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TREATMENT PERFORMANCE OF WASTERWATER WITH CONCENTRATED
SUCROSE BY ANAEROBIC HYDROGEN FERMENTATION PROCESS

R F OER*. I
Jian-Chuan Shen*, Yu-You Li* and Tatsuya Noike*

ABSTRACT ; Hydrogen fermentation and COD removal from a wastewater with concentrated sucrose were investigated using a special
consortium of anaerobic bacteria in chemostat-type reactors at 35°C. The experiment was conducted by varying the hydraulic retention time
(HRT) of the reactor from 3.0 to 24.0 hours in 7 steps.  When the HRT was longer than 6.0 hours, over 99% of the influent substrate was
degraded and the COD removal reached to 32-35%. As a result, the influcnt COD (100%) were converted into various forms, including
hydrogen (10.7-13.2%), acetate (11.7-12.9%), butyraic (40.3-48.5%) and biomass (14.5-21.8%). The biogas produced was mainly composed
of hydrogen (40%) and carbon dioxide (60%), and the concentrations of acetate and butyrate in effluent reached to 1500 mg/l and 3300 mg/l,
respectively. The Monod equation was suitable to describe the refationship between the substrate concentration and the substrate utilization
rate for the hydrogen-producing consortium, and all the kinetic parameters werc determined. The following stoichiometric equation was
obtained for the hydrogen fermentation reaction at the HRT of 8.0 hours:
sucrose > 3.18H ; + 4.68C0O ,+0.72acetate-+1.17butyrate +0.39bacterial cells (CsH;O3N).

KEYWORDS ; anaerobic treatment, acetate, butyrate, hydrogen fermentation, hydraulic retention time (HRT), kinetics, sucrose.
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Table 1 Composition of substrate

Components Concentration(mg/1)
C,H50: 11115

NH,HCO; 3770

KHPO, 125

Na,CO;4 2000

CuS0O, « SH,O 5

MgCl, - 6H,0 100

MnSO, - 4H,0 15

CoCl, « 6H,0 0.125

FeSO, - TH,0 25

Sucrose degradation efficiency
(%)

oduction rate
(/i/d)

H, pr

Gas composition
(%)

40

20

0
18

15
12

HRT (hours)

Fig. 2 Effect of HRT on Sucrose

degradation efficiency, H2

production rate and gas composition
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B o fobt PKLEOBENSE D & JOBEDCODRERIIAAFTH B, 1o T ERUIVFAOBRLESWETH

%o

3.3 CODMIEKINK. KFKE Table 2 COD mass balance at various HRTs (%)

BB RU KR REEO BHE 5

M HRT | Influent Effluent COD (%) Recovery

T a B O OIRRFERIC

(hours) | COD(%) |Sucrose Propion ate Acelate Butyrate N-HCA *vss CH 4 H, (%)

ZYIE DIRNERES T HI DI 30| 100 412 18
FACODEL0% & LTHRINE | 40 | 100 [296 23
BRAPR T S TEML LT 48 | 100 [165 09
CODYEAK EEE LIz, VSS 6.0 | 100 0.5 1.8
DCOD~ D ML 4 F 50 80 | 100 0.2 2.0
CH,ONTHE L 7o, #HRTZ | 120 | 100 | 01 33
thie 11 eoDmE Loy |20 [ 100 | 01 30

76 312 - 119 - 53| 99.0
93 353 - 147 - 7.51 987
108 423 - 166 - 104] 974
11.7 479 - 218 - 124 9.0
120 485 - 163 - 132f 922

12.9 484 13 162 52 1161 99.1
121 403 123 145 63 10.7] 992

% : N-HCA = n-Caproic acid
BATable 22 &, Th
LOBLEL D o ARBEEYOERIHRTICL -

Table 3 Conversion factor of hydrogen in utilized

TEBAN TS, HRT6.0-8.0h DT BT
WAREMFIZTREWAME N, KFEOLEREN

sucrose into various metabolites(%)

£, TRACODDRIIB% I LI, iy MIEH | HRT(hours)| 30 40 48 60 80 120 240
B, BB & OMRERA~ O CODDIEHRIZ F hFh Acetate 142 144 141 128 132 141 132
209, 12% 35 J UNM48% T BRERI IR S EE AL Propionate | 2.8 3.0 1.0 1.7 19 31 2.8
) But : ! . 1 424 424 352

W TH - 7o HRTSOMBITORMTIIA F viy | DoWmle (463 438 443 421
o R STt e Ll HRTI20m VSS 199 205 195 215 160 160 143
2T RSN Feo ) ], . ; ; - 56 69
UL 5 &y IR LI (BB Ao 7 |\ roa s o . 14 so
T WACODDSHREEAA & v ikl | g, 195 233 271 271 289 254 233
Uteo D8R, KEDREIET Uiz, Recovery [102.8 1051 1059 1051 1024 107.9 1046

ol KERBICEY 2KEORNERIT S % : N-HCA = n-Caproic acid
fodiz, MR L7od a ¥ ok FEI$100% & LT, BRBED~OKED

WNEHE U, Table 31TR Lo k) iT. AKEN ANOEHFIIHRTShr

TRAED 10
29%IEL . gl
= o
oo WEYM I ¢
cEatR B2 ]
momks =,
B T o L . ; : .
H,0 0 K 0 10 20 30 40 50
. Specific substrate utilization rate
ERY AL (mg-Sucrose/mg-MLVSS/d)
EEbH D
. - Fig. 4 Dectermination of the kinctic
DT\ KR coefficients Y and Kd for
F- R NORIi] bacterial growth
RS 100%

—217—

Table 4 Bacterial populations at

various HRT conditions

HRT | Hydrogen-producing bacteria
(hours) (MPN/ml)
3.0 2.3 %107
4.0 8.5x10°
4.8 8.5x10°8
6.0 5.1%10¢
8.0 5.1x10°
12.0 3.4x10°
24.0 2.3x10°




EBI T3,

L EOEREERE AT 5 &, HRTSOhrTlt, MAREMNIITFE LRI N, CODBRERIIF KMEDIS.6% LA »Fc, &
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34 MWK
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ARG, KFERAEITHRTO Ry KIZ DM, P75 <
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106-10 7 MPN/mlD 4 — 7' — THE XN T B,

3.5 By FEIMER
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Table 5 Summary of kinetic paramcters

obtained from this study

Parameter Value
Vi (VD) 23
Ksv (g/L) 2.0
Kd (/) 0.017
U (1R 0.44
Y ( g-VSS/ g-sucrose ) 0.20
Y, ( L/g-sucrose ) 0.20
Yo, ( L/g-sucrose ) 0.30
Yiac ( g/g-sucrose ) 0.16
Yoo ( g/g-sucrose ) 0.35

—ARHT, LD O Mg Al BE & MR R BT
EDRNTREBIRRILT B,

o =(Y-+ v)-kd [¢))]

U= (Y * ¥ ma) - kd @
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specific metabolite production rate

HAC(mg/mg-MLVSS/d)

HBU(mg/mg-MLVSS/d)

1 L i L i . | L

0 10 20 30 40 50

Specific substrate utilization rate
(mg-sucrose /mg-VSS/d)

Fig. 5 The relationship between specific
substrate utilization rate and
specific metabolite production rate
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o JOHBREERE (1)

Mot TR ICHEGEHEBE (1)

Y : REBRE (mg-VSS/mg-sucrose) ,  kd : HOOMRE (Uh) ,

v o MR AL (mg-sucrose/mg-VSS/h)

Fig. 4T RME & LW & g E R, ROICETHT, Fig 40BER 1y kb, HIEREY=0.20 (g
VSS/g-sucrose) | HCAMBFEK=0.017 (1/h) P45 S5hic,

Fig. SIZ% = $EO/KEFBHT IS 2 LLIERURHIE & S CBEEY O LA BOREE & O BMR AR T, KRR E BT R 0 Ak
oy MIBEWTHRTOSER ICEV R4TO 2 8 GLEEFAEEIE L) HERPOHETFANISOD, £EFELT. HR
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O B EDO YRLRENE Shic, U EOTETROBAFMEROEATble 5 10F &b, APEROKEREFMED
BB A BB K ORI L9 & BRI S SN B KA O £ h PG LTV, —h A & A D
BRI RIZ0.022-0.056 (g-VSS/g-substrate) 2V T IEHIEIRIEIC BV AP O BN R 110.428-0 474 (g-VSS/g-substrate)
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4558
35°CTOMSERBHEL T FHol SRR AERRITLE Y a e HIVKOKRAER NI RIZTHRTO BT DL TH
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2) HRT6.OWELL LIZ78 5 &Y o B MBI OB L, LITE Ulc, KEHREO BABEDIKE, SRR Bt BEBRRY
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o 2B — 3.18H , + 4.68C0 ,+ 0.720fE + 1178k + 0.3941E (C,H,0,N)
BEACODDRIIHAVKIHT . F FHE  POKEIFT-D29% AUKHAT RITIES SNz, IKFEA A0 BRI L 3.18 mol-11, /mol -
sucrose Tdh - 12,
3) HRT3.0-8.00rd Bl 0 TR LT /N1 A 7 ROHUIKE U T ZBALREDHIC0% Ty KFRDHI40% TH - 7oi, HRT 12N
BLERZBE A7 A (3~5%) bHETEMUIcliod. KEFAGHRIIRBEET Ui,
4) EARBRROKEFFMEO R ER B &SR Monod BIBH 3l CREIT T & . BRKIHEIEE 1y 044 (/) ( BK
LR R U et 23 (W) o FEFIEMKs v ;2.0 (g1) . BSAEINERY : 020 (g-VSS/g  -sucrose) . ECAMRAREKA ¢
0.017 (1/h) 75 EOFERIE SN,

Fo. BEROBEKMEMLOREIER & BOLDIRER T~ AR TH SNIKBRERRBERUN ANO R REFRITRHC
Ele TOFEREE UTIEEV KR BB E T 2485 MIBAEER LA W I EPBEEEZ GND, k. FEAEERIC
DLTY aWELSNOFEY (FNa—X, T E) #BEEUEREROGERL T 0. JhETCOThoERENIS
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