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Abstract: In recent years, application of the technology of microbial mineralization has become one of the research hotspots in
the field of environmental pollution control. Application of the technology of microbial mineralization has an excellent potential
to remove arsenic from water and reduce arsenic bioavailability in soil. Here is a review to summarize mechanisms of the
technology of microbial arsenic mineralization and applications of the technology in remediation of arsenic contaminated
environments based on the relationship between typical mineralizing bacteria and arsenic mineralization: (1) Carbonate
mineralizing bacteria, Fe/Mn oxidizing bacteria and sulfate reducing bacteria in the environment can directly promote formation
of arsenic containing minerals or generation of some minerals capable of adsorbing arsenic. Mechanisms, characteristics and
formation conditions of the microbial mineralization were explored, through analysis of products and factors of the arsenic
mineralization. Microbial induced carbonate precipitation (MICP) can remove As from water or soil solution through adsorption
or coprecipitation. Iron-oxidizing bacteria (FeOB) can oxidize Fe(Il) into Fe(Ill)and induce formation of iron oxide and other
minerals that adsorb As or reaction of arsenate with Fe(IIl) to form scorodite (FeAsO42H,0). Manganese-oxidizing bacteria
(MnOB) can remove As in a similar way as FeOB do. Under sulfate reducing conditions, arsenic can be removed from water
through precipitating in orpiment-like phase (As,S;), realgar-like phase (AsS) or arsenopyrite-like phase (FeAsS) with the
presence of sulfate reducing bacteria (SRB). Alternatively, arsenic can be removed through being adsorbed in biogenic
mackinawite-like phase (FeS), greigite-like phase (Fe;S,) and pyrite-like phase (FeS,) in the presence of iron; (2) Researches at
home and abroad on application of the microbial mineralization technology to treating arsenic contamination of water and soil are
summarized. The technology can reduce solubility or concentration of extractable arsenic in water and soil and subsequently
increase As concentration markedly in the mineral fractions therein after bioremediation; (3) Initial As concentration, coexisting
metal ions, pH, temperature and nutrient concentration can affect efficiency of the microbial mineralization. Microbial
mineralization is a potential technology to treat arsenic pollution in the environment. However, further studies need to be done as
to how to effectively apply the technology to actual treatment of arsenic pollution. And further efforts need to be devoted to
exploration of more stable methods to prevent arsenic dissolution from minerals, and development of theories of the application
of the microbial mineralization technology to environmental pollution control in combination with practical problems.

Key words: Biomineralization; Microorganism; Arsenic; Environmental contamination; Environmental bioremediation
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FEREAT TREBE, NAWE R IRER T . BRAR AL
Yy =AT5 1o AT ik, RIS T A%
PR AT e R R R, Ry A W IR B A E 3 B
fift {5 Y S rh RO R IS %

1 A=Wyt i 2 R A LR

1.1 BERERT LEXMART 1ER

A= 0 P R A 0 T 552 i) B v sk 1R 5 1Y
DIRE AR, X SX HIERKR P AAETES . 1R
BIPEAE P A E S AR R TR R IR BN A= )
TE SRR 02 50 A, S A A 7 A B 1R
AR — L 7= 0 U NH; ), 458 P A e Rk Ca®™
BF, AT LA 7 A o A RIR A A, X — i R PR
R0 Wi T Bk TR 85 U0 U ( microbial induced
carbonate precipitation, MICP ) [>101 B AR ik B Af
O 4 B AR T IRAEIE A, UL, BRIRAR Y
7RO R R Bk TR #h 9 Ak B ( carbonate
mineralization microorganism, CMM ) f{JSCEEZH,
7 TR T T EL A iR TR AR 7 3% g R 7 R R L, PRI
b H R D S IR s B 17 MICP 2 5 7= ik
it PR — R A AE AR SO A5 R, AR W i) F R R
PR AR A A SR A Kt R T P AR A KB EPS
AR R S0 B 7= ) A% B G T, ik 2 EPS BT
KA 0 AL 1Y B RE T, WR FE( -COOH ) J22E( -OH ).
WA (C=0) %, nJRHHAR T Ca® . Mg % fHE
5 e, HE AT A HE N EPS SO ERIRES
(CaCO;) TLIEM AN, CaCOs FEHIRTIE i
¥, R IIE W45

Dy A Ve — PR FRER A, AT 38 4ok W B R A
UUTE PR X 22 Bk - el R A B s, X 1 B
11 %2, Alexandratos 551" %5 A W BERR T 104 /e X TR
W IKORE A0 G5 45 #4 (extended X-ray absorption fine
structure, EXAFS) #dli, KB As HIEESTfRA%R
HELOL, R A IE As AR, Jrfda R
T AR AR 25 A ARSI IS5 AT . Benedetto 4E"HA
R T AR pH BFREH IER AT, K]
FEJ7 AT L B A B B T, SadiqP R BLLE pH At
T 7.5 F1 9 ZIAIEE, R ER AT RE Xt A 1 v it A i BT
EHEZEEM . X TIUIED R, MERAR AT A %
A YRR B, R ERTE A R R A

RN, JHL DU AR S AL R R AR S JE I R AR A2
FHIEG pH 2970 9.8 ) HyAsO; I A5 VA iR £5 A
D7 A R Z B AH EAERT, 25 RKW], As it
AsO3 JEHEC COT ML S A s A2,
Costagliola ARy, A% T a7 0% b T8 W 2 1
HIB, G55 TE T il A a5 rh i T S R T S
T A K R AR S ANAS S o B TR R A Ak TR X i 1)
B AL A E 1R .

RFR
Urea " 3
Cco¥ AsO; /AsO;

g ca?
YR Y
R i Substitute

Urease
— ca¥-coy— @miftn

CaCO;
Calcite-As
AL

CMM Adsorption

TRER ST
CaCO;-As

H: CMM: kMR fk % . Note: CMM: Carbonate

mineralization microorganism.

BU1 B ER D™ (b B il 4 B ML)
Fig. 1 Mechanism of carbonate mineralizing microorganisms
mineralizing arsenic **!

1.2 HESEHEXNHMRT ER

B AL (iron-oxidizing bacteria, FeOB ) J&—
KAl¥ Fe (1) &4kl Fe () AOBAY, BHAT
ETREESOEE ., W, W UYL
SOEFFERRIRE v, FECR IR IR AT L 4
MG PR A TR . PR RO 2 R RN DR S
MR Eh i AR A AL T SO, R[E ) FeOB X4 2E
YA A, e SRR YR IR R, X
it ) B HILEE 25 A . R — 2R RUE Y )
HIESMWIE NG Y, LI EER FeOB LU AME
M FZN Fe (11) %46 Fe (1), fffRELFH
M5 Fe (HI) KM AR Z A (FeAsO,2H,0)
(X (1) ~30(2)), HBPIEARMAED T T
TR, iR SA A A AR Fe (TID) JEfedE 75
LG, W EES S TR, 2k
EWAEY E AL G MR e IR R AR IE Y, RIS H
AR AT R R BR . EX — R, FeOB
¥ Fe ( 11 ) AL Fe (), HRAEMARET . £
Bk (R ALY DiTE B aptY L dnty S g
PE FeOB 7EH R &M T FIHASE B F2ZIK, 5
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S Fe (OH) 5 8% FeOOH iiiyE (=% (3)) B>,
REEMCEMETE pH N 6.5~7 £ T, FIH
SereRHFE ) Fe (11) % A4k>h Fe (1I1) , ML
TR EM A (X (4) ) PP R
SAUH IR BRI AR E AL TR ZE AT, LA NO,/ NO,
YERH T2k, Ak Fe ( 11) A% Fe (1) #9100
B (X (5) ) PO ffm] g W el LT sE 7E Rk
R, IR B RBRRCR o 8R4 A TR i Y Bl

W ALHI WA 2 s
Fe’" +0.250, +H" — Fe** +0.5H,0 (1)

Fe'* +As0; +2H,0 — FeAsO, - 2H,0 (Scorodite) (2)
2Fe** +0.50, +5H,0 — 2Fe(OH), +4H*  (3)

4Fe** +CO, +11H,0+hv — CH,O+4Fe(OH), +8H* (4)

10FeCO, +2NOj +10H,0 —> Fe,,0,,(OH), +10HCOj + N, +8H* (5)

AsO}
ﬂ\ Fe” ;_, FeAsO,2H,0
0. AR

Fe© + FeOB

co | it
: hv

Scorodite

TEIEREAC

Biological iron

oxides

7: FeOB: #AfLH . Note: FeOB: Iron-oxidizing bacteria.

B 2 A Ak T R R AL ) 040

Fig.2 Mechanism of iron-oxidizing bacteria mineralizing arsenic

#5441k I ( manganese-oxidizing bacteria ,
MnOB ) il fE7E TIRAK . 3R I & B DT
L RIOEAT AL M C TT ) A s S A0 DT X 24 5%
g e B R e R E HEE R . KRR Z R
FE R LRI ( Pseudomonas putida MnB1 ).,
2 FF B ( Bacillus sp. SG-1) FIE # 45 & W
( Leptothrix discophora SS-1) 3 FBIz K, X LEH
AW F B S W 24 A AR (MCOs ). 84k
it 44k Mn ( 11) W20 A W4 i i A A LA 4
E S I X GV NN 3 1 DN D S AN 2 L YN
Z AR, DRI N i 4 Ja - EL AT AR i A % v O o
FIEALBE /1. MnOB £ As FIHLIE S FeOB pH™
PLEEZEAL, MnOB F LA Mn (11 A2 A AL AR UL
UE, T EE EA AN, As (TID) "9k
W As (V) , SRIEHEAER DIVE R LR bR T4
AALATE, L HEW AT SEH Mn ( 1T) %Ak, #
DR A 0L B JE ( Acremonium ) . JE 5T B &

[39-40]

( Coniothyrium ) F1#HF1 ( Basidiomycetes ) 55, iX
SE LR 3 WA R A AR A Bl . K BT R o A i
VR AR BT R il PTE ARA AE
PEAR TR R U R AE M (T1) 540
AL DX 2, LR AR P 0 TSR IR A 1 — P AN R
[F] B L BR 4 fE Min (TT ) ) 380 B2 SRH X 18 T 4 7
T X MnOB 19 B F 53 H 5 22149

bR TR A A B AR, As (TIT) Ak
A=Y (As (III) -oxidizing microorganism ) %]
As( DAY A E BT ZRER], XM EYI7E 1918
AW R B, As (TID) A b B R AT
SARILT Tz, TR X, MRk, W AR L
L&A s A S A o A . WAEYFsr 26 F, il
FALTUEY) F R T XA EIE (Achromobacter ).
+ 3 K W )8 ( Agrobacterium ) . 77 B H )&
(Alcazigenes ). ZFHIATIEJE ( Bacillus ). PR )&
( Pseudomonas ). HIARE ( Rhizobium ). WiHATH)R
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( Thermus ). Bi*A MW JE ( Thiomonas ) FIE# i FR
J& ( Xanthomonas ) "7, fiA: Yy S8 AL 25 1 4= 9
AL AioAB KrEETEIRAY As (1) A4k
BRI As (V) ™, HHER ek ()
EALY AL EALYI XS As (V) A5 5855 A I B RE
As (IID) B EA LR As (V) J5 AT M sl 2k
VUL e, DN B AR 5 00
1.3 mEREHREFEE AR ER
R £ 34 JF A ( sulfate reducing bacteria, SRB)
IR A, T AR TR R T, it
By, MR WA R P ARk
HHRH LI SRB M FMMRE I E S R EES S
T LR Py HL R SR I, A X — S A W AR
(W i 2 AR P, it SRB R
Ts AR E, CHM X LR 2 . i
i K B J& ( Desulfovibrio ) . Wt i # J&

( Desulfotomaculum ) , AT &8 ( Desulfomicrobium )
PAKZEA2S )R ( Desulfosporosinus ) 25557 FEIR 4R,
WA, SRB XIBRRELHEATIEFUE M HoS . HS
Rl S*HIR AP SRB AL T As (V) if )i
HAs (1) (=X (6) ~=X (7)) B Bk
As (1) # — 5 H,S WA W i i 5 4
(arsenic-sulfifide mineral, ASM )UL¥E (K (8 ) )P,
BT As,S;, HAMES ASM B ¥ ml fEr=4: , Ul AsS
(X (9) ) 0, Fr# UL ASM A3 MEHE (AsS; ). I
# (AsS) FIR BT (FeAsS) 1, FRekArfe &1
T, WAL SR IFE FeS 8i# FeS, L, #f—4 K
BEJE I FeAsS 791 (3 (10) ~5X (13) ) BT 263,
TE Bk R, PR rb i i 25 i il — T ] Bl Ak
NEER ASMP O 55— v v g B & A
B B BRAL B L, DT A AR ) A 285 R %)
it PR A i L o Xof e ) B AL A 8T 3 BT s

CH,CHOHCOO™ +2HAsO; +H* — CH,COO™ +2H,AsO; +HCO; (6)

CH,COO™ +4HAsO3 +7H" — 4H,AsO,+2HCO; (7)

H;AsO; +1.5H,S — 0.5As,S; 4 +3H,0  (8) Fe?" +H,S — FeS+2H" (11)
As,S; +H,S — 2AsS+H,S, (9) 3FeS+ As(OH); —> FeS, + FeAsS+Fe(OH); (12)

Fe?"+S*~ — FeS (10)

SOy

ALK

Organics

H,S/HS /S

D FeS

&

%
A
“ AsO}

#: SRB: FiRERE R

7FeS,+2As(OH); — 3FeS, +2FeAsS+2Fe(OH), (13)

AsS

HS ]
HS

—— As,S,

FeS, — FeAsS

s
- &
&

>
‘\‘?‘\_ Q>
/i»::&

¥

Note: SRB: sulfate reducing bacteria.

Pl 3 BRRRER A S5 BRfth ()  HL ] )

Fig. 3 Mechanism of sulfate reducing bacteria mineralizing arsenic

[53-54]
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2 BEM A BORFE BT S Heih BE
HE N

2.1 TEMRET BAREKE SR

# 15267 MICP, FeOB/MnOB il SRB X fiif
TG Y K AR B . He SEUOOUE et 20 s 1 2 b iy
WA I A RTS8 (AGS ) FiRANEE As (111)
TEBENIKKBIER, 45REM As (1) K%
BRIk 3 83%, Hidh 24 60.2% A 2 i 5 ik iR
et S mip L. Catelani ZE17 IR R L35 H 3

K ZEMFTE Bacillus licheniformis BDS, ¥ H43 5
FE AR B 572 AR AR G R B rh 15 3%, R B X Ay
FBRAOCR , I AR W AR 55 5% 55 b A T 7 A A R il 1Y
i & 4R RBUR BRER SR 50 £, X BFERATS
( XRD) 43t , J7 fif A di R v ik AR g T T
KA it PR AR HUA o

A 175 = i A ST ) L A I K i
F W ELA E K )1, Gonzalez-Contreras 25 PY7E
pH 0.8 AR BE BOCAF T, #RIT T EMRIEIEL E Ak
W Acidianus sulfifidivorans Fl|F= ST ESMERNE
RSO EEER, 45 A M % 750 mg L

R IR Y X e B LA

Table 1 Mineralization of arsenic by microorganisms in water

el PRI ) As IR E As ERRE T AsHY) S 30k
Category Typical bacteria Initial arsenic As removal As containing minerals Reference
MICP AGS NA 83% WA, A [66]
Bacillus licheniformis BD5 10 mg-L™ NA NA [67]
FeOB/MnOB Acidianus sulfifidivorans 1 000 mg-L™ 80% FeAsO,- 2H,0 [30]
Acidovorax sp. strain BoFeN1 3.75~37.5 mg-L'As 87%~98% B (&) ALY s [68]
PIVE As
Acinetobacter sp. 1~5mgL™ 64.5% i ALY As [70]
35 ugL'As (1) , B ALY BT As [71]
Leptothrix ochracea 80%
42 ugL'As (V)
SRB NA 0.06 mg-L™ NA As,S3, FesSs, FeS, Hil [52]
AsS
Desulfomicrobium baculatum , 0.5~20 mg-L™" 85% As,S;, FeS, FeS,#l [55]
Desulfovibrio desulfifiricans, FeAsS
Desulfovibrio africanus,
Desulfovibrio magneticus and
Desulfovibrio sp.
Desulfovibrio desulfuricans, 10 mg-L™ 98%~100% FeAsS [57]
Desulfomicrobium baculatum
NA 79.4 mg-L™ JUF 2 2 B As,S; Fll AsS [60]
Clostridium sp. 5mgL"’ 98.2% 5j FeS and Sb,S; 2T TE [63]
NA 0.015 mg-L™' 85% NA [73]
NA 0.05~0.2 mg'L" it s} 1] 11 A5 £k Fe-S-As
NA 1 fl 5 mgL™! 55%~77% 5 FeS il [74]

H: AGS: EFki5Ie; NA: ARt

Note: AGS: aerobic granular sludge; NA: not available.
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) Fe (11 ) 11000 mg L' 1 As ( V) /KiEW T,
£ FeOB VE A T i 2 BRZ 1] ik 80%; Jf H4: XRD.
WEHH (TGA) R F R H5E (SEM) 4
M, AP e RAGEER S KRB A
L, ¥ EA SR E Y. Hohmann %% Bt
TEFe (1) fAFET, BREALE Acidovorax sp. strain
BoFeN1 Xf As (III) (1.5 mgL™"') Al As ( V)
(3.75mg' L") MRBRRAIL 96%L) I, EXAFS %
P 22 BN R A 7 7 SRS A b, TR TR R R
VAR RETE R T NEEEY .

Singh %5 UMM R 7K H 43 B 3k 15 — #k MnOB
( Acinetobacter sp. ), 1 FE B 3 25440 T AR L Bk
20%9 As (TID), miM-SAEREAMYE, As (T1T)
22BN ik 64.5%, Katsoyiannis 25U H 1 754
MnOB [ (7K 13 8 255 B Ah 5 b it Rk, 25 & BE
As (TI1) F1 As (V) MEBRICRIYTTIE 80%4 AT ;
UEAh, A TFARAE YRR AR S, AR %R
A AL AsCITDRYH TP He 257 H] ] Mn-AGS
FARFTABEBRA VKT AE, As () Se20
E{GIRRE, RF As (1) 7ERUAEY) . AR st A
JSUR R N L FIVER PRI As (V), TJa4sE
ZEIREYIKA G MAW A . hTEER
e H Lh S5 R s Y X R AR AR, AR5 S 90
FALY RN Z K Y Fe, Mn il As 75 ¢ A
R4 I FH i

KT W] SRB o ] T 4b HLK (A5 L
KEFEHEXT SRB LB FKmIE YLt 47 1 AH
%%, Keimowitz %@ i 7] + 3% SRB 4Rt 2 mah
(YRR BT ), & B M T K i i DA B e {148 pg L
AR ZE 22 pgL ' Teclu 258 & BRI A SRB 1f
B FAKP As () M1 000 pgL' R E
300 ugL!, As ( V) M 1 000 pgL' FFEALE
130 pg-L™'c SRB X fift (%) B A 1 F A v i P 7 R
WL RGBT, TEMARAY pH(2.5~3.5) &4 F,
SRB fig il i [ BACHHA T BB pH, M Z2BR/K
Ry E 4R, Le Pape 251N i 5 Wik &
B, FIFH+E N SRB Al S0 2Bk AMD v EE Y
fifi (79.4 mgL'), [FAAfiEE SEM/TEM-EDXS il
EXAFS Yt & As EE L) As,S; Fl AsS VITEIE
LB, Altun 25T & BlR) AMD Hsin Fe (11)
A SRR AR R a5 g, 4 Fe (11) WET
%200 mg- L™ I, BRPEZE K As 19 K BRFTT A 85%;

il EFLL As,S; Fll FeAsS ™ #)JE ik 5 FeS il FeS,
T TE I R IK B
22 WMEMRYT BARETEEERNERA

7 2512 T MICP. FeOB/MnOB Hl SRB Xi#Hi{5
e+ HEMIEE . MICP 2—FP A A Ir A B TG B £
BRI, Achal ZEUT GG Y 4 8 v 4355 11—k
M0 Sporosarcina ginsenggisoli CR5, W # g
e R EWREE, Sporosarcina ginsenggisoli CRS [ T
As 159 L HER A, AP R PRI ER 4 A
B S T, MR A A R T
96.6%, XRD &5 RAUESIE AL T 7 A1 -A L GTTEY)
Vel S U0 B — MR B R SR 3 Ak B A 195 e - 1Y
SEBMESE Bl AT B KRR L R R 5 R
PREIEAT G W T32 75 9% 1 58, 4558k Iuaf i gl fb 32
IRE] 83%, MR KRR T 1R B IR

FeOB. MnOB F1 As ( Il ) %A Akt & 80 H
T sgEnys s 2 . TIRIR PR TS Yeg H rh oy
BN PR 4 FeOB, M i A 4ULR 4URE R 8%, & I
IR EALDITEXT As (TIT) Ay RBRACR B3 Ui
VET AR 2L As (V) BIBAETE, Ui Fe (1)
AR R, As () Ak, He ZEB8F5E T
Wi 4G B AL Pseudomonas putida MnB1 7& + 3
5 Y 5 AN AR . 15 4 RIS IR AT MnCl,
Ji, ATHRBCE BRI T 51%, it st g
RIMKAAIE A, & B 3228 DURS 2 B Atk i 45 &
BRAPELABIE AT . Xiao 5 PIHI REHEM
SZATE G 0 R A A B ARAS T = Rk Ak AR Ak
, 533 Bacillus sp. T2 . Pseudomonas sp. Yangling
14 Fl Bacillus sp. TF1-3 . ¥iX = bR A 2 15 rh
AT YE NN K ARG AR R (0 Fe e BE , AT W BT 58 22 119
ffr, 2 A FH ] X6 2 D R oK e g i o 2 ) I
T 3.7%~13.3%F1 4.6%~12.1%.

32 EAE SRBFH ) SRB fE TR IR ER
WIEMFRIE, i85 As (V) fil Fe (1I1) #Yid %5
ARG B0 O AR RT3 ok A ALK RS, s
Qe RSN NaySO, W I T iR 314 J5 5L K]
dsrA WFRIE T IESCR PR EE M AF7E P {2 iF SRB B K
A P Bt R 6 30 I 7™ A ) A A6 0 RT 55 el RN 2RO B A
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TSR AT 7RSS, TERT 10 RSN, M+
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Table 2 Mineralization of arsenic by microorganisms in soil

25 B A iEem 4 As e As Hlifb JERUY As 574 278 3k
Category Typical bacteria Soil type  Soil As concentration ~ Passivation rate Formed arsenic minerals Reference
Sporosarcina e JAih 96.6% (AIZZIRA LA | Jrfffr . Bk
N 500 mg-kg [77]
ginsenggisoli CRS T As i) AT AR
BT 83% (A]AcHAs
NA N 14.01 mgkg™! NA [78]
Y As FiE
FeOB/MnOB Pseudomonas putida . 51% (AR As
B H A+ 5 mgkg! B A AR As [80]
strain MnB1 o)
Bacillus sp. T2
26.7%~55.0%
Pseudomonas sp. B N
B+ 41 F 138 mgkg'  (HIFEFLERK As e/ [81]
Yangling 14
i)
Bacillus sp. TF1-3
SRB NA &N+ 1420 mgkg' Wi s 1] 11 A2 £k As,S; [64]
) 235 % (IS
NA FEH 1 69.6 mgkg ! NA [82]
As i)
B 33%~35% ( -4 .
Desulfuromonadales fEH + 72.8~400 mg-kg ' FeS 43yl vE [83]
fLBRK As i)
i Fe( 11 ) AT AsCII ) ¥R B FHE5 5 Tk 93t SO 32 pH

FREEnR AR, (23E FeS MTE IR, MM -8R
iy Fe (I1) F1 As (1) e MBEZ A%, @
X-GED T R BUIE B FeS B 1 KA,
I%%U\ As;yS; ﬁﬁit% mﬁﬁf%ﬂéﬁﬁo

3 (ol R I R i ) R R 2R

3.1 FIRIRE

5 2 WY e %) e 2 o v £ 52 el U™ 8028,
15 YLK R R BA TR FE N 1.5 mg- L' B, AR
R Z )5, WP R E 10 pg L' LU
Ty MAHKETEE 3.75 mg L B, BERTPH
fif o 0] 2 3 TR R K B () TR RE R SR A B
(AR EER , YERRIERRIE R 3.75 mg L B, A
WAL W B KA L BR R 83%; MW & &
7.5 mg LB, EBEFETFHEE 67%%), Teclu 4
Wit 14 d MIRE & B, S RIHHE R 1 mg L
ff, 76 SRB MYAEFH T /K i i) 2 BR 220 70%;
T 2G50 AR 3 e FE T 2 5 me L' B, Bl A 5B R
FEARZE 61%.

X F AR LA™ 270, pH XA B4 B RCR 52 00 A
Jir 2 5. VPREEAETSMHT T ORI pH A& 4F R MICP
X IRYI B o fdhe Jr, S5 R8BSR A a9 IR
PESAE TR S N 15% T4 SRB T &, 6
PERAANE S IE B4, R AEmE 55 T 5 5 E
BCETARA R AR, I B S T e A A g R Y,
1B A pH M AR E 18 . Rodriguez-Freire 2558 & 1
2 pH M 7.2 BEIKE 6.1 B, B A EBRFIER S T 17 1%,
SMRVEMEE T HA S IE ALY . fef pH 5[
T B [F 2 R A A W T e RS S A R R T
TEL PR AW A B, 7% J& FeOB/MnOB 1 Jf
pH AU FE, DATT R4S S A7 A B ROR . ol , 44K
WETRER AL Acidovorax brierleyi Wi/ pH
Jg1.5~2.088 FER[EE) pH 44 F, Acidovorax sp.
BoFeN1 A IS WIAIE], 4 pH iy 7.0 B
L R/ R 7E pH R 6.3 1 Fe (11) %Ak
ARG, JoEH g B ; AE pH o 7.7 B, Fe( 1)
AR, A AR R T Ak,
sk HT T pH 5.0 3 pH 9.0 2514 F MnOB 4 K
AAE TS MO, 1 B , % B4R pH IRF 40 i 2% 8 40K
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WE%E pH Jti, A0HE% BN pH /T 8 B, MnO,
WEZEI A, 4 pH KT 8 B, MnO, B B FEK,
TP A AT Mn 5L
33 RE

FEAAE P 1 AR PR B R SRR R R R
—o 7, WEEWRE TR, AR R R,
IR E SR E B T . S — i, AR
(A sl A AR X TR B () 5 SRS ], R AR IR S o
T EE B AR A2 S ma i A WA, AT 8 25 5 i) o 4
JE B RO e VSR SE T 15°C R 30°C 4%
T MICP B X PR & 1 43 fff %, )N 72 h
JREWEMNWIEAERT 120 gL' 2> %I ZE 60 gL'
(15°C) F139 gL' (30°C) , 15°CHIRY /it i
30°CHT > 25%, TEBH 30°C 214 Mk At (%) 376 1 5 g
Achal 250215 89 3545 — k77 IR B i —Kocuria flava
CR1, % BEE 175 5 5 % A1 DLVE DT 81 8 42 )
IR T FEAS AR BE 45 0F T Ho6 Cu () K BRBE DT,
S5 LI R K 30°C, IR A5 R Rl
FEIE 100%. Bt PR 3 140 J5E T R i Hh il vk, o
HAEAFREETE 30~40C.
34 EEREBET

Ve U 45 UV ot o0 BT PR 3 vk B AR A R B g
4 BB T A IREE R0, P S ERAE 5.17 mgL!
Bp X ik il 3% P AE R R BB, W E N
1035 mg L' B, JRYHEEM 120 gL' #iorff 2
87 gL', XMRAGIE LA 1 2 50%, i
& JE B TR R TR AR A . R R, mRE R E
S @t aXt SRB = AEFEPEAE A, 2 i 5 A ) i
7t & . Kaksonen A1 Puhakka®™ #f 5% % B, Cd
(6mgL"') . Cr(23mgL"'). Cu(4mgL"'). Pb
(25mgL") . Ni(10mgL"') fZn (13 mgL™") X}
SRB ‘E K EHA BEMFEIVEM. Labastida-Nanez 2
KRR Pb i PRI SRB X R SR 1A I fiE
Fo 53— i F- e 4 R A7 AE P RE 24 R TRl
5Bk, 4N Sahinkaya 2P TFST & B4 477 FE 42 JE( Fe
Zn, Ni fl Cu) B, R ZBRFGTE, — I
RN TE IR T T8 B (FeAsS ) , 55—y 1 K Ay
BUCESIFI A E A e/ i e

XA AL T 7, WIUR Fe A Mn ¥R &3¢
e A 4 R 350 . 7E Okibe 25030, 24 Fe (11)
WREKTF 1000 mg- L' i, BEPERALS N T EAY IR
AT, A REAPEE; Fe (1) WE/NTF

1 000 mg-L™", FEIICEMBRYTIIE; MiE
1000 mg' L") Fe (11) WET, As (1) Afbik
R K, TR £ R A0 W ok A A R Bk
( Scorodite ). I, FiE MnClL M 0 £
FE 40 mgkg !, As (1) AYZEBRRIP RS, M
HTRBM Mn B2 H4, % MnCl, HiEH
40 mg'kg ' B, As (1) MRBRRMEINT 1.1 4%,
As (V) BERCREEANT 3.9 500,
35 HEZE

PRE S I CaCly 15 i35 258 Wi IR it 11 2 7=
WA RLH RLSR . 78 Govarthanan Z5PSERFSE fr, 4
JREGEN 18 gL', CaClL, &8N 83gL "', pH A
9.0 B, BREEF=H M, N 920 UmL ™', i ELpR%R
Hh59%; HIRESFEN 6 gL', CaCl, N
83¢gL"'. pH & 10.0 B}, AREGF=HEAL, M 390
UmL™', B EBRFN 29%, BREAHE LK T, Fh
JETRING ) R A 2% FeOB 75 S0 1 £ B i 1 50K
FEAEEN . Okibe 25U, 78 SIH6G 4 hoin A #E 4
BRI, &9 Acidianus brierleyi ¥F As (111 ) HI5E
fb, HICRA A AR . X TR b i B i 5
TRER £h Ak B X i 6 &2 = X B . Rodriguez-Freire
SR I B RR R VR B 2 e A KA DS HS,
T S B A A PR R (A TR 8, AN I i (4 8 )
R R AR AR Eh v B R AIR,  SRB Al™ HBE TR 22 [ /)
S AL AT A Y 0% . Saunders 25U O7E d N
P X K £ 2 P T T RAAE R RS, it
Bk )2 FEABRBRER BRI AL SRB (UTEHE, M
T L A ) B, (AR ) & A 200 pg L' %
REMHA DAL (WHO) MIBREM (10 pgLl™!)
AR . (HRREFHIRIGH R, SO i it feds
WG, TEBAEE (Iron-reducing bacteria, FeRB)
(OFE FH T AR M Hb mT s i 3 T 28 A 32 i R R

4 ZHicHREH

AR SCARYE WAL Wy AT 7 ) B 2R B A R 2R A T
XA, FFRIAN IR SR P B ) SR BIL A S AR
BEATVAGN . — 5T, O AL AT Y R SR T,
QAL R AR 0 i R T o 7 A 8™ A LB, BT
BRI . BRAALANER (FeOB) FlRf Fe (1) &
IR Fe (1M1, fesE A i Y SR 2047, AT [ 7
fifl o 5 —J7 T, BT AT ) RE A8 A A5 B
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fig A7 AR UTE o SRR AT AR ) LD B RS A A
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Tl A= W SR R — T B A IO T 0 B B S5 i 95 Tt
TRHEOR, SRIMTTEN ] 28 52 PR {5 Y if B 7 b o
WER I Boe, T RUIEY R AL
AR A A= PR, R o R T A N R R
8 SR 37 P RN A e s AL IE S 0 e A, 7 S
FEY L RETRE R 1o S U G SE R
— IR RBWE Y A R ML K, IR
Py A KA Bl R 264, A B R
TR AL SR BE 75 A S A, (R PR [ 3R
AP TR B 3 TP 7 10 AR v JOR R o e Ah, BIE
Py JC A — S I 1] 0 2% P REAES B AR 4 A it 3] 72 24
R, BB I A RE LSRR BE S5 A2 Ak, T RE2 ]
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