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Zero-Valent Iron-Enhanced Azoreduction by the Shewanella decolorationis S12
ZHOU Qing"*** CHEN Xing-juan®*,GUO Jun>"*, SUN Guo-ping”’, XU Mei-ying™*

(1. Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China; 2. Guangdong Provincial Key
Laboratory of Microbial Culture Collection and Application, Guangdong Institute of Microbiology, Guangzhou 510070, China; 3. State
Key Laboratory of Applied Microbiology Ministry-Guangdong Province Jointly Breeding Base, South China, Guangzhou 510070, China;
4. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Characteristics and optimal reaction conditions of anaerobic azoreduction by the Shewanella decolorationis S12 in the
presence of zero-valent iron (ZVI) were evaluated in this study. The results showed that the presence of ZVI significantly enhanced the
decolorization rate of azo dye. In the presence of 20 mmol-L~" ZVI, the decolorization rate of 1 mmol-L ™" amaranth reached up to
100% by the Shewanella decolorationis S12 after 30 h incubation, which was significantly higher than 23. 16% and 94. 66% in the
pure strain S12 and pure ZVI treatment systems, respectively. When 20 mmol-L ™" of sodium formate was added in the medium, ZVI
still improved the decolorization rate of amaranth by 20.54% . In addition, the presence of ZVI significantly increased the azo dye
treatment amount in the ZVI plus S12 system. In the system with ZVI, 1 mmol+L " amaranth was completely reduced 11 times in fed-
batch process within 276 h, while the dye could only be completely reduced 3 times in the system without ZVI. The optimal pH and the
Fe’ dose for the ZVI plus SI2 system was 9.0 and 60 mmol-L™", respectively. The microscale ZVI was more suitable for the
decolorization than those with larger size and the nanoscale ZVI. This study may provide some useful information for improving the
biodegradation of azo dye in the treatment system with ZVI.
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HAGEE— R HMESE (—N=N—) 5
FRAGEY , AR E 5 - 2407 & A
HER R — AL HAR R AR 0 YRk & SE A Bl
FEPCMEIE | BRI WL RR LS. Rl B0
2T &R G Rz T 2 R ATl i e e
EpfEad A, H b (i U e R A 4l R A K, K
70% FIA AR DU R fk 2 SEmtifl sy 2. |
B AR R SR £ 183 000 2 Fh, JLP-438 8 AT
AT i AR T L BOMEAE W A, T H 2
B A G S AR ) = s E AT s B Y B e AR

P BomE . BB RO AR, EREHEICT R
FPORE XoF A 25 B 5 R R L o N A B T S

KimBER: 2012-10-15; fEiTHHA . 2013-01-11

E£TH . FZKESEEMBIT LR (973) 5 H (2012CB22307) 5
R HRBHEFE ST H (21207019) 5 )R E HRBL#
AT T BATIUH (9351007002000001 ) ; | A& H SR RL £
R 4 T OH ( S2011010004267, S2011040000770,
10451007002006300 ) ; |~ A& & E Fbr & fF B H
(2011B050400005) ; |~ ARAFEBLALTE T AERHE A A T
4101 H (rcjj201103)

EER A JHPK (1986 ~ ) , Lo W58 A, F2 B0 5 O 1) g R 6
HY)2%  E-mail ; qing_zhoul0@163. com

= WILEK R A , E-mail ;: xumy@gdim. c¢n



2856 AN 5%

Bt 2% 34 %

FEUL R, AT K A YR i S SR T AT
Iz W EL A

TN (ZV]) 3 AR GE 20 A2 K4k )2 b
FIm e das il S48 5 Sk, nI A it 22 Bl ok I A 15 e
A, i fRIE | SIS IE . ohLEE . AR .
RGBT Y ZVI RS S0 5 T 50 A
ABHE il i5F, ZVT S8 AR SN 7 W oR AR SR [ H AN
Fe’* | REAE ELHRNG YAk v (0 1) 2803340 i i e 356 | 3 i
W IR & €0 ok Bl €6 3 1] | i 22 Wi Ok 5 &k
RESI . SRR A R € L 7 A i A A
HIANHERE ZVI dRELPE , N AR 222 F FF IR 9T ZV1
Sty Rl A BRAE U 7 SCELAE R ZVI-IR
AT TR RAC RIS P 2T X-3B, FEAH RS2 960 450
DM EALBE BT ZVT B PR 4R TS T A 22 15 B AH [w) i (4
Rt a] 4> 465 T 249 50% F170% ). Lin 251
FIH N B ZNRR-UASB T.25, 528 1 16 PEi5 3 A
TRLK YR X-3B AR5, Zhang 25 [FREF]
HINE ZVI-UASB T 25280 T PR TS e X Yerb g /K
(RSB ., FEDRAR A, ZVI ATAE S f b iA Bl
) e A AR 0 35 e I )R SR > 7 2V R
ZA T I A U P RS R IA JF A HLTS Y )
BT L A AN 5 Ye g i e . H
HIOCT ZVI 57154 0 ) Ak B g R R K A5
TV T  ER A D R s P T e 1 AR 5 B 4l
RS it ZVI S5 P R E R AL
SRR T g/

AW AA S5 5 53 B H BRI K AL S R S0
T S A Y e A UG S12 X4 P T
ZV1 55 5% 5, TR PR I R4 P A 280 Gk G £ 1) A 7 F
98, HFHEE T %N I feal pH ., ZVI B & ZVI
eSS AnSES

1 HREHE

L1 LKk
L1.1 Rk

Wi 6.7 FUEC T ( Shewanella decolorationis ) S12 J2&
ARSI 5 AT S B Y T K Ak B 2R G ) 1 U
B LIRS 2 A A FUIC TR AR XA R E R
g v ] R % 5 W R O (RECS S CCTCC
M203093 ) 1 H A R 50 K5 1 A W 0 52 e (O
B o TAM 15094T) , FC AL T E K & & F
(L H5 7120031011236117).
1.1.2 Rt

IR AR LB BE L A R 10 o+ L' BERE

e 5 g-L7'; NaCl5 g-L7".

IR A ie JE B #% B, Na,HPO,-7H,0 5.7
mmol+L~"; KH,PO, - 7H,0 3.3 mmol-L~"; NH,CI
18.0 mmol-L™"; T . B&%HH 20 mmol-L~"; EERE4EHEL
W1 g-L'y WERANEL ZVI 20 mmol-L™"; T34 1
mmol - L7, B35 3L pH H*H 1 mol-L.™" HCI 1 1
mol - L. "' NaOH J&77.

1.1.3  EZFEE

{HA YLk} 3240 ( Amaranth: C. 1. 16185, v K
W I 2 520 nm ) 4 FH Sigam 2 ®], 4 43 B 4l
Fe,(S0,) (/- #r 4k, 4 =99.5% , |~ M Ak 22351
DN Bk gk (4 =99.97% , A Johnson multhey
Company ) | WKL ZVI(2HEE =99.97% , ] M AL
KA.

DU640 %5 4 43 )%t )% 31 ( Beckman 23 F] ) |
Bugbox K4 TAEu) ( Ruskinn A H]) .

1.2 Jiik
1.2.1 SEETTiE

B K DA RS 738 30 mL 4326 F 35 mL 3
B, A Bugbox PR T AR i B3 12,
W A A P T HERR. R AE LB 3R RS b iy
555 12 h(30%C,160 remin~") | 40T X405 WA
S12 BF K T6 000 g-min ' B.0> 10 min WA E A,
PBS ZZ il (pH 7. 4) VESEA 2 W RIGEET L
ARG g T R TR R T TR B BE (Do ) A 1. 0.
PRI DL 2% (PRBEL ) B2 o B2 b 1 IR 40 e b
FRFeh ERESEFRA P 30°CH B IR, LI TR
PRAFILAS I e, 1~ R 1 55 5% 6 D % B e 15 11 s ]
BUORESEAT 0 M. M6 ZVI R i LR, ZVI 48
1t ARG KB 5 I T R SRR &R .

RS IR IRIEAT, /3 025 58 ZV1 + S12
WE T pH ., ZVI BN | ZVI RS Fl i 2 8 i ekt
POWE SN IRERVE AT
1.2.2 Sk

PR i 223212 000 g+ min ™' B0 1 min, BUH
IEWCRFH DU640 58 140 WG B THAE S 4T de K
WS K 520 nm T HWOBE , #5 LF AT
Hp a2,

it = (1 _j_l)x 100%

A, Ay A, 200 R I HT A A R RO RE

K Sevenmulti % pH/%@ﬁ%%(Mﬁtﬁ(M%
IR pH A, SR RBIEWZ 043 5016 B ) 7
by Pt i BT



7 ¥

JRIPRAE : M B (A LG TR S12 i U I i fe 1 ]

2857

2 ZR5itie

2.1 ZVI X S12 B 5 SR LL A 52

Hong AU BT 9T W S12 T AE DL R 4N |
FLIREN . EAAEE A H AR S T S L 1 £
BT ZRRANASREAE A FLUBBAE Ay sk o )
FH. BERERhERY b RS A3 o A ALIR , e R T LA
TS U AYE . RAS SE56 O W R AR
AMEARE D AU g- L7 LA AR I 0S4
LA T B, ARSI SR R 90N N5 5 1
1B, P58 T EE T UMA T R AR R X T, ZVI 2
T S12 B A8 A R s (&1 1) LA KX S12 1A=
Pt (Ve (1 2) o R el OK S ZVI 4%
T304 20 mmol - L1 #4K R pH #124 7. 0.

SRR, ZVI AR B 5 00 S L1 A2 A JRAE F Y
AEIARES, 76 30 h PN DESRLT B (6 RN 5. 34% . 1E
T RN e T A R R B S AR 2 AR
55T, S12 PR B X 0 S 4T By — 2 1 I 6 4
FHL#E 30 h HO DS LL0 04 B (38 35 5] 76. 84% . i
ZVT B A5 S12 B XF 1 mmol - L™ Wi 2R 4T 7F

120

(a)

—m— ZVI
—— S12+ZVI
—&—S12

1000

80

60

Bt 4 /%

40

20

=20 1 1 1

0 10 20 30
th

40

30 h Bita e 4, 5 0 A S12 B RN 1A R AR L, AEAR
[Fi] Jsz 7 B[] P98 €8 % 4 v T 23, 16% , W S b e
TSR EE 1(a) ] H5—Tm, SRR R
RS0 R R N EL A T R AR 7T R A A R, S12
PN S04 B (53R AE 9 b BIGA ) 79. 46% |, TN
BN ZVT A 22 70 [R] B 1] A 00 SR 21 A0 56 €238 D 55
F100% , AT H R T 20.54% [ 1(b)]. Xk
W TR RAER R ZVT A TERE S IR F S12 FFEA
B B R R N S O S AN ) R E VAU o)
S12 BRI 7N 70 A FLF-HEAA A 2204 J A A2 a2 FH o
RS, Sy Ah A RN A AR A TR B B (D ) B
PR TE ZVI AFAE 551 F ,48h 1} S12 HABEE (D, )
M 0. 008 HKF) T 0. 018, 1M JC ZVI FE7E 5&1F F @i
TRBEHE (Dyyy ) M 0. 008 fLIEKF] 0. 010 (& 2) , X i3
BT ZVI AT DIE R S12 B 1) S — bR s A 4L
YURH I € DL B A AE e 3. DA g5 R SR
B OIS ZVE N 2, 4- G I 1 R A I A A
(25—, B Fe® BE 0T LAAE I HE T bR B A= 9
FUF o mT {2 5 A e Al AT WL A A L 4L
PR 2R A XS e () 5 B

120

(b)

1000 -

80

60

JB a5/ %

40

—h— HIERRy+s12
—&— IR ZVI+S12
—— R

-20 I 1
0 5 10 15

() BEABIMIEREN , LA A0 (b) BN H RSN, 1A L A
E1 ZVIXfS12 iR
Fig. 1 Effects of ZVI on the amaranth reduction by the Shewanella decolorationis S12
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Fig. 3 Decolorization of amaranth in fed-batch process in the S12 + ZVI and S12 systems
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