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Abstract : Long term hydrogen production was investigated in an anaerobic sequencing batch reactor (ASBR) using mixed micro-
flora. Glucose (about 8,250 mg/L) was used as a substrate for the ASBR operation under the condition of pH 5.5 and 37°C with
mixing at 150 rpm. The experiment was carried out over a period of 160 days. Hydrogen yield was 0.8 mol Hy/mol glucose with
F/M ratio 2 at initial operation period. The hydrogen yield reached to maximum 2.6 mol Hao/mol glucose at 80th day operation.
However decreased hydrogen yield was observed after 80 days operation and eventually no hydrogen yield. Although well-known
hydrogen producer Clostridium sp. was detected in the reactor by PCR-DGGE analysis, changed reactor operation was the major
reason of the decreased hydrogen production, such as low F/M ratio of 0.5 and high propionic acid concentration 2,130 mg/L. Con-
sequently the long period operation resulted in MLSS accumulation and then low F/M ration stimulating propionic acid formation
which consumes hydrogen produced in the reactor.
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Aol A #EE EASEA e @714t
AAOIA AT AT AR oF 1902 32 WA
2% 155 F9H 0TAA AHelE b, Aeo)H oF 3
AZE AR A7 T AgRkeEh AHUE AR olf
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2.2. 7| =

AN AREE 7122 W7o 4] v o H(Feces)©]
Al Al AFE-E= 6 LY =oll 93 3]4E et f7)&
Yo g 279 8250 mg/L (TCODer 7,600 mg/L)S A
gakerhTable 1). 7 oo 3-89, A4, 9L, H 5 Ay

Water

peristaltic pump

Table 1, Composition of the substrate
Distill water 1L
CeH1206 8,250 mg
NH.CI 1,300 mg
KH2PO,4 250 mg
MgCl, - 6H:0 125 mg
FeSO, - 7H.0O 5mg
ZnCly, 0.5mg
NiCl, - 6H20 0.5mg
HsBO4 0.5mg
NazMoOy - 2H20 0.5mg
MnCl, - 6H.0O 25mg
KI 25mg
CoCly - 6H20 25mg
o] Asted 2as 245 Hrskeith E3t
2, g1t 5o nE FUlE 5 A7 e da A
2 e B PAAIIE Ao deiA e vl
o p4E AL 14 R 47182
A 7] wZe] WA 25 1S A RSl A ARS-
st
23 MEFR|o 74 U 2H
ASBR 7 Al @714 m]A=S] Hl fIsto] He 7} 7}
S WS AlESte] ARESHRITE Fig. 12 Adjol ARE
A28 Mares vehdl Aol vkg2e AAIRKE &
stes ZehRel A= vHEolR T2E 589 3 Lo]
o o]F 24 LE FaEEFLE S48t Ak
£ Hhgx el Jia 219 Bolo] pEAEeR 2y
stgom, HL%& W eEL Ferng olgdte] 2
%10l 37.0+0.1C 2 A3tk A§7IF 52t pH =
e Gas sampling
----------------- > port

—

Influent

storing tank
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pH |
controller 01
EER
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24L 37°C
Water bath--------------- >
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Stirlrer

Fig. 1. Schematic of experimental apparatus,
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AA5LA A 3G HRTE 124]7k0]n] 219 cycle® U}

1 cyclel AJ7H 6A17E0.2 24319t

7L Table 20] e AT

2.4.2. SS (Suspended solids), VSS (Volatile suspended
solids), 22372 A, SCODcr M
=4 717 T dAAIIE BEe2 Wi AlRE AFIshe] SS,
VSS, SCODer 558 20 A5 HAAH Vo) wpel 245}
W, fE40 SR FEE DNSHYE o] §3to]
SR
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=]
24

Table 2. Condition of gas chromatography for Ho gas analysis

Model Shimadzu jp/ GC-2010 plus
Detector Thermal Conductivity Detector, TCD
Column Molecular Sieve 5A porous layer open

tubular capillary column

Sample volume 200 pL
Column oven 35T
Injection port 50C
Detector port 120C

Carrier gas He 99.999%
Gas flow rate 30 mL/min

Table 3. Primers and device conditions in PCR

turing gradient gel electrophoresis (PCR-DGGE) 7|
sto] A5k ASBROA] 717t vk E Al 2] DNAE
Power Soil DNA Isolation KitE ©]-&3}o] =3}tk DNA
16s rDNA Q] 71 ¥.9]Q1 V3 regionZFZ-2 95 A& t}
27019] primerE ©|-&35}o] PCRS A A|5}3T) PCR solution
10X Tag buffer, INTP 10 mM, primer, B4-2 A E
Q1o F=% DNA sample 2 uL2} PCR solution 25 pL
=3tsto] 12} PCRE A5 2n 22} PCROJ A= DNA
sample 2 pL2} PCR solution 50 pL& &3g15lo] ARESF T
12} & 22} PCRO|| A8 primere} 917149 2 2HZ7S
Table 3o et $ict.

1507 Polyacrylamide Gel2 50 TAE bufferE A& DG-
GE A7]9% 7]7](Bio-Rad D-code system)E ©]-8-3}o] 5
st =27]19] PCR productE gelo]] Loadinggt & 200 VoA
360+H(runing time) &= 7|95 HASHATE A7|dE &
UV transilluminatorof| 4] DGGE HIE 3}¢] & 9J3}= dHle X
P& FEhde] FHof il =] PCR B A - sequence
£ E3}o] NCBI BLAST®] Genbank database®} H|u3}o] &
o

2 olg

me 2 ro ru e

3.1.1. 8712t & 7 2 35

A% 7]7F S9F HRT 12 h, pHE 5.5+0.1 %= 37.0+0.1
T2 A= 99 FOA =T 8250 mg/L
%Atk 1609 &<2F ASBR T F 7k WA A4
HIE Fig. 2] Yehlet Zefiszof A ZHH-2 1 cycle
(6 h) Bt AYAbE F 7hagy 9l pavks dpgERo|th 9
oA Hi Hpe} o] R x7| F 7k AT 1,500
mL oA A|ZbeEGITh o]= ThA] AlRte] 7 atghel whet
A oz oAl S7keke AR 2L @
A 2L dAgRko] oF 3,000 mL7HA] F7FekGith &4
¢F = WO pH =4 A9 22507 Qlsto] oF 10
¢F pH7} 10282 453l ot S4] pHE 552 24
7k 9 s 7ES HARRS AR S EAIR 7 A
Toll oJshd Ehilet AdeiolA A7l S sl
7] sl A 2 7] H2e A#e 497t ek whetba
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Step Primer Sequence (5° to 03’) PCR conditions
. Eub 8F AGA GTT TGATCM TGG CTC AG 9 min 95°C, followed 30 cycle of 1 min at 95°C, 1 min 53T,
1st, trial . . - ' .
Eub 1392R ACG GGC GGT GTG TAC AAG 2 min 72°C followed by a 10 min final extension at 72C
, Eub 27F (GC) AGA GTT TGA TCC TGG CTC AGC CT 9 min 95°C, followed 35 cycle of 1 min at 95C, 1 min 55°C,
2nd trial ) - - . o
Eub 518R ATT ACC GCG GCT GCT GG 2 min 72°C followed by a 10 min final extension at 72C
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Fig. 2. Daily observation of gas production at 8,250 mg-glucose/L for 1 cycle (6 h) operation,

ofst Aoz WeEth LAY F I8 L1480 &
A F % 7k WS Ao 3,500 mL7b Skt 1

3t
_?;5_
el A oF 13247 & 7k Aol 3,500+ 200 mL
oA #Hst= AutE Hof PR T o]
FATEAO] HHAYRES Z ThA WP 2 giEo g S3t
< o & 7k AR 60~70%E RIS
7ol A pH probeo] 1170 = Q13 oF 7Y
g Saatdnh Sdo] FHE A 4
F 4T YA ol A Hstoic IV
< o 7)ol favs w
g2 1 olHT} o] A e &S FAISHTE 1
]_

>

ojN o o

2 A S 150204 Me R EE MBS 28] A
Sho] EAPAJEEFA H417]% 9l PCR-DGGEo] €3t 1]A)
252 545190} Fig. 3& PCR-DGGE 244718 Leh

Sample 1

Sample 2

Fig. 3. DGGE profiles of microbial community in ASBR,

Table 4, Gen Bank search result
Band

The closet sequence Similarity (%)  Acc.No.

Clostridium sp. rennanqilfy3 168 ri-

bosomal RNA gene, partial sequence 9% AY363375.2

TM7 phylum sp.oral taxon 347 clone
2 AQ127 16S ribosomal RNA gene, 85
partial sequence

GU410576.1

Clostridium pasteurianum strain
3 CSTR-G16S ribosomal RNA gene, 100
partial sequence

EF656617 1

Clostridiurm pasteurianum strain
4 AFBR-B16S ribosomal RNA gene, 98
partial sequence

EF656615.1

Holek. % o] Aol MEe] F4E fABH % 4749
WMIE R et 2 MEE 5)4she] PCRO) 93 A 2
% sequenced} o] NCBI BLAST®] Genbank database?} H] 1l
2t A Table 40 e Ich Al2o] 714 E 7 Genbank
databaseo]] H-GEo]9l= F71AGte] SAE(Similarity) S
ol mAES F& AEste] A= 97%7F 9o A
A mE Fol AFAE 7L vk & 4= Stk
A7 33 MW=L FAETZF 100%2 LER ASBRY 24248
A oSl Clostridium pasteurianume &4 3FAc) o] &
L A ¥7|4 FOE Ferredoxino] 2|3 NADHS] AF
3} 3 Wkgo) 7]¥rS & Hydrogenase ferredoxin activity
o elsto] 448 AAeHE Aoz WaA uh gk ole}
Qo] a4 o] WEE oAl A4S YLolE BT

$5 wel7] ete] whg ) o
2 7HA F79 F714HVFAs)S A5t R0 &
S sk F714F 4 AaE Fig. 4o UERHSL
t}. 23} o] acetic acid, propionic aicd, butyric acid®]
%7} Z+ZF 2,200 mg/L, 2,130 mg/L, 97 mg/L=Z LERGT)
A7 g oA A os Wgshe SR
acetic acid, propionic acid, butyric acid7} gJom E A3 ZA
3 A BAS0] A& ol5e] AHARE ofdol
Hk-S-Aof| A H=ule} 7o) acetic acid®] H$ FRILAE
HE acetic acid 25 A A 459 4471 A EH, butyric
acid®] A9-= 259 447} A ECTE 121 propionic acid
LSO A G2 280] AREE FAFo] Lotk o

o M ffr

shat 1 Aol Atk
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%‘—E.J propionic acid/J4He] FaFE WL & Al7]<l
24 77} 1209 ol FolE 27 Bol 2 sl
Golth 160209] SAYIRE B SATbA YA R(Hydro-
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Fig. 5. Daily variation of Hydrogen gas content on the total biogas,
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Fig. 6. Daily variation of Hydrogen gas yield (mole Ha/mole glucose) in ASBR,
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Table 5, Comparison of Hydrogen vyield

HRT (hr) Reactor classification Substrate Seed Ho yield (mol Ho/mol substrate) Reference
6~12 ASBR Sucrose Non-pretreated microflora 0.7~2.6 mol Hz/mol sucrose 21)
12~96 ASBR SWEET sorghum syrup Heat-treated sludge 0.43~0.68 mol Hz/mol hexose 22)

6 CSTR Glucose Hydrogen producing sludge 2.24 mol Hz/mol glucose 23)

05~12 CSTR Glucose 2 month acclimated sludge with glucose 1.93 mol Hz/mol glucose 24)

12 ASBR Glucose Heat-treated sludge 0.5~2.5 mol Hy/mol glucose  This study
5 % (a) N . ~ W (a)
E 3% ¢ E
= . = 250
c W c ¢ . .
S S
g 0 LI | 3 +
3 o 1 L] *
3z . 3 10 . ¢ .
& 10 . ¢ & 1 . B . . *
@ @ [ ] R
2 10 2 [ | . -] . 8 [} "
g g ¢ e (o] 50
LI
0B T —8 [ il
0 60 120 180 240 300 0 60 120 180 240 300
Time (min) Time (min)
¢Totalgas W Hydrogen gas + Total gas(ml) = Hydrogen gas
1200
g % (b) c (b)
24 10 g n 0§ g_ W . " "
3E w 1 . EE w
> 1 TS a
T g 1000 Irc n
Sy w | g2 @ -
T3 W o 55 w . "
3§ @ . 8 "
E™ m ga ® o
o 0w ¥ 3 0w
0 60 120 180 240 300 0 60 120 180 240 300
Time (min) Time (min)
¥ Cumultative H, production(mL) ® Cumultative 4, production(mL)

Fig. 7. Hydrogen gas production for 1cycle (6 h) reaction at 20
days operation of ASBR,

3.2. ASBRS| 2™ 1 cycle™ $+ATIA HMEM

— =
ASBRS] ©7 % 7k &3 cycle B¢k 540 MYEHE
2T F 2 7170 1609 F Sarh wbgero] 271
sk Al7Iel 24 209(Fig. T)T} a7t wbgo] kst
#7181 1209 (Fig. 8)°ll 1 cycle (6 h) <t 7F2yee =
ek wgxo 2l 209 A3} A 308 HAOR F 7}

29 Zeavles wpdERs 25 AT 714 29 F 1208
oA 7t7t 350 mL 8 250 mL o]4ke] Zeigte YrERf giet.
7 HRS A & A1s WA F Seao] FRRS oK) 60~
70%% 11(Fig. 7(a)), 2 Z=a7}A WS 2 1,400 mL
= UreRgThFig. 7(b). o]0l u]ste] ASBR 231 12091 ©f
Fo| uhgz | S BAS Fig. 8a)e} o] 7hxo]
A &7} malA) Gehg 71259 180804 & el
a7 A0 BhAERe 717 250 mLe} 150 mL =|wto 2 )
B, fhvls WA Bt Rl favls A4
e 1,000 mLYI(Fig. 8(b), AR 7k WA F SaThs
FFL 50-60% W92 A 2000 Aje} u|wato] L
7} gheFo] oF 10% A% WA Lrehetth. o] A7) propionic
acidol] ol8] 447l AT ulE|lote] BEo] AT WL

Fig. 8. Hydrogen gas production for 1cycle (6 h) reaction at
120 days operation of ASBR.

Aol 7115k et

1 cycle E3F =470 WA R ZHE] A44SR
(hydrogen production rate, HPR)&} H] =AY AFS: &= (speci-
fic hydrogen production rate, SHPR)S 3}¢ &7 204
2 1200 thsto] 22} Table 604 H] L sFGITE &7 20
o] 5] HPR-E 4.46 mmol Hy/L/hro]m SHPR-Z 1.61 mmol
Ha/g-VSS/hrE A <4 12022] HPR (3.72 mmol Hy/L/hr)
2l SHPR (1.06 mmol Hy/g-VSS/hr)i} B|wa}e] &gk}, o]
o= RE ASBRO|| Ot paTbs HAYE V] 29 &
oF 2AI7F Bk R o]RolA T o] AY|H o2 sl
A fAS7] gletol HUT ©H 20S 2ASF T L

.

4
)

Table 6, Comparison of HPR and SHPR at 20 and 120 days
operation of ASBR

Operation HPR SHPR
time (mmol Hao/L/hr) (mmol Hy/g-VSS/hr)
20 days 4.46 1.61
120 days 372 1.06
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Fig. 9. Daily observation of organic matter removal in the ASBR.
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Fig. 10, Variation of MLVSS concentration with F/M ratio in ASBR,

3.3. 27|2 M7 Y MLVSS tH3}
ASBROJA 8] §7] BRI ALt o] ufE nYE F4S SC-
ODcrZ} MLVSSQ] =& #Hslz vehygict Flg.Q% ASBR
o] £A7IZt Het 4949 §552] SCODer H= 9 A
Az o] B3 YH3LE Yehd Aot §-44:9] SCODer
% 7,800 mg/Lof thato] % 70474 f7]& AAES
5~45%2] WSO A 2A WEFS BRIt ol FEA
A7} B EHA ZNPAHAER G7)4to] A EH wat
SCODcrZ Yehb= §7189 AA7 2042 #£4] &2 A
o xtmEch a2y o] 717k Folls $240] Wago] H|aw
2 ksl Aok gllek S 70l A 100 A
o] ¥hg-zo] pH 2Aol A7} ¥AYslo] CODer £4 3}
2] kgront edo] AANES W SCODer A& 40~
45%2 ePgAQl A Bl o] ¥hg7|7to] Ao
A4E v Y MLVSSE =7} £7138)e] F/MH](gCODcr-
Vig MLVSS:V)7} W $2)€917] gliel Aoz dtgr)
B A4 o] §71BAALS AutAl Fr)A 451 )
BrEof 93k SCODer A A& 73~91%00***" n|sto] Aygr
wFoi}, CSTROI™ 23t #7]4 Fadtiof 412 TCODer
A& 20%0] H3ko] &A UEpgth

Fig. 100 ASBR2] &-A 7|7t =<t W% U MLVSS &=
oF 710 w2 FMue] Wske ehfgict uhgE ) MLVSS

&I'rﬂr

T 27| 3,000~4,000 mg/LH o, 7 7]7ko] &=
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