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Abstract: The increasing emission of sulfur-containing compounds has become a critical factor
restricting ecological and environmental security and the sustainable resource utilization.
Biological desulfurization technology, relying on the sulfur metabolic pathways of desulfurization
microorganisms, enables the efficient conversion of sulfur-containing pollutants and the recovery
of sulfur resources under mild conditions, offering both environmental benefits and economic
potential. This review systematically summarized the classification and functional characteristics of
desulfurization microorganisms, with emphasis on the 4S pathway, the Kodama pathway, and
related metabolic modes of organic sulfur-desulfurizing bacteria, as well as the sulfate reduction
and sulfur oxidation mechanisms of inorganic sulfur-desulfurizing bacteria. On this basis, the
advances in engineering applications in the fields of industrial gas purification, sludge and
wastewater treatment, livestock and poultry manure management, domestic waste and agriculture
were summarized, and the key environmental factors and carbon source regulation mechanisms
affecting desulfurization efficiency were analyzed. Furthermore, the main bottlenecks currently
faced by biological desulfurization technology were summarized from the aspects of strain
performance, reaction kinetics, mass transfer enhancement, and process stability, and research
directions for system enhancement through functional microbial community construction, reactor
optimization, and intelligent regulation were proposed. This review aims to provide theoretical
references and technical insights for the deepening of biological desulfurization mechanisms and
efficient engineering applications.

Keywords: biological desulfurization; desulfurizing microorganisms; sulfur metabolic pathway;
sulfur-oxidizing bacteria; sulfate-reducing bacteria; engineering applications
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Table 1 Characteristics and application comparison of main organic desulfurization bacterial®>="
Bacteria Metabolic type Electron donor Primary  Application field
product
Pseudomonas Aerobic/facultative anaerobic Organosulfur compounds Sulfate Petroleum desulfurization, fuel

oil processing

Rhodococcus sp. Aerobic Sulfur-containing organic ~ SO,> Petroleum coke desulfurization

DQ-07 compounds

Catenibacterium Obligate anaerobic Lactic acid, pyruvic acid Sulfate Organosulfur-contaminated site
remediation

Gordonia sp. SC-10  Aerobic Sulfur-containing organic ~ SO,* Biodesulfurization of diesel oil

compounds

Escherichia sp. Aerobic DBT Sulfate Desulfurization and recycling of
waste tires

Rhodopseudomonas ~ Aerobic DBT Sulfate Petroleum biodesulfurization

sp. AS-21

Rhodopseudomonas ~ Anoxygenic phototrophic/ Organosulfur compounds Sulfate Coal bioleaching desulfurization

oxygenic phototrophic
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Table 2 Characteristics and comparative applications of major inorganic desulfurizing bacteria®**!)
Bacteria Metabolic Electron donor Primary product Application field
type
Desulfovibrio Obligate Lactic acid, pyruvic acid Hydrogen sulfidle = Remediation of heavy metal
anaerobic contamination, acidic wastewater
treatment
Desulfotomaculum  Obligate Lactic acid, pyruvic acid Hydrogen sulfide ~ Groundwater and soil remediation,
anaerobic sulfate reduction
Purple sulfur Anoxygenic  Hydrogen sulfide, sulfate, Sulfate Aquaculture water quality management
bacteria phototrophic  thiosulfate
Purple non-sulfur ~ Anoxygenic ~ Hydrogen sulfide Sulfate Aquaculture water quality management
bacteria phototrophic
Colorless Facultative Fe** Elemental sulfur Biological treatment of sulfide-
desulfurizing anaerobic containing wastewater
bacteria
Green sulfur Anoxygenic  Reduced sulfides Elemental sulfur Low-concentration gaseous pollutants
bacteria phototrophic
Burkholderia Aerobic Sodium thiosulfate S0,> Promote seed germination, tomato
gladioli (Na,S,03) growth, and plant element absorption
Pantoea Acrobic Na,S,0; S0,> Promote seed germination, tomato
endophytica growth, and plant element absorption
Priestia Aerobic Na,S,04 S0,> Promote seed germination, tomato
aryabhattai growth, and plant element absorption
Halothiobacillus Aerobic Sulfide, elemental sulfur, Thiosulfate ion Application and related processes of
diazotrophicus 1.S2 thiosulfate, tetrathionate, 82032_, SO42_ sulfur-containing wastewater treatment
sulfite
Pseudomonas sp.  Aerobic Thiosulfate ion (S,05°) SO,» Resource utilization of livestock and
CN2 poultry manure
Pseudomonas sp.  Aerobic Sulfide Thiosulfate Treatment of sulfur-containing organic
C27 wastewater
Thiobacillus Anaerobic H,S, §° SO» Treatment of wastewater with low
denitrificans carbon-to-nitrogen ratio
Acidithiobacillus Aerobic S,05%" S% SO> Treatment of acid mine drainage
ferrooxidans
Bacillus sp. Aerobic s? S40¢% Biometallurgical environmental
LZB5-6 remediation
Sulfur-oxidizing Aerobic HS™ Elemental sulfur, Biological sulfur resource utilization
bacteria sulfuric acid,
SO,
Thiomonas Aerobic Na,S,03, H, Sulfate Treatment of wastewater containing
sp. DCM-2 reductive sulfides
Desulfovibrio sp.  Anaerobic Organic matter s> Heavy metal pollution remediation
Thiobacillus Anaerobic/ Hydrogen sulfide, sulfate, Sulfate Biodesulfurization of coal, acidic
aerobic thiosulfate wastewater treatment
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TACAE 0y ] 5 0 7K 1 e TR A R AR A Tl TR A B
15 K= B = W% R (adenosine triphosphate, ATP),
NSRRI AE K o SR Kodama 372 A9
REAE A HLER AL ) h SRR R e B s 2 S
REf, SCIBICREME . XA A VLERTE e+
SRR S 5 b B d 2 S0, (BAE AR
U T2 T Uik S5 A B A AR A R
R FHARNT Z BRET,
2.1.3 DBT F{LEMIRE

Bk 4S 148 Ml Kodama & A5 45, B F77E A] 5L
B DBT Wi S AR AR 1R = RO
T —# DBT AfbFEfEes, DhonBt vaig i i
FF I (Cronobacter turicensis) VR EHE; ZH E
Jctt DBT iy 20 B AL iR, SEiw) 28
A 5 B TR G SR T RS A PR A T i AU
TEER, e R B IRSh ak,  iE—2B AN
IETTkE. 4.5-THEELEE Y, w2k it
80% (1) DBT &AL CO, Ml HyO;5 iz A28 1
DBT e R Sk 7 i [R5k, R ER
B AR TR L
214 BT REIRE

FREFXT DBT MR RN, IBAFAE—
SR S R AL W) A A . Bl A, ZLER A
(Rhodococcus sp.) ECU0066 1] 3 13 “ B ik A %] FR
AL R AR S0 B A T 2R AR ) B A R AR
AT, 2 B 3 3k A7 ik 1] SV AL I AR i AR T8 4
S SO, A Tk 5 IV ) e A A TP SR
PR o RIS AT LB ALY J Bk, i AT
JIREA B Bk 5 1 Sy BAT 245 T 0 T v TR AR
873 H A ) AR B R TR 20 27 A TR
AEN FHAME
2.1.5 HMmBAEEE

P B B (Alcaligenes sp.) SY1 HE#E UL H A7 ik
M —BRIR AR, AR AR SO, HESE B
RS Fezakteh, W I e P 3R 5 AL T A Ak
LA TR R R, BRI TE A SRR T
Sy & A A AR N A R Y 3 U B (dimethy ]
disulfide, DMDS); /7 DMDS A] it — 4 il & —

A, IR H R AR R AR B T =
(dimethyl trisulfide, DMTS); ZACHHRRIE R T
2R YEA VLB AL & P 7E A DR R i i 4k
A
2.1.6 SHMEEBIKBEE

ERF R R T, 5l imook F 2
DA . A WL S R k5 I e e, Horp
AL Z LA S B 1 BOE XA AE s SR AR
KI5 7 A A R (0 A 2 R RN
FR), 3L HE IR 78 DA 45 18 N ml itk — 20 A2 i
H,S. WO Y5 A A B T ) A% 75 e Hh 43 S A5 5
& T 1 (Coprothermobacter sp.), W55 3B DA
P 2R A P ) B 2 TR 7K i B T Y B 8 (- SH) AT
AR ALY 5 T B 2 R K A A )
i (—S—CH;) WA REWOZ W AL 56 AL e
Wit — PP IS S5, bikaR
FWT, ARG o FE PR AE IR A S5 T B R AL
WA AE B 25 22 00 o IR AWIFIY & i & SE 1 1) AR i)
FEAR XS TR DR TH AR R b AL = AR R
AEEE L,
22 FEHESmARHIER
221 WEREIEFER

TR ER I J B AR S B R £8 14 57 & (SRB) I A%
Dags =X, WEHek bk 2 EwAR
Wiz —, TERREIESH S AR L 7
W R R AR R LI ER £ A i
T2, FEEREASRM T E A E A PR (A EL
FiR . DRI PR 56 ) S L IR AU IR, AT 4 A A4t L 4=
K5 R4,

wniE 3 feos, BRiRER L RO R o4 T B
MR IE . TR et
o TR R R 05 AL B ] T M FE ATP, s H 4k
Ay R -5"- W Bk A% 2 (adenosine-5'-phosphosulfate,
APS), PIAFHE W& 1E; FfJe, 78 APS i )5
BEfEAL T, APS #I4 Ji AE B A 2 R AR —
%2 (adenosine monophosphate, AMP); VA iz £
JEZIRAS N S R A, 7R B R i i il
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Figure 3 Schematic diagram of sulfate reduction pathway.

YEHT, a2 Eid 5= yiit, &
LA AL R A R U S 2 R A R
KMFE SR AR AR oo, BRALEN
%), HTRLKETAVIEY A RE; N
R F A AT, A BIR £ 10 IR 45 20 R 1) 4
A A A B R A A, () b R R T AL T T
FE2 M re iR sE, iz R e = A
XA R, £i8 5 1 mol HifREh 294 A 1-4 mol
ATP; JRUERERACEA R, fEiZ A SRR
LR T Z R A LS F, SRBABEAR
ZACH RS R S A HA Yk & 5
BA—@#E, B0 548 818 ki 4
JEm AL, [WEHE AT VE b EE B SR A L
WK YR E B AL, T A SR A B E A h
T R E R A 1 SR -8 JEAGERE
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i S AR 1R S AL R 1 37 Sl W A A
TALRALE D, I A R B i fb 2 1k
HF CO, [ S5AE & i r =, ik
rEAR BEN LM, EESURE LT
EFFLO,

mE 4 s, EEASET, HS #EiEN
LAY, 1640 A T2 1] P 22 6 SR AL Bl (sulfur
oxidase) A T R, B HL 7 B4
WEIEE , B SSTsh #8913k sl ATP A il Bl
Jo, A R G R B UL s AN, 7R
KU (sulfur dioxygenase) ] T #F— 4 F 4k
AR R AR,

B R A6 S Al 2 B AR A A i v 1 S R ER T
FEARE 2 FC L. (O)EAREE c Ak
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Periplasmic space

B4 FEREGHTSOBIRHLHIEERE

Figure 4 Desulfurization metabolic pathway of SOB under aerobic conditions.
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WA, G RRER7E APS I 5 i 1 13 2 i
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FHUR AT A EOLGEN, KAty
JERSE I HDCRGF VMBI SGEh.omior
REE B R BE e T, IR P stiatr, [F
% T RS S R f HoS Ukl S° 5 SO47 . 1

R R AR TR AN UL AR B AR, S
BLAE B AR A8 R AR O Al R
CO, MiRIR, REMESCEL A FRA K FETOLFRAF
D) i PR AR el R R A D A T
Fr A EE ST

XEFI AL A, B AT A
JHVAH TR #h 5O i FR R A il 132 1, R
SR S B AR o 2SS AR TR i 22 T R AR
e ey SO 5 S°, B HLFHE AR
AL TR R, A R i P TR R A D Tl A IV
PRELIE IR EEEAL , AR ER B UL I AR
AT & SR KA B 5 B SRR A - B
BEH T BAE R ESS TR L.
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Light conditions

E5 REFMHTHESOBRMBMABREE
Figure 5

Dark conditions

Desulfurization metabolic pathway of photosynthetic SOB under anaerobic conditions. Sulfide

quinone oxidoreductase is an ancient riboflavin protein and belongs to the disulfide oxidoreductase family. The

main function is to oxidize sulfide to elemental sulfur.

RFBRAEIA I R I KR AR, SRR 2
SHIE SRS RBR, ERRETIA B A Y
B A7 AU AT AR LA DI RE A AR . BUR —H 1 i
LA ISR, HAEE FRACH T30 JRDA)
F L AR B RS 3 IO A 25 5 T AT A 25 57
A PGB B 2L RE IR, Al BERRAT HLAR
YRR ER s AR I W 2 9 AL RE A
Fel, 38 JCHLER A ) S AL D B AR AR R
Hho R 2 REHRAIBIE R A ZERUAR A
{ELTE A= W Ry o ot R v S [T A8 1 A e 1 1t
AWk Z AR . Sl S DU B 2 Bl B T
(57 ), BRAS SC R IR RE AT BE B, N3k 3
7R

3 PR RERR

3.1 IRERTF SRS AT
8 B T 1 S 5 R A R 1 FELA 2
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SRR DTRG0 R T 52 M) BT S kT 1 1) S
WIRSH. — RS, R BB R A FROE 2R
KA 30-40 °C; i Bl 7 by 5 BUR 1 AR
PRI, TR it DU A 3 R Al e R b v A%
BBROR; pH MR B E PSR T, KR pH 4
RFTE 6.5-7.5 YN, WA e AR 1 S5 RHHE E
BONFGSE s TRVESCIE P BIR A O Al 4, weipt
P55 U AT e A0 o e S A T P

JE e P R A 2 2 4 2 TG A T 0
E S AL WRIFERRE S . TN, B
L T -5 MR il B B R IO A W I e
HAb A4 6 2 AR AR SR . B, e
BREBACTRBRATIR B (Acidithiobacillus ferrooxidans)
AT Fe Ay v b, T 2 B300% 192 6 388 JiE 7
(SRB) TG A AR B U5 v bR . B At
LA T A T R BOR 9 AR g LU SR AR . WFSE
FH, RLAR/NT 250 H A9 A Al 3 52 T
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%3 BHBRES TR RE &
Table 3

bacterial®+%°!

Similarities and differences between organic desulfurization bacteria and inorganic desulfurization

Properties and Organic sulfur-removing bacteria

functions

Inorganic sulfur-removing bacteria

Electronic donor
lactic acid, pyruvate acid

Metabolic type Chemoheterotrophy

Oxygen Predominantly aerobic, with a minority being
requirement facultative anaerobic

Metabolic 4S pathway, Kodama pathway, DBT oxidative
pathway degradation pathway, thioether asymmetric

oxidation pathway

Main product Sulfate

Fields of Petroleum desulfurization, fuel processing,
application organosulfur-contaminated site remediation
Representative Pseudomonas, Catenibacterium

bacterial genera

Commonality

DBT, sulfur-containing organic compounds,

H,S, s°, Na,S,03, lactic acid, pyruvate acid

Predominantly chemolithoautotrophic, photolithoautotrophic

Strictly anaerobic, phototrophic anaerobic, facultative
anaerobic

Sulfate reduction pathway, sulfur oxidation pathway

H,S, sulfate

Aquaculture water quality regulation, sulfide wastewater
treatment, heavy metal pollution remediation
Desulfovibrio, purple sulfur bacteria, purple non-sulfur
bacteria, Bacillus velezensis, Citrobacter, Halothiobacillus

Engage synergistically in the oxidative and reductive phases of the sulfur biogeochemical cycle, the system

facilitated sulfur speciation transformation, with all strains harboring key sulfur-metabolizing enzymes;
delivered cost-saving synergies when deployed in co-treatment of sulfur-laden biosludge and combustion
exhaust gases; these acidophilic, alkaliphilic, and halophilic microorganisms exhibit extreme environment

adaptability. They significantly reduce desulfurization costs compared to physicochemical methods, while
offering lower toxicity and enhanced environmental sustainability

iy N o BB SR TR A LN i g RS
DIRESR IR o XF T8 Iy 2 52 A B Ik 20 7 19
MR R, T 2T AR B R A D7 T S B
BB, P DERHE LT I 22 4 43 I R O

B8R AU T AR RS 1, iR
BRIRRE Y | 5 SR 2 SR b A R 1 8 42 4
DIARG o Bl PRAE N AE 530 5T A% 0 oK TR
ek AN SN U SN IR (0 3P g & T
SEALIRARTERE o A TR BR Y53 Ak 9 5 4 Qg o %)
U B T 57 A A S R o R R D AR
] b P g TR PR AL ATP, (Hd S B A W )
BB R FR ST 30l B A AL BTG A . AFIER I,
R 2 A PR o — (RN, BRI Y
BRI, R S R85 R 0
pH ZBALAT ST, FURRAIE A A HLRR, 7T 4
R EAL Ty S BERTE A, FACH ™ Yral
=2 SRR, SLIR- GRS S

SCE R, CRRAE R EENR IR T HEEA L
TR A A s Ae, DT sk G AR e i o [B) 7= 9
()R Al s H 24 R e B ad mr i, SR g
HURSEAR R XUZ 254, 4R R ARsET R0

B WA I R = 4 %o Mot 2 A LA R 80 o
H,S REJRIRARLZ =), B fEEY R, M
W E R, TS 4 EE TR RUITE, HER
A S T A RO A O il A G 2 U5 T R A
JEXRMET, HoS nlifE i LA LR ek, il
iof ORI R TR AR . SR, A LR
FUR SRR ZR pH, AT 300 ) AH DG AR 155 il 7%
PEo filan, LR R SR Y Gl pH ol 6.8-7.2,
MIRR pH R 6.0 BF, HIG MR E TR,
52 B DR ORI SR LR
R RZ—, SR ER CO, # AN
IFI 1, R AP IR A% o 0 3 I B o SR A 5
R
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RIS T 5 AR . TR TR T2k
DrRlA S, DA R e A 2% . RIRIE SR
HEZWMERAEYEMRES CON P, NH 1E
FEHARE, AR THRE AN CON K, Y
C/N AT 10:1 i, TR 56 3 e e 5 i I g
i s 4 ON s T 25:1 BF, RS2 RS
P A KL

TEMME IR I, Fe*'5 Mo® iy £ Fh i
T Bt ) B B T . Fed TR R — T 4R R A
0.1-0.5 mmol/L yu [, DIRBEAIMIEE ¢ AL
W I fE ; Mo B = W m] i S B AR XK T
RO T2 AR IEEC AN AT 280, 2L SO TN
2 iy FL - AZ AR B I 5 e Y AR AR T A Y L R A
R A= i TN NG R R U I ) i
A FHECR TR,

3.2 HIDHIMES BT B AR B E M Y 220

JLAR R AE S PR R 2 B AR . P
REMHEY R TP, =4 nl ok i R 40
JROZ5A . 0 S B I PR S T R N
AL AT RE. Cd® . Cu* T
S EREEIREE &, oA B Sk 1 in i i
M, SEMEAY R . PR, Y4 CdT ik
JE M 3.5 mg/L B, R A 5/ BT 200 B 5 e R A
FZA, ATP G BRI B RS

130 N s g T R ] U SR S RTINS T e gl
AR R A G, DI A A A il I S A
KA BT . i, Cu®™fE 1 mg/L &14FF
BT fef 350 S P B P A AR AL TR R AR 35%, 1%
M SR ¢ FALEEI T % YA S,
4 JRIA N8 i Fenton S W r= A= ih E 4,
WP AR S TERRRE ) . SCR R, 7E
Cro Wl R, AT 8 S Ak 4 5 AL i (superoxide
dismutase, SOD){fi 1 TR 60%, Aot E Ak
BB 2.5 £580

PrAEROES THEA TGN, B
25 K0 K A i) A5 8 B 5 e 5 A R D) RE . PO PR
RAPUAERE S SRR RS S, FHWE
ffi RNA (messenger RNA, mRNA) 5 ¥4 iz RNA
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(transfer RNA, tRNA)FC X, $100 ill B 2% 4E W
XA, ERR - ERAE 10 mg/L WP T Al i &%
R BRE B 2 A Bd R B S P A R
AL A 2 M B B 2 8 AL, 3 = 1
Wi, Flan, HEZE B Al H R E P Kk
SR IEIN 3 A5, AR IR B B A i
2 25 )38 3L 5 e R ) — A R A e, BH
Wiy O & PR A BN, T RS e H AR B BE s AT .
SCHGHEPA e EREYE 50 mg/L AT AT fdi i
BRI SO I JFRREAR 50%™,

4 AN BB B BT o8 Bt R

41 EYRBEARAONAMRKSHAR
HRE

A 0 B B AR A T A5 s ) 197 ] R B
BENRAMES TR, E0E TR
R B B A2 E P R AR FEDRE 3 B Ak & 0 e 1k
Sk BT AR SR R AR, T S BTG e ) 5 R
BT
411 TAUSEMIZRARETIENA

RARF AL, BRR EBR dR
A= Wi e 3 T I 2 4 e I N A U 315 IR TR
(29D 60%),  FF AR o PR M 25 4 (pH<1.5) T &
FRINEEElT; ZT AWM T HS IR 2
B, 400 T 584 BRI IR0 T o e
(30%—50%), AARIRH A Wik AEAR 2 FE S ke /N
A5 T A 3 . AH 58 TR AR Ol & R R
SRATE A W) N 2/ b 5 AR AL T AR A
JEUBR T, o B HaS FE AL A B/ R ok
B/ ALY, %A P U8 B A o 3 TS AR g 3R AT
AREBE HoS, TEA WS K 1Y pH (H i &R R
fE 1.0-1.5, GisA L AEIR R, BEUSTERR A%
TF R 2BR HaS, s A A fbiz e,

BB AR AR E R, T A A A
A BRAS Al I o TR B (D5 LT 35 F)-
I B R B R IR R, A D HLS R E 5
il 76 2 mg/Nm’ DL, FFSL A HLEE 30%-50%
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M WE B, W G B B S (desulfurization and
decyanation sorbent, DDS) 4% A , £ W Ik - 5= -
A Ak I e S BB Y B Ak S e, (R R
fift <185 mg/Nm?3, H,S<5 mg/Nm?, A HLA I B
HRo ik 50%, BT @R A B 38 2 KR
WLl 5l B+ e A w] SRR FE ik 5
B ] 2 Bk T SR IO, 22 1o Hh ) e v LA e A
TALSHHERAL Y EE T, BEHEFEfE AL A4
SIVE T FEfE HoS R ML, LI TTER
FIESRERC, WAL & & oML R
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P 54 TGS T, L5 EAE UM%
SAHLA FRAA /N A 5 m AR YA T 2 A0 28
PR KATAE TR, K HaS H 14 000 mg/Nm’
R %5 200 mg/Nm?® Jf- [ = 4 B R, 3847 A%
REEAIRATIERAR 30% LA b, 22 T 3Ll
W5 A BT 8 5/ B A SRR AR B, B
5 B SIS T 08 R 1 -5 ORI A A 0 I A
B, il HoS 1 1500 mg/L [ % 16.8 mg/L, FaiE
EBRFIL 98.88%; XA ME TR H AEHS MR ICHLAR
R EAL AR o kRt AR i A X R B 5
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42 mg/L, BBLFE>96%; BRI T LR H N 4
Vi UE 8 AL TH R BA RS SR A HeS,
J& TCAIL B i A8 1) B A A ot R . R X R
BV VT ALTR A, A5 SOV Bl A A vk
WP AT RN AE T2, FiEA HS
A 4 125-7 425 mg/m’® iHE R <27 mg/m® . EFHFE
ik 99%, % T2 AR RN g AR & A AT A
APk e A L, EEA AR, BN
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HSCEE T e 95.3% M ABRR . Tolk ikttt
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S 100% Bisi, AL A OH™, AR
TSGR BN TR R, A9
- B AL R 2 5 e = DL BR 2R AT 3K 96%, T ERL41 4R
AR B3 94% (Hz T3 & s A
B R FH It 806 FT &8 (Thiobacillus denitrificans) 1

S5 HRE S F W H,S, B H,S A4k TR,
MR A EED B L, RV E
BUMSE AR s . BRUTEVIE 2 50 B
AR I 3 X 1710 1 s 7 2 3 N =R e 1 g
A 2 T 50 E .

WAL TR SR B, XIPR DRy 2 T I
W AR VAS . VIR RSO E, X
B R E S LAY HaS Al CL0 28 BRI 43 5]
A HS . COs> M HCOs, Hirf HS 7ERTASAFT
FMASNE T HACHTR TR, BALSEEL T HaS
T 100% RabRotf Il esins, FHEH 2 CERTE
Y HER PR UEY , B T ISR AR BRI [ i O
Hi. RS, AR s T AR B
A BR S AR N GA - A Y B R A T2 1
VRS BRARAT R, BRAEAT P S VA T HLS &5
&, GWSIE AP S RLA R HoS HR BB LA
JCE ML B, B s B <R HE i, K
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SCOT)3i A [l OB P42 i k2

T VR Bk 5 | 2 ) R TR, o ik ok
RN IR AT A T AR e, i
UEIE L AT R A LT ] (Pseudomonadota)
I ELIRE T (Planctomycetes), W AR EF ISR JE
M 10-11 g/m?®, X4 15 L/min I, —2¢4E9)
L EIE KT FR B 1) B B A R Tk 97.6% 5 FE %
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AN CO, Fl HoS, Hn it R LA R AR B F
L SR 2 e . MR-fUE A 5,
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MR EE SRR, AT HS BB (Y
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XU BIL S vk v T A RS B IR AL & F R
AT 75.87% BRI, AR S SEUR L
TRk, AR REA s ST LA
SO, LAMLSE LR A4 iR 5Bk . W T
T, ok i AR DG A5 i B 6 N AT R R
(Halothiobacillus) ZTLH, FEh41FF SR H
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T Mg s-AE AR AR - I O — R AR TR S Bz
P AT e SRR E e . B X B S K i R
R SR T A AL ) S BUAR R B TR
), 2RO A W AR B AR,
WAL 2.0-4.0 mg/L 5% 02 mg/L AT, %
W R 2k 90%, 38 3k 3% 37 Bk 1) fE TRl B M 1 5
S AT 751 A R S A0 I TR 1 A A R B 5 B 1
H,S A A A FER e, R T4y

P4 actamicro@im.ac.cn, 7 010-64807516

J AR A T RE A T o o

TEWEE 5 K Ab 3% RGBT |, PR
JYUO3E 38 A Wi U B 5 RS NI O R
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