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Abstract Sulfate —Reducing Bacteria (SRB) is a group of prokaryotes which are capable of reducing the sulfate to sulfide under
anaerobic condition with organic substance as electron donors. Sulfide production by SRB is a major concern for the petroleum industry,
since it is toxic and corrosive, and causes plugging due to the formation of insoluble iron sulfides. Biocides are widely used to control
SRB growth. Experience has shown that biocides are expensive and toxic to humans and environment, but more importantly, biocidal
treatments are not always effective, since the biological film will reduce biocidal effect and SRB will eventually develop the resistance to
biocides. Various microbial methods for inhibiting SRB have been proposed for different treatment purposes as follows : (1) application of
nitrate to activate Nitrate Reducing Bacteria (NRB) for inhibiting the growth of sulfate reducing bacteria through biological competition;
(2) application of Sulfide Oxidizing Bacteria (SOB) for removing hydrogen sulfide through biological oxidation; (3) application of
Brevibacillus brevis for inhibiting SRB through the produced antagonistic substance; (4) application of phage for killing SRB. At present,
application of method one in oil field and application of method two in sewage treatment have entered the industrial tests, both method
three and method four are still in the basic research stage. These methods have great application prospect, however there are many
problems to be solved. The analysis on these problems is carried on.
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F% i W2 # i8 J5 & (heterotrophic Nitrate —Reducing Bacteria,
hNRB) , Ui 4% 2 #1 4T B (Bacillus licheni—formis) i 7 @l Bk
& (Paracocus Senitricans ) A 2 AR B0 B (Pseudomonas aerug-
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A3 RS
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(2) 1A R, S 5 S ik 1) — A28 P A R A
R R )5 ,NRB 2 AN Wr Az 4 240, DT BE A8 A Wrike £ 002, =R
52 I B NRB 9 AS W7 A4 B0 T R 5kt A8 AN W T FE 24T
FE & — 5 Wk i i NRB {457 1k 2E 4 008 BN BERRSLIEAT F %

(3) NRB F1 SRB = [H] (4 5% 5 NAFTEPT L VLAY () 0, A
TEAE A W R i 0 5 L 5 A R 5 ok v i) A B 0 Y R R
AR TP S, R =E S04k 8 400 8 7] ) 4 FH AL B
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Table 1 Comparisons between biological competition technology and conventional antimicrobial method
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XA x - o o
" . o ()84 5 705 (2) 06 R A P
{F FHBLER FHACH wigassmesE
i/ (mg- L) 100 200 200—1000 (COD g i il &)
XA o 1 % S8 SRB A
i 254 5 % (LY, 2 1 (2) R 3 ) T AT 9% 1L i G
F AR KRR AT A U 211
E A b 3 ik b BT ST A S Kb A R ISR R
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12 FMAWHR

Okabe ZEMBIFSE T A TR £5 F0 IV Al R $h 4T 35 Ak 75 8 st i
WLHL SR AL P EH . ORI R O, HoS .NOSHT NOTHk &
IR W, i 2 R 55O A 2 R v B2 7E 0.3—1.0mmol/L 715 [l Hif
A T 30 T DX 3 B 3 B R AN, AR T B Ak A e A R
FE o — FLTE R 6 5T 2 R A5 ko A S b A G AR ST
ZIWKAE . AT, i TR R ol AR TR () 1 F AN 76 T R BT
SRB, i /&1 3 5 % NRB 1 SRB 3% 4+ B, 1 45 T 1A FIs Jin 45 1k
LY/ kN A

Jenneman SEPWF 5T R0 | 1) B 7875 K H I A 60mmol /L il
P R AT < A B B A A B, T 20mmol /L iR 5 B AUAT
SR 78 R KA B H A R R T B SRB 7 A 1 BLIR T I
AP TR AT 2 Kjellerup S5V HUED FE i1
F5E 2 W, A 0.7 1lmmol/L A4 A& £h AT 30 il A= i a5 £k 0 , 300 451
Z Ja H 0.36mmol/L i R 5 1T 4EHRE 2544, v W B REE LU b
LTI

1996 4%, %K Coleville i #1775 - A9 B 373056 .
B 50d 3% 22 A 500mg/L il 2 B J5 .2 A 7K I o 45 4k 9
SEATbR 2, H 2 D i K A B B Ak 9 B G R 50%—
60% ,NR-SOB ¥4 i , 41 iy & H 77 il IR 6 36 5t 1 B2 3 1 1
H®, Voordouw SEPR A T 8 /ANl ECFT 2 A~k (% 2), KB
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SRB.hNRB 1 VFA (R I8 iR ) & i 77 42 T i 2 b ,NR-
SOB W43 A A7 B, AR 2 7K i AT SRB W, ‘B INAIE il 7iR
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e F (0.25—0.33mmol/L) %, FH e ol 2R 71 50 (Most—Proba-
ble—~Number method ,MPN){ll %2 T SRB #1 NRB %% H ; H il &+
%07 (radiorespiratory measurement) € T A Ak &% A4 1)
R A5 2 K A A SRB A H 7 14 H 25 W
B AAAZIEC KRS, ik SRB A H R M >
NRB 1% F W 38 in o v ARV B2 i 18 £ 301 1A]  SRB % B O/t 45
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%2 SRB.NRB# NR-SOB %= f# E# 1 5%h
Table 2 Distribution of SRB, NRB and NR-SOB in field samples

iH JIT A b B SIA R E/C Fefh (30H) SRB hNRB NR-SOB
DR Oklahoma i 35 i, 7K (3) + + —
FU Texas i 30—35 7K (3) + + +
OR Venezula i, < 60 K (1) + + —
DA Venezula i, 40 7K (1) + + —
KO Chad i 50 i, 7K (3) — +
CA Argentina i 30 7K (4) + +
EK North Sea i 60 7K (2) + — —
TS Alberta i RR 22 7K (1) + + +
RE lowa i< 25 7K (3) — + —
ME Alberta i< 25 7K (1) + +
NA Ontario ith e 50 i, 7K (3) + —
ECAYRTFAE R TRAME,
Notes: "+" means that the matter exists; "—" means that the matter does not exist.
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Fig. 1 Effects of nitrite concentration and exposure
time on the inhibition of SRB
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Fig. 2 Effects of nitrite on the sulfide production of SRB

SEARPAMH;7d J5 SRB G AR 2 2 50% , 50k £E Tl | 15
BN I T 6 T KE SRB. 114 335 M 45 1) 4 8 IR 11 7K 7280,

2006 47, AE KPS B s K 5% 35 13 A il Rk 1A I
B A5 R R T, ZE K AR BT HEAT T 33356 1 & i V5 K b SRB
H1 6000 ~/mL B %2 18 A/mL, i AL i V7.8 mg/L B &2
L 7mg/Lo 1] P 7K ZR G5k U e VR 4 il 35 J5 6 A6 (97 2
JTIE A R Y 7.5me/L 3% A0 I 2 1.2mg/L, U85 7K T Ak
1497 249 3 3 B 1 10.2mg/L 3 AR % 1.0mg/12),

BARC A KR UIRUE I | e A R 5k 3500 4 1R &k 7T LA
e AT A K BGE A B T SRB AR BR A7, O T A
T S 3 7 (A R R B T — SO JE A

(1) Aiksm R0, 7AW ENE I b SRB 4 K iR
RV H A 60mmol/L Ze A7, ¥k FE R 2 20mmol/L I AT Ji
BIROR BN A R O A D v e, 0 A i
FH N T A S b AR o SRB AR K TR R vk B T IR AR
0.71mmol/L, 7E SRB A K52 BN LU , AR +h v B2 T [ &2
0.36mmol/L, B I IA Ay 1232 Al R £ FH & /0 | s AR IR,

(2) THIREAL A T BRI i . B NI
I [R] 48, 6 200 3% 22 i A BY, £ Oklahoma Kansas  Texas Al
Wyoming i H 2 0 JF BB AR, I 1 R 5
il SRB AR i VR I AT 3k 80 2 800 2 AP 1) < b 5= 1k
WARERER 7 N H G SR A HLS e BEATH SR ARAR o 1] i1 7K 43 25
I A EREL , A P HLS 5 o e A 40—60me/L B
£ Img/L LA F,60d J& S A HoS ¥ B2 140mg/L B % Tmg/L
VLT I 5 a7 s [ I 385 Jn™ 30 48 A W 58 e B 2R )
fis vp JE 28 SRB 41 Desulfomicrobium 1 Desulfovibrio R 1 7 8
PR $hAE T W BB BTG T ok, — FLAS IR Eh 6 )X 2 )5 o il s ik 5

A NINR, WALk S H ALY 6T SRB A AR 5t 1 2 1%
WA IR B AT 2 A 82 R 3 e v v |, B AR TR
WATRRCR , B Frd, W R R s W as R 48 5 H,S R
Jei VAR TR R AR A W B e B2 ARARG oA a0 BERES ) S 3B A

HNEB 8 MR EE H T Draugen i H B, 7 K AR R
Jig pkon LAk TT RE 5 NR-SOB (A% =44 2659, 4 A 3A
R B ik T R 55 S0 TR R N AR Ak 1 A ) s Ak A BN AR LY
ZWALY A T AL SR X Fh £ Ak Y iE 5 B A
Yy, RE TR R B Fe 2Z2 S Ah W I G o 42 R 1 R N A I R
I 5T 1) e i T LA ) 22 AR 0 A R

(3) T ARHRR R A WL, T8 2ot 26 ) 5 5 HEBR AL IR, B T
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L TR 2E R R ) A B T s R Bl B e TR
A 7 A (A A e O AR N A B T A TR K

W55 R T % 20% 447, AR J&E NRB 7= A= 4 g 71 £ b
T 2E R

2 WEILEMTILYEER

it AL B (Sulfide Oxidizing Bacteria,SOB) K& 1] 43 Ky 2
25, Jo BB 40 B FAT CUBR AN B T B B 4 B (Colorless Sulp hur
Bacteria) WA AL B FF B (Thioxidaus) . AL W2k 5 FF &
(Thiobacillus) . HE & 6% AT % (Thioparius) il i 2B FT W
(Thiobacillus fenitricans ) , 5k W & 6% AT B 402 0 -5 1 1 B
TR VE M4 o TR JE R B 4, LUEUh 32 i 1k Ak i
Wik Re Lt J8 TILBE TTALE TR AL (A R B A . AU
FF T8 by et DR AT, A 4 I 5 At TG €2 4 200 T A [) , T 4
VLR R 5 0 32 i 1 30 D o 2 sl /R (R 3 B4 25 A b )
TR BO T TR PR A SR R ER I R

A (0 A= 4 A LA 2 A R LA &
{GEF IE A B . B AE 1994 4F Buisman i & & B, 247K i 1k
YOI BB R 150mg/L I, A= 44k iy i 3 02 fh 22 S A il
BEM 7 A% 5 24K T Ak BT i vk BE R IR 10mg/L B 2B W) AL
T Ryl 22484y 75 A% . SR A A W e f i A AR
AT 2 2% A AT W AE AT B T HL BT S 45 5 Il b B R
PO A AR R h SR A AR BRER D AR A A AR T TR

A AN E  (Color Sulphur Bacteria) £ $5 2% (4 &% 41 &
(Green Sulphur Bacteria) 1 45 €4 i 41 14 (Purple Sulphur Bacte-
via) , fECHEVE FI T LR AL Y A6y 5 v 7 1A, S0 TR 4
PLCO, N3z I i JE o ok A& 9, 8 Tt ae L 3%
B (IRFROLRE A FRBD AN G, ENTRZ ROLE IR AR, ALK
PRI 5 2 B e 2 SORRE 2 DG RE , RN AR W B T 2 WF5E 1
=

3 EHFAAEMHNEIER

S ZE AT B (Bacillus sp) 43 i H B9 5 FT 5 K S(Gramicidin
S,GS) &1 10 4~ 5E MR 241 W A PR AR IR 24 38, 240 I 4 T
W IR SRB M L B 25 AL (o 200 L P 3 W R, A R K
TR Ul G JE B P AT AT K 43 40 2R A
FFBR, 2 B0 H: Pkl BLJ 28 F0 AT 3 (LFE-1)  2F B AT (Bacillus
Sirmus HO—1) F1 A< 28 FAT 1 (T6-5) X SRB A W & iy 41 1
VEH o 2 FRFF VA AT EL A Az WU LU Ak 2 R TR R 0 i 2
FEFF 1A T6-5 F1 H,0—1 43 W i) BEAT B AR S I8 W] IR | W5 BR A
24 1 SRB A=W R Ul 20 3 e

4 BEAHREIER

Wik TR A, SR 20 T 5 B , 1T AR A 327 A0 A Y
T WA FH A0 IR A0 1 BE 7 0 R A G AV AR
ARIE ., BLCMESE LT X SO, IR AT AE 2d R AE
99.9% ) K J KT & A= AT B A5 A FEAE , EAAE TR

Il 78

R M S B IFA7 Rl ™ i b iy, NP W B R
DLt (1) AT BE AR S, OO0 4 7 A 1R % Hote
WA BAVERT; (2) BA MR AT U™ A LA A>T W A
SO SR, AR A 5 (3) AT A 27 200 M PN o e A S 0 4R
AR S R A BT T o SR W T MR FT BB R K SRB
(Y —Fh 2255 AR I EER B T A BV AR R
R SR PR S AR 8 B 65 A S5 B 3 B W R 1A 5 SRB
B L AT R 2 P — 2T M AR B LH R A
] T Ay PRIXE 5 i 222 0 W T A A [ o 22 1) % gk T AR AT g 6 5 e
ZWEW T TR — AR A K R B
A SRB 2y i 27 A Wk T A, G B B AR % R R K SRB
T AT B AR B SPR  HTEA AR 2 TAE

5 &ig

AR SCWR IR T fole 2B W 47 i 1R R D e LA ™ W)
i A 07 vk B S B E St R LA KA AR TR R, o AR Ak
BRI 9 A 1l FE AR DA R S A T 7 3 K Ak B R Al T i
L 25 6 B T R W A A TR A AR TR R BT S B B, AR SO VTR
T X B T7 1 A AR I BRI A TR
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