543 B 5 WICEEE 197 WD
2024 4F 10 H

k6 4
Hydrometallurgy of China

Vol. 43 No. 5(Sum. 197)
Oct. 2024

Bl e 3 Bl 2 Py LR AL 27 0 PR 5 2

B RA X R B

(B Tk b 5t 4k Tk & 58 B, bt

101149)

WE SOCR R BT Z MBS R SR TR — KSR F R B2 B 2 M M iaE, &
FRERR T A WA ST R T S R A AR b B PR L (48 38 R I E ARG U SE AR AL TS Rl AT
i i AR FR I Al T 3R - W B R AR R SR B TR OE 3 B B R AL A R AL AT g Bl A B
TRHERIT R USRS P 5 il BB 22 42 Ak B e o 4 Ja il v e B 1B R AR AR SR L
KGR TR s AW s LR Y M ERAL SR FR 5 0 - Bl WA AR 5 R AR I B

R E 4 %S . P595;P593; TL212
DOI: 10. 13355/j. enki. sfyj. 2024. 05. 002

A P Bk Al o & — IR S RUE I & T T
Y1 e AT HUBERAL 22 AT O 1 58 SUAE R AR Wy L Bk AL
SRS AR A R AL B
WIWED HIOCR Y e A R IR Z 18] 1 A1
TERIR R O BBUE I X TR TR R R 0T A
AR B PRI 8 8RR 45 4% Bl it R O AR B
Wt ATz A A T A AR FUK AR LR L
e lca 22 BETE Y B 5 4 B MU ER A 24 S R g
T TR HE Y BRI 2 T T A B TIRA T
AR YIS 5T B W) TG A RE R Bl A, A
T 4 3 g A 7 S BRI 55

TR ARy — Bh K IR R R R il
H G Ao B 1k MRS P A G 8 3 LA R
23 A HUAE XS] Rl AR S R A R S, o
AEOK L EAT — LET T R I Bl A ) 1 il G 3R 119 L Bk
A= 07 B 2o A BE A 4 O SR A T L 3l e A ) A
M J5E I A T UE A5 BN 2 i il I8 3R A T 5K
I A% 2 T 5 Wi FEAE P8R B0 058 w18 2 A1 A
FORES . ARCRGLER T LAk T R MU
Py M BR AL 2 41 B BE 52 i TR AR T A W 7
HOCER TR A e b B AR HTL A

75 B #5 :2024-04-30

XEkFRIRED : A

XEHS:1009-2617(2024)05-0483-06

1 #Eik

1.1 ST EWEREEER

MOCRTE R B o A Tz AH B R
G AR rp S 34 0 A3 B Ry 2107, GEARER .
M T RiG KRB AL B AE T 3h, il T
Be vl e, [ A0 S 2l T gl XK AR v Bl R
e FEH B E K 60. 36 mg/LM, imHE tH FL T A4 4 41
R K A o R 1 Bl vk B B 30 pg /LT
XT R i AR SR BEAT OR T— S S

e AR R EELL UV A UCVD B E T
fE. Ho, UCVD & LRTE A EE 2 T (U0 ) K
HEAY, W U0, (OH) " . UO, (COL A7
L BB R B A LR L T i
P UCVD ZE RS T I AE 9 /3R AR W38 i
S MV TR R T B T (U0, T B
UCNV)-BEIR £ 95 A177, DL K W B 25 Bl 8 M ok
UCN) ff, #ioo R0 50T i B 1 2 18 A9 #1 o¢
REIASE— AL 1 154 R EE A A 5
LU [ & ] Bl 8 5 0 % & A BB 5 A
N H L 5 3RS 1 U VD 5 vk B i R AR S A7 1t

EETE AUt BL2AH AR P 2x 20242026 42 B AF A 62 TR H (BYESS2024071) 5 AZSE W F AR 947 T H 5 th bk A
FRTTAE 2 7] 35 AF R R 00 H s 0 BB A B F A ERHIEIE .
E—EFE A Z P A995—), 5 W TR, S ETE Ty 1 g Bl 7T A W Bk Al 2 0 BR L BT R R RO A RS

MH.



.« 484 ke 4

2024 4F 10 A

by KA DR BB F L, UGVD W iE#
PR R B 5 R DR BELYS B o DTT XF ) 30 36 B
DX N A SR ANE R IR EEE  REE Sy gl
R 2 — gl 2 R U i A U VDD b J5L T 2
UCND BEARDCWE , By 1k K — L2 % 8 #
HAE Wi UCIVD) [ A SR 23 52 3 S 77 35 55 b 2R
o7 2% (pH L Eh A HLBT L 52 4K ¢ & 55D
952 L £ 28 0T RE R O A B U CVDD T & A
—kiER.
1.2 ST ERHEXNBEDERH

TEHI TR 2 Fh AF I8 25 A0 L 3G Al i 72 b, B
EURAFZUNNERZ —, M R IGH 5
L &R BT ARG T L ST L A R T R AR
AT ESEZ D MAEY ]38, B A4S Al oo R 9 ek
fR2AT R B AR R
15 Y S W A5 2 S RS IR 2 22 B OA AR AR W L
J& M 75 FLES B Shewenalla putre faciens CN32
(S. putre faciens CN32) | i, b J& #0 ¥T B Geobacter
sul furreducens (G. sul furreducens) %, W] | 3 |
AR L E U VD Ll iy L Br. WEY
W AR ) U CIV ) A SCRT AE fiF 1R 6 380 58 240 T

Cn B & B AT B Thiobacillus denitri ficans
(T. denitri ficans)) & H A ¥ 355 A & [ B/ H T
RAEFE . B UNDBREAER ",

TR LA HE N WA HEY T HES S
Bl A S AR L O 3 i 5 e A B B N RO BT )
Chngk S8 AL iR AL 55 1] 45 2 5l ot R i
BRI R, FB 43 AR W nT 38 A o AT LR |
BRAAR A A W, 52 e il T R T B AN 2
A H A 25 B 2 G WSS N B Bk L DT
RO g T RN A A Y 8T
AE 1. WFFE4H I0 2 AR W b BRI A AT 2R ) B 6
A WTE R TT R IR L A B AR A BT
TR T A Wy Ve 4 4 il 75 e A8 52 B i T B A Al
PRI R AR .
2 WEMNESNHMITRMIKKLFRFEIRR

UK
2.1 WEYNSHHEEDLE

Tl A WA S )l [ o AR R BT 43 4 R L
il (1) < AR W3 It | ARy 3 T W B L 2 4k 2R
PrR R

.....................

--------------------- o uan UOh U Ty,

VEYIR UIV)

UVl e

1 WENNSHEEIERL 4 FILH

L o
s g i
AR ! ERT A
2.1.1 $ITEHEEREEE

HHOCER ML R 8 (& D 28 7R )
RELAEVE TR LR EE v 1y H (A HLEK CAnFLIR
AW IR FH) SFAE i AL UCVD iR 5 R
UV [ B i #. FLFE 1962 48, Woolfolk Fi
Whiteley ¥ W2 BG4 FLER B Micrococcus lactilyticus
(M. lactilyticus) i 5 UCVD B BLG 2 (H 24 5 3R
IR RICTE. HE 20 4 90 440, Lovley PR
HARGW R T WA B Geobacter sp. | 7 L K H
Shewanella sp. IR Desul fovibrio sp. 558k .
B SR A W i A 2 U VD) 138 JRAE FH S5 AL

LR YA U — T IR A AT ARG R
SR Bl G A B 07 0 ik A B2 2
Koyt G AW, B E HUS — SR g R L =
FLAAR B 5T 2 AR W3 AL B R S B A 32 90
SN L3 B8 B 1 o b — AN F AL, i
RIS R R Z PP A W AE T ZE R A
man i R MR SEER R, TS BLE AN
KT A RSO G i AR T B G R L B X
¥ oA UGD R E R UAV) E K,
2.1.2 #HITEMNELRREE

B T A8 SR A B AR 3 Al e I A



A3 B 5 1Y

SRR, 55 il o0 R BUE W b B4R~ R 0T 58 ot g .« 485 -

J Py ERAE 5 20 D sE B U VD B R s,
AARR R A NERE KRR, FEEN
T F 35 P B SR 0 b Al B PH S L AT R A
W R RE . SRR, UCVD il & AL 45
ZEFEATER M R O A TR TR 2200k LR AR A
P 1) 22 ol ol A 0 A0 M 3 5, A R S el Ak A P
T AR URESY S A B A ] 3 A R A AL
B R AR R OTC ML 198 5 45 T =0 40 i R T U VD)
PEA A AL A2 B HUO, PO, Ca(UO,), (PO,),
SEVR R R O BE IR UCVD &4t R mig
BEZS UCVD B — 8 A B AR L S i 3Rk 4 40 i
FRE A e B o L AR AW B S U VD aE AL N
T RUAEY R B g il By U VD B AR R
(85 F VR R ) — 2 40 I B IR 6 45 T a8 T T
FIEST BB LR B X U VD T 52 g 7, [) i A
UVD B2 22
2.2 WMEMNSHHEEIRITE

R b DL AR SAEFE 1 UCIV) 57 9 vl 78
WA pH VR LR IR LA Eh R UE W
ik 544 a0 s if & A —aE g, H
Bl KT AN FRMTBELRA 3 FhOLH
(E 2. DAY EHZEE U)o Akl
UCVD 4l BEAR 2 7 e dE gl e R R 0 5 2) ik
Yy B AR ) ek B AR & B £
ALY L H A A W 45 R Bk e 4 R A
UNO W95 3) A i 3k 43 WA HILER LBk 2R 55
PR AE B SRR pH Y [ B X 4l T 3R R A7
A EAIERD XA R Eh =A% m e,

BRI A
P U(V)  Uuv)
: 5% s

i
X/
E%U(N) L oy
£ At
e P 0 Wik B
N0 NONON:  ipe( Ty PV 41 i
§ u(vn
! u(v)

B2 WENMHSHETIBIEN3FHIE

2.2.1 HMITEMENLTR

RARMRAE B 2 Ak 2 /A5 038 A 1 A 1
U)Wy 46 ] 76 0558 D RE S AE M VE R & 2B
fEiER , vl %32k 3 A AL . D S DL NO, fE

BT ZE MAERTER R, HEAL
UCNO @ 5 2) 8k /46 S A0 i A= 9 3l 3 T8 i e
WS 0 W) 245 40 B /4, TRD 42 S U CIND B -
D E = A LR A SR & R B A Y
BAEM-UN)E A A, v i - 5N BB
20 AW Vi (RO A SRS ) AR R
b UCIV) kgl

S IR IR R 8 I A TR SR 4B (NO; 38 T
No) i Fi rp 2 7 2R A R £8 (NO. ) . — 8 b — &
(N, O) \—F b & (NO) %5 Z F b ] 44, 3 26 b [i]
IR AL UCIV) @R e Sk RiE &, Hop
NO, # NO e #1755 o B, it R W], &
WHEE NO, "JHIH U VD) 483 5, IF & 0 3 77
1 UCIN D & P s Bk &,

WAk o FB A3 A B nl Sl S R A SR A W A
M SR EALY Mn(IV) O, B KR al & Mn (D ,
A U, UV & bR =40
Mn I A4 4 SAAk A 4 0BT B AL B Min (V)
YERH FZ R Fr el e sh UCV) B &b T B2,
BRAAL A W B A RO RHRCE., 5 U
YU B L R o UL B Bk (2D E A s B
W AE 9] 5 P 858 2 0 T HoAT 28 LS o 19 S Ak ik
JEHL A BRSP4 2 v ek R gk A Ak 4 TR
1 AF AL A R K H B U CIV) 5 9 1) S 4k
P A ABURY

A U\ H W AR A P 27 8 5
KAk CZ0 Ak &R F 0 W i (2O Bk
SEIRAE T AR -1 RN R Y A TE ) =2 T
2 ME R A AL, U\ S AU R 7R 1 5 A 3=
T, FEAF IR o S E W mT RO ML Lk
B S A W, B AL R &R 4 FedD
Mn(IVD U, 5 il [ fs 1 Bt B, 5% i 4 ) 45
F FeD /Mn(IV) AT UCIV) 22 18] # #1536 L 2028
U@ Wi 8 Ak 8l g 23 #0095 e 5 2
BRI FR S SOk B2 AR G . MR R Al EDTA W] [
IC U iy 8 A 38 52 H A7 A 2 1 86 A 2 7 1] [
VOUAE S V-V AH B B A L B e, 4Rk AZ A 22 )
PRI AR 422 i ABE 5, AT B A 4 Fe (IID /Mn (V)
X UV P4 TR, 3 5 A A sOR sl R S
B M BE S AR OG0 Bk E R DFOB ) %8
SR T UGN & 4 1 Ak i R B AR S
DFOB ¥ & 2 £ A1 3¢, X J& i T DFOB 5 40 3 H
T2, A FedD  Mn (V) , B I8 5 9 a5 1 B4



. 486 - ke 4

2024 4F 10 A

Yy, FEEIEH T H DFOB-Fe (Il /Mn(IV) 8 52 )i 1%
PELZ0 0 3 & 9 DFOB 5 U V) B4, 23 BRI
U AR S5 A, H 55 DFOB-Fe (D /Mn (V)
PR A1 ) g5 R 7o
2.2.2 HTEMIEEUEB

MET U\ T P AR, AR A
MR AR A AR T o . B AR A R R
FE B RIRA LT A0/ o3 1A HLRR CHIR IR | R
AR VREIR OLZE A S R IR AD L Ky
FH AL R B RR AR IR 55, 349 T 78 A4S 028 il o
EMEFKMT L E B X A AL X
UCNHF U VD # B A B A 68 1, A U]
A R UCVD ™Y i W B i U VD &
UCIND BRI BB AR R AR AT Z 40000

FARAT WL Bl o0 2 AR S AT a8 1 Kb &=
TR YT HE A RE S 3R 55 . mEXH AR R pH Y
e TR /NS M BEAR A 1. 85 mmol/ L ) F % R
BRI FE 4 K NEA R A0 ZE 47 I 4t
A WL il G 2K T2 B 1) 8 1 B 7 BT Ah 52 I R S
% 2 AL A0 v A5 B 56 UE T A B R AT
UVD WA= 9 /38 4= 380 3k R0 AR T 7=
EAD UADOAAE T iE A RS L TC 1 2 il DL ik
P EBRIG ISR . E UCVD A 4038 B 72 op L 3
FERUE P A 7 P M R FT 5 5 T 7 4 UV
B U IR 52 AR (RIS AT e %) L TH R
W B 7E 38 41 BA % T [ A UCV) BT 3, 42 F
UVD b Bk #2505 H e B UOVD 38 J5 e 77 )
U -H IR A AT 23 & A KT 8, 3 A
Gifed ., HARFPHAYLE )2 H A5 5 RE K]
S UCN) 79 1 A7 T8 20, IR UG, 45 Bl s
USIN R ¥ NG W PN 15

3 HIEERE

A S ST R WIAE T AR,
T 22 M) 2 HE EL AR DT 5 i G 2R M ER 1k 2E 1
LR, BlOT R AE N A A R 2 — e
PERZ Tl R vy J 22 g o BE A L[] B Sife B 4 s
b3 M 5 B b, B B IR R (AL
T AT ER B BR AL AT Ry Xl B R AR T
RESHE A AWML EZEWE X,

20 et 60 AR, SEE A A F KA
FOea e L R R SR S A TR T
T YR Bl Tl AR P IR IR T — SR AR U

WHAEY 25 RER TR R B8Ok, &
B0t B 2R iR T R B W MR R
HOR B IR A FLET 0T L Bl A TR R AR Bl A 7 A5
VRIRE , AE X B Tl A ) M IR R T SR 5l
AESLHR T AR W R R R H 5 R A T RN
W10 W B B, U H 2 = sl il A ik & i 9 A
Rt — 2D 5, R F T HA ST X 1 AR SAS 11
A ) R B AR AT R A I — BB ) P Y R
PR E RO K AR EEE L,

2000 4EHT )5 » 35 B R I I 46 X5 A T RH 2 $r
Z MR IR Rifle Hb X A B JH 3 AR 1% Hanford
i DX R B4 PG N AR BT IS Oak Ridge J8 31 19 LA™l
15 Y G M HEAT A W) 1 S TR S R O ) A B
T HUY B E O LR S DLV A A ROCR
AR OIS M+ HL Bl W A 5 1 il S e B R RCR
S FEAEAST 2 1 5 55 i b 1) B 3 Ak 2 850 % 1)
FHIC . AT, 36 E B 0 Al T g 0 oA Pis BB R
AL TR FE G B i TR iy SR AU 2 J7 I
DA 5 00 4 ) [a) i, 1% 338 AL AT 47 4 35
2) va IR0 AE W18 52 R0CR B A i 8 L B ORI )
I 5 7 7 U CIVD A B 4 I A P R i R
TR OB

TR T R A Y M ER AL 2= UG B8 L BE N R &2
Wt S R T A W B Bl IR S O & TS
YLl v 16 42 $R 06 B 2 00 B AR Al A B R L )
I Ay JHE Al 4 Ja B R TSR LT Y08 S AL AR A M

Sk

(1] BRER.WEE V. IR 0, 45, (2R W M Bk Ak 2% T L 0F o it e
[J]. # B8 I, 2004,50(6) : 620-632.

[2] SUZUKI Y, BANFIELD ] F. Geomicrobiology of uranium
[J]. Reviews in Mineralogy and Geochemistry, 1999, 38
(1):393-432.

[3] LOVLEY D R,PHILLIPS E J,GORBY Y A, et al. Microbial
reduction of uranium [ J]. Nature, 1991, 350 (6317 ):
413-416.

[4] NEWSOME L,MORRIS K,LLOYD J R. The biogeochem-
istry and bioremediation of uranium and other priority radi-
onuclides[ J]. Chemical Geology,2014,363:164-184.

(5] E PRI AL, 4 B0 . 5. AL A B 0 pk R A0 1 e A
Pr i wrgE) ] d ik if 42,2024, 43(3) 1 230-235.

[6] CHO K.,ZHOLI A,FRABUTT D, et al. Linking bacterial
diversity and geochemistry of uranium-contaminated
groundwater[ J]. Environmental Technology 2012,33(14) .
1629-1640.

[7] FRISBIE S H,MITCHELL E J,SARKAR B. World Health



A3 B 5 1Y

SRR, 55 il o0 R BUE W b B4R~ R 0T 58 ot g .

487

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Organization increases its drinking-water guideline for
uranium[ ] ]. Environmental Science: Processes &. Impacts,
2013,15(10) :1817-1823.
VEERAMANI H, ALESSI D S, SUVOROVA E I, et al.
Products of abiotic U(VI) reduction by biogenic magnetite
and vivianite[ ] ]. Geochimica et Cosmochimica Acta, 2011,
75:2512-2528.
BERNIER-LATMANI R, VEERAMANI H, VECCHIA E D.
et al. Non-uraninite products of microbial U( V) reduction
[J]. Environmental Science &. Technology,2010,44(24)
9456-9462.
ALESSI D S, USTER B, VEERAMANI H, et al. Quanti-
tative separation of monomeric U(V[) from UQ; in prod-
ucts of U(CV) reduction[ J]. Environmental Science &
Technology.2012,46(11):6150-6157.
KRAEMER D, KOPF S, BAU M. Oxidative mobilization
of cerium and uranium and enhanced release of “immobile”
high field strength elements from igneous rocks in the
presence of the biogenic siderophore desferrioxamine B
[]]. Geochimica et Cosmochimica Acta, 2015, 165:
263-279.
STEWART B D, GIRARDOT C, SPYCHER N, et al.
Influence of chelating agents on biogenic uraninite reoxida-
tion by Fe (Ill) Chydr) oxides[ J]. Environmental Science
&. Technology,2012,47(1) :364-371.
SALOME K R, GREEN S J, BEAZLEY M ], et al. The
role of anaerobic respiration in the immobilization of uranium
through biomineralization of phosphate minerals [ ] J.
Geochimica et Cosmochimica Acta,2013,106:344-363.
XIA Q. ZHANG L,DONG H, et al. Bio-weathering of a
uranium- bearing rhyolitic rock from Xiangshan uranium
deposit, Southeast Chinal[ ] ]. Geochimica et Cosmochimica
Acta,2020,279:88-106.
FREDRICKSON J K,ZACHARA ] M,KENNEDY D W,
et al. Reduction of U( V) in goethite (a-FeOOH) suspen-
sions by a dissimilatory metal-reducing bacterium [ ] ].
Geochimica et Cosmochimica Acta, 2000, 64 (18 ):
3085-3098.
ZHANG G,BURGOS W D,SENKO ] M, et al. Microbial
reduction of chlorite and uranium followed by air oxidation
[J7. Chemical Geology,2011,283(3/4) :242-250
LUAN F,GORSKI C A,BURGOS W D. Thermodynamic
controls on the microbial reduction of iron-bearing nontro-
nite and uranium[J7]. Environmental Science & Technology ,
2014,48(5) :2750-2758.
WU W,CARLEY J,GENTRY T.et al. Pilot-scale in situ
bioremedation of uranium in a highly contaminated aqui-
fer: 2
U(VD) bioavailability[ J]. Environmental Science &. Tech-
nology»2006,40(12) :3986-3995,
SENKO ] M, MOHAMED Y,DEWERS T A, et al. Role

reduction of U (V) and geochemical control of

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

for Fe(lll ) minerals in nitrate-dependent microbial U(V])
oxidation[ ] ]. Environmental Science & Technology,2005,
39(8):2529-2536.

SENKO J M,ISTOK ] D,SUFLITA J M, et al. In-situ evi-
dence for uranium immobilization and remobilization[ ] ].
Environmental Science &. Technology, 2002, 36 (7);
1491-1496.

WEBER K A, THRASH J C, VAN TRUMP ] I, et al.
Environmental and taxonomic bacterial diversity of anaero-
bic uranium( VI ) bio-oxidation[ J]. Applied and Environ-
mental Microbiology,2011,77(13):4693-4696.
NEWSOME L,MORRIS K,SHAW S, et al. The stability
of microbially reduced U( V) :impact of residual electron
donor and sediment ageing[ J]. Chemical Geology, 2015,
409:125-135.

LUO W, GU B. Dissolution of uranium-bearing minerals
and mobilization of uranium by organic ligands in a biologi-
cally reduced sediment[J].Environmental Science & Tech-
nology,2011,45(7):2994-2999.

WANG Z,LEE S-W,KAPOOR P, et al. Uraninite oxida-
tion and dissolution induced by manganese oxide:a redox
reaction between two insoluble minerals[ J]. Geochimica et
Cosmochimica Acta,2013,100:24-40.

CHOUDHARY S, SAR P. Interaction of uranium (V[ )
with bacteria: potential applications in bioremediation of U
contaminated oxic environments[ ] ]. Reviews in Environ-
mental Science and Bio/Technology, 2015, 14 (3):
347-355.

WOOLFOLK C, WHITELEY H. Reduction of inorganic
compounds with molecular hydrogen by Micrococcus lacti-
Iytics: 1  stoichiometry with compounds of arsenic, sele-
nium, tellurium, transition and other elements[ ] ]. Journal
of Bacteriology,1962,84(4) :647-658.

GORBY Y A,LOVLEY D R. Enzymic uranium precipitation
[J]. Environmental Science & Technology,1992,26(1):
205-207.

LOVLEY D R, WIDMAN P K, WOODWARD J C,et al.
Reduction of uranium by cytochrome c3 of Desul fovibrio
vulgaris [ ]]. Applied and Environmental Microbiology.
1993,59(11) :3572-3576.

COLOGGI D L. LAMPA-PASTIRK S, SPEERS A M,
et al. Extracellular reduction of uranium via Geobacter con-
ductive pili as a protective cellular mechanism[J]. Proceed-
ings of the National Academy of Sciences,2011,108(37) .
15248-15252.

BURDORF L D, MALKIN S Y, BJERG ] T,et al. The
effect of oxygen availability on long-distance electron
transport in marine sediments[ J]. Limnology and Ocea-
nography,2018,63(4):1799-1816.

YANG Y,WANG Z,GAN C,et al. Long-distance electron

transfer in a filamentous Gram-positive bacterium [ ] J.



. 488 - ke 4 2024 4 10 A

Nature Communications,2021,12(1) :1-9. [40] XIA Q, JIN Q. CHEN Y, et al. Combined effects of
[32] SIVASWAMY V.BOYANOV M I,PEYTON B M,et al. Fe ([l )-bearing nontronite and organic ligands on biogenic
Multiple mechanisms of uranium immobilization by Cellu- U( VD) oxidation[ ]]. Environmental Science & Technolo-
lomonas sp. strain ES6[J]. Biotechnology and Bioengineer- gy»2022,56(3):1983-1993.
ing,2011,108(2) :264-276. [41] ZHANG G, SENKO J M, KELLY S D, et al. Microbial
[33] ZHENG X, WANG X, SHEN Y, et al. Biosorption and reduction of iron ( [ll )-rich nontronite and uranium ( V[ )
biomineralization of uranium( V) by Saccharomyces cere- [J 1. Geochimica et Cosmochimica Acta, 2009, 73:
visiae-Crystal formation of chernikovite[ ]J]. Chemosphere, 3523-3538.
2017,175:161-169. [42] KAPPLER A,BRYCE C,MANSOR M,et al. An evolving
[34]7 VAN ROY S,PEYS K,DRESSELAERS T,et al. The use view on biogeochemical cycling of iron[]]. Nature Reviews
of an Alcaligenes eutrophus biofilm in a membrane bioreac- Microbiology,2021,19(6) :360-374.
tor for heavy metal recovery[]]. Research in Microbiology, [43] KOMLOS J, PEACOCK A, KUKKADAPU R K, et al.
1997,148(6) :526-528. Long-term dynamics of uranium reduction/reoxidation un-
[35] SUZUKI Y,KELLY S D,KEMNER K M, et al. Nanome- der low sulfate conditions[ J]. Geochimica et Cosmochimica
tre-size products of uranium bioreduction [ J]. Nature, Acta,2008,72:3603-3615.
2002,419(6903) :134-134. [44] SEDER-COLOMINA M, MANGERET A,STETTEN L,
[36] VANENGELEN M R,FIELD E K,GERLACH R, et al. et al. Carbonate facilitated mobilization of uranium from
UO3" speciation determines uranium toxicity and bioaccu- lacustrine sediments under anoxic conditions[J]. Environ-
mulation in an environmental Pseudomonas sp. isolate[ ] ]. mental Science & Technology,2018,52(17):9615-9624.
Environmental Toxicology and Chemistry, 2010, 29 (4): [45] GU B, YAN H.ZHOU P. et al. Natural humics impact
763-769. uranium bioreduction and oxidation[ J]. Environmental Sci-
[37] SINGH G,SENG6R S S,BHALLA A, et al. Reoxidation ence & Technology,2005,39(14):5268-5275.
of biogenic reduced uranium:a challenge toward bioremed- [46] FRAZIER S W, KRETZSCHMAR R, KRAEMER S M.
iation[ ] ]. Critical Reviews in Environmental Science and Bacterial siderophores promote dissolution of UQO; under
Technology,2014,44(4) :391-415. reducing conditions[J]. Environmental Science & Technol-
[38] CHINNI S,ANDERSON C R,ULRICH K U, et al. Indi- 0gy»2005,39(15) :5709-5715.
rect UQ; oxidation by Mn( [ )-oxidizing spores of Bacillus [47] WANG Y.FRUTSCHI M, SUVOROVA E,et al. Mobile
sp. strain SG-1 and the effect of U and Mn concentrations uranium ( V[ )-bearing colloids in a mining-impacted wet-
[J]. Environmental Science &. Technology,2008,42(23) ; land[J]. Nature Communications,2013,4(1) ;1-9.
8709-8714. [48] SHENG L,SZYMANOWSKI J,FEIN J B. The effects of
[39] WANG Z,XIONG W.TEBO B M, et al. Oxidative UO, uranium speciation on the rate of U(V]) reduction by She-
dissolution induced by soluble Mn (Il )[J]. Environmental wanella oneidensis MR-1[]]. Geochimica et Cosmochimica
Science & Technology,2014,48(1):289-298. Acta,2011,75:3558-3567.

Research Advances in Microbial Biogeochemical Cycling of Uranium
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Abstract: Uranium is a widely distributed radioactive heavy metal on Earth,and its geochemical cycling
is regulated by various microorganisms. This paper critically reviews the roles of microbes in the
transformation of uranium species,including reductive immobilization, non-reductive immobilization,
oxidative migration, and non-oxidative migration. By exploring the interaction between uranium and
microorganisms in natural environments, a profound understanding of uranium migration,
transformation, and enrichment mechanisms is achieved, thereby providing guiding insights for the
exploration of uranium resources, the safe disposal of radioactive uranium-containing waste, and the
remediation of heavy metal uranium pollution.
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