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Effect and mechanism of zero-valent iron on
reducing U(VI) by S. oneidensis
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Abstract: The effects and mechanism of U(VI) reduction by Shewanella oneidensis (S.oneidensis) MR-1 with
zero-valent iron(ZVI) were evaluated. The results show that either ZVI or bacteria can reduce U(VI) in the solution, and
under anaerobic conditions, a cooperative action of ZVI and the bacteria S.oneidensis is observed in reducing process of
U(VI). Under condition of pH 7.0, temperature 30 “C, the initial concentration of U (VI) 20 mg/L and ZVI addition 1.0
g/L, the reduction rate of U(VI) reaches 96.9% by S.oneidensis reduction for 24 h. The reduction rate of U(VI) is
improved with increasing amount of ZVI in the range of 0.5-2.0 g/L, and the reduction rate of U(VI) is
positive correlated with its initial concentration in the range of 5.0-50.0 mg/L. Fe;04, Fe,0; and ZVI are effective
accelerators for bioreduction of U(VI), and soluble Fe(Ill) can remarkably inhibit U(VI) bioreduction. The other
coexistence ions, such as Cu?*, Ca®*, Mn>* and NO;, show a remarkable negative effect on U(VI) reduction, and among
these ions, the negative effect of Cu®'is the greatest and that of Ca®" is the second. SO,*" has less influence on U(VI)
bioreduction. XPS results indicate the deposition of U element are in forms of U(VI) and U(IV) on iron filings surface,
and the reduction product U(IV) is most likely to be in the form of UO,,
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R RTC IR B S s AR 03 A 2T I TR
B RAALAETR, A BT (Shewanella) v K K AR
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HI, KT S. oneidensis & 7 2:5x UND IR O &I,
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S0 TR M BRI A PUIG B MR-1 W [ 0 (R
A ) T RO BE FR U0 (Marine culture collection of
China, MCCC), MCCC %i'5 1A01706.

FigR 3 %A R : NaHCO; 2.5 g/L, NH,CI 0.25
g/L, KC10.1 g/, NaCl1 0.1 g/L, MgSO,7H,0 0.05 g /L,
MgCl,-6H,0 0.2 g/, KH,PO, 0.04 g/L, Yeast Extract
1 /Lo 38 5 SI5 v I 8 1) LR A AR o v 1 A

12 FERFIFNE

FEH: HUE B = 4 UsO(2 b al), FrvE
By wCR - GBWO04201 J7 kel B IR -2- ik 7R
(AQS), 7r#r4li, Sigma Aw|A7=; BAHZVD, ¥
af, RS A A A= AR A 74
ali, St K K .

KR & 1 24X (45 & Eppendorf), A4 EEFE4 (11
KRBT S R /AH LRH-250-11), a1 REREY
(XPS)(£[E Thermo ESCALAB 250Xi).

13 SKWHZE

RS FRBEE N 1 Ps . FOKEE Ja G TR AR
10 mmol/L FLE#. 20.0 mg/L U(VD)AI 1 mmol/L AQS
MR HIHAE BRI 150 mL #E B, H NaOH
AHCLNY pHAEZ 7.0, HEA S 100 mL. T3
WIS FE BB, AEREAT BE SR S b FE Nk
A0 P L E AR (0.2 wm) IR R Al Ny R A AR TRV 5
AT =15 min, FEAEURMIIRYTS, HE B4
T B B (AN T B TR IRAE 600 nm 3K AR KW G AE (Doo)
290 0.80) M T IR, M AIIA 1 g/L ZVI, %
BB . K SEEkE T 30 °Cy 120 t/min [F)1E
PR IR . B HURE 73 B, AR 5 s
SR CARFRIR P RS IAEE . BT EURE S 8000 t/min 25
Ly 10 min, FifE EiERZ 0.45 um JERELLE, BRI
Bro

S 2% 52 U(VDWILAR (5 104 20, 30, 50
g/L)s ZVI Z I E(0+ 0.24 0.5+ 1. 2 /L) BRIE A (FeClsn
ZVI. Fe;04v Fey03). pH {E(2.0. 3.05 4.0, 5.0, 6.0,
7.0)LA K HAth T BEHAE B F(Cu®'s Mt Ca®'. NO; .
SO )EEXF UV BRI 5 o T AT 5156 41 35 1
3APATSEE,  HICHEAR - B A s i 45 1 .
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Fig. 1 Anaerobic culture device
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21 ARMAZRIER U(VI)RIRIR ATt

T KRR A DA R v M s A 7 TS
B T REAT A2 A U TR e UV ik Jsi' . Rk,
S b DA BESURE ) AQS 14 JEE BEL B (VAR » ¥
BS PR RBE T B S0 . RIBASREEIN ZVIL B
INEK. HA+AQS. ZVI+E A, ZVI+HE A+AQS.
76 AQS B4 1 mmol/L. ZVI Bnfeh 1 g/L. pH
N7 AR R &S A UVD IR R0 & 2 .
ME 2 AIEH, ZVIL FER AT A 8 m] 2k
W UV, fERARIEE UVDIL R, 24h W,
[) ] 0 AR R ZVIE [ SEE6 20 3 UV Ik bR K h
61.67%, LCAABMPINTR ARSI 1) U(VI)id i 48
VAT 8 A%, ELERARBEN ZVI BISEE A U(VDIE R
FARE T 6 f%. H ZVIVEASZIA 24 h N, H
U(VD 22 B B sy T 08 - ZVIL 808 RS20 20
1 UNVD LBRR S RWKEALMET, ZVI A
S. oneidensis I J5 UVI) fEAEWRVER .

MBI ZVI FISERAEAE 6 h P U(VD) 2Rk
#103%J5, EABETRE, 48h/E, 1A 12.3%.
JRIRAE T ZVI A UV 2B AR AEAE ZVI R T
HIE SR N, Heah ) R T Fe(Ill) Fe(1DHM, ZVI
® 25 KM R M A Al Fe(IT)(Fe™+2H,0=
Fe?"+20H +H,), /KMH UV zVI F i, 5
Fe(11) & 2E [ W g did 5 U(IV), Ui ZVI
I UAV)BEES T UVDREE— 208 R o 76 Pk sl
PESATT, EXFPBEIAGAERTSEI] S . BRItk ¥ ZVI (1
S AHAE IR NG B B REAS 2 LU AR e 1) UV £
a1 UV EBR A AR EE5

5 ZVI+EK . FEE+AQS SZUG AHAILL, R4 N
ZVI, BEARFT AQS 115256 20 %5 U(VI) I 2= b fix by 1L,
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Fig. 2 Reduction effects of different systems on U(VI)

reduction rate

24h i, HUVDZERFES] 96.9%, b ZVIHEE ST
IO ZH I UV B R 48 5 35.2%, LEEA+AQS sLii 2
1) U(VD)Z B8 T 86.3%. Hikn WL, AQS f£4E
ZAET, ZVI RERE P L 1E S. oneidensis % U(VI)
PR, JE 2S5 T %5 0 1 mmol/L AQS.

2.2 U(VI)#D%6 7K B 3 HA R 14 BE B9 22
AL S T HATF R S. oneidensis X UV T 52
PESZEGR W], UVDWIEGHEE A 50mg/L I, BRI A
Koz B W2 AH], UNVDYILRIKRE S 80 mg/L I, B4k
sk 52 BN R 50T, Rk, SE36h UV WIER
W E N 5~50 mg/L, & 3 Won UV WG EE
X HOR R . I 3 AIE H, UVDE R R 5
WILHRRE B IEAHSC . 2 U(VDIIUGIR R 5 mg/L i,
HIRJFCRAE 18 h A1 48 h P, U(VI)FIIE R 551
44.32%11 71.81%; 4 UVDIMHILHAE A 10 mg/L B,

100
° 80
E
<]
= 60r
2
]
5 407 *— Smg/L
= *— 10mg/L
= 20t a— 20mg/L
= v— 30mg/L
<«— 50mg/L
0_
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3 U(VDWIUGHAR T U(VI)IE JR e 1) 5% i
Fig. 3 Effect of initial concentration of U(VI) on U(VI)

reduction rate
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76 18 h Al 48 h P, UVDIFIERZE 7354 73.85%H1
86.75%; 4 U(VD)HI4fHR BE3E 4 20 mg/L B, U(VI)
(138 )5 #4418 h Al 48 h 43714 85.86%F1 94.64%
2 UV IMILEIE A 5~20 mg/L, U(VI)IK)IE J5i % b
FEHT AR B 388 I B 48 . 4k8n UV )
SR EE 4 50 mg/L I, I8 JEU s AN ] &l

SEIGAESE, 7E 20 mg/L U(VDWIERIKEESA1E T,
ZVIH+FAR+AQS I i A Z 5% U(VI) I J5i 5 LU BEAR,
2 UV WA FE I 4 50 mg/L I, 4R R AR U(VD)
AR I N B T o X AT SR TS N ZVI AT AQS
BIRe L 4 UV, kg iR ) wg k. o
Sh, BEFRIER R HPO, fiE S UVDE: 4, thnl il
MR UVDXT AR R . 25 R Al Gk b il
RS BRE O, ARSI T UVD IR 3 5 35 R T
20 mg/L.

23 zZVI B nEXS U(VI)IER B 220

ZVI Bhnies UV @l fE g€ 4 fr
~Ne B 4EXW, AR ZVIISINENT S, oneidensis i&
J& UNVD 7 AEARIREEE R E R o 24 ZVI U A
02 g/L % 1 g/L I, 12 h i, UVDIREJEF M
67.45%F+ 4 70.34%; 24 h N, U(VDFIIE JR M\ 88.88%
THE 95.02%. 4 ZVI £k 0.2~1 g/L I, U(VI)
IR R R ZVE I8 N B i s B3 m. 4 ZvI
B5 2 /L i, UNVDIFIERET SARE. X5 ZVI
55 PRAAUAE Y P [ S5 /K Hr A R N 3R AT 45 1 —
P, XA REE TR ZVE B InER AL, ZVI
(118 0 T ST 22 R 3Gk S RN T 22 (¥ H, v kA,
MR T UVDFEJEE . A4h, UVDFIE R & N
16 ZVI RIHAT, ZVU I 3 n 5 #2588 7 1%
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Fig. 4 Effect of ZVI addition on U(VI) reduction rate

KA, AAT U(VDREE. 22 ZVI $nE)—E
FREE, L7 Hy B A A B, ZVER N
RN UVD R R 3E1E N . Bk, ARt
FUH ZVI B INEE 1 g/L.

24 $§R7sX UVDIE R B 220

ANFETEAREST UVDIE IR A rsgman e s
TRe GFREIR, BRIIEART UVDIIE R AT B2 105
Wi, 7E ZVIZSINE AN 1 g/L, Fes04v Fe,O5 Fl FeCls i3
N4 20 mmol/L 14544, ZVI. Fe;04 Fil Fe,0,
SEEOAL 12 h N UVD IR SR 23 5104 70.35%- 71.61%
F179.09%; 24 h PJ UV L SR #3535 2] 95%LA I,
e A ORI ISR B U(VD)IE SR ZR 48 ik
85%, UtHHMEEASHIEL(ZVI. Fes04 1 Fe,05) 1 EH
SALH UNVDIER . XU FeCLs S5 4H, 48 h
W, INERRT 10%AE 4K UV, AR UVl
I JRF AL TIE 50%, RWYIATHEAE Fe(llhx UVI)
(R D EL AT W SR T o 3 5 4] 2 e A PRI 5 1
Cu™"\ Fe WA A K R 2R rp Cr(VI 5 52
BRI &R — 5

APYEPER FeI)X UVI)RIE J5 2800 5 20 30
WER, X ATRESS T AT E ) Fe(IIDamid 4n i 5+
10T AR N L P 5 40 R T B A A AR T, B
52 Fe(IIDEE NN J5 S 1 1f—SH JE&h Al 2Lk
ZEE, BATEEE Fe(IID) S AR b R =M s A i A4
A2 R TE A Fe(Ill) X UV R R 12
HEER, X a2 T S. oneidensis X UV 5
MR AELE R ARRT, Fes04 Hl Fe,Os 7ESN MU F A E
FBENE, Fe(IID)% A0 4038 i B 4 1) PR AR AR U 38
B, PR Fe(1DdE— P AL 3] UVD), it
g Ji,

100
S g0t = — 1 g/LZVI
2 e — 20 mmol/L Fe,0,
| +— 20 mmol/L Fe,0,
& 60 v— 20 mmol/L FeCl,
g «— Without ZVI
g 40t
< 20

O L

0 10 20 30 40 50
Time/h

5 BRIEANT UVD)IE R (1500
Fig. 5 Effect of iron species on U(VI) reduction rate
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2.5  pH xF U(VI)iT & B 200

pH G EYI K, i ZVI X U(VI)
(38 JEUR  WFGT R, ZVI 6 5 22 Bk A4 1) U(VT)
EMRM A TR TEUL; S. oneidensis J&TH BRI Al ,
TR ABE LA T (pH>2) 3 REA7 3G, (HILAE K2 B4
KFEFER A, Hdid pH H N 7.0 RN IR pH {H
XF ZVIGEY O R B U(VDBORKSE R A& 6 Br .
HIE 6 nT4N, {ERIUG pH by 2~6 51FF, 12 h N, 7%
LR UVDIR A AT R] 95%LA Fs ifi pH & 7
MISEEGA, 12 h IWANREIR R 52% /44711 U(VT), 153
95% LA BB U(VD)IEJ 4 75 22 24 ho LRI, FRPES
PEF, UVDRE SR EBRE T PEAEE T R T . nl fe
AR R TS RS PET, ZVI i 2 i oK
TP B 4t DRARAAE W) T PR SR AT 78 A 1 R
THEAR, 1 H ZVI E A ) FeOOH YiiE th A&
wR A AR, R ZVI S U(VD IR R 25
PRBUR. MG, BRPERRET R, WARIAKEZRER
P2 FE (a6, AR UV IR SR 2 B S i 38 . ZVI+
BIA+AQS AR PELA R TS RAFR, HI&
BT Jedth N KRB W SEBR G, A SCVES HARREST
HHAIEE pH L 7,

100

80
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40

U(VI) reduction rate/%

20

0 10 20 30 40 50
Time/h
6 W4 pH X UV 5 2 1 s
Fig. 6 Effect of initial pH on U(VI) reduction rate

26 HEBETFI UVI)RIT RN

Bl Bk e Joh B T IAEAE S U(VD L iR
PR, ORFFIAAAE AR, FERUE R SR T 4y
SN 50 mg/L (¥ Cu®*\Mn?**.Ca®* F1 1 mol/L ff] SO*
AINO; B 1, HZIn) UNVDIEJREE D rsEm, B 7
BT AN e 15 UVDIE R s ma . L 7 W& H,
WINT BB T Cu®'y Ca?'s Mo [HSEH4], 12h W,
UVD B R 23 54 3.58% 14.15%. 60.76%, Ak
TS TR0 AL U(VDIE Rk 3] T 75.16%, Xt
W] Cu®*. Ca*. Mn*"%F U(VD)IE R AN [ RLBE 1)

PEIER, Hp cu™' s B3, Ca¥' iRz,
Mn* 135/ o Cu™ FFIEIVE I AT B2t T S. oneidensis
(4 e b B A SR BRI 5, AN Cu®' s
P o o S A 1 RIS PR A S A, IR T R
EIRREPE Dy, AT 122 11 2R 25 484 e 1 IR AA 1)
FPL S UGV G S5 7= A T AR . 50 iy,
ZVI Wi Js o, IS T ZVI % UV J5 i i
HHEF - Ca® 1AM EIE H W] g 5 UVDZE st i de:
JE PSR IR Eh 4% &), U(VDAE W 7324k, Hw
PEAEA S FERRR, BAR T UVDIe s, A
R U(VD I AE)I4 5t

S, 5 12 h B, 48T NOs 1525
ZH UV HIE SRR A T 3T 58%, N T SO, ()52
AN FRAE T2 4%, BEHH SO U(VD) A 5 i i
/N, 1 NO; X UV ks S 2 A W A6l NOs (41
HIEF 2 BT NO; H LA 1 N e R VAR R
HAEsmemtt, 5 U(VDAAAE B B 15e4, A
T UVD I Jg = A2 1 4l

100 " —
= s0f =— Cu?
= e — Mn?**
= 60t a— (Ca?*
% v— NOy
3 40 © “— SQ42_ o
2 » — Without additive
E ion
=1 20+

O -
0 10 20 30 40 50
Time/h

7 IAEE TR UVDIE R (¥ 50
Fig. 7 Effect of coexisting ions on U(VI) reduction rate

3 U(VD)ER=¥RES 7R

H T B EAE UVDIE R F=ILE ZVI R FIDT
B 6 ZVI R AN TESRHEZEAT XPS 7007, 455
8 T/

ML 8 AT, U4Ly, FUIE R UdLs,, B 5 il AL 45 &
ek 380~382 il 392~393 eV AbAT WK Il . HRHE
XPS F- MM rl Jil, Udt, B ab i i i UO,(U(IV)
7£(380.3+0.4) eV Ak [ AT UO5(U(VI)£E(381.6+0.3) eV
AR S i e, H R Z S 9:4; Udfs, SLiB AL
HUE i Us05 76 392 eV Ab [\ I AT UOS(U(VD)) 1
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(392.65+0.15) eV AL nim i, HEseyh 6:1.
F AP P AL, AR TR B RO T UV AT ULV
AR U gt UVDARER S, K5 TR T R UO,,
[ IS R385 B 984 UOs(U(VI)), 435843 1l fit A2 B AT
T

394 390 38 382 378
Binding energy/eV
8 ZVI il XPS ¥
Fig. 8 XPS spectra of ZVI surface

4 it

1) fEREHMEE T, ZVLY S. oneidensis i& )i U(VI)
AEE BB RER, 76 ZVIBInEHR 1 g/L. UVD)
AILRIRIE R 20 mg/L 444 F, 24 h Wil st LBk
96.9%1] U(VI). ZVI &M A FT UV %
B, UV 5 5 L UG B IEAH G

2) ZVI. Fe;0,4 Fl Fe,O5 X B A4 Jit UV I 1
VEFI R, 10 Fe? % UV J5A 0 2 Al 4 11

3) Cu®. Mn*", Ca’. NO; %5 7XF U(VD)IKiE
JEHIA — R IMHIE T, SO, % UV INIE S 5%
Wi AN 4k

4) BRI AL T UVDA UAV) B F
BMBITCER, NG B 73 T8 da 2 1) U0;.
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