F30 BH6 H

2010

A 4L T

Modern Chemical Industry

Fo68

X
n

AL L AL AL AL AL AL LA LA LA L AL AL AL LA A LA LA LA LA LA L AL AL AL AL AL AL A

REAAHU L L GHRM AN %

SACIRAGIAGI KA ARG ACIKACIHTAGSAGIARSAGIAKACIKTACI KA KA KR

TZHTSHSK

JACEACEAC A

ERE. G A.MESR e
(ALK FRBALF &, A7 ALi 310036)
A PRI LI — R A B )5 5 BRAE S BUTS Sl , ST IR 75— S e s 4 KA S
I, S T ORI AR E RIS T AR TSP 5 T A A T LW (B 4460 T 0 0 Lo o
PP T O LEBC R 4 T B X
SEGRIA DU AL A ek b 5

FE 4SS X703 XHERFRIRAD: A X EHS:0253 -4320(2010)06 - 0035 - 06

Sulfate inhibition from anaerobic digestion

HUANG Guan-nan, MA Chun, YANG Guang-feng, JIN Ren-cun
(Department of Environmental Science, Hangzhou Normal University, Hangzhou 310036, China)

Abstract: Anaerobic digestion is an attractive waste treatment practice in which both pollution control and energy
recovery can be achieved. A wide variety of inhibitory substances,including sulfide are the primary cause of anaerobic
digester upset or failure since they are present in substantial concentration in wastes. The research progress in the sulfate

inhibition from anaerobic processes is summarized, the mechanism and the controlling factors of sulfate inhibition are
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discussed. Accordingly,the methods to moderate the sulfate inhibition are introduced.

Key words: anaerobic digestion; sulfate inhibition; wastewater treatment

BlE T A K, KA LR K BEZ ™A, T
XK PA A B T 2 6. IRETH R
I AR DA E DR R A DL e fi g
1, IR REBE R TR0 7 LR R AR R g ok R
AL EARZ I, W IR ar 75 U8 7 = KRR R TH
FE AT [ REIR S T R KRR TS B
FIATRE Z 8t . 7K TR IB 1T AN AR I E EE AR A
BRERERJEVT 22 Tl K 198 DLAL 43, o Wk B 11 At 7R
ihéﬁﬁ%uﬁﬂ:ﬁhfﬁiﬁﬂﬁ%ﬂ FE I L A A

CABATRM . ARSI PR A6 T2 e 4 o) 2
%ﬁﬁ(ﬁu,n,UEHﬁé‘ﬁm(&T“ﬁm%mE’JﬁaﬂEﬁ
FEAL RS |

1 SmUEHRIHE B

WZ TAVRK S AR, IGRERELE AR RS , 1E
PRAEALBET Z0rp 3 2655 AL & 2 O A 038 i
N . BRAH RO R AR R R S (i B AR
) IR . — Bk, HoAt & s AL & 9 i s iR £
FINE AR BRER 25 08 PR AT Je Y B3 A BN,
Khan*' % SRS Bk £ 400 72 F e 20 T 119 7 1

SREE N BRALY) > WARIR L > R AUBRERER > Bk
EIE GO0 T, TSR L -0 FE AL X 86 5 B AL 5 0 14
i, R R A S & P DA R AT T
TR Gy WO IO LA S, T B A S0 DR AT T 20 T
P G AT LA AR R
KT BRI LG R IEHZ . O’ Flaherty

SEUTRGE T R A PE R (35 £2) °C, BRARER M9 VS A
XHAEBE S NIR T IR SR 5 K (BEIREE 110 1,
EAEsA T SR ) COD Oy 10 g/L) UMM B S . 4521
BN BRERER TR I (R 4 o/L) S BT IR

ZHERAR, 1S RN IRIE R RE S A3 T g
W, H. PR 2 PRt R R 2 20 E M, i SR
KNI A 2 I B Jo 2 R 5 93 9] g 41000, 1 000
mg/L,

2 HPHIMLE

FEDRSA I A A A, B 1R 6 76 5 1R 56 30 i 40 Tl
(SRB) 915 I T 38 JE SRR AL 4 o it R 4k 3 I
SOt B SRB A 2 R g AL, (45 AN 58 4 4 ik
AR AN SE AL, BT H RER B WAL IR I L &

W Hm B EA:2010 - 02 -01

EEWA : [{EK [ APEEEITH (50808060 ) s #1714 H ARl 24T H (YS090072) s AT iR 4 Jrg 14 5 F (20091133806 )

TEB BT HOE S (1987 - ) Lo, W2l s A (1979 - ) L35 18

zju@ yahoo. com. cn,,

R A 2 SO, SRS 1) Sy R A MR AR R K 75 e ] TR jre-



- 36 - FAX AL L

i LR A1 CO,, T J5 5 REH £ R 4k 2 e 4k hy
CO, 1 HCO; . AE M iR £hif s AE F i 45 51, mit x)
DR AR AR FASE R ()49 o) A7 00 R V0 ) AR A o 2 Fob
WA R T 7 e 5 SRB Z [A] %) & WA HL
5ITOHLIE BT B 5 A, 10X R vw e BEAS T e By
AU R AN T R v AR A W X 4% R R R G M
;'

2.1 SRBERFHUEFERBFNES

SRB HAG &2 2 Fe . RB1E 230 sl 43
¥ SRB i )16 G YA 4E SCBE R K BE AR IR . £ T
FHAREEZE AL S LS9 . Laanbroek
OV gY L B, SRB X KL T 1 % R BT R A
S>NIR > HMA LR P44k, T SRB BRI T
RN, BN S IR 2 5 R AE AN EY %
G FEREMAR R, ENRES PR S R E 2
RBEMEY a4 O VA NI TR .

SRB 5 H A IR A A 9 56 4 9 45 SR I T I
MR FE PRI IR E o BRAC AU = e R A
e, Xt SRB A B B FE " . R, Bk
e BE K R A A X B AL ) i O M AT UK SRB 5
A IR SR A 58 G A T R A o
2.1.1 SRB 5 KfEFBICH 5%

SRB A~ BB R fift KSR B9 AW KA F 90 o, e
K W AR SRR A DRI A AR H A A )
N HARHERE AR B, SR RN R AR T K R
Mriz. SR SRB A 51 TR KR AT LK A 2 3 1R
PE AL (8L ) T R0 Y 7 2 B2 3L i I, SRB
ARG AR KA E L —fEA N, SRB IR AES
PR [ i H bR A K Y e B AR W AT A R
41007 Flaherty 25" S0 5286 46 I 1T LA 4
BE A ZLER 32 0 1 DR AU b e H Y SRB . AR iR
AR AN LR 1Y B I AR i As , 1] SRB
TE A 25 B AN FLBR P o A v R 2 SE RPEVE A o
2.1.2 SRB5 LB EAWES

IR 2R 8 12 W f B 7R, SRB L B 7E 25 T
s 4 e L B S2 PR b, 3% COD/SO;
Et (SRB 5 HAth DR & B 1 AH X 5 LA S SRB 5 Hifthy
PRAR DN B Ak 0 7 1 1 SO PR R s R i e A [
B, T B BRI ER PR 7K DR S80I A0 10 SCRiR 2 i B A2 2%
HEMHETER

PR S DR S80I Ak 1 5 il v 1) =4, 0 mT A by
A SRB [ % i, SRB ¥ N R A 5% &K N &
iR, SRB XA ERA RS B9 A0, 3 ELAR X T W)
FERIFHNIRA =R SR, BT HA E & E

£ 30 56

K AR R R A R % P, SRB g K, Al
P THAF 34 23 mg/L A1 0. 15 d 7" T P47 L B2 21
W K, Flw,, B4 31K 34 mg/L F10.05 110200
P, R AE AL P2 B 2 i L P2 8 LRI AR 5 K
A BN O [ 14 R AR R G TS R AT BT
IESZ T SRB X NRRIE MR AT ZE 2

TR TN £ Tl 2 DR AR T Ak Hh EE 8 A A I v ]
Yy, e LA K PRI T BR R R IR A W o R
(COD/SO;™ =0.5) 1y B NR A5 IR (UASB) [
RigsH, TRRALHE SRB FI ™ . 169 —E & R0
i, SRB Al H e B AR AEAE COD/SO;™ H ol 3.0
5.6 AUHE KM T AN, Uil SRB FnH At PR 4 1
IR T IR B B IF JE se 4 o o R A
A RGES B 1T IH A T SRB X% T 2 Fil 2 e 1A%
SERIEN
2.1.3 SRB 5 & & A Vi o 4958 F

R 2 0L B o A A B, A — TBEAY
MR 5T, A -4k SRB N REAE 5 &8 FR AL
TR 35 40 op P 5 A WL R 1 £ 4R E T IR
W, SEIFRIA, FEALHE B G RRER IR K 0 S 2, &
KA LT Hgk SRB AL 7= Bl b S5
PR R A B e A AT R B e B, H = U GE N BE 5 SRB
SR SRB XA I I P
BRI IR A 56, S8 7R SRB H ™ H e
FE A ARG P M e R B ARGE, TR RE R T
SRB 5505 77 7= H e i 22 [B] A9 36 4. SRB 7E
TA(37°C) N o 25 AT, T 7 R g B A 1R iR 2%
PF(55C) FEA Y3, FE P ERLEE I TR
2.1.4 SRB 5 ZmEHFA > VI Z 869585

KT SRB A1 MPB (7= H BE R ) 56 4+ £ 1R 1) SCHk
Bl A7 JE, — 248 FR SRB 78 35 4 vp
WS OT S — g R i % W MPB Y 4
17E§}[7,17,22,26,28—31] .

MATTE G s 22 R AL of i B 2% 3 1) 22 57
Choi Al Rim " 35 4+ 1945 KA A T COD/SO; ™ [,
M COD/SO2™ HkF 2.7 i, MPB ([} 32 5 Hbu 7 1
M /N T 1.7 B, SRB (5 A, i COD/
SO FLAEIX 2 A FUAE 2 11, (oA 1) £ 2 1 P i
K ZE 4. O Flahert 2544 MPB 1 SRB 135 %
ROCHEE T ENTEA R pH T 4K, Oude
Elferink 45 W22 3 47) 4 % /£ SRB Al MPB 1 3%
G EEAEA . AT, SR LR E
FERIFE SRS SRB 4 He i 10 1, H5 8 15 74
S [E) A 50 d B, 7528 1 4FR[A] e b4 9 SRB 5 MPB



2010 6 B

o A e o

Isa 45740 MPB A5 5 4 o fi: i (1 J5 P 2
EATRA TR ERE ) o TEEWIB RN A N, 1
A= R A RE T AT DR ST Ik A ik o Col-
leran Al Pender'™ .45 tH 2, 12 78 77 R 7= H o 1 L 3%
Friu IR N g AH T HABEE T, SRB X SR 25
FPERE o YBRERER S BRI PR B, S RBIA K
SRR R B 25 L 5 Y L (HUZ, SRB £ R f%
fi i £ AR I 45 T SRB b MPB SR 3
SHEHET S Alphenaar % SRB 7645 L4 W i
I IALE T UASB SO et N o8 IR G SO
(CSTR) (A 54, X by B 25 S BOE P AR K 1) MPB
Dk o
2.2 WU AEEEBFEMEDHINFEIIER

X F R ALY G BEE LR LA B 1T 25 6 ik
AW R, AR () SCHERAE 72 A 25 R 25 = 48
Tursman 1 Cork 438 , g1 T Hi AL A AT LAY HUEA
AR, BRI NEEEES . — kA5,
Tom A S0 AT 3 5 7 22 IR B 2 ) 4 A B A et Bl
SKF B A AR VE S T 2o i I P AT 1 R
AFEARER S o XA BRI Bl Speece™™ BURIF 5T BT 32
Fro PIMARTEZ S, ALY 1 s PEBE pH 1Y T
MiFeA%. 52 A0, McCartney Fl Oleszkiewicz ™' ¥
23w Ay i) FEPERE pH T T T . HoAt oG
TG BEIEAE B, TR S T A2 1
BIME . Koster 2 WIZLH|, 76 pH Jy 6.4 ~7.2 it} ,3F
BT S HRAL YR B 5 R T CRE FR B U Be T
PERACPEAR =5 24 pH 24 7.8 ~ 8.0 I, Sai ik
WeBE SRR BEAIDG . O Flaherty %5 &3, £ pH
6.8 ~7.2 I, BRACYIIHIVE I SR Sy
WREAR DG M 24 pH KT 7. 2 W64 A 5 ik
WYk BE A2 . Hilton 1 Oleszkiewicz ™ [ HF 5T 48 7%,
AL Yxt SRB 5 MPB g4 i/ Fl 430 5 S i Ae 9
HAEE TS aALHR ARG

T AN [A) A= BRAE GO 9 ey 4 o) B 4, DA SR AR
WAl I R b — 20 A2 R B fe R, AN ) SR A Hh
OEAE SR QN NE 2 1€ €/ S T uR s TRt a2 N11]
A RBRERERINE] 2R g8 0 75 Aok AT L B AR AR 1
XK, SRB 1A il A 0 B0 AR EL A A Bl 8
SCHRARE 140 ) 57 55 R B2 A 100 ~ 800 mg/ L (% i
BRAEH) 5 50 ~ 400 mg/L (R MR H,S) o 42
Z SRB il MPB , 7 5244 B AL R/ Ny 590 B 1
B ) 32 R AL D 5 VR R /N AR
YR EE I =, 77 LR MPB 5%, 5 SRB

BEBEF: REBLIZMRAEIIIR - 37

™ WXt pH X IR AR T2 O e e R G R K
SRR EE M A, Y pH R 7.0 ~ 7.5 B,
MPB F1 SRB ()45 K s FAHIT, 1M pH AL 75 12%38 LA
FECRAT I, 1 2 PR B AR B A R
M pH Ry 7.2 ~8.5 B, BB T A B R A A A ) il
YER, T FI TS R 1 SRB %o LA s fe ik o 24 pH
AR (6.8 ~7.2) B, T A TR A (1) Bt A 40 1 400 o v 2
(1C ) AHARL, ¥ YR AE R R AT I (B R Tl s R Sk vp
PAFHIME . O Flaherty' ' 15 H | % F R 2 9IL 1Y
158, INAGRERE: (T8 W EE 4 000 mg/L) B[] 5 53
T B TR R KAl 58 42 455 1k, 1T SR E 5 T 7 e B 1Y)
T AR 2

B 7= B e B BT B R . R IR R
gih, © ORI W R i S a2 T H R A
Wy SCHR R R B R R R W O 1~ 25
mg/L* o BALPIxE MPB 0 7 1K K S AR T
X RFEG RS, pH N 7 ~8.6.4 ~7.2.7.8 ~
8.0 Wf My ICy,, 4% % K 50 ~ 125, 250, 90

mg/L[6.11,17,42,45—46] .
3 HmANHIAI VI R R

3.1 T EI &R

AR RIS MR B 1T i BRI,
SRS i, 23 330 SRB (A K Z P E A, L
BRI TS, Andera S KB, 78 5 A i
2 dJa AFG R SRB A T 3 ~ 5 MRS TR
LI R 1 o A Ak ik I L o ( ORP) J2 3 2 SRB
TEE S 3N

Samir % K4l E BB UASB = K143 B 240
FIATBAH A R B RR 8 38 J5™ — B AL ) A
PLERG T BB . AR T R T ] ORP 78 - 230
mV ZeAy, FUERSEBL T B i k2 A AL, - BoA *F
BRUMR R I S 7= AR A AR A P o A R L, T 7
B0 JE T RS R B IR R 3 S 1 40 1
o #2RFEM, R GE ORP Oy — 100 mV S 52 Wi fi 1R
FRIE BN AT A SRR B S LS Y 5 ORP
( =50 ~50 mV) fEWS 32 SRB SRyG AL T, I 5K
A SRS VL ) KA SR S AR BRER T W T
K AL B AR R H,S R B AR AR AG
K B bR T BRI TR A

A EF R SR AR R A F A R 4 ( BRI AF R
)t T B AP T B (H 3k R A H
AT TR A COUA B R R 38 i, % RS
SO DB R EE ™ LA B A R




- 38 - FAX AL L

3.2 XBREHLY

A DR 22 B0 7 VA AR 0 f AL P 1 5
— PP A T AT I A— AR Zemi Ak
PIRIB BL, 28T AR PR S A PR S AL A e P
AL 25507 A 3R P 3k 2 7 vk (Wil ) k27
2 CIRBE EUAL U0 ) SUEYE (BAL s s E Akl
TR
3.2.1 wkBiik

O Flaherty"™ % 4 18 W Bt 25 B B3 Ak 990 1) 280 2R
PR T XA S IR T RN & B TR A X
PR N s T 8RB R 45, 45 S e Ak ) ot o
e BE A ( > 1 000 mg/L) FR&ESE <500 mg/L,{H
FEIH N AR L B COD LBRR M, Olesak —
jewicz ™ SR UASB [z V7 #F , 15 A 05 W I 25 8 4k
FLIH K, RIRZRGEN COD 2[4 R H1 = B o Ze 48 25
30% VAL, {H S W58 1) SRR DR 480 120 ) B Rk et
JEM ARG ], AR iR B EH TR —
SERIME, T AR R 2 B 4/ e g o, X s Akt
FEWRIBE, 23 Bk H,S J5 4438 40 b B K [B137, X6F 328 7K iF
TR
3.2.2 WK%

M oA 5 3 e 4 IR B T 5 AR U , 7R I
NEg RN Fe® ™ (Zn®* 45 nf DLREAR VA fif BT Ak 4
VR /N AL B 6 MPB B3 VR Y
PR IUTTETE X L BRBLAL Y 1 7 v, BLAR AR S A 5K
DU R BRI TR Y i B 45 1, S, BRAR B AL 4
B (H B A 0 P AR A R BT K R LR T
SV N, 5 RS I 3 2 Wl O 2 A, RIS
PIEPE RIS R e R B ARG T CO, i
Fhr, HAEZB BRI,

3.2.3 A4k

IR s 7K A 48 Ak A B T S 3 4
FeA KB —T0H T2, 5P L, AW
HATCHT AN 2A S R A 2435 e T [T e o
WA .

WAL, AR T 2w 50k 2 25—
FM B IR A B AR BRIR SR s ) — AU A
AL R . BT & TR K TR A LR
T I ORI, AN B T 5 4, 3 AT el i 9%
A, PRI R b 5 | R IF 5 3 1 2%

Gommers 2% | F W % 55 KT 1 ( Thiobacillus
denitrificans ) 175555 . 25 R Z AN RE LA K
Hi NO; Sk HL 7 32 4%, 8 B 16 4 S Ak hy B0 3 6
NO; WA S5k 2805 B g W 13 7K B AR

£ 30 56

LFRTFN NO; 1y 2 BRBOCR BB, 5407 437 35 3] « Bt
2 ~3 kg/(m’-d) , 2B 4 ~6 kg/(m’-d) ,NO;
5 kg/(m’ - d) 5 S A0 A B B0 6 0k — 2B R Ak R
TR TE AR D K A o
3.3 ik

AN, 14k, AT 3 5 MPB X 5245 H,S (138
NiETT, Ak MPB B AL Y 5ok, %07 Bt s &
PR N A o e Tsa 251 ARIE, 7RI B A H,S R
KT 1000 mg/L I, 946 1) LR E TR A
SUE SR MPB [ Ml . FASE B T
COD fifi g 20 kg/(m’ - d) B, ZE1E# 38471 EGSB
S g AL PR R FE R IR R R K . & 1 A A
ML, fEE 7K COD JiT HE v B2 Ry 4 000 mg/L 1) 5%
7, K SO;™ By T #2724 1 800 mg/L,
SO;™ WBATRESI R 9 kg/ (m’+d)
3.4 WHEBELKIZE

KHWARTEAL T2 (B 1) A AT RE 2 22 fif 4
WIS . Reise 25 [ STHIEWT, MAR PR AR T 2010
R AL S TC H S 0 00 7 BR A TR B BR R34 S AR T ]
[FIEFEAT , 4 th AEBR M & W BOF FH SRB 25 B i
TR EE EA LA R : OSRB af LA iR 1k B 1 o [A]
PR N R R AE WU — e AR T LA
PRHEA HLYI 77 B2 53 i ok 72 5 Q& B ME 41 T LL MPB
JITREARSZ W A P Tk 82 v, il LA Ak P o) e T 4
W EEPE/N  ARBGE I - R F ; @ TRER A R
VT A5 7 B AH S 0L Hh 2R 47, 7T JkE e SRB A
MPB 2 [i1] {3 J0 e 4 [l B, W DARAIE ™ B B AH A 55
e A R e 7 8 T ELYR AP 1S & AU, T
FIH ;@ F 7= B R v g b 55 AR A, =i
PR 5r LA H,S B AT 8 T3 265

W pH
s&m—L m@iﬁﬁgﬁ S o e L L e

A1 B AR R LA
HHRETLE

WP BT 20 1 T« 5 R 7 B
B EIFANE IR, 0, D5 A AR TR A
PRI FAC 50 ), 7 B L
IR ¢ 2 R PIHIR T Z ff AEBi S 5
BV BOEA TR 5 A0 B, M TTBELTS 1%
JrEH R
4 B

15N =A

PRAGH R — A SR AR BEEOR o K



2010 6 B

ARES A S B B, XL I B R 2 %
R s T RkAd. T IREMEY) JEY I L5
TR MR AR, 56 T PR L Z B ] i pF 5T 45
Rt & AN BFFECUESE, 30 ] B R £k 340 5t | B
i INAE UBCR TARTH AL 20, ¥ G2 i 5 2= TH R
B H R A R TB

(1] A IR, BRI, 4. BREE UK BT 4R AR o i F IR AW
[ B RE PERT L E R [ 7] AL T ,2006,26(6) 113 ~17.

[2] R8P, S8 B AEY B[ M. L5t & FHF AL,
2006 .281.

[3] AN IR 255, 2. G nhili T IR WAL R SRR E
#E[J]. AL T3k ,2006,25(7) 770 - 774.

[4] WA20%E, e, 22 B0, 46 IR K R A A Ak BB B 5 R
[M]. Jest: A R T S Rk, 2003.

[5] O’ Flaherty V,Colohan S, Mulkerrins D, et al. Effect of sulphate ad-
dition on volatile fatty acid and ethanol degradation in an anaerobic
hybrid reactor: II. Microbial interactions and toxic effects [ J].
Bioresour Technol ,1999,68 .109 - 120.

[6] Koster I W,Rinzema A,De Vegt A L, et al. Sulfide inhibition of the

—

methanogenic activity of granular sludge at various pH levels[ J].

Water Res,1986,20:1561 —1567.

—
~
[

Harada H, Uemura S, Monomoi K. Interactions between sulphate-re-
ducing bacteria and methane-producing bacteria in UASB reactors
fed with low strength wastes containing different levels of sulphate
[J]. Water Res,1994 :355 - 367.

[8

[

Colleran E, Finnegan S, Lens P. Anaerobic treatment of sulphate-
containing waste streams[ J]. Anton van Leeuw,1995,67 ;29 —46.

Oude Elferink S J W H, Visser A, Hulshoff Pol L. W, et al. Sulphate

—
=}
[

reduction in methanogenic bioreactors[ J]. FEMS Microbiol Rev,
1994,15.119 - 136.

[10] Laanbroek J H, Geerlings H, Sitjtsma L, et al. Competition for sul-
phate and ethanol among desulfobacter desulfobulbus and desulfo-
vibrio species isolated from intertidal sediments[ J]. Appl Environ
Microbiol ,1984 ,128 :329 —334.

(1

[

McCartney D M, Oleszkiewicz J A. Competition between methano-
gens and sulphate reducers ; Effect of COD ; Sulphate ratio and accli-
matization[ J ]. Water Environ Res,1993,65:655 - 664.

[12] Okabe S,Nielsen P H,Jones W L, et al. Sulfide product inhibition
of desulfovibrio desulfuricans in batch and continuous cultures[ J].
Water Res,1995,29(2) ;571 -578.

[13] Hansen T A. Carbon metabolism of sulfate-reducing bacteria[ M ]//
Odom J M, Rivers-Singleton J R. The Sulfate-reducing bacteria:
Contemporary Perspectives. New York ; Springer-Verlag, 1993 .21 —
40.

[14

[l

Min H,Zinder S H. Isolation and characterization of a thermophilic

sulfate-reducing bacterium desulfotomaculum thermoacetoxidans

sp. nov. [ 1. Arch Microbiol, 1990 ,153 :399 —404.

—
—_
W

[

Postgate J R. The sulfate-reducing bacteria[ M ]. Cambridge ; Cam-
bridge University Press,1984.

BEBEF: REBLIZMRAEIIIR -39

[16] O’ Flaherty V, Colohan S, Mulkerrins D, et al. Effect of sulphate ad-
dition on volatile fatty acid and ethanol degradation in an anaerobic
hybrid reactor; II. Microbial interactions and toxic effects [ J].
Bioresour Technol ,1999,68 .109 - 120.

[17] O’ Flaherty V, Mahony T, O’ Kennedy R, et al. Effect of pH on

[

growth kinetics and sulphide toxicity thresholds of a range of metha-
nogenic , syntrophic and sulphate-reducing bacteria [ J ]. Process
Biochem, 1998 ,33(5) :555 - 569.

[18] Omil F,Lens P, Hulshoff Pol L. W, et al. Effect of upward velocity
and sulphide concentration on volatile fatty acid degradation in a
sulphidogenic granular sludge reactor I [ J]. Process Biochem,
1996,31:699 - 710.

[19] O’ Flaherty V,Lens P,de Beer D,et al. Effect of feed composition

[

and upflow velocity aggregate characteristics in anaerobic upflow re-
actors[ J]. Appl Microbiol Biotechnol,1997,47.102 - 107.
[20

i

O’ Flaherty V,Lens P, Leaky B, et al. Long term competition be-
tween sulphate reducing and methane-producing bacteria during
full-scale anaerobic treatment of citric acid production wastewater
[J]. Water Res,1998,32(3) :815 - 825.

[21] Colleran E,Finnegan S,0’ Keefe R B. Anaerobic digestion of high
sulphate containing wastewater from the industrial production of cit-
ric acid[ J]. Water Sci Technol ,1994 ,30(12) :263 —273.

[22] Visser A, Nozhevnikova A N, Lettinga G. Sulphide inhibition of

[

methanogenic activity at various pH levels at 55°C [ J]. Chem Tech
Biotechnol ,1993 ,57 .9 - 14.
[23

[

Zinder S H. Physiological ecology of methanogens[ M ]//Ferry J G.
Methanogens ; Ecology , physiology, biochemistry and genetics. Lon-
don/New York ; Chapman and Hall,1993 ;128 —206.

[24] Alphenaar P A, Visser A, Lettinga G. The effect of liquid upward
velocity and hydraulic retention time on granulation in UASB reac-
tors treating wastewater with a high sulphate content[ J]. Bioresour
Technol 1993 ,43.249 —258.

[25] Oremland R S,Taylor B F. Sulfate reduction and methanogenesis in
marine sediments| J]. Geochim Cosmochim,1978 ,42.209 -214.

[26] Colleran E,Pender S. Mesophilic and thermophilic anaerobic diges-
tion of sulphate-containing wastewaters [ J ]. Water Sci Technol,
2002,45(10) ;231 -235.

[27] Gupta A,Flora J R V,Gupta M, et al. Methanogenesis and sulphate
reduction in chemostats-1; Kinetic studies and experiments [ J].
Water Res,1994,28.781 —793.

[28] Rinzema A ,van Lier J, Lettinga G. Sodium inhibition of aceticlastic
methanogens in granular sludge from a UASB reactor[ J]. Enzyme
Microbiol Technol,1988,10.24 -32.

[29] Isa Z, Grusenmeyer S, Verstraete W. Sulphate reduction relative to
methane production in high-rate anaerobic digestion: Technical as-
pects[ J]. Appl Environ Microbiol ,1986,51:572 —579.

[30] Isa Z, Grusenmeyer S, Verstraete W. Sulphate reduction relative to

methane production in high-rate anaerobic digestion; Microbiologi-

cal aspects[ J]. Appl Environ Microbiol ,1986,51 ;580 —587.

De Smul A, Goethals L, Verstraete W. Effect of COD to sulphate ra-

—
w
—_

[

tio and temperature in expanded-granular-sludge-blanket reactors

for sulphate reduction[ J]. Process Biochem,1999 ,34 .407 —416.



< 40 -

[32]

[34]

[35]

[37

[

[38

[l

[41

[

[42

[a

[43

s

[44]

[45]

[46]

Choi E,Rim J M. Competition and inhibition of sulfate reducers and
methane producers in anaerobic treatment[ J]. Water Sci Technol,
1991,23.1259 - 1264.

Oude Elferink S J W H, Visser A, Hulshoff Pol L. W, et al. Sulphate
reduction in methanogenic bioreactors[ J]. FEMS Microbiol Rev,
1994,15.119 - 136.

Uberoi V, Bhattacharya S K. Interactions among sulfate reducers,
acetogens, and methanogens in anaerobic propionate systems[] 1.
Water Environ Res,1995,67:330 —339.

Tursman J F, Cork D J. Influence of sulfate and sulfate-reducing
bacteria on anaerobic digestion technology [ J]. Advances in Bio-
technological Processes,1989,12.273 —285.

Conn E E,Stumpf P K, Bruening G, et al. Outlines of Biochemistry
[M]. New York:John Wiley and Sons,1987.

Vogels G D,Kejtjens J T,van der Drift C. Biochemistry of methane
production| M]//Zehnder A J B. Biology of anaerobic microorgan-
isms. New York ; John Wiley and Sons, 1988 :988.

Speece R E. Anaerobic biotechnology for industrial waste treatment
[J]. Environ Sci Technol ,1983,17 : A416 — A427.

McCartney D M, Oleszkiewicz J A. Sulfide inhibition of anaerobic
degradation of lactate and acetate[ J]. Water Res, 1991,25(2):
203 -209.

Hilton B L, Oleszkiewicz J A. Sulfide-induced inhibition of anaero-
bic digestion-closure[ J |. J Environ Eng,1990,116 ;1007 —1008.
Parkin G F,Lynch N A,Kuo W,et al. Interaction between sulfate
reducers and methanogens fed acetate and propionate[ J]. ] Water
Pollut Control Fed,1990,62.780 —788.

Maillacheruvu K Y, Parkin G F,Peng W C, et al. Sulfide toxicity in
anaerobic systems fed sulfate and various organics[ J]. Water Envi-
ron Res,1993,65:100 - 109.

O’ Flaherty V,Mahony T. Effect of pH on growth kinetics and sul-
phide toxicity thresholds of a range of methanogenic, syntrophic and
sulphate-redcing bacteria[ J ]. Process Biochem, 199833555 -
569.

Scherer P, Sahm H. Influence of sulfur-containing-compounds on
the growth of Methanosarcina barkeri in a defined medium[ J]. Ap-
pl Microbiol Biotechnol ,1981,12.28 —35.

Parkin G F,Speece R E, Yang C H J, et al. Response of methane
fermentation systems to industrial toxicants[ J]. J Water Pollut Con-
trol Fed,1983,55.44 -53.

Oleskiewicz J A, Marstaller T, McCartney D M. Effects of pH on
sulfide toxicity to anaerobic processes [ J]. Environ Technol Lett,

1989,10:815 —822.

LA, 4L T

[47]

—
IS
oo

e

[49

[

[50

[

[51

[

[52

[

[53

[

(57

[

[58

[l

] EH, BT SO, 4R

[60]

[61]

£ 30 56

Dan I K, Andreas T, Her Ibert C. Strategies of sulfate-reducing bac-
teria to escape oxygen stress in a cyanobacterial mat[ J]. FEMS Mi-
crobiol Ecology,1998,25:89 -96.

Andera M S, Adnrea, Michael K, et al. Growth and chemosensory
behavior of sulfate-reducing bacteria in oxygen-sulfide gradients
[J]. FEMS Microbiol Ecology,2002,40.47 —-54.

Samir I R K K. Single-stage anaerobic treatment of high sulfate
wastewater with oxygenation to control sulfide toxicity [ D ]. Hong
Kong: Hong Kong University of Science and Technology ,2002.

B ABORET, B L, A (RS B A0 T 8 R R 3 i S 1A
WEFELT ] W 2R R ol R 2 2 3l B AR} 22 I, 2007,23 (2) -
153 -157.

Moreno L, Predicala B, Nemati M. Laboratory, semi-pilot and room
scale study of nitrite and molybdate mediated control of H,S emis-
sion from swine manure [ J ]. Bioresour Technol, 2010, 101 (7):
2141 -2151.

Isa M H, Anderson G. K. Molybdate inhibition of sulphate reduction
in two-phase anaerobic digestion[ J]. Process Biochem, 2005, 40
(6) :2079 -2089.

Song Z, Williams C J, Edyvean R G J. Coagulation and anaerobic
digestion of tannery wastewater [ J ]. Process Saf Environ Prot,
2001,79:23 -28.

Oleszkiewicz J A. Anaerobic treatment of high sulfate wastewater
[J]. Water Res,1986,13:423 —428.

Speece R E. Tl KPR HAR[M].
A B Tl s A, 2001

van Hullebusch E D, Gieteling J, Van Daele W et al. Effect of sul-

2R, P b

fate and iron on physico-chemical characteristics of anaerobic gran-

ular sludge[ J]. Biochem Eng J,2007,33:168 - 177.

Lohwacharina J, Annachhatre A P. Biological sulfide oxidation in an

airlift bioreactor [ J ]. Bioresour Technol, 2010, 101 (7):2114 —

2120.

Gommers P J,Buleveld W, Zuiderwijk F J,et al. Simultaneous sul-

fide and acetate oxidation in a denitrifying fluidized bed reactor

[J]. Water Res,1988,22.1075 —1083.

, 5. EGSB 2N i Ak B Vi A7 R 36 19 K
T B S EYEAREH,2006,25(6) :23 - 28.

Reise M A M, Goncalves L M D, Carrondo M J T. Sulfate reduction

in acidogenic phase of anaerobic digestion[ J]. Water Sci Technol ,

1988,20(11/12) :345 -351.

PR, Ty BRI BERR R ER IR K B R SRR AR B[ T ] PR3

PRI Rl ,2005,127(31) 23 -26. A

B e e st ot S S S e

(AR BINNE"=BAREE

A48 B AP A — [ R B AR RIS ) I i 1 AR B T 2% 05 1wl
BT 9 A R BUIR | Zi%ﬁﬁ%ﬂl'ﬂ@f“ﬁ DL B 9 R [ A m] R S S FE e 2 904

ﬁui‘ﬁ}n MVES 15 MR A2 H S A5 TR AR, DA e A i E s X, IR i i
010 - 64444105 - 839, e — mail ; tongzy@ cheminfo. gov. cn, (K] %4 3R)

<<IMJEH:I>> MR E




