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transformation of arsenic forms is an important part in the biogeochemical cycle of As. In the
various microbial metabolic processes involving As, the coupling reduction of As has a great
impact on the environment and is a process that is easily overlooked. From the biogeochemical
cycle of As, this review introduces the microorganism-mediated methane oxidation, anaerobic
ammonium oxidation, and iron (Fe)-sulfur (S) oxidation coupled with As reduction. Organic
matter, pH, and redox potential are the main factors affecting the coupling reduction. After the
coupling reduction, the toxicity and migration of As are greatly enhanced, which may increase
the risk of As pollution. Therefore, it is of great significance to clarify the influences of carbon,
nitrogen, Fe, S and other elements on the coupling process and explore more microbial

processes coupled with As reduction for the prevention and control of As pollution.
Keywords: arsenic; biogeochemical cycle; coupling reduction; microorganism
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Table 1  Main functional genes of different
microbial metabolic processes!'”!

Metabolic process Major functional gene

arrA, arrB, arrC, arrD, arsD,
ACR2

aioA, aioB, arxA, arsC
Organoarsenic oxidation arsH, arsvV

Methylation and arsM, Arsl

demethylation

Arsenic reduction

Arsenic oxidation

Migration and transport Acr, arsB, arsA, arsP, arsw,
of arsenic arsk
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4 H ¢ % 1k (anaerobic oxidation of methane,
AOM)TE HUGE I 45 Hh R 2R, A B T
VEPERNIR KA 25 R G0 P B OB, o) i
FERI AOM i A 28 R G0 T i IR h ik )it
G, Hop RS e 480 AL 40 1 (anaerobic
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W JFER A R R] TR T, ARk,
AT UE ] — L 4 JR AT DIE M T2k
AOM FH-E 1 B8 J5, U Fe(IIT) \Mn(IV) . Cr(VI) |
Se(VI). V(V). Sb(V)Z!2-301

AOM H A AT 2020 47600 b+ 3
B PEHGE , Shi PN 7 ASAS ] L X B0 R R 15
Jury it EAE SRR TS, IR R R AR
IO TS0, AL AOM TR £hi8 5t
R R AR A o L IR RS TR R 1 26%-49%,
FCrb i LAV v v AR M K 0 A R 8 XA
TE . WS R 2 5 PCR AR F 22 3[R 4
SR, EAL T AR A R IR i ) T SR A
R T2 S5G OIIRERAEY), FFEM T
F e R AR S TR A5 A A A 2 g 1
285 R SR WY R e A4k T TR 1 Sl e 3 ) R B R
RIGAH I RS 0, Bl S T Rfe i 2 2
0] T3 v ) e 3 D i R A ) O D A
PSP T A (B 2).

AL, WS IR S B — 2 4480 2 T P B
A AR e A D e R R £, (H XA
i v AL T 1 ) (R B Y R 36 ) SR 1
SRy LA 33 T b AR AR A B 0 E R AR AR
I RR)~(DPIATAL, 24 1 mol HIBEE L
B, G A b A bR A i R ER TT L HL AOM #
BRI )R 2 R .

&: 010-64807509

ANME

As(TIT)
CoM-$-$-CoB  CoB-SH =
S S

CH, CH,-CoM,, As(V)

As(III)

Reverse
methanogensis

As-reducers

2 REPRENIBE MERELT R R4 L5
a: DRAA e AT T A7 A S A ad DR 5 ad
T 5 be PRAAH be el oty T 1 o 398 1) 7 B e i A 7™
AL T, KA AT REIE I 2 I AL A0 (0 R e B A
PR £h 8 S A ) b S8 R A 1 AR Mer: YRS
fii; MHC: Z4LiM R4 AR ; Arr: FFIRAIER
L JEEE; ANME: DR Be Uk i 4 TA

Figure 2
methane

Microbial mechanism of anaerobic

oxidation arsenate

reduction”. a: Anaerobic methane oxidation
archaea independently carry out the REDOX
coupling process; b: The

methane-oxidizing produce

through the reverse methanogenic pathway, which

coupled  with

anaerobic
archaea electrons
may then be transferred to arsenate reducing

microorganisms through polyhemoglobin
cytochrome to complete the coupling process. Mcr:
methyl-coenzyme M reductase; MHC: Multi-haem

cytochrome; Arr: Respiratory arsenate reductase.

AOM 5 IFRER A 5 HE A RV -
4HAsO,> +CH,+7H =4H;As05+HCO; +H,0,

AG"=—478.2 kJ/mol CH, (1)
FH 5 S Ak ] FH et

CH,4+0.50,=CH;OH,

AG"=-116.1 kJ/mol CH, (2)

FH P S A i L A0 i

3HAsO,> +CH;0H+5H =3H;AsO;+HCO; +
H,0, AG"=—435.9 kJ/mol CH;OH (3)
FH 3% 1 A AR AR S Y

3HAsO4> +CH4+0.50,+5H =3H;As0;+
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HCO; +H,0, AG’=—552.0 kJ/mol CH;  (4)

R e S A il AR 3

CH4+1.50,=HCOO +H,0+H", AG’=

—537.6 kJ/mol CH, (5)

FH R 6 S A R R 30 i

HAsO,> +HCOO +2H"'=H;AsO5+HCO;,

AG"=-162.0 kJ/mol HCOOH (6)

FH 2 6 3% 2 I AR SV

HAsO,> +CH,+1.50,=H,0+H;AsO;+HCO5,

AG"=699.6 kJ/mol CH,4 (7)

Shi PR 52 56 % K 3% ) 1 H () £ 38R
AT T HROWRE 3, BRI TR b . AP
ERILFMIEOLT , G B4 b (aerobic methane
oxidation, aeMO)- 51l fig £ 18 I # A i AE P b
ke ; BFEE SRR, PREE iR Eh i e Xt
FBe S Ak B A P A e, il P Y 32 2 T B
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B [ ] (Verrucomicrobia) (175 7= e R, [R] A
o UE B T Rk 2 A A R R 1 b ) H T AR
Azt 8 i 7 A e AR TR AR e R TR IR
PP FEVE A SE (& 3). S5 ZHTH AOM # G
TR ERIR AN [R] X A>3 B e S i A Ok
TEALE BE, SR —FP LR R R B A A B T 2
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U MAHR . TERX PR R, HGER 4
B AR R CO, Y [R] B A A A R 348 S 2 1L T F
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7 U
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A BRI FIEA S N, S, Fe & H
MR IER B VIASC, BT IIRETE A Vi %

http://journals.im.ac.cn/cjben

CHO-U,MPT
CHO-ME<, i
N Eaa¥

» As(IIl)
HCOOH --=-> HCOOH a
/ N
o & 01/ As(V)

Methane-oxidizing
microorganism

As-reducers

B 3 ARPRSEEHERILTREME DN
a: WEEHRINAR; b HEEB AR ; o PR
s d: MR e: HURILKMENG: fig:
HmEEE 50 ; h: R A

Figure 3
aerobic methane oxidation coupled with arsenate
a: Methane monooxygenase; b: Methanol
dehydrogenase; c¢: Formaldehyde activating
enzyme; d: Methylene dehydrogenase; e: Methenyl

hydrolase; f/g: Formyltransferase/hydrolase complex;
h: NAD-dependent formate dehydrogenase.

Z BB NTEAHEAE R, e X S0 R A
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PRI MR K HR R P S A ) R Ak A
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AR K, WFREREAMEA, LMK
HN R AR R T BRDY) [RlR, R EAR
IR g R TR0 As 1R BRI AE i
5 Y AR H g v R] BR AR AR DR A B AR AL S A
JE R A R o AR AT 24 R (8)—~(10) T AT 4
PRAR B AL S IR AR RS 1B SRR AT AT o
3As0, +4H +2NH, —3As0, +6H,0+N,,

Mechanism of microbial reduction by
[32]

AG{=-350 kJ/mol (8)
3As0, +4H+NH, —3As0, +4H,0+NO, ",
AG{=—992 kJ/mol 9)
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4As0, +6H +NH,*—4As0, +5H,0+NO; ",

AG{"=—1 332 kJ/mol (10)
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As(V)IE 574 1 As(IIDWEFE S5 A As(V) & &
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WP LR, — R R A A B AR,
MR, Mo KR AsTDRERT ¥k AR
| s | A A R e I R AW T 78 SN N 1]
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2.3 WEYREE LR B0 E R
A= Wy e Al R P A B, iR R LA
LT AL RIS &, A A A Yy R AL
TEE A RSN Sy, L, Prf S SR A

7 o ASIDg,

: / ~ &
As(II) As(V)s ¥
s Per

K
FeAsO, 15

BEl4 MEDNTSH As-Fe-S FIEE R 1.
WA As(VYiBJE; 2. Y As(ID% AL ; 3:

WAEMEAL AL s 4 EYIBARYIE); 5.

WEY) Fe(IDibJE; 6: WY Fe(ID¥AAL; 7: 4R
AP AsIDAAL; 8: WALYITAES As(V)iLJ; 9:
BALYIA S Fe(IDR)F; 10: Fe' I F MBI
Sk 11 FETR AsAIiEfL; 12 Hifkmh
DUUE 5 13 SACHUKIE R AIE G 14 BRALBRITIE
15: MRRWERDIE: 16: WAE Fe(IDW W)ITE IL

Figure 4 Microbe-mediated As-Fe-S
interconversion™*®. 1: Microbial As(V) reduction; 2:
Microbial As(IIl) oxidation; 3: Microbial sulfide
oxidation; 4: Microbial sulfide reduction; 5:
Microbial Fe(Ill) reduction; 6: Microbial Fe(II)
oxidation; 7: Abiotic As(IIl) oxidation; 8: As(V)
reduction induced by sulfide; 9: Fe(III) reduction
induced by sulfide; 10: Fe’" induced sulfide
oxidation; 11: Fe*" induced As(IIl) oxidation; 12:
Arsenic sulfide precipitation; 13: Formation of
thioarsenic aqueous solution; 14: Iron sulfide

precipitation; 15: Ferrous arsenate precipitation;16:
Formation of secondary Fe(II) minerals.
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AT B4 A 4 5 B 5 6T, Chen 2R 5T
KB, FEEAR GG g A A AT
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Jor NPT R R A B, AT/ T /N kAL
X 4 S MR . R, AR AR R — TR K
A, ZEHBEHANR, 75 HIEES RS H
Al RE S TE — B AR AR YRR A I8 R

*2 TEFTE pH FHEES

Yang 25U UTE RS FH AR P 4 58 eb o0 B0 AT R
FIR AR ETR , BT T ML AL B i A P 3k
N, SRR, EAVUREA S SR RS
ZJ5, As(V)R LA E s m 4 ik )it . A AL
BRI, A3 T 338 AR o ) Rk, (HA 2
EEET A As(ID)F EA LT sE S H (arsM) 1)
A -

pH (EAE N EE AT, WA K
WYL BEE A MBS BE R D,
T ORI pH T REIESINER 2 B, W5
K, MRYMEAREE R UM IR . b 405 LA
Jemg Pk Fe(IID) MR R EL A R A B 7E pH H ik
FES BRE FREE R AR Fe(IID)E™ 1) A3 I 5 it
W Fe/S W, B o4 2 ik 5y
As(INP*), Zhou ZEPYHFSE THEARTR pH 44T
H B L R M IR 7K v e AR B 3R AR W BT A S 1Y
Fe/S F ALK &S AL, 45REKW, pH A&
b 58 2 5 T B A W B SR ) R B R A R
PIRETR S5 R AR AT — 252 T 8 9 2k
VIV B AN Fe/S E AL RN 8 I B . LA,
Jiang ZPERFS R R, R K dE W B
1R R i AU S R vp 7 A N TR LR
Ak SR A Ak, BRI TR FEI R EE Y pH {E,
AT T T e PR 45 G 28 v e P9 25 A B o

Table 2 Arsenic speciation in the soils with different pH!?

Valence state of arsenic Form of arsenic pH

As(I11) H3AsO3 At pH 0-9, the most dominant form (53%—100%)
H,As0; /HAsOz> pH>9

As(V) H;AsO, pH 13
H,AsO, pH 3-6
HAsO,* pH 7-11
AsO4~ pH 12-14

As(V) H,AsO4 pH 4-9
HAsO,>

As(V) H,AsO4 (96%) pH 34
HAsO,> (73%) pH 6-7

http://journals.im.ac.cn/cjben



EE F | WEATENMEDEIN R ELFEYE 4487
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38 1 A I 5 4R A S JE L (37 (B ED) 4
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I, B 2% 5 A T 0 R A5 5, )
AT 2% B0 R 4 R s SR 2 e SR AL R
EEAERPY . % 3 JRR T EHOR R AR 5 4
PR As ARk

3 BREMBELEXRFND N

e SRS v T L RS R AN 15 AR KRR
JEEBGRTFHALAE R, MaA LR, H
As(V)EE GBI T H 55 | B 5 R
B As(IID), #l AR 2F 1 A i Bk o As(IID)
Hy A W B LA SR B, I
H AsUIDBYEEHEZ KT As(V)IEETE, 298 H
60 fi51"%. R, As(IIL)EE 25 5 i A A M RE A 2R
M F=AE f e, DA HE A5 G IR0 A4 ARG T
W98 K B, F 1] o At T KR ol 3 2 IR 2 P
FUURY 2 F A Y A L R, Sk
Fe. Mn (LY /%, AEORIE PSR T Bl 1A &
W, ol R K R R IR RS RN DY
Xu OV 5T K BR, LR RS Y 5 FH - S K
IBEH, TR W ARG T R R 1 3 i

£3 TEPFEEUTFEBEMTHESHRE K

Table 3  Arsenic speciation in the soils with different redox potentiall

FALBRKH B As(TIHR BE R IR IE T, 1A R &
S IIRIE T A Wy R it BR R i i i, FREE b s
WY Fe* F ST 5 As(INJE AR AE T Yy A
RUBEARALBR K i it (RIS, Aps gL 2B )
B2 AER—FMIRSAS | PR AT RS g, B
e 58] 2 2 g0 Chen ZEY T &
B, BiAl DLE R S A . YRS RS
B, I 5 As(TIT)ZE - 38 X A4 X6 il 1
B RTIA: Wi G R )55 2 S A AN
PERIBRAED , PR 2 il R W R A R 12
YT As(VIT sz PE . As(ID g, H X+
R FE L As(V)TERAEAESSS ) i,
22 K38 5 1T R BELAS AR 420 %o A e I B . 4R
M, B A 2L As(UDFE IR iE4 7/ 31k,
R 8 I RSP 5 A R T s &

T R A IR JE X A T I GE . N AF I ER
AEEELW, PEEN—-FRESE, L4
BRAR WV BE A2 — AL mR 1 25 57, HRdfaE,
IRAESAALTEAE T A S RGP K 30%H
Be, TE—EREE Figb T ESAHER, A5
HH b3 2O I8 A T, SR T Ak A A 1 DR R R
b, SRS X TE YRR I A A, A,
Z SR B THFE, B0 B SRR R AR A A
BP0, XA e NOAR IR K B A ORI
AP T S W, N K g R
WA RSKERGETHE BHR, B
T A AR 58 1Y A8 A0 8 SR 5 240, TS e
R FI L K Rl Bk A IS A1 Rt
PR A R AL 55 T R G 3 % i R RIE 50 DA
K Wi i6 A R A e A B R B X

52]

Redox condition —200-0 mV 0-100 mV

100-200 mV

Arsenic As(V) is reduced to

speciation As(IIT) As(V)

Partial dissolution of

As(V) predominates and is co-precipitated with iron and
manganese oxides
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4 REERE

Tt (5 30 i 5 %) A 1 R A 2 0 A 3o
BEUIMEE, MAEDN SRR RA
WA ST T AR N i — RVIEEEAL Y, I X
SRS 5B R N, Fe, S 2 HAb TR AP
BRALAE IR A . A, FREE A LR & &
pH DL AR Ak S H A, 2 AR R 3 D )
FEFM N %

BT, s gt 2 AW i P Ak = B n)
AEYIMEE T R, FERUAR Pk e i) 45 D B R
ol (8] 32 A A G R, AR 3 X BR f
M AR, E— R0l 2t . — T,

B JFEEIN T A G e B A 5
— 7T, TR OB AL AR T
ZIN RN, XA DL VR4 4y
TERMEW, Hit, JE—BU5aiG a5l
A B R SRR A G, TR R A
15 Y TR R B AR . AR R IR R
KT Z R e, i B RTAS F A 0 i R ]
AL 38 7 A NI, EE A Jm IR sl b A Ak
1 AR A PR RS R AR H K B — iR AR O R
o I, RSEATLIEES TS R T A
U8 Z A YRS R R, R
i Jr =, BTN RE G 5 LA S W A, s
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