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Table 1 HPLC-MS/MS analytical method and determined parameters of phenylarsinic compounds hung over from chemical weapons

EY FE ioRillkine ALV A B 27 3k
Compound Matrix Detector Linear range Detection limit References
PAA/PAO/DPAA/ HiR K PDA 8 ~30/5~40/20 ~ 4 000/ 0.1/0.1/0.2/10/ (o]
BDPAO/TPA Groundwater 120 ~ 8 000/1 ~ 60 mg-L™ 0.1 mg-L™"
j:ig -1 -1
DPAA PDA 0.1~20mg-L 53 ug'L [20]
Soil
H Rk 1
DPAA/PAA/PAO ICP-MS 0~120 pg-L~ 2.8/2.5/2.5 pg [26]
Groundwater
Rk . o
PAA/PAO ICP-MS 0~ 1000 mg-L 0.2~0.8 pgL [25]
Groundwater
MPAA/DMPAO/ + 4 ! A
ICP-MS 0~100 pg-L~ 0.1~0.2 pg-L~ [17]
MDPAO/DPAA Soil
+ 3/ K
DA/DC/BDPAO/TPA MS [13]
Soil/groundwater
PAA/PAO/DPAA/ T 7K ,
MS/MS 0~1mgL 0.0001 ~0.01 mg-L~ [24]
BDPAO Groundwater
T3 a
DPAA/PAA Soil MS/MS 0.01 ~1 mg-L 0.01/1 pg-L [16]
oi

TE: PAA, REHR; PAO, % fL7 M ; DPAA, “RffiR; BDPAO, BE " IRMI4&LY; TPA, =7KW; MPAA, Wi
FAE; DMPAO, WIILZERIER; MDPAO, WHH: “2EAHR; DA, “ZEfAl; DC, &M ; PDA, WA I
Note: PAA, phenylarsonic acid; PAO, phenylarsinic oxide; DPAA, diphenylarsinic acid; BDPAO, bis(diphenylarsine) oxide; TPA,

triphenylarsinic; MPAA, methylphenylarsinicacid ;DMPAO, dimethylphenylarsine oxide; MDPAO,methyldiphenylarsine oxide; DA,

diphenylchloroarsine; DC, diphenylcyanoarsine; PDA, photo-diode array

2 BHEOK IR TR R B R PR
15 gL AR

2.1 ZIFRMBERISHRAKRIR

DPAA M & K I KXY R F, HAE 3R
SRLCRIEE: RS B E2 SN <. B et | [ L]
KA R L B A . YORE R, (X
H 77 (A R 4 I 3 08 2 7 i 7467 K 7R
HILP-0R6 754 E T s m i A d < 7.
KEEAFRENRAZESZ—, BT
ANETTIT 1005 & 3T Hostfb ks 2,
R TR B P e AR AL X (20 ik e A L 4
F9 P 25 2 R T O e, R S D 40k 1 e it
W, SO G X - T K 2 R [ R

R G Y5, HALIDPAA . PAAFI =K
( Triphenylarsinic, TPA) {543 ', H201H
90 LK, TR E UM = B E A H st 2 R e
fifys geln) @il , 2PN (RGP fbHe 45 T
B . Bk Be B 203 5530 . v B R A Ry 7K ST
JoT BR B b S5 Ay bt VR P ZE XAl B R AL AR R A
F 55 I = A MR SO TR PR AP R B TR )
Rl 2 IF R 1 Ab e s R X A e iy el A A .
2.2 TRTHER S AR E KT

DPAATT YL A 5% IX 3k 3= 4 th AE R B R b
H A g 38 S R i A L DX . 209 90 T b2 i 2 3k
lz“j:ﬁ [2-3,9, 13,17, 19, 31-32 ] N i&?]k [1, 13-14, 25, 28,33-35 |
FIUURU 7 R DPAA R BB I e S TR . A
b, S s R AR il Y A B R S AR AR
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15 YA B MERE . 75 LT K DPAATS YL vk B 1Y 1 A
I, BARE20024F GRS F R T Z TAE, (HE

AT AR A B [E A AT TR ARGE o eAh, feeE
T A 22 T U0 A RS 3 A 0 AR e 75 e ) et
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Table 2 Range of concentrations of diphenylarsinic acid and total arsenic in environmental samples taken from chemical weapon

dumping areas

A X Ik ST DPAAJEE ST e 275 30k
Investigation area Matrix DPAA concentration Total arsenic concentration References
W E AL +
0.14% ~ 12.87% (9]
Northeast China Soil
L i3 |
62.9 ~ 1321 mg-kg [31]
Northeast China Soil
AL et o
22.66 ~2 967 mg-kg [19]
Northeast China Soil
spE AL +Ht .
30 ~ 1372 mg-kg [32]
Northeast China Soil
i b S .
0.09 ~ 758.4 mg-kg [3]
Jilin,China Soil
K bk B 1 F A }
<15 mgL — [35]
IbarakiCounty, Japan Groundwater
H AR il 15 |
<0.53 mg-kg — [13]
HiratsukaCity, Japan Soil
H AT il M Ak ;
<10 mg-L — [14]
HiratsukaCity, Japan Groundwater
FIA Sk B H Rk |
0.162 ~7.98 mg'L — [28]
IbarakiCounty, Japan Groundwater
H A 5L T 1K ;
] <15 mg-L — [1]
TsukubaCity, Japan Groundwater
H Ak +4 ; |
) 1.18 mg-kg 9.80 mg-kg [17]
Kamisu Town, Japan Soil
HA SR HF K } }
<0.56 mg'L <0.85 mg-L [33]
IbarakiCounty, Japan Groundwater
- 22 s .
250 000 mg-kg [2]
German-Polish border Soil
s Tk ,
2.1 mg-L — [25]
Germany Groundwater
s Tk .
<16 mg'L [34]
Germany Groundwater
W 1 YR B
5.1~17.0 mg-kg [36]
Baltic Sea Sediment
e B fit i) .
<9 583 mg-kg — [37]
Baltic Sea Sediment
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MDPAOWIEF HE J W] i 345 , DL R R 251k &
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3 B AIDPA A Y A= A7 R0 28 17 AR AR L A AR
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FEEABORIR N, A %5 ) 35 R A
FAU SR o o A BF 5T AT G A FE A 4 e [ A0 1)
DPA A H AL FBE AR 74 0, 0 B e gl
SCUDPAAREAL R B2 & .

b el K L P DPAAR ) — A H B
fbig . Nakamiya%s D2 7675 YL i R K h i
M EIDPAA R B AL =W, 4345 = % 3L fi AL i iR
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DR R B, 1] W 7K A 58 v 8 o s 5 R TRk W 3
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Fig. 1 Schematic diagram for morphological transformation and partitioningof DPAA under the coupling effects of carbon, iron and sulfur
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Abstract
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Chemical warfare agents containing organoarsenic compounds such as Clark I

(diphenylcyanoarsine) and Clark II (diphenylchloroarsine)were widely produced and used during

World Wars I and II. After the wars, remains of these agentswere simply dumped into the sea or buried

underground, thus inevitably polluting the soil-water environments of the sits where they were disposed

with the arsenic contained in the chemical weapons. In the environment, these abandoned chemical agents

are easily hydrolyzed and oxidized into diphenylarsinic acid (DPAA), rather stable in structure, and other

organoarsenic compounds. So far, DPAA has been detected in quite a number of the areas where these
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chemical weapons were dumped. The detection has aroused extensive concerns because the presence of
DPAA may bring about environmental and health risks. Scholars both at home and abroad have already
begun doing some researches, trying to find ways to analyze DPAA in the soil and water environments,
determine their status and behaviors and remedy the polluted environments. However, few have done any to
summarize systematically progresses in the research. In this paper, a review is presented to introduce some
high-effect inorganic and organic extractants and GC as well as LC analytical methods for DPAA in the
soil, and sources and status of the pollutant in the soil-water environments. Generally speaking, the DPAA
contaminated areas are located mainly in Northeast China, and South and Southeast Japan. Especially in
the chemical weapons dumping sites, the concentration of total arsenicis far beyond the criteria for safety.
At the same time, the paper also discusses how DPAA is adsorbed/desorbed, translocated and transformed
in the soil-water environment, what are the factors affecting the processes and what are the mechanisms.
Studies in the past reported that the adsorption/desorption of DPAA in soil was controlled by a variety of
factors, including pH, inorganic ions, Fe/Al oxides, organic matter, redox potential (Eh), etc. and adsorption
of the substance was completed via ligand exchange reactions between hydroxyl groups of Fe/Al oxides and
arsenate of DPAA, rather than the hydrophilic effect of organic matter; the effective transformation of DPAA
in the soil occurred under flooded anaerobic conditions, and under sulfate-reducing conditions, in particular;
and iron reduction and sulfate reduction were the two key factors controlling desorption and transformation
of DPAA. In the end, the paper elaborates the physical, chemical and biological technologies available for
remediation of DPAA contaminated soil-water environments, and their remediation efficiency, controlling
factors and mechanisms as well. In terms of physic-chemical remediation, application of activated carbon,
Fenton and Fenton-like oxidation and photochemical degradation has been demonstrated to be able to
effectively remove DPAA in soil-water environments. In terms of bioremediation, certain progresses have
been made, like screening of highly efficient DPAA degrading bacteria, unfolding microbial remediation
and combined microbial-phyto remediationand previewing directions of the future researches. The paper
holds that all the relevant research findings will serve as the oretical reference for future in-depth studies
on DPAA pollution of soil-water environments, remediation of DPAA polluted environments, and protection
of environmental quality and human health from DPAA pollution. For further researches, emphases should
be laid on the following aspects: (1) To perfect quality assurance and quality control system for DPAA
analytical methods, with focus on development of standard alternatives, purgation of internal standards
and markers; (2) To launch investigations on scope and extent of DPAA contamination, while taking into
the consideration of geographical locations, soil types and land-use patterns of the chemical weapon burial
sites; (3) To explore forms of DPAA bonding with soil colloids, clay minerals and oxides in the soil and
molecular binding mechanisms, and elucidate the mechanisms responsible for adsorption/desorption,
translocation and transformation of DPAA inmulti-media environment and at microscopic interfaces; (4) To
explore for developing new remediation materials, intensify researches on physic-chemical-phyto combined
remediation and continue to screen out highly efficient DPAA degrading bacteria and probe mechanisms of
their effectiveness at molecular as well as genetic levels, while integrating genetic engineering, molecular
biology with phytoremediation technologies, so as to eventually establish a bioremediation technical system
applicable to DPAA contaminated media different in type and condition.

Key words Diphenylarsinic acid (DPAA); Soil-water environmental pollution; Extraction and

determination; Adsorption/desorption; Translocation and transformation; Physico-chemico/bio-remediation
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