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Abstract

This work was studied on hydrogen sulfide (H,S) removal efficiency in biogas from palm
oil mill industry by biofilter systems. H,S removal efficiency from field survey and laboratory
investigation gave the same results with high removal efficiency. Field survey found that plant A
and P has high H,S removal efficiency with 98%. All survey mill plant has H,S removal
efficiency ranged of 93-98%. Evaluation of performance efficiency of sludge form biofilter
systems for H,S removal in laboratory found that mill plant A and P has high H,S removal
efficiency of 82-83% and has H,S removal activity of 0.35 g/I/d. The change of physical and
chemical properties during H,S removal by biofilter sludge from mill plant A and P was
investigated. It was found that pH was decreased from 7.12 to 6.40, sulfur in liquid medium
increasing from 6,300 to 13,650 mg/L and sulfate in liquid medium increasing from 20-300 mg/l
after treatment. Microbial community structure of biofilter sludge from mill plant A and P was
dominated by Azospirillum sp. Biofilter sludge from plant P was selected for hydrogen removal in
continuous systems. It was found that biogas feeding rate 1,500 ml/d with hydrogen sulfide
concentration of 0.331% was suitable for hydrogen sulfide removal in continuous system.
Biofilter sludge could removed the hydrogen sulfide to 0.001% within 10 days with hydrogen
sulfide removal efficiency of 99.7% and hydrogen sulfide removal rate of 0.33 g/lI/d. The change
of physical and chemical properties during H,S removal by biofilter sludge from mill plant P in
continuous system was investigated. It was found that pH was decreased from 7.32 to 6.41, sulfur
in liquid medium increasing from 5,467 to 15,133 mg/L and sulfate in liquid medium increasing
from 18-322 mg/l after treatment. Microbial community structure of biofilter reactor was
dominated by Azospirillum sp., Sphingomonas sp. and Bacillus sp. The effect of oxygen on

hydrogen sulfide removal efficiency of biofilter reactor was investigated by addition of nitrate and



oxygen into the pack column systems. It was found that oxygen in the form of nitrate and air,
which have no positive effect on hydrogen sulfide removal efficiency. It was found that the first
experiment (Before aeration), Microbial community was dominated by Azospirillum sp. and
Paracoccus sp., While after aeration was dominated by Enterobacter sp., Rhodopseudomonas sp.

and Sphingomonas sp.
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Wioluuianeaul (Packed Column) PNUUUIMVAIUATUUDIIAUNTULALTITOUNTYTLLVEY
1 k2 H
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a é’ a v W aol ] Y o Y ?1’/ A =
%mﬂmummnmmwﬂuazuwwﬂﬂizmums&aaﬁmamﬂaqwngﬂm"lﬂ"l%aﬂﬂﬁmamwsN
1edIugnilassesng@uadouTuReINUTZUUNTOIFINNUUUNEA (Biostrickling Filter)

(Devinny, Deshusses and Webster. 1999 : 11 )
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MNN 2.2 520000 FININ (Bioscrubber)

(ﬁm : Devinny, Deshusses and Webster, 1999 : 11)

2.3.2 53UVAINTDIFINN (Biofilter)
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MNN 2.3 52VVAINTOIBINN (Biofilter)

(ﬁm : Devinny, Deshusses and Webster,1999 : 7)

2.3.3 5TUUNITOIFIMNULUHEA (Biostrickling Filter)
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M15NT09FININYTLIINTZUVATOITIN NI UV A (Biostrickling Filter)i]qﬁl!“l/l i)
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’5«14ﬁ@umﬂuﬂ?mmﬁ'@ﬂﬁgﬂﬂaaaaaﬂgmumé’au (Devinny, Deshusses and Webster.1999

:11)



11

l Waste Aar
Recycled
Water
.I. L I.- 5
Water e, 20 ‘!W.I
1 NN %W N
Nutrients s :H:, N
Buffer PP AP
Water Influent Mor NN Biotrickling
' e % % % % %N
L2\ | Filter Reactor
A FFF
Pump LA ACACATAL
F f\ ;
Waste ] e e e e o] Clean Air
Air Particulate, B et
—fpp| Temp..and i ' >
Load Control | i .| Wastewater Purge
....... AT g .
B A A A A R A A A A A A A A A iy,
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e A i il i i il o il g A i Cal FAEPPPPIPPEPIF PSP PFSPIT PP PT ISP
CERIRIPPFEFIRP I I PEFETEESPEFEFIRFEEFEEFFIRERRES IR ERFEPTEEEPE PSPPI EEEFIES
e

MNA 2.4 TZUVNTOITIMNUL LA (Biostrickling Filter)

(ﬁm : Devinny, Deshusses and Webster.1999 : 11)

2.4 3303MNUZOU (Sulfur Cycle)
o [ o I A = w 3 ] R @
muzaursesamlesilusgniilsuannenielulanaduiue: lunuaniudede
o 2 9 A A @ I 1 2 . 9 1 1
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] a 4 a " J @ - I @ s
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uenntimaddaliaslszneuduns ssamoesnoglugoend lad wu Auedndama ng Tne
QU = 4 U é d‘ a . . .
Fala Inaudamlanazaslszneudamaga ATP MnalunszsuIums Sulfate Assimilation tay
Y3 o J J a A o o W o J a A J
annsalunuazausaesmelumadyaunidgamusothiagames senvinassunsdlu
o a o 1 ' ) [
anmziiomalasi ldinailudama uaninegluaniiz 1Feormaez Idma laini (1,S) Tae
2] dy a Y o I v v ad o Y 9 a
matiorvnanms lddamailudrsudanaseudrganelunmsmelanunlioondau nis
% a dyd < a 1 A Y o aan v Y I
azaumariailianuiuivaedunadou Tasawsolgnsenulang IdduTlans

a Tvldoglugii luazaerh Gs s wane.2551 : 75-77)


https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=9&cad=rja&ved=0CF0QFjAI&url=http%3A%2F%2Fichickyl3l3.wordpress.com%2F2013%2F03%2F03%2Fsulfur-cycle-%25E0%25B8%25AB%25E0%25B8%25A3%25E0%25B8%25B7%25E0%25B8%25AD-%25E0%25B8%25A7%25E0%25B8%25B1%25E0%25B8%258F%25E0%25B8%2588%25E0%25B8%25B1%25E0%25B8%2581%25E0%25B8%25A3%25E0%25B8%2581%25E0%25B8%25B3%25E0%25B8%25A1%25E0%25B8%25B0%25E0%25B8%2596%25E0%25B8%25B1%25E0%25B8%2599%2F&ei=m6_uUdamB8HlrAeIwIH4Bw&usg=AFQjCNHbm9TVLQXgMo8ZM1ByM0EP25QT7Q&sig2=EAWdLZxyDcZTIaANYAtijg
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2.4.1 M300nT ladMuzau
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2H,S + O, — 23S +2H0 (2.1)
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1 Sulfur mineralization
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Phototrophic oxidation 4

MW 2.5 19NNV AU(Sulfur Cycle)

(MW7 : 39 N, 2551 : 79)
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(‘1713J”I: Syed, et al., 2006: 3)
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Bacteria Electron donor Electron Carbon Source Products
acceptor
Thiobacilllus s’ H,S, 8,0,” 0, Co, S0,”
sp.(general)
Thiobacilllus S’ H,S, S,0," 0,,NO, Co, S0,”, N,
denitrifcans
Thiobacilllus Fe’', S’ H,S 0, Co, Fe'',S0,”
ferrooxidans

(M : Syed, et al. 2006:3)

2422 nguano 13 InsWnuuaiie (Heterotrophic bacteria ¥ ® Heterotroph)
A 1 == ¥ = 1 Y 9 9 o
Ao nqueuaiisengui liawisoaiwemsldes deserds
a A J a3 1 4 a 9 < ] o '
1o uns ot uuvasmiven v1arialyuaailuura a9y (Photoheterotroph) 154 Green
Nonsulfur Bacteria @)@ Chloroflexus 130 Purple Nonsulfur Bacteria 1) Rhodopseudomonas 1as 114
a a o 1 % 1
rial¥msotunsod uuvanasanu (Chemoheterotroph) (%W Alcaligenes faecalis T307(Rattanapan,
Kantachote, Yan and Boonsawang. 2010 : 383-387), Bordetella sp. Sulf-8 (Nisola, et al. 2010: 1131-
% ] a a A a d' d' = = d' v o v
1138)f10819v01dme 15 InT W nuuaNiTeriad uaq An1sAnE N IR A
Y] 4 { (% v aa A
leTasiuaa lWa foBacilius sp.inan 1o nilensinyagns (gams wisdswsy uazag Ugu
o & d Ay o Y ¥ 0 ¢
9136, 2552) TAWUILY 0 Bacillus sp.a11130000% lagaa 11la 1d91nn159 191 voatou las]
o 4 a A ) A A o 4 [ 1 I
lalasnudalideendiaa meldaniizniioonsiau laglinandamnndani i)y Elemental
Sulfur AYEUNITN 2.9

H,S + 120, s"+H,0 2.9)
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319N 2.2 daanglumsnigueten InInsinuuanizeuaziame 15 Insinuuanisen

o o o s A ) S a A
ﬁ’ﬁﬂiﬂ‘]ﬂﬂﬂﬂ?’lﬂEII@]iﬁ]u"lfaleﬂﬂiﬂﬁﬁﬂizﬂﬂﬂ%ﬁl?\lﬁ]i‘huﬂ@u

Conditions Acidithiobacillus Thiobacillus Alcaligenes Bordetella sp.

thiooxidans Thioparus Jaecalis T307 Sulf-8
(ATCC 23645)

pH Growth Range 1.5-6.3 6.0-8.2 6.23-7.32 2.0-9.0

Optimum pH 1.5 6.6-7.2 7.0-7.5 7.0

Temperature Growth(°C) ND 28-30 27-32 28-30

Optimum Temperatur (°C) 30 28 30 30

G+C Content of DNA (%) ND ND ND 56%

Cell Type
Group

Spore Formation
Motility

Shape

Trophy

Energy Source

Carbon Source

Nitrogen Source

Oxygen Requirement

Reference

Gram Negative

3 -Proteobacteria

ND

ND

Rod, 0.5%1.1-2pm
Obligate
Chemoautotroph
Thiosulfate,
Sulfide
Carbon Dioxide
Nitrogen
Ammonium

Chloride

Strictly Aerobe

Namgung, Ahn
and Song
(2012: 1143-1148)

Gram Negative

3 -Proteobacteria

ND

Motile
Rod, 0.9-1-8 pm
Obligate
Chemoautotroph

Elemental Sulfur

Carbon Dioxide

Nitrogen
Ammonium

Sulfate

Strictly Aerobe
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Uszaninmmsiinialalasnuda lidlumaFiaminanlusenianisdesaarsunnlily
a a ~ Y o =< Y a S < = o
PONFIIUVPIAYNOUYAUNIE IaviimIdnul Tas]Foendnuuignioinmauaz Tumsndari
AA A a Y v o Y e
msnaaodluszuunulsuiag 200 anslagl¥szaznainmnu20 7u neladn1iz Mesophilic
a a 4 1 =Y @ 4
Taoiduean®auno.2s N m /m'awaldszuuiidsunalalasnuda lidanainis,s imgN
I 4 a T a A o w T
m’ 111114400 mg/N m’ iadnema 1.27 N m/m wunidseansammsihauinninieeas 99
4 [ Jd 1w Y
weanududuganioliUS nausa IWam1n 55mg/N m* TasA1COD Removal, VS Reduction

(B [ 4 a v <3
IlagMethane YieldlliJﬁﬁwaﬂizﬂﬂﬂﬂﬁﬂn%ﬁﬁfJﬂﬂGﬁLﬂu(Microaerobic Conditions) 9819 130AY
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Y v a o A A Y g o
AN INYeIlmulumMsIInInaaauteomagnlyiunaninmsmsaadadusnm
¥ 1 a A o o L )
TuTasnu uonnnil Tuasn hilatidseans mmlumstinia le Tasnuda Tvld luaadnm
4 14 4 a
HAUTIY, FIATADT LAY TUANTY, VOUALEN aZAAAIN1 (Janssen, Sleyster, Van,
Jochemsen, Bontsema. and Leettinga. 1998 : 327-333) ladnyidedseanininnistiva
o 4 %’ a, { ] < 4 1
leTasnudaldannmindedieisnedinm Taewlasuldodluglvewwewdegamos nun
@ 4 a 4 I <3 U o w = a
leTasuda daunsogneend ladnaredluvewdsla Tasszuuinianedimmaunsonda
o 4 ] A a 3 g; [ 1 1A X o d 1
Famlos I8 Taotanlos Ninavuiiu Suliuaiieslimnzauszegh 5.8 Fari i Indweieglu
A 1 g 2 o Y g Y
g hironi e lduensennnirlade
P au 19 (Chung, Lin and Tseng. 2005 : 1812-1820)ﬁﬂ1=ﬂﬂ’31u’d1llﬁﬂcluﬂﬁﬂ1ﬂ’ﬂ
[ I (24 @ o
laTasuda lvalumanan TasldsuuaInT 09BN LU 89 (Biotrickling Filter) Tagti
= dy - 1 % o P % Y dy = = =
NIA3UT0O Pseudomonas putida CH11 vusunuiuaniludinanldirodamiz sawuai
a a o w @ 4
dszaniamlumsihiialelasnudalidseeas 100
= 4 Sy 2 o . 2 Y o
91NA1T ATIUTUAH LaZINIT(Aguilar, Cabriales and Vega. 2008 : 359-370) 1adaauen
dy o Y goJ = 2 =) é [ 1A A A o
WovrnTsenutnfad udeluseu AN 09BN INE I INNITAALENNUINUUANIS 81 d
a o 9 s A 3 o s ) 2 o ' '
Ochrobactrum sp. aN3oenT lad lalagwuda llanlasuilusamlosuazdanla Fevaeglungu
Sulfur Oxidizing Bacteria

= a

$18931 HA¥IUAAAT 11aTNINBD (Behera, Mishra, Dutta and Thatoi. 2014 : 2900) 1@f A1

4
1 =

A A 1 S A [ ) ] =Y A A
wuANI3 ¥NgURAodopseudomonas sp.JasnuanizonguiisnedlungueslaInsdnuuanise
v @ J o ad 1
(Autorotrophic Bacteria) 992 19 la Tasinuda Tl uaa1#sianasou ud udgnszuaums
a d [ 4 { < o 4 @
00n® law la lasnusa lWanlasu lhidsamlesiaz sama
s s ¢ s 7 . =
27 1o ¥08d 193 1a¥¥I3 (Ryu, Yoo, Choi, Cho, and Cha. 2009:501-506) fnNH1
a a o ] [ o { @ [ J o @
Uszansnumstiniialalasmuda lid naanud uwus o U IHNFAUYDIA NG LY U
o P o o ) P ! L oA Y
laTlasouda lWd nazonsims lvavesnalaglduuaiiis enqu Sulfur Oxidizing Bacteria itten 1a
o = Y ] & .
NIMITZUUAINTOIT I A 1A 521 1o Bacillus sp.
a 4 a A 4 4 a 4
W5ay Tsises5 vinatianme aduluees waz W ases (Friedrich,Rother,Bardischewsky,
Quentmeier and Fischer. 2001 : 2873-2882) laanuunaiiizolungusSulfur Oxidizing Bacterialu
A A ) ) s { I o g :
Mmstnaeondasun1aFIninuedlalasuga lddudnlasu ldlusamaniluniialu
=1

aan { ¢ o v o Y J ' < ! {
Ugnsondidgvesigdnsgames Taenua1 Mehylobacterium sp. tunialunuaiizonil

anuamnsnlumseondlad lalasnudga liaudaddeu 1S udama
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33 ITUMS AN 1AL MENSN (Sridar, Veerender, Sivaji and Gayath. 2015 : 72-80) FNHN
mmwmﬂwmwnﬁ’uﬁﬂﬁmmﬁ?mmﬂﬁﬁfrﬁaaﬂ@‘lﬂcﬁcﬁ’aLW@%%wﬂﬁxuuﬁLaﬁﬁLmﬂ@inﬁ"u
TaeWwI Burkholderia sp. Alunuaiiief 14ansofiusi 615l uumawdaan (Chemoautotroph)

1913 939 42 1182979 (Zhao , Luo, Wang, Zhou and Zhang. 2010 : 2344-2351) AN
Uszans mwmsrinialalasnudaligon Tssanniondu 10ed Sphingomonas sp. & awuiuih
1aUNIIngu Sulfur Oxidizing Bacteria Taowuitilszans mwlumathiialeTasnuda lwddouas
86.7

g 1My 11a¥aY ( Luo, Tian, and Lin. 2013 : 1393-1399) IdRauonaronnTsamuniniarh
Goluszuusansosdanmanmsaanonnuhinuafiseda Paracoceus sp. Fawuiaog

1 a @ A < o
TunquFacultative Chemolithotrophic @w1sn00nd lad lalaswudalvanaouliiludamles

sazgama
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M9 2.3 Yszansammathiiama lalasnuda lrld (1,S) Menszuiumaniedinm

Scale

Process type Type Bed Bed Pollutants Treated Gas Flow Rate and Bacteria Removal Innoculation Reference
Volume and Inlet Gas Empty Bed Residence Efficiency
Concentration Time
Laboratory | Bioscrubber - 15L 407 - 4153 ppmv 37 gH,S m”h' Sulfur Oxidizing 80% (H,S) | Sulfur Oxidizer from Tosati, et al.
63 s Bacteria a Local Waste Water (2013 :68)
Treatment Plant
Farm Biofilter LECAs and 730 L 4,691+ 1,532 mg/m3 130 L/min Sulfur Oxidizing 93% (H,S) Immobilization of Su, et al.
Small Rasching Bacteria SOB on the Surface (2013 : 1288-
Rings and Inside the 1293)
Polypropylene Matrix
Columns
Laboratory | Biotrickling Exhausted 2L 40 ppmv 137gm b’ Sulfur Oxidizing | 90% (H,S) Activated sludge Jiang, et al.
filter Carbon 4s Bacteria 95% (NH,) stream (2010 : 1635-
1641)
Laboratory | Biotrickling Polyurethane 1L 18.5 L/h 2.89 £ 0.05, Thiobacillus 99% (H,S) Immobilization of Ramirez, et al.
filter Foam 11.5+0.1 gS/m”/h’ thioparus Thiobacillus (2009 : 4989-
150 s (ATCC 23645) thioparus 4995)
On PUF

T4



~ a A o w o @ I'4 9 = 1
M1319N 2.3 L!ﬁﬂ\‘]‘ﬂﬁ%ﬁ‘l/l‘ﬁﬂ']WﬂWﬁU']Uﬂﬂ'l“]iulﬁjﬂﬁlﬂu“]falh‘lﬂ (H,S) A38nIZUIUMITININYEINN (7D)

Scale Process type Type Bed Bed Pollutant Treated and Gas Flow Rate and Bacteria Removal Innoculation Reference
Volume Inlet Gas Empty Bed Residence Efficiency
Concentration Time
Laboratory Biofilter Polyurethane I5L 400 ppm 0.5 L/min Acidithiobacillus | 97% (H,S) | Immobilization of | Namgung, Ahn
Foam thiooxidans, Acidithiobacillus and Song
Sulfur oxidizing thiooxidans on (2012 : 1143-
bacteria PUF 1148)
Bath Biotrickling Polyurethane 500 mL 134 ppmv 9s Bordetella sp. 99% (H,S) | Activated Sludge
filter Foam Sulf-8 in Local Nisola, et al.
Municipal (2010 : 1131~
Wastewater 1138)
Laboratory Biofilter Granular 1L 200-4000 ppm 35and 5.86 1’ Alcaligenes 100% Immobilization
Activated fuecalis T307 (H,S) of Alcaligenes Rattanapan,et
Carbon faecalis on al. (2010 : 383-

GAC

387)
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7. WUNRIVDIAINA (m)
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9. ANMUANUIUUDIH,S YN (ppm,)
10. ANMYUTUUDS H,S 11990 (ppm,)
11. 8A51M5 11aved H,S (m~h')
12. 893115 11aU8I01MA (m” h)
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13. 529200 NUNY (hr)
14. guyigiiluszuy (°C)
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= a 4 o (2 = a S A a d o S D 4

FIMNWIAATIEH0IAYTZNOVVOINIFININAATIZHANLOY (pH) Ans1zrigaas(SH A1 H

@ - a d o 4 - g}z e ¥ a o

Fala (S0,7) uaznsizrda lvla (8 Tasiuusnasonszuu@eureyaunsd lagldula
< A aa 1 a J a A Aaa g’z a e ¥

FIUVUIA 500 Fanans laaznougauniolsuias 75 4adans MNUWANDIMITIREUYD

Thiosulfate Mineral Medium taadlua1inam 5 Y5uas 175 daaans Admslalasnusala

a @ ' [ @ a
UNU Na,$S,0,.5H,0) Yarviadsy e nardeumadiniwd 1 luviadsudsuias 300

a a a A J o

A aa o w o J
uaaanig G’Iﬂ@nllﬂﬁ]ﬂiﬁllfﬂillTUﬂhlaiﬂilﬂu“ﬁaleﬂﬂJ@Qﬁgﬂﬂuﬂau‘ﬂiﬂﬁﬂﬂi%ﬂﬂ@l?ﬂﬁﬂﬂ%ﬁﬂ’lw
= S o ]

@ A ] o i dy =y a4 2 i} [
PNRT 1NN 3.3 Iﬂﬂ!ﬂﬂ@)@ﬂwl%ﬂlmﬂm EJ‘VI!,a8@11&@11’[13!@fN!f]fE]LLazlﬂUG]’J’E]EJNﬂW"IfGH’Jﬂ1W nnq

@ < @
179U lf]J‘L!igﬂgna’] 57U

M P 9 9
M13190 3.2 ENﬂ‘]JiSﬁﬂf]‘]J"llENm“HﬁLafNL%EJThiosulfate Mineral Medium

Composition mg/L
KH,PO, 2
K,HPO, 2

NH,Cl 0.4
MgCL,.6H,0 0.2
FeSO,.7H,0 0.01

Na,S,0,.5H,0 8.0

(111 : Nisola, et al. 2010 : 1132)

a =

~ a S YR a v X L o w o J
M19519N 3.3 WWiH\IL@]fJTVIGlGHﬂﬂBTﬂﬁ]ﬂiillsllﬂﬁﬂ’qm%’ﬂﬂau‘ﬂﬁﬂ‘luﬂTiﬂiﬂﬂq81@5@1!“]5?3“11/\'@1

NTTVUAINTOITINN

(J ax a 4
auls INITAUNTIEN

Composition of Biogas Gas Chromatography (O-Thong, Boe and Angelidaki. 2012 : 649)

H,S Cadmium Sulfide Method (Jacob. 1996 : 304-308)
pH Electrometric Method (APHA.2012 : 4-91)
s’ Gravimetric method (APHA. 2012 : 2-65)

2-

SO, Turbidimetric Method (APHA. 2012 : 4-190)

2-

S Sulfide Test Kit
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323 Anulnssa¥alszmnsgaunddlaemniin Denaturing Gradient Gel Electrophoresis
= 9 a A a A J a o =
AN 1399319152105 90 UNTI TUALNDUIAUNTINNTSVUHAANITTININIIN
y a a Q’
Tsanuanaiiuhdududmemaia Denaturing Gradient Gel Electrophoresis (DGGE) lagisu
3’.: v A [ <= o w 1 a ~
MnTuaeumsanaawue lasananloialind (Bead Extraction)t1@10819aenougaunsd
1 Hadans wrazaielu2x TENS buffer 500 luIasaas 91niuiinly Homogenization i 1,000
] A 3 = ° X = ~ 1 A 3 ~ ~ A J
souau1N unal 3 wnuazii lldumean 10,000 souaouIN WA 1 WA wseunagl
yua 2 Hadans udrgadinlan 1@ 450 lulnsaaslaiai simiuslfisaduanTasidu
Lysozyme (100 Jaansuaeladans)Usuam 50 lulasaaswenuig Idnusiilduun 37
parraFeatunal 1.5 ¥ Tueaniwdusns 200 Tulasaasuaziduoulesi Proteinase K
0 iaansusoiaanad) s 40 uTasans maulmdirungilduun 6o seenaEee
I & =1 a
Wuan 1.5 ¥ Tueanaznon 115AUA 38 Phenol : Chloroform ; Isoamyl Alcohol U3 N9t 450
A ° X A A 5 1 A d ~ 2 ' '
Tulasdasi lidumdesianusa 12,000 seuaeuii iWunailo mannuugadiuleald
vaona l1uLaZIAY Chloroform : Isoamyl Alecohol 31121400 luTasaas vaziin lUdwmlesh
<3 1 a g =1 3}/ 1 [ 1 =
AN 12,000 S0 UR0MNN 1WAl 10 mnamuugadIulalavasalvy uazanaznoud
<] = = a a o
BDuedle3Tuans Ta@ouszdan 100 14 Iasaasuas Absolute Ethanol 400 1 Tnsaasiiilil
VoA = a ] o 4 A A 3 ' a g
UuN-20 pap e a 11unal 292 Tuai Il umdean anus112,000500U0 9109 Flunan 10
= a ) By i o 2 ' A g
Wazd1398 8 Ethanol 1,000 1 TasaasudniuimieadnasananuG 2 12,000 seudeu1nily
A o < Aa <
a1 10 19 Magnouliuie 1.5 ¥ Tue udrazareaznouly TE Buffer 30 TuTasaasnu 1y
120 earuarod §1115u1913u PCR Template (Ausubel, Brent, Kingston, Moore, Seidman,
Smith and Struhl. 1995 :2.1.1-2.1.3)
A A At o w T o a g
MIu3u1a 16SrDNA Iﬂﬁl’J‘ﬁPolymerase Chain Reaction(PCR) 1ag111a110819A10 1
A o y ~ ~ I 1 = A o @ ° o
aana lduTumisanainda 12,000 souseu Nt unal 1WNd 115 UN139 PCR AFausn
Reaction Mixture 152N 9 1A 28 Taq PCR Master Mix Kit (15219 1@ 38 QIAGEN PCR Buffer,
Deoxynucleotide Triphosphate) 25 uaaansg , RNase Free Water 18 hliJ Tasans , 5X CoralLoad
Concentrate 5 14 TASAAT Universal Primer 1525t (5-AAG GAG GTG WTC CAR CC-3)5
TuTasaasuag 27f (5-AGA GTT TGA TCM TGG CTC AG-3)0.5 luTasaas uaz DNA
Template2 11 Tn58a35 TU51n54 PCR 145nU52N0URIY Pre Denaturation 7l 95 04f 1L ALT o e
<3 A o [ . = IR <3| a 2 . A
U871 5 WINE 15U Denaturation 71 95 DA IaFee 11181 3030 Annealing 1 52 D31

=~ I a ~ . A =~ I a ~ 2
wraed 1Uuna1403u1nuay Elongation %1 7209 Ao ual 90 NI IUNIHUA 25

{ I [ 2\//
590182 Post-Elongation N1 72 o9fugaioeiunal SUINHaI91nHUAIINEeY PCR Product
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1uZesaz 1.5 Agarore Gel 11a2111 PCR Product §ana12'111411n151 PCR asafi a0 Taels
Primer 518r (5-GTA TTA CCG CGG G CTG CTG-3) uag357-GC (5-CTC CTA CGG GAG GCA
GCA G-3) (017} 40 bp GC clamp YRS (Muyzer, et al. 1993 : 695-700) Iae TJ511n5UPCR 152 noUA0
Denaturation?i94 pefaaieeiumat 1 11i Annealing 1 55 esruwaiFeaiiunat 0.75 uri
1ae Elongation 17;72 paryaFeaiunal 1130 Cycles AUAIY Post-Elongation ﬁ 72
parusaEemTuNat 10 IANE1911H U PCR Products 11/3ms1ziuutesaz 1.5 Agarose
Gel nou11'1131A51297@28DGGE @0 11/ (Kongjan, O-Thong, and Angelidaki. 2011:14261-
14269)

MANA Denaturing Gradient Gel Electrophoresis (DGGE) 149 PCR Products ﬂ‘? \‘l‘ﬁ ABIATIEH
vuSeay 8(v/v) Polyacrylamide Gels Denaturant Gradient ﬁ%j 08n240-70, Electrophoresis ﬁ 70 Thad
w1 16 59 Tualu 0.5XTAE Buffer 1) 60 papusaiieadond DGGE Gels 876 SYBRGold 111 1 %4,
udnihlUSnseidauir3e3 Gel Doc FaunuIuUAB B IN9a DGGE uazihliuign3 Tag
S unafiduedi83 PCR 9354198 Taeld Primer 518r(5- GTA TTA CCG CGG G
CTG CTG -3)ttag Primer 357f (with out GC) (5 - CCT ACG GGA GGC AGC AG - 3) LLé}’J?'(\i 14
Sinszdarwuiiang To'lng nai TR IS swiloududduiuavenduns dg1isalaold
Tlsunsuy SeqMatchGluquslgl}qu]a Ribosomal Database Project (http://rdp.cme.msu.edu) 4482 NCBI
Web Interface (http://www.ncbi.nlm.nih.gov)
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Composition of Biogas

Cadmium Sulfide Method (Jacob. 1996 : 304-308)

Gas Chromatography (O-Thong, Boe and Angelidaki. 2012 : 649)

Electrometric Method (APHA. 2012 : 4-91)

Gravimetric method (APHA. 2012 : 2-65)

Turbidimetric Method (APHA. 2012 : 4-190)

Sulfide Test Kit
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H,S Cadmium Sulfide Method (Jacob. 1996 : 304-308)

Composition of Biogas Gas Chromatography (O-Thong, Boe and Angelidaki. 2012 : 649)

pH Electrometric Method (APHA. 2012 : 2-91)
s’ Gravimetric method (APHA. 2012 : 4-65)
S0,” Turbidimetric Method (APHA 2012 : 4-190)
s” Sulfide Test Kit

= 9 a = o a . .
3252 ﬁﬂyﬂﬂiQﬁ’iNﬂi$%1ﬂiﬂauﬂiﬂiﬂﬂmﬂuﬂ Denaturing Gradient Gel
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%l ay o g 1y J a gl,z
1nNe lssnuanaulauaune s1seanu

HUUAOUD N T59u P | Tseowl | Jseowul | Tsewuu

1. ¥UAVDITZUY Bioscrubber | Bioscrubber | Bioscrubber | Bioscrubber

2. 51asve9szuY (m’) 57 57 57 70

3. AMNGUBITEUY (m) 8 8 8 10

4. ANUAVBITZVY (m) 3 3 3 5

5. 1 dUAIUINA19YD9T LY (m) i 1.5 1.5 2.5

6. ¥iiAVOITUTINAH 19115200 | Bio Media | BioMedia | Bio Media Big Bio
Flower Fl- Flower Fl- Flower F1- Media

90 90 90

7. WuRfvedInas (m) 90x34 90x34 90x34 90x90

8. UUIAVDIAINA (mm) 140 140 140 105

9.ANUANYUYDIH,S VU1 (ppm,) 2,000 1,500 1,500 2,000

10. AU UUDS H,S 11990 (ppm,) 20 15 20 25

11. 8A51M73 1¥aves H,S (m” h'") 500 500 500 500

12. 80131013 Inavede1mea (m” h') i - - -

13. S2aznan NN UM (hr) 24 24 24 24

14. guugiiluszuy () 25-35 27-35 27-35 25-35

15, Aau sz (%) = 75-80 - 80-90

16. ANUElunsA-Ae (pH) Twszuy | 7.29-7.32 | 7.20-7.30 | 7.25-7.30 | 7.25-7.36

17. dsz@nsnmnistiniia H,S (%) 98 95 91 93
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[F] Gas flow rate 1,000 ml per minute

Gas flow rate 500 ml per minute

[ Gas flow rate 1,500 ml per minute

B Gas flow rate 2,000 ml per minute

[F] Gas flow rate 2,500 ml per minute
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Gas flow rate 1,500 ml per minute (anaerobic)

Gas flow rate 1,500 ml per minute (aerobic)

03 4
025
02 4

015

ANUTHTUYOT H,S (%)

o1 4

0.05 -+

Fzazal (W)

H ah A o o e (9 Aa aa [
ﬂ'lWﬁ 4.14 Yszansnmmsihiia H,S ﬁ@ﬂﬁ"lﬂ']ﬁllﬁﬁell'ﬂﬁﬂ"l"]f 1,500 Hanansaoun

(NOUIANLAZHAUALDINA)

M13191 4.5 9asnsiiaialaTasousa lud

80315 laves | 91317131119
p \ oA IMaveIe e o
MINAROIN e —= . leTasondalvla
N e N (VananINUIN) o a
(VaaaasaouIn) (NIUNDANTNDIN)
1 1,500 0.28
2 1,500 10 0.29

4 d
4.5.2 NaN13IN31LHRINYITNO VYR IMBTINN

a3 o ] (= A o [ A aa 1 = a J
ﬁ]'lﬂﬂﬁ!,ﬂ’UGI’Jf]EJ'I\?ﬂ1°]5‘]5’Jﬂ'IW1/]’E]@]i'lﬂ'liulﬂa"ll@\iﬂﬁlf 1,500 YDA T UINNIUATIEH

7 @ A [ ) w1 9 A )] '
@Qﬂﬂigﬂﬂﬂ‘ﬂ@\‘]ﬂ'l“]f%?ﬂ'lwﬂ\?ﬂl’ll"]]’ll!ﬁ%"]]’l@f]ﬂ WUIN C‘]'J'E']EJ’Nﬂ’]G]fG]f'Jﬂ'IW"U']L"U']GluGH'JQﬂ'Ii

NARDILTN (ADWANDINIA) VoI Tuh 13A1 CHamnuieeay 70 A comnuiesas 28 uay

1 -2 @ ' 2] = @ { ' v v
11 H,S mnudesas 0.85 1az@10819Mw 310 W0 UBIUAN 13A1 CH mnuieoas 78 T

' [ a1 T W g y a d @ ' 9]
1 COzl‘VI'IﬂTJ%}fJElﬁz 21 uazun H,S mmu%’aﬂaz 0.75 i]'lﬂuulﬁ’f]')l,ﬂﬁ'lgﬁﬁﬁﬁ)ﬁl'lﬁﬂ']clf%')ﬂ'lw



58

P} v oA A ) A ) A )
P IuUN 7 UA1 CH, A UIeeag 70 NA1 COMNUTosas 21 uazial H,S imnujosay
o ] 2] = v A a " v Y S " v Y
0.81 A29819MTIN M1 TUIUN 7 UA1 CH, mMnuiveay 76 UA1 COMINUIBYAY 19
9 ! v
uaziian 1S minuiesas 0.68 11ntwldeiin1snaasdluya9ai 2 (naudue1nia) Wy
% [] (2 = 9 v A = " v Y = T W a0
@298 NMTFINTNUUNIVITUN 1UAICH MINVTOsAaL 73 UA1 CO, 11NY 23 uazlial H,S
1w @ 1 =) o 1 1 [ 1
mhnuiesas 0.81 uazdleeamaFImmIeenvediui 15ia1 CHmMnuiesas 69 fia1 CO,
1T @ 1 T W 3’, §y a d o [} [
minu¥eeas 21 uazlinn 1S minuiesas 0.85 taznniwilolinneialedamadinina
9 v A = " v 9 = " v 9 = " v Y
W luduh 7 IAcHMNUSpeag 78 UA1CO,LMNUTEAY 34 1azlin1 H,S MNUSoeas 0.84
( 1 9] ~ @ { 1 1w = [ Y
wagde1amMyaInnvIeen luiun 7 CHIa i Au3 osay 71CO,Haumduiesay 20 uazl

1 s 1 " v Y Y =
A1 H,S Ununinusogas 0.47 Ll’dﬂﬂllﬂﬁ1iN‘ﬂ 4.6

A ¢ @~
15199 4.6 99A1UTZADVVDINIBFININ

’éﬁlﬂi']ﬂ1§hl1/m = I @Qﬁ’ﬂﬁgﬂﬁ]ﬂﬂlﬂ\iﬁW]f%ﬂﬂWW

ﬂﬁljlaw wuﬁ sugqﬁ’qc]j ?’I'ijﬂ\iﬂ"l"]f (%)
21NA Gnsamadindl oA CH, Co, H,S
1 1,500 YN 70 28 0.85
NOULAY 1,500 V109N 78 21 0.75
91l 7 1,500 AN 70 21 0.81
1,500 V1001 76 19 0.68
1 1,500 PN 73 23 0.81
YGRIGEY 1,500 V1091 69 21 0.75
91NA 7 1,500 URTRR 78 34 0.84
1,500 Y1000 71 20 0.47

a A d o (Y °

a Y [ dJ
4.5.3 ﬂﬂﬂ‘iﬁﬂli’)Qﬂqa‘u‘Vl58]ﬁ1ﬂiﬂﬂ1iﬂ1ﬂﬂ"lﬁiﬂilﬂu“ﬁﬁnh\|ﬂ

A J o

a a [ o % [ 4 1 [
M3ANBININTINYRIRAUNIsd T unIsta laTasnudalud wunlurienis
v a 1 I 1 [ [
NAADAULTN (NBUANDINIA) ANE¥anad1n 7.29 111U 6.62 meluwieszeziial 7 7u aiu
1 { v A 1 ] a3 4 4
Tu19M13NAaIN2 (MAUANDINIA) WU ATILFAAaI91n 7.30 111 6.59 (NN 4.15) 11l

a J A Y 4 J ' 1 a o s A
NaerilSuagamios wua Turansnaasausn (Rowdne1na) NuSuasamosizudu



59

aaaaaaaa

A v A 1Al o A 9 A A A o 1. a =
NAADIN 2 (MauAneINIA) WU ViSuaFalesuaun 5,033 Naansudeansuazgang
v ) v
10,833 Haansuaoans 1ur9528212a1 73U (01Wh 4.16) anvwileaam1dSuadama
wu luramsnaasansn (Mewdue IS uaFamasudun 17.00 aansuaoans
Hazgand 255.29 Haansuasans Molurieszeznal 714 luriansnaaoi 2 (Mauaw
1A o A 9 A A a o 1 a 2 aa o 1 a

21MMNLN VsuadaaEuaun 18 Naaniuaeans uazgeds 279 Naansuaeans neluy
1 [ 1 4 a 4 [} 4 1 1
¥IITLLIA 7 U (MWD 4.17) uaziledasiznrdsuadalia lusianmsnaaousn (Aeu
a T A A [ o I Aa a ] T A ]
@ue11e) nuNNUsuasa lid aaasann 13943540 1.36 HaanSuaeans uazlurians

A v a = o 7 &
NAABIN 2 (waqmummﬁ) uﬂ‘%mmma‘lﬂ@ AA0931N 1.39 L‘]J‘Ll 1.13 UaanIuaoans ALLaag

Tumnin 4.18

7.40 _E [F] Gas flow rate 1,500 ml per minute (anaerobic)
r Gas flow rate 1,500 ml per minute (aerobic)
720+
7.00
6.80 -
(@ [ oo
u§ C RREN
6.60 [
o
- !
640 | [
[ e
- !
620 + [
I SRR
!
)
6.00 ) ; 4 |
1 2 3 4 F, 6 7
Jzaz1Ia1 (W)

H J A @ 4] a Aaa ' ~
ﬂ"l‘Wﬁ 4.15 mﬁmwa@awmammﬁ"1wammmcn 1,500 WaaaainauIn

(NOUAVLAZHAUANDINIA)



60

Gas flow rate 1,500 ml per minute (anaerobic)
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EI Gas flow rate 1,500 ml per minute (anaerobic)
Gas flow rate 1,500 ml per minute (aerobic)
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Urea 42 N5y
Deionized Formamide 40 Upaans
=
NIIANIBN

a

113 1a luvaaDurantir 1 1darmdeungunni70 esrusadoaniulidreaund

U

1 Y a A s A @
ﬁ’”l'iﬁ$a18ﬁ@ﬂﬁﬂﬂzgMLHEJMW@EJ@]LW?)ﬂ’BNﬂHLLﬁQ

9. Ammonium Persulfate Solution %asjaz 10

Ammonium Persulfate 0.05 N5
LN S
1naL 500 luTnsans
=
NN

v v 1
%3 Ammonium Persulfate 0.05 131 1hwnazateluiinau 500 lulnsans

10. 40%Acrylamide

Acrylamide 40 NIV
Bis acrylamide 1.1 N3
=
NP

v Y ]
%9 Acrylamide 40 ATUNEUNY Bis Acrylamidel, 1054 avateluiingu udniunsy

A aa < a
Pnesldnsy 100 Haadns nsesdrenszasnsed inu 13 luviaden guvgl 4 esruvaidod

11. msazaalelofu 0.001736 N

= QJ
loTedu 1.206 A3y
y Y =) an
1nau 1,000 Waaang
=
MY

o [ o ?,’ < I
azae'laToAusuiu 1.206 A5H udrnihmsvesederinauld 1S uasdlu 1,000

Uaaans
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12. msazaaatan]slodama 0.025 N

Na,H,0,.5H,0 6205 N3y
NaOH 4-5  1ile
Wnau 1,000 Haaans
=
MSAIeN

Y v
azaelydenls lodalaaudi laiasa (Na,H,0,.5H,0) 11in 6.205 n5uluiinau

a <3 < ) %)I < a I
1A NaOH U318t 4-5 131a(1 ¥oUtan) 4a1y1ns3e9edle1uinauld ladsuiagiilu

1,000 Haaans

]
13. ﬁ1‘§ﬁ$ﬁ1ﬂ!!ﬂﬂ!ﬁﬂ?~lﬂﬁﬂl’l’iﬂ

~ 4 [
UAARIENAAD 136 20 N5
asazateuen Tuile 75 Yanans
Y v
WINAU 1,000 daaaas
=
MsIAIEN

s o %’ o = a aa a
azmmmmﬁﬂmaa“lsmo nsuludinaulsuias 100 Nﬁﬁﬁﬂillﬁ?tﬁﬂﬁ?iﬁgﬁiﬂ

A aa ) i A aa
LL@MTNLﬁﬂﬂ%NT@ﬁ 15 Naﬁa@]ﬁ!t@%}?WTﬂTﬁlﬁﬂﬂTQiﬁjlﬂu 300 Yaaang

14. msazaelelofu 0.001736 N

ToTodu 1206 A3
9 ]
Mnau 1,000 1aaang
=
MR8

Y v
aza1e'lo ToAus LU 1.206 nSuLAINT @ eaetinaululd ladsuasislu

1,000 Haaans

15. ¥l
Soluble Starch 5 N5
Salicylic Acid 1.25 N3y

Y Y a an
1nau 1,000 Waaang



89

=
MR
Y a aa o a 2
a2a18 Soluble Starch 5 5y Twihduaszuna 800 Haaansaulfidinu @i 1918
A aa H] VY a
1,000 Haaans aulmdeatszana 2-3 wiiaemedu 13lduarilasg 91901 Ad5AY Salicylic

. 7 J %’ a Aaa d‘ [ a S A
Acid 1.25 N34 aotimile 1,000 yaaansg etleenumsiAulaveuuaiiise



a

U

U

MANHIN A

d
fnale Inavesdszvinsuuanisauia DGGE

90



o v A = 4 4
W2 Blast mﬂuu’ma%%ﬂmmmuﬂ DGGE

FHANIM
Sequence

(Raw data)

Sequences

Organism

Accession NO.

S1

S2

S3

sS4

S5

TTTATAAAATATGTTTTTAATTTTTTTTATTTGTTTTGTTTAGTATAGGTTATAAA
CGAGTATAGAAGAAGTGAAGACAGGCCGAAAAGCATGGTAGAAAAGGGCG
TTCTCCTCTCGTACGCGCCGCAGCGGTCTCCTGCGGGAGGCAGCAGAGGGGAAT
CTTGCACAATGGGCGCAACCCCGATCCAGCGACCAGCGTGAGTTAAGCTGGTTT
TACGGGAGGCAGCAGTGAGGAATATTGGGCAATGGAGGGAAATCTGATCCAGC
CATGCCGCGTGCAGGAAGACGGCCCTATGGGTTGTAAACTGCTTTTATATGGAG
CAATAAGGTAACGAGTAGGCCGATGACAGTACC ATAGAGTAGA
TCTCTTCTGGGAGGAGACGCAGCGGTCTCCTACAGAAGGCAGCAGAGGGGAAT
ATAGCACAACGGGGGGAAGCATAAAGCAGCAAGGCTGGGAGAGTGATGAAGG
CTCGGAAGGTAGAAAAATTCTTTAATCCGGGGGAAGAGAATGACGTACGAA
CTTCTGGTAGGGGAGACAGCTTCTCTTACGGGAGGCAGCAGAGGGGAATATTGG
ACAATGGGGGAAAGTATGAGAAAGCAACGCCGGGTGAGTGAAGAAGGCTTTTA

GAGTTGAAAAACTCTGTTATCGGGGAAAGAATAATGACGTACCGAAGAGT

Acinetobacter sp.

Roseobacter sp.

Prolixibacter sp.

Enterobacter sp.

Pseudomonas sp.

EU718212

AY664344

EU809786

FJ608237

EU695214

a1
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fa Blast amummi@%@mmmuﬂ DGGE (919)

Qa2

FHANIM
Sequence

(Raw data)

Sequences

Organism

Accession NO.

S6

S7

S8

S9

S10

TTCTCCTCTGGGAGGCAGCAGTTCTTCTCTTACGGGAGGCAGCAGAGGGGAATA
TTGAACAGTGGGAAGAAGCATGATCCAGCACCGCCGGTAGAGTGAAGAAGCTT
GGATGGAAAAAAGCTTTTTACCCGGAAGATAATGACAGACCGTAGAAAGGATG
CCTACGGGAGGCAGCACTACGGTCTCCTACAGAAGGCAGCAAAGGGGAATATA
GCACAACGGGGGGAAGCATGAAGCAACAACGCTGGGAGAGTGATGAAGGCCG
GGAAGGTAGAAAAACTCTTTAACCGGAAAGATAATGACGTACGTAGATAACCC
CACCCTTCCCCCAACGGAAGGAACAACTAGGAACTCCTACAGAAGGCAGCAAA
GGGGAATATAGGACAACGGGCGCAAGCATAAAGCAGCAAGGCCGCAAAAGCG
TTCTCCTACGGGAGGCAGCAGTAGGGACTCCTACACAAGGCAGCAAAGGCGAA
TAGAGCAAAACCGCGGCAACCAAGAAGCAGCAAGGCCGCGAAAGCGATGAAG
GGTCTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTG

ATCCAGCAATGCCGCGTGAGTGATGAAGGCCCTAGGGTTGTAAAGCTCTTTTAC

Sphingomonas sp.

Ochrobactrum sp.

Rhodopseudomonas sp.

Bacillus sp.

Sphingomonas sp.

JQ701443

AJ564066

HM627637.1

EF105471

KU198801.1

L6


http://www.ncbi.nlm.nih.gov/nucleotide/301353160?report=genbank&log$=nucltop&blast_rank=96&RID=F7BK24AE015
http://www.ncbi.nlm.nih.gov/nucleotide/959099753?report=genbank&log$=nucltop&blast_rank=40&RID=F7DA7VS0014

0o v A ~ 4 J 1
WA Blast 819111207 10 1NANLULUA DGGE (99)

Qa2

FHaMIM
Sequence

(Raw data)

Sequences

Organism

Accession NO.

S11

S12

S13

S14

S15

TCTTCTGGGAGGCGGCGGTAGGGTCTCTTACGGGAGGGAGCAGAGGGGAATGT
GGCACAGCGGGGGGAAGGATGAGGGTTTAGGGCTGGTAGAGTTATGAAGGCTG
GTAAGGAGAAAAGCTGGTTTATCCGGAAGGGATGAAATGACGGTACCGTAGAG
TTTCTCCTACGGGAGGCAGCAGTGGTCTCTTTTGGGCGAGGGAGCAGAGGAAAA
TCCAGCAATGCGGGCGAAAGATGAAGGCACACCGGCGGTAAAGTAATAATGGC
TTAGAAGATAAAAATCTTCTTATCCGGGGAGAATGAATGACGTACCGAAGATA
CTCTCCTACGGGAGGCAGCAGTGGAAAATATTGCAAAATGGGAAAAAGCCTGA
TCCAACAATGCCGCGTGAGTAAAGAAGTCTCTAGGGTTATAAATCTCTTTTACCC
TCTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGGGAAAGCCTGAT
GCAGCAATGCCGCGTGAGTGATGAAGGCCCTAGGGTTG
TCTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATC
CAGCAATGCCGCGTGAGTGATGAAGGCCCTAGGGTTGTAAAGCTCTTTTACCCG

Burkholderia sp.

Sphingomonas sp.

Sphingomonas sp.

Sphingopyxis sp.

Sphingomonas sp.

FM212275

AM940623

KT865699.1

EU426927

KU198801.1

86


http://www.ncbi.nlm.nih.gov/nucleotide/1004606991?report=genbank&log$=nucltop&blast_rank=16&RID=F7F13S80015
http://www.ncbi.nlm.nih.gov/nucleotide/959099753?report=genbank&log$=nucltop&blast_rank=1&RID=F7G0VMZJ01R
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FHANIM
Sequence

(Raw data)

Sequences

Organism

Accession NO.

S16

S17

S18

S19

CTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATC
CAGCAATGCCGCGTGAGTGATGAAGGCC
TTCTCTTCCGGGAGGCGCCGGTGGGGTCTCCTACGGGAGGCAGCAGTGGGGAAT
ATTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGAGTGATGAAGGC
TCTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATC
CAGCAATGCCGCGTGAGTGATGAAGGCCCTAGGGTTGTAAAGCTCTTTACTCCG
TGAAGATAATGACATGTACCGG
TCTCCCTCCTCCGGTCTCCTACGGGAGGTCTCCTACGGGAGGCAGCAGTGGGGA
ATATTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGAGTGATGAAG
GCCCTAGGGTTGTAAAGCTCTTTTACTCCGGGAAGATAATGACTGACCGGAGAG

AAGCCGTA

Azospirillum sp.

Sphingomonas sp.

Sphingomonas sp.

Sphingomonas sp.

KU836606.1

GU431773.1

KU198801.1

KU198801.1

66


http://www.ncbi.nlm.nih.gov/nucleotide/1003722810?report=genbank&log$=nucltop&blast_rank=2&RID=F7G4TKY1014
http://www.ncbi.nlm.nih.gov/nucleotide/285205900?report=genbank&log$=nucltop&blast_rank=2&RID=F7GGB76Z014
http://www.ncbi.nlm.nih.gov/nucleotide/959099753?report=genbank&log$=nucltop&blast_rank=14&RID=F7GN193U01R
http://www.ncbi.nlm.nih.gov/nucleotide/959099753?report=genbank&log$=nucltop&blast_rank=1&RID=F7GUCTNP01R
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fa Blast mﬂumﬂa%%ﬂmmmuﬂ DGGE (919)

FHANIM
Sequence Sequences Organism Accession NO.
(Raw data)

S21 TCTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATC
CAGCAATGCCGCGTGAGTGATGAAGGCCCTAGGGTTGTAAAGCTCTTTTACTCC Sphingomonas sp. KU198801.1
GGGAAGATAATGACTG

S22 TCGGGATCTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAG
CCTGATCCAGCAATGCCGCGTGAGTGATGAAGGACCTAGGGATGTAAAGCTCTT Sphingomonas sp. KF192619.1
TACCCGGGAAGATAATGACTGTACCGCGA

S23 TCTCTCCTACGGGAGGCAGCAGTGGGGTCTCCTACGGGAGGCAGCAGAGGGGA
ATATTGGACAACGGGCGCAAGCCAGAACCAGCAATGCCGCGAGAGTGATGAAG | Methylobacterium sp. KC493060.1
GCCCTAAGGAAATAAAGCTCTTTACCCGGGAAGATAAGACCGAACC

S24 TCTCCCTCCTCCGGTCTCCTACGGGAGGTCTCCTACGGGAGGCAGCAGTGGGGA
ATATTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGAGTGATGAAG Sphingomonas sp. KU198801.1

GCCCTAGGGTTGTAAAGCTCTTTTACTCCGGGAAGATAATGACTGACCG

QR


http://www.ncbi.nlm.nih.gov/nucleotide/959099753?report=genbank&log$=nucltop&blast_rank=1&RID=F7GYGTDJ015
http://www.ncbi.nlm.nih.gov/nucleotide/540355880?report=genbank&log$=nucltop&blast_rank=1&RID=F7H12FGM01R
http://www.ncbi.nlm.nih.gov/nucleotide/506957392?report=genbank&log$=nucltop&blast_rank=1&RID=F7H8VV2C014

o v A = 4 14 1
fa Blast amummi@%@mmmuﬂ DGGE (919)

FHANIM
Sequence Sequences Organism Accession NO.
(Raw data)

SUl AAGAGGTTCATTTCGTAAGCCCTTCATATTCTCGCGGGAGGTGGTTCGGTTTTTC
CCCCGGGCCTTACTACTGTATCGTCTCCTACGGGAGCAGCAGTGGGGAATATTG Acinetobacter sp. EU718221
CGCGATGCGCGAAAGCCTGATGCAGCGACGCCGCGTGGAGGATGAAGGTCTTC

S2 CAGTGGGGTCTCCTACGGGAGGCAGCAGTGGGGAATATTACCCAATGGAGGAA
Enterobacter sp. FJ608236
ACTCTGATGTCGCAACGCCGCGTGGGGGATGACACATTTCGGTGCGTAAACTCC
S3 TTATTTTACCACGGGGAAAAAAATAAAATATAGTCTCCTACGGGAGGCAGCAGT
GGGGTCTCTTACGCGAGGCGCAGCAGGGGGGTATTACCCACAGGGGGAAAATA Azospirillum sp. KU836602

CGAGGTAGCAACGCCGCGTGAGAGATGACAAGGCTCGGGGGGTAAAATCTTAA

S4

TATTTTCCTGTTTCCTCCTACGGGAGGCAGCAGTGGGGACTCCTACGGGAGGCA
GCAGTGGGGGAGCTACACAATGGAGGAAACTATGAAGTAGCAACGCCGCGTGG
AGGATGACGCATTTCGGGGCGTAAACTCCTTTTCTCCTGAAGATAATGACGGTT

Paracoccus sp.

FJ549001

101
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fa Blast amummi@%@mmmuﬂ DGGE (919)

FHaMIM
Sequence Sequences Organism Accession NO.
(Raw data)

SUS5 TATCCAAATTCTCCTCCGGGAGGCAGCAGTGGGGTCTCTCCTACGGGGGGCAGC
AGCGGGGACTCTCCCACCGGGGGCGACTGCGAGGTGGCGCCGCCGCGCGGGGG Bacillus sp. FJ981825
GGGACACGGCCCGGGGGGTGAACTCTCTTCTCGTGCAGAGGCGGCGGGCC

SuU6 CTATCTTACACCTCGTGTGGCTAAATATAGTTCTCCTACGGGAGGCAGCAGTGG
GGACTCTCGTACGGGGGGCGGCAGCTGGGTCTTTTCCACAATGGGCGAAGGCGA Bacillus sp. FJ981829
GGTGGCGCGACCGCGAGAGCGGGGTGAAGGCCTTAGGGGTGTAAACCTCTTCG

Su7 ACGCATGTGTGCGATTAACCATAAGTTCTCCTACGGGAGGCAGCAGTGGGGTCT

Sphingomonas sp. KU198801
CTTGGGCGAGGGGGCGCAGCGGGGTCTTGCCCACCGGGGGCGAACACGAGGGC

SU8 TTTACCCAAAAAGGAACCGGTGCTCTTAGCCAAAGAAACCCTCCTACGGGAGGC

AGCAGGGGGTCTCCTACGGGAGGCAGCAGTGGGGAATATTACACAATGGAGGA
Enterobacter sp. FJ608237

AACTCTGATGTAGCAACGCCGCGTGGGGGATGACACATTTCGGTGCGTAAACTC
CTTTTCTCTGTGAAG

01
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WA Blast 19 UTIAA 19 IMMAALUUA DGGE (919)

98

FHANIM
Sequence Sequences Organism Accession NO.
(Raw data)
SU9 TCCGGGGGCCACCGGGGGGACTCTCCTCCGGGGGGCCGCCGCTGGGAATGGTCC
ACCGGGGGCGAACGCGAGGGGGAGGGGCGGGGCGAGCGGGATGAAGGCTAGG Sphingomonas sp. KU198801.1
GGGAGTAAACCTATTCTCCTACGGGAGGCAGCAGTGG
SU10 CTACGGGAGGCAGCAGTGGGGACTCTTGCGCGAGGGGGGGCAGCGGGATCCAG
Rhodopseudomonas sp. HM627637.1

CCCAGCCGCGAAATGACGAAGGCGCTCGGCCGGGAGAGCGATGAAGGCGCGGA

SU11 CGGGAGGCAGCAGTGGGGTCTCTTACGGGAGGCGGCACAGGGGGATATTGCAC
Paracoccus sp. FJ548991

ACTGGGGGCAACCCCGATCCAGCCACGCCGCGTGAGCGATGAAGGCCCTAGGG

SUI12 AGCATACTAAAAATTGTTCCTCTATGAACCTTTAAAATAATGCAAATACATTTAA
CACTTTACGGAAACGGTCGTTTCCTCTTTTTCCTCCTCCGGGAGGCAGCAGTGGG

Azospirillumsp. KU836606.1

GACTCTCGTGCGGGGGGCCGCAGGTGGGTATTGTCCACAGGGGGCGAAAGCGA

GGCGGCGCGGCGGCGCGAGAG

€01
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99

FHaMIM
Sequence Sequences Organism Accession NO.
(Raw data)
SU13 AAAACTTGATTATAAACTGGACATTATTTTTTTCCGTGATAAATTTAACCTAGAA
GACTTTTATTCAACCGGGTATGTTTTTATCTTAGTTCTCCTACGGGAGGCAGCAG
Paracoccussp. FJ548991
TGGGGTCTCTTGGGGGGGGGGGCAGTGGGGGATCTTGCACACTGGGGGCAAGC
ATGATGCCGCCCGGCCGCGTGAGCGATGAAGGCCCTAGGGGGTAAAGCTCTTTC
SuU14 AACCGGTGCGAAATCCAAATCCTCCTACGCTCGGCCGCGAGGGGGCCTCCTGGG
GGAGGCGGCGGGGGGGAATATCGCACAGCGGGGGCGACCCCGATGCGGCGCCG Enterobacter sp. FJ608239
CCGCGAGAGCGGGGAAGGCCCTGGGTCGGGAAGCTCTTTCCCCGGCGGGGGCG
SU15 ATCGTCTTTTAGAGCTTTCATCTATGCCCTTTTAAAATTTTAAACCCTTGCCTCTC

CCCCGTTGTATTCGACTTCTCCTACGGGAGGCAGCAGTGGGGACTCTCCTACGG
GAGGCAGCAGTTAGGAATCTTCCACAATGGGCGAAAGCGAGATCGAGCGACGC

CGCGTGAGGGATGAAGGCCTTAGGGTTGTAAACCTCTTCCTCCTACACAGGCAG

Rhodopseudomonas sp.

HM627637
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FHANIM
Sequence Sequences Organism Accession NO.
(Raw data)

SUl16 GTGCGTTATCCAGGACCTCCTACGGGAGGCAGCAGTGGGGCCTCTCCTACGGGG
GGCAGCAGCTGGGACTCTTCCACCATGGGCGAACGCGAGGGCGCGCGGCGCCG Sphingomonas sp. KU198801.1
CGAGAGGGGTGGAGGCCTGGGGGGTGGAAACCTTTCTCCTACGGGAGGCAGCA

SuU17 TCCTTGCTCGTCAGGGCGGGAGCCTCTCGGGCGAGGGGCGAAAGCGGGATATCG
CACACCGGGGGGGACCCCGAGGGCGTGCGGCCGGTAGAGCGGTGAAGTCCCTG Sphingomonas sp. KF192619.1

GAGAAGTAAAGCCTTTCTCGTACGGGAGGCGGCGTCCGC

n
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Biomethanation of cannery seafood wastewater with Microcystis sp, blue green algae
with/without glycerol waste.Energy Procedia, 79, 103-110.

Srimachai, T., Nuithitikul. K., O-Thong, S., Kongjan, P., & Panpong, K. (2015). Optimization and
kinetic modeling of ethanol production from oil Palm frond juice in batch

fermentation.Energy Procedia, 79, 111-118.



103

Panpong, K., Srisuwan, G., O-Thong, S. & Kongjan, P. (2014). Anaerobic co-digestion of canned
seafood wastewater with glycerol waste for enhanced biogas production.Energy Procedia,
52, 328-336.

Panpong, K., Srisuwan, G., O-Thong, S. & Kongjan, P. (2014). Enhanced biogas production from
canned seafood wastewater by co-digestion with glycerol waste and wolffia arrhiza.
Energy Procedia, 52, 337-351

Ny AigITal, F5edng neaauiliazifesagng siusnad (2013). ANuaIsas W luns

a o ~ a ~ a < o v 3 o ¥ Y Aq Y
NEIG]ﬂ'l‘ﬁflll‘Vl‘L!"’lJ’E]\11]ﬁ‘L!‘V]iEJ%L!@]L‘JJ?ITL!ﬂ'li°]J11Jﬂu1Lﬁﬂiiﬂﬂ1uu181ﬂﬂlu%1‘lﬂﬂiﬂ
v a A a 4 a a
FanIsaLaznodIuos A704GluﬂigﬂﬂuﬂWiNa@ﬂ"lx‘]ﬁﬂiJ.NaresuanUniversity

Engineering Journal, Vol. 8, No. 1, January-June 2013, pp. 15-20.

6.3 mﬁﬁuauawmmmﬁmms“luﬁﬂszﬂgﬁﬂmmmazﬁmsﬁuﬁrﬂugﬂ!du

(Oral presentation/proceeding)

Panpong, K., Srimachai, T., Nuithitikul. K., O-Thong, S. & Kongjan, P. (2016). Effect of inhibited
formation during oil palm frond pulping (OPFP) microwave pretreatment for bioethanol
production by SSF process. Asian Conference on Engineering and Natural Sciences (2016
ACENS). 1-3 February 2016. Fukuoka, Japan.

Panpong, K., Nuithitikul. K., O-Thong, S. & Kongjan, P. (2015). Anaerobic co-digestion
Biomethanation of cannery seafood wastewater with Microcystis sp; blue green algae
with/without glycerol waste. International conference on alternative energy in developing
countries and emerging economies (2015 AEDCEE). 28 29 May 2015 . Bangkok,
Thailand.

Srimachai, T., Kamchai Nuithitikul., O-Thong, S. & Kongjan, P., Panpong, K. (2015).
Optimization and kinetic modeling of ethanol production from oil Palm frond juice in batch
fermentation. International conference on alternative energy in developing countries and
emerging economies (2015 AEDCEE). 28-29 May 2015. Bangkok, Thailand.

Panpong, K., Srisuwan, G., & O-Thong, S. (2013). Co-digestion of seafood cannery wastewater
with glycerol waste and wolffia arrhiza to increase biogas production. 2013. International
conference on alternative energy in developing countries and emerging economies (2013

AEDCEE). 30-31 May 2013. Bangkok, Thailand.



104

Panpong, K., Srisuwan, G., & O-Thong, S. (2013). Anacrobic co-digestion of cannery seafood
wastewater with glycerol waste for enhanced biogas production. 2013 International
conference on alternative anergy in developing countries and emerging economies (2013
AEDCEE). 30-31 May 2013. Bangkok, Thailand.

Srisuwan, G., Panpong, K., (2007). Sulfate and organic matter removal in batch anacrobic
wastewater treatment. PSU-UNS International Conference on Engineering
andEnvironment - ICEE-2007, 10-11 May 2007, Phuket, Thailand.

ao £ o < J o £ o o £ o Y a
Resafng Wuswad, audna uiinane, 1Y WHAITA uaznatl AuTe.(2558). Matlseiiv

@ a [ %I U a @ a
ﬁﬂﬂm‘wmiwammammmmuu?ﬁﬁiwmﬂmﬂu. ﬂ?iﬂi&ﬂqﬁhﬂﬂﬂﬂ1ii$ﬂﬂ%1@]

=~ a L

~ vy & A ~ 9
maluTagnala asen 5. Ineraema TuTadniala 23 upsiau 255s.

a Jd

@ = o £ e e J a o =
nagy ﬁ%qjiimﬁigﬁﬂﬂ nesauiliay Lﬁﬂi@]ﬁﬂﬂ WUTNWNA. (2554). NITHANNEFINTINIINNT

o w g A AA o 9y am = a A 1 [ ]

‘]JTU@’IHH@'?J‘VI‘JJ%QLWWQQI@]EJiGHi%UU@m@ﬁU. ﬂ'lii‘]Jﬁ&“lﬂl'J"])"]ﬂ?ﬁlﬂif]"lﬂﬂ‘i/‘lﬁ\i\‘i'luuﬂx‘i
FJ i

‘]Ji&‘ﬂﬁ]l‘ﬂﬂ ATIN 7. 3 — 5 NHHNIAN 2554.

= au £ o < J o = = o £ a J < 3 2
NYTAANA WUDTWIA, DA ﬁﬁq’)ﬁimllag J3LANA ‘Vlf]\‘iall‘]J. (2554). Waﬂl@ﬂﬂﬁ]’lllli')u’lhlﬂasl]u

' o w % (] a
ADTUTITDOUSUDITE VY EGSB 611!ﬂ1§UWUﬂHWL%ﬂIﬁQQWHMWﬂNsﬁ}u. ﬂi%slgil’J“]f”lﬂWi

i1

o o J Jd v =

S a £ o < a  d (Y
NYTAADA WUDTWIA, DAY ﬁig?iimlla$%i$ﬂﬂﬂ novauil. (2554). AAUBDIDATINIISUIIND

° v A gJ/ { a o v w o
Zmﬂﬂﬂl“ﬂﬁﬁﬂ‘ﬂ'} AN 1 (SET-04). ¥ 1INNAYINGANHU22 IUBIYU 2554,

an

a g o [ g 9o’
asouUNIdAausTouzUeeszuD EGSB lunmsiiniatiudeTssanuhersdu. Uszyy

oAl v A

a &R a [ v W J
'J“Iﬂﬂ?iﬂiﬁﬂﬂ’]_lm“ﬂ@ﬁﬂ‘hn AN I(SET-04). ¥¥1INYQINSANHMU22 LNHIYU 2554,

b P

[ =1 Aa o o v A o Aan o w e o g
Nagyn ﬁ%Ejﬁiim, NUSARNA WUTNIA LAaZIUNW FIGTNT. mMsmvagamaluszuvihgaii

@ouvulfeiniruuuiiagm, nisdsgyuisinianidininssuaians

¥
‘JJ‘H”I’J‘I/]EHﬁEJﬁQﬂ]ﬁTHﬂiHVI% A59N 41’?1911’?@ A3UA1.8-9 FUINAN 2548.

d o
6.5 ﬂsxanmimmsmam
a @ 4 o a (% 1% a

27 4.8, 57 — ﬂi]i]‘ﬂu ’E]']i]'liflﬂ5$i]'lil’l’iT)V]EJ'lﬁEli'l"]fﬂQﬁ'\ﬁlﬁ'l ('JT]EJ']LGUGI’(,T{Z]"Q) uaﬂﬂmnm
a J a @ 1%
IAINTIUAITNT ﬂm%LﬂﬂIuIﬁ%QﬁﬁWﬁﬂiiN HUNINYI1AYINFN G
avan
a v 9 a o = g Qy

29 U.A. 58 'Jﬂfl'lﬂiﬂiifﬂflsluﬁﬂ"ll@ “ﬂ']iWﬁﬁﬂ'lG])'G]f'JﬂWWﬂ'lﬂuWﬂ\?Ii\i\ﬂu!lﬂigﬂ

4 o 1 o a
Q@]ﬁ?ﬁﬂﬁilllﬂ“blﬁﬁiﬂﬂi%ﬂQQﬂ‘ﬁﬂ”ﬁﬂﬁJﬂiiu” Glmmﬁmunmmi
as Yy o 2 Y

‘VINL‘VIﬂILlIﬁEJGH'JﬂTWQTHWQQQTHLLazﬁQLL’Jﬂa@N M AUTYATIVINTTY

a o

INHAT VHIINeIaeNa 11 Tad1vuInaf3 1%



105

2310.8. 58 NTTUNMIANTINAA YTz TIAULQATINNITUINEAT NHIINO1H Y

A 11 1ags1¥uInafT 1%

a a a 4 o =
16 5.9. 58 NITUMITANITIgUA lumsdouIne inusszauls g Inves

4 a A
UNE1IN0A Uen asu 504 “Hydrogen and methane production by two-

a o
stage anaerobic digestion of oil palm mill effluent” & AUSINYIAITAT

a [ a Jd a
tazina 1u a8 u¥INeasaIvaIUAsUNI Menvailaaitl

d
(2) HALAS.ANNIA TaNnoa
A
1. ¥o-dna nw1 Ine
NHIDINGY
2. vneavilseaiailszanau
A
3. Moy

4. vianoraa Insanm

5. E-mail

6. nuvinaifagiiu

€

[

7. 93N

8. sz iamIdnm
WA, 2550

A a a 4
FOINYTUNUD

N.F. 2546

d’ a a 4
FOINYTUNUD

W.F. 2544

4 no
¥01A59911308

9.571478

N.f. 2550

o

PWAUNIA  1oNDd
Mr. Sompong O-Thong
3801300957 791
132 w7 13 a.lanenwszen o laenszen v.n521
074-693992 1 2261 (NM1914)

A A
0877950406 (18D®)
sompong.o@gmail.com
9101591523 1MATIN TN (WD UNKIINGEE)
MAIFIFIINGT AR INGFEAS UHTINSaeNnEDL

g INsAnI/ Insans 074-693992

5. a. (naTuTagmnIn) umInerdgaavaIuaIung
Optimization and microbial community analysis for production
of biohydrogen from palm oil mill effluent by thermophilic
fermentative process

1. 3, (na TuTagFinm) EINeaeaIvaIuATUNS
Study on microbial consortiums from commercial and natural
microbial inocula for treating shrimp farming wastewater by
using molecular biological techniques

M. 1. (FIN81) ¥HINAYNNEY NYTALINDUAVTD
Ammonia removal from saline wastewater by nitrifying
bacteria in sequencing batch reactor.

MENINUTIZAUADINUIINGSOFIVAIUATUNS



N.A.

N.#

N.H.

N.H.

N.A.

N.A.

N.A.

N.A.

N.H.

N.H.

N.7. 2554

N.f. 2555

2550

. 2551

2552

2552

2553

2553

2554

2554

2554

2554

106

a a J [ - U aa 1
’JVIEH‘L!‘WM‘B?Z@‘U@Lﬂuﬁu1ﬂumﬂ1uiaEJGI)"Jﬂ1WLL1'i\11J'§$L°Vlﬁ
Ine

[ a 0o Aw d‘ 9
Furyvindsalszmagiualeny JSPS

'
[ =)

a a J aov 1 a
IMNOUNUTILAVADINTNIVOUNITIA
Yl At Ay aa L WA a o
ANUHANIUIVIANUNWNAT impact factor FIFANNIINYIQY
Minba

s v oA A . .
msuaananuuun TlanesseauABey Asian Biohydrogen

1/52Ind Taiwan

'
Aauv A A

5193aNQUIVIABN (AUITINAMUINTLUIUNMIHAN
laTasunningauuiadonmlasyaunid) andninau
AMENTIUNTIVBLHINA (52311) 2553)
TRF-CHE SCOPUS RESEARCHER AWAED 2011, Elsevier
Y a o Yo Y a A . a o
ANNaIuI8 1A5UN1591984 (Citation) FagANNIINGTAY
NNy

4 [ td'
msudaIranuLuy IamesseauaEey ICCE-2011 Ussimne
Taiwan
msudaINaIuuuulInarseaua@en ICCE-2011 Ussmne
Taiwan
MsudaIranuuuulInaalseauAEen ICCE-2011 Ussme
Taiwan

Y a Yo 9 a F 5 a [Y]
HUAAITUA EJulﬂ UNI591904 (Citation) AAFANHIINYIAY

NNy

a td'd o a 1 a = A
10. @1V NIFINUANUFIUIYNLAY (LL@]ﬂﬂNﬁﬂﬂfgﬁlﬂWiﬁﬂBT): malulag¥InIm A5EUIUMNST

wiinma Tu TagFImMNNEI9Y #AANEINUNALNUIINUIATININAIGNTZUIUNIITNI

= A o o 3
F0m maTuTadF 10 mawIndsy NTzUIUMTHazIzUUITAN e N15ANEI

uuaiEevouiou MANANIMUBYINGIN AT UIATOY

s A Y o a av ¥
11. ﬂigﬂﬂﬂ'ﬁﬂ‘lﬂlﬂﬂﬂﬂ’ﬂ\‘]ﬂUﬂ'li‘]JiW'li\ﬂu'Jﬁ]El“l/l\?ﬂ']flﬁlul,!ﬁ$ﬂ']flu@ﬂﬂ§$l1/lﬁ

10.1 §8128MIHUUITY:

1. wianssunngivdyantesduluusanmedausssuvesmswanndu

L

4
A a

¥DIQ

Q

a < o
15 1UMINTLUIUMIHANTATINIINAUATINUASMTN T AT

A ' Y
AN UMMM ANADNIT 15U (AND.54)



107

Y Yy
o A

a v ¥ o o
2. miwan laTasnuuaziimu (luTe'lemu) vinimslssuanainiuhdulae
o g { a o
T¥nszuaumsnin lfomaunuasstuasungungigaazmsdszgnaly luTe
lamu (.0, 2553-0.9. 2556)
3. MIasndouaunguesmsna Iuuazanu luatesvesnszurumsdesaals
a ¥ 2 v ¥ o J a o
upu lFemandaimunningdsanuanminiulhduauduinnuneamu
AduaAYUMIINY (2555-2557)
A a o a )] ' ' Y 3 a
4. mamuranaamatinu Iaeldmsdosaaresmuuy 1iomevesindenn
v 3w Jd o dy Y = = =
Tssnuanadniuthaunvldezveudendmesoaninlssnu luTodwa
AMENTTUNTIVYUNIFIA (%) (2555)
= s . P A a a o I dy a A A
5. ma)s31amaathami e MsHaanand UM INNLAIFOINAITIN WAL

1 a il o
ANUANANNAIATHFFNAAT 08190381 (AN 2556)

10.2 §3911A59M195390:

73

1 Y
1. Maddetaziannszuuiinia lulasmunminzaudusunismz@eada i
D Y
IO UUIRYUIIU2551-2553)
[ a =1 ~A o d' 9 [ (% %,l
2. dnenmmsnan la Tasuuaz Himuanasun laanmssua1ine1any
nanm3s 10 1o IeALAIIUMTIDIUNITIA (1%.) (2555)
aw ti‘ o o o 9
10.3 NWIINMFUTIAT:

Y] = [ =~ 9 4 (] ~ a A
1. MSAAUINTZVIUMTHNANAINIUFIWIanauI1aved1alszansnn
A1INNUAUTNITUNITIVIUNIBIA (3%.) (2552-2553)
2. nguIvoMINANNIzUAUMsKaa lalasaunningauniasiniwiag

a A Jd o @ = 1 Aasy

AUNIY (@ NNUANZNTINMIYANANH N IIAN £, 2550-2553)

(Y] a v 1 a 4
3. MINAUINTZUIUMTHAADNIUDAINVOUAVIAYBINNT IaenInIINTaALAL

(] &}

nuanGeneldanng lusye (2553-2554)

Y] a o ~ o v 1 =
4. MINAUINTLVIUMNTHAANFF IV INFUI Taan 1IN IWVDUTY
dunidungaainssutazinuaingsulusinianngs 510’4 54)

o [ A 3 Y d A ] aw
5. ManannAnsnmuazaaautia lumstulandunuayadiniedionisive
maldnouai 52

[ = a ~ J 9 1 %’ Y Yo o

6. inemuN1FINMVIRaUNIIYouTouMNUBINIou luanalddmiums

waa luTeyleadninnunesnuaiuayunsive (2552-2554)



108

Publications

K. Boe, P.G. Kougias, F. Pacheco, S. O-Thong and I. Angelidaki. Effect of substrate and
intermediate compounds on foaming in manure digestion systems. Water Science and
Technology 2012;66(10)2146-2154. (Impact factor 1.12).

Kongjan P., O-Thong S. And Angelidaki I. Hydrogen and methane production from desugared
molasses using a two-stage thermophilic anaerobic process. Eng Life Sci (2012),
doi:10.1002/elsc.201100191. (Impact factor 1.925).

Chookaew T., O-Thong S., Prasertsan P. Fermentative production of hydrogen and soluble
metabolites from crude glycerol of biodiesel plant by the newly isolated thermotolerant
Klebsiella pneumoniac TR17. International . Journal of Hydrogen Energy (2012),
http://dx.doi.org/10.1016/j.ijhydene.2012.06.022. (Impact factor 4.053).

Noparat P., Prasertsan P., O-Thong S. Potential for using enriched cultures and thermotolerant
bacterial isolates for production of biohydrogen from oil,palm sap and microbial
community analysis, International Journal of Hydrogen ' Energy (2012),
do0i:10.1016/j.ijhydene.2012.02.103. (Impact factor 4.053)

Yossan S., O-Thong S., Prasertsan P. Effect of initial pH, nutrients and temperature on hydrogen
production from palm oil mill effluent using thermotolerant consortia and corresponding
microbial communities, International Journal —of Hydrogen Energy (2012),
doi:10.1016/j.ijhydene.2012.03.151. (Impact factor 4.053).

Mamimin C., Thongdumyu P., Hniman A., Prasertsan P., Imai T., O-Thong S. Simultaneous
thermophilic hydrogen production and phenol removal from palm oil mill effluent by
Thermoanaerobacterium-rich sludge, International Journal of Hydrogen Energy (2012),
doi:10.1016/j.ijhydene.2012.04.062. (Impact factor 4.053).

O-Thong S., Boe K. Angelidaki I. Thermophilic anaerobic- co-digestion of oil palm empty fruit
bunches with palm oil mill effluent for efficient biogas production. Appl Energy 2012,
93:648-654. (Impact factor 3.915).

Hasyim R., Imai T., O-Thong S., Sulistyowati L. Biohydrogen production from sago starch in
wastewater using an enriched thermophilic mixed culture from hot spring. Int J of
Hydrogen Energy 2011; 36 (21):1462-14171. (Impact factor 4.053).

Hniman A., Prasertsan P. and O-Thong S. Community analysis of thermophilic hydrogen-
producing bacteria from Southern Thailand geothermal spring enriched with xylose and

glucose. Int J of Hydrogen Energy 2011; 36(21):14217-14226. (Impact factor 4.053).



109

Kongjan P., O-Thong S. and Angelidaki I. Biohydrogen production from molasses desugarized
soluble (MDS) in the thermophilic fermentation with load shock pretreated-digested
manure. Int J of Hydrogen Energy 2011; 36 (21): 14261-14269. (Impact factor 4.053).

O-Thong S., Mamimin C., Prasertsan P. Effect of temperature and initial pH on biohydrogen
production from palm oil mill effluent: long term evaluation and microbial community
analysis. Electronic Journal of Biotechnology 2011; 15(5): Doi: 10.2225/vol14-issue5-
fulltext-9 (Impact factor 0.95).

Noparat P., Prasertsan P., O-Thong S. Isolation and characterization of high hydrogen-producing
strain Clostridium beijerinckii PS-3 from fermented oil palm sap. Int J of Hydrogen Energy
2011; 36(21): 14086-14092. (Impact factor 4.053).

Fang C., O-Thong S., Boe K., Angelidaki . Comparison of UASB and EGSB reactors performance,
for treatment of raw and deoiled palm oil mill effluent (POME). J Hazardous Materials
2011, 189(1-2)::229-234.

Kongjan P., O-Thong S., Angelidaki I. Performance and microbial community analysis of two-
stage process with extreme thermophilic hydrogen and thermophilic methane
production from hydrolysate in UASB reactors. Bioresour Technol. 2011, 102: 4028-4035.
(Impact factor 4.5).

O-Thong S., Hniman A., Prasertsan P., Imai T. Biohydrogen production from cassava starch
processing wastewater by thermophilic mixed cultures. Int J Hydrogen Energy 2011,
36(5): 3409-3416. (Impact factor 4.053).

Hasyim R., Imai T., Reungsang A., O-Thong S. Extreme-thermophilic biohydrogen production by
an anaerobic heat treated digested sewage sludge culture. Int J Hydrogen Energy 2011,
36 (14): 8727-8734. (Impact factor 3.95)

Hniman A., O-Thong S. and Prasertsan P. Developing thermophilic hydrogen-producing microbial
consortia from geothermal spring for efficient utilization of xylose and glucose mixed
substrates and oil palm trunk hydrolysate. Int J Hydrogen Energy 2011, 36 (14): 8785-
8793. (Impact factor 3.95)

Pattra S., Lay C. H., Lin C. Y., O-Thong S., Reungsang A. Performance and population analysis of
hydrogen production from sugarcane juice by non-sterile continuous stirred tank reactor
augmented with Clostridium butyricum. Int J Hydrogen Energy. 2011 34(16): 8697-8703.

(Impact factor 3.95)



110

Kongjan P., O-Thong S., Kotay M., Min B. and Angelidaki I. Biohydrogen production from wheat
straw hydrolysate by dark fermentation using extreme thermophilic mixed culture.
Biotechnology and Bioengineering 2010, 105(5): 899-908. (Impact factor 4.0)

Sittijunda S., Reungsang A., O-Thong S. Biohydrogen production from poultry slaughterhouse
sludge with dual digestion pretreatment. Int J hydrogen energy 2010; 35 (24): 13427-
13434. (Impact factor 3.95)

Prasertsan P., O-thong S. and Birkeland N.K. Optimization and microbial community analysis for
production of biohydrogen from palm oil mill effluent by thermophilic fermentative
process. Int J hydrogen energy 2009; 34: 7448-7459. (Impact factor 3.95).

Zhao C.X., O-Thong S., Karakashev D., Lu W.J.;. Wang H.T., Angelidaki I. High yield
simultaneous  hydrogen and ethanol production under extreme-thermophilic (70 °C)
mixed culture’  environment. Int J hydrogen energy 2009; 34 (14): 5657-5665. (Impact
factor 3.95).

O-Thong S, Prasertsan P, Birkeland NK. Evaluation of methods for preparing thermophilic
hydrogen producing seeds from anaerobic digested sludge with microbial communities
aspects. Bioresour Technol 2009; 100: 909-918. (Impact factor 4.10)

O-Thong S, Prasertsan P, Karakashev D, Angelidaki I. High-rate continuous hydrogen production
by Thermoanaerobacterium thermosaccharolyticum PSU-2 immobilized on thermo-
treated methanogenic granules. Int J Hydrogen Energy 2008; 33: 6498-6508. (Impact
factor 3.95)

O-Thong S, Prasertsan P, Karakashev D, Angelidaki 1. Specific detection of
Thermoanaerobacterium spp., Thermoanaerobacterium - thermosaccharolyticum, and
Caldicellulosiruptor spp. In thermophilic biohydrogen producing system by fluorescent in
situ hybridization (FISH). Int J Hydrogen Energy 2008; 33: 6082-6091. (Impact factor
3.95).

O-Thong S, Prasertsan P, Karakashev D, Angelidaki I. Thermophilic fermentative hydrogen
production by the newly isolated Thermoanerobacterium thermosaccharolyticuam PSU-2.
Int J Hydrogen Energy 2008; 33: 1204-1214. (Impact factor 3.95).

O-Thong S, Prasertsan P, Intrasungkha N, Dhamwichukorn S, Birkeland NK. Optimization of
simultaneous thermophilic fermentative hydrogen production and COD reduction from
palm oil mill effluent by Thermoanaerobacterium-rich sludge. Int J Hydrogen Energy

2008; 33: 1221-1231. (Impact factor 3.95).



111

O-Thong S, Prasertsan P, Intrasungkha N, Dhamwichukorn S, Birkeland NK. Improvement of
biohydrogen production and pollution reduction from palm oil mill effluent with
nutrient supplementation at thermophilic condition using an anaerobic sequencing
batch reactor. Enzyme Microb Technol 2007; 41: 583-590. (Impact factor 2.7).

Niha N, Siriwat P, O-Thong S, Sukrakarn N, Intrasungkha N. Modification of nitrate determination
in saline wastewater by using the copper-cadmium reduction column method and
commercial nitrite test kit, Merck Ltd. Thai Environ Eng J 2005; 19: 113-121. (Impact
factor 0)

O-Thong S, Songsang S, Jaubongo S, Prasertsan P, Intrasungkha N. A field survey of microbial
products used in marine shrimp cultivation and preliminary evaluation of their
wastewater treatment efficiency. Thaksin Univ J 2004; 7: 1-12. (Impact factor 0)

O-Thong S, Jiapakdee R, Intrasungkha N. Wastewater generated from marine shrimp feed and its
treatment potential by internal filter system. Thaksin Univ J2003; 6: 41-53. (Impact
factor 0)

Presentations

Sutummawong N., Sumpanthamit T., Ketmai W.,O-thong S., Tessana N. Biodiversity and
Utilization Potential of Indigenous Vegetables for Food in Kong Ra District, Phatthalung
Province, THAILAND, 2010 International Conference on Chemistry and Chemical
Engineering (ICCCE 2010), 431-434

Hasyim R., Imai T. and O-Thong S. 2010. Fermentative hydrogen production from sago starch
bythermophilic enriched culture from hot spring in Southern Thailand Proceedings of the
Environmental Research Event 2010, CQ University, Rockhampton, QLD.

Intharachood M. and O-Thong S. 2010. Biohydrogen production from cassava starch
manufacturing wastewater by thermophilic bacteria. CNWEG 2010, 11-12 February 2010
J B hotel Songkla, Thailand.

Khrueamala R., Katemai W. and O-Thong S. 2010. Isolation of cellulose-degrading bacteria and
application for bioethanol production from oil palm trunk. CNWEG 2010, 11-12 February
2010 JB hotel Songkla, Thailand.

Beraheang A., Katemai W. and O-Thong S. 2010. Bioethanol production from old oil palm trunk
juice by coculture of yeast and bacteria. CNWEG 2010, 11-12 February 2010 JB hotel

Songkla, Thailand.



112

Thongdamyu P., Intrasungkha N. and O-Thong S. 2010. Development of ethanol production from
canteen food waste by co-culture of yeast and bacteria. CNWEG 2010, 11-12 February
2010 JB hotel Songkla, Thailand.

O-Thong S., Prasertsan P., Karakashev D. and Angelidaki 1.2009. 16S RRNA-targeted probes for
specific  detection of Thermoanaerobacterium spp., Thermoanaerobacterium
Thermosaccharolyticum, and Caldicellulosiruptor spp. by fluorescent in situ hybridization
in biohydrogen producing systems. CHE-USDC Congress II, 2009. 27-29 August 2009
Dusit  Thani Pattaya hotel Thailand.

Hniman A., O-Thong S. and Prasertsan P. 2009. Community analysis of thermophilic
hydrogenproducing bacteria from Southern Thailand geothermal spring enriched with
xylose and glucose. Fervaap 2009, 26-28 August 2009 Khon Kaen, Thailand.

O-Thong S. and Reungsang A. 2009. Potential of using mixed microflora enriched from cattle
manure for biohydrogen production from lignocellulosic biomass. Fervaap 2009, 26-28
August 2009 Khon Kaen, Thailand.

O-Thong S. 2009. Optimization of key parameters for hydrogen production from xylose by
Thermoanaerobacterium thermosaccharolyticum PSU-2. Fervaap 2009, 26-28 August
2009 Khon Kaen, Thailand.

Kongjan P., O-Thong S. and Angelidaki I. 2009. Continuous biohydrogen production from xylose
by thermophilic mixed culture fermentation with up-flow anaerobic reactors. Fervaap
2009, 26-28 August 2009 Khon Kaen, Thailand

Pattra S., Imai T., O-Thong S. and Reungsang A. 2009. Optimization of process parameters on
methane production form hydrogenogenic effluent by response surface methodology,
Fervaap 2009, 26-28 August 2009 Khon Kaen, Thailand.

O-thong S., Prasertsan P. and Imai T. 2009. Bioprospecting thermophilic microorganisms from
southern Thailand geothermal spring for biohydrogen production from xylose, The 10th
Asian hydrogen energy conference AHEC 2009, 8-10 april 2009, Daegu, South Korea.

Hniman A., Prasertsan P. and O-thong S. 2009. Biohydrogen production from cellulose by
syntrophic co-culture of baillus sp. and Thermoanaerobacterium thermosaccharolyticum
PSU-2, The 10th Asian hydrogen energy conference AHEC 2009, 8-10 april 2009, Daegu,

South Korea.



113

O-Thong S., Prasertsan P., Karakashev D. and Angelidaki I. 2009. Bioaugmentation of an upflow
biofilm biohydrogen producing reactors under extreme thermophilic condition for
improvement of the hydrogen yield and start up time. BIT’s 2 nd annual world congress of
industrial biotechnology, 5-7 april 2009, seoul South Korea.

Zhao C.X., O-Thong S., Karakashev D., Lu W.J.,, Wang H.T., Angelidaki 1. 2008. Effect of
substrate concentration, pH and nutrient on extreme-thermophilic hydrogen and
ethanol production by mixed cultures. The 2008 Asian Biohydrogen Symposium, 26-28
December 2008, Harbin, China.

Sittijunda S., Reungsang A., O-Thong S. 2008. Biohydrogen production from poultry

slaghterousesludge with dual digestion pretreatment. The 2008 Asian Biohydrogen Symposium,

26-28December 2008, Harbin, China.

O-Thong S., Prasertsan P., Hniman A. 2008. Production of hydrogen and methane from palm oil
mill effluent using a two stage anaerobic digestion process. The 2008 Asian Biohydrogen
Symposium, 26-28 December 2008, Harbin, China.

O-Thong S., Prasertsan P., Intrasungkha N., Danle H., Birkeland N.K. 2008. Isolation and microbial
community analysis of a thermophilic mixed culture sludge for biohydrogen production.
TSB 2008: Biotechnology for global care, 14-17 October 2008, Mahasarakham, Thailand.

Prasertsan P., O-Thong S. and Birkeland N.K. 2008. Thermophilic biohydrogen production from
palm oil mill effluent by mixed culture community using anaerobic sequencing batch
reactor (ASBR). International Workshop on Biohydrogen Technology, 6-9 February 2008,
Kharagpur, India.

O-Thong_S., Prasertsan P., Karakashev D. and Angelidaki, I.-2008. Specific detection of
Thermoanaerobacterium « spp., Thermoanaerobacterium thermosaccharolyticum, and
Caldicellulosiruptor spp. in thermophilic biohydrogen producing system by fluorescent
insitu hybridization (FISH). International Workshop on Biohydrogen Technology, 6-9
February 2008, Kharagpur, India

O-Thong S., Prasertsan P., Karakashev D. and Angelidaki, 1. 2007. High-rate continuous hydrogen
production by natural immobilized Thermoanaerobacterium thermosaccharolyticum strain
PSU-2 as biofilm on treated methanogenic granules. World Congress on Anaerobic

Digestion. 23-27 September 2007, Brisbane, Australia.



114

Prasertsan P., O-Thong S., Intrasungkha N., Dhamwichukorn S. and Nils-Kéare Birkeland. 2007.
Thermophilic biohydrogen production from palm oil mill effluent with anaerobic
sequencing batch reactor and microbial community structure. The 2nd Fermentation
Technology for Value Added Agricultural Products Conference. 23-25 May 2007,
Khonkhen University, Thailand.

Prasertsan P., O-Thong S., Intrasungkha N., Dhamwichukorn S. and Nils-Kéare Birkeland. 2006.
Optimization of simultaneous thermophilic fermentative hydrogen production and COD
reduction from palm oil mill effluent by Thermoanaerobacterium-rich sludge. IWA
WorldWater Congress. 20-25 October 2006, Beijing China.

O-Thong S., Prasertsan P. 2005. Effect of inoculum source and high temperature on biohydrogen
production from palm oil mill effluent using anaerobic mixed cultures. RGJ Seminar
Series XXXV: Science Technology and Medicines. 19 August 2005, Prince of Songkla
University.

O-Thong S., Intrasungkha N. and Prasertsan P. 2005. Evaluation on the impact of Bacillales and
Lactobacillales augmentation - for shrimp farming wastewater improvement by
fluorescence in situ hybridization (FISH). 1st IWA-ASPIRE. Conference. 10th —15th July,
2005, Singapore.

Nihah N., Siriwatt P., Somjit K., O-Thong S. and Intrasungkha, N. 2004. Modified nitrate
determination in saline wastewater by using the cadmium-copper reduction column
method incorporating with commercial nitrite test kit (Merck Ltd.). 3rd National
Environmental Conference. 28-30 January, 2004. Songkhla, Thailand.

Pochkumnurd N., O-Thong S. and Intrasungkha N. 2004. Effect of C to N ratio on bacterial
population dynamics.in marine shrimp farming wastewater treatment using sequencing
batch reactor (SBR) system. 3rd National Environmental Conference. 28-30 January, 2004.
Songkhla, Thailand.

Intrasungkha N., Nihah N., Siriwatt P. Ponpay S. and O-Thong S. 2004. Complete nitrogen
removal in saline wastewater using two-step sequencing batch reactors. 3rd National
Environmental Conference. 28-30 January, 2004. Songkhla, Thailand.

O-Thong S., Pratummanee M., Suksatit S. and Wattanachant C. 2004. Chlorine types and water
supply quality on chlorine solubility efficiency to protect pathogenic bacteria and
mastitis situation in dairy farms at Paphayom, Phatthalung province. 3rd Southern Animal

Science Conference. 18-19 August, 2004. Hat-Yai, Songkhla, Thailand.



115

Suksatit S., O-Thong S., Odton V. and Wattanachant C. 2004. Preliminary study on
microorganisms population change in acidified milk. 3rd Southern Animal Science
Conference. 18-19 August, 2004. Hat-Yai, Songkhla, Thailand.

Suksatit S., O-Thong S., Pratummanee M., Chaicay J., Intrasungkha N., Wattanachant C. 2004.
Bulk  milk quality analysis in microbiology and milk compositions aspect of dairy farms
at Paphayom district, Phatthalung province. 3rd Southern Animal Science Conference. 18-
19 August, 2004. Hat-Yai, Songkhla, Thailand.

Pratummanee M., Sataporn J., Laechan J., O-Thong S., Suksatit S., Intrasungkha N. and
Wattanachant C. 2004. Ratio-and relationship of Staphylococcus spp., Streptococcus
spp., total coliform and Escherichia coli found in raw mastitis milks. 3rd Southern Animal
Science Conference. 18-19 August, 2004. Hat-Yai, Songkhla, Thailand.

O-Thong S., Prasertsan P. and Intrasungkha N. 2003. Comparison of simultaneous organic carbon

and ammonia — nitrogen removal efficiencies from shrimp farming wastewater using
commercial and natural microbial inocula in sequencing Dbatch reactor.
AsianWaterqual2003 Conference. 19-23 October, 2003. Bangkok, Thailand.
O-Thong S., Songsang S., Jaubongo S., Prasertsan P. and Intrasungkha N. 2002. Survey of
microbial inocula used in shrimp cultivation and preliminary evaluation of their
treatment efficiency of shrimp farm effluent in Songkhla province. Thao Ngam Science
Consortium Conference. 24-25 November, 2002, Phitsanulok, Thailand.

Paungfoo C., O-Thong S., Prasertsan P., Intrasungkha N and Bhamidimarri R. 2001. Ammonia
removal from saline wastewater by nitrifying bacteria in sequencing batch reactor.
Proceeding of Thailand Science and Technology Conference 27th 16-18 October, 2001.
Songkhla Thailand.

Paungfoo C., O-Thong S., Rokaerd S., Prasertsan P., Intrasungkha N and Bhamidimarri R. 2001.
Comparison between ammonia removal efficiencies of natural and commercial
nitrifyingbacteria in saline wastewater by sequencing batch reactor, Proceeding of

Thailand Biotechnology Conference, 7-9 November 2001, Bangkok, Thailand.



	ผลของปัจจัยทางกายภาพและชีวภาพต่อประสิทธิภาพการบำบัดไฮโดรเจนซัลไฟด์ในก๊าซชีวภาพด้วยระบบตัวกรองชีวภาพโดยกลุ่มจุลินทรีย์

