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Effects of sulfide on the activities of sulfate-reducing bacteria and hydrogen-producing
proton-reducing bacteria in anaerobic degradation of palmitate and propionate

WwopEg*, ROFH**
Takashi YAMAGUCHI* and Hideki HARADA**

ABSTRACT ;  Influence of sulfide on the activities of sulfate-reducing bacteria (SRB) and hydrogen-
producing proton-reducing bacteria (PRB) in anaerobic degradation of palmitate and propionate was
investigated using four anaerobic sludge consortia (referred to as R1 through R4) derived from different
sources. Four sludge consortia were categorized as follows according to the type of reactor and the level
of sulfide for sludge cultivation: R1 as CSTR-low sulfide, R2 as CSTR-high sulfide, R3 as UASB-low
sulfide, and R4 as UASB-high sulfide.

As for R1 sludge (CSTR, low sulfide), palmitate degradation activity (Pal-DA) by a symbiosis
between palmitate-degrading PRB (Pal-PRB) and hydrogen-scavenging SRB (H-SRB) was 2.6 times as
large as that by palmitate-oxidizing SRB (Pal-SRB). Pal-DA of R2 siudge (CSTR, high sulfide) by the
symbiosis of Pal-SRB with H-SRB was only one-fifth of that of R1 sludge. As for R3 sludge (UASB,
low sulfide), a symbiosis between PRB and hydrogen-scavenging methanogens (H-MPB) performed the
same magnitude of propionate degradation activity (Pro-DA) as propionate-oxidizing SRB (Pro-SRB) did.
Pro-DA of R4 sludge (UASB, high sulfide) was entirely attributable by Pro-SRB solely.

Two distinctive patterns were observed with respect to sulfide effect on Pal-DA and Pro-DA. High-
sulfide sludge consortia, R2 and R4 showed a tendency to consistently decrease Pal-DA and Pro-DA,
respectively, with increasing sulfide concentration. On the contrary, Pal-DA and Pro-DA of low-sulfide
sludge, R1 and R3 possessed optima around 50 mgH »S-S: -1, above which point both activities inhibited
by sulfide in the same manner as the case of high-sulfide siudge.

KEY WORDS ; Anaerobic digestion, Hydrogen-producing proton-reducing acetogen, Palmitate,
Propionate, Sulfate-reducing bacteria, Sulfide
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(Hydrogen-producing proton-reducingacetogen, PRB) OAHIEHICRIETHALHOEE#TE LIcARIZIEEA
VP NP (7 AN

ZIT, FPRTIE, NAIFUB (BMSRUEEE KRRl Lruvd o GERERE RIEK3)
FESHSERE LTEHEAL, I OBHBROMARIZEBITS SRB & PRBOGEHIZRIETH WO ELF
sz LEHBICHEET-T.

EBRTIE, 4 LOBEKESEESR (R, R2, R3, RUR4) M. R 1 LR 2OBEROKEL <A 3IF
VR EERER L TARMEAH ATEE (1100mgCOD-F1, 150mgSO.2--S-11) % 2 HOELBABRIGH

ARG U Tt o2 (BBHIFEOEWNIZ LY, RIS LAGEERE (megH, S-S FD)IE, RITLI~15 R2TS50~
10TH-7) o R3ER4DFHROERIT RHEEARORLZD (RARBEEEE mMmeS02-S-F1) : R 3 T33;
R4 T1000) # - ERHISHEES]E (2000mgCOD 1) % 2 HOUASBK IGRRHC L U TiioTe (LHE
IBRAL K R (mgH, S-S~ L eff. liquid) ; R3T2~9; R4T50~100) . 4MEOHERFRE 17 AEER
Bt LT, MEVOIRBHRERIC S 2 DRIt OBE L2 EE L.

2 KRS

2.1 EREE - KRS
EEZIE, 2HOZLRABAEESE (R1 (lowH,S), R2(highHS) & 2#HNDUASBEEE (R3 (SO

poor), R 4 (SO42rich)) &RV iz, Table 1 K EISSHEERMERT. R 1, R2 OifhikTable 1 OEEHER
Wiz, BUTOMEITHGNT : me-F)RFMUTHEMR LE ; NHyCl, 500;MgCly -6H,0, 400; CaCly-2H,0, 150
;FeCly *4H;0, 2;MnCly+2H;0, 0.50; CoCly 6H,0, 0.17;ZnCly, 0.07; H3BO3, 0.06 NiCly «6H,0, 0.04; CuCl,
2H,0, 0.027, NapMoO, -2H,0, 0.025;EDTA, 5. —7, R3, R4 OMEILHE (BT : mg- ¢-)icid, R1, R2
OWBTTHRICME, KHyPO, 200LKCL 30028 L7 (272 L, FeCly-dH,0, 5; EDTA, 0 & Lk) . ¥,
HEGTREEIE L, Theh, UTOoX5 iR L7z R2, H;SOs; R3, NaSO;; R4, NapSOs:KpSO,:
(NH4)3804 = 1500 : 1500 : 1600. pHEEXIE LT, R 1 LR2iTiZV VB GOmM) %, R3 &R 4ITIZOER
B R U YA (1000~2000mg- 1) 2RV,

Table 1 Reactor operating conditions (Cultivation condition).

Run R1 R2 R3 R4
Reactor (volume, liter) CSTR (2.0) UASB (14.5)
Carbon source (mgCOD - [-1) palmitate: yeast extract =10:1, sucrose:propionate:acetate:peptone
( 1100 2% = 45:22.5:22.5:10, (2000)
Influent sulfate (mgS0,2--S-I-1) 150 2 150 2 33 1000
Sulfide removal device continuous b) | intermittent ©) without continuous »
H,S in the effluent (mgH,S-S- /1) 35+34 5461248 54+34 79.9+22.7
Effluent pH 7.0%£0.3 7.0+0.2 7.6+0.2
Loading (keCOD - m-3-d 1) L1 15 2.0
COD removal efficiency (%) 80~90 80~90
Temp. 35+1°C. a) concentration in reactor- liquid after feeding (filling).

b) Sulfide stripper has been running continuously.
©) Liquid phase was purged with N3 for 10 min (30 min on after 46th day) prior to each feeding.
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R1 & R2OWEBRICIE, YHEB TROMEEL T\ 182 AROUASBR G (RBEK : 49, AHE
B 3800 mgCOD-F1, FRESIGERE 25 me- 11, BEAM 6kgCOD m3-d-1, CODBRER 00 %L I, 35C) »b
BRUEY T = a -V EREIBRUBE ULFERZH Wz, R3, R4 OHMEBIRICIZ, BEMT T KABSEO bR
HALER 2 BRI L b oz Hvni,

HEOHEKIL, R1E R2TE7AA - 72 F - Fu—#E BEEE2IEHWE) REBEHFRATIAL
BT, R3, R4 TIHEGHEBFIRTITo%. R1~R 413, W b35°CTER T o7,

2.2 BONEAN R O T

Begs R 1 (BEASRREEHEIBE ( meSO,2-S- 1), 150), R2(F, 150), R4, 1000)icid HEEHEECE RO
FIRERT DI L S REFREEOE TN A HCBimfE2M L. CSTR @ R1 LR2 OHEA
%, AFBLOBREEFEIZSHD. R 1 OBEEET, R A% KISBEHE By 5 A (201, it
ALy MHEST— RS-, NIDS)ZFH) ME2ERIEDZ L TRISHOHILMZERET DKL Lk

(BEERH APEE : 5 I'minl; 1 mindE, 4minfEi¥1 27 0) . R2 CHBMBERIZT -2, BT 1 Sy
Liey 1B, BRI UTHE Y (2liter-minl, #10minfll )55k e Uk (BUSEEE 460 H LR
FA—TVREZEI0mini ML ) o R4, HHkEREES X TREBET 5 BB AL C, BiikE:
RGEEERS HiiE (BEEBRART5BEOLIE 2) L, BImARZER L.,

23 RATAEERBO %

BRERIIN LT, A4 I F OB RIEME (palmitate-degrading  activity, Pal-DA ), 702 2 B4 REN:
(Propionate-degrading activity, Pro-DA), * & > 4% P (Methaneproducing activity, MPA), B TIE:
(Sulfate-reducing activity, SRA)ZRD7% (I HCODME L LT, gCOD-gVSS1-d! DHENTRDE) . iEHE
RET 120 mIFRAA T AREMNT T o0e GEIL, WWRSOFHKIZE DD ) . WINETEEHIRE L, Mt
OL AR R U THEE 100~300 mgS0,42--S- ¢ -lvialliquid & Uiz, 7 0 A AERMT 5 & %115 me:Fivial
liq 2725 X 5 KA Uk, EHCH $ 5RO B 23T 2R T, BRIEWIEE LRt Y
LEAY, BbF MY O AENRE GEERROED oA T AEHO p HIZT0IHHE L.

2B, SN IFUBASRIETE( Pal-DANL, 2SI F VRS L OREBEREYE M Ui, T 0oRBIL, 1T

(100%COD) DNV IFUEENRBEEILEINS L, 8L (69.6%COD) ORtEEL14FN (30.4%COD) DkFE
DB ENDLEMBEEEM LIcbOTHY, BERRIC BHRRE1.44 (100% / 69.6%) %F U TPal-DA
ZRic. AR TREBLUNOHRESEIE 5 mgCOD: ¢ 1T THY, Pal-DA ORMIZRWVTERTESL
SN TH T,

24

AW HRIZELTO®Y : H AR (FAZa<bZ 7, T CD, Unbeads-C, 60/80, Col.Temp. 145°C,
Carrier press 1.60 kgf-cm2 Ar ) fEREMISHiEE (F A2 u< k2757, FID, Thermon3000, 5%, 60/80,
Col.Temp. 130°C, Carrier press 0.75 kgf-cm2 Np), BREgE (14> 2w~ bs 57, CDD, Shimpack-Al,

Col.Temp.40°C, Movil phase:Potassium hydrogen phthalate 2.5mM). DO HTEEIL, FARRBREED Itk -7,

3 HEGER - ER

31 NAIFUBMRBIIRIETRILIOEE (R1, R2)
3.1.1. HlRoEE
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Fig. 1, Fig. 212, FhZFh, R1(low HyS) &R2(high HyS) ORJE BBt % 7=+, Fig. 1, Fig. 2#HDA
HiZ, Ny FHEOBMEEYL) OAZ VERREHBEETRERT. R1, R2M4c, HRFHE AMR
ETHRALEAVI FUBERZUFRUAR TR BT LO52Y, TORMBINIERELE. R2T
ik, RISHEAORALKEEEDS 60mgH,SS 1 &2 EiR S0 B BHE» O X X ERASHE Sk (60~1508
GOMED)  BbAEIZ XD A X M AERRERERT Snic, i 46 QURHEREE 1 BY ) 0BEF R
A= UF A 10mind 5 30miniZ ML, %k, pHEEHEELY SENT.0~7.6 DM FE L. Eiz, k#E
SN 3BT 2 L TARAMEERERE (1.1 gCOD-/3-d1) DIBETEBELZ. ZOKE Bz
1S0B BE® SN I F U BHMERT R 1 ERLSVOAHEANL0kgCOD m3-d-13HATDE CIREE Lz,

BRIE, (RESHUBIERIGI &% CODRER)/(BCODRER) ORALLERT, 2T, KLCODKRER LT,
BEEE LRSI L 2CODHAR L A XV ERBOMTHY, AREEICEH L. Z0841T, EEkeE
LT R 1Tk 0.216+£0.074 (FHEBFEZ) , R2 T 021620.066TH -7, 2N I FUVENFRELEILLE
B8, 1EAOANVIFUVEPD, 8ELOMEBERLIATADKE (HECOD304%H1cD) BERSILEHO),
FERTH LN HBERETHIC L 2CODREROEH &L, AERHTRHIINSCODDOEIE 03U LUTTH-

1za

312 OCH production (A) L J 9SHa production )
T 1.0 50,2 reduction &7 4ol [| #SO4% reduction
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Fig.1 Cultivation of R1 sludge (low sulfide) by a Fig.2 Cultivati f R2 i i
CSTR operated in fill-and-draw mode and '8 cls]'rlfiaolsgrgted i,fl}li%%zég%?aangﬁebgn%
equipped with a continuous sulfide removal equipped with an intermittently-operated

?Aex‘)/ilf/?th duct d sulfate reducti sulfide removal device.
ethane production and sulfate reduction Figs (A) through (C 1 i
(both based on COD equivalent) per batch. Fig g . ) through (C) are same as given in

(B) Contribution of sulfate reduction to total
COD reduction (methane formation plus
sulfate reduction).

(C) Sulfide concentration.
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CRIZ, BitBEORATIEFRT. HboBmitmo AT TORLD» L#KENS ;
Soluble sulfide (EMERRILHI(H,S), HS, S2-0f1) ;

; Total sulfide (purged) (HFEA—VBEHEBEESOTotal sulfide)

(BRtEritty, EEERLH,S), HS, S2-0f)
Free H,S GEERE L)
(purged) (EEA— VBB S O Soluble sulfide) .

Total  sulfide

; Soluble sulfide
R1 TilEkRmEE 2 M Lo, EixfzEL

THALKEBEX 1 ~15mgH,SS 1t (FHLERIFES, 3.523.4meH,S$S /1) LESHERFTE R, R2 T,

RIRGERIEE EEUS 1Sy F47e) 16, SREBEERCH L TRV LK) Tholizdic, BEHER
OFALKFRBET, 40~ 90 meH,SS 11 (FELFRIRSE, 546124 8mgH S-S 1) LMWL A Th T,

312 R1E&R2DAZ VAR - BBHERTESE
Fig. 3 jz, &&E426HEMDR 1 (low  H;S) ¥R 2 (high

H,S)D A & v A IETE(MPA), EREEHEBRITTIEME(SRA,
CODMEEN) Z#FM Lic R ERT. EERBROT X
FEBICIL, BEEE KE ASAIFVEBEAVWE. SA
IF B OMPA T, BEBEERMR EERNRITOV
THM Lz, SN2 F U RERICBIT S SRA FHf
RATARZIEZ a R AL ZRMLUTEMG L. KkE,
Frst LB iz 5t LT MPB & SRBASAT S Z L8550
TW3A, R1E R2ZEBVWTMPBIRINSDERIC
M DEERB S RFER TV EZ. SRA KON TAD
&, R1, R23LTAFEELH: SRA HBEEE, NV IFV
BEEOEELEBR L TRP oz, ZOKERPS, SRB
B AN FUBOSRBE TR, KEREE LLT
FHELTORZ EBbRD, SV IFrBPrDL OMPA
i3, BEEEMIC X T, RITIE1.74% (0.816/0.493)
IZHIR, R2TIX0.6748 (2.56/3.81) LD LE. Z0D
Z&d» 5, Rligid, BFBEEREZERAT > IVIFY
BB LHSRB (Pal-SRB) 2B LTcZ LR TED,
—%, R2TiL, PalSRB O AN IF U BMBESED
BN EBHRTE D, 2B, RZOAAVIFVEIL
DOMPAN, FRBHERINC X > TETLERRIRIZ, B
B, kFEED S TMPBLSRBAEIA Ltk EEX D
n5,

313 SRB & PRB LIz &B- A FVERRRE

Fig. 44z, E4z426B H® R 1 (low H;S) &R2 (
high H,S) D73V X F B REIENE (Pal-DA) %, <
NI F B D OBFBRER L D M LARRERT. £
BRTIX3BORATAEREER W, 31T gt
iZ, "AIFUBEE vl A (MPBIZ X 5EEEES
BOMEAD 2RM Uk, £k, N4 T 1T, JHE
BEREZFHL, BAARCRESE 2RI L. AT
N 2T, FHEERIZH,/CO, (80/20(v/v), %, 130kPa)%

10
HR1(CSTR, low suifide),
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T 8f
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Fig.3 Methane producing activity (MPA) and
sulfate reducing activity (SRA), both based
on COD equivalent, for R1 sludge and R2

sludge.
> A<
2 F oo MR1 (CSTR, low H,S)
8 5 3.0 day 426
2= IR2 (CSTR, high H,S)
R day 426
;.:, >c»2'° -
35 s e o g
§ G1.0 S 8 8
-*E = e g o
s g g g

Vial 1 Vial 2 Vial3
Fig.4 Palmitate degrading activity (Pal-DA) for R1
and R2 sludge.

Respective vial gas/liquid phases contained:
vial 1 : Ny / palmitate, SO42- and CHCls;
vial 2 : H, / palmitate and CHCl3; and vial 3
: Hy / palmitate, SO42- and CHCl3.
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RHELIe RAT AT, KHBICRAT <H/CO, #FH L, BHEIHBEZRM L, Shdoffick
D, BRATATAAVIF U BHRE BEEER KFS LEBIMEMRIL FhEUTOL 51D ; (7T

Lt
SRB (PalSRB) ; XA/ T N2

AN I F U EYE PRB  (Pal-PRB) & /k#EBILMSRB (HSRB) O#%ER, BRI, 203 F R et
VI TFUBORETOMAEMREL ; AT N3  PaSRB Ok, 2B, Kk

BALMSRBIC L DRFEEE R OB 5 1L, Fig3TEOEMARIT 0.101, R2T 0.295 LFig 4D (0.608~3.18)

LHBELTENOTERLRZNb DL L.

RNRATH I TIERL ER2IKIC Pal-DA ZH LN, —F, XA T A3 TER1OHKPal-DA BB bk,

¥/, SNATA2 T Pal-DA B¥uTHol. 2O
BEp, R1 (lowH,S) TiX, Pal-PRB & PalSRB ®
THEBANIFUBSRICHES L, —F, R2 (high
H,S) Tit, Pal-PRB DARMBAAIFUBORE L LT
R LI E3bh b, 728, Fig3TRIODALIFY
BEOMRARIZBITDSRABR2ODENR LY HIELS 2ok
Z &Lz, FigdTR1 DPal-DASR2 £ HE< 2o
FBHRIZOVTESHORMNBRETHD.

314 RV IF RSN L EALKRBE OBK
Fig. 512, SE#E426H HORI L R2DANV I F U BEDHR
& (Pal-DA) LEHEAFRBE OBKERT. Fig 5
-Bid, Fig.5-A%z UEEILEREZRYT (G,
FALKFBRE SR L EBORGTRRZ T kiEE 22
Y hu—n (100%) LLTRbRE) . EEAROER,
Pal-DA R, 100%, 50%, S%BELTFIZIZDEMLASE
BE meHSS M) i1, FhER, R 1(owH8)Tid,
50, 150, 470, R2 i, 80, 360, 45001~ E7zo
7o ¥72, R 2(highHyS)Tid, 180mgH,SS* I THRA
#H (2> b a—ao PalDA D128(%) %8Bk,
Fig. 5 OFER XY, Biik#ic X5 Pal-DA OEBICIX
2EHOr—ABHD LNk B, b, R1 (lowH;,S)

A bID, TAHEREOWAKIZHEL TiEY (Pal-DA)
B—BIZETTDr—A(r—X 1 (—BET)E, R2
(high H,S) itk &h b, HiibkFEOWAI £ - TEE

(Pal-DA) BERLE—~2#BHLTHLETTSr—
AT —A2(E—2F N EXEHD,
Lk, Fig. 4 £Fig. 5 OB RPDL, "V IFUVEHFE
T, Pal-PRB &k#EhrEH (ZZ Tk HSRB) #4£
% &, PalSRB® Pal-DA 23 ¥ DHILkEOEEL,
WO 5 CBHETED : DPal-PRBIZ, BbkFicHL
Tr—R2(E—2HV)YDOL S 72#tk2ET 5. @Pal-
SRBABEL/KFEIL N LTy —R L (—RIET) Otk
THZEETET 5, ZhbXY, Pal-PRBORR{EAE
W ¥EAS, Pal-SRB £ L ) bB T LBHETE D,
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Fig.5 Effect of hydrogen sulfide on palmitate

degrading activity (Pal-DA) for R1 sludge
(acclimatized to low H,S) and R2 sludge
(high H2S).
(A):activity; (B):relative activity, employing
Pal-DA at the lowest H,S as a reference.
Bar indicates the range of H,S concentration
during each vial test.
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¥/, Fig. 5-ADR 1O Pal-DA PHALKFKBEL0 mgH,S$S- FEE T TAMICIET LERKEICIE, = 0lE
FPHPIT Pal-SRBIZ £ % Pal- DA SHEHERET LI Z e REZ LND,

Fig. 507300 3 F U EEMRIENE L G K FEBEOBE T, PalSRB & Pa-PRBTIZyr—R1 &7 —R20DE57%
BODELE. SRBOBEELZETIELREICE, (1) FILHSSRBOMMBETHMELEET S 2 L8, ()
FAL WIASSRBIC & DB EICSG OEBI TH O KT 2B TS5 2 L 8% F5 3, —F, SRB,
PRBOFEM 2B DLRERICIE, BUEMEMIZ X - T, LV BTHRBESE (BORP) SESMEMEICHRIL L
NHZEBEFLND, BAPWRTAVIFUBAREERT —2 1 (—BET) QL 5 72if &7z > nix, <A
IFVBMRBR TR U TEREZETT O HOBENEEL LD LEL LRSS (F—R 1 (—BET) 2R
L7eR1TiE, BIEAKRFRIZ X DPal-SRBOTERAE T ORHESFIEAL L, Pal-PRBD Y — R 2( ' — 2 H 0 )ORMED
Fig STRNIP ST LHBREND) . £, R2TAHALIIEyr— A 2(E =28 D) OEEIREL B TE 21
ORMEIC LY, Pal-PRBOFBER ERLAESOLENENS (BRO7 v F w BRSO T 55 bk
EOHERMERTY, F—R 1 r—R2BHLNEXABREREEDRS) .

1.5

3.2 Fubdy BRI RIETHRILPOEE (R 3, Il R3 (suifate-poor)

Fond
R 4) ’g - R4 (sulfate-rich) 2
2% 10} B >
321 HROBE# g% |5
HBREEY 2 EOUASBEIES (R3, R4 ;Table P %
T T
1BM) 4L, 2EOmEEHERL. 2HLLE 29 o
W Table | OFHT IELLERY, BEEBHS § S 2
CODMEHRIE 80%L ETh T, HRICBIFHAMK 2 g
(=]
%ﬂ:*iﬁﬁ(mgHzS-S-l-l eff. llquxd)&i, R3 (5042' 0.0 Vial 1 Vial 2 Vial 3
poor) T, 2 ~ 10 (P HFEMEMRE - 5.4£3.4) , R4 Fig.6 Propionate degrading activity (Pro-DA) for
R3 and R4 sludge. .

SO4% rich) TiZ 50 ~ 100 (¥ HHEHE(RZE : 79.94£22.7
(5042 rich) T HER R3 and R4 sludge samples were havested

GE#z 302 H~ 887 H) , 92.4%51.8 (24D ) Tho
Yo RIFAZ VHEBOERLUTCERR L2 o, —F,
R 4 TR EBYMS BOI00% B BEEETTRIGK L»T
EBfrah, MRS EB L ERR 2o,

on the day 751 from UASB receiving the
sulfate-poor waste and the sulfate-rich
waste, respectively.

Respective vial gas/liquid phases contained:
vial 1 : Ny / propionate; vial 2 : Hy /
propionate and CHCls; and vial 3 : H, /
propionate, SO,42- and CHCls.

Table 2 Methane-producing and sulfate-reducing activities (gCOD-gVSS-1-d1) for R3 (sulfate

poor) and R4 (sulfate rich).
UASB reactor Methane-producing activity Suifate-reducing activity
acetate H,/CO, acetate @) Hy/CO, b)
R3 (751std.) 2.74%0.08¢)  2.16%0.02 0.00%0.00 0.33+0.00
R4 (861std.) 0.14£0.01 0.00+0.00 0.27+0.01 0.26£0.00

a) acetate-utilizing activity due to sulfate reduction.
b) hydrogen-utilizing activity due to sulfate reduction.

¢) average % standard deviation
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FTNFEEEEE L, Table2dKR» 5, R3 TMPBBERTH oz L &,

E pY L

322 SRB EPRB EZEB72EF BN

R4 (E#EZ81HH) @ (SRA) %5R7. R3 & R4DiEEAERT,

2[5
RA4TSRBMEBELeZ b4

Fig. 6 {ZR 3 (S042-poor) & R 4 (SO42 rich)y > 7 v U3V B iEHE (Pro-DA) MM EBROMELFT. ERT
E3BOAL TAFNEER V. 334 TARIBER, 7abtd U BrRERELLTERLE. £, A7
1 TiE, KHEBCERETRE L. S TN 2Tk, KHEIZH,/CO, (80/20(vv), %, 130kPa)ZFIEL, WA
Hicr v aRm AV AERMLZ. SA T A3 Tk, KEHRICAU<KH/CO, 2#FHEL, B a aRA AL
BEARM L, ZNHEDOEHIZLD, BAATATT v VBRI ES LG 3MENRIT, T0ThUT
DESIRD ; "AT 1 7ubF BB PRB (Pro-PRB) & A % L AERHME (MPB) DILER : SAT A

2 T AV BRELT S MAMREL ; SAT A3

Fig. 6 55, R3Tid, XA TN1ERLTAIOH
&M T CPro-DABHBIIR W ER S E T AR LY,
HREANIL 7ot v BoMEE L LT ProPRB & Pro-
SRB OjE BB LT b oT,

—%, R4 T, A7 A 1(ProPRBE MPBODIELE)
@  ProDA X, EBETESIBVLL (00236
gCOD-gVSS1-d1l) Li2ofz. R4D PoPRBIZEB
ProDA i, BI723A4 7 AVERRRT, AEELHEAZ
VAR RGTEMERIE Bk Methanobacteriumsp. &k EBREE L
LTH4BEM (Table 2, HMPA 23¥uThoikk
BEMLE) LTORES Lol (F—2FHBF) .
X5z, R4d vial 3 ( Pro-PRB) @ ProDAIZ, 1.00
gCOD-gVSS1-dl L REREERFRLILZ L LB TER
T5&, R4TiIProSRB 7/ u bt BARELLT
O=yFzrBBLTWE LHETES, BB RD
YT TOPro-SRBOEEIC AL Tld Harmsend 9
MBL6SIRNAREF 7o —7#AWTEMBE L TWD.
LOERRTII 70 Ed v MR REE L L THRABREA
FTUASB & B S0RIMUASB 2847 L, ZO#EPro
SRBT & % DesulfobulbustS R AT R THA L, #IRNA
THEESET o A4 VBB EME (ProPRB) ICBRE S
NPRFELEZ EERELTRBY, HADR3, R4D
ERBROZLEZEMNTTHD.

323 FubAdrBHREELHRILKEREDOBEE
Fig. 702, R 3 (SO42-poor) &R4 (SO42 rich) @
70 A VBRI PE(Pro-DA) ICHAL K FBE 2S5 2 %
Be AT AVEERR (RICEHERSSHHLTBHE)
T LR ERY. Fig7-A i ProDA %R 1L,
Fig7-B i%, Fig7-A%#ic UiEthb®E2rRT (Bt
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Fig.7 Effect of hydrogen sulfide on propionate
degrading activity (Pro-DA) for R3 sludge
(cultivated in an UASB receiving a sulfate-
poor waste) and R4 sludge (sulfate-rich).
(A):activity; (B):relative activity, employing
Pro-DA at the lowest H,S as a reference.
Bar indicates the range of H,S concentration
during each vial test.
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i, FALARBESROEOES TRBET o LBEfE 2 ba—1 (100%) & LTRDE) .
BAbAFERZAH LT, R3IDProDA X, 80mgH,SS L THRAY—Z (ary hua—Lml.7~224%) Liz2v,
300 mgHLSS L EFTIE Y b —ADLI~MEDOL V2R L (Fig. 7-B) . R3 OEB:L, AL 3IFy
G L/ R 1 CERINLEHALKEBICHT S Pal-DA O%B 4y — A 2(FE—2F ) LRAETHD (Fig. 53
M) . —H, ProSRBOAMB7at'd VBN EE L LTHBLZ R4 O ProDA 13, BbKERED LFCHED
THEBEICE T L SV FUBARBCHTIRIEAROBECHREBIR Ly — R 1 (—HET) L RO

%) .

Rinzema 510 [, 7w b3 BEFERER L UBEAH A LR /K2 UASBESSRICH LT, HiEsE
R DHEARILBRE LY o O VEMRERE L ORBREEME L, FLAREEDN 100 mgH,S ! BER % T
IR D L, U VBAREABERET 228 EHEL TS, FHROSA TAERERI VEL
NicPro-DAYL, Rinzemab DRIV &, 7ubd rBaME OFLKERESENZ L2RTER LR,
Rinzema®sik, 7HEFVBMBRIETORKE LT, Btz Xk 5kEREE (HMPB , HSRB) OiE#kH
EEFIFTND,

Boone 511 X, Syntrophbacter wolinii sp. (Pro-PRB) & Desulfovibriosp.(HSRB)D 2 #F#AEZRic, Bk rU >
A% 5mM (160meS+F1) , 10 mM (320 mgS-F1) FMLZHE, 7ot BEams, Bk b Uy asEm
OBREIH LT, FNER, T7%, 49%ICETHESNAEZ LE2REL TWD, Okabel? 5ik, AEBEEFH A
DK LI RE 2 03 D B E R RR(KT) & 250 mgS- L e B Lz, Okabe & (DFHE &% 250 meS+ 11i%, Boone &
DT T VERSEN 49 BITETERLICRAEE 320 meS F IGENL XL THY, BB LT
Syntrophbacter ~ wolinii sp. O7uEFVEESERBMET L EREREIE LS. R eish13) OMETIL,
Desulfovibrio sp. OFLEER BBERICHEEIL, FLKRBEDO FRREUTERKL, 547 mgH,S - F TEAKME
FIND, ZHETHRAWAMNIC K> T PRB OFBWARIEESEOL 5 It BBEZF 50 2B LcaRI
D12, AERO LS, PRBOBEESRKICRD HNSRERRAMREORRIZRCHTENE D,

4 kLo

4EORIGE (R1, R2, R3, RU'R4) THRLEFREZ A TABEERBRIELT, “A3IFripe
7 CEOBRKNS RIS DEBENESTTIE (SRB) LkEAEEERELERME (PRB) OFEkic
RIETHAtMOBRICBE L TREETT o7 L ZAUTOHRBE LN, 22T, R1 &R 2OFBROERI,
NAIFrUBEFERER LT ZHE (1000mgCODpalmitate- F1, 150 mgS042-S- 1) #, SARARIBISHIIC
P HFRTHIE L Tir o7, R1 & R2OBARRILAERE (mgHySS:Flreactor liq) it, FHhEh, 3.5 %
3.4 (PHEEEERZE) . 54.6 £ 248 (F) OFWTH ok, R3 ERIDFBROWERE, RI/u—2R, FYup
Uk BEEE, N7 b THRRT SHE (2000 mgCOD- 1) %, UASBRISEHTHEE LTI -7t (RARGRSH S
FE(mgS042-S-F)IZR3 T, 33, R4TIO0E LK) . R3 &R 4 OUBIABLAEEE (mgH,SS-Feff lig.)

X, EhEh, 54134 (EHEEERE) . 924 £518 (@) 0B TH o1z,
(1) R1(owH,S)Tid, ~VIFER RS L LT Pal-PRB & Pal-SRB 23184 L7 (Pal-PRB & SRB dt4iz

&% Pal-DA (7t : gCOD-gVSS1+d-1)A8 3.17, Pal-SRB DA D Pal-DA #5 1.21) . R 2 (high H,S) Tid,

Pal-PRB DAV I F B HE L LTAHE L (Pal-DA: 0.608) .
(2)R3(SO42-poor)Tit, v b3 BN ##E & LT Pro-PRB & Pro-SRB M L7z (Pro-PRB & MPB (it

iz X B Pro-DAM 0.79, ProSRB DA Pro-DA #30.66) . R 4 (SO42 richy Tid, ProSRBOAZR 71t
FUEBAREL LTHBLZ (Pro-SRB® Pro-DA : 1.0) .
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(3) BALKFRICH T2V I F VB, 7Rt VEBaREEoREIcE, 28Oy~ Ab ok - Ot
BEOHAIE U TRES—RIETT27—2 (r—21) , O{bAEOHKRIC L > THEEN LR LY —
CEHLTPLETTSr —A (F—x2),

(4) SV F RSB T, Pal-PRBIZBRALKFEIZH L T(3) Oy —R2(E—2 (0 )0ftkEmxRL, —74,
Pal-SRB I, #— R | (—#BET)ORKEEET D Z LwRgIhrk,

(5) 7 v 4 BHFEET, ProPRB&MPBOMAERIZEAIICH LT(3) Dy —2 2(E—2F D)DK,
—J, Pro-SRBIZ7 — R 1 (—RRIET)OftEEH Lk,

H-MPB :hydrogen-utilizingmethane-producingbacteria, &AL A 7 > A pE
H-SRB  :hydrogen-utilizing sulfate-reducingbacteria, K323 {bHEREREM E RIS
MPA :methane-producing activity, #A & > 4pkigEH:
MPB :methane-producingbacteria, A % > 415
PRB : hydrogen-producing proton-reducingacetogenicbacteria, 7Kk 384 2 MERERE 4 AT
Pal-DA  : palmitate-degrading activity, ~\b 3 F U EEMEIETE
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PN X F B EAL MR R PR RS A R
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Pro-DA  : propionate-degrading activity, 70 '3 > B ig ik
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7'a e BBk R A E RS A A
Pro-SRB  :propionate-degrading sulfate-reducing bacteria, 70 V4 > BREEAL MR BRI B SO B

SRA : sulfate-reducing activity, iR TIENE
SRB :sulfate-reducingbacteria, BREEHSETTHIE
BH R
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