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Abstract:  Objective Diphenylarsinic acid (DPAA) is one of the main degradation products of arsenic-containing chemical
weapons in the environment. The objective of this study was to investigate the effects of iron and sulfate reduction on the
mobilization and thionation of DPAA in soil. Method Acrisol from a peanut field and woodland was selected for soil incubation
experiment, and both were spiked with DPAA and different concentrations of sodium lactate (C source) and sodium sulfate (S
source) under flooded condition. Four treatments were established in the current study, treatment one (S-C-) was created without
the addition of S or C sources, treatment two (S+C-)only received 426 pg'g™' S, treatment three (S+C+) received 426 pg'g™' S and
1300 pg'g' C, and treatment four (S+C++) received 426 pg-g™' S and 2 170 pg-g™' C. Samples of the soil and supernatant were
collected for the analysis of DPAA, Fe?’, HCl-extractable Fe®', SO?{, sulfide, pH, Eh and bacterial community structure.

Result Results for the peanut field indicated that the mobilization of DPAA was significantly enhanced in the S+C+ and S+C++
treatments due to the addition of carbon, as compared to S-C- and S+C- treatments without carbon. This difference was likely
caused by the elevated Fe reduction (> 45%) due to lactate addition, which then promoted DPAA mobilization. In comparison to
other treatments, sulfate reduction was most significant in the S+C+ treatment of the peanut field (with the concentration of
dissolved sulfide reaching 11.28 mg-L ™" after 13 weeks of incubation), where the removal rate (59.6%) of DPAA was the highest
and DPAA was primarily thionated. However, the increased Fe reduction and decreased sulfate reduction in the S+C++ treatment
were not conducive to the thionation of DPAA. Unlike peanut land, the mobilization and thionation of DPAA were not observed in
woodland regardless of the addition of sodium lactate and sulfate. This difference can be explained by the lower degree of Fe
reduction (< 25%) and the absence of sulfate reduction (without the detection of dissolved sulfide) in woodland. The relative
abundances of Clostridium, Bacillus and Desulfosporosinus were significantly higher in the peanut field soil than those in
woodland. This probably promoted the occurrence of iron and sulfate reduction, respectively, and both processes ultimately had a
stronger influence on the mobilization and thionation of DPAA. Conclusion Generally, instead of the stimulating effect of Fe
reduction on DPAA mobilization, the degree of sulfate reduction and the concentration of sulfide in the liquid phase is a more
significant factor in determining DPAA thionaiton in Acrisol under flooded condition. The findings will serve as a theoretical
foundation for the in-depth understanding of the environmental behavior of DPAA as well as the development of biostimulation
remediation solutions for DPAA-contaminated Acrisol.

Key words: Diphenylarsinic acid (DPAA); Fe and sulfate reduction; Mobilization; Thionation; Peanut field; Woodland
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AbFR, DRI R A AR R A S 2 B TS g . BT,
CrE E L BRI H A5 24~ [E S84k 2% 2 A L
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Table 1 The physicochemical properties of the tested soils

AL S Sk W A Ak E| ) sk iR
3R
pH (H,0) Soil organic matter Total As Total Fe DCB-Fe, 05 Oxalate-Fe,0;
Soil type
/ (gkg™) / (mgkg!) /(gkg!) /(gkg!) / (gkg™)
LI (B ) @ 4.56 8.60 2285 49.87 30.47 1.29
LI (ki) @ 435 7.30 19.99 52.84 49.80 1.02

(DAcrisol ( peanut field ); @Acrisol ( woodland ) .

1.3 TERIEET

PL 100 mL PEMIAE EEFRA5 48, MA 200 g
T, SPERET TR, B EARBR 29.7 mL
N T e 3 T M R 2L M 0 R AR, R P T i ZE R4S
A B I AR HER D, B ) —
H KA B 2l K 1 BB R A b, AN FE K 43 AR
R 2 PR R R B 4 A R INR
FREN A FLRREN (S-C-); [UIRINBLEREN (426 pgg!
T4, BLS it, FFE) (S+C-); [FIBFHRMNG# N
(426 ug-g ' T4 ) fElman (1300 pgg' T+, LU

Cit, T (S+C+); BRI EN (426 pg-g!
T4 ) MFLERM (2170 ngg ' T4 ) (S+C++), 4
NV 6 NEE L A TUMORE T 25°C . wOh4
PFFRHRESE 2 A, FHA 0.3 mL 2 000 mg'L'DPAA
VW, 415 DPAA BB NE A 30 mgkg ' T+
(IRTF 958 A AR 5 3 AE A b 2 s ey e g il
FrdE ) (GB 19062-2003 ) MIra A1 (14 A fith e 2 PR
f—30 mgkg ' T+ ), 3000 rmin "' #£% 10 min ff
FAKIBA W IR, BT E IR R IR 4k s
B 9%
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PR P AR A4 Bk i a2 U™ pH SR pH N E
Eh >R FH £ H AR R A 5 A R o7 25 I
1.5 16S rRNA I

FiFR2 0. 6 Fl 13 JAISRAE - 3RES, SRITHR
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JEE L VKA DNA B 20 B FIve B2 . SR 514 341F
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1.6 EHIESH
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e k& 1 R, 0 JRE, BB S-C-
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H DPAA 705 (70%~80% ) A fighn (1A 1c,
Bl 1d). FEE IR A LER, S-C-Fl S+C-Ab3r
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(A VAMEISN ) AT I, XEA S, 5 S-C-
Il S+C-AbFEAH L, S+C+HFT S+C++AbFEH DPAA F
Ji 448

S A, AR 4 AR ERTE 0 JE A IRA
DPAA Hor&m 225N, 72518 40.6%. 59.6%.
67.8%F1 86.7% (& le~Kl 1h), H, 5 S-C-FI
SHC-ALFAH I, S+HC+AI S+C+HFEFR DPAA YR
i BH BN, H S+C++ab i DPAA Y B i kA
o FIRZERULI, SR, FLRREN X M
o DPAA B e #EE sk . A, 5 S-C-4b 3
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£ 5S0T W18 75 DPAA 18§ T LR mi s
LB U R SR 1 EE, MM 4 S Ab EE
AH DPAA F 43 & it ih % THAH (&l le~& 1h),
R AT UL, XAk S, 5 S-C-Fi S+C-ALHEAHLL,
Bifi 25 5 F2 B[R] IO E K S+CHFIT S+CHH4b B i =4 I BY
LA DPAA B E 42 .
2.2 DPAA HyEE{L

WA 4 R LT 389 B DPAA 431 2 fifl
BRI S AR LI 1. ST, fEAE HE AR LAY 4
AL R DPAA T 43 F i 3 3R I Sy Bl e [] f19 SEE G
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=% 40r - 40r 401
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<
< 120f 120}
IH 2 00} 100t
I ©
KE 80 80-%‘
oI e I [ A e
::tg 60 60 ,,Ai -
e g 40t 40t ¢ -
A s
S 20t 20t Brommrrrmrrs 8
g VT s 0 1z e Y0 4 6 8 1012 14

18] Time/Week

A 18] Time/Week

HE: S-C-, NRIMBEERAAFLERG; S+C-, (LAINBIRREN; S+C+, FIRHRMBERS (426 ngg™) MELEEEH (1300 pgg™, BAC
it); S+C++, RIRRMBLRREH (426 pgg™) FMZLERM (2170 pgg™' ). & DPAA T 43 & R HURE T %) DPAA & i 5 %7 4h DPAA £
# (0.6 mg) MYHAE, WA DPAA 40 & N BUREIN 2177 A5 DPAA &8 5] 14 DPAA fnE Ay Hfl, [E4] DPAA T 43 & N BUR:
It ZI| F 45 & 75 DPAA & 5¥) 4 DPAA #nE M L(E, FE. Note: S-C-, without the addition of sodium sulfate or sodium lactate;
S+C-, only with the addition of sodium sulfate; S+C+, with the addition of sodium sulfate (426 ug-g™') and sodium lactate ( 1 300 pg-g™'
dry soil, in terms of C ); S+C++, with the addition of sodium sulfate ( 426 pug-g™' ) and sodium lactate( 2 170 pg-g ' dry soil ). The percentage

content of total DPAA was calculated as the ratio of the mass of total DPAA obtained at each sampling point to the mass of total DPAA added
(0.6 mg) . The percentage contents of dissolved and solid-phase-associated DPAA were calculated as the ratio of the mass of dissolved and

solid-phase-associated DPAA obtained at each sampling point to the mass of total DPAA added, respectively, the same below.

B 1 feAi (a~d) FbkH (e~h) A MER ( DPAA) B 4> B FEmTE] 1254k

Fig. 1 Changes in the percentage content of diphenylarsinic acid ( DPAA ) in peanut field ( a-d ) and woodland ( e-h ) with time
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TEAEA L S+CHARBRAYE . WAH T 4K I 2] DPAA
(PREA BT t2=6.6 min, EPEETXF R 263/245.
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PEBFX ok 279/261, 279/183 ) (&l 2a, K 2b); i

TEH A AL B P 4 KGN ] DPTAA F1 PAA (508K
SR ), M AT BEAE7E FLA Y9 DPAA AL A%, Wil
I A ORI e AR A R TOHLA B kA 3k
EA

XFFACAE ) 4 A0 B, 7E 0~2 J8 5 DPAA 1Y
D B R T WM DPAA FURER ;2 JA )5 B DPAA
FIRE . AR DPAA 5330y Bifi Bo] [] f1) ZE < A5 A 7]
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Fig. 2 Total ion chromatograms in HPLC-MS/MS analysis of supernatant (a) and soil extract (b) in S+C+ treatment of peanut field after 13

weeks of incubation
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6 Jil 5 &\ DPAA Fil[E W AHM) DPAA 43 A8 AN
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AR b R e AR A W HCL 4
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P ES R A E A I FsF [ A B K AN DT B o, 14 I 2k
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S+CH+>S+C+>S-C->S+C-, Bk id Jit 72 FF i = 7] ik
58.3% (&l 3a), Hirf, S+C+HI S+CHHIb B 4k if
J AR B A 38 AR AT BE 5 I % LR B R A AR
A P S C-AbE AR IR IR R T S+C-AbEE, HE
DU AT BE S R R J5 & S I i B iRk & AR R s (1] 4a),
T3 A FLER AT AN TR R AT o b,
T S+CHHI S+CHAb PR BRI IR AR R =, IR
A KR F MR (<80 mg L', K 3b). HiE
A HORTE], PRHLAG 4 A Ab B PR GA TR B H A IR
(<25%) (K 3c), HAEBAEEFRLRPEFELS Fe'
WeBEEMET 10 mg L' (& 3d ).
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Fig. 3 Changes in the ratios of HCl-extractable Fe?” to HCl-extractable total Fe in the soil-water mixture and the concentrations of dissolved
Fe?" in peanut field (a, b) and woodland (¢, d) with time
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Fig. 4 Changes in the concentrations of dissolved SOAZ[ and sulfide in peanut field (a, b) and woodland ( ¢ ) with time
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Fig. 5 Changes in the pH and Eh in peanut field (a, b) and woodland (¢, d) with time
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Fig. 6 Changes in the relative abundances of dominant bacteria in peanut field( a, b )and woodland( ¢, d ) at the phylum and genus levels over time
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Table 2 Effects of Fe reduction on the mobilization and thionation of DPAA in different types of soil

N IR BRIA JFREAE X DPAA BLAIFEM X} DPAA BRI
+ e EZ DTN
Fe content in the soil Characteristics of Fe Effects on DPAA Effects on DPAA
Soil type Reference
/( g'kg’1 ) reduction mobilization thionation
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