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Abstract: The start into the types of fermentation was carried out by pH adjustment from 4.2 to 6.0 in CSTR system. The process of
transforming of hydrogen production and dynamic community of bacteria were studied. The results showed that with the organic load maintained
at (33+ 1) kg/(m’*d), there was no change in 10 d for the type of fermentation, the amount of hydrogen does not reduce in 8 d. After 15 d,
the system was transformed from the ethanol-based type into butyric acid type and water alkalinity was from 250 mg/L to 2 450 mg/L. The use
of fluorescence in situ hybridization (FISH) system was in response to the 3 groups of micro-organisms. It was found that in the process of
transforming, Clostridium cluster XI increases and Clostridium cluster | and [ decreases. Enterobacteriaceae always existed with no change.
The microbial growth must be considered with hydrogen production capability. The average hydrogen production rate reached to 23.6
mol/Ckg*d) with Clostridium cluster | and [ dominated in fermentation reactor.
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Fig.1 pH control in CSTR system during transformation process
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Fig.2  Fermentation process in CSTR system during transformation process

O Eeterrobacteriaceae

& PEE I E

A Clostridium cluste XI
o Clostridium cluste 1 111

60 60
o BRI bl FARE

50t a 50 _
X Al <
m 40} . o A 140 $
S @, =
3_%30—.<>A A %% @l|g 130 €
= 0 ° %
= 20 PR ° 120 1§
o by
100 ¢ e’ |10 gi;

0 L 1 * &9 I )

1 6 11 16 21 26 31
fi i) /d

B3 MBERESFSREIXER
Fig.3 Relation between microbial growth and hydrogen
production capability
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Fig.4 Ecological isolation phenomena for bacteria community

with alcohol and butyric acid fermentation type
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Fig.5 Biomass change in CSTR during transformation process

SPAT AT S, ARAF I 2 A R W 6 s, A
HEF 730 ENTI83(FRIC L5 Chis150ChR1C 3 (1)
A CLil3sChric 2R ) . &l 6 w0, i PEvs e v (1)
FFRRT CEL A X, 2000 5 Sk i i ) B 22 e A0 v 1B
w2, RIA Pk D Clostridium cluster T A1 [
CRWAT T 1A 3 €0 DXk, 3 €0 7 Sk P 48 ) 0 U &2
] BT A T Clostridium cluster X (R B
XU s 23 00 DX 3, 2 00 5 Sk B 9 ) 0 52 38 18

FIHH Zeiss 1SM Image Browser K14 % 5 ' 11 A1
ROV S, 49 HH BRTRE PR R N =5 82 5 I ) B B 8 1 EE 7 2L
HAR AP EIATEES N, SR WK 3. AT,
FERRT AR A Hi G AL ) 1T 40 2 W 186 2, 2 R )
TIRIYRIE T R 19 DR SOEHTA> ARE T ]
FRIAER 5 BEAR AT ]R8y, LT 2 e T2 I IR 1T
T I A3 Bk R sl , 562 i R AR b (5 9
D ZJE AR AR, A R ) 3R gk b AR X
CER 0RO S DLW 22 a3y, B 2l o AR
3 SR B KA A WA 9 7 0 1R A2 A a5 AH
I C LT 2 1 7 S0 22 A B AR (5 6 ~ 9
DA RTINS, M5 B A, SRw 11K
A A F) X IIAR T T < 1T R AR R 2R
D3 2B Beh g 7 SURE ) B A, BB BT 1y
oS % 23.6 mol/Ckged); H 4k 1 3 2K 4i 14
oA 2, 2 SRR 4 JC W] B UL, T e I 1
PR AR K A A A AU 0.9 mol/Ckge ), 1X Ut ]
BRIV OB A 5 W - S RE ) I B, 2 2 RIR T 1Y
AL, RGE A RE AR Fe b 9, T IR Y
RETG G, 7 R B T T A8 e, SR 1E X
(RAZ A A ], JETE S 3 A AR, 4R vl XT A e K
N, TRRAUR I T AR E , IX U Y R AR 1A



2128

5
i

B 30 &

6 CSTR WHNE#f FISH I E K
Fig.6 Pictures of microbial community in CSTR by FISH

XA R € 7 2 BE 7 1 T2 228 HE . eI~ 2 bE = Sk
0 9.3 mol/(kg*d), FFHYEFRFAR & , (H B W] WAR T 4%
AT I I W) o T e S AE T R AT R N 2
B SR B A BB AR, 77 A ST iR e Ll 3t
WIZAT AR 240 T F A Ao Ay, TEAE AT AR
W1, 56 B v IO I A

XA SEIG 25 Rk — B U], P S R S A
B IGO0 -5 40 B 1A b SR 52 I g 1) R 9 2 2R AH
Ky LA Clostridium cluster 1 A1 I 5035 1) £ W8
B =2 Be JIL T LA Clostridium cluster XI 7 L34
TR

3 g

(1) 75 CSTR RGN, B pH AR A1, 78 Ho A 2 16
FAFAF BTG OLR, dE 55T IR AL A% P i Bl it 2 &
BE AR 6 fiF LA L

(2) LEFRRIEAEIAE pH L SR AL I, &
U TR pTab e ), KR 10 d WAR AR
o, PP 8 d WRBEAR, TR BEENIE T 4l
Kl BA iR E AR RS

(3) PGl 5 40 B A R B UM 0%, LAY
RIELL Clostridium cluster 1 A1 [1 d7 L3, ¥ H ™
A E N 23.6 mol/(kged): T MR M Kk % UL LL
Clostridium cluster X f7L#y, ~FREILL =S E %K 9.3
mol/Cleg* dD s 117 T B 4 £F A RIRE, 7 S o kT

SE -

[ 1] Chang F Y, Lin C Y. Biohydrogen production using an up-flow
anaerobic sludge blanket reactor [ J J. International Journal of
Hydrogen Energy,2004,29:33-39.

[2] Han S K, Shin H S. Bichydrogen production by anaerobic
fermentation of food waste[ J1. Tnternational Journal of Hydrogen
Energy, 2004, 29: 569-577 .

[ 3] XiaoBY,LiuJX. Effects of thermally pretreated temperature on bio-
hydrogen production from sewage sludgel J1. Journal of Environmental
Sciences, 2006, 8(1):6-12.

[4] Wang J L, Wan W. The effect of substrate concentration on
biohydrogen production by using kinetic modelsl J]. Sci China Ser B-
Chem, 2008, 51C11): 1110-1117.

[ 5] DasDs Veziroglu T N. Advances in biological hydrogen production
processes[ J1. International Journal of Hydrogen Energy, 2008, 33:
6046-6057 .

[6] fErBL A, BEBC AR BOR B W AR Xt S
S HTLT] FREERE:, 20035 24(2):70-74.

C7 1 AR R0 SR R s A 10 SN S AR A 2 E D) g
IR : W AR VE LMl K2, 2002

(81 ZE LB BB REFEDHIZU N 3 10 7= 2 W L
WA B FEL ] A BERE 5 2007, 28(12):2843-2848 .

L9] Amann R T, Ludwig W, Schleifer K H. Phylogenetic identification and
in situ detection of individual microbial cells without cultivation[ JJ.
Microbiol Rev,1995,59(1): 143-169.

L10] ATMIEE, T 0T AHURAK R BRE LD H S BR
BEIM. WE/RIE : BORVIRHE A, 1994,

C11] VFWESE . =508 Ethanoligenens harbinese BA9 F=Z ARl i A2 1
FULDI. WaIRIE: MR RVE LAk K2, 2006.

(121 FEZIRERY A K BRI 87 kLMD, CB =150 b

JR 5y



e

7 RAETSSE: CSTR R GUA ™ 2l A0 eV 8h & 5 7 U RE D R R T 2129
7 P E IR AR AL 1997.233-238. 54:428-433.

[13]  Amann R T, Snaidr J, Wagner Ms et al . In situ Visualization of High [17] Hariklia N, Toannis V, Ahring K B. Biological hydrogen production in
Genetic diversity in a Natural Microbial Community[ J]. J Bacteriol, suspended and attached growth anaerobic reactor systems [ JJ.
1996, 178: 3496-3500. International Journal of Hydrogen Energy, 2006, 31 (9): 1164-

[14] Snaidr J, Amann R, Huber I, et al. Phylogeny Analysis and in situ 1175.

Identification of Bacteria in Activated Sludge [ J1. Appl Environ L18] fFrH, E£EA A REMA WA EIM] A Tl
Microbiol, 1997, 63: 2884-2896. HiRR A5 2004.170-173.

[15] Vatsala T M, Raj S M, Manimaran A. A pilot-scale study of [19] Jaime M N, Dinsdale R» Guwy A. Hydrogen production from sewage
biohydrogen production from distillery effluent using defined bacterial sludge using mixed microflora inoculum: Effect of pH and enzymatic
co-culture[ J1. Tnternational Journal of Hydrogen Energy, 2008, 33: pretreatment[ J1. Bioresource Technology 2008, 99: 6325-6331.
5404-5415. [20] Xiao B Y Liu J X. pH dependency of hydrogen fermentation from

[16] Ren N, Wang B, Huang J. Ethanol-type fermentation of carbohydrate alkali-pretreated sludgel J1. Chinese Science Bulletin, 2006, 51(4):

wastewater in high acidogenic reactorl J1. Biotechnol Bioeng, 1997,

399-404.





