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Abstract: Ferrihydrite is a common iron oxide mineral in soil and also the main arsenic carrying mineral. Releasing
arsenic from ferrihydrite is a way to alleviate arsenic pollution in soil. In this paper, it is intended to promote the
release of arsenic by biological reduction of arsenic-containing ferrihydrite (As-Fh) by sulfate reducing bacteria
(SRB) and acidiphilium cryptum JF-5 (JF-5), so as to achieve the purpose of soil remediation. To this end, two
kinds of microbial shaker experiment and biological injection experiment were carried out by collecting typical arse-
nic-containing ferrihydrite from Shimen mining area in Hunan Province, to explore the arsenic release and form of
ferrihydrite, the change of suspended particulate matter in the process of biological dissolution, and the permeabili-
ty of the system. The results showed that: (D In two cycles, according to the total amount of arsenic released,

JF-5+SRB operations> JF-5+]JF-5 operations>SRB+]JF-5 operations>SRB+SRB operations, corresponding to these
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operations were able to release 16.4, 16.2, 7.3 and 3. 3 mg per gram of ferrihydrite, respectively; (2 Hydrochemi-

cal analysis also showed that SRB could provide stronger reducibility than JF-5 under the same operation; 3 The

biological column experiment showed that compared with SRB, JF-5 injection could produce iron suspended partic-

ulate matter with an average concentration of 1 419 mg/L, 7.25 times that of SRB; At the same time, the permea-

bility of SRB column system (mean water pressure difference of 0. 51 psi) was significantly better than that of JF-5

(mean water pressure difference of 2. 22 psi), and the dispersion of highly suspended particles was the main reason

for the permeability change. These results demonstrate that continuous injection of SRB into the ferrihydrite system

is an effective technique for reducing arsenic concentration in soil.

Key words: sulfate reducing bacteria; acidiphilium cryptum JF-5; arsenic-containing ferrihydrite; arsenic release;

permeability
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2020) , X} it A 58 ZU ) 55 MY (Pierce et al. , 1982;
Carlson et al. , 2002) , /KERW1E A X WAYER R
U, B AT L i A SR ) AR Y
Fe™ AKARIE B, 5 WRAF T X 123 1 ( Méndez, 2020,
XUECSS, 20205 FRIEFAE, 2022) o 1 FHXSH AT
T AR ANE B DR BEDR ™  H ol I 3 S 4 s
oUW R B LT TE B I B A K A (A A e
%5 2017; Zhang et al., 2022) , X 65K T E
A B A0 XSl 1 S B R TOK g TR e —E
FREE ba] DAZ A RHER s e, X A L
EEL, B UL Y IR A IS M N 8 ( Kober et al.
2005) \Wff(Cheng et al. , 2005) #5324k ( Clif-
ford et al. , 2002) . 4= ¥ 5L ( Cano-Aguilera et al. ,
2005) lifk (HeSCHISE, 2022) FHA X L&
AOCER, AT 3E T AR 37 5 R s G ) i, WESY
W] IR S A e BT b 2 0 TR A
B S ATEE M 5 32 B PR EE R (pH  Eh HE77
B LA A W4 ) B ( Mulligan et al. , 2004;
Mazumder et al. , 2020) &4 b RV f# | b 0] BEFE 1k
IR T SR A Y (Hansel et al. , 2003;
Erbs et al. , 2010; Hiemstra et al. , 2013) , 25ffi H [&
FRAUTHELR B (Exbs et al. , 2010)
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VK WS R, 7Ed YA S R T, R
(340 SR FH A 2 5 A 7K Bk 40 R s e 1) = K B
(Kocar et al. , 2006) , 5 41, i1 38 J5L B ( Sulfurospiril-
lum arsenophilum ,
(Heimann et al. , 2007 ; Liu et al. , 2023) MR Ehif
JE T ( Desulfovibrio vlugaris miyazaki, D. vulgaris )

Bacillus sp., Citrobacter sp. )

(Burton et al. , 2013; Liu et al. , 2022) FI8kE I #H
(S. putrefaciens, S. barnesii) ( Masue-Slowey et al.
2011; Jiang et al. , 2013) %5 % B8 5 BRANHLAOCAY
TR RE A% 1 2 52 e i ) M kA e B AT O, X
FE A5 I BT A ) 7 S5 aok 52 R A0 £ 2 A R s 1) JEL B8
HI IR S I G AR M s Ak V5 G XK R AT e e
WA BT 3 ha s B i

A FIE 2 BH , A 1 38 4A JR TR ( Shewanella
oneidensis MR-1) F1 i BR 1k i& J& & ( Desulfovibrio
vlugaris miyazaki ) 2 [F)4F FH BB ik &5 v 25 Al K 2R 00
i1 10. 87 mg BT (Ren et al. , 2022) , WERR L JF
A (Acidiphilium cryputum JF-5) {E R —Fh 8k 18 R A
T e B E B SR % Kirsten Kiisel 2042 AR TR 1E
B Y38 (Kiisel et al. , 1999) , FFIA A% 38 1 BB
pH {EA 2. 1~5. 8, B8 B X R 14 #7458 ( Cummings
et al. , 2007) , HiZ1A & TR MAT 14 I , RE A L 174k
WEMAE R, R A0 H, 30 Fe™ 1 3145 g i iF
R FEAE K (Kisel et al. , 2002) , 35 FE He IR P
B R AT 2 58 T I RO S AL, B
DL, — 202z 2 )\ O HAE AR A8 S AR i 4 07 TR
AEEESC(XNHHSE, 2007) . AR, F H g Rk
I DT R A B AR 5 R R 0 L TR AR B B R T
A3 S AR K T v i R IO A, A B
OB S Y e A SRS 5 S R

AR T IR AT T XA UK BR 4R
SR A Y5 g s, R B R 3R 38 J5 TR Desulfovibrio
vlugaris miyazaki FIRGFRER L JE T Acidiphilium crypu-
tum JF-5 X PIRRGE SRR B, TT T 1 8 06 52 56 11 4l
AW A KA RE S S, AR WA AU B2 vk b
3T TR R LA B SR L KA IS
PEASAE [R) 08 BE T ) BRSO, g k2 T AR
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1.2 FRRMEDIET

(1) BRMRERIE JFU R B %« B ik I i R IR T
VU PG R A X, i AL SE % A Desulfovibrio vlugaris
miyazaki fAiFR SRB , Hi3% 77 Fe R HIE ] AR 4 70 48
K=Y P )% ( DSMZ) 63 FrifER: 373 (hitp ;. // www.
dsmz. de/microorganisms) ( Liu et al. , 2017) ., %1%
FRHFTHEA 0.5 g K,HPO, 2 g MgSO, - 7H,0.1 g
Na,S0,.2 g CaCl, - 2 H,0,1 g Yeast extract,2 g
DL-Na-lactate,, 153F5E 57 5 K 30 min B H £
5 A SRB, RS T & T 30°CH IR I 7746
(MGC-100, Fifg—1i) 5597 7 K, HAT WAL RS H IR

(2) Mg PR Bk B TE ARG FE . B R kL TR
(Acidiphilium cryptum JF-5, VLN @i#K JF-5) HR5 55 5
RERTE Fe-TSB W AR YE F7 25, Be il ik anF . ¥
@ FRHLO0.5 g AR T (TSB) % T 917 mL
afiyk i, E R K 30 min AR Q) . FRE18. 016 g
PR TOK I EARZE 100 mL, £ 0. 22 pum FO AL IE
Eﬁﬁ{[’ﬁﬂz%, /ﬁ’(ﬁ@ %HX 19. 995 g F€2(504)3 ﬁ
TAKIFERZ 100 mL, 28 0. 22 pm A FLIE BE I U8
K BOR@. BRI 100 mg 454 % B12 .80 mg p-&
R 20 mg D-AEH)E 200 mg MR 100 mg Ca-D-iZ
2T 200 mg FhFRBLAEZE F1 300 mg £ R M8 MLk e 17 ik
F 1 LK, 2G4 0,22 um WRFLIE
i 8 K, A7 T 4°C BTG Ak % B . FREL
1.5 g FeCl, - 4 H,0 #f# T 10 mL 25% HCl I,
[ A 70 mg ZnCl, 100 mg MnCl, - 4 H,0,
190 mg CoCl, - 6 H,0.2 mg CuCl, - 2 H,0,24 mg
NiCl, « 6 H,0,36 mg Na,MoO, - 2 H,0 F1 6 mg
H.BO,, EAZE 1 LIMEKE; WKO©: iNo.5 g
NaOH ,0. 003 g Na,SeO, - 5 H,0 F10.004 g Na,WO,

-2 H,0 & 1 L gk, ZenamEXE, b
i 6 R R C 52 BUR , B 10 mL IR .70 mL %
WA .1 mLEHE@D .G @735 ABBRO T ]A
BI5)5e UG AR, R JF-5 IRAEIRESIE T T
30°C FFEIR 55 3748 (MGC-100, Fifg—148) Hhls 33 B
FRM B AE RV I 58 7
1.3 #EMEL

BT 5T IR E W K A% T, SRB Fl JF-5 £ 9
VI S IR As-Fh H1 As 3 BRI A 520
BT TR, Seaei it iR, &5 7
K, AT 4 BT TCE DS AR 3. 7 K SRB +7
K SRB.7 K JF-5+7 K JF-5.7 K SRB+7 K JF-5.7
K JF-5+7 K SRB, AR AT .

51 M. K 0.1 g BRKEIY As-Fh 5 mL K5
FR5E LA SRB (Y JF-5) B ,20 mL X b b i 3% 77
FIMA 50 mL B0 38R 1 R A IR %
B ICE T A 2UE R IR 5 % (1S-RDD3, 2 [E K
BLY, L 35%C 150 rpm PR IG TR T K, B R ENEURE
552 A AR 1 SR EORE S5 oS S B A e B Pl
(Eppendorf Centrifuge, 5810) A 1 000 r/min &5 0>
10 min, £ VW, FROINA S mL 35 5% 58 B
SRB( 8% JF-5) BB LA K 20 mL X )3 18 Fh 3% 95 3 | DA
FHIR ARG A R G 5 95 7 R, e BT IURE . 5256
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WE 3 PATAN I, R 3 A FATRN R, RO
Jr s AN ST B IR SR R R HQ R
FCME AL (HQ4A40D , 5 [ i Ay 24 W) ) DA B K 35 55 34
BEN Y pH 1 Eh; SEE A ARSI 0. 45 mm R
U5 AR 3 - 5 28 O O FE 11 (SAP-50, AFS-
8230, b5t KA F]) Kl A 25 Je F i 5 LI 45 R
Je Xt SN P A T B LA T
1.4 4AE¥iFEN As-Fh #3258

mE 2 pros, wit— K 40 em \HN4E 3.4 em,
HME 5.5 em BB BRIH AL  FEZEMSNER T
WA 1 P A R K T B, 2R A P A0 B 30°C e R A=
KA mAa 5 N 5WZ2EENED (B REE
5 em), b AN F ARSI B A K R 5K
AL AS (CR1000, Campbell Scientific 23 7], 3¢ [#)
A FABLIAE , B 10 min WEE— R RS 8@ itk
JE1t ( Control A #], Traceable ) Flf H o {5 5 HEAT
EIE , Hofr 7K K (psi) 552 FR FE 1A 3% ik
(R*=0.999) ; fjE] 3 ANk 3 A A ] J2 47 5] i B
FEET S0 A T o 2 H 3 H245 80 %8 ( BT100L, Lead-
fluid) , FE3% 55 AL IC AR FT 20 ¢ 18 MR AR A 10
(10~20 H), A5 FA# N 0.5 ¢ & ff K&Ky
(As-Fh) , IFAE [ —7KF 7 B HEA—HLIME 0. 32 em
BEJEL 0.02 em K 45 em WIANEWE AT i 58 L
As-Fh, 1o %2 598 (harvard apparatus ) , F A3
WP 7 AL TR

HHTC A B8R A e ib B R 2 LA i,
1 Fe® AT (g i 80) AL e A, WY
AR T AN 2 BRACR (Abia, 2011) , ASSZ56
i3 SRB 1 JF-5 73l 3R AR 2 A i v IR A )
W JEA S As-Fh i3 72 As B B R WURL Y L) R A4
RBBEMEAR, LB AW R 14 X785 1 R
% 8 REF2r 1K 30 mL 853252 i Ay SRB( 858 JF-5)
B RE SV E S A DL 1 mL/min (993 0 A F o
FIFHEEENZE L 0.5 mL/min A4 38 A B F5 1%, b4
TR A= S 6 ik i SR W A 44 R 0 A2 4k
B8 B X 3 AN 2 A0 50 1R 0 A T BORE , R
TNk 17 SR 40 v R R e e
1.5 ZEZFBRinahpsmn

T UL P S DN . T R A ERO0. 1% R
LT A ZENTR I ( CMC-Na, B LR T5) WA 5256 vh
FIRERLL 0. 5 mL £ : 9. 5 mL CMC-Na 1 L i #i
BE, B FH DR/2400 AU 52 56 %= H 4y O I, 817
HACH 630 Suspended Solids #2¥, L1 0. 1 % CMC-Na

K2 AEscE e

Fig. 2 Column experimental device

RZS R A IR B ARG AN A1 J22 A7 B VR UKL 4 1Y)

ARSI . R P YRR 3% - I 2 e i ik
(SAP-50,AFS-8230,Jb 5t % KA F]) Ml As (M) il
As( V) ¥ B, Wi 3h A A (NH, ) ,HPO, (fIt 2% 4ii,
1.96 o/L) , BB N IE IR (D4l T%) , ik 550
KBH4 ({4446, 20 ¢/1.) il KOH (%4, 5 ¢/L) iy
REY, B @ Am (435 0.3 MPa) . kI
FARP O AL A AR £ (AsO} , 1 001 pg/mL) Al
AR ER (AsOY, 1007 we/mL) b VA TR 22 A 1
4k, R iR A SEE N 0. 999,

2 R51R

2.1 SRB # JF-5 {ERAIRF 3T As AR R0

e 3 R, 765 0 S5 4 v, B R AR A R A
(SRB) FIRETRZRIE I I (JF-5) S AR & Bl K 2R
(As-Fh) B, W AR E T As R, HL2R 2 J5
As BRI B 0 35 = T4 1 JRI T, 8] 3a J& SRB R
MAEH As-Fh, 55 1 FIARIGE LA As( V) BeCh £, Bl
SRB A KR JEPERG TR As (V) RO BE B W7 R K
As(I) W PETH i, IEAESE 2 RAFE T As () He
FFHET As( V)5 3 Kig As(ID) RIE TR,
I B B i VRPN 1) e R Rk B TR R TR B 2
4.18 mg/L, SRB %2 JAIHEH] As-Fh i, DL As( D)
BECH 3, As (I ) BECHURAESS 8 KA 9 KiT i
F, 10 REFE R As (D) ¥ ¥ 3k 2 & =
7.28 mg/L; SRB YEF As-Fh Bl SRR S 2 Ji 4
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Fig. 3 Arsenic species variations of ferrihydrite reacted with SRB and JF-5 separately under baich experiments for two cycles

S AWRT T 93,16 %, BiJEH) As BLRCE N
0.33 mg, W& 3b FiR,JF-5 Bl Rl As-Fh i, %
W EZLL As( V) B 2077, As (1) AT As (V)
WREBARH S B B o, O 1 IR ET 4 K
As-Fh 1 As( V) BB AI X 2812, 7256 5.6 K
W As( V) KB E T, BB 4 K5, %5 K
As( V) YRERIINT 1.90 £i5,55 6 RIGINT 3. 48 £%;
552 JEI) JF-5 VERT As-Fh B, As (V) B BSUR 8¢
551 RSN A0 As( V) IREETZESS 9 31 13
RAJHETFE BN 14 RigFRaoe, B 2 A ah &
PO BCER 1 R T 44, 419 , 9 R 3 BB iR
1,62 mg, L LA, BRI JE R S As-Fh
PSS A JF-5  As BVREHCE J& SRB 1Y 4. 93 i, 45
W] JF-5 XPERAY A R (BRI AR A 2020) fiff As-Fh
As I BE AR tE SRB i JE B R £ (Liu et al.
2022) X As BB B 4 PR A SR T 5 2 JRIAE
X As-Fh 11 As BOBETAICR B2 = T35 1 )81 0, 3R 1
As-Fh B — LR As (981,

E 4 Fros  FERIR ST SRB 5 JF-5 3881k
FH As-Fh 5 JE AR 25 R B | 55 sl VR FHAH EE, 29
TR E A F T As-Fh A f B, 18 4c M2
SRB /EFJE JF-5 VEFIASE g0 45 2 55 1 J5 1 SRB 1E
F As-Fh B 5 &l 4a 2558 A0 L, WIER LA As( V) BEBCH
I, T SRB AR A, As (I ¥ B8 & 5 BT 16

B4 RUE IR BN 4. 43 mg/L; 5 2 JRI JF-5 1B
As-Fh B} WIHEBHE R As(I) AT As( V) BEcHe &
PR AEHPIR G i AsCID) A As( V) 1
VR B 2 B0 P K R A, TRESE 1 )R] SRB
YEHG B As-Fh 5 55 4% JF-5 I8 A, 7= A4 Fe™ {2
HET As BOREIL (CBRPILBESE , 2023 ) , I A A8 il ot
iKF]0.63 mg, (5 As-Fh R &R 17. 14%, &l
4d K JF-5 SefEH SRB JEE B SEER s R, 5 1
1 JF-5 VEFH As-Fh I, As( V) 0V BE Fifi 25 5236 14 335
A T, ARE T 1| 4b h JF-5 55 1 & AR
As-Fh iZH AR As (V) W &, XF As BE
U, AT R A RUE D s X As BERCH — %
Wi (7 He, 2017) %6 2 JE I SRB fEH As-Fh B, SRB
WIE BB ST W LK As (V) B JE N
As( 1) ( Zacarias-Estrada et al. , 2020) , M1 {# %5 K
L As (D) BIEAEAE R 325 51K 4a T SRB H
YEFT As-Fh [%55 2 JAIIAH LG, ] 4d o As-Fh (98 As
BEBCEARTE T 1,74 £5, 47 LArid SRB 5 JF-5 508
YEH As-Fh B}, JF-5 + SRB # 1F it 0 A %5 Hb F& %
As-Fh Hfi B | 5 As BEICR K 44. 84 % , B 2
SRB+JF-5 #:4EMY 2. 24 £,
2.2 EWMRXEIEAE As-Fh B ATR-FTIR 534

Bl 5 & PR S AR S RIS As-Fh 9050
HEE 1024 ~1092em ™ &P R AE P 5% JE H C—O
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Fig. 4 Arsenic morphology changes of alternating SRB and JF-5 during two cycles in shaker experiment
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Fig. 5 ATR-FTIR profiles after alternating SRB and As-Fh
with JF-5 in shake flask experiments

4E4R3h, Zhou %5 (2017) Fl Ren %5 (2022) 435I #
FHBRRER A 57 T 5 W8 PR K340 S T 5 1A= 0 A S 2k
(PUDTERAH) 45 420~450 em™ F1 607~622 cm ™' %k
ANMEAR R Fe™ —S Ml S—S AYMZadR3sl, ARRWFsets
FEPIFP R AR b & BAEAE 220 3 AN 2 W
(447 443 F1423 em™") | PRI L) Ui Ak 3L ) A5
HE A ALY, & B, IF-5+SRB #4E 1T

FER K Semg ety 38 3 L L SRB+JF-5 5, 1€
FH Z G BRATAE , 3X 1T BE -t 2 i B e i R A 1t
TR AN AR I R IR 22— 53 AN i 2
HI—AFER 797 em™ WCHT | B2 WA R AR A9 HR
Bl X O AR T 2 W R SR A R Y
HBLE A S
2.3 SRB 1 JF-5 {Ef %2 Eh #0 pH EZ L

& 6 AR ek Eh-pH AH B S S EE 2560, 40
6 fizx,JF-5 F1 SRB /EH As-Fh B, % Eh-pH
SRR, ERASKMT,SRB fEH T As-Fh BY3E
Y0 IR pH (HIEFAE 6. 56 ~8. 01 Z[8], JF-5 5246
4 pH {H7TE 1.83~2.05 Z [, 1k pH {HEEME #F IR E
TR AR (AR ERY, 2017) . ARAE Eh {E AT LA
B ) SRB IR JFLRE T 58 T JF-5, 5ad S BE 1l
SRB AR AL As (D) B . FRI LS,
JF-5 VEHT As-Fh I} =2 AFAE Fe® | HyAsO, HIME 2
As,S, WA, SRB YEH As-Fh i £ 2 LUEEE As,S,
5 Fe, 0, W YAHTAAE, 9K, SRB i Ji if i 72
2R3 o A WA RN K AT ALY b R RS #
KBRS, IFF1E As(V) B As( 1) , 807 b5
K ST I AL (Liu et al. , 2022) ;AR SRB 4=
B H,S B AR AIAR R, JF-5 RS, H
REs Fe® IR JFR Fe™ | (EHXTERA 4 7 ek 55 ( Kusel
2002) , EA SCHREM, R Y REE S i

et al. ,
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Fig. 6 Eh—pH diagram of Fe-As species of As-Fh reacted
by SRB and JF-5 in shaker experiment
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JEE Y5 6 S B A T I 28 0 B B, 7E 5 8 RN 9 Kk
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3 As( V) B JE K As () , As (1) B He BT84 T+
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Arsenic () and arsenic( V') concentrations of profiles of column experiment under SRB circumstance
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FEAE O R T M S 50 R B A 50 As-Fh U A
0.79 mg 1) As(Ill) (Ren et al. , 2022)

RGP R E Y EITE As BEBCIG IH , 7E
R T Z LN AT AY As-Fh A1, 5 JF-5 /EH
FHEL , SRB XF As-Fh A1 As BI04 S5 YRR B
F,H L R AR RN R K,
2.5 As-Fh#E3 As BitBEHETK

w9 Frzs, 78 SRB Al JF-5 43 BIE T As-Fh £
B, B As BEEEBEAE H I (B2 88 T4 e . SRB 1
FH As-Fh FEBIXT As AORERCE BRI & F JF-5 /B, I
KB E N 4. 40 mg, A As-Fh H As BH 1
24.03%, JF-5VEF] As-Fh IR BE O RER RA
18.45 % ,iX 5 IR A ME K AR Z& o JF-5 X it 19 B Tl it
T SRB S5 RAM R, FEJFRHE TR O Xt
THRI S50 14 RIS, AR R A BE T BEAS A T
JE-5 BAK; Q) BRERTR A I B sk A I B X4 g 43 it
As-Fh RS ALY, (H 0 B Sk Ak 46 6 2
IR B BE W T (Jones et al. , 2006; Hf=2E4E,
2013) ,JF-5 X0 W) b RS PR S, (A 2 1Y) As-
Fh A W B FEAK
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Fig. 9 Cumulative arsenic release from As-Fh column

by SRB and JF-5 respectively

TAOREE . REMKIE SRR PR R BB
AL OCHE R R, Darcy 5 3 FH AR RIK ) 5 L K
R B B R (Liu et al. , 2013) , SLE 4 9ERD
FEMFLBRE A 34% , Hi i ) 32 38 A ¥ W I i S e
FEI), HOK R 2K BB 2, I As-Fh 11 As
BRI, 5 JF-5 M H, SRB 1E ] As-Fh i} B 8 4
B, IR E Z AR TR W 3 1 25 55, P 34K
2 SRB(0. 51 psi) <JF-5(2.22 psi), fE JF-5 1EH]
As-Fh AEBF 7K R 2272 8l K FEAS 2 BB mT DA 5
KEZ R LT, FRERM, BRI JF-5 AT LA
B Fe’ 38 JF Sk Fe™ i HE Bk S 0T W I i ( Gonzalez
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ELERIAREH R 1.5 L EKELEA —EWF
=, ATRESE SRB M JF =AY S 5 Fe™ 45 A4 ik
WA (FeS, ) W AER W), 5 T HE P2 5% (Alam
and Mcphedran, 2019) .

WK 11 fis, 78 As-Fh #E v JF-5 75 B R
PRS- 27 118 B T SR ) ViR ¥ 78 1R T SRB R R A
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10 1 JF-5 VEFHAE /K R 22 5% T SRB AHEHIE, 7E JF-5
VEFRMRESC 56 v 3 A 1) 17 - 35 28 77 S0 90 vk 5
1 419 mg/L /& SRB /EFMAZR N9 7. 25 1, iX 7] RS2
JF-5 % As-Fh #5375 ik SRy 55/ INFSURE ()17 10 B 5 7 TR
(38 AFFEE L ( Zhang et al. , 2009) , [F]fAE Y 38
Ji Fe® T8 MU 22 1 2k 3R EAA , A1 1A 25 op B0k 4 185 o
(Silva et al. , 2012) ,JKE2 T+, SRB K& 3 /4 il
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Column experiment SRB and JF-5 profile suspended particulate concentration changes variations of suspended

particulate from profiles of column experiments for SRB and JF-5 circumstance
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I B R 16 J5 # (SRB) H1 g IR Bk i J5
(JF-5) AR JE AR AR SR K R T 2 LA
JFRREE RS T K R (As-Fh) HB As B N B 1B M
T TS, R 4584 .

(1) BRI SE S 45 /AR, Bt/ I, JF-5 XF
As-Fh Bl As SR LT, & SRB fERIY 4. 93 £%; Bk
AR R B, R E BB N R AR T X As-Fh
(7 As 36.6 mg/g) B Al e . JF-5+SRB $#:1E
(16.4 mg/g) >JF-5+]JF-5 #E (16. 2 mg/g) >SRB+
JF-5 345 (7.3 mg/g) >SRB+SRB #:4F (3.3 mg/g) ,
JF-5+SRB #EXT As-Fh 1 As BRI fe 4, a5 5
44.84 %,

(2) WA As-Fh FESLE R, 75 2L R
B SRB Xf As BEIACR B4 X As-Fh H As (1)
BETIC (8.8 mg/g) R T JF-5 YEH (6.5 mg/g)

(3) As-Fh £+, SRB 1E A R 5 i 4 4,
SEHIK 2 SRB (0. 51 psi) <JF-5(2.22 psi); JF-5
Y A ) T 2 P ORI MR B2 2 1 419 mg/L & SRB
VEFRBS Y 7. 25 A5, R SL MR B B0 E 2R

References

Abia II'T S. 2011. In Situ Iron Oxide Emplacement for Groundwater Arse-
nic Remediation[ D]. Texas A&M University.

Alam R and Mcphedran K. 2019. Applications of biological sulfate reduc-
tion for remediation of arsenic[ J]. Chemosphere, 222 932~944.

Burton E D, Johnston S G and Planer-Friedrich B. 2013. Coupling of ar-
senic mobility to sulfur transformations during microbial sulfate re-
duction in the presence and absence of humic acid[J]. Chemical
Geology, 343: 12~24.

Cano-Aguilera I, Haque N, Morrison G M, et al. 2005. Use of hydride
generation-atomic absorption spectrometry to determine the effects of
hard ions, iron salts and humic substances on arsenic sorption to sor-
ghum biomass[ J]. Microchemical Journal, 81(1); 57~60.

Carlson L, Bigham J] M, Schwertmann U, et al. 2002. Scavenging of as
from acid mine drainage by schwertmannite and ferrihydrite; A com-
parison with synthetic analogues [ J ]. Environmental Science &

Technology, 36(8): 1 712~1 719.

Cheng Z Q, Van Geen A, Louis R, et al. 2005. Removal of methylated

arsenic in groundwater with iron filings[ J]. Environmental Science
& Technology, 39(19) : 7 662~7 666.

Clifford D A and Ghurye G L. 2002. Metal-oxide adsorption, ion ex-
change, and coagulation-microfiltration for arsenic removal from wa-
ter[ J]. Environmental Chemistry of Arsenic, 217 ~245.

Cummings D E, Fendorf S, Singh N, et al. 2007. Reduction of Cr( VI)
under acidic conditions by the facultative Fe ( Il ) -reducing bacteri-
um Acidiphilium cryptum[ J]. Environmental Science & Technolo-
gy, 41(1) : 146~152.

Erbs JJ, Berquo T S, Reinsch B C, et al. 2010. Reductive dissolution of
arsenic-bearing ferrihydrite[ J]. Geochimica et Cosmochimica Acta,
74(12) . 3 382~3 395.

Fan L J, Zhao F H, Liu J, et al. 2018. The As behavior of natural arsen-
ical-containing colloidal ferric oxyhydroxide reacted with sulfate re-
ducing bacteria[ J]. Chemical Engineering Journal, 332 183~191.

Gonzalez E, Espada A, Munoz J A, et al. 2015. Reductive dissolution of
magnetite and jarosite by Acidiphilium cryptum JF-5[ J]. Hydromet-
allurgy, 157, 292~297.

Hansel C M, Benner S G, Neiss J, et al. 2003. Secondary mineralization
pathways induced by dissimilatory iron reduction of ferrihydrite under
advective flow [ J]. Geochimica et Cosmochimica Acta, 67 (16) :
2977~2 992.

Heimann A C, Blodau C, Postma D, et al. 2007. Hydrogen thresholds
and steady-state concentrations associated with microbial arsenate
respiration [ J ]. Environmental Science & Technology, 41 (7):
2311~2317.

Hiemstra T. 2013. Surface and mineral structure of ferrihydrite [ J].
Geochimica et Cosmochimica Acta, 105; 316~325.

Jiang S, Lee ] H, Kim D, et al. 2013. Differential arsenic mobilization
from As-bearing ferrihydrite by iron-respiring shewanella strains with
different arsenic-reducing activities[ J ]. Environmental Science &
Technology, 47(15) : 8 616~8 623.

Jones E J P, Nadeau T L, Voytek M A, et al. 2006. Role of microbial
iron reduction in the dissolution of iron hydroxysulfate minerals[ J].
Journal of Geophysical Research-Biogeosciences, 111(G1): 277 ~
282 .

Kober R, Daus B, Ebert M, et al. 2005. Compost-based permeable reac-
tive barriers for the source treatment of arsenic contaminations in aq-
uifers; Column studies and solid-phase investigations[ J]. Environ-
mental Science & Technology, 39(19): 7 650~7 655.

Kocar B D, Herbel M J, Tufano K J, et al. 2006. Contrasting effects of
dissimilatory iron( Il ) and arsenic( V) reduction on arsenic reten-

tion and transport [ J]. Environmental Science & Technology, 40



992 F=

PR N 7/ B /S

43 4%

(21): 6 715~6 721.

Kiisel K, Dorsch T, Acker G, et al. 1999. Microbial reduction of Fe
(1) in acidic sediments: Isolation of Acidiphilium cryptum JF-5
capable of coupling the reduction of Fe( Il ) to the oxidation of glu-
cose[ J]. Applied and Environmental Microbiology, 65(8) : 3 633~
3 640.

Kiisel K, Roth U and Drake H L. 2002. Microbial reduction of Fe( Il )
in the presence of oxygen under low pH conditions[ J]. Environmen-
tal Microbiology, 4(7) ; 414~421.

Liu EY, Yang Y, Xie Z M, et al. 2022. Influence of Sulfate Reduction
on Arsenic Migration and Transformation in Groundwater Environ-
ment[ J]. Water, 14(6) ; 942.

Liu J, Cheng H, Zhao F, et al. 2013. Effect of reactive bed mineralogy
on arsenic retention and permeability of synthetic arsenic-containing
acid mine drainage[ J]. Journal of Colloid and Interface Science,
394; 530~538.

Liu J, Zhou L, Dong F Q, et al. 2017. Enhancing As(V) adsorption and
passivation using biologically formed nano-sized FeS coatings on
limestone ; Implications for acid mine drainage treatment and neutral-
ization[ J]. Chemosphere, 168. 529 ~538.

Liu Wei, Hu Jundogn and Lu Guohui. 2020. Assessment of arsenic con-
tamination and risk in Shimen realgar mine[ J]. Journal of Hunan U-
niversity of Science and Technology ( Natural Science Edition) , 35
(4) :96~102 (in Chinese with English abstract).

Liu Y B, Zhang B Y, Han' Y H, et al. 2023. Involvement of exogenous
arsenic-reducing bacteria in root surface biofilmformation promoted
phytoextraction of arsenic [ J]. Science of the Total Environment,
858 160158.

Liu Yanyang, Chen Zhiwei, Jiang Chengying, et al. 2007. Isolation and
identification of an acidophilic heterotrophic bacterium Acidiphilium
sp. and its study of Fe ( I ) metabolism[ J]. Acta Microbiologica
Sinica, (2): 350~354 (in Chinese with English abstract).

Masue-Slowey Y, Kocar B D, Jofre S B, et al. 2011. Transport implica-
tions resulting from internal redistribution of arsenic and iron within
constructed soil aggregates J]. Environmental Science & Technolo-
gy, 45(2) . 582~588.

Mazumder P, Sharma S K, Taki K, et al. 2020. Microbes involved in ar-
senic mobilization and respiration; a review on isolation, identifica-
tion, isolates and implications[ J]. Environmental Geochemistry and
Health, 42(10) : 3 443~3 469.

Méndez J. 2020. Ion Complexation Modelling of Ferrihydrite: From Fun-
damentals of Metal ( Hydr) Oxide Nanoparticles to Applications in

Soil Systems[ D]. Wageningen University.

Mulligan C N and Yong R N. 2004. Natural attenuation of contaminated
soils[ J].
Newman D K, Beveridge T J and Morel F M M. 1997. Precipitation of ar-

Environment International, 30(4) ; 587~601.

senic trisulfide by Desulfotomaculum auripigmentum [ J]. Applied
and Environmental Microbiology, 63(5): 2 022~2 028.

Pierce M L and Moore C B. 1982. Adsorption of arsenite and arsenate on
amorphous iron hydroxide [ J]. Water Research, 16(7): 1 247 ~
1 253.

Peretyazhko T S, Zachara J] M, Kennedy D W, et al. 2010. Ferrous
phosphate surface precipitates resulting from the reduction of intra-
grain 6-line ferrihydrite by Shewanella oneidensis MR-1 [ J].
Geochimica et Cosmochimica Acta, 74(13) . 3 751~3 767.

Ren X, Yan N Z, Chen S, et al. 2022. Remediation of arsenic-contai-
ning ferrihydrite in soil using iron- and sulfate-reducing bacteria; Im-
plications for microbially-assisted clean technology [ J]. Journal of
Environmental Chemical Engineering, 10(6) . 108876 .

Silva J, De Mello ] W V| Gasparon M, et al. 2012. Effects of competing
anions and iron bioreduction on arsenic desorption[ J]. Water Air
and Soil Pollution, 223(9): 5 707~5 717.

Xie Yunyun, Chen Tianhu, Zhou Yuefei, et al. 2013. Effect of the inter-
action of microorganisms and iron oxides on arsenic releasing into
groundwater in Chinese loess[ J]. Environmental Science, 34 (10) :
3 940~3 944 (in Chinese with English abstract) .

Xu Shigi. 2017. Study on Bench and Pilot-scale Stabilization Mechanism
of Arsenic in Realgar Tailings[ D ]. Huazhong University of Science
and Technology (in Chinese with English abstract).

Yan Wenming, Jiang Chao, Chen Xiang, et al. 2022. Effect of two cov-
ering agents on passivation of simulated arsenic contaminated sedi-
ments by microscale techniques[ J]. Environmental Engineering, 40
(11): 127~133, 151(in Chinese with English abstract).

Yang Ye. 2017. Diversity and Functional Characterization of the Genes
and Microorganisms Involved in Arsenite Oxidation from the Extreme
Environments and Their Influence on Arsenic Release[ D ]. China
University of Geosciences(in Chinese with English abstract) .

Yang Zhonglan, Zeng Xibai, Sun Benhua, et al. 2020. Research pro-
gress on the stability of ferrihydrite structure and its application in ar-
senic fixation[ J ]. Journal of Agro-Environment Science, 39 (3):
445~453(in Chinese with English abstract).

Zacarias-Estrada O L, Ballinas-Casarrubias L., Montero-Cabrera M E,
et al. 2020. Arsenic removal and activity of a sulfate reducing bacte-
ria-enriched anaerobic sludge using zero valent iron as electron donor
[J]. Journal of Hazardous Materials, 384; 121392.

Zhang Kaixuan, Zhang Chipeng, Wu Pan, et al. 2023. Effect of iron-



55 4 1

FRIEAESE . BRRRER IS I -5 Bkl IR IR B B O UK R AT h it S8 Ve 993

reducing bacteria on soil colloidal adsorption and release of arsenic
[J]. Earth and Environment, 51(1): 108 ~ 116 (in Chinese with
English abstract).

Zhang Minghui and Liu Jing. 2020. A study of the release behavior of ar-
senic in tailings of Shimen realgar mining area by redox organisms
[J]. Acta Petrologica et Mineralogica, 39(2) : 203 ~210(in Chi-
nese with English abstract) .

Zhang M N, Dale J R, Dichristina T J, et al. 2009. Dissolution morphol-
ogy of iron (oxy) (hydr) oxides exposed to the dissimilatory iron-re-
ducing bacterium Shewanella oneidensis MR-1[ J]. Geomicrobiology
Journal, 26(2) ; 83~92.

Zhang T, Chen X Y, Wang Y, et al. 2022. The stability of poorly crys-
talline arsenical ferrihydrite after long-term soil suspension incubation
[J]. Chemosphere, 291 132844.

Zhang Xiaoping, Wu Zhihua, Chen Jiamu, et al. 2022. Occurrence state
and migration mechanism of arsenic in metal mines[ J]. Bulletin of
Geological Science and Technology, 41(4): 138~ 148 (in Chinese
with English abstract) .

Zhong Songxiong, Yin Guangcai, He Hongfei, et al. 2017. Stabilization
effect of arsenic by different iron minerals in paddy soils and the re-
lated mechanism|[J]. Acta Scientiae Circumstantiae, 37(5): 1 931
~1938(in Chinese with English abstract) .

Zhou L, Liu J and Dong F Q. 2017. Spectroscopic study on biological
mackinawite (FeS) synthesized by ferric reducing bacteria ( FRB)
and sulfate reducing bacteria (SRB) : Implications for in-situ reme-
diation of acid mine drainage[ J]. Spectrochimica Acta Part A—Mo-
lecular and Biomolecular Spectroscopy, 173; 544 ~548.

Zhu Ziying, Liu Qiangian, Deng Yanping, et al. 2022. Phase transition
characteristics of ferrihydrite mediated by sulfate-reducing bacteria and
the effect of its products on Cr( VI) fixation[ J]. Acta Scientiae Cir-

cumstantiae, 42(12) ; 231~240(in Chinese with English abstract).

Bt o 32 2 % STk

RO, SIRME, BREE. 2020. A1 THEE XEE YK KX T
W] BIFERME R AR (ASRBHERR) | 35(4) : 96~102.
XUHEPH , BRabds, 2, . 2007, —KRVERRTLBE ST IR Acidiphili-
um sp. WYY E BN Fe () ARBHAGBIZE[T]. BUEY IR,
(2): 350~354.

WSS, BRRE, FIRE, 4. 2013, R Y- A B BAE X
WA PEE TR )], SRR, 34(10) . 3 940 ~
3 944,

REF. 2017, HESE RS i A E L R IR AT [ D], e
BHE R,

FECW, W AR, BE OB, S 2022 EETHUNERAKS MEVEAS 2 Fl
BRI BB CSCR D], BRI 40(11) ; 127~133,151.

¥ M. 2017, w3 BERN AL M SRR T MR AR B LR AR
BN [ D], A BR A

B2, BAH, INARAE, S 2020, KB SEH A E P KRR
PR SRELT]. Al FEER 74, 39(03) : 445~453.

ST, SRMME, R B 45 2023, BRIBJETRE N TR AR S R
BRI ], MRS EREE, 51(1); 108~116.

SRITEE, X1 B 2020. SR EA YR A T HEE T X R BT
T[], EAETESE, 39(2) : 203~210.

T, BB BREEA, S 2022, MTESJE L T AOIRAETE A K
FERALHI[I]. HRAHGER, 41(4) : 138~148.

PREAME, FHER, 227K, % 2017, REGD B%t KR ke
R KALRI[T]. BREERLE2ER, 37(5): 1 931~1 938.

gL, XIMER, ABFE, 4. 2022, BRERERIE R KT M
PRAFHAE B =%t Co( VD) BAAERGREWI[ J]. SRBERI 224, 42
(12) ; 231~240.



