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WA SN (ATCC 7757)7E ATCC 1249 K grFE
HATHE IR, ATCC 1249 i g2 B BAR BRI 1. 4%
R R FEVE W) pHE N 7, T K 15 332 3L 8 T RIR S0/

) H@ART/CLE

Ja, KRR IFEAER KA, I ABR R Wk A, 18
R 60 min KABR B FEEE PR B 100x10°
B 2 JE R I A 3 5% 3% 35 b LB 2590 P AR RS 1 4R

o BTA PR SRR 2 e D0 B UR L T4

AR ERIE 121°C, F5F 30 min, KEF % HEAT o
F1 ATCC 1249 125 EAY4A X
Tab.1 Composition of ATCC 1249 medium
W51 Al il AV

% Kt % Kt % K %y B
MgSOy 20g K,HPO, 0.5g NaC;HsO;(FLERHN) 35¢g (NH,),Fe(SO4), 1.0g
Na;CeHsO,(Fr 58 =) 50g  ZEMWAK 200mL  ERHERY 1.0g  ZEEK 200 mL
CaS0,2H,0 1.0g FRIBIK 200 mL
NH,Cl 10g

FEIEIK

400 mL

1.3 SRB #3&4¢

FEA PR E /MR = AR A 50 mL
ATCC 1249 3558, #8ARE /I /3R 1 mL
SRB BE . Fr A IRE/MEET 37CHEERMN, 7
BIREE 3 KM 7Kg, BURFER T 0T .
1.4 SRB 4 K &7 %

TE 7 RIGREFRIR], A FAGIN DA/ N P 0 17 Ui
AR THECR Zn SRR A G A5 B aRRE,
FH pH hy 7.4 1 PBS WWERAR 0L, DIBR 2SR 4N
FEEFRHE, SRS (8 JC vl ) 458 iUk B i A P
% 10 mL pH &y 7.4 i) PBS ¥ P, faflke .
WA PBS WA B LA Y, W€ 1 min, {401
WM A FEVE WP o TE2EE WABE(FM, Scope.Al,
ZEISS) T Lk 400X FCAARE fefi FH i 40 i |5 i A 707
Ui, [ AN T A R 1 25 A0 I A 9 e %
1.5 A4 Aa R bk 4 ) LR

FHEH# L T B 65 (SEM, ProX, Phenom)WiZZ4H
L BRI A R R BRI IR RS . 1O,
P B A D B AR IR I TR 4% (w/w)I B T
4 /NBF AR BN B8 AR RS, SRR, K AR IR
IRAE 25%, 50%, 75%F1 100%(v/v)ZEEF /K 5 min,
e, M TR R . 78 SEM SR Z i,
s 4 A4 v F M R XM ERATT ST (XRD, Bruker
D8 Discovery model, Bruker AXS GmbH)#E17#E 556
AT 400 50 1) A AR 25 R4 0 A 43T

1.6 JBiR5HT
4 ASTM G102 fdiF 10% (w/w) (NH4),S,05

TR LB A P 5 J pl™= Wy i, {8 SEML W€ M)
B 2, 1 #0636 B 4= BB (CLSM, Model
VK-X250K, Keyence)#F 17 &M BTIR B B 3K, £
K47 5 5 AL
1.7 &ALF W

i FH HL Ak 24 T AE 3 (Gamry reference 600, Gamry)
PEAT T HLOE (OCP), e 1k v BEL(LPR) YR . R
FH = AR, TAERBRR AR AR IR Zn 50U,
10— TAEZR(10 mmx10 mm), 2=
FIH R (SCE), X HARZEA MR (20 mm*20 mm).
F£ 450 mL P H HEAT AL 2RI, I
A 200 mL ATCC 1249 ¥ 574, #:5 2 mL SRB H1f,
TR A B FER P T3 % 5. LPR
HHJEHE N OCP FF 10 mV,,
2 Rt

B 1SR T 7 REFFEIIE R IL DY SRB 17l
UM HE L L Zn 3R LAY 5 T4, SRB WAL
EIERT IRV N, 5 3 XA SRB 1Ak Bk F
WA 2.4x10% A~/mL, 3 KI5, BFw3E b 577 e 40 i e
JEFFUGE R, 7 KGRIk B ik 5] 4.1x107 4~/mL,
e, gnigt AT Zn R B AT
5 5 3R R TR IR R EOR A — %k

B2 W T st 3 K. 7 RIEFR)5, Zn
i L E AL FM B, Zad 3 RIFFRAGHE S i
7 KR TR AAE (SR A5 . 20t 7 REFFRIORE S, LAY
T 20 R0 BT KR B AR A M (LT ) . e Ak A
FM BG5S R 1 [ 25 an i 5sh R — 3.
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Fig. 1 D. vulgaris planktonic cell count (a) and sessile cell count on Zn surface (b) during the 7-day incubation in anaerobic

vial

20 pm
m———

20 pm
—

Bl 2 JRE/METFRESE 3 K@)F 7 KOS M Zn 2 H L6
I [ 25 40 G FM &%

Fig. 2 FM images of D. vulgaris sessile cells on Zn cou-
pons after 3-day incubation (a) and 7-day incubation
(b) in anaerobic vial

3 iy SEM EUER IR T Zn iRE R T i [T
AR EMIE - YIE, LA N, /£5 4 SRB

MR IR BRI 3 KA, FEMRIMEE 1 L AFT
AR SRB M AU b=, 7 K, b= it — 4
Z, I BB o BRI T AT vk

K3 JREMPEFE 3 K@M 7 K(b)a Zn 1B INE
AW B RNE = B SEM E 15

Fig. 3 SEM images of D. vulgaris biofilms and corrosion
product films on Zn coupons after 3-day incubation
(a) and 7-day incubation (b) in anaerobic vial

BORIP R A VR, S0 5 9 A BILBR B 7 RS 5
RELRSFAE T o 25 LR L 4™ 1 2 8 ot ™ ) 5 £ )
RIS R AR, 2 S8R -G BSHER SRB otk
B FRIE P A DU IR AS 1 T, HEMIA% 1] Zn FREH
F & Frits 7, AR ZEXT Zn U0 4 1 1

P 4 S 1A TR e 0 X ) A T T AR
FETCH X IR IR 3 K. 7 K, FEM R MERA W
ZRE YR 7254 SRB R FRIEPIRIE 3 K

%, BB B R 5 3 23 3 K ()M 7 K(d)JF Zn
RU# A SEM K%

Fig. 4 Cross-section SEM images of Zn coupons after 3
days (a) and 7 days (b) in sterile medium; cross-
section SEM images of Zn coupons after 3-day in-
cubation (c¢) and 7-day incubation (d) in D. vul-
garis-inoculated medium
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J5i, FEMRTIEAL T 40~50 um B =92, B3R
7 RIGIREERF]T 70 um, JE§ =5 gk By #i
¥, B 5 H XRD MR S5 R R e WA TS
=) E L ZnS,

FBRAEY RS =y e, WL s kBT, WA e,
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Fig. 5 XRD patterns of corrosion products on surfaces of Zn

coupons after 7 days in sterile and D. vulgaris inocu-
lated media and corresponding standard peaks
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Bl6  Tor A MR 3 K@) 7 K(b)IH LERIE M5 Zn
BURERTIRY SEM MR BRI FRIE IR 3 K(c)
7 R(d)IFZBRA D ERE =W J5 Zn iR R
1y SEM it Jr
SEM images of Zn coupon surfaces with corrosion
products removed after 3 days (a) and 7 days (b) in
sterile medium; SEM images of Zn coupon surfaces
with biofilms and corrosion-product films removed
after 3-day incubation (c) and 7-day incubation (d)
in D. vulgaris-inoculated medium

Fig. 6
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FETCH A IRAIHIR 3 K. 7 KA, 7£ Zn ikFER
PR KB A Sk, 7E5 A SRB IR PRI
3 K, e RIS RIRE, JF B TR A
P, 7 KI5, B2 RS EE RGN, a5 ikt Y %
ARG W38 K i@ ik CLSM 7E Zn BUFE SR 1 bl
B 3D I SR K MBTEE R 7 Bis, £
BRI TIRI 7 KIG, 16 Zn RE R T oK & B B
5. 7ESH SRB RYREFRIHIZNL 3 KRG, b
WL TR AU s R T, B RS IR SR 30 um,
7RG, FITLAE BIRE S &L T P A AN Y S S
I R S TR IR F] T 90 pm,

Bifi 25 1 % B IR] B 36 0, OB 4 IR A B 5 pH
L BA 254k, &4 SRB Itk ZEH, M1 T SRB AL
Wt A SO i JF AL HS Y, 354y HS 454 H A=
A% HaS MR 3 H 3 PR /MR TR 25 (8], 5224 pH
6.92 b F-%] 7.43P0(& 8). X IWIIE] pH {E ARG IR A
WIERAE AL F o, I, 76 AR 5256 b R G inh A
AR,

B9 7N (A2 7E TG TR 855 75 35 A IO At oI I s 75
PR 3 K. 7T RIG Zn iRFERY R TE . T &
T, Zn FES R E AT LIZBS . 7554 SRB AR+
B2l 3 K, Zn FESBIRTE N 15.4 mg/em®, 7 KA,
REMANE 32.2 mg/em®. XSRS E 7 day sk
155 U S AR IV )

B 10 o TR 3% 7 KIVRI7E TG A SRBAK R T
Zn FESH ) OCP (L BETR AR 8] A9 728 LA B0 o M Hrm]
PIWEES], 78 SRB RUFEAERYIEBL R, OCP FI{E A ik
REATG o 7E TG X BB 32 36, OCP YA A 831 mV 28§
1B IEFE-793 mV, 7E%A SRB MEEFEIEH, Zn
i OCP {H BT Ja R a3, 25— K &
) OCP {E H-974.5 mV, 5 =KRIFEHFE-937.7mV )5
TR, TREREIE-1 000 mV 24 . W2
-V, OCP A T B R G HINA 2 R Ze i+, M
AT R S

11 WoR 73R 7 RN, ZEJCH AT SRB AR T
Zn FE AL HLBE (R, (BB ¥ A B TR] (1 22 A1 10
MBI AT DL, SEER2H Zn AR5 00 R, (8 I A% T 0
X HRAL . 7ETCE N RS R 3 b, R (EFFEET i, %
AH 8 inhs R A A o 7654 SRB RYSEFRIET, [ 4 K
RAGBZ AT R, 4 KIGHAL, JHaTRE.

A=) I A AL R R A8 RS P2, #E SRB
(AR Ik AR v, A LB IR (1] G LR 3 ) 78 24 L it
i, BRIRER 7 Y T2k, BT R

Marine Sciences / Vol. 44, No. 11 /2020 31



o - ||
Hln@mA RTICLE

m
15.6 um 17.0 [

10.0 -

0.0

-10.0 -
_14.0 1 I I I L 1 pum
0.0 200.0 400.0 600.0 800.0 1000.0 1200.0 1415.3

m
rmm go M

-5.0

L ! 1 L ] ] L 1 pm

-19
0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 908.2

13.3

0.0

-10.0

-20.0

307 1 1 1 1 ] 1 pm
0.0 100.0  200.0 300.0 400.0 500.0 600.0 674.1

65.6
50.0

0.0

-50.0

& : AT 994 I I I ! ! ! pm
019 ‘ ‘ 0.0 200.0 400.0 600.0 800.0 1000.0 1200.0 1412.6

B 7 JCHESM TR 3 K@) 7 RO)IFZBRIE M YE Zo BEFRE M CLSM IR Bist ks s 3 52 3 K(c)f
7 K(A)FFEBRA Y ERE b= J5 Zn REERIAM) CLSM BB A

Fig. 7 CLSM images of Zn coupon surfaces with corrosion products removed after 3 days (a) and 7 days (b) in sterile medium;
CLSM images of Zn coupon surfaces with biofilms and corrosion-product films removed after 3-day incubation (c) and
7-day incubation (d) in D. vulgaris-inoculated medium

CH;CHOHCOO +H,0 — CH;COO +CO,+4H +4e (1)  Hrp FARER LR W8, RACRSME 5L, T0FR4 %)

SO¥ +9H" + 8¢ — HS™ +4H,0 ) IR, p VRS . SHE IREARMES .
(D) HTHY CO, R £ /7L IR £k 34 JF e #m] JZ N (2) P BB R £ A 38 SRR BT L DA AR
FHF I 0 e i e R 2 FEm
CH,CHOHCOO"~ SO2~
b oongsy_ 2RT RT, [CH | sy 2w rr [SOF]
F 4F [CH3COO‘] Pico,) F 8F [HS‘]
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Fig. 8 Culture media pH values during 7 days in sterile and Fig. 9 Zn coupon weight losses after 3 and 7 days in sterile

D. vulgaris-inoculated media in anaerobic vial
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Fig. 10 OCP values of Zn coupons during 7 days in sterile and ~Fig. 11 Linear polarization resistances R, values of Zn coupons

D. vulgaris-inoculated media in anaerobic vials
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Abstract: In this work, we investigated Zn corrosion by Desulfovibrio vulgaris (D. vulgaris), a type of sul-
fate-reducing bacteria (SRB), by surface characterizations and electrochemical measurement. The experimental data
indicated that the minimum inhibitory concentration (MIC) of Zn by the SRB increased the corrosion rate during a
7-day incubation period, with both uniform and pitting corrosions evident on the coupons. After 7 days of immer-
sion, the presence of D. vulgaris caused a weight loss in the Zn of 32.2 mg/cm?, which was 42 times larger than that
occurring in sterile medium. The corrosion product was ZnS. In the initial stage of incubation, the accumulation of
biofilms and corrosion-product films reduced the electron transfer between the metal and solution interface, result-
ing in a decreased MIC. In the middle and late stages of incubation, biofilms and corrosion-product films formed on
the coupons, which resulted in carbon-source starvation. As such, SRB sessile cells were forced to use elemental
zinc as a substitute for lactate as the electron donor to achieve sulfate reduction, thereby leading to a more severe

MIC.
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