5,000 LY vasanaLTs 5 lulasiuas
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(n) (V)

3UN 16 AnBUNNFUIWINGWRINMIATIRRUNTTURIRgAINAFIAzETRaN TaUh
sidadendpIanTIAtdianaTaBLLLFEINTIA: (N) JUINUAZIIIATBINWNE UAS

(1) mm’%omaa'«g§uﬂ%'£uuﬁ’s°naa’m§aﬁﬁ’1é'wmﬂ 10,000 i1 vasaLnaLns 1 tulasiuas

(n) ()

JUN 17 ansoenIFUIRINgIaINIAIRRUNISuwIrgmnaIdIA Mz TianTa i
JUNUMIUNANAENAIIANTIALBIANATEUILLLFBINTIA:
(M) UTWURZVINATBINUAIUNAN WA (T) NMIATIVIPAUNTIUUAIVBINUAIUNA WA

fN8IL1e 5,000 L1 Badatnauns 5 lulasiuas
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PMNHAMINARBIT AW mmmm\magﬂ"lﬁdnmsmuquamwLn@é"auﬁmmzau (ANLET
Suduil 6.5 LLa:anwwqmﬁQﬁLLUULwaﬂwﬂﬁﬂ (Thermophilic condition) (55 + 1 “a)) SRR
mﬂ%’g"‘a@m""mmaé'amezﬁmﬁ@ﬁ'muﬁ’] (Hydrophilic media) 3Unsignuaa (PE Ball) ludasu
maoﬂ%mmmaﬁaqﬁmmaﬁhmezﬁ@iai{’nﬁm (Volume of media/Volume of waste waster;
VIV) 7 5% ﬁ%oLa‘%wlﬁLﬁ@mw§@|ﬁ”’1611vl,aimmua:awgaﬁg@mﬂﬂiﬂLﬁﬂiammﬁu%ﬁ Yafonafia
fa'mmj;mlaoLLuﬂﬁL‘%ﬂﬁa%"ﬁavl,aimmummm@’?dLmzuuﬁamsmanmam“’a@;m”’mmoé‘aL@m:ﬁ
(Biofilm) #lTlumInasasise aﬁuagﬂﬁﬁméagﬁuﬁﬁﬁﬁﬁ'ﬂamw‘lum‘swﬁmﬁwvl,aimwu
meimwluszufivanniu Ssannaasiunauiseaug (Wu et al., 2005; Wu and Chang,
2007; Bai et al., 2009)

Taasuazdaiawaune (Conclusion and Recommendation)
JaaslvaInanImManas

1. miwdefolalasiaugzan (Cumulative hydrogen production) MNUNLEEVEINTZLAH
MINAAYAMNPNTININBATUIZLAND TIN5 TssuiAaduuandr9nin lagisasdeuann
ﬂ’%mmmiwﬁ@vl,aimmua:augaq@vl,ﬂ@"iwq@"[ﬁ@”af:ﬁa 1) 1{’1LﬁgisoaﬂuLﬁuﬁﬁﬁmiwﬁ@gaq@
183.51 ml H,/l wastewater 2) Falsssminnalsl 1 Snsndaludszanm 149.36 ml Hyl
wastewater 3) ﬁ’nﬁﬂ‘[iomuuﬂigﬂmw%ﬂuﬁmmSmluﬂfsmm 73.90 ml Hy/l wastewater LLa
4) sdalssnunuriannudsdmindalulsunas 68.62 ml Hyl wastewater sausintfelss97u
il 2 Msnansondamalalasanldias

2. drenudunia-anasudn (Initial pH) LLaxamwqm%qﬁuuumaﬂwﬂﬁﬂ (55 + 1 °x)
(Thermophilic condition) LIuan1izuiageunfinazaudanisuiamalalasianazauain
iEsT5s9maund (552,29 mi Hy/l wastewater) LazFNANAANLAATRIZAININTZUAUNITHIN
fe'lalasian (Intermediate products) VaINIABUNIHIZNLIY (VFAS) TUAWIINVBITZUY WU
mInAanIaduwnidazinadnadiwlng s wannsaaz@@n (Acetic acid) 8.05-38.75 mg/l kaznIa
71150 (Butyric acid) Uszanos 6.50 — 32.20 mg/l aNE1AL §1nIALlWIALadin (Propionic
acid) wuluiSanaseniszanms 0.13 -2.56 mg/l

3. n’lsﬂizqﬂ@]‘i%"’a@;@"ﬁﬂmaﬁamezﬁﬁﬁ@ﬁmuﬁﬂué’@ﬁhu"uaaﬂ%mma”a@;@ﬁﬂma
faaziaatSunasastindolsenudunida 5% (vv) meldanziadeniitnunzan
gouasulAifansndafiolalasiauaray me@mﬁ'uifuﬂ”ugﬂmwam”q@@‘i”mmaE?(aLmﬂzﬁ
T,@Uﬁmé’m”umnqdq@vlﬂ@‘i’ﬁqﬂvlﬁ@”dﬁﬁa 1) 1,256.50 ml H,/ | wastewater (5% V/V PE Ball)
2) 1,116.15 ml H,/ | wastewater (5% V/V Acrylic Ring) a8z 3) 499.90 ml H,/ | wastewater
(5% VIV PE Wheel) sﬁoﬁmm§@ﬁ"ﬁeﬁ"laimwua:am‘i’1mfﬂ@ﬁmqu (676.53 ml H,/I
wastewater) ez HaNAATIARTu TN TR UM lalasion (Intermediate products)

PadnIndUNITazinedne (VFAs) lTumwiawasszuy wunmsnaansadunigesineadnadinlng
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IININNIABLTEN (Acetic acid) 10.05-45.50 mg/l LaznIALINIIN (Butyric acid) Uzamks 8.70 —
35.50 mg/l aasIay §1mnIalnsilafin (Propionic acid) wulndSurmentszanm 0.13 -1.50
mg/I

4. ﬁ'ﬂwmzmaé'mgm‘iwmmaoﬁlﬁuﬂ‘%s‘i‘ﬁm?aLmzumva@;m”aﬂmoé‘ame:ﬁﬁﬁ@ﬁmauﬁ'}
¥ 3 sunssdzdiidurian (Rod shape) lasadunidaiainizuufiadagainansgdnsagnues
wazzUnsrndeludnyusiduuuungy uazafunIdasunzuniIreIRgAINAITUN TR

n mﬂuﬁ'ﬂ waszlduuy UIﬂixﬂh |

DLAWBD IS

1. endnwdasuanwnaseniinadamigagsunsnaamalalasandimuinaids
i anagTuseslansidwdananiurasings  sasnistenandunidimunzanlunis
WNITUY Jesaiunn Wudu Lﬁaﬁ'sﬂaﬁfuagmmiaanLLum:uumswﬁwﬁwvl,aimwu
Fammuuudaiies (Continuous system)

2. ﬂ'ssﬁﬂmfaq@?‘mmaﬁ'aLﬂi’]xﬁﬁﬁmg’aﬂizgﬁafm@T'mmamﬂﬁﬁuma (o lote
Tathu wazlouon) 1uﬂ’liﬂi$ﬂqﬂ@ﬂ°ﬁlﬁaﬁdLﬁ%uﬂ’]iw§@ﬁuﬁ5ﬁvLaI@§L‘ﬂu%’3ﬂ’1W%’m1i’1Lf?('il

3. ﬂﬁﬁnwnﬁmﬁuﬁaa%%ﬁﬂm (Molecular  biology) mau%agﬁuw%'ﬁﬁwﬁ@ﬁ"w
lalavaugegaluszuy wolvnsuds % Similarity mammﬁﬁ'ﬂmUw”ufﬁaﬁuﬁinwﬁmﬁ"wﬁn

lalasanazayla FIgAINIFY
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Abstract: This study attempted to determine the effects of initial pH and temperature by
using agro-industrial wastewater of starch and rice noodle industry as an organic substrate
on fermentative hydrogen production. The batch experiments were controlled in
environmental conditions of an initial pH; 4.5-7.0 and temperatures; mesophilic condition
(35+1°C) and thermophilic condition (55+1°C). The results revealed that the maximum
cumulative hydrogen productions were observed about 552.29 ml H,/l wastewater and
307.97 ml Hy/1 wastewater under thermophilic and mesophilic conditions, respectively. They
were achieved in the same initial pH at 6.5, which was an optimal condition. Moreover, the
maximum cumulative hydrogen production was almost a two-fold increase when
temperature increased in thermophilic condition. The percentages of COD removal
efficiency slightly increased from 31.25-46.88 (mesophilic condition) to 40.63-56.25
(thermophilic condition).

Introduction: Hydrogen is now considered as one of the alternatives to fossil fuels. It is not
chemically bound to carbon and therefore, burning does not contribute to greenhouse gases
or acid rain. Fermentative hydrogen production (biohydrogen production) is a microbial-
based anaerobic process, which emits less carbon dioxide (CO;) than conventional
thermochemical hydrogen production processes do.' Biohydrogen production by dark
fermentation of wastes can both reduce waste disposal problem and decrease raw material
cost.” The major advantages of dark fermentation process are high hydrogen production
capacities, operation without light sources and no oxygen limitation problems. Additionally,
alternative uses of wastewater are encouraged to reduce environmental pollution.’
Biohydrogen production has been reported from other wastewater sources including rice
winery wastewater, starch wastewater and food-processing wastewater.”* Argo-industrial
wastewater is one source of carbohydrate-rich waste. Nevertheless, biohydrogen production
is greatly influenced by environmental factors such as pH, temperature, oxidation-reduction
potential, organic loading rate, influent substrate concentration, F/M ratio and phosphate
levels as well as seed microorganisms. An effective hydrogen production can be achieved by
conducting a fermentation process at the optimum environmental conditions. Moreover,
biohydrogen production from wastewater is influenced to many factors, especially pH and
temperature.” The key to understand the biohydrogen production properties lies in an
appreciation of the environmental conditions and how these properties respond to the
environmental changes that influence hydrogen metabolism.® In order to increase the
efficiency of biohydrogen production, these factors should be more studied. Therefore, the
objectives of this study were to determine the effects of initial pH and temperature on
biohydrogen production from agro-industrial wastewater by anaerobic mixed culture and to
investigate the COD removal occurred in fermentation process.
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Methodology: Agro-industrial wastewater was collected from a starch and rice noodle
industry and was applied as substrate in experiment. Seed sludge was obtained from the
anaerobic digestion excrement treatment plant of Bureau of Environment and Health,
Nonthaburi Municipality, Thailand. Sludge was sieved with a screen opening 2.00 mm. The
characteristics of agro-industrial wastewater and seed sludge were analyzed by Standard
Method’ (Table 1).

Table 1. Characteristics of agro-industrial wastewater and seed sludge

Parameter - : Value
Agro-industrial wastewater Seed sludge

pH 5.30 8.23
COD (mg/1) 4,296 24,300
BOD (mg/1) 1,096 NA
Total Kjeldal nitrogen (mg/1) 68.04 597
Total solid (mg/1) 545.60 257,860
Total suspended solid (mg/1) 303.80 212,750
Volatile solid (mg/1) NA 25,370
Volatile suspended solid (mg/1) NA 14,327

NA = Not analyzed

Prior to use the seed sludge into experiment, it was heated at 90°C for 15 min to inactive the
hydrogen consuming bacteria.® The experiments were set up by using serum bottles in batch
test with duplication and were controlled in dark condition. Each batch reactor was
conducted by using 250 ml serum bottle with a working volume of 200 ml. It consisted of
agro-industrial wastewater and hydrogen-producing seed. The variations of initial pH at 4.5,
5.0, 5.5, 6.0, 6.5 and 7.0 were adjusted by 1M KOH and 1M HCI. All batch reactors were
purged with nitrogen gas in order to create an anaerobic condition and then were clogged
with silicone rubber stopper and screw cap to avoid gas leakage from the bottle. Moreover,
they were connected with gas sampling bag. Then, batch reactors were placed in a water
bath shaker with 120 + 1 rpm at mesophilic (35+1°C) and thermophilic (55+1°C) conditions
for biohydrogen production (Figure 1).

Figure 1. Fermentation process of agro-industrial wastewater for biohydrogen production
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Hydrogen production contented in biogas volume that was collected from sampling bag of
experiment. The total biogas volume was measured by the plunger displacement method
with the sized glass syringes 50 and 100 ml. The component of biogas was analyzed using a
gastight syringe (500 pl injection volume), which was injected to gas chromatography (GC,
Varian Star 3400, USA) equipped with a thermal conductivity detector (TCD) and stainless-
steel column Ig)acked (Alltech Molesieve SA 80/100 10°x 1/8”) with argon gas as carrier gas

for hydrogen. The temperatures of injector, detector, and column were kept at 80 °C, 90 °C

and 50 °C, respectively. Hydrogen gas production was calculated from headspace

measurements of gas composition and total volume of biogas produced at each time interval
10

by using a following equation (Eq. 1).

'l+ CH,i(VG,i-]) - VH(CH,i+ CHJ + CHJ._,) (Eq.1)

i-

Vo=V
Hi H

where VH’i and VH’i_1 are cumulative hydrogen gas volumes at the current (i) and previous
(1-1) time intervals, VG’i and VGJ_l are the total gas volumes in the current and previous time
interval, CH’i and CH’i_1 are the fraction of hydrogen gas in the headspace of the bottle
measured using gas chromatography in the current and previous intervals, and VH is total

volume of headspace in the reactor.
11

A modified Gompertz equation (Eq. 2) was used to calculate cumulative hydrogen data
depict.

H = Pexp{-exp{Rn*e (2-)+1]} (Eq.2)
p

where H (ml) is the cumulative hydrogen production, P (ml) is the hydrogen production,
R (ml/h) is the maximum hydrogen production rate, A (h) is the lag phase time and e =

2.71828.

Moreover, liquid sample of bioreactor was monitored for pH value that was daily monitored
by pH paper. COD analysis was also detected after no biogas production in experiment.''

Results, Discussion and Conclusion: In all experiments for approximately one week, the
results revealed that biogas production mainly contained hydrogen and carbon dioxide,
including the small portion of residual nitrogen from the initial purging. Moreover, biogas
was free of methane, indicating the lack of methanogenic activities in the sludge (Zhang et
al., 2003). Eq.2 correlates hydrogen production data well with R* > 0.995 in all series. The
tendencies of cumulative hydrogen production from agro-industrial wastewater at initial pH
from 4.5 to 7.0 under mesophilic and thermophilic conditions are shown in Figure 2 and 3,
respectively. Figure 2 illustrates the initial pH has an influence on biohydrogen production.
Lag phase times of hydrogen-producing bacteria in process were observed at 4-14 h which
occurred from the different initial pH values.'> Moreover, the graphs depicted that hydrogen
production was not investigated at initial pH of 4.5 and 5.0. The cumulative hydrogen
production increased with increasing initial pH in the range of 5.5 to 6.5 and decreasing at
initial pH 7.0, which hydrogen was highly produced in the beginning and then was slightly
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stable in an overview. The results were also revealed that cumulative hydrogen production at
initial pH 5.5 was about 5.92 ml H,/l wastewater and was higher at initial pH 6.0 about
46.63 ml H,/l wastewater as well as the maximum cumulative hydrogen production was
achieved at initial pH 6.5 about 307.97 ml H,/l wastewater. At initial pH 7.0, cumulative
hydrogen production was about 200.46 ml H,/1 wastewater. Therefore, cumulative hydrogen
production of agro-industrial wastewater under mesophilic condition at different initial pH
was in the order: initial pH 6.5>initial pH 7.0>initial pH 6.0>initial pH 5.5>initial pH 4.5 &
5.0. The observation in this study is in agreement with the finding that the maximum
hydrogen yield from starch wastewater was 186 ml/g starch at the optimal pH 6.5."* Besides,
a result contrary to other researches, they found that the maximum specific hydrogen
production potential of food-processing wastewater (166.8 ml H,/g COD) and the maximum
hydrogen production rate of cheese whey (28.3 ml Hy/hr) were also observed at the optimal
initial pH 6.7 It might be related to the organic substrates which have different
characteristics. The final pH value of all experiments after no biogas production in process
was decreased in three days of the beginning process and then was stable at pH 3.5.
Furthermore, the percentages of COD removal efficiency were approximately 31.25 — 46.88.

350
300 P — 4 4 \ 4 . 4 ¢
250 /

/ —B—TInitial pH 4.5

200
/ ‘/- —<—Tnitial pH 5.0
iti 5.5
150 // Initial pH 5.7

A—Initial pH 6.0
=—&—Tnitial pH 6.5
Initial pH 7.0

ml H, /L. wastewater

07 A = = = = = =1
0 24 48 72 96 120 144 168
Duration (hr)

Figure 2. Cumulative hydrogen production from agro-industrial wastewater
at different initial pHs under mesophilic condition
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Figure 3. Cumulative hydrogen production from agro-industrial wastewater
at different initial pHs under thermophilic condition

At thermophilic condition, the cumulative hydrogen production at different initial pH
of 4.5 to 7.0 is shown in the tendency (Figure 3). The hydrogen production was not detected
at initial pH of 4.5 and 5.0. The lag phase times of fermentation process were about 14-44 h
that were higher than its process under mesophilic condition. This result is contrary to
previous research that working at higher temperature reduced the length of the lag phase.'*
At initial pH in the ranges of 5.5-6.5, the cumulative hydrogen productions of agro-
industrial wastewater were increased when initial pH increased. Moreover, they were about
69.50 and 187.59 ml H/l wastewater at initial pH of 5.5 and 6.0, respectively. The
maximum cumulative hydrogen production was found about 552.29 ml H,/l wastewater at
initial pH 6.5. After that, the cumulative hydrogen production was a three-fold decrease
(126.66 ml H,/1 wastewater) when initial pH increased at 7.0. This result is differed from
observation of maximum hydrogen yield of 92 ml Hy/g starch added at initial pH 6.0.
However, the maximum cumulative hydrogen productions were almost higher than
production under mesophilic condition. It might be occurred from degradation rate of
organic substrates when increased the temperature in process.'> The final pH values of all
experiments after no biogas production in process were decreased in two days of the
beginning process and then was stable at pH 4.0-6.0, excluding the fermentation process at
initial pH 5.5 that was unchanged. The percentages of COD removal efficiency were
approximately 40.63-56.25.
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In this study, the experimental results indicated that the maximum cumulative
hydrogen production was obtained at initial pH 6.5 in both of temperature controls.
Moreover, the maximum cumulative hydrogen production under thermophilic condition was
a two-fold increase when compared to its production under mesophilic condition. Therefore,
it could be concluded that environmental factors of initial pH and temperature affected on
the biohydrogen production from agro-industrial wastewater. However, the system factors
identified should be helpful for design of biohydrogen production from agro-industrial
wastewater in the further study of a continuous fermentation process.
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Abstract

The feasibility of biological hydrogen production from agro-food industrial wastewater (fruit juice, coconut
milk, snack from starch and noodle) by using a batch test in dark condition was studied in this research.
Moreover, the optimum of initial pH 4.5—7.0 and temperature controls; mesophilic condition (35+1 °C) and
thermophilic condition (50£1 °C) were investigated. The results showed that the highest cumulative hydrogen
production was observed about 183.51 ml H,/l wastewater from noodle wastewater. Therefore, noodle
wastewater was used as substrate to investigate the optimal environmental conditions. The highest cumulative
hydrogen production from noodle wastewater was found approximately 552.29 ml H,/l wastewater at initial pH
of 6.5 and thermophilic condition. This research could be concluded that the characteristics of wastewater, initial
pH and temperature had affected on biological hydrogen production.

Keywords: biological hydrogen production; agro-food industrial wastewater; initial pH; temperature

1. Introduction

Nowadays, global energy requirements highly
depend on fossil fuels such as oil, coal and natural
gas, which eventually lead to foreseeable depletion
of limited fossil fuels. It is necessary to seek an
alternative energy resource for source of succession
of fuel energy. Hydrogen (H,) is a clean fuel with
no carbon dioxide (CO,) emissions and can be
sustainably produced. Therefore, H, is considered
as an important key to a sustainable world power
supply and is currently being seen as the useful fuel
of the future, with the ability to replace fossil fuels
(Maddy et al., 2003).

Biological hydrogen production is one of the
alternative energy that could be intensively fewer
energy and environmental friendly. Extensively,
bio-hydrogen production process can be classified
as biophotolysis of  water, anaerobic
microorganism, photodecomposition of organic
compounds by photosynthetic microorganism, and
fermentative hydrogen production from organic
compounds (Boopathy and Domiels, 1991). The
biological generation of H, from anaerobic
fermentation of organics substrates promises to be
an economical and sustainable technology for H,
production if conversion efficiencies can be
increased (Benemann, 1996). The fermentation
evolution is more advantageous than photochemical
evolution for mass production of H, by
microorganisms, where different wastewater could
be used as substrates (Van Ginkel et al., 2005).
Utilization of wastewater as substrate for H,
production with simultaneous wastewater treatment
and sludge waste prior to discharge to the
environment is an attractive and is effective method
of clean energy from renewable resources in a

sustainable method. H, can be produced by
hydrogen -producing bacteria through biological
hydrogen  production process at ambient
temperature and pressure. However, hydrogen yield
can be enhanced by biological hydrogen production
under the optimal environmental conditions. The
initial pH and temperature are an important factor
that influences the activity of hydrogen -producing
bacteria to produces H,. Although, the several
studies demonstrated the effect of initial pH and
temperature on fermentative hydrogen production
but there exists different value in terms of the
optimal initial pH and temperature (Wang and Wan,
2008).

Therefore, the objectives of this study were to
study the feasibility of bio—hydrogen production
from agro-food industrial wastewater by anaerobic
fermentation process, and to investigate the
optimum of initial pH ranged 4.5-7.0
and temperature controls; mesophilic condition
(351 °C) and thermophilic condition (50+1 °C)
which affect on biological hydrogen production.

2. Materials and Methods
2.1. Substrates

Wastewater was collected from five agro-food
industrial factories by water sampler (grab sampling
method). Agro-food industrial wastewater was used
as substrate for fermentative hydrogen production.
There were following;

Fruit juice processing wastewater was
obtained from juice industries, Nakhonpathom



province, Thailand. Food processing wastewater
was namely starch and rice noodle industry,
Nakhonpathom province, Thailand and snack
industry, Samutsakhon province, Thailand.

The characteristics of wastewater; pH, Total
Solid (TS), Total Suspended Solid (TSS), Volatile
Solid (VS), Volatile Suspended Solid (VSS),
Chemical Oxygen Demand (COD), Biochemical
Oxygen Demand (BOD), Total Kjeldahl Nitrogen
(TKN) were analyzed (APHA, 2005). The physical
and chemical characteristics of agro-food industrial
wastewater were shown in Table 1.

2.2. Seed sludge

Anaerobic sludge was taken from the Bio—
fertilizer plant, Nonthaburi province, Thailand.
Seed sludge was screened with sieve opening
2.00 mm to eliminate large particulate materials.
Seed sludge was heated at 90°C for 10 min
to inhibit hydrogen—consuming bacteria and
facilitating the growth of spore—forming bacteria
(Hawhes et al., 2002).

2.3. Experimental procedures

The nutrient solution for bacterial growth
contained 10 g Cg¢H;,06 (D-Glucose), 5,240 mg
NH,HCO;, 6,720 mg NaHCO;, 125 mg K,HPO,,
100 mg MgCl,-H,0, 25 mg FeSO, 7H,0, 15 mg
MnSO4 6H,0, 4.37 mg CuSO, 5H,O, 0.125 mg
CoCl,-5H,0 in 1000 ml distilled water modified
from Lin and Chang (2004). In all batches, a series
in 250 ml of lab bottle (working volume 200 ml)
was added with 20 ml seed sludge and 250 ml
wastewater. The mixed liquor in the experiments
was firstly purged with nitrogen gas for 1 min to
ensure anaerobic condition prior to each run and
clogged with silicone rubber stoppers and three
ways were used to avoid gas leakage from the
bottle as well as connected with airbag.

The experiment was conducted to compare the
biological hydrogen production by non—control pH
at room temperature which applied from agro-food
industrial wastewater as substrate. After that,
selected substrate enriched the highest biological
hydrogen production was examined the effects of
initial pH 4.5, 5.0, 5.5, 6.0, 6.5, and 7.0 and then it
was examined the optimum of environmental
condition for biological hydrogen production under
mesophilic temperature (35£2 °C). Thereafter,
obtained optimum initial pH was employed into
anaerobic dark—fermentation experiment under
thermophilic temperature (50£2 °C) for biological
hydrogen production. Each batch experiment was
conducted in triplicate and the obtained result was
taken for calculation.

2.4. Analytical methods

The volume of biogas production was daily
measured by a plunger displacement method of
glass—tight syringes (Owen W et al., 1979). The
components of biogas production were daily
analyzed by a gas chromatography (Varian STAR
3400, America) which equipped with a thermal
conductivity detector (TCD). A stainless—steel
column was packed (Alltech Molesieve SA 80/100
10°x 1/8”). Argon was used as the carrier gas for
hydrogen (H;), nitrogen (N,) and methane (CH,)
analysis and helium was applied as the carrier gas
for carbon dioxide (CO,) analysis (Selembo et al.,
2009). The temperatures of injector, detector and
column were kept at 80 °C, 90 °C and 50 °C
respectively.

Hydrogen gas production was calculated from
headspace measurements of gas composition and
total volume of biogas produced at each time
interval by using a following equation (Eq. 1) (Van
Ginkel et al., 2005).

V =V +C (V )+V(C +C +C )(Eql)
Hi H,i H,i-1

H, i H,i-1 Hi G-l H

where VH_ and VH'I are cumulative hydrogen

gas volumes at the current (1) and previous (i-1)

time intervals, ¥ and V  are the total gas
Gi G-l

volumes in the current and previous time interval,
C and C are the fraction of hydrogen gas in the
Hi H,i-1

headspace of the bottle measured using gas

chromatography in the current and previous

intervals, and ¥ is total volume of headspace in the
H

reactor.

A modified Gompertz equation (Eq. 2) was
used to calculate cumulative hydrogen data depict
(Van Ginkel et al., 2005).

H = Pexp{-exp{R,,*e (3-1)+1]} (Eq.2)
p

where H (ml) is the cumulative hydrogen
production, P (ml) is the hydrogen production,
R (ml/h) is the maximum hydrogen production

rate, A (h) is the lag phase time and e =2.71828.

Moreover, liquid sample of bioreactor was
monitored for pH value that was daily monitored by
pH paper. COD analysis was also detected after no
biogas production in experiment.''



Table 1 Characteristics of agro-food industrial wastewater and seed sludge

Parameter - - Value
Agro-food industrial wastewater Seed sludge

pH 5.30-7.17 8.23
COD (mg/l) 4,125-20,000 24,300
BOD (mg/l) 1,096-3,353 NA
Total Kjeldal nitrogen (mg/1) 14-83 597
Total solid (mg/1) 546-6,525 257,860
Total suspended solid (mg/1) 304-4,963 212,750
Volatile solid (mg/1) NA 25,370
Volatile suspended solid (mg/1) NA 14,327

NA = Not analyzed

3. Results and Discussion
3.1. Feasibility of biological hydrogen production from agro-food industrial wastewater.

In this study, total biogas productions were detected after one week, there were three gases of H,, CO,, and
N, which were the major component of biogas production. The characteristics of wastewater might have affected
on biological hydrogen production, especially noodle. It might be due to their characteristics of COD, BOD and
VSS which were higher than other kinds of wastewater. Moreover, it has already been proved to be feasible for
H, production, as organic matter content (COD) and total biomass were higher than other kinds of wastewater.
On the other hand, fruit juice wastewater (II) has negatively affected on H, production since it contained some
chemicals which were a kind of more reduce products, thereby consuming a large amount of free electrons could
be used to form H, (Chatsiriwatana, 2009). During the batch operation, biogas production of all kinds of
wastewater; except fruit juice wastewater showed that no CH, production was found in the system and pH
profile was decreased in the range of 4.0 to 6.0. Within this pH range, bacterial growth could not produce CH,
because microorganisms digest organic matters and then organic acids were converted into the majority of
volatile fatty acids, H, and CO,. Then, H, production was going to the constant stage (Kasamechonchung, 2006).
In addition, percentages of COD removal were quite low in the rage of 7.42 — 37.29 after experiments were
finished.

Furthermore, the results of cumulative hydrogen production from agro-food industrial wastewater showed
that biological hydrogen production could be generated within 48 h (except fruit juice wastewater (II)). The
highest was approximately 183.51 ml H,/l wastewater from noodle wastewater, 149.36 ml H,/1 wastewater from
fruit juice wastewater (I), 73.90 ml H,/l wastewater from coconut milk wastewater and 68.62 ml H,/l wastewater
from snack wastewater as well as no hydrogen production from fruit juice wastewater (II) as showed in Figure 1.
Regarding the previous result, it could imply that H, production depended on the different organics components
of wastewater (Pornamnuay, 2008). Among all kinds of wastewater, noodle wastewater could be applied for
biological hydrogen production since it was continuous production and optimum of physical and chemical
characteristics on biological hydrogen production. Therefore, noodle wastewater was the representative substrate
for biological hydrogen production in next experiment. The result was similar to Akutsu et al., which reported
that the best substrate for biological hydrogen production was starch (20.5-174.4 ml H,/g-COD) because it
contained the carbohydrate consisting of a large number of glucose which it used for fermentation process to
produce bio-hydrogen. Also, it was similar to Van Ginkel et al. (2005) which reported that the overall H,
conversions were 0.7-0.9 1 H,/l wastewater for the apple wastewater, 0.1 1 H,/l wastewater for confectioner-A,
0.4-2.0 1 Hy/1 wastewater for confectioner B, and 2.1-2.8 1 Hy/l wastewater for the potato wastewater. Moreover,
Zhu et al. (1999) studied H, production from the wastewater of tofu factory was examined by using anoxygenic
phototrophic bacterium Rhodobacter sphaeroides immobilized in agar gels. The H, production lasted up to 50 h.
The yield of H, was 1.9 ml H,/ml wastewater or 0.24 ml H,/mg carbohydrate contained in the wastewater.



3.2. Effect of initial pH and temperature on
biological  hydrogen production of agro-food
industrial wastewater

According to the result, tendencies of
cumulative hydrogen production from noodle
wastewater under the initial pH from 4.5 to 7.0 and
anaerobic dark—fermentation at temperature controls;
mesophilic and thermophilic conditions are shown in
Figure 2 and 3, respectively. Figure 2 illustrates the
initial pH has an influence on biohydrogen production.
Lag phase times of hydrogen-producing bacteria in
process were observed at 14-44 h which occurred
from the different initial pH values and conditions.
Lag phases of biological hydrogen productions in
thermophilic condition (14-44 h) were longer than its
mesophilic condition (4-14 h). It was the time between
the introduction of a microorganism into a culture
medium and microorganism begin to increase
exponential; cell number remains relatively constant
prior to rapid growth (Hagedorn and Hagedorn, 2000).
Moreover, the graphs depicted that hydrogen
production was not investigated at initial pH of 4.5
and 5.0. The cumulative hydrogen production
increased with increasing initial pH in the range of 5.5
to 6.5 and decreasing at initial pH 7.0, which
hydrogen was highly produced in the beginning and
then was slightly stable in an overview. The lag phase
was greatly affected on the initial pH. The result of
study was similar to Zhang et al. (2003) which
reported that it varied from 21 h at pH 8.0 and up to
72 h at pH 5.0. While Fang et al. (2005) showed that
the lag times were 74 h at initial pH 5.0 and 41 h at
initial pH 6.0, respectively, they were much longer
than 19-28 h for initial pH in the range of 7.0 to 10.0.
However, temperature is also an important factor
which has affected on the cumulative hydrogen
production (Niyamapa, 2008).

The results were also revealed that cumulative
hydrogen production at initial pH 5.5 was about 5.92
ml H,/l wastewater and was higher at initial pH 6.0
about 46.63 ml H,/l wastewater as well as the
maximum cumulative hydrogen production was
achieved at initial pH 6.5 about 307.97 ml H,/l
wastewater. At initial pH 7.0, cumulative hydrogen
production was about 200.46 ml H,/l wastewater.
Therefore, cumulative hydrogen production of noodle
wastewater under mesophilic condition at different
initial pH was in the order: initial pH 6.5> initial pH
7.0> initial pH 6.0> initial pH 5.5> initial pH 4.5 &
5.0. Results of study were consistent with Wei et al.
(2010) studied that the biological hydrogen produced
from starch in wastewater by anaerobic fermentation
and reported that the optimal pH 6.5 and starch
concentration 5 g/l at 37 °C were produce a maximum
H, yield of 186 ml H,/g starch. In addition, the final
pH value of all experiments after no biogas production
in process was decreased in three days of the
beginning process and then was stable at pH 4.0.

Furthermore, the percentages of COD removal
efficiency were approximately 31.25 — 46.88.

At thermophilic condition, the cumulative
hydrogen production at different initial pH of 4.5 to
7.0 is shown in the tendency (Figure 3). The hydrogen
production was not detected at initial pH of 4.5 and
5.0. The lag phase times of fermentation process were
about 14-44 h that were higher than its process under
mesophilic condition. This result is contrary to
previous research that working at higher temperature
reduced the length of the lag phase. At initial pH in
the ranges of 5.5-6.5, the cumulative hydrogen
productions of noodle wastewater were increased
when initial pH increased. Moreover, they were about
69.50 and 187.59 ml H,/l wastewater at initial pH of
5.5 and 6.0, respectively. The maximum cumulative
hydrogen production was found about 552.29 ml Hy/I
wastewater at initial pH 6.5. After that, the cumulative
hydrogen production was a three-fold decrease
(126.66 ml H,/1 wastewater) when initial pH increased
at 7.0. This result is differed from observation of
maximum hydrogen yield of 92 ml H,/g starch added
at initial pH 6.0. However, the maximum cumulative
hydrogen productions were almost higher than
production under mesophilic condition. It might be
occurred from degradation rate of organic substrates
when increased the temperature in process. The final
pH values after no biogas production in process were
decreased in two days of the beginning process and
then they were stable at pH 4.0-6.0, excluding the
fermentation process at initial pH 5.5 that was
unchanged. The percentages of COD removal
efficiency were approximately 40.63-56.25.

4. Conclusion

In this study, noodle wastewater from agro-
food industry could be produced the maximum
cumulative hydrogen production via anaerobic dark
fermentation. The maximum cumulative hydrogen
production was obtained at initial pH 6.5 in both of
temperature controls. Moreover, the maximum
cumulative hydrogen production of noodle wastewater
under thermophilic condition was a two-fold increase
when compared to its production under mesophilic
condition. It also concluded that characteristics of
wastewater, initial pH and temperature condition
induced the system to produce the biological hydrogen
production.
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Figure 1 Cumulative hydrogen production from agro-food industrial wastewater
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Figure 2 Effect of different initial pH on cumulative hydrogen production from noodle wastewater under
mesophilic condition
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Figure 3 Effect of different initial pH on cumulative hydrogen production from noodle wastewater under
thermophilic condition
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