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FRER E I IR B T SR R AR FE L 53R Bl E A B 3 M

R, LA, R4, BEY, BEET, &AM
L RAERZEB S S LT /AR R L3S Yo B S IR Gy A TR O/ AR A R SR A B R TR
TR T 5106505
2. T EREEBEHIR A SRS R R A2 R e, SN B 5500015 3. JAR T RFERERAA S TSR, )74 1M 510006

WE: tHEESEM (Cd) ISYnEH 258, Bt 5 s ™ E W, BF9E Cd 15 5 s 2 HoR HoA s
R L, MEYBERA, WHERELAIRE (sulfate reducing bacteria, SRB) MF T EEBHFEERA, B Cd 5%
FEE S 0 BB AR, P AR BT A 1 MR A, S AR MR LR VIR DG, SR, B RTSC TR RN
BRAALYI A SRB HAFIIEIL T, H 4@ R E AT iR b= IR AIBSE . SRRl i “SRB-EMKT-E 48" 938 B U
K&, IR PR . St EERMIIRE T N UL WA L, HXE AR TR 50T 450,
aifb2f (EHRE+FeCl+CdCL ) REFRAMT, AR KA B AZE AR AT, 90%Ll EMESIR Cd LIFE
BRI ; 78 SRBYEHIF (4MKH+SRB ), &R iR LR AT Y Bl g Ji, FE SR 30 d B, 66.34%FRERBEIA I,
[ AR A 2.17 mmol- L™ Fe(I); FRMII CACL (4H4kH +CACL+SRB ), il T AL A R AL Rt 72, [ 30d )5, &
622 1% M IRERHIA TR, 24 50.65%MIF B A 1Y CA(I) ] 4% IR B (1 2 2089y . #RTT, 4Pl FeCl AT ik SRB X AR AR 6 A4k
R, IR AT 2P AR R AR 0 CAAD B E ML EE, FLRBRFNTIA 66.89% (£H4kH +FeCla+CdCL+SRB ). ™ ¥IESHI
SEMMRAE DR, 76 SRB A ERMRELA TS FE D, WA LA B 32, 545 CdS BEARA: . DL R g T AR

AHfR P AR AEREEAT R, WA E AN & B R R AR IR Rl
KW MR ; SRk W B BEbiE; HiEBE
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B apr . TAAPE LR, B P2 IR K
HIFR, DIASFEFr=i . R2y RALRE R iz fifi
H, HEEEG PSRRI A LIRS, &
WS E GG, YR I PR R R TS YL ) R
JLHOEARIS YL H #5285, 2013 ), 1iiad &
(R o oy R I A YRt B A 5, S8
HHEFE R R R R A YT R A R
B, BAHPWEYWIR SR, Jrl i s 1L 6
AN, faF ANZfERFE (Franzetal., 2008 ), 40
A4 Bk 1 38 vp 7R 4 B AR TS Y WA AR o fi R 1) T 2
FREE S 1A}

H4 R — B A -t ool B b i & Fh Al
AUy, fRMEFLIERS B HAMA TP . WG

PEARK, FaT5 e in B RE I i oA AR B =R
RO E , MARRIHEREEN: ( HASCEE, 2013), +
S T Wy A ) A B (o AR T 4 R
et B B RIRIIEH (de Mora et al., 2005 ),
MAEYBRE C SN E S B EER iR, H,
PRERIA A ( Sulfate reducing bacteria, SRB) 1E
Ry —Fp e A IR B, XA ek
e FE R EEMIER, HA- SRR L R
FHAR 5 1) 6 AL R 75 R 95 B8R 338 B 455 40 48
HOFFE 4 5 ( Pagnanelli et al., 2010; Shan et al.,
2019 ),

R, SRBAEH T 1SR ERER A it B2 A
AP IR G PR T DG AE TR (Wueetal., 2013 ),
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TR e 4 m [ e R IR B ) (B ROR AR,
2019 ), FRRELAFIFEH, SRB BEWLLA PN
FLER . WA, AR N FAMA, DISRRER AR
Uit T2, 7E SRB AHCTIRERGIIHILIERT T, XF
LA TR AR, TR R SR Bl I st fb &
(7L 1. Bartonetal., 2009; Wuetal., 2013 ), iAJ5
AR ST LS &R B T e e, A
SRR B E  ME ISR (5 2, Tebo etal., 1998;
Pagnanelli et al., 2010; JE3C725%, 2008 ), HHY,
XT SRB fEH TR H 4R IS5 B & M5 g H
FNFEEEIF YW TR 7 EK ., TUERYA+
M (Pagnanelli et al., 2010; 7LI§%E, 2018;
PAINIESE, 2018 ), FE4@I5 44, SRB AFTEN]
PME#E SRR, 5 Cd (D) JEIE, 35515
P R (JESCSE, 2008; Tan et al.,
2018 ). A[AlTG YRR + B rh AR MR Ak 2 B 28
ISR, P AciRaS e bR AR
A, 76 SRBYEHF, WRIREL#E LAY 25 1] 55k
BE S IR Y iAe s ITTIEY), #aMk
ANFEE B AT A H0 25 e Ak BB NS E 1) AR A S Ak
AR, AR R IE 60%—80% ( Tan
etal., 2018; YL, 2008 ),

SO4* +2CH,0+2H"—H,S+2H,0+2C0, (1)
S +Me* (BT ) —>MeS+2H" (2)

SRB X T HE 4 EI5 M lidm s 2z
KFMEM, SRBEH T HEEE WL 2
T SRB i A i S* FTRETE BRI TR S AR e
P o ZII AR AZ BIILAE A YA L R P AR R R
20 (Park etal., 2008; Pengetal., 2018 ), #iun,
TR LI e S A R ALY, A
e B E A Y T G E, 2002 ), 7
T30, Fe(ID)AERII SRB 17GHE, 3+ Fe(IT)
YiRhBa I, SRB MAIENE S N HERS, AR K g
FIE AR A T i v A PR ) 38 D R A AL 1 R AR
B GBOHESE, 2007 ), Q05R Fe(ID)WRP Atk 121G,
SRB A 2557 31— B EE PR ( Marchal et
al., 2001 ), BAh, Fe(DPFbiti@d s S¥ 454,
S0 B R 2R 8 TR 10 1 72 ( Gonzalez-Silva et al.,
2009 ),

SR, KT Fe(I)PFh R ALY LA A0 1E B0
T, SRB 4 S 4 &L AT Rk il = A Bt
It B, ARWFFE LI R WA EH T g X
%, Uik lm BirYy, i e Z a4 et sy
IRESAE SRBAYEHT, Rkl sg it B P . 481
B, R SRB /- FHUHRRR LR IA RS A X 8 42
R B VERIALE], TR AR A g

HREAREAT R, LRI i RO e
AP E Z AR o

1 MRERE®
1.1 ST HE

LI A S G N 4 1= M=l A i
( Schwertmann et al., 2000) , EAREAERAUT .
fig il 50 mL 1.0 mol-L™" f#) Fe(NOs); &A1 90 mL
5.0 mol-L™" i) KOH ¥A i ; 75 se 0 Hi HEI5 50 T KOH
FERPGE AR Fe(NOs)s I, J-mus iR A
WRERER] 1 L; SRR B IR AE 70 Coki e
TN 60 b, 76N FEH [RIEREIERE R N 3—
5 W KB Z B EwaTE, K iRk
i, WCERBARDTRE, JEABAUKEITER S K, |
BYRWIAT pH s ARG MDIEE T
70 CHEFT M, fe e I B bk i A )
i # K (a-FeOOH ) .
1.2 B#RIEREWL

AR5k B B R £R 18 I I - Desulfovibrio
vulgaris Hildenborough (DSM644 ) , WT78E {4
YIEF R PO (DSMZ) o SR HER B 3R 5
REARTFREY), HAREE SRR W : 2 g NH4CI,
2 gMgSO47H,0, 4 gNaySOy4, 0.5 gKoHPO,, 1 g %
BEE, 6 mL FLER4H (60% ) LK 1 mL fMETE,
RAERE] 1 Lo Wi EnTA, BRI IE R
FEE PR IR & 36.27 mmol-L™', pH N 7.0,

WIARTE DR ARRE R E T 30 CIEREE IR
Hi153% 16 h, T4 °C 8000 rmin' &/F F &L 10
min, FKEBAVKPERERST, 5R 3 IR, &4H
FEFRIERC L 10" cell- mL ™! By RS IR
1.3 EWigit

PRSI ST AATT, e A R ras 2R
T TG A KR o L, Al K AR R IR AR
T 1 R B AR R T R, oA R A 0.22 pm
UESL AT UE KT o BREFDIVERASL , ARSLIGIEIRAT
54T (BactronIl, Shellab, EE ) , KA
HRAESR AR STE 1ppm PATR o ASSLESFT 2 BT
HIRWIZ AR Ny (99.99% ) B KH , M5
BIREFE MM L5 T 2= AR . T1
R +FeCl+CdCly; AL HE : T2 : £14J47+SRB,
T3: $H45 +FeCL+SRB; T4: 418 +CdCL+SRB;
TS: %M +FeCl+CdClL+SRB, [ {& & 7E 25 mL
BV PRI R IR T, T IBURMARRCA 20 mL, N 1.2 ff
R R FERE 20 mL, 2 g L' 418k . 2.5 mmol-L ™!
FeClo. 2.5 mmol-L™' CdCl, DA X %) 108 cellmL ™' AY#7%
FRER A JF 7 DSM644

SN AT B E IR R, FEDR AR TR
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e BUE B AYEESL T 0.5 mol-L™! HCI 242 90 min,
B0 10min, FERSLUERS (0.22 um) 338 IR
U, T EEDR SRR SR 2
1) & E8rHT (Fredricksonetal., 1996 ), i &4k
2 RAFRHE HCL (29 11.2 mol- L") #EF14 i ,
5 BARTE 2R 2 e — 2 R R AR, T4
AP E AT (FFE, 2020) o IR
TRRE 25 I T IS 42 Fe 1 Cd Ytk 5 2047
HEBGE RS, TR, IR, T
JE S Y AR FRAE AT AR E 3 AN EA,
SCH TR B I A B 3
1.4 WiXERMEFE

KRR SO2 MR DIONEX /AF ) Ion
Chromatography System (1CS-90) {35 E .
WA~ 8.0 mmol-L™' NaxCOs F1 1.0 mmol-L™
NaHCO;, [[IAFR 0.05 mmol- L™ i HaSO4 /E M4
RS A, o 1.0 mL-min™', JEEEEN 20 ul.,
Fe(IDY) o RGN R FHARSEX Mk HL (a7 ( R4,
2020) , BGEEFES—INA, AKKIA 50 uL 0.1
mol-L ™ fksk, 200 puL 1 gL' 4F3EL kAN 200 uL
5 mol-L™! BEMR 2% MW, o S 2 )5 4 15 min,
MU o Sy BT S AR AT LA T (TU-
1800, JtriEHTEH ) o SRIATHEHE G55 7 &0
i ( ICP-MS, PerkinElmer NexION 300X, USA )
MEERH Cd W& s 0 YRGS LY S 0
SR X Pert Pro MPD X HHEATHHMY ( XRD ) FlHy,
BRI (SEM) #4743#H1 (Huaetal., 2018) .
[, R XSOt FREIHYL (XPS) 204
KL RMAFEES, AROGIEH Thermo fisher
Scientific K-Alpha 7M1 {GE L 100 eV BT HEE
AL, @t T RER N 30 eV BRI S YR B AE
() XPS F14Hh

2 H#HREE
21 WMEEEIEENE

SN ZR PR R ER IS JE Bl Sy e 1 BR . 7R
AE2F KX BRAL R (T1) H, SOL2 MRIEFEA R K 4=
Ak, ULHAERA SRBYERT, KRR T S04 A
Bed iR a4k, (e SRBVEM (T2) T, #iligth
L NTIE 66.34%; TEAMIN 2.5 mmol-L™' FeCl,
(T3) W, SO& W JFARUR B by, HEFE LR &k
70.61%. AHFFEINN, Fe(I)X iR Ehik it f BA
TEIEA, Y4 Fe()WRMELE 1.78—7.14 mmol-L™!
BF, AN, BRERER A R e (X FH
E4E, 2007 )o X ULBHABEFE H AN SR BE (1) Fe(IT)
TN T RRERER IS FE R . SR, HAJE Cd WFETE
T BRERER B8 JFL R , ZEAMIN CACL IR &R (T4)

40F[
35 [
+ 3oL —— T1: Chemical Control
— ——T2: Geot+SRB
g 25k —V— T3: Geo+SRB+FeCl,
£ —O— T4: Geo+SRB+CdCI,
o 20¢ | —O—T5: Geo+SRB+FeCl,+CdCl,
S st % P
10 R —
5 1 1 1 1 1
0 7 14 21 28

n=3. The same below

B 1 FRRMG RS SO~ ERE %

Fig. 1 The kinetic of SO, reduction under different conditions

HR R ER AL T REE] 57.23%;  [RIEFAMIN FeCl,
I CACL (T5) B, BRERERAIFELZIN 62.21%.
XAJRERH T CAIDIAATEXS SRB i85 SO& FH —
ERMHIVEA ( Gonzalez-Silvaetal., 2009 ), IH4p,
TERFAEYALIET , SRB BAALEIR A A FR A Y
SO Pl FRE, TER N HIIEHH SO RiA i R AH
FLB I AT BT REAIR, BERHBES SO T, i
S8 HoS ANWTAR 2R, F AT gl i AR ff B R 1 7y
KA AMIEE, SAMER T Fe s 548
L4 2L T SRB 7E IR 5% A &
Fit SO M4k £z i8 5 ( Sanchez-Andrea et al.,
2014 ),
22 MBS Fe(l)yiRETHK

Fe JCZE SRR EH A Jriad 72 7= A — 0 e it
sSCEMHIVER, B, ABFSENE TIRRPiEES
Fe(IDAy &z b, HARME 2 Fros, HERTH,
TEXE B2 AR B (T1), IRRIFEA Fe(l)
SESWIEIRINE Fe(DAYH B AR —2, %
KAEARME ; X 2= R T, R REA Fe(IDAY

SE - )
E T — '";L?”———J””*’””’ %
SN Sy~ I—O—Tl: Chemical Control
= 4 ~\—T2: GeotSRB
g ~~T3: Geo+SRB+FeCl,
g 3t ~O—T4: Geo+SRB+CACL
S 3¢ ,
D —O—T5: Geo+SRB+FeCL,+CdCl,
z L f
:f
:
< E
o 1E
0

L
0 7 14 21 28
t/d

E2 AREREHZRES Fe(l)REZK

Fig.2 The concentration of aqueous Fe(Il) under different conditions
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A, AE SRBAEFF (T2), HiFES A4S Fe(Il) & B4k
T, EEMGEE M, e 30d B4
% 2.17 mmol-L ™! Fe(I), ¥l 2.5 mmol-L™! FeCl, fif
(T3), VAT 10 KIS Fe()Pud K, 5
EH RS, RAWRE N EIL 5.66
mmol-L™', #R1M, CACL IYF7HE (T4 F1T5) il T
WA Fe(IDM AR AIXTFAN CACL LR, 4
RS Fe(DMFRETRE T 10%4LE 4, ks
5 | AR IR £R A 38 D A £ a2 i o R S A
—3kfy, BIAMINE RS FeCL A F|T SRB M4 K,
PEIER R UFE S Fe(DRAER; 1M CACL HIAFFEN
SEIUH R
2.3 WEEEIFRITIEH Cd BIEMEITH

JEEFE SRB A A AR R AR A e A
H CAIDAYIRAEIRAS, AHFZE RIS 3 e rh
TR A MBRIE A CAAnIR AR (1 3), fEfbExt
REAbH (T1), RARFFES CAINREEA K45
FAR s FERON 30 d J&, A 10.23 %94 W R E e
5P X UBAAEL A ERTT , JEAR%A Cd
BEEE, 90%A A1) Cd LIFE S AE AR R
M, BRI, 7E SRB WFERT (T4), RRPIEE
A CA(ID)He B BlAE [ kAT S B Y T Beta 3,
FERN 30d 5, HUREERT FRE 1.52 mmol- L™ AHX
MY, ERPIRBESN CAIDWKEREE Y T2
PO A LTS, e 30d 5, Hak sl ot
# 0.83 mmol- L', AIAMFFHEH, #E SRBAEHT,
SO A WHA TR AR Y, S5 CAINZEATE M, CdS Uil
(Tanetal., 2018; Ju 724, 2008 ), KL, 7EAM
FiH, BEE RN T, WES CdID) SRR, 5
A Cd R BT R 30 d 25, AT Cd iy
EBRANIRE] 50.65%. FZELIAY, FIFERIN FeCly
I CACLAREEH( TS ), 14 Z HliiE B A A5 H 25 Cd(1D)
e P I 5 s oy R A T 43 ) S PP T A T B R TR

Y, M T AN FeCl, FUALPEI S (T4 ), FeCly
MAAE (T5) AlEmiRR T Cd i E LFRAICR ;
TERV 30 d 2 )5, 66.89%AY1iF B 2 CA(IT) n] % & 5E o
XS EREE R 3 ) 2E e —31, FeCly MIFF
16, i T SRB M REL A It i, A il 2
1) S*5 CdIERL CdS YidE. ok, ST HREA
MABARRE FeS 1A, MTIATTSR 2B, 492K FeS
Al CdIn sy, b 14 16.6%—40.1%19 Cd
& (Liuetal., 2020), FHIt, 4N FeCl, nlfig it
TR R W MEH R L BEAEH T E4)R Cd 1yl
EMEE
2.4 WEMARTHSHT

Fyit— RN Cd(I)#E SRBVEF T HIREARIRZS
DL Rk B v g ™ AR i AR RS, AR BESER
SEM. XRD Al XPS %F-Bt, X} SRB #l FeCl, L[]
YERT (T5), KRGS 30 d By AT SR Angs
FIHEATRAE, SRR R P A 25 A28 b FE LA
Je Cd fEFE ARG R RAATE . i SEM 4553 (&
4) A, OV ETEEIESR R IER; RN Z)E,
AR T B LR KN ERR A, 3@t 53
BT EE, A CdS IESR . XRD EliE (B B )
R, SOVHTE P E S AT S o ek
FIRFIEAT ST, H AR RS, (A 5
URRERIT S, OIS AlAs S EOR S M AR RS A ek
A5 HHBE CdS BRFIEfT AT . XPS 4558 (K 5)
W, JVHET, S2p BERIFEEZAIT 168.6 eV,
FHTINVET S JUEFELL SCHIIERAFELE; WAE
KOV 30d ZJ5, S2p yEnEls, s nilfi T 161.6.
163.1eV, SICETEL ST HIERAFLE, RNk, 78
KW 30 d J&, 1E 4113, 404.9 eV H S LA
Wy, 43a)EF CdS HAY Cd* 3 dap A Cd** 3 dsp
(Guoetal., 2018), 5 Smith et al. (2018 ) &3
X} CdS B XPS srHr &b REAAARF . LA LA PAESH

(A) Aqueous Cd(II)

L - E
; —o
e

S}
[

:]g g _g E%} T5: Geo+SRB+FeCl,+CdCl, T:ol E ——T4: Geo+SRB+CdCl,
£ I E I £ | —O— T5: Geo+SRB+FeCl +CdCl
=zt —0| & [ o E L z )
E 1 [—0— T1: Chemical Control \g 1B /// \51 r
2 [0 T4 GeotrsRBHCAC, - //ﬁkxﬁ—x— IS
o uﬁ <

F O T5: GeotSRB+FeCl+CdCl,

(B) Solid Cd(II)

[ 03— T1: Chemical Control
<>~ T4: Geo+SRB+CdCl,

k: oéﬁ;ﬂ/@ k:

]

[ —O— T1: Chemical Control

(C) Total Cd(II)
[ A I A I N

0 7 14 21 28 0 7
t/d

B3

14 21 28 0 7 14 21 28
t/d 1d

mEEHE I REREES. HHESNE CA)REZLIHE

Fig. 3 The concentrations of (a) extracted, (b) solid, and (c) total Cd(IT) during microbial sulfate reduction over 30 d
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! ¥ ;——_' = By ;
7% e L
.+ Before reaction § 880
NS |

-

‘200 "M Mag= 20.00KX EHT = 500KV
WD = 6.3 mm Signal A = SE2

n=1. The same below

200nm'  Mag= 2000K% EHT = 500 kv
WD = 2.7 mm Signal A= SE2

B4 REHEEEY R SRRE

Fig. 4 SEM image of solid sample before and after reaction

Cd3ds)
Cd 3d3p

After reaction
6 414 412 410 408 406 404 4(

Before reaction

=
S5

Relative abundance

After reaction

Cd3d S2p

R I L B L B L L L I
1200 1000 800 600 400 200 0
Binding energy/eV

5 REHETEEET ¥ XPS ST EiE
Fig. 5 XPS spectra solid sample before and after reaction 30 days

ML A AT RIS cdI)s S¥ 4560
A CdS MW ek o 2 e
25 HEEXNSWH

R ERiA8 A ( SRB ) 76 R & 551 Tk
SOZ AL HoS, ST H- 5 A E SR CdINZ: &
JER CdS Uive, ZBp/aifb 3 Cd 53 sl
I HA N TR A Z BN ESE Cd 155 R
J7¥ (Shanetal., 2019; VL% 2018; =G4,
2019), #RiT, HIEPEAEENSTEEREMLY,
FER AR A R Rt rh, nTREIRIA &2k Ak adian
JRad A . BRERER IR AL LRI AE , R REXS
SRB =i va bR, ] BE A7 e A AR R AR
A, it—m SRBEAIT Cd M TR XF
X7 TH N A B Z WA RESY . R, JF@ SRB Al
REMAY L HAEH T ESE Cd [E5E RBRE0Y i
FEHAEEMABEE L, FEARWFSTH, SRB REILJR
SOl S* 5 Cd* 45 A4 CdS UilE, My

FeCl, Al fi2i0F SRB iGN iREhif 5 A, ik
—ARHE CAREEMLEE; RIRE, SOnid R A
) FeS X} 8> 5 Cd* e i thA — e MR HEAE o 3X 15
BT MR SE SR FedD)PIRIRES NS SRB /-5
BRIRER IS L A rp , WEsRIF RS E AR Cd W ElE
FH, B 2T 4 SR T5 YL AU o (EET X 2 Rh A 4R
R TR (A . BRER . THIRER . AL
25 ) BB+, SRB A SRAUBRERENA S5
FERRER Z B LA Z R, Je s 2s & 52 br
W8, TRRAETAE, Felm@d dsinis, IR &
A SRB HHA 3R E g YE, ScE i imnA: 4
HH, PR R SR E AL A 4T PR R L A LA
RS S Cd WEE o B e & R IE R
FGER SR A o B S A S

3 it

ARG LAY SRB YRR N2 A mifi iR SR
MR K Cd [EEMiaEsh )2, fHr SRB/EFEE”
[Fe(IDPIFh 2 HAEH TR LA RS Cd AlifkE
FE AP HERTE AU . S5 5R R B, FEfb2m Xt B AL
PR R IR R AR RIS ], H Cd> Er gt
ARH KA 78 SRB FEHEA L EWEHF,
SRB & BE[FIfif )5 Fe(IIDFIGRARMR , Azl Fe* i
S?, L FeS iLiE, H 50.65%MIHE A CA> 4%
R s AN FeCl AT 31 SRB AYIGE, S
ST RL, AR RT ST 5 cd A4 R NIE
B CdS Ui, M SEELE R TR A ROR . ARG A&
LAY Fe(I)®FhiniE SRB i JFUA% 2 £k 1 PR 40 &
CA(ID) [ e B 2 I EREEA T ML, v] ok -4 Cd 15 %
JEAS s B T B A E S AR
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Abstract: Soil heavy metal pollution has becoming serious and widespread, and poses a threat to agriculture and human health.
Bioremediation for heavy metal by sulfate reducing bacteria (SRB) has been proposed as an effective method to remove heavy metal
in contaminated soils. Sulfur and iron are the important elements in soils with high activities, and play important roles in the
detoxification of heavy metals. However, the biogeochemical mechanism of cadmium removal in the system with iron, iron oxide, and
SRB is still not clear. In this study, the interaction of sulfate-reducing bacteria (SRB), goethite and heavy metal were investigated,
along with the behavior of sulfate reduction, iron reduction, cadmium transformation, and mineral transformation. The results showed
that there was no significant sulfate and iron reduction, and cadmium transformation in the chemical control treatment, 90% cadmium
in the system was activity as aqueous state. About 66.34% of sulfate was reduced and 2.17 mmol-L™! Fe(Il) was produced in the
treatment with SRB and goethite. However, the reduction of iron and sulfate was inhibited by the addition of CdClz. Only 62.21% of
sulfate was reduced and 50.65% of cadmium was incorporated in the goethite in the treatment with SRB, goethite and CdCl», after
incubation 30 days. The addition of FeClz could further enhance the reduction of iron and sulfate. The addition of FeClz could enhance
the rate of sulfate reduction by stimulating the activity of SRB, which could further enhance the removal of cadmium. The SEM, XRD
and XPS results all indicated that the phase of mineral was still goethite during microbial sulfate reduction, and CdS was found in the
mineral. These results are also helpful in understanding the behaviors of heavy metal in soil and providing scientific basis for controlling
soil environmental quality.
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