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ABSTRACT
Rape-seed dregs, which are generating significant agricultural waste yearly, were used as a
substrate in our study. Bacillus subtilis (A) screened as out hydrolytic bacteria bought from BCRC,
together with the fermentative hydrogenic bacteria cultivated in our laboratory as hydrogenic bacteria,
was used in a series and in continuous input tests of two-stages reactors for hydrolysis and
fermentative hydrogenesis to evaluate the feasibility of fermentative hydrogenesis of rape-seed dregs.
The results show that with the same progressive times (12+24h) , the optimal daily hydrogen

(23.7 mmole-H2 /L - day ) produced by the separated reactor SBR+CSTR was greater than that
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produced by ASBR+CSTR, and greater than the co-culturing ASBR reactor. For the separated reactor

SBR+CSTR with different initial pH, the most optimal hydrolysis was obtained and the increase rate

of soluble COD was approximately 17.8% when the initial pH of the preceding SBR was 7.0

(effluent with pH 6.82 ). For the posterior fermentative hydrogen producing CSTR, the optimal daily

hydrogen attained 12.1 mmole-H2 /L when the influent pH was 5.81 (influent pH approximately

5.0-55) .

The hydrogen production of the two-stage reactors was significantly higher than that of the

single stage reactor. The rape-seed dregs substrate hydrolysis can be effectively enhanced by the SBR

to promote hydrogen production. Rape-seed dregs are available everywhere. Therefore, it is feasible

for rape-seed dregs to produce hydrogen.

Key Words: hydrolysis, anaerobic fermentative hydrogensis, hydrolytic bacteria,rape-seed dregs.
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iz 14 flIHA 1§ i i 27 BES 2 EfE—SBR 1%
CSTR % ASBR fl{%i CSTR +ik - fiv 45 ASBR ™ el
> k1) SBR[l CSTR (] » Hi1 A0E o i g
S5t O O BRI ) A el 0 R U PR s
IS5 o JR AR RHHRT {5 6+24hr  12+24hr -
24+24hr [ > HICEEIRAE Gk 0 STIEL 274~ 23.7 2 167

mmole-H,/L - day ; lﬂi FHAE I Eﬂj‘F UIEIR NG
BV [T HRpVE RSP % ';:né', SRE % o FIR

S ﬂ?jag‘pm‘gﬁh COoD @g@“ﬂp = T”'f TR el >
IR A HRT o e “E% B2 A
FRFEIHHRT AEIT [ (S0 ] SBR 157 CSTR LR © i
TF'I L EJI:F f+HRT {#&3-5% 24+24hr ~ 12+24hr ~ 6+24hr Eﬁj‘ ]
& &k ST 5.09 ~ 3.59 ~ 2.07 mmole- H, / g- CODin » lﬁi_
RGP IR > PO TRIE D > I B fO3L
TR [IF[H] > PR B S itk gk o

F 14 PRFTHRELDY HEE ASBR 51 BEN S IfE—ASBR fl{%i CSTR ® SBR fl{5 CSTR Vi it % fiA g8l 1=
i3
BTG IR & Skl S g OEENS Y b dE
% Skl (o{) (mL) %%  COD COoD ¥ ~ =
e £ A A Vi EE
[HE+(HRT)  (mLiday) (mmole- (mmole-H,  (mmole- Hy/g-CODre)  (mmole- H; /L - day)
H, CO, H:  CO: n,/day) /g-CODin)
~ ~ H B ASBR St
24hr 3,020 30.3 69.7 915 2,105  37.3 1.91 14.1 7.47
12 4,820 335 66.5 1,615 3,205 659 1.67 26.4 132
6 7,780 35.2 648 2,739 5041 112 1.42 50.8 22.4
=~ 57EEYASBR+CSTR
24+24hr 6,150 36.2 63.8 2,226 3,924 90.8 457 16.8 15.1
12+24 8,120 38.2 61.8 3,102 5,018 127 321 26.7 21.1
6+24 9,010 41.2 58.8 3,712 5298 152 1.91 54.1 25.3
=~ ;jEENSBR+CSTR
24+24hr 6,560 374 62.6 2,456 4,105 100 5.09 17.3 16.7
12+24 8,620 40.4 59.6 3,482 5,138 142 359 27.3 23.7
6+24 9,570 42.1 579 4,029 5541 164 2.07 56.5 27.4
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55- # N@- O &

3. BHEZ 1 I pH EHHEERE sk VY
BRI ASBR T [ pH ([Tt 8075 -
70-65-6.0-55 ZFERE ) *~EH pH @,“;ﬁuﬁ
ASBR ™ itk g 35 VYA M R pH T g U
ek o
W%BHWZFH@%’ﬁWFﬁwﬁ%TWDH%
Bl > RSO HERREE BT pH 7.0 AT E R EFEIVE S
2.32 mmole-H,/g-CODin ; %} pH 7.5 "’J 2.22 mmole
-Ha/g-CODin 5 F|H 1% pH 8.0 % 6.5 7% ¢ 2.19 mmole-
Ha/g-COD in ; & "} £l pH 5.5 32 | 2.03 mmole-H,/g-CODin -
PSR O R SRRV &l pH Rl
PEITER T 7.0 8 FIIC R i -
[ TR A e pH T 7 4.80~6.00 AT
PIEHEBI B o BRI pHE.0—55 i 0% &
% 1.33 mmole-Hzlg-CODm o iyt S EsEAE T pH
{4 450 1™ 55 pH i 6.0 & &~ k-0 2] HER
ORIt Y - S H B ASBR e T e
B pH AT G0 e pH ORI 0 A1 Rk

2l

S EAEIEH pH T IS 4.8 TR EI T pH 6.0 > o
i 480=pH=6.00 [IuiTaHEf+ » 1LY g@; - pH 5.0-5.5
Tt (5 ORI % s o PR 3 FlaEH pH 5.25 F e Vg

P g -

PR EA ] pH S [T I pH
U5 (ke 16 3 ) o JAET SR YpH= Y5256 P52
geﬁgf%;@@f’ﬁ* pH fififs R

(1) fipH=525

JJ(YpHIY5.25)=8 pH> & jis&ifi COD i i P52
TP (B > PEEIVEN H InYpH - InY5.25= (pH - 5.25)
IN® pH - £ 7i3Eif COD i ok

(2) flipH<5.25

J)(YpHIY5.25)=0 pH» & 7ui&if COD i sk 520
P (B > PEEIVEL H InYpH - InY5.25= (5.25 - pH)
In@  pH> & juxEif COD & & 1ft11 0 oy sy COD & &
FH pH RLCRE [k pH AR S
Pzt (1) A

TR 2 28 YpH, P2 7 #=Y5.25 3 B

x0.736 P21 (1)

# 15 T8 pH HHLHR ASBR pUR 5A2R ¥ R S8l

B RAE LS BRLY Bt Oy TENC 1% A
& 5Bl (%) (mL) Sk CoD et s
& % B! % Skl AV
PH  (mL/da mmole- mmole-H mmole- H,/g-CODre mmole- H, /L - da
( y) H, €O, H, co, ( ( -He ( 2/g ) ( 2 y)
H, /day ) /g-CODin)
8.0 3,940 25.9 74.1 1,020 2,920 41.6 2.19 15.7 8.33
75 3,530 304 69.6 1,073 2,457 43.8 2.22 16.5 8.76
7.0 2,910 38.7 61.3 1,126 1,784 459 2.32 17.3 9.19
6.5 2,580 409 59.1 1,055 1,525 43.1 2.19 16.3 8.61
6.0 2,470 42.2 57.8 1,042 1,428 425 2.15 16.1 8.51
55 2,250 43.7 56.3 1,983 1,267 40.1 2.03 15.1 8.02
30 14
——pH8.0 ——pH8.0
A e
—=—pH7.5 BC: 1 '
£ 2 A\ <= H7.0
£ ——pH7.0 a 08 —+— pH7.
S WA 8
NITAV VAN P -
E 10 T o4
T R e
5 g 02
D N s
0 N . 0

o)

%’[[2 #%éASBR @JTE;E“{T]}I ?F] pH Fﬁ;s"):nrgﬁm
PH B = T e B VB 17

3 35 4 45 5 55 6 65 7 75 8 85
pH

i3 i‘Lfﬁ% ASBR = TR » ?‘,%"T[ﬁ]

e

pH ZE JaFpURd
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B LR

16 ZOFRIT [l pH (=™ > = TBir]1 YoH 22 pH A T80

pH 4.8 5.0 5.25 5.5 6.0 pH #7750
TR Yo 0.008 0.687 1.028 0.769 0.446 0.736
PRl el E] pH AR T Eﬁﬁ'@fs%ﬁl (#16)-
4. FERRPT T IRIEE pH ST RET ROV I R Fp p-feiessts - 5 Al COD HTv[atfish o3 B~
NG TEA SBR {15 CSTR T [l &, pH fififis ™ [ ey » F{[’I’ﬁfj

FHA PR | (AT FERa A N >
epal | &0 pH TIES 7.0 [k o feissq - it COD
ST K5 50.8% 1 H VR pH {4 6.5 0 £ E &k pH
fifi+% 7.5 Edj‘ [k [ o s o 1 bt e FNEIE R R R TR
A 3 L A T N S - A SRR D
[ﬁJ%—“_'ﬂﬁ pH (=% 8.0-75-7.0-65- 6.0 Zimm! J‘u;:‘ﬁéj
ARG pHE R s i SIS

(1) P Ifi SBR & pH Effji[F SBR A-iiedsat I L=tk

g 17 il Tk g ElﬁFIpH flits 7.0 5
(LTl pH 6.82) & 4 i oSl » it COD k7 J[é«
£117.896 3 V¥l pH fikE 6.5 A7 ({14 pH 6.36) >
YFLEJAﬂli COD Ui 1%, 17.6% : T £ kLI & ﬂapﬂpH fifit% 7.5
AL (N pH 7.34) o il COD ST 17.396 5 [f)
SRR L T JE G pH fifiEL 8.0 A (Tl pH7.81)-
VhipekE COD HTIHS3 11496 i) | 41 it pH &
KT e o AT AT € pH 55 7.0 0 T
[l[ﬂ:p;iﬁfﬁiﬁ ,— SHUE | FSRU LT S A e g
o BEPH 7.0 En > RS .

FI #4477 Bacillus subtilis (A) I'f pH7.0 | f&

F& SBR it et Lo 1% pH 7.0 H -feifedsads i s i)
S SBR " el pjé’:.&pﬁ;*#fﬁl FL PhRLILEE CSTR ™~ fE)
FBPEE S RTTHIM] 1) pH 7.0 51E st OTf el COD 371
o MRS EUENIROR R R Tt I o B s e py
ARV T PR FL PLVLIRIRE A S pa Al F 2 R e
(2)7[fil SBR &1ff; pH %f:FS CSTR g . PR
FIFv 17 f o> P py CSTR [T &~ fister
% G5k i CSTRA£i-f* pH =5.81( SBR &1k pH 6.0
A T AU F 0 B 12.1 mmole- Hp /L - day 5 FIwE
CSTR&ifif< pH=6.36 (SBR &ffj pH65 ) » if ifi il
10.9 mmole- H, / L - day ; F|E % £} CSTR &7~ pH =6.82
(SBR # EH;[F‘ pH 7.0 %) » & &k £% 10.4 mmole- Hy / L+ day ;
w7 £ CSTR (&7~ pH =7.81 (SBR & @'ﬁﬂ pH 804" ) -
% & 41T 9.56 mmole- Hy / L+ day = [fij 7 ¥ CSTR [l %
RNl pH 5.0- 525’%“ I ﬁ? ok gl Tl p
5.0 fif - UKL H RS T EIVIBIER B PARL A E R p
girffl £ 5.0-5.25 ©

.17 T, pH » 14 SBR i@  CSTR » 3 [t COD et KEBIE #~ BRI% FE11Y

/4 SBR . CODs

T [HJ\J[F[ pH i S?R g sk & F CSTR 1V & &k

J SBR A o ER RS pH o) (mmole- H, / L + day)
pH 8.0 7.81 114 9.56
pH7.5 7.34 17.3 10.1
pH 7.0 6.82 17.8 104
pH 6.5 6.36 17.6 10.9
pH 6.0 5.81 17.2 121

wi
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5115

55- # N@- O &

A 18 JPEFRTFIFR(EpH @™ il YPHE= pH -8 0

pH 4.8 5.0 5.25 55 6.0 pH % {780
I EH Yo, o500 cop 5 214 409 442 377 359 1.009
?E@f *‘:"’*El YpHyﬁr'/ﬁ;'lghw’[M‘,'y‘u‘\j/ﬁ wE 7.23 13.7 14.8 12.7 12.1 0.905

1%k 18 Bt o s it ) 1R i SBR
pH » B pH fOfk T8 7R 1.009 % 0.905 » i = F=
R B - A ]FS SBR Ml T IR pH $i%

P& CSTR ™ Teeffr @Sy 14 - =0 (2) ~
(3) fr

YoH, viicit cop # k=525, st cop 44X 1.009 ptt-525] (2)

Y o it e s a5 =Y 5 o5 i s <0 56X 0,905 | pH-5.25] (3)

T B COD i sk o 2 = HE b R~ lsdel i ok
' Opn (IEEFET 1> Fo FRthies ™~ Il pH R ]
BT COD i 5410 5 o A i 5758 O
ML R iwfj},;ﬁﬁ?y pH iy o i ir‘l‘}:@ =
¢ Oy 14 1,000 12 0,905 FiE& SBR = isfercV pH ffisef ieps
CSTR = il i% sy i - -
IS 51 [ R R P i Bacillus
CA) I pH 7.0 Buded ff Aol iy oS pH fif > A<
SRR F IR 1+ [NIEE SBR [ s 45T
FIVIEEE et fo-feifedsfl 5 i Fe CSTR & Jlsfy I AE 3

PH=5.81 |4 {f purk ISR - IR L5 I'Fflig'[ pH Faﬁ:;“
5.0~5.5 JK{F  RI ik &5k - [ 4 WiERS A gAY CSTR
PRI GpA S i 2 pH=5.0-5.5 % b if ek syl -
(3) TIRIFLEFD & G bt
B BA P GURTRLA e 2 BTV POt Wilst o b
I PRV ~ PR ~ AL AR TR S T
PSS q=vp o 12 19 84 ocaihae s B P4 gl e
AT B (8] ARG ERELET #JM] SBR 1% CSTR
N ORI & R % &5k £ 3.31 mmole Ho/g-COD,
SUANER )0 PR ERELET - 77 SBR i CSTR ™~ [t
% & (IR % S ED 2.53 mmole H,/g-COD;, 3 #15 [L[9]
I et ST ALET - F[M] SBR fli%h CSTR =~ et & -
R 5 K 2.41 mmole Ho/g-CODy s iy 4 4 I 1
FRELELET » AR SBR RISk - F T
CSTR [iif#E = - HE[HE{F & 55k 3.59 mmole H,/g-CODy, -
IR D RSN I TR S R e
HIES ASBR ~ feifivid &85k o

19 T TE ) S SV

" g R Gk [ty 5t

3 PoH fi-1F MmoleH,/g-CODj, Iz
BAEE A+ T R = £75(2004) Fx 5.92 iR
A (A (2007) § 5 1.83 P IR
FEFH T1°71(2008) Fx 1.07 B LT
NS ¥ (#8#(2008) s 114 Al
I +P  (2009) 5 1.67 ASBR
I P4 (2009) H5 3.21 ASBR+CSTR
A +7%#(2009) 55 3.59 SBR+CSTR
F 3f,4.(2010) H5 3.31 SBR+CSTR
R+ U= T iy IF' (2009) Fo3 3.74 ’EJ’ié?d;’ﬁ’ﬁ% {7
RS A A # & 11(1(2008) 4 1.70 CSTR
il 41 [ (2010) H5 253 SBR+CSTR
Tl 5 B3 [L(2010) 5 2.41 SBR+CSTR
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B LR

%20 iR RIS

“‘;f/i,tfﬁﬁ ASBR ¥ BET BBV Y SBR fﬂ&j‘a CSTR BEV & gl B AR 58

DR RMAE ERE DRD Dk SEEN 1 B
& 5l (%) (mL) & Ccob ¥ cob ¥ i)
T T+ (HRT) £l % b % 58 g E 3
(mL/day) H, CO, H,  CO, (' mmole- (mmole.-Hz (' mmole- Hy/g-CODre) (mmole- Hy /L - day )
H,/day) /g-CODin)
HEE#& ASBR ~ il
(- )Lwa
24hr 3,020 30.3 69.7 915 2,105 37.3 191 14.1 7.47
12 4,820 335 66.5 1,615 3,205 65.9 1.67 26.4 13.2
6 7,780 352 648 2,739 5,041 112 1.42 50.8 22.4
(Z ) Bref
24hr 2,290 28.2 718 646 1,644 26.4 1.37 9.95 5.27
12 3980 316 684 1,258 2,722 51.3 1.32 20.5 10.3
T STHENSBRIHHCSTR
(O
24+24hr 6,560 37.4 626 2456 4,105 100 5.09 17.3 16.7
12+24 8,620 404 59.6 3,482 5,138 142 3.59 27.3 23.7
6+24 9,570 42.1 579 4,029 5541 164 2.07 56.5 27.4
( Vh B
12+24 7,670 342 658 2,623 5,047 107 2.71 20.6 17.8
BT I [ R R L+ day) i OB i 3ok -

U IS [BTF e 1) 50kt CSTR = iy
AR [a“lﬁf“;ffa«ﬁﬂ i Gk 5,034 mliL - day -
PR LD =t CSTR Wik il (2,246 ml/
L - day)  &i=-I'] Fl‘likﬁﬁiﬁifﬁm'%f“‘ SRV ERG B R
B VREE WL%W:’TJﬁ‘I‘Z‘fE%éﬁ}f‘E%iL, #& ASBR »
el 55 wis h@%ﬁJSBRFIﬁECSTRﬁJm'M fPT e
(1) firEs W“’EI’“’J‘JTM | (A) SBR; i"ﬁ—?w’tkﬂ =3
FEEES I - HERE ASBR M ST EEN S
ESBRW?CQP’gﬁﬁ%ﬁﬂ¢ﬂﬁéf3&ﬁ%§”
Fli# 20 i1 rﬁip’F{, EIEHJEF'EE‘ 12hrE3]‘wi,\, =
ASBR ™ st o J6EE [~ H B & ASBR ™~ ity - F ik
EUEJ«E% 311 65.9 mmole-H, /day * 1 fif‘%‘é‘ﬁﬁéﬁ«@ (S
T 13.2 mmole-H, /L - day ; §if5 £554 17 [~ H B ASBR
ER > B % &3 8% 51.3 mmole-H, /day b?ﬂv*?ﬁﬁJ«
R
SBR fl{fi CSTR o1 + Hiff T R+HRT 15 12+24hr [5!
FIERRIE ™ SBR ™ et H » € REEFO S Xk Gl 142
mmole-H, /day b?ffljjﬁ%ﬁ?a«ﬁ: ok i 23.7 mmole-H,
IL - day » HEFi[FS SBR = el [l (5 (5 ik ek 15, 107
mmole-H, /day * Ht o B 5 =k &k i) 17.8 mmole-H,

#% &£ 10.3 mmole-H, /L - day - [i}7 57§

FIAC R SBR ™ st H B"Lf“ﬁliiflliﬁ&ﬁ YT
PRI AR H O 2 Bacnlus subtilis » X[ i I P& L 2
f ”%EJZ’{[& COD [N P & CSTR ™~ Etgi T itk ’%iﬁ,
i COD FrI'J A ] » PR E |k (o popifiE s &k -

6. iR ,%r’é\fpf‘f A Ty (ASBR) 1T
7F§J¥%l/@f'§§: SR R
F R [ ASBR [ [l R S A
VEEES /5~ 14~ 13 H A }%ﬁ,]‘;?! fidl P=S5f i g gk
7

[k 20 it 471 e A0 BRI S8 05y oo 1) Al
PR g pATR=1/4 R T AR ok 13.2
mmole- H, / L - day ; H 7% Ep=1/3 5~ » it ﬂ”ﬁﬁ'ﬁ kS
12.3 mmole- Hy / L - day 5 b2 B Tl s el =4
U5 A - Hh BRI % &5 1T 8.98 mmole- Hy /L - day -

[ A e R et A TG UM S

7f‘ Eﬂ%”@ﬁﬁ AT I R PR R S A PR 1/4
F 48 F 9% 3 1% 1.10 mmole H,/g- CODin -

i
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.21 T -RABPES SR

» ASBR V& Rty W BiFI R S B

IR RERF RRE SRV St FENC 1 B
JERPAIETE R ETARES B SEl (%) (mL) 3k COD COD Sy
E $ &E! £ ZBl Vi EE
(mL/day) (mmole- ( mmole-H; ( mmole- Hy/g-CODre) (mmole- H; /L - day)
H, CO, H; .
H,/day) /g-CODin)
1/4 4820 335 665 1,615 3,205 659 1.67 26.4 13.2
1/3 4,470 324 67.6 1448 3,022 59.1 1.49 23.6 12.3
1/5 3,480 316 684 1,100 2,380 449 1.13 18.1 8.98
F¥S FA' =3 *’F?Té't » L ,%‘1 [ﬂ Pﬂﬁsl/@ﬁfﬁ: ~LE<IFF“ H, / g- CODin ; f#&5% EhiEh ELT?'T 30,000 mg/L > & &k £ 2.55

£G 1/5 RGP > PUERERN T R D o T 5T 5T A
PR | e G35 5 i A S R LT
BRI o e G RS o (1 e P
[ > GBI I S A S 14 (41 13) » i
AR s pf et & IR & > s o
& S ER DS FJI JEEER J/Ejj @ PR D
TR AL B g ”f (ISR TR
FFH% 4) - g5 % f@p&lgﬁgm\ LR Y
7. T {ﬂgw‘rCOD JEUE 5 SBR {175 CSTR 3k
Vg gk

sk 22 it FJIR > oy BT PR TR SBR
CSTR VAT []+HRT £ 12hr+24hr » 3551 T4, 30,000
mg/L [ > E sk [T A Gt b 25.2 mmole -Hy /L -
day 3 £ KL SRR ELET 20,000 mg/L - §1 66 B i 5 %
gFAE 23.7 mmole-Hy /L - day 5 &= £33 5 FLET 10,000
mg/L fi’?%*ﬁ’?ﬁl%ﬁ@:\@ . F) 17.9 mmole-H, /L - day-

FIH > #0152 it COD & Gt iy (S it » S5
FLETEE 10,000 mg/L - et ff [iU7% &5k £ 5.42 mmole- H, / g-
CODin; 7 &5 £LET 20,000 mg/L > # &5 47 3.59 mmole-

=

*2

E

22 T[rdﬁL@T‘COD W VSTEET B SBR ]}“{Fa CSTR [iVErs & 2RV &

mmole- H, / g- CODin -
e FJ LR | E;JEJT A Eljﬁfjﬁygﬁ*ﬁ%
G B S % Ry E S g@kﬁljﬁ A
SR S o ¥ PAREN T O - 1 e
PPWIEIAIR] » P T T T - A P
F PO ELETYER 17, 20,000 mg/L -
(Z) priEE
i’ﬁmﬁ‘\l i AF1£ BETSSH (Phase-Contrast Microscope ) ~

E [
El

A B (Fluorescence Microscopy ) b}ﬂﬁ*“ =l i
= STES
SBR fl{% CSTR »» ASBR I  PUptftifiis » =01 & s
IR A RN SR SRR [ o
MBI 2 o R P 2t oA T A
Fm§ﬁ¢g3%ﬁ%@wﬁﬁﬁﬁdn@4|HHN¢MBR
SERF] 1 Clostridium &lgﬁiikﬁ# ‘AN Bacillus subtilis (A) X
T RER %U?" = Clostridium I%Ii[kfﬁ » Bacillus subtilis (A)
(AR RERREEA O ISR B AR R
B A B -
[l SEM q%n' 5 E i B ASBR M1 > AR
Bacillus subtilis (A ) == Clostridium FAHFEELH & H & q*;ﬁ' 6

&h ( Scanning Electron Microscope, SEM ) =~

A&‘X
£

REE RS W BRI A

TRE BN REAF RRE DR Sk SRIRCODIREE MRS IHD I R
WCOD  Fxkl (%) (mL) E . COD
2 (mo/L) El ik gEl
(mL/ (mmole- ( mmole-H,/ ( mmole-H,/ ( mmole- H,
day) Hz CO, H, CO; H,/day) g-CODin) g-CODre) /L - day)
10,000 7,480 35.1 649 2,628 4,852 107 5.42 45.6 17.9
20,000 8,620 404 59.6 3,482 5,138 142 3.59 27.3 23.7
30,000 8,920 41.6 584 3,711 5210 151 2.55 17.6 25.2

wi
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PR ~ MR © FIM] ASBR % SBR A IR FHIBG & & " SRV

(A) BB 5 [f SRR CSTR ™ ftifl o IR 7 i 2511
PEARGTS Clostridium A % S HF/Es L3 RSHPATE
[l 1 R 2 A P S Bacillus subtilis (A) » #4940
B BIpEY -

o s 1
NCHU Sh:80 SEM LEI

BT PSR ALY - 5130 ef(SBR [l{%: CSTR) »
AP CSTR [RMRR: SUD PRI Py Rt
H (B 35 5 3000 )

P4~ ﬁﬁ%}‘—?@%

(=) T IRl Tefel AR 5T S B SBR fl1 CSTR
E R O A R L (237 mmole-H, /L -
day ) £ 573 B 8¢ ASBR {57 CSTR H {11

ik &3k £ (21.1mmole-H, /L - day) » & tf'gi,ufﬁé
ASBR LT b 7 % g B (13.2 mmole-H, /L -

' 4 PR FRIEBELET - ASBR W iR I HRpL TR &
PUEFEE 1/4 T BRI (W R £3 600 )

day)

(=) JY#E PN ) SBR {5 CSTR > jijF SBR ™~ i
FEVE I /7T (23.7 mmole-H, /L - day) i 2| fif!
A9 /i BT SBR ~jisft) (17.8 mmole-H, /L - day)
I [ B e S o

S S B s S S s o ()78 Fo5 i SBR ™ eI FFIFET: . CSTR
' 5 JHEOFRIELET COD 3% £3 20,000 mg/L > ~EEFI TR WA - iFE SBR IS0 pH [KE 7.0 B (ST
@@%lﬁlf‘;ﬁ"b 1/4 :_VEI’FEIEJ%ﬁFiHi (W[“f-ﬁ}"‘fﬁl 3,000 I:[][‘il:) , *Ejﬁﬁﬂﬁvfgﬂj;'y}A s 1?\?5‘&@: cCoD i-ETJU}‘E'EI

17.89% 5 PSS & CSTR ™ ifi i i CSTR
Sl pH =581 (ESHFTH 5.0-65) Ff » [
10 B A & 0 12.1 mmole-H, /L - day © pH
il V% 2355 You o s cop s a#=Ys05 * Bt cop #
%1009 17525159 £, 1,000 W Yo o g pns s 5
=Yaz5 » meepmmns 5+x0.905 P15 g 450,905 -
QDI N idatizavall (e 3 o v s LR e o
BRI S AT RS 1A 32 F Rt PO Sk o B

6 I RFZORRIERELTT ) STEES S BRI (SBR flgﬁ CSTR) » () TIFISLET COD Wt Vi g =ikl - ’g,fgﬁgmf
FTFS SBR ARl PE=" P RERA B (Wt 30,000mg/L [ » |k £ O R ke i
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