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2. MIC2| 72

NAERANL A& ANY @RS 2A 3
= A EY #8549 94% Ado Uk 7
Fx(porosity)7} w1, SR I HEe
(clay)ot 2& #7114 BANN HAsts 3
H# LA F(SRB ; Sulfate Reducing Bacteria)
o A% ¥4 & gHA Ak =8, dav
FEE VB ANME MICE 2 71538
TR EAAAM nAERAL nPEY BFo
2 dHAA WY FAMde] Zd NAGAEA
& (metabolite, & Eo] WA oA &
e A, 434 F(0B ; Iron Oxidizing Bac-
teria) % o] & HAJE/HFAsEZ A3
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Ao o§ E7) x4 =R (differential aeration
cel) ¥4 Aa Fol s LA},
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2.1 MIC2t TAIE o|ME

Table 1o MICo} <@g n4dE2 dwyA
54¢ YelAGO MIC9 dA@E vy s
g2 FH7t Ao, 2 FAME A7 9
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@714 Al F(anaercbe) 2.2 UE 4 Jt}. 28
U, #43 d#d ZdqMEs v4Ee AAY
AL B S 183t dg el FEEE Ho
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o JFAGAANF

(SRB ; Sulfate Reducing Bacteria)
® H 34 F(IOB ; Iron Oxidizing Bacteria)
® A3} # (SOB ; Sulfur Oxidizing Bacteria)

Table 29 AW ALE Gl whet BF3t 2 A

Table 1. General characteristics of microorga-
nisms associated with MIC'?
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Table 2. Action of bacteria implicated in soil corro-
sion'
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1] 2] 9 (energy source)® HAYE FF, A
EFEI HEsls AN T4 FA48A
& A FEA dvt Fig 19 SRBe 3¢ &4
& FF3E AN L mAHoz YehhUt?
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el fF71B& Ao zM o Fozr). o
W =83 duAes BHFA EAZE YA
HE #$UAF = HAH(EF, respration)dl A &
= 374 Ee] HSdEe daE duA
oz ARy, dF AFe Al HNEER
o] zt@uwrgo 2R JdUAE AR
&, fermentation), 7|4 M #¢ SRBE Fig. 1
MY E718A SOFE JuAdezA AL
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g Hgd JUAE e (ENE IEF,
anaerobic respiration). ©] YA = A E o
&2 &= A AA 2 A (electron transport carri-
er}7} Atztd e (ATPYZ A AEHT, o A
AALA 7 oAl BUEHE HAAA LEEHE
AR 7} F71 89 Atge] AlgHt o] o
SRB7} 7}A i Q= hydrogenasedl+= &4
(enzyme)7} Zujz&& #A FAE 434
Aozx AAAZA e #UdE FAA o
B A Fagdol 7E sulfide, == H,S57}

wgslel 35, 53 BFARe FAL A&
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2.3 Biofime| 84 3 54
2.3.1 Biofime| &4

paol WAL WEe R 2 4VF =
s FHEW FHald ANWAIBEL F
) F&/AsA AW EAE AP oEA
A 7138184 A (electrochemical process)& W
A7) FHRolvh o]et e HAFL WY E
ded FEFEHEA FaAEsU e YEtd F

Organic Carbon Oxidized +. s+
Reduced
nH* Electron
- Transport
ne Carriers
Organic Carbon Reduced - S0,
~CO, Oxidized

Fig. 1. Organic carbon as an eletrom donor for the

microbiological reduction of sulfate.'?).
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v o] A dE vEL o 10%P =01, o
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HHAAME v g 2T HAEE A Aoz B
H3 9th'” 9 biofilmo] FAHW g -
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bial consortium)7} A=},

535, E4#AY Ay 7 EE F29 3
Aol H<0] water tableFHo] olUgtd 34}
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Fig. 2. Steps in biofim formation. Formation is ini-
tiated when small organic molecules become at-
tached to an inert surface (1) and microbiological
cells are adsorbed onto the resulting layer (2).
The cells aend out hairlike exopolymers to feed on
organic mattter (3), adding to the coating (4).
Flowing water detaches some of the formation
(5), producing an equilibrium layer 8."
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Table 3. The effects of biofilm on the corrosion of
metals'®

283 57 e #AA4 (diffusion barrier)
e A YR, £% %4
e AAZEE T4

383 Ay e ¢Z¥g(anodic reaction)

Solution Biofilm

Fig. 3. Oxygen concentration cell under tubercle.'®’

7t F4/bofimAHe R Fiste SzEvt W
29¥ biofilmW #o M4 es A wepA,
biofilm &} 2} E7|AxE FAEA Hz, ol
Z A A FAE biofilml 2o FHEHE T8
4@ o] W Fch(Fig. 3).

FRMzs 714 Alged % FAVTE
E 7 v 4 biofilml F9 2tart e
gw @14 Azel @5 Y@ gl w
t}. Fig. 4& Charakliss©] microelectroded A}
£3to] biofilmFA e 4tiawsn WYL
2738 Aol th!™ BofimEAZ AS Ars®
Tl 7t &gt veEtvn Ao Biofilm/E & A
el aasE7t A 00 7tz ErIAHA
ol Mo AT FHo|nt.

W EgEd da] B ¥dE SRB7} biofilm

& A= 3714 T microbial community



Ash ol FEE] R4 PA 0. w4 R o8 By 325

d (pam)

1000

flow ———>
8001

600 —

water

400

200

0 1 2 3 4 5

0, (mg/1)
Fig. 4. Oxygen concentration profile in a biofim as

measured with a microelectrode.'™
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3. MIC2| mechanism

A o)W g Ae) s 54 (biofilm
% ADY AL Lol so} MICH 243
A "k o2 s $Ae Qo] HE 23Hd
beleh o) FEE 471 vk

[

e o
FES

¢

3.1 sEANX ¥H
EHd AP biofilml o] AiEEaiolz
"ol o] dA4L uidu A EI FFEHE

2 3l ) (water table) ¥ QKA F7ix
BA Ao o F7 e 7)Folt)

3.2 Cathodic depolarization

Aol LEE F4E doe %A A
Al A A B HAE LRIV H#
Bdetgo] surslojol ¥h1P 5714 v B9
A9 o] HZEFH A4 A (terminal electron ac-
ceptor)i= Atiolch #YwhEol oA AAhE
B2 HY"dh ¥R AA dEEd ¥
A A< SRBE dadiald SO 8 HEAA
FolHz AMg3ld S*E A4 Von
Wolzogen Kuhrgo| A 2tgt SRBd 23 7]
gturg s 7E e 2o

4Fe— 4Fe®! 4+ 8¢ (anodic reaction) (1)
8H,0— 8H* +80H" (ionization of water)  (2)
8H* +8e — 8H(ads) (cathodic reaction) (3)
SO, +8H —ecteria , 24 41 0

(cathodic depolarization)  (4)

Fe* + 5% — FeS (anodic secondary reaction) {(5)
4Fe+50,* +4H,0— 3Fe(OH),+FeS+20H"

(overall reaction) {6)

o] 7]7o Wma™ SRB7} 7HA1 e A
¢! hydrogenase?] ZHuj#gog & o
o A &FEAEN FF, F7H
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3Fe"* 60H"
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i/ Fat. IO, s~ Sulphate \l

4 FeS reducing ]

: 80,2 Ls? +40 bacteria H

) |

! !

| 8H+40—-411,0 |

! - !

| !

! !

i !

ll 8H,0—80H"™ +8H*—8H+60H +20H" ) |

AFe—4Fe"" e ——el - '

) - ~ |/

s Medium metal R
Anode N> +8e e ” -~ Cathode
(a) TTTmee T
8H,0—8H +80H"

Hydrogenase

BH'+8e” ~+8H—4H, o BH" + 8¢

~_.

Fig. 5. Influence of SRB on corrosion of iron, ¢a)
Influence of SRB on corrosion of iron, (b) Cathodic
depolarization of surface due to utilization of
hydrogen by hydrogenase producing microorga-

(b)

nisms.

iy #AGE Fole Uelo HE F49x
7} AASHE (4)ehgo]l FAEIZ, ol7 ¢
AHe SFoAgel Baste AFHow A
o] £&sle (1)Nhg, F RANlg g 714847
(&3228 F o] &, CDT ; Cathodic Depolarizat-
ion Theory). Fig. 591 CDT¢] A% E veh)g
010

aqu, F49 FANAYRAVNAN Fhol2 ¥
e g FH7l Wi (3)# L ¥hgo] A%

oz dojus Aol oyg ®rt ojyal,
hydrogenase& 7}x1. Q1A @€ hydrogenase-
negative SRBe oJsiAx 42 Ji&sdtte
Bayl QQowA] o] o]Eo] SRBEA & $8lslA
AsAE 252 Aoh'® WA, HS 2 HS
7 og3veRd AgaE e 2e =
0e $4vss A tE o

Fe—Fe,+2e™ (anodic reaction) (7)
H,S+H,—H*+HS™ +H,0

(cathodic reaction) (8)
H,0+HS™ —H"+S?" +H,0

(cathodic reaction) (9)
Fe,+2e™ +2H" +S% — 2H+FeS (10)

Fe+H,S— FeS+2H (overall reaction) (11)

T3, o] whge oFAM P
A oFadd Fdgel W) W FeSzbx 7}
&3 434 (cathodic depolarizer)2 4 =43
o ®H&ms F7igdE d9e BaHan

FeSE ™ d)

A2 oz SRBe &% 23 Fagswl
%9 BAYHEA, BAAMol 7 H,Se A
3 FAMAEN FeSo 9§ Famde ga
a%e M R4&EE Fohsl €.
Fig. 6o} @ &H< CDTol&3 A7) 7o =
HEE st vepy o oh”

3.3 4(acid) AN

g AR f718 WEARAN F7]
4g BV AYEE §7109 2F 2 9

S B TR/ 4 o8V YFEY FF
of mel AFAL® o)} e Ay MY}
A g Eol biofilmyle] &85 BFg FREAL
B AT 7% dER o2 SOBe)
3 F 79 Thiobacillus thicoxidanse] 9)& A
ol AYEHE A¢E E 5+ AR
H,S+ 20, — H,S0, (14)
254 30,+2H,0— 2H,S0, (13)
5Na,S;03;+40,+2H,0—
5Na,S0,+H,50,+45 (14)

EdolA wAsE MIC 0024 SOB
A AF RIHR YA o MFe (12)~
A0 A 7 go] e AU AT A4S
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Lactate —t 52"
andC |
Bacteria —+H,0
z- -t
S0 e ? H, -1 CO,
l .
H‘ —t , e
H,0 Cathode Anode tw Fe?*
OH™ ] s /
/s Aeel
(a)
Lactate - G2
dac 1
an Bacteria —H,0
50‘27 —t- z
+ H, T CO,
| \/
H* “x ~ 7
H,0 \Jathode / Anode LY e Fe?*
OH =P N\ N\ P
N, Iron sulphide Steel ©

(b)
Fig. 6. Schematic representation of the classical
mechanism (top) and alternative mechanism (bot-
tom) of microbial corrosion by SRB.'

2RHQ pHyl 050812 BAHE Aoz Yo
A ok olgA ANE AL M AR

(acid corrosion) ¥ 7§l
geg FEAIn

ol g} ol Hrlitelr} Hr)AE AAdsA =
7H& 87 ATFEES AT
(APB ; Acid Producing Bacteria)o] &l 3l o}
2 EFIviz @

£04g

3.4 2&9 ME

o] £&d aty HEHY AFE HASA
F(IOB)?! Gallionella, Crenothrix, Sphaerotilus,
Leptothriz Eo] rh Felt& Feitzm
A3A 71 AL Mn*t & Mn*ta A3iAFl o2 A
AEd Fad duxg ded. EF, Fats
NFe] & FHEAN FE2 BAEIAA gl
Y A% = Thickacillus ferrooxidansy= 4] (15)~
(1) 3/F3FES NAA g IA
g mul ol Felt& Fettz A3iA71t}h”

o Ee

2FeS,+70,— 2FeS0,+2H,S0, (15)
4FeS0,+0,+2H,50,— 2Fe,(S0,)5+2H,0 (16)
FeS,+Fey(SO,);— 2FeS0,+2S an
2S+30,+2H,0 — 2H,50, (18)

o] Az RFAo] LAY FEHEAM AT
7 RANGEol ERE ALE AHHE 34
o) Br1AAAE FAEANT A, B
HA 9} o] Clexrt & AAAE C 7t
Wrz st 440l 3P FeClh M2
Aok E=g, A& AAHE H2E HFAA
SRBet 2e @r18A T A7 FHE FH
o} 4% FAol LA Arh

3.5 aMyY)

ul g 2o 9§ $4 33 (hydrogen embrittle-
ment)AAE Atz A} FAF s 7o 5}
= nAEe 9 g&n Ak

o 2aAAF F2EAE BWAAUL o

#2942 BHse FHUye
2498 # ok

o sl ge A A o
o £3WeEAZ HE 3]
&0l AYHEseh

o H,SE BAYNAZ, o HSE FHEW
F28 F2dAe AFRE AANTE 9
ge @

o Faasvoe P FojmAct

ARAE

G 4H(acid)
39" Fa0l

3.6 B2AYHH 45 M3t

2AAdAA 2 @ol AM&EH: amineo|y} ni-
tritedl & vl 2o oA dsE F U
oz <alA FAAA AL T AZHT ¥
AES % 9 F2e gusig. =%, 3
of ¥AHE biofilme #AF e F2AAAAL &
L£HEM Alo|oj A FakAH (diffusion barrier))

gqge ¥ & A%
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dutxd oz RAAAA = FAYLoz B

AbgE. XA E §4 9A] A (corrosion
inhibitor), 2# 4 YA A (scale inhibitor) ¥ 4
Al (biocide) & FHHoZ JHAAM Al
of . $alvete A9 Ry g AFA QA
Al i FHe Fou, vAES g By
< AdHoz Aol WAAFY Bl 2
Aol g& v go] MICH o3 Aoz A=
Ak BABH EAQsE YES Y} e
Qo2 BAAAAY H5e 93" 4=
Remz Fos)ol do).
E§, 4742 go] Al&HE Cl,, NaO(],
NaBr 5% R d9AA 2AL AR A} gt
3t olg9 HFE& AANY F Jomz
Fozy ot gk o & EolA NaOCle] ~AAY
AAAQ AMPe} o] HA®E AedE A
dEde ¥4sA =i, NaBr5& HEDPY
d5& AstA 7

@

4. X|stol| oj M= HLZ 2| MIC
4.1 OjME HUR T 2A| U g

E¥Fd wdg 4% AFA8 AW, A7z
E T2 Agdoz Rae] wAsA "o o
BHog EYRAAEE EY9 7 ¥ B9
gaHd 54, &, B4, vAF, 2UE, pH
T & Az i 3A g 593
Ao A Ecke] olyay RAATE
< FEolth ojs FAoz Q&) WY B
M EQ Fe,0;, Fes0, 2 Ca, Mg 59 ©hak
do] ¥ ME3d =EG@8FEA 9@
FHOZAM 437 o Folu)

a2y, o]y F Hutge| AWUsn FYF
TEE 7HA AL ohr] d & F2 (pitting
corrosion)o] HA &7 Hu, 4T AHLA=
TZ28E€ #BEFIA holeg FAYINE o)
metA, sfd AR FRE 2 B gy &
= 4] (cathodic protection)o]ut B3 sE, T

o

g AL wdTHY Az =g
Atk Y, dRreRE $Y=E= AR
3t A4 (stray current corrosion)d o] &

A7t Hr1= ¥t

L4 Loy

42 EAMICY

Yl 2750 mjdujdod A MICEA, =
3 #7144 #A3lel A SRBo] 2% MICHA A}
A7t Bo] Bu=ga ok ol Hgo 52
FHE dAHoz Fod ZRHFo2 BANY
B E HIEA HNEEFo 44 €49
3 FRAA 4% 4 (pitting)o] w4 G
o il ZIAEQ] £, AFER Toz
Fol HAAAY g7 doig sz
=% Alol9] E(crevice)dA MIC7 =z 274
"ol Fig. 79 (a)~(c)e EYMIC7} a3
Bﬂﬂiﬂ Aoz sjd7de 235 Hd&EE

AAE 3 FAHILE BFFH Aojp2)) 2
A FHo] LG, AT A viBTA
ko 2 holeo] &A= ¢l

(a), (b)o] HeEe 934 AEHAGa: 3,
b:F#dd)g videt F s AGA &2
S BN AL R % B &)
o] dojt Aol ol9} ge 9o FHAH
S FHd 7Y A E backfillf] 2 A8 o}
i, Heerlg & 9 = ggdez e
oA A gotol Frh (c)& ABFEWHA Hol=
HEE & F ddgoy, AgEgRoz A3
H5F wezt dele] Ho 8¢ Aol 7%
q1, 4F HFE ¢ BAYHEY =2
3 HIIEAEH7 7 A Ryo) wgd
Foltt. B4 Hu BAYYE HEF sulfide
7t A&=den MAEEY Fd3 SRBY =)
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s5 TR FT VB AND B 4 g4 7y 7@ 77 7R TR ED 21 82 B3 54 85 B8

(a)

(b)

(c)

Fig. 7. Case histories of MIC in soil environments,

(a) bitumen-coated steel( fireextinguishing pipe-
line), (b) bitumen-coated nodular cast iron(gas
distribution pipeline), (c) tape-wrapped carbon
steel (gas supply pipeline).2"

oz ArE AsstE BNYMTEC H7IE
2o A AAE tr auEA =Huz #@7

A4 @70l A4 Y 4= Utk EF, SRBA o4
A ARY HS7H 314 ESFA MAdse
SOBe] 3 &< Thiobacilli thiooxidansell 2
HA Faoz Asso] 2297 wjdd F3
A e slam, FAFEH, BA EEZ A
A Bag At madde?

w3, EgFe MAste BA, AR 2
#R(funghs §7198 3 £4& 48 +
9ittm ¢#A itk Neoprene, of2ZEA,
AwA, 93dAE MICd HIH Aoz B
aEm g 083 AH7 2F @29 9

g 3te Aol ol FHEAY TgE =R
Ay FlaA, AF{E Fo| BLY¥oz XY
t}. PE 2 PVCAE WaAe] 5T A=
gzd g 28y, 49y oz SRBE PEY
PVCs e 23L& wagezt AREA
oy ul, thAle] SRBe] AlZThAbell ofa A
2 H,S7h 22z AFstd 2gFe ¥R
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A. CONTROL : STERILE COUPON+CULTURE
MEOIUM(NO NaCl ADDED)

ASPS K BT F CczZ
9] Al E UN

B. EXPERIMENTAL : STERILE COUPON+CULTURE
MEDIUM(NO NaC! ADDED) +
CULTUREIV

Fig. 8. EDX spectra of zinc+epoxy-coated steel
exposed to sterile culture medium(control) and to

marine, mixed culture of SRB in growth medium

(experimental .2
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