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Effect of sulfate on the biodegradation of soluble and solid organic
matters in thermophilic methanogenic process .
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ABSTRACT; Effect of sulfate on intermediate production and degradation in thermophilic metanogenic
process was investigated using four CSTRs fed with starch or shochu waste as organic matters. The CSTRs
were operated as semi-continuous manure, one time of feeding for 34 days, at 55°C, pH 7, 1.2 kg/m*/day of
CODcr volumetric loading rate, and 2533 days of HRT. The “St-7” reactor and “St-S” reactor were fed
with starch at different initial sulfate level, that is, 33 mgS/L and 100 mgS/L respectively. The “Sh-7”
reactor and “Sh-S” reactor were fed with shochu waste with 33 mgS/L and 100 mgS/L of sulfate
respectively. As the results, St-7 marked higher VFA and hydrogen partial pressure than Sh-7 in each
feeding. Hydrogen partial pressure was increased up to 10> 10* Pa in St-7, whereas it was suppressed
lower 10' Pa in Sh-7. As to reactors St-S and Sh-7, the Gibbs free energy (A G’) for propionate
degradation were kept minus, and propionate degradation was occurred in the early stage of their
fermentation. On the other hand, St-7 had unfavorable condition to propionate degradation, and
beginning of the degradation was delayed. Sulfate-reducing bacteria act as a hydrogen consumer in the
all of reactor. It was revealed biodegradation of propionate could be enhanced by the maintenance of
low hydrogen pressure such as 10 Pa, and sulfate-reducing bacteria have effectiveness to achieve that

condition.
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WTETZ D, LHLREb, BEAZ VEERIIBY 270 AV BOAR « SR DHEET 50 A
H =X BT BNTR > TR ST, OB ~OBHAFTREMOBRFT bITOIL TV, £ T, AT,
AMEEEE & UCHWIERIER 7 —FOXBER L LT, BREEEEROR\WVEERMBERAEEL LT
RGN, B & B OB TORBMRROHEZITVVR N b, FRHCHESEIRIND A 0 f RIE T %)
BICHEB LTERE T, 72, HEBRABOKRESE, AEBEESOREECORET —F 2R T
HHETRLEF—BLEAGOREHEZITV, BIZHRMN ST 0 A VB MG O 21T 7,

2. EBRFIE
2.1 BEER

FERIRARIO A 7 o FFE (CSTR : JREHT 10L) % AV, FERPHIBER A RRIR E L, HRT25—33 B, 55C
DEMT, WIS IR DR 5 2 R (Sh-7, Sh-S) OEEREAT 7z, BEEBEHICITEREEMHIERE AV
7oo T OBERDMAL% Table 1 12~T, BEEIBEROAEMIRE T 108,000 mgCODer/L TH Y . EFEED COD
DEED 32 %% D, ERICIIZOEREZEEAR (COD R 3,600 mgCODcr/L) L THW:, iz,
BTGB L BB LB R E FV s, Figl 2 ) 77 ¥ —OER %2, V774 —NOEEREYH—I2
FTB70, ERA AL BB EToT, Fio, BUBIC L DMELILT 5720, 2RI TAT A >~
T BiRES 2355 L7, Table 2 13, &RFIDHKER, ELUIH COD BE, COD FEAM (HRT25 BIZB
A BSOS REEZ R, REORAIZEER T, 34 HIZ 1 EfTo7, BER (o bu—
V) T B ShT OURNGEAEIREL, 33 mgSO,>-S/L & L7z, ZauUlxtL, Sh-SiIEmiBaERE L, MEA
% Sh-7 DK 3 5 (100 mgSO,F-S/L) 12 L CBIRH AT oTe, £z, AMEEEREIT IR Z—F HfFRE D
HEEITH B, A —FDHROa Ly bu—/WI Y5 St7 &, iR StS DRSS Table 2 11T
R LT, B AT, FRRIRBIR S RER T b ) U A UT &R (BAmg/L) 2 #9 L THERL L 72 NH,CL,
500;MgClL6H,0. 400;CaCl,, 113;FeCl,-4H,0, 2.0;CoCl:6H,0. 0.17;ZnCl,, 0.07;H;BO;. 0.06;MnCL-2H,0.
0.50;NiCl,*6H,0. 0.04;CuCl-2H,0. 0.027;Na,M00,2H,0. 0.025;EDTA. 5.0;NaHCO5. 1000;KH,PO,. 6805;K,HPO,.
8710,

Table 1 Representative characteristics of barley ‘?‘_ir pump | Gas bag - Ei?:::i "
shochu waste. | [‘j ll
; [
Parameter Concentration . _Dfsgm_mz:r' IS
oH 40 g1 feeding ﬂ 3
|
CODerfotal (MgCODAL) 108,000 ™ Soakebss
as
CODcr soluble (mgCODIL) 735800 T |
VFA (mgCODIL) 12900 !
|
SS (mglL) 30800 L
CSR Sar"ﬁpling Gas meter

Fig.1 Schematic of thermophilic anaerobic CSTR.
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Table 2 Designed operating conditions of thermophilic CSTRs.

csTR Carbon CODcr conc. CODcr load. H Sulfate conc.
source mgCOD/L kgCOD/m¥day P mgSOZ-SiL
Sh-7 Shochu 3
Sh-S [as a sofid] 100
3,600 09~1.2 70
St-7 Starch 33
StS [as a soluble] 100

22 7ubFUBARICHTINBRBERE - IHAKRSEORENME

T EF BRI DREEERE - KELSEOEELFET 5720, CSTR FREHGRIZOWT, ¥
TREIEIRAE - KFEHELZ B EETRET T (RIMEESERE : 0. 33, 100, 200, 400 mgSO>-S/L. ¥ANA
# (H/CO, ; 80%/20%) ¥BEE : 0, 0325, 0.673. 137, 13.7. 254, 782 %). 7' 1 4 B MEEM
(Propionate-degrading activity, PDA) %I L7z, 70 A LEEOD/ A T APHIFEREX, 500 mgCODr/L
& LT, JEMIE COD B EL LT, gCOD/gVSS/d B TR LT, HRSEHT T, Ho U T
SELTEBW: 2 FREOEERBAES (U U BEER, B8E BMR TR ESL 8 LSROF
RzmEL, BT ) U L2RING. FbiALORBYE SRSz, TOREERAZITV. SJEH%
ERTATRRICEBRL, SSCRBRE LV = —h— (EEER Sem, 120rpm) THRE 9 21T o7, B
I RE, T RKRK, FEEHEE, ERMEHERE (volatile fatty acid, VFA) BEZHIE L UEMEERD - GF
M : Yamaguchi 50FIEY), o, MIHIAKESEOREFMER TIL. BAESERICH L CHESEERM
% (SO : 0 mgSO>-S/L) L FRBAEARING (S100 : 100 mgSO,>-S/L) #HAE L. FMEOA BRI L 2B EBORY
fEbITo 7=,

23 RrFUVBOSR - ERECHNTIEHETXVR—FELE AGCORBERTME
St-7, St-S KU Sh-7 U T 7 ¥ —ZHiF D7 vy FEAGHRBOEEL AV, 7o 4 VB ERIS
(CH,CH,COO + 3H,0 — CH,COO + HCOy + H' + 3H,. AG" = 76.1kJ/reaction) (25135 HHTR/LF—4
{LEAG (pH7.0, 55C) DEHEIT- 1=, BEMELIE, 77 bRy 7ORXER W, AG (ki/reaction)
OEHEE, Ny FRBROVEE KFBEHE, FHRBRES) 2RO EITo b0 ER L,

3. EBRRRLBE
3.1 HEEERH

iR CSTR I L B RH —F,
FEE R IR OB B R R & Be

Table 3 Summary of process performance in a steady-state condition.

BRI S F T1T o e CSTR Sh7 Sh$ St7 St
Table 31245V 7 7 # —DEFIR pH 74£04 7204 | 70£02 | 70%02
BRI 510 BB (P pH. Actate (mgCODIL) 33429 | 32¢20 | 98138 | 49:52
B TRIREL, 7 B4 B Propionate (ngCODL) | 218283 | 124%210 | 152241 | 108170
TRIREE, A7 ML ; 918 Methanerecovery %) | 8711 | 8949 | 87+#13 | 83+20

HERERE) R, mEREI
\EE 12 BB EFEIRSATRE S 720 . HRT 25 HOLRMTF T, ATEE D 80%LA LR A 7 T inH &
., BEFRABRE 25 ARPITONT, £77, SMBERTHD St-S & Sh-S Tk, BAFEREIT£TH
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Fig.2 Time course of methane, VFA concentration and Fig.3 Time course of methane, VFA concentration and
hydrogen partial pressure in St-7 after pulse feed of starch hydrogen partial pressure in Sh-7 after pulse feed of
substrate, shochu substrate,
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DRAE o ~DFEPERBE SNSRI EZBET 5720, RERERBHBIHCOLGML, BALE - FE
EORAT AR SN A TER AT L7, Fig2 115885206 BE O St7 U 77 #—, Fig.3 i1i&Ex
133 HED Sh-7 U 77 #—ICRIT DEERABD A F AR, VFA BEROKESEORREL (v T
HRESHMRROBR) 2FNEFNRLELDTHD, AX—FEETIHRERAS A%, BEEETII4A8
HIZEA CODIRED 80% LA LITH ST 5 A & A RO RS Sz, RBEETR CAR I L5 R/ AHmIL.
MAEECER L T U VB TTh o7, . A —FRE CIIREOIICEBRO AR bR SN, E
BRIORRBEREDE N E LT, AR, AFkIZ 24 —FEEICBOT, L0 AERITEm 8
Enfz, ZOBAE LT, BEEHED CH DR X T HERS 2 T0REER L B L Tof sy
<, kSR - BRAEREREAERETRETLTWAZEBEZ bNRD, L Lais, AlEROERSHEE
RANOBEKESEL, EOHOR Y AARRRICHENREEY 525 T ERMOLNTNS 9997, EEC,
St-7 TiL, WRESROE, uvh VBN EE T AEMICH T ) LiEo T, RF—FHEETHD St7
Tik. HEEOIEICEBT 2B OB L BAESEL BT H I EBUETHD EEZOLND, L OH
BHFECBE LT, 3.3 Bickikd 5,

32 TubArBAaRCRTIHMBERE - IHAKRLEORENM

Fig4 1X Sh-S, StS U7 7 ¥ —{RFHEIRD PDA & IEVHAIEROSIFEEREORRE =T, AFEEICRE L
A H —F YR REHTAENIN CSTR, StS U 7 7 & —{RFER Tl FERREOBMIZHIE LT PDA OLF (&
K HESEERIRO 30 AHEESN, FBFEIEE ShSs U 7 7 ¥ —FRHGIRIC OV T, PSR
100 mgSO2-S/L D U —XTIEMENEREARE 2D (HESEERIRD 20 %), 200, 400 mgSO,-S/L TIHEHEDET
BRONT, L UARnh, FilERRIGR L R U BE, EORBBEREI S W T HIEED ER RSN,
L7z T, BEBEHYEICREO TR, e B VSRR 2 Bl 7o iR A3 100 mgSO-S/LRiE THH Z &
Bohotz, FEORBEIC L > TRl iRE SR 2FROUE 2L LT, FRENDAERENDKEDR
BERL TV EEZBNA, 31 Bb L5 £ HI1D, A¥—FHE CITHEERABERIOKESED 1010 Pa
W EF LTS, ZhucstL, BB DIL, BRI 33 mgSOA-SL D= b —/LRIZEOTH, AR
ENBAFEDL~VUL10Pa LR, SE7 D 1100—110 DL~ Tholz, ZOREMNS, REEHIERSND
KESEDL~-YULL T, BRGS0 O VB AR RISTShRDN R 5 2 LB 2 b,
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Fig4 Effect of initial sulfate concentration in batch test on
propionate-degrading activities of St-S and Sh-S.
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FIT, RIZT a4 B RIENEIC T 2 8K E S EOREFME1T >, Fig.s I4¥)
HIAKFESERBICR T 27 0 V4 B a2 AR R - BRI A, T A BN THE L
b D ThD, £io, MPFILARTERE AT F N E I, REEERINFH (S100: 100 mgSO,”-S/L)
EERMFA (SO : 0 mgSO,>-S/L) 23 5, KEERMBEOERELTRLTWD, SOILBITHE
HOEE RS & AT SE 10°-10° Pa DEEIZIUN T, KEBFIRE & o L T 50% OISR
TOHRER SN, ZOZLhh, EENFICEVKELEIRIND L. T4 BRI L THER
RECENE T EBS o t, JHUSK L. S100 TIEFEREOARSEFERIC RO T, AKRERNE L IE
FEOEEZ > Tz, Ok BRFIOKESEOCFBHEAHE LI 25, S0, S100 LI FERBA 1 B
BRI, 107 PaIFE TR FLTWA 2 S HEE S L7 m3, S100 D7KFELDED L~/uid S0 D 50% T
ST, P T, HEMHOAZSECBREC LS 7 n 4 L BOMIEL., FEEORINC L » CERECE
HTEBHONIR ST, THhbh, 7Ta vt CBARICHT A RBEE THEOR S & LT, £ERICR
BT a A BRI KEREE L UTHRET S 92 LI k- THEFENOKEDELE L ~VUVICHEREL .
TR BAROR I D RTVREREVH L TWA Z R Shol,
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Fig.5 Effect of initial hydrogen partial pressure in batch test on
propionate-degrading activities.
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Fig.6 13 St-7. St-S RUASh-7 ¥ 77 ¥ —lZ 81T 5 HEEARO T 0 U4 VERRE, 1 ©F VB B

(HAERED -0 DM & LTER) KESERVT 1 4 U BRRIGIIN S 5 BT ¥ -2k &
AGORBSE(ERT, T4 OB TA L, Sh-7 CIIEEBRAD 4 B, St7 TS BHIZ
BERDBENTHAOIZH L, StS TS BB TULERSNET e 4 VBO 8 BIBERRSHBOE E
FoTND, ZOROE ) 7 7 X —NOERBEZEE Li- &£ 25, Sh-7, St-7 TiEFNF1 3.12, 4.22gVSS/L
THSTZOIZH L S-S TIX 1.21gVSS/L & i 2 RIIDEDLUAT OIGIRRE TH D Z L PR S/, St-S
T, BT A R TR AT o7 A, MORFIL D bR — b7 o 758N, FERFEICIETR
BREGETL T, 20 L23StS 2B AIERIBEOK T RO 2 4 VRS ROEND RS iz JFE
ThHHEEZBND, RIZ, KBLFERCERT A L, ST TIL100-10° Pa &<, 31 HiTHR~_=7 e
VERSREVEDIR TN A U 2EFE TH D Z EBHERSN, ZHUCH L, EREBERIR TH 5 S-S Tiik
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FREN 100—10°Pa & St-7 DI 110 DLV THY  Sh-7 TiX10'Pa & StS DX HIZ 110 DL~V Th D
ZEBRDB, o T, AY—FHE CRIHBEOTMPAESEDOBERBICFE L CBY, T72bbiiME
BITHENKRREEE LTEAL TV A EBEBLABND, £ o U VEBGEOFHE R TH B &
KRFESED L~LOEVIEIL, BENCARE (v T AR) ool (7 24) KB TWwWd, ZIZ T,
BERINOT 1 A AR T A BRI IR LR AGICERT 2 &, BORHNS o e A8y
FROIEE B St-S, Sh-7 Tid, H 2w A T AU E GEOEDLCTWERTIZH D Z &5 oTc, ZHUIF L,
St7 TIIEBEBRAE, W2 Bl 7 A0EBIZH Y. ACHA TR o Hb LIELL et
DERPEA TS = ERERENT, ZOFREE LT, 328 TR~ 72 X 51, REVIICEVAEDED
BREEZZTHEICLE ST, BRO/a U VBOMEEMET Lc 2 B2 ohd, BEDZ EMb,
BMERZ—F DX 5 ITHRENE L REVIHNCRRNOKESTED 10>-10° Pa LL RIZEET 5 HEBEIZG LT,
KENERERTDHEFEE U THEBBEOTRMBEN CH D2 Z EBALMIR T,
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Fig.6 Time course of propionate concentration, propionate-degrading rate, hydrogen partial pressure, and A
G’ after feeding in St-7, St-S and Sh-7.
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