ERIEAR 2019, 28(12): 2447-2453
Ecology and Environmental Sciences

http://www.jeesci.com
E-mail: editor@)jeesci.com

TERZREHERARMER, SEESSNEELHRER

RE, BEFE, RES, FE, A, BAWT
L EBERE R R S AR SR E TS S P EREBEE G AT, IR A 2640035
2. JERE T REEE ST o0, U3 1000295 3. LR KRRl 5 TR b, ZH J51H) 241002;
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WE: tRE 2N m. 280, M SIEAEMERARLNNERRS, s 8P EFEE YRR . /3R ik
MR MBS, e E sy e £ 2 5 B R A HLHL R B R R 5 e 5 0 5T U i A VR R
A, —2EARR ( Diphenylarsinic acid, DPAA ) J& ikl 28 9 32 2 Ao — AU R — 2 SR e 31055 Hh S Ak UK S TE Y
— R MAE MY, W R X SR R R E WA IMG Yz — LR T DPAA FER[FIZEH -1
A7 2 T A WA T SIS AR AE B S e (R 2 | DPAA 7E - HEBUR S Bk AL R 25 B IR 540 FHESHLH], DL K 118+ DPAA
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IR R IR IR SR , 16 nT 98 3 P OB R SR 10 I B DR 48U A A R B AR R L B P JAb 2R MHIR o A I I I 56
)% 5T DPAA FEAR IR + 4 R KR P IR IE S S AE A RIS, JT45 & 2414 KRBT EAR , G RRE:
WFEFEN T DPAA IREMEE S PR SRR R | Bl R S B2 [ 14 FHEG AL, b H s i g i X A7
WLaE Y + He g A Ui 2 SR BRI S HA S8 E
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TESS — YRS i R B ], PR A fhas
AR R Al . b, Rk &9 —
K E fH ( Diphenylcyanoarsine, DA ) il — 2K G fif
( Diphenylchloroarsine, DC ) RlLELA S FURIFECH:, &
BEAH— 2L B9 FEZ s (RS, 2005 ),
FFAE R A A E IR R R BE RS . s, Rt
158 7 14 A 2 A (S 3 ek i b 4 M s o o 50 1)
AT TR, HEH T IR K AR
SR, AR A FE YR AR, X
ALY FE 8 Mo K S TR 2K i B
b, TE RS F B IR e ) — KR ( Dipenylarsinic
acid, DPAA ) KR ( Penylarsonic acid, PAA)
SEYIET, FEXH AP G5 4 ( Ochi etal., 2004 ),
DPAA TEREEH HIfF BRI, HEAREALH

MIFEME SR FEE ( Yamaguchietal., 2017 ), 2002
A, HARFOKR AU IX 15 IRTE Z A2 A i iy
(ML T 7K b & I Y B AEIE SN DPAA, Hify
R W BB AT TR KA 5 AR UE Y 450 £ ( Nakamiya
etal., 2007 ). 4 Jm B i TR HAZT5 G i K S8
TIE TR RGN, RIMIINGESE | 11k
PRIME , b Fefi | IR A2 J1 TR (Ishizaki etal.,
2005; Ishiietal., 2004 ), 1 EZRILHZ H g fb2gi
TG YL Y A RV B Bk 2967 mgkg !, H
o 2R AR AT ALY (1145 DPAA . PAA
AI=2E045 ) 05 Y X 3 i EE A mIsaifL
Yy (FAZRBI%E, 2008 ), Babaetal. (2008 ) M3Z75 7
TG YL PG I 2] DPAA . PAA . HIJEALAERH
2 ( Methylphenylarsinic acid, MPAA ) &2 FA L
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AITCHLAfL &9, Araoetal. (2009 ) i#F—2H i
KB R A L, ZPUAHR T B 3R H
FETORMAE S E NG YY), £ 3Eh DPAA Fil MPAA
RGO MOF IR BATRL, IR R
], DPAA 7F+erp HA B8R BB A A YA 3K
P, Il et E AL, PR G A AR
KBS ( Gorecki et al., 2017 ),

TR E AR, ZRENEa S EEGE
ARG, VBT EZEIGTERIARA S, Y
TEAR KRR BE Lo T 3 JCHLATA HLAR AL 1
WEAT R AYWAESES YIRS . ik, B
AN T I AP S TCHLRE ) 783y
AL SRR 256 SRS SRR S 2E S
YRR A LS, RS Y - e
BEAR, NMUEHEFRHREER S 5552 U A i
FEHGE, TR E Y 2 AR T R T R BRI
(Al X ORBRAN 24 . NARMEREA & 4 4 4R H
Ao EENEE SR L AR T 1
DPAA W [ 5 ARAE . DPAA 78 + 34 LY
AR R NS SIS S0 TGS, DI
TE Y% DPAA B I E R R 5 IR BRI (ki s 5
B, BT T RBRER AR E 2 5 T 3% DPAA 11
REA WAL SRR ER IR R . Bl )G 2e i i 2
[ AR A ALEE, B 760 rh E A2 sl s DX A AL
15 4 TR AE MG RS AR YR S BRI
1 DPAA ZEXIEHRAIIRERSFERER
M (& 2=

e I I B A 2, I B A - B
WL, OfEEE. & (8 B 85 7. K
FRESS A AL, M FALH =2 afiKig . HE T
Bofz . Rl SHE A CBASZRISE, 2009; WTIER %,
1998 ). 3 EET Y (anekE ey 2848 )
XA B W 5 [ R B BB ROVE T, BRI JEAE
DL R R JE S B 2 T ) R AT 25 S 4
A 1) 7 Al BT A5 T B 5 Wi A 1 338 v &5 A - ) 3
SRR (BBIZE, 2013), SR10, ETHPLAE
e H 3P IR AT N ISR W A R, EE AL
TEXTEE 22738 T VO BT - I R TE B9 FSE. ( Brown et
al., 2005; SKFIHFEE, 2007 ), 4 54T DPAA 7F +
9 e o - R R S R PR R A 4iIE . Wang et
al. (2013 ) Fb# T DPAA 7EWIRERAL I T 22 S d K
FOHLAN 38 M+ ( Phacozem ) FIZI % ( Acrisol )
I R S AR AL, R IR T LR R ER K o T
BUNOADUEAE L, +3EXHT DPAA BN FTHE F1 40
TR, HARWCRAE R, 74 DPAA fE+Erh
FW RIS . DPAA 1215382 187 14 W Fi-H e
mTaEBRLER, H O H WM SERLY T

Freundlich /72l Henry JFEHU5 . DPAA TEFFP
s R S R R, 213X DPAA
FEERE I E T+ KRB (2017 ) EbEE T DPAA
16 13 FhEL R 22 5 00 5 A 39 v (R W B AR
RIEEY SR (RIS L. K
Fet . KIIK A ZI3ERIIRLZIEE ) Xt DPAA (MLt
AE s TR ALY S AR A B3 (ks WA
mt),

EAMIFE RV, DPAA 15 558 r it W F fise it A
TEZ 5| 43 pH ., o4& FUnskiREh . b &k
JAWUREIREE R FRY5Z0 . Wangetal. (2013 ) Lo
BTHIR pH. PO I Fom Xt 138 DPAA WK
BEORZIR , & BE DPAA 7 438 v i i B bl pH 438
Tt E A, TSI B TR X DPAA WY
AN, MBS T POS Al B EMhl g p
DPAA [ e, {HXT SR A= il E AN 3% . Zhu
etal. (2016 ) &8, +HEX} DPAA A4 BFF %0 Kf %
T 1 B0 R B B i e m p kA A, X T RS ER
IR 5% . Sk 9 FAa LB 2 5 i 3 vp
DPAA W [ B 22K 2 ( Wangetal., 2013, RS,
2018 )o AEE (2017 ) HRA 1 I A K o3 3ol 253 i Jo Al
AT A DL A HLIT S ) 336X DPAA 114t
e, RBSIEAEL, 25 mAEER R ALY
TR T X DPAA MY RFHAE J1, THH S B AIE
i YIIR L T DPAA 7E 4P i 3B B
Mo HREYMAL AR L, FSA MU I R 4L
KeWigmite N, HA5 ARSI E . XIEH N
DPAA 7 -3 Hh 4 W o =5 232 S A B L3 3 40
FHMEAEA MU IS S, X 5T %
UDRURIBT R (W BRI 2L, bsh, H3Er) 2
AR A HLB ( Dissolved Organic Matter,
DOM ) i R[4 AL/ ICHLRAL S 4 7E 135 2 1 1)
W AR, HAEFAMLHIALES : (1) DOM A fg[n] 4%
W& B KB R A TN, BT DL %
437 5 ( Bauer etal., 2006; Chen et al., 2012 ; Redman
etal., 2002); (2) DOM g N+ 3 4 Ak
WIS (Harvey etal., 2002 ),

Tl A W i AR AR JEAE R R 8 1 g v TP A
I#]  55 R H P & (Tslam et al., 2004 ; Campbell
etal., 2006; B4 2011; FFiE%, 2015), 4K
M, SAE - B S8 ARA SR F S DPAA 7E 358 2k
Ak ) MEs G SRR FE WARGE . Zhu et
al., (2016 ) FAEAFF KB, MKzl
GnT g  E R E Y RTE T, R R
R ERIA AN L, et T DPAA M A48
AH BRI WRRAE (2019 ) WIE—20 %
8 7K 18 v oy B Al Ak AR A5 — BR B R R 38 R TR
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Clostridium sp. SRB-2, JfH#MF5Y T Hkk SRB-2 41
T DPAA TEA[RIZEAIE B A ) AN RIS R+
b B - AR, (0 BRI A TR AT
2 DPAA HELXEFMNEKKINYETEHE
BRESE S FHEEIH

K5 RW, MTERE AR RS TR0
FEAI T H A, MR TFERAEES. B
S W b 8 7 B AR - R ISUR, 9 25 B AS S HL 2
AL, A BT A TP e 5 A A R
B LR ER R . HAT, WFssmre L1
GBI T BB RES S HAERGE (Dousova et
al., 2008 ), ZJ7 ikt R A [ 5 B ) A7)
MR 1 3L 53 T EA T e RIE R RIE, Br
PAF SR AT LU it Hbroc R 7E LI g &
KPR ZEA WSS FEE . AW RT IR IS5
RAEHGLSE T DPAA TE T A0 BT h 25 & T8
A5EE, 45RERM B TR TR L b
5 DPAA [ He B35 55( 8.2%—46.7% ), 3X #K4> DPAA
FFE e g W T B AR R T, A
WANE 2 AW, IR G SO 4GB B 7 & it
AW, e T E 855 TSP RE ) i
5t FPEM TSR DPAA TE 30 AR A 5 —
e AILE, & DPAA WLHHERE 19.5%—
47.4%, X#5> DPAA il B B 2 R4 G
W B 1) e T e A R T, AR 5 3l it e R
FER R, SEMWME (RS ) Mk, 115
WA L TEE T B Es 64 . Ak ALY
G BT E A4S 575 DPAA W] LUt A B % 4k
YR NS LB R I R AR 26 A A/ a e E R, 5
TR BRARIN A A RE T R, O T AR
Wt N AW . SR, IES I RAEBOEATIF AR
ZokbE, FE . RBCLIRRE . R A R
MO E () SEASTEAR SIS (&
5, 2017 ),

BT R mST X-SEMBOEE ( Xiderowg
Action System, XAS) FARZE ARG 5
MrF B, fHF X 4 Wi i 454 ( Xeray
Absorption Near Edge Structure, XANES ) 14 @il
X5 2R W USOKS 41 45 #4 ( X-Ray Absorption Fine
Structure, EXAFS) 43#r, R EJEALNE . H
BTSSR RAE M EZR . Ak, ZFATE
- HERR R B A JE 23 is . Luo etal. (2006 )
X AR 21 183 T W B AR OO BC 52 5 A A T 1 BIF9E
ARt 3 A 1 v ORI BRI B B2 8L XL
BECEY), o As-Fe [AIFEN 3.28 A, As-Al [AEE R
3.17 A, Thomasarrigo etal. ( 2014 ) R BT /R i
X WL R R EARE R TRk AR A PR

R, As(V)FI As(LID#ERE DL G BUR E & ) 1B
KGR =MEREMIE R 7 Wik, H
As-Fe [A]fF N 3.31—3.34 A, 2214545 (2011 ) iz /1
EXAFS 734 &30 , TCHLAAE 21338 il B A8 Aom p Ll
REREACIIE BN B Z U SUZBC A Y, As-Fe 4
AT IAI#E N 3.09—3.25 A, #R1, 54T DPAA 1E
+ e Y ol A R REORL 2 T 45 A B 2 S MO HLE] 1)
WFABAE R F R

Tanaka et al. (2014 ) XH EXAFS iR/~ T
DPAA Fil PAA TE/KEA R ML A L] A AL XL
LAY 5 AR B A W AAE . AR di i A
W[ RRSHGIR, W8 7R T DPAA 524k
YL R R 25 SRS 5 THLE . XANES
SRR, DPAA TEEMEET . JRERT FIZE 8 R
AT TRV A B P P )2 WUk XA 2% 5 ) R B 2 45
Y MAEKD FIRE AT 2 1S A B P L2 LA 3L
MG R/DREINE 245 . DPAA TEA[RERE™
YREIE ) As-Fe R FRIEE A 3.19—3.33 A
(Zhu et al., 2019 ), [iRAFFTHRB, DPAA nlilid
FRHELI G S, RIS . AT YR 4%
BAEHSELH S0 A BAEH

BA, A (2017 ) RAHEEEN X S4Bk
1% ( Scanning Transmission X-ray Microscope ,
STXM ) FARMFSE T 138 i) £ 3% SRB w 4R IR AR
TOUT DPAA TEEF AT 101 0 I BRI 5 4R 5
TEMIFEM . 55350, URIN SRB & IR B B ] T
FHNEH R R Fe(IDM As JTTR I, R
SRB {RAEFIRAEHE T EH 0 (134 I 5 A Il DPAA
FIRE . BFFEES R ] Rtk — iR 4 A T 1 ks
JFMF R, DPAA TE+ 380 W 454 5 Bish
AR 22K 5 07 i 2F 5L
3 *TiEsh DPAA MIFSMEMEBSRKS
EM R L

KEWFFE R, S5t ap Qs g # e
Bk AL 2R P B T+ EERER, BN
HEAH Z L FE LR T kXt JoHLa A AR
AEAEFIPLE ( Dhuldhaj et al., 2013 ; Hudson-Edwards
etal., 2013; Jiaetal., 2014; BAfEZE, 2011; RfE
25,2011 FEHR, 2014; BIHSE, 2009; Kk
‘B, 2013), Lietal., (2019 ) i3 REFE I K
B, A GEERER AT KRR S U IR S — N AR
LR, TASER RIS JFH R A Z = rfdsgm . (HH
HIA A i A ) e i 5 A8 DA S e ) A A 5T
AR A R . Kohleretal. (2001 ) 78 2001 4E N2 1k
2 i T U 4 1 7 Y Y 1) - 39 v s i LA R
it = 2R S AR ARG 4 RV, XSS
REREA DU A B TCAILAY , 3 FEIPR 3 O Tk
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YR R HGE . BEJS, Nakamiya et al.
(2007 ) #5751 EFHERE ( Kytococcus sedentarius )
NKO0508 X} DPAA ff S K Q= My Fa iR £k
1 H AL — K ( Diphenylmethylarsine oxide ,
DPMAO ), Haradaetal. (2010 ) RINGIHE Ensifer
adhaerens T& FF 7] 38 a5 A P 1) BRI 4R S B G Xt
DPAA HYUF4A ISR, FLREARACE™ P46 B Ak
DPAA. PAA FIfHfREL . Hilt, KI5 (2017) i
i Xf— ﬁﬁAﬁmﬁ@hi¢WH@R%bﬁ T
FIHE B TN DPAA WY H4E A fiE
aﬁﬁ)énztljﬁ‘%/}?t%ﬁ DPAA IS B A Rl oy
F2H:k DPAA, {H DPAA FUEIA =4 PAA L) J%
TCHURHRRER ZNARAG H

4 T 44 %t DPAA REfARET, 2R
AMAEYS 5T DPAA ALK, Arao et al.
(2009 ) &3 DPAA FEIREIE T figw 1B MEY)
IR PAA, i — I TSR R
ik, Guanetal. (2012) W55 B, MIREALIEA N
ABRERER IR, v] B35 e 4 DPAA 1R
WK, 3P DPAA AITE 3—5 ENBERAL,
HEG A =) b BEAL & 7R RE I A B s A2 v = AR 1Y
PAA FIfHEREL, Wfuff DPAA [ ik H—

DPMAO, LA K — i AN B 058 28 25 i A LA AL
¥, Hisatomi et al. (2013 ) #— R FHBAH (A% &
AT B BT AR L & P 2 R — 2R R A A R
( Diphenylthioarsinic acid, DPTAA ). %<& (2017 ) >k
FH =3 DURAT- 1RSI A A T s K 45444 DPAA
TERR LIRSS AL ), FRRAS R 76
MR IR . BRAAIE T, ) DPAA VR RS
Fr I TA] ST S 2 A, [T SRR IR A H
T DPAA HYBRAL“H) DPTAA, iX—45 R, 11
o B DEAGUE P (R R R R LA R )X DPAA 1Y
REACH AL R E EEAEH, BRI M ANE
o B RS T H5 DPAA BB i R K HAE i
ARIREAIE T RUE AR s A%
AR, A A HLTE Y B IR B R AR A A
R S e 30 I AL ) 1 BRCR B b AR B 5 A
55 (Luo etal., 2013; Tianetal., 2015; Hif{
452014 ), Flynnetal. (2014 ), B RIRIE T —Hf
PR A 4 5L Shewanella oneidensis MR-1 A 7EHi
P TN SR, ik —2 0 Fe(llD) B
WER Fe(ll), HEMSCIGAEY N ST R SR
AP T ERIA JF B AR R . TVERA R AF (2014)
HIAFFE N ZEH, Shewanella oneidensis MR-1 7E 54k

JeHLifi(Inorganic arsenic, ASV)
Z AR (Penylarsonic acid, PAA)
2K #{fifi(Diphenylcyanoarsine, DA)
-7k fifi(Diphenylchloroarsine, DC)
| KT E2 (Dipenylarsinic acid, DPAA)
Ff 3L 75012 (Methylphenylarsinic acid, MPAA)
H i A% £5: (Monomethylarsonic acid, MMAA)
<L % R (Dimethylarsinic acid, DMAA)
HBE (Methyldiphenylarsineoxide, MDPAO)
LA iR (Diphenylmethylarsine oxide, DPMAO)
156 2K A4 AL ) (Bis(diphenylarsine)oxide, BDPAO)
O BN (Diphenylthioarsinic acid, DPTAA)

T ASY 1 | BDPAO 4 H %, 7,
| Asv_| LLLACR A TN
T l $ ' MDPAO 1 %
AL IR IR ESE o 0 BRI
Methylation 0 Dephenyl ring ? Dephenyl ring I I, Dephenyl ring iy
@—AS\— OH +— @—As‘ O ——( )—As" ——{_ )—As—oH —{)—AS—OH ——CH,—As"—OH
OH OH CH; OH
fmmm————— el pmmmmmmel bl
| MPAA | lrl_ PAA | . & | DPAA | lrL PAA | I MPAA | I MMAA |
________________ \\ a ———— [ —— ———————— P ——
I g \\Ty ENX S | |
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Fig. 1 The formation process of DPAA in soil and its microbial metabolic transformation pathway in aerobic and anaerobic environments
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Wb J5 Fe(IID) 1 [R) B, Fe(IID) Al K As(IIT) “& 4k N
As(V), $EERRTERR Py 2 i AW BFHRE 71, ETTRAAIR
RS S RN TE . EIRE ST, i
4B TR 3k 3148 5 B ] R A R 6 1 R L T 2 IR Sk
I THEIR, BRUERLE, Bifb s 5 DPAA i
W, IR PR 2 —A K A2 i DPTAA ( Guan et
al., 2015, Zhuetal., 2016 ), /2% (2019) MR
S DPAA V54 HHErh Ay B alifb i i —BRAR R £R 18
JEE Clostridium sp. SRB-2, 1% [# HAG 08 B ER £
WA IR RE ST, RIFHAXS 580 DPAA HAY
WSR2 1 RN IR B G AL RE ) o T IR 5 35 2 LA,
PRE SRB-2 XAk AR R B DPAA Wb
4R A] 35 41.8%. 7EFEFH SRB-2 HREM) DPAA-£T4%
WIRAER TR R T, DPAA RIIRAEFALFEREE K R
o Eh FIBERRER AU IRMG . #F—2ERH STXM AR
Bric B, $:Fh SRB-2 WARMYEH k™R Fe(1ID) & E
TR, A U Fe(IDYR B2 L) S5 Wi Hh DPAA
(AR P55 B 45 5 ) TR P B T3, B DA% 1
T, BiREIAJFE SRB-2 /- SRR RRER L B | 1R
IRLL S DPAA B A R 2 (Rl A B A R
ERER, (HHAL A S A YA U AN, 475
HRHESE— B RAWG

4 RFMAREERE

AN FIIFIRERIE R | BRI R 515 Y 7E
- ISR % 11 RS -5 R A AR A AL R R 1 3
b2t 5 3R 2 A AT AT Y BB R, ROk
PEIZ NG LT JLAS 7 T B BFST -

(1) MHHAEYS 5T DPAA £ ARSI+
He-b R KA T I IRAPIE S S YA S R
DPAA 7 L 3-3 N K- E - R G B i
et Rt R HEm R 5 iS5 T DPAA V54 -4 -H
K IR AU P

(2) 25BN FsRdl | B A Al At
SR 2RI AT HEAR B BRIR SR A R TR A
) DPAA DAL RE SHifREhit R . #as )i
G B Z M TR AP, MRS Tiesales
T XA LA S e R R K R R A B
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Abstract: Soil is a complicated system with multiple media, multiple interfaces and the interactions of living organisms and non-living
matters. Such system determines the interfacial reaction, distribution, transmission, accumulation, transformation and degradation of
toxic pollutants. In the field of environmental science and soil remediation, it is an international frontier topic to study the coupling
mechanism of multi-interface processes of toxic pollutants. Diphenylarsinic acid (DPAA) is a stable class of oxidized or hydrolyzed
product of diphenylcyanoarsine and diphenylchloroarsine, which are the main components of arsenic-containing chemical weapons.
DPAA is also one of the most important organoarsenic compounds detected in the soil of chemical weapons burial areas. Here, we
reviewed the dynamic characteristics and influencing factors of DPAA adsorption-desorption on various types of soil particles, the
binding species and molecular bonding mechanism of DPAA on the surface of soil particles and ferric oxides, and further the aerobic
biodegradation and anaerobic metabolic transformation mechanism of DPAA. The adsorption isotherm of DPAA in soil conforms to
the Freundlich equation and Henry equation. The key environmental factors for the adsorption and release of DPAA included soil pH,
phosphate, salinity, oxide, organic matter and microorganisms. DPAA was adsorbed to the surface of soil mineral colloids mainly via
electrostatic attraction, and could further form bidentate binuclear inner- and outer-sphere bonds on the surfaces of soil particles and
ferric oxides. In aerobic soil environments, the degradation metabolites of DPAA included mono-hydroxylated DPAA, phenylarsinic
acid, and inorganic arsenate. While in anaerobic environments, DPAA could not only form phenylarsinic acid, and arsenate via benzene
removal, but also be anaerobically converted into diphenylthioarsinic acid and methylated diphenylarsone by sulfate-reducing bacteria.
Future studies could focus on the speciation and bioavailability of DPAA in various types of soil-groundwater environments mediated
by microorganisms. Furthermore, multi-omics correlation analysis technology could be jointly applied to disentangle the molecular
coupling mechanisms among DPAA anaerobic metabolism, sulfate reduction, and iron reduction processes mediated by sulfate-
reducing bacteria. Such mechanisms and knowledges could provide theoretical and technical supports for the bioremediation of
organoarsenic-contaminated soils in China’s chemical weapon buried areas.
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