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Abstract: The complexity and variability of marine environment make marine corrosion an
increasingly serious global problem. Marine corrosion not only causes huge economic losses
also brings serious environmental pollution and personnel safety problems, becoming a key
problem that must be solved for marine economic development. According to statistics, 20% of
corrosion in the marine environment is caused by microorganisms, which exist on metal
surfaces in the form of biofilm, mainly including bacteria, archaea, fungi, and algae. This paper
reviewed the research progress in the four types of marine microorganisms, involving the
species, community structure influencing factors, and functioning mechanisms. Furthermore,
we elucidated the influencing factors and summarized the mechanisms of the microorganisms
to promote or inhibit corrosion of metal materials and introduced the prevention and control
methods of microbial corrosion in the marine environment. Finally, we discussed the trend of
research and prevention on microbial corrosion in marine environment, aiming to provide
reference for the study of corrosion mechanism and the implementation of corrosion prevention
work.

Keywords: corrosion-causing microorganisms; microbiologically influenced corrosion (MIC);
corrosion promoting; corrosion inhibition; corrosion mechanism
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U4, T a6 AN ARk EE )2 TR i
DESATR P& 5 R IR . (RF9E AR, BRI AE — Bt
FIF 1A P A A RS AR 5 B ) WP I SIS T — 8, AT 3
R B2 B A E AR W & AR A8 Ak . U Lee 2P
KA 2R TK 0-9 h J5 , YIRS
AR B T & (Pesudomonas) . A s K11 &
(Acinetobacter) M52 s H il 1 )& (Alteromonas) . 9%
1M 24-36 h AP OLE G A A 1 WS Ayl
A%, N Loktanella . W3R & (Methylobacterium)
L YEAT 1 I8 (Pelagibacter), Li 525 52T

Fz 1 BHEMEPEAREBKFERSHEM
Table 1

= 8 AEHN 6 A F BN B 2 FE G i AT T b, 25
T BH W 6t K 5 J& (Desulfovibrio) . JRARAT & &
(Desulfobacter) 1 Bt & M Ak J&
(Desulfotomaculum)} 8 ‘ML RAE, =& b
S RELR) 45.87% . HARIGRINRE (Desulfovibrio)
FILERAT 7 )& (Desulfobacter) & 6 > FH B )AL
J&, EAL L B R 10.1%, 1290 6 A H BES Y
T ZFEPEI] R TR 8 AERRE AL bR T AL B
FEA I TR] A, A W IS A %) 200 TR R 2 A 5 3R
B R K 4w A E R M OC(F 1. Li 5P
WIFE R B, Tl S IR R AR, SRAET
=B AR G IR TR AR TE T TN
PR 2 AN ZREERT 22K 44 4~ HE I,

Bacterial diversity at genus level in corrosive environments

Metal type Processing Sample source Method Dominant genus References
time

Carbon 24 h Georgetown, S.C. ARDRA Roseobacter, Alteromonas [29]

steel (33°20'N, 79°11'W)

Carbon 72 h Georgetown, S.C. ARDRA Roseobacter, Cyanobacteria [29]

steel (33°20'N, 79°11'W)

Steel 0-9h Sacheon harbor T-RFLP Pesudomonas, Acinetobacter, Alteromonas [27]
(37°53'N, 128°49'E)

Steel 24-36h  Sacheon harbor T-RFLP Loktanella, Methylobacterium, Pelagibacter — [27]
(37°53'N, 128°49'E)

Carbon 1 month  Cherbourg Harbour 16S rRNA genes  Oceanospirillum, Vibrio, Marinobacter, [30]

steel Arcobacter

Carbon 8 month  Cherbourg Harbour 16S rRNA genes  Desulfovibrio, Desulforhopalus [30]

steel

Steel 24 month  Gulf of Mexico [llumina MiSeq  Desulfovibrio, Pelobacter [31]

sequencing

Carbon 96 month Hongtang Bay and IMlumina MiSeq  Desulfovibrio, Desulfobacter, [21]

steel Gulang sequencing Desulfotomaculum

Carbon 6 month  Hongtang Bay [lumina MiSeq  Desulfovibrio, Desulfobacter [21]

steel sequencing

Copper 44 month Hongtang Bay Metagenomic Woeseia sp. [28]

sequencing

Copper 30 month Hongtang Bay Illumina MiSeq  Lactobacillus, Helicobacter, Pseudomonas, [22]

alloy sequencing Oceanicella

Aluminum 30 month Hongtang Bay Illumina MiSeq  Bacillus, Ruegeria, Candidatus, Arthromitus — [22]

alloy sequencing

Carbon 30 month Hongtang Bay [llumina MiSeq  Outer rust layer (Desulfotomaculum); Middle [22]

steel sequencing rust layer (Desulfonatronum); Inner rust layer

(Desulfovibrio, Desulfobacter,
Detaproteobacteria, Desulfotomaculum)

ARDRA: rRNA gene restriction analysis; T-RFLP: Terminal restriction fragment length polymorphism.
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PR X 4 B ik g m O, S AEsk . ATk
BB, b TR TE 5 AN TE A [FI PR BE rh 1 ok
HFIEINAT B VISR, 1 e %

<l actamicro@im.ac.cn, & 010-64807516

Tl A= P ey T R 2 R e A R 0 TR SR
TAETE TR T R v, L 2 B T Y T
BT, Usher 25036} 74 88 i [X B4
IR PR IEA T T RIS, 45 SR 22 B A bkt it v A7
TEZ R AR A T, LR b T/, X
LAWY 77 BRI ot BT T R A SO B Y T el )
FE N & Vigneron S5 B BT AR
Jilt PR AL B AR IR A A T TR AR R E
BERFW A A= PR il b B B 28 O
5 FhAS T[] A 77 B e i 2H 0k, BIH EAF T H
Bkt Bk BOH
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30 AR 3 FRFEIEE G4 fE S HIERIN)
AR AT TR T T AT, BT A R R &4
R Ea LA T 3, DEYE At
(ammonia-oxidizing archaeum, AOA). MVAHIE T
(Candidatusnitrosopumilus) . AN |2 HH R TR FETS
U REEmh £, SMEE UL ™ ek iE
J&(Methanococcus) (53%), HIZHLEE = H
YEBR T & (Methanococcus) (13%), W) ZHIEH R
A ERRER T J (Methanothermococcus) (67%) o
UTAESR , A L 58 X TR 0 ek e A T
TR, S B RE N < e R e ) o R A
BET T | G TR R R S e e T
g B T 32 8 DOV R R A5 R 45 )2
Hr Bk, SR A R B A TREGS W ik 4
R V18 T o, D e ey R 5y T 0T ke 9 T T R 1
/05 SRB AHYP, 5 BG4 AT LA A
JRRAE R 7 B e A P TR B s . MICH
Liang 2% 3 Methanothermobacter sp. 7] LAJw]H
F BB U RSN VA BRI, s e i 4
Pl Davidova %PV B, BT Thermococcales
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sp. RS FE IR AU 25 14F T8 Fe IR J50h Fe*, [l
PR A MUAB IR , DT A2 Rl B A T il
AR, — A T A = R B O B v i g RS
Natronorubrumtibetense RE )4 @8k M B IR 2E M
fEHE Q235 WRANHI 304 ANEHARI Y JEF o 4-4247),
13 HE

FLIA A H AR Gt i A 7E 1Y AR ) . H
TR P R 22 AR RE R 2 Fh o i), C 5T . B 1
A HEAR, R ARk k™,
EATRTAFER SR pH (EVE B N A K™ [Fi,
BT TR B A R RS , TEX 40 TR R Ul
JERARAIE O T AT R PR ARG | IR BRIE T T
A0 FETRE IR MR, ER AT RE R
A i £ SRR KR4 B R
BRAY . AEBRAIER Y MIC H#s & A B

FLI AR R | & A AR, Horp
B DRV T P T o ) M A ™ R, B D Y S
SLHEBA SFReEM R M, HX R4 8 b
oA S8 ik ke 1) ) 2 R A M U AR
ARERX R BIEMAT R RS Z .
KRR, Rt Reas W] R AL i 5083 B e 4: .
7075 B a4 e AZ31B BEA A5
KRB AZ31B BES G MA RS 1
ARV o TR AT ARG SR 7 A A BILIR Bk S Ak
H B0, xS HLERRE AT L5 | A A o
TERL, oAl DU Sy oAt — 2 Ji b M At AR 1 (A
SRB) 4. ELTR AT REAE WA KA iy 1 59
VE Ry i Gy R | TERE M Il v ik 2 &
Wyt 77 A A LR 15 BT Rl B A Jm S FE ol AR
A eAh, fERRIREE T, B AT L
HFEREA, AT A SRB S5 RAMA DB R
AT o (RIS, ELTR I8 A 20 RE N A3 i i A
R4 (extracellular polymeric substances, EPS)
W BRHFE 4 B, AT DATE R b R
i, AL DUA S = g e, R, FIH

Bk, A RE X 6w B i TSI A 5808
14 GEH

ARk, & E IR & — A K
ARG, Hods R B2 5 i 2 R i %
FHISN CRE BES IR A 4 S 3R THT AT 5 R A TS
PO AR R R G — A R Y
) AN, AN 36 I R AR AL 3 T RZ) 10 12
Fonl P, BRI UE YT I E R 2
— OO ARl R v, SR P B A A
KR BRI HEE AN, w] LRI g
AR A A s SOk, B R LA X 2L 4
A AL S P A 3R AndEAE R AL
BIRAEIS), XA B T SO A Y i A
WU ERN RO S e AR,

WA B B A, RSN 4 ol
A FRR TR E RN Ak, A G
X 4 Je T T e R W ST IR A HGE . WESE SRR
B, B4 Jm B Tl 9V 5 e i R 2R DA
Ko Mert 2GBTS LI, Spirulina platensis
7E 3.5% NaCl ¥ REA R0 P3P B 9 ) T e
FRARI I phad R . SR, Chlorella vulgaris 455
MEETE 316L ANFEMEI L, X 316L AFENAY
JRFR I R AR AT Ak, BN AR
B V15 46 JR I R St A B UK &R o Dong
sz S pE 98 T Phaeodactylum tricornutum }
Bacillus altitudinis (/A EAE XTI A VE R, WF
FE 45 A3 W20 B R 2R AR P T el AR 2
20 T SR TR R A TG 4 A, T ELB T A 4
J& T RE R — R 2 HEFR], AT RIS = MR F BRI
PE, IR A5 g . e B T I8 - Wy T 3 -
T JE - AR A B S IR Y A AR A= W TS e L
R SE WA R B AT 30 2 8 JE A9 VR T
SR, Dong 20915 Phaeodactylum tricornutum
I Bacillus altitudinis ¥ HAEFXT 304 N
Wi B B 5E A5 R AR, 5 RSN Bacillus
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altitudinis MG, WINT Phaeodactylum tricornutum
(1 304 AEEH 9B Md R ERAR T 97.7%, JTRIT
— T R AR TR A A R BN B B 2l Y
RZ o AT LUE ), T il A B B PR RE AN Uk
TG-S AR AR, T L5 465 %o g ol
B B M RE oA S 35 AR 22 R VR T A A
HAE X AT 42 8 7= AR 00 b 22 55 1 AR AL
B, AR EERREE

2 BRAEMR AR AR AR R

TR K PRI P A A DR A DL PR IR 2 1Y
FEXAFAE , 2 Jm F2 10 A0 AR 0 By 257 A ] 1A
RINERAEYIRE o BN AP A Wb A K %
H, AP EURE A RPN 5 S SRR R PR 05
W5 A, e pH, #fRA . BT,
AIE RS R ARIBTEIRE D, SRAEY)
T e 2 P A ) R ) e B Bl T A — R B R AL
POV E . GRS S A MIR E R fk, A)
I P Bl A 0 B Al T A 1 3 B = I A R TR 25
145 Ja8 T 1 P AL 2 SN R DO T A
S 2, TRy T LA T oot 8 v k4 XA
I s s ] ok o A W e e R e R Y
A P40 60 JE3 ke ) B G AR b Bl2E ) % Al A

(microbiological influenced corrosion inhibition,
MICI), TEHFFEREH, MIC/MICT & — B

3 ek A 0 R JE oke y  ) J RT E A Y 3h A ad
R o LB W R P o S s 40 0 el 4 5 46 s 2 i A
5 ITEE RS (EPS B RN IR EE A5 155 A
EEm YA,
2.1 REEEM

i E R A2 i G R B T AR W R 2R
SRB. FOB. SOB. NRB, j*f&#i(acid-producing
bacteria, APB). Methanogenus. 7=k (slime-
producing bacteria, SPB)% . X 46 A= ¥y oo
CAR A ) R PN A 25 ) S5 P 2 B B VR L pHL EL RN
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AR KOS5, S E R - T R AR ek
ARUZTE S B A AT DA KUAE 45 I AR =4 A TR
51 & Fshse MICP,

IXLETYA YIAE 4 S 2 1T TR A W R 3 7
TR, HEEREENE— R84 e s
P, WA RIAHERS , 4@ 2 m A P Dy i SR
BN A BIIRAA, X AT RS 33k W5 D9
s HACTRRAS, AR M, Jl o1
IR T AR AR (1) R AN hE
FELJRRE, (2) AL IER EPS ANAli
HFftE, 3) TERAEMREZ, 4) FEiRENEY
2R, (5) AN AR SFe T 2 . 2
APIRREA KRR BT B, TEYI AT EPS WAl
ATREARY)—, XETEEEIE FA YN %
ABE), RS R LR E YIRS, (R AHAR
X4 R AL R TR SRS, TN
A BB S BUE R FERRAIR, TR AR
W2, FEUF MR, X R AW ZE R
ST, AN, A5 EPS X 4@ Y ik
VEF R RIR ] ZAL52m . EPS 2 Ky
AEVFAR, BARATE, ek iErka G W
B BHE P, ik, EPS ] IR R
H&EZMMEFRHRE R, HaEmh 12k
IR, SRR R N 235 R B i 2ok fk, DA
M ANEEE . Dong BT EE R, B4

1 EYENERHET

Figure 1 ~ Stages of biofilm development!”*.
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2218 - Vibrio natriegens 831473 EPS Y54 @ B
FoG, dEmNEE MIC. [FRS, PR 54h
FABEHA BB KRR, IR R PG
AL S 58 el o A0t 32 e fn s e
SR B Pk VR PR T . A IS YL
iR Em KT, 5, R T YR
SIS RRRRESE ,  [R) i fin A R R A
SRR SRR IS PEAR Yt A, 3O R 3 TR i
ARSI . 55— 7T, Il 80T st
FfipE Alcanivorax 1 Marinobacter AL, 1E
AP T SRB, KT HEER
TERR, B F MIC SZEMRIZE . RSN
WA BA BERCR, SEGCEYE R HLRE
SO AL, BT RS R EIR AN, A B
T AT VAL G S Y LR, S s
A, A2 AR A W AL ARG S B 1
H AR A W R o 30 S5 i T 4 e T A 0 S o
HLHL,
2.2 TR o
BEE DS ITR A, R BRVT 2 ) 42 )8 i
B A P HAE A, A0 Pseudomonas spp. .
Serratiamarcescens

Shewanella  algae .

Shewanellaoneidensis . Pseudomonas flava .
Bacillus spp. 2% Vibrio neocaledonicus sp.J&
JISG P A ]2 0 i o 3R 0 o T A K 114 J Aol
R ERAK, NI Vibrio neocaledonicus sp #IA
Ry R JE AR 7 B AL, Stenotrophomonas
sp. Al LA Xf i R B R AE O o B
Stenotrophomonas sp.7E i 3% 1 I JE 5 2E W) 15
kAR P ] T RECEE 210 EPS, JELEA
58 Cu(IDZEGVE R AWy, A=W IR it
Frp Cu(ID A I Jt ik B 2 i A A L FR A AT
T EUE D 2 BN, AT LU R ]
Jig e

AR E] EPS AT DLl e PR B A N AR T
1) BH 85— 1 308 Jm i o s, (R EPS 19
I 2 DR B b A K B BE AN A K IR BE A AS [R) T &
AR, X B 1 S L R AT I [ B8 AR 1) Y 5
Wi, SXERT EPS 414rAOWeE . effiaE ). H
fif Je = AE 25 RS R — SR oM A B, o
SRB, TEARFLAE T/ ER EPS X4 i i)
AN . Dong 25T 45 KW, —Fh
REHE SRB 7= AE /5 EPS B2l g i, H 2
PGl R BPS B PRV ARE FES, ik
BRARC A, DT T sk e 49 10 3 ol 2 kb, 1k
A= W A 7 A 1 A 0 2 1 R T LA o
AN Y JE 1l . Purwasena 28 SV BFSY R,
Bacillus sp.3f 12 7= A= A ) 2 T 1 4 577 RE 5 A 54
TR A ST37 M A o [RlBs, A0 TR E A ™
A= A2 BE R B B0 4 8 B kW /E A . Shen
200N I Bacillus subtilis I EES A4 R HIE
B D AR IS A S b I ] TR KT R A A
SUVER, x0T AR e BB RS = R R
CaMg(COs), Wb ZH AL, BHWT 152 1 Fgs iR 4
A5 A P HL, % T, Lou 4R AT LA
¥ MICI AL 700 5 26(181 2): (1) TAEPpid it v
W IHFE S R T, IR, IR e R A
A=Wy Rl LA 3 G SRV IR T RE U, B 4 AR
AR B TE SR XIS TR i, AT 368 e BEL A S AR S5
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