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Effects of iron—modified biochar on arsenic and iron reduction in paddy soil

HE Xuan, QIAN Ziyan, WU Chuan’, CUI Mengqian, XUE Shengguo

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: In order to study the effect of iron-modified biochar on arsenic (As)/ iron (Fe) speciation transformation in paddy soil, As-
contaminated paddy soils near a mining area in Hunan Province were collected to study the effects of iron—-modified biochar on As/Fe
speciation and microbial community abundance. Treatments included control (CK), biochar(CS), iron—modified biochar (CFS), and AQDS
(AS). At 49 d, the As (Il ) concentrations of the different treatments were in the order of CS (383.6 wg- L") >AS(335.7pg- L") >
CK(296.9ug-L")>CFS(109.7pg: L"), and the Fe( I ) concentrations varied as CFS(166.3 mg+L™")>AS(155.1 mg-L™")>CS(123.8 mg:*
L")>CK(72.43 mg-L™"). Dissolved organic carbon (DOC) was utilized at proportions of 52.37%, 56.96%, 55.29%, and 53.52% in the CK,
CS, CFS, and AS treatments, respectively. The humification degree of DOC in the liquid layer of CFS, AS, and CS was significantly higher
than that of CK. The sequencing results of the 16S rRNA gene showed that the dominant microorganisms were Proteobacteria, Firmicutes,
Actinobacteria, and Chloroflexi, which accounted for about 70.0% of the total bacteria. The relative abundance of As/Fe reducing bacteria
(Clostridium, Geobacter, and Anaeromyxobacter) was highest in the CFS treatment. The introduction of the iron-modified biochar
simultaneously alters the DOC bioavailability and the microbial community composition, thus affecting the reduction of As ( 'V )/Fe(lll ). Tt
is potential for understanding the mechanism of As remediation in contaminated paddy soils.
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Figure 1 The soluble As(T) and As(Ill) contents released from the soil
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Figure 3 The DOC contents of liquid layer among

different treatments

FEERRAR, BE TN As/Fe 38 IR (1) 4= B2, AT 42 i#F DOC
) 43 fide A1 T,

BEMZE 1t 49 d 8557 5 RE S, =49k
ML AR T DOC A8 4k, i — 28 73 Fr DOC By fb
Felk . WE 4 PR, A RARRA YL E T, B XA

B HIR, C XACKR AT ERE ), D AR
JEE AR , 388 2o LA P i {7 o e 8 f 4 W7 J LR R A
EEWAEDOCH R FESE, CS.CFS ASALFRZH 1) B Al
D XS0 0 5 J3E S 3 v TR R L X i TR
TEAPRNE B A2 E T AR )2 R e e A A, £
Aot L g% e 5 e ANEU A BIL T 40 i R 0 TR 2
rpuizo2el e A W R O A A e T A A B
R EACT AQDS ZbH , 55 5 B i, Jii A2 AQDS
RPN A — R IS, CHEN S8y it 58 3%
1, R AN IR FL —F ZEAR VR 0T R S T g 6% B 25 1
TR A B =42 0I5 R A .C K ZEE S br
BEMAEYRGHE MR a2

WWW.Qes.019.CN




m@g 760

URE SRt 41 B 45

oA C XS OB 1E S AR A0 I AN B S, HE AT 2
PRI A (A ) = S B R 8 [T AR o b, A
Ry D B B AR )2

AW e R PE AR Wk A AQDS ZE AN FRAE A
HLF 2R R RE AR 2 2B 0 5 DOC [R) () HL T 1% 3,
EVRORR 2 AT LB A R B AL, AT 5 35088 A i R
PR )38 2217 A ) o TR S A 40 o Ak B e A PR
Al HLR Ao 0 s B &, BRI AE R E I PE R T L 3X
PR3 B rh 2 2 A LB AL R T AR o
W5 R W], 7 o A F S 0 i AR e ——
PR 3 S~ R A 1AL, FE 4 i h M PR B b RE ST XY HL T
FER AL HE 4 8 OC R AR SR i R, X — e R
AR B A 0 e R SO A ) e B SR FH RT REAR
AEAE T —Fhsg i AL, B 38 5 A0 i BE AR B IR
J& BE AR N L T HR A AR PR 4 As(V)/Fe (D) 1938
E[ZSJWIO
2.4 SR AW ITKTE T PR EEE SRR

AR A= W B 9% 25 F G Venn [ (I 5) Hal LA
i, CK.CS.CFS Fl AS 4 H i OTU %k H 43 71 4 868 .
1105.1 15511 066, CS.CFS.ASAbHE4 ¥ OTU %4
H¥ 5 T CK 4L, 4373 m 1 237,287,198, 13 ]

400
350

300

WO
Excitation wavelength/nm

250

250 300 350 400 450 500 550
K Emission wavelength/nm

400

350

300

WO
Excitation wavelength/nm

250 %

250 300 350 400 450 500 550
KT Emission wavelength/nm

T IE4L CK BRE A W e CFS

AQDS AS

2

5 HEMEEE OTU KFH) Venn B
Figure 5 The Venn diagram of bacterial 16S rRNA gene
at OTU level

YN TIAIMIE A I3 1 3 44 28 v R Bl A A 3 SR N 5=
B H R R A ) i A BRI B o 4 A A B )
A OTU %t H 4 508, AR AR R A7 iy i A= 4, ifii ok
A1 OTU B H 4350 86,136,137 195, 0] L& H 4b
VRPN VS IINEAS [ R B A R A B i i
R E YRS S B —E 225

or ik

Excitation wavelength/nm

200
250 300 350 400 450
KK Emission wavelength/nm

400
350

300

WoR K

Excitation wavelength/nm

250

250 300 350 400 450 500 550
KK Emission wavelength/nm

4 F49 dEmRER R DOCH =T HEE
Figure 4 The EEM fluorescence spectra of DOC in the liquid layer in 49th day treatments

1% WHART]



.

- BRI AR R X AR R R R i) R 761

TET T AT 20 B 16S rRNA JE K 6 AH X} =F
E,LJ&@%%E%E?%E’JQME WiE 6 FioR , 76X i
H i, 28 1 ] (Proteobacteria) . J& B% I ] (Fir-
micutes) TR 7T ] (Actinobacteria) F1Z¢ 25 B ] (Chlo-
roflexi) J& fL 3 I B , A0 XF F JE AR K 32.19% .
16.92% .12.97% F112.61%., FE LRI L3
TR AR JERER T IR &1, AT
F2BE 4R 9 R 23.64% . 17.62% . 16.32% F1 12.09%. &%
UCPEAE D AR R LSRR A SRS T T ] TR TR ]
JEERE TR ] R 1), AE X =F B 430l 2 30.70%
24.61% .17.89% F19.11%. AQDS AL AFTE (]
SRASTR] JERETR [ R Z B T A = BE R L 40 )
932.19% . 15.85% . 15.47% #114.59%.,

1oo 1 Candidate division WS3

Verrucomicrobia
Planctomycetes
80 Gemmatimonadetes
Chlorobi
Crenarchaeota
60 F Bgctero.idetes
Nitrospirae
Unclassified
Acidobacteria
40 Actinobacteria
Firmicutes
Chloroflexi

20} Proteobacteria

X BE Relative abundance/%

XPHRZE EWse BRBcE AQDS
CK CS  AEWIRCES  AS
AL FEZH Treatment

6 WAEMBEIEEH D THKF
Figure 6 Relative abundance of bacterial 16S rRNA gene at
phylum level

H AR S Rl n] DU 4 2 AR B ] ) )0 3
FREA P22 5 (HI S A AR T ] R RERT ] A
[ ANER S B 1S = B e i LS b, 240 o5
SR 70.0% . HNIRAARE AN I AE B R — R il AR
WA X = B A ) B, 2 X6 TR A Bl A 7 £ — s 1
YER o A=W e A Aot A= Wy o b 3 b ) 2RI TR T T AR
X BEAT T B IR AR R T R A7 AE — SE R AR
B, IR AL B AE— € R JE B 23] As/Fe (134 Jiid
T, X5 2.2 FF Y Fe i J Rt — 20, IX P4 AL BRBE
2 & Lk Fe WA L R JERRE TR 116 AN ] b 21 [R]
AN U B A RIS R L, B — i IR E
P BRUCME A= Wy pe Ak AR B TR TR ] A AR T A
AP DR R T R T 1 S 1) TR PR ER B R AR i
SRR A Wy e B I — 2 R S b 25 3 - 4 pH
{6, AT R ARRBCZR TR 1) R B2 o Bl A= W i Ak B 4

SIS AR T R R A T b
i Geobacter Fl Anaeromyxobacter %88 JFE 14 , RE L1
HE As/Fe BIIRJEH, QIAO ZERG 5T 32 BH , iX S8 434
Yo%) E 4@ V5 e D As (Fe I8 I A — g AL i
TER.

AR 4 2H 40 FR A Py Pl 45 222 1 R AR R I (1]
7), FEALE YR SAE PR A 7T o ey A R HE
FHI35 W R AT R KRS . BUR B SR E AR
SR, Ze 2 Wy P SR o W] LR S W2, 565
— 2108 CK 15 AS AR FEAL, 55 — 2104 CS 5 CFS AR Piif
PHZL N B DL SRR 2R 25 G 3R B 0 SO ™, T2
1) 22 S PR RO, B LSy Pl AS [ Ak B 22 TR) A Fir A
6. Dok59 & CK 5 AS Ab 3 21 v =F B i v (W, 1T 7E
CS 5 CFS AR FRE rf = BE AL, CS A PRA h GOUTAT9
i, CFS W Anaerolinea F & fic 5 o 89K 4 4 4b
P A — LE A R 1R BT R 3 A B 2251 .

|
-0.7 0 +0.7

Veillonella

Geobacter
Megasphaera
Clostridium
Anaeromyxobacter
Anaerolinea
Syntrophobacter
Methanosarcina

Al7
Phascolarctobacterium

Caldilinea

LCP-6
Nitrospira
Rhodoplanes
Hyphomicrobium
Paraprevotella
Bifidobacterium
Bacteroides
Thiobacillus
GOUTAI9
Fusobacterium
HBI118
Parabacteroides
SJA-88

Prevotella
Bacillus

4|EE

Streptococcus
Faecalibacterium
Dok59

lamia
Streptomyces
Janibacter
Chondromyces
Sutterella

Dorea
AQDS XIHRAL MR Bk
AS CK Cs i%m
CFS

E7 MEMBERSMHREERE
Figure 7 The heat map of bacterial 16S rRNA gene at genus level

WWW.Qes.019.CN




VRETS Rt Y F41EF 45

NEG"*?

CK " Dok59 ., Sutterella . Methanosarcina “} {1t #Fh HE .
AQDS 1 LCP~-6 . Dok59 ., Nitrospira ¥ 5 £ & . CS
GOUTAI9 . Prevotella ¥ j F & . CFS " Anaerolinea .
Syntrophobacter A L # A HE . Ho A FPHE 2 0] 2% F 4%
AN UL BRI RIS TE— E R B AR T AR AR E 1Y

Clostridium J&— 1 H. 75 As/Fe i JF I 58 #) i 4=
Yy, %R 1 arrA HRESE D LA As FEIRGA I 1 Zh BE
arsC HJ) 6 B R 0] 7E A 25 DL of 72 b R AT, 2
5 As AW R AL 27 3 B L TE Fe (934 J5t 3 #2 vh
3T Fe 25 W45 3 L 1 58 I Fe B 38 J5 2o F22*00
DATZECY Y BIF 5% 3R BT, 78 VLD J b XK A 4
Geobacter TE Fe [0 51 5 As [ B il i 72 o 7 i 2 22
YEHT . QIAO ZEWIR BIF 58 R B, AR W o 9 i A 2 34
N Geobacter . Anaeromyxobacter | Clostridium 2 As/Fe
R P ERE . CHEN SR 8 58 & R, Geobacter .
Aneromyxobacter . Rhizobium 1 Balneimonas 3% " ¥ /&
W T2 TR 2SR IE RIS . AR
TR R A W Ak PR 5 A AR PRAH LE , As/Fe i 5L
B (40 Clostridium | Geobacter F1 Anaeromyxobacter ) 1]
AR = B S 25 1, 15 B Ak ek AR ) kL 5 S
As(V)/Fe (I ) i J5 ARG 2 B, M 45 As(V )/
Fe( Il )it )5,

3 #ie

(1) BRER A= Wy e % K R L b Y As BT A A
F L BB IR Z b As CIID) 38 RS, e Fe (1) Y
I JERETA

(2) Jit Jin gk SO AR ¢ 2 e 2 DOC # AR P A1
PR PRI 254, IR DOC 5 i, 23 As/
Fe i J5L 1 ( Clostridium . Geobacter F11 Anaeromyxobacter)
AR B2, 4% As(V ) /Fe (D) I8 5

)R A= Yy e JE 45 As(V )/Fe (D) 38 SR A9 AL
il 2 — 7 1 A #E DOC AR AL 23 i IF (i Lk v
T HF 2K As(V ) /Fe ()15 3] ML T )5 58 B4 S5t
5 53— J7 AL R AR 2 h DOC /19 J8 Bl AL 3 72, 7
AR T 2 A7 3 2 09 A LSO AL T )5, T
BRI SCRT IR by i - R A ORI As (V) /Fe (L) 4

S Lk

[1] PAN W S, WU C, XUE S G, et al. Arsenic dynamics in the rhizosphere

and its sequestration on rice roots as affected by root oxidation[]]. Jour-

1% WHART]

nal of Environmental Sciences, 2014, 26(4):892-899.

[2] CUI M Q, WU C, JIANG X X, et al. Bibliometric analysis of research
on soil arsenic during 2005—2016[J|. Journal of Central South Univer-
sity, 2019, 26(2) : 479-488.

[3] SUN H J, RATHINASABAPATHI B, WU B, et al. Arsenic and seleni-
um toxicity and their interactive effects in humans|J]. Environment In-
ternational, 2014, 69:148-158.

[4] SIGNES-PASTOR A J, VIOQUE J, NAVARRETE-MUNOZ E M, et al.
Inorganic arsenic exposure and neuropsychological development of chil-
dren of 4=5 years of age living in Spain[J]. Environmental Research,
2019, 174:135-142.

[5] WU C, HUANG L, XUE S G, et al. Oxic and anoxic conditions affect
arsenic (As) accumulation and arsenite transporter expression in rice
[J]. Chemosphere, 2017, 168:969-975.

[6] WU C, WANG Q L, XUE S G, et al. Do aeration conditions affect arse-
nic and phosphate accumulation and phosphate transporter expression
in rice (Oryza sativa 1.)?[J]. Environmental Science and Pollution Re-
search, 2018, 25(1) :43-51.

[71 WU C, ZOU Q, XUE S G, et al. Effect of silicate on arsenic fraction-
ation in soils and its accumulation in rice plants[J]. Chemosphere, 2016,
165:478-486.

[8] XUE S G, JIANG X X, WU C, et al. Microbial driven iron reduction af-
fects arsenic transformation and transportation in soil-rice system[]J].
Environmental Pollution, 2020, 260:114010.

[9] BENNETT W W, TEASDALE P R, PANTHER J G, et al. Investigating
arsenic speciation and mobilization in sediments with DGT and DET: A
mesocosm evaluation of oxic—anoxic transitions|J]. Environmental Sci-
ence & Technology, 2012, 46(7) :3981-3989.

[10] QIAN Z Y, XUE S G, CUI M Q, et al. Arsenic availability and trans-
portation in the soil-rice system affected by iron—modified biochar{J].
Journal of Central South University, 2021, 28(6):1901-1918.

[11]ISLAM F S, GAULT A G, BOOTHMAN C, et al. Role of metal-reduc-
ing bacteria in arsenic release from Bengal delta sediment[J]. Nature,
2004, 430(6995) : 68-71.

[12] SMEDLEY P L, KINNIBURGH D G. A review of the source, behav-
iour and distribution of arsenic in natural waters|J|. Applied Geochem-
istry, 2002, 17(5) :517-568.

[13] WENG L P, VAN RIEMSDIJK W H, HIEMSTRA T. Effects of fulvic
and humic acids on arsenate adsorption to goethite : Experiments and
modeling[J]. Environmental Science & Technology, 2009, 43 (19) :
7198-7204.

[14] HUANG D Y, ZHUANG L, CAO W D, et al. Comparison of dissolved
organic matter from sewage sludge and sludge compost as electron
shuttles for enhancing Fe ( Il ) bioreduction[J]. Journal of Soils and
Sediments, 2010, 10(4) : 722-729.

[15] A8, 82 PNEHT . T = e O LU L R A T 4 AL
EAREN] PRI, 2012, 31(12):2002-2007.  JIANG J, LI L,
SUN G X. Investigation of redox activities of soil humic acids using
3D excitation emission matrix fluorescence spectroscopy[J]. Environ-
mental Chemistry, 2012, 31(12) :2002-2007.

[16] ZE3, (] /N, AL 3], 55 A T S AL 8 JEURI L, 1B A Rp LB 5T



RT3 , 25 « BRIUHEAE W e 0] /KRS L /e D ) 5 ) 763

HEJR[T). FRBEfE, 2014, 33(12):2048-2057. YUAN Y, HE X S,
XI B D, et al. Research progress on the redox and electron transfer ca-
pacity of humic substances|J]. Environmental Chemistry, 2014, 33
(12):2048-2057.

[17] COSTA M C, MOTA S, NASCIMENTO R F, et al. Anthraquinone-2,
6—disulfonate (AQDS) as a catalyst to enhance the reductive deco-
lourisation of the azo dyes Reactive Red 2 and Congo Red under an-
aerobic conditions[]J]. Bioresource Technology, 2010, 101 (1) : 105-
110.

[18] WU C, AN W H, LIU Z Y, et al. The effects of biochar as the electron
shuttle on the ferrihydrite reduction and related arsenic (As) fate[J].
Journal of Hazardous Materials, 2020, 390:121391.

[19] 235K, S BRI 45 L AR mexd 3 AsCID) /K Bk I8 Jtid e v
TR S K W e AL I R ()], FRBERE 242241, 2021, 41(9) : 3497
3512. AN W H, WU C, XUE S G, et al. Effects of biochar on the ar-
senic and mineral transformation in the reduction process of As(I)-
adsorbed ferrihydrite[J]. Acta Scientiae Circumstantiae, 2021, 41(9) :
3497-3512.

[20] CHEN Z, WANG Y P, JIANG X L, et al. Dual roles of AQDS as elec-
tron shuttles for microbes and dissolved organic matter involved in ar-
senic and iron mobilization in the arsenic—rich sediment[J]. Science of
the Total Environment, 2017, 574:1684-1694.

[21] YAMAMURA S, SUDO T, WATANABE M, et al. Effect of extracellu-
lar electron shuttles on arsenic—mobilizing activities in soil microbial
communities|]]. Journal of Hazardous Materials, 2017, 342:571-578.

[22] LIU X H, CHU G, DU Y Y, et al. The role of electron shuttle enhanc-
es Fe (Il ) -mediated reduction of Cr( VI) by Shewanella oneidensis
MR-1[J]. World Journal of Microbiology and Biotechnology, 2019,
35:64.

[231 ZAMA E F, REID B J, ARP H P H, et al. Advances in research on the
use of biochar in soil for remediation: A review[]J]. Journal of Soils
and Sediments, 2018, 18(7) :2433-2450.

[24] i, SR, 25 AR AR WF R0 i S R[] A
Fl4%, 2013, 46 (16) : 3324-3333. CHEN W F, ZHANG W M,
MENG J. Advances and prospects in research of biochar utilization in
agriculture[]]. Scientia Agricultura Sinica, 2013, 46( 16):3324-3333.

[25] ZOU Q, AN W H, WU C, et al. Red mud-modified biochar reduces
soil arsenic availability and changes bacterial composition[]]. Environ-
mental Chemistry Letters, 2018, 16(15) :615-622.

[26] KAPPLER A, WUESTNER M L, RUECKER A, et al. Biochar as an
electron shuttle between bacteria and Fe ( Il ) minerals[J]. Environ-
mental Science & Technology Letters, 2014, 1:339-344.

[27]YU L P, YUAN Y, TANG J, et al. Biochar as an electron shuttle for re-
ductive dechlorination of pentachlorophenol by Geobacter sulfurredu-
cens[J]. Scientific Reports, 2015, 5:16221.

[28] EHLERT K, MIKUTTA C, JIN Y, et al. Mineralogical controls on the
bioaccessibility of arsenic in Fe (Il )=As( V') coprecipitates[J]. Envi-
ronmental Science & Technology, 2018, 52(2) :616-627.

[29] YANG Z H, LIU L, CHAI L Y, et al. Arsenic immobilization in the
contaminated soil using poorly crystalline Fe—oxyhydroxy sulfate[J].

Environmental Science and Pollution Research, 2015, 22(16) : 12624~

12632.

[30] WU C, SHI L Z, XUE S G, et al. Effect of sulfur—iron modified bio-
char on the available cadmium and bacterial community structure in
contaminated soils[J]. Science of the Total Environment, 2019, 647:
1158-1168.

[311 WU C, CUI M Q, XUE S G, et al. Remediation of arsenic—contaminat-
ed paddy soil by iron-modified biochar[]]. Environmental Science and
Pollution Research, 2018, 25(21):20792-20801.

[32] CHEN Z, WANG Y P, XIA D, et al. Enhanced bioreduction of iron
and arsenic in sediment by biochar amendment influencing microbial
community composition and dissolved organic matter content and
composition[J]. Journal of Hazardous Materials, 2016, 311:20-29.

[33] e H, 3 DUgE , FUEER 45 . PR L R i A L0 A 03 i 5 At K
R 1 52 0 Kz LA FR 0]. RO FREERL =22 4, 2018, 37(7)
1370-1376. WU S, YUAN B J, YAN H J, et al. Mechanism of two
representative carbonaceous materials impact on microbial reduction
of arsenic —bearing ferrihydrite[J]. Journal of Agro- Environment Sci-
ence, 2018, 37(7) : 1370~1376.

[34] B R ¥y, BN WRAET , 55 . 7K B B H e (A X e v W T 5 W2 i O
B[ FREERL, 2018, 39(1):179-186. MA Y L, MA J, CHEN Y
L, et al. Arsenic adsorption and its species on ferrihydrite and ferrihy-
drite colloid[J]. Environmental Science, 2018, 39(1) : 179-186.

[35] JIA'Y, HUANG H, ZHONG M, et al. Microbial arsenic methylation in
soil and rice rhizosphere[]]. Environmental Science & Technology,
2013,47(7):3141-3148.

[36] BOKULICH N A, SUBRAMANIAN 8, FAITH J J, et al. Quality—filter-
ing vastly improves diversity estimates from Illumina amplicon se-
quencing|J]. Nature Methods, 2013, 10(1) : 57-59.

[37] 58, F S A . A=W I R Ok A R 0 R M LU K b = AN Rl Y
W B[], A2 24, 2012, 49(3) 1 481-490.  XIE Y, ZHOU L X.
Thermodynamics and kinetics of adsorption of arsenite in acid mining
drainage by biogenic secondary iron minerals[J]. Acta Pedologica Sini-
ca, 2012, 49(3):481-490.

[38] QIAO J T, LI X M, MIN H, et al. Transcriptional activity of arsenic—
reducing bacteria and genes regulated by lactate and biochar during
arsenic transformation in flooded paddy soil[J]. Environmental Science
& Technology, 2017, 52(1) :61-70.

[39] CHEN M J, SHIH K, HU M, et al. Biostimulation of indigenous mi-
crobial communities for anaerobic transformation of pentachlorophe-
nol in paddy soils of southern China[J]. Journal of Agricultural and
Food Chemistry, 2012, 60( 12):2967-2975.

[40] EJRTR, FHZE, Wi, 45 WUE YR SRR T X T A2 e Ak iy
00 (). FR BSR4, 2011, 31(2) :328-333. WANG Z S,
WANG X J, CHEN X P, et al. The effect of microbial iron oxidation
on arsenic mobility and transformation[J]. Acta Scientiae Circumstanti-
ae,2011,31(2):328-333.

[41] WEBER F A, HOFACKER A F, VOEGELIN A, et al. Temperature
dependence and coupling of iron and arsenic reduction and release
during flooding of a contaminated soil[J]. Environmental Science &
Technology, 2010, 44(1) : 116-122.

[42] BPFAHE, R BRAE R, 55 . KRS L i () SR BE AL 24 7 R S okt

WWW.Qes.019.CN




m@g 764

VRE SRRy F41554H

B A iF 7Tk R[], +3, 2016, 48(5) :854-862. ZHONG S
X, YIN G C, CHEN Z L, et al. Tron induced effects on arsenic’s envi-
ronmental chemical behavior in paddy soil: A review[J]. Soils, 2016,
48(5):854-862.

[43] SAMSURI A W, SADEGH-ZADEH F, SEH-BARDAN B J. Adsorp-
tion of As(Ill ) and As( V) by Fe coated biochars and biochars pro-
duced from empty fruit bunch and rice husk[J]. Journal of Environ-
mental Chemical Engineering, 2013, 1(4):981-988.

[44] ANDERSON R T, VRIONIS H A, ORTIZ-BERNAD 1, et al. Stimulat-
ing the in situ activity of geobacter species to remove uranium from
the groundwater of a uranium—contaminated aquifer{J]. Applied Envi-
ronmental Microbiology, 2003, 69(10):5884-5891.

[45] QIAO J T, LI X M, LI F B. Roles of different active metal-reducing
bacteria in arsenic release from arsenic—contaminated paddy soil
amended with biochar{J]. Journal of Hazardous Materials, 2017, 344
(15):958-967.

[46] MLADENOV N, ZHENG Y, SIMONE B, et al. Dissolved organic mat-
ter quality in a shallow aquifer of bangladesh : Implications for arsenic
mobility[J]. Environmental Science & Technology, 2015, 49 (18) :
10815-10824.

[471 WANG C, TU Q P, DONG D, et al. Spectroscopic evidence for bio-

1% WHART]

char amendment promoting humic acid synthesis and intensifying hu-
mification during composting[J]. Journal of Hazardous Materials,
2014, 280:409-416.

[48] B 70F, RN, AT3E , 45 . BRAGER G0 W00 BRI rp o 5 Jas 19 52 e F
ST JR[T]. SR8 Ak2, 2021, 40(3) : 834-850. QIAN Z Y, WU C,
HE X, et al. Study on the influence of iron redox cycling microorgan-
isms on heavy metals in the environment|]|. Environmental Chemistry,
2021, 40(3) : 834-850.

[49] Z5mdth , Ficik , 587 , 45 . kT 7% BE DR A0 e vy A 3 v il = ) 2
FEVE T M ()] 25D 225 55 0 AR 27, 2017, 36(4) : 1538-1545.
SU J K, XU D, GUO L, et al. Diversity analysis of microorganism on
flue—cured tobacco leaf surface based on metagenome sequencing|J].
Genomics and Applied Biology, 2017, 36(4) : 1538—1545.

[50] R 7 KRR, XS WL, 45 . VL0 It e At 7 5L ol A 4 1) ik
T J8 T X AR B A S IR (1], ML BR L 2F2, 2017, 42(5) 1 716-726.
GAO J, ZHENG T L, DENG Y M, et al. Indigenous iron—reducing
bacteria and their impacts on arsenic release in arsenic-affected aqi-
fer in Jianghan Plain[J]. Earth Science, 2017, 42(5) : 716-726.

[51] DATJ, TANG Z, JIANG N, et al. Increased arsenic mobilization in the
rice rhizosphere is mediated by iron-reducing bacteria[J]. Environ-

mental Pollution, 2020, 263:114561.

(TEAT G - )



