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Introduction

There are more than 1,000 abandoned metal mines in Korea and we have serious As
contamination cases in the tailing and waste rocks with particular reference to the Au mining
areas. A number of remediation techniques were applied from the lab scale to the mining field
sites in Korea and the selected results from stabilization and phytoremediation techniques will
be discussed in this study.

Results and Discussion

1. Stabilization of the soils from the metal mining area in Korea

Stabilization is known as fixation or capsulation process which is converting hazardous arsenic
into less hazardous form of arsenic compound. Stabilization mainly focuses on decreasing the
reachability of arsenic (Tyrovola and Nikoladis, 2007). In order to apply stabilization
techniques, various kinds of additives have been examined (Moon et al., 2011). Standard
Toxicity Characteristic Leaching Procedure (TCLP) is dominant method to determine the
stability of compound which is proposed by U.S Environmental Protection Agency (Mohan and
Pittman, 2007). In general, Portland cement (PC) is widely used for stabilization process.
Combination with Portland cement and calcined oyster shells (COS) was reported and another
result showed that the combination of COS and PC was much effective for arsenic stabilization
(Moon et al., 2011). It showed the higher effect compared to use of Portland cement or COS.

Addition of iron is widely used for the stabilization process. Tyrovola and Nikolaidis (2007)
used the ZVI (Zero Valent Iron) for constructing empirical model of relationship between
released iron and arsenic. Stabilization process of ZVI occurs by reduction process of ZVI
formed ferric ion. The reduced iron acts as adsorbent for arsenic. Since most of arsenic in the
nature existed as anion form, they are likely to attach to reduced iron which is positively
charged. We used granular ferric hydroxide (GFH), limestone, mine sludge and steel mill slag
as additives. Soil contamination can affect to vegetation and human health through the food
chain. Stabilization, which is focused on the reduction of mobility of target element in soils, is
one of most useful field applicable remediation technique for agricultural soils. The soil in the
Chungyang area was collected for arsenic stabilization experiments. This area is located in the
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vicinity from abandoned Au-Ag mine and mainly contaminated with arsenic that average
concentration is 131.5 mg/kg and 20% of arsenic existed easily mobile fraction (Ko et al., 2012).
The results of arsenic stabilization experiments show that acid mine drainage sludge (AMDS)
may immobilize the arsenic in soil and 3 wt% sludge to soil is the optimal ratio. The field
experimental plots were installed on arsenic contaminated area. The AMDS was employed as
arsenic stabilizer and stabilizing depth was 50 cm below surface. The rice grain was cultivated
in field plots to identify the arsenic transfer from soil to crop. Arsenic concentration of rice
grain that cultivated in the stabilization soil was 0.05 mg/kg; however, rice grain on
contaminated soil has 0.76 mg/kg of arsenic. From these results, arsenic has been stabilized by
AMDS and As transfer was blocked from soil to vegetation.

2. Phytoremediation of heavy metal contaminated area by Brassica napus

All the world has faced with oil crisis and climate change which can be representative for the
energy and environmental problem, respectively. We investigated the possibility of plant
application, which can produce biodiesel, for phytoremediation of heavy metal contaminated
agricultural area. Also, one more purpose of this study is to reveal the feasibility of utilizing oil
extracted from plant seed.

We chose Brassica napus as our main target plant because it is widely used for
phytoremediation and biodiesel production. In the perspective of the concentration of heavy
metal in Brassica napus, plant grown in contaminated soil shows much higher concentration
than plant grown in non-contaminated soil. From the results of sequential extraction, we found
that heavy metal concentration in plant is increased with elevating phytoavailable heavy metal
fractions in the soil. Our results showed the feasibility of oil extracted from Brassica napus
which was grown in the contaminated soil. According to the results, seed contains low
concentration of heavy metal except Zn which is essential for seed growth. The results of oil
analysis show that more than the half of heavy metal is left in the residues. Therefore, the
application of phytoremedation by Brassica napus for decontamination of heavy metal is
suitable choice for removal of heavy metal and potential biodiesel production
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BN (% 1), ZOIPEHIONT, BRSNS TP ORIEL R U S E L7eGs,  ElE
HRO x G =0.16mg/L (TR Y 72 < LHEHKS3=0 [T\ A 253 U7, THEERIRUK M ONRHZK Ofc KIS
THY, yUI=049mgkg 1E, T30 HHBT7R <A U7 PEE UIRAROERIRIE =0 L7258
B LT, T DR OMBORNEHRE HESND, —F, stk REA =
=0.69mg/kg (2%t L C y Y17 =049mg/kg 1BV Ml a7~ Uiz, Zud, [R—fl% 6 BFEHESE: L Q2 ikt
ZAUARBRI T HET, 6 MBI AR 2 ACHe L CRT 18 FERIIEE L QWD o U 7T TR 578, HHEE K
& ORISR W= DI OEH R LTS LB 2 DD, D%V, EiREZ BRI TRz
DFNZOIZT U TSy Tl & A TRERRIEEHEME RAED G TS AIREMD S D Z 2005,
TNEHGINE D70k 2 FREA[ 188 i A k=1 :1, 1:30], $EEHEA[6~48 I 7 Ba
(RG> O E D FTRBET DR A, T o7z, RBROFEE, AR OMIEA TR TR AL,
e 1 1, 1: 30 Oty CHRENL] 42 FEfE], 48 RFEICRWTE L o laZ &nh, FEMRIEIC X &7 HRE
42 W PR ZEE LT L A7 LT GEELNAERIRAE)  (X12), BHRER T B BT & L H O
PSRRI & OBIR D, BLUTHRRAE 42 BEHILAREC y=-3.2061x+0.6309 (x={ZAHOMRIEE, y="15)
SOMEAHE) O—ROEMAAZE- (X 3), 2O D, MERKROFHFHEEIL 0197mg/L x T15),
FRORFEENEIL063Imgkg (yUIf) & RES b, SFEEHE=069mgkg LV METH -7,
5. f&Em : AEEREOTEEY, XSO 93% TIEHIENSEMEEAE L, MRAEN LTV TH D
Z LAV ST, MEBEORBERHEITS Y TRy FERERN D 0.33~0.75mgkg & RFED B, £D%<
DKIEMEDIEE T D Z L MBI NTRE R DR STz, F72, KB Lk & OiE e mtmE oy 2 atsE
DFET DA BE e B N SR IS, WL £ Tho7, Ziud, HrEEERECIE 5
TIFEECEYE (B 2SEATRY, MRS W b7 CldZe < Bl ARk L iKig bek7e
CIZHIAFILTCWDE DB, ZIVHINEEL TWND Z ENEBLR SN, RO 5 HEENRET 5
Bl E LT, BREERECEMEENS N Z ERNEZOND 9, LU TRy FHlRns b5 BEAHIE L,
BRI TSR DB X EKEEOMHETH Y, FEiRe A R - iRt c bRk bnb Z &
RS, £, EREZE(GRBRZTT O & & CHEOMBERINAHENRE TE 5 Z LAVRE S,
A RO RO L 5 1 AHFBROEAI DR V) K U CBREEFUEELL T & 22 5 BRI W T, IwsHY 27 0
FHIEE LT U 7y TRy L B2 Hib, —7, RIS & A8 HRIOM ) K LA 3
L X HEOLE, U TNy TR CIMEEEO S TR LW 35D, £ 9 Lz I LT,
SHPEIER 2 W R U b CORBMREZAGERERDS, 2V T o FBR b 2581 LUV Y 2 7 3
JEE U THIFFCE D AMEEMEDR & 5,
Bt « [E A =) | EREFHST, 78 B AR ERM ST UN S =i T3 OBIGEREL,
F OIS T T 0 AL E RS BB AT E 28 DVEREE5 8% & AL LB 2,

(ZB3THR)
1) BRTHCRIT S BRERRESESESA TR~~~ =2 7 URHZEES R THICRIT 5 HRH

KkEGEEEAAA - HE~OXIE~=27 v (BER) | 14, 2010.
2) HEHEH - BRDES - IR S BCR BUAMHEIC K D755 MR O EA R O & TAHHRAED
RN, AR SUEE, 64, 304-313, 2008.
3)  AFHBAJL : EIE R R E: http:/Aawwpref. miyazaki.lg.jp/shoukou/kougyou/m-geol, ‘I, 1998.
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{R¥EEEE 2
B IR RCRAE LizKiEK b RIGREH]

BEEALY R rERE—
1) EIRR SRR AR AL R 2Rl R N IR A 2 5
B Wi U e IR T I TR 5200
2) HiRRFEESESE 2 —
BT EEALEN 1T H 1 &M

Abstract

BRI C 2011 ARIZAKGEK B GG EBINRAE Uiz, I CIEH T K EAKEK E
LCHEALTEY, KEREIZBWTEE0.015mg/l BEH S, YEBEBENDE
FIRFT O A K S 4, B BIEYKREZHOK LTzt ge L | ok LT e nstiio EE e
FRIREZWE L, MFICHAERETIRONR o120, SRIOFEREIZE T HE
FIBRFEOREITRM TCHL B2 b,

Keywords: Arsenic, /¥ —VU— K : /K v HHYL

IXCOIT

WEEE B IR B RE T C L KIEK D & FIEGQEFBIDE Z - 7o, KEKITHFKEBUKIR L L
THEY . EMANIKEEERZIT > TOIZH, FEFEORERA T B3R 0. 016mg/1 23
MR E 2o 7,

Z OHFIE 1997 FFITHEHT S 41, 2000 FE2> B RH/NERE, gl K OB R EEIC 4t
e STz, 2003 FFE TORE T RIFHEELU T THLLOZORMEEZITON
T 2011 FEORERHZ b FRE DAL LRl -7 Z L gho T,

Z DT FBIBRD DERFRIRDL O IR 2 B e R R AR A R i AR AR 525
BRI S T, BREREHETE O - OISR BIHELR BZ T O b RREST 21T~ T2,

Xt & Hik

RIBRIT e FVEGIKEKREZOK LT AT 4, F72 2 OKEKZMHEH L TV iR 52
[ THD, ERBNOEBEZEHRRL, =X —58 X #2598 (Energy Dispersive
X-ray spectrometry) |Z CEEZHF O b FRE A L7, BRHEEIT 0. Img/kg TH -T2,

EE S

HYH K ZHOK LT R A BREERE, UKL TO RV IRZ FFREERE L LT, BET
D RRWEL LR L7220, WA CARERETRONLR»-72(FE 1D,

#1

W EE I FEREZIE P
SH5+SD 0.15+0.01 | 0.21%0.05 0. 24
mg/kg (&GFH) (0. 1-0. 57) (0. 1-2. 06)
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é% (CHRERRE. FERRERRE TR

<2

Zheg L7, bR
ZHOeRBENEE THH-T- (K 2),

BRI B W&t

([ LT

M (mg/kg)

Mk (mg/kg)

Wae % 1 0.12+0.01

0.18=%+0. 03

0. 04

FENR R 0.15+0. 02

0.26=%0. 09

0.23

BREICBW T, IREHM EEBEZYTO e BREORMRE Bi-, BEE - EBEZhoE
?%oar“ BRBEREIAON o772 (K1),
EZ8R L Concentration
B O YL I L7z b 5 -
AR LT DT LT, 15 06
DOREFRETHY, BEEZFDOLHR
BEIL, IEREREEAERETRD
a”biﬁiﬂoto Loy, MERIChelge 3
BRSEREOD LOME LR I b '
fﬁ)mi})oto ZOBEBIZE LTI 0. &
FHTH -7, AREIOTE G ‘
L CIIE R ENKLS . BEZ e R L
FEIXIRERRE, FERBEHCAEENR Py
iz, e EFEDOY AT (X
ik EZ L, I LHEAROMD 0.0 ' ’ r ’ ,
Ml V& HeE S &L 2 ol RO 0 5 &0 B 10 15
ZIREITm oD, 2 O Mk 3B Exposure time (M)
Birh oo b SR )N ERE A i O AT REME
NEZ T,

']

*

D BRERHIN & BT O v RRE

1) Yamato N. (1988) Concentrations and chemical species of arsenic in human urine
and hair. Bulletin of environmental contamination and toxicology, 40, 633-640pp.
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Heavy metal distribution and chemical speciation in soils
around small scale mining areas of Mongolia

Bolormaa Oyuntsetseg', Dorj Daichaa’,
Erdenetuya Ochir? and Watanabe Makiko®

'School of Chemistry and Chemical Engineering, National University of
Mongolia, Mongolia
?Labor Safety and Health department, Erdenet Mining Corporation, Amariin
square, Erdenet city, Orkhon province, Mongolia
3Graduate School of Urban Environmental Science, Tokyo Metropolitan
University 1-1, Minami-Oosawa,Hachioji-shi, Tokyo 192-039, Japan

Soil degradation and pollution has been very serious problem in Mongolia due to illegal
gold mining activities. Evaluation of heavy metal pollution on the small-scale mining operations
has been one of the major sources of concern for governments, local communities and
researchers. The purpose of this work is to study the heavy metal distribution and chemical
speciation in soils around selected small scale mining areas of Mongolia. The Zaamar small-
scale mining area is located in the Zaamar sum Western Tov aimag, from which were taken
surface soil samples for studying the extractability and mobility of heavy metals (Pb, Zn and
Cd) and major elements (Mn, Fe, Al, Ca and P) and their relationship by using sequential
extractions. Each of the chemical fractions is operationally defined as: (a) exchangeable; (b)
bound to carbonates or specifically adsorbed; (c) bound to Fe-Mn oxides; (d) bound to organic
matter and sulphides; (e) residual. Another studied area located in the Bornuur sum, Tov aimag,
at the distance about 120km from the capital city Ulaanbaatar of Mongolia. The toxicity and the
mobility of heavy metals in soils depend not only on the total concentration, but also on their
specific chemical form, their binding state, the metal properties, environmental factors and soil
properties like pH, organic matter content.

Other soil characteristics such as total carbon (TC) and nitrogen (TN) content, pH, and
electrical conductivity (EC) were also performed. Also, the chemical properties of soils and
correlation analysis between elements were determined for all studied soil samples. All
information collected allowed the understanding of the small-scale mining effect on soil
degradation, thus contributing to the qualitative prediction of pollution evolution on the basis of
metal mobility. The results obtained in the study give a serious caution to local government and

responsible environmental regulation bodies on the hazard of such a small-scale gold mining.
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b R MG T 28 FIEOBRB L b BFEMT R F— 20K

OfFElatE., FEARNAS-, WA=
KBS REZIAE I BRER 2O IERT 7 SRS EE

[F] b REZIEICRE G 2 BI5 FREORE & e JZFHMET K b — 2 ZA0ME, KB —
N7y TRAREMIAT A7 T ) =0 Bl Sz =t e R EE TR RMRT R
YT INTWEEETO, ERFEET RN = R RETHELEGZH LN ET D,

[ 5] EROERZEII OV TIE, B EER, Mla3EiR, AL FEART 2 Ehk % 720715 THTE
WEDHI, ZTRETICHEZ DHMANGELNTE R, LinL, ZOEERIECERN S 7. B
PERTE D5y FHERE I O WD TIRE 2T S TH 7R,

EAXINETCKIBEY - NI v THRALRMET 4 77V —% Ao R BE T HE O R
MIFERRIE DR R E B 21T > C& 72, ZHUE random mutagenesis (2 X 2@ FERIFATIED 1
T, V=V T v IETHE m%%ﬁﬁbkgﬁﬁ@7477) DHFNG, FFEDORBII A2 K
28 B & T & X, 2 OEROE(LER T O ATEEIC 72 5 (Nobukuni et al, JBC, 2005,
Nobukuni et al, Jpn J Hyg, 2005), Z D%/ AEEEFRIMENTIEIZ X > T REZMEICEET 5
BIZTHEZHONIT S ZENTE L0 TIERWEE 2, BIERIC BRI BV THRE
DTS,

[71E)] ORBEY —> b7 v FHALRCHOMIRT 4 77 ) —0Hnh, Zffbe FLFE (40
uM, 3 FFfE]) THLAMFL O DMEE, b FREZHEER TAREMEE L CHEELZE, © vFE

MR T A RMIE T R T v 7 (FRIRFICE) S Bs 1% 5 -RACE {ECTHEE®Z, v —7 =

2 /BLAST fi#HTIZ & > TlEE L72. @ miRNA (microRNA) Z /- R¥ 4 7 U VB &L T/
/7&w/ﬁm%¢%bmm3 ZOREK SRR v 7 XU Uil E - C iRk e i
TR F— RO NWTOBRE EIT- 77,

[FEREOELR] OLRMRT 477U — 5 S - =Rt b B MR T RiiE AsR-13 C
1% P450 BRELEIR T8 7 v 7SN TWAHEDHE L2, @ miRNA (microRNA) Z 72 Z @ P450
%ﬁﬁﬁ%//ﬁﬁ?/%@®@ﬁﬁ%\:@ﬁ@%@%ﬁﬁi%kt%ﬁié?ﬁk~yX%

IZHB L RIFT 2 LR TE -, @ P450 T AT AN =kt FIZ L 5 BEERIERRERE
ﬁ@ DOTH D A HEMEDRIB X L7,
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Functional genetic screening of the genes involved in the susceptibility
to arsenic trioxide cytotoxicity

Yoshitaka Nobukuni, Junko Masumoto, Michitaka Numoto

Department of Human Genetics, RIRBM, Hiroshima University

BACKGROUND

Biological effects of arsenic have been well studied. However, the target molecules of
the arsenic and the molecular mechanisms determining the susceptibility to arsenic are
not fully understood yet. We have been developing a genetic screening system to elucidate
the obligate genes using the large—scale gene—trap mammalian mutant cell library (Nobukuni
et al , JBC, 2005, Nobukuni et al, Jpn J Hyg, 2005). To investigate the molecular mechanisms
underlying the arsenic toxicity, we conducted the functional genetic screening of the genes

involved in the susceptibility to As,0..

METHODS

(D The mutant cells which can survive after the As,0, treatment (40 u M, 3 hours) were
isolated from a large—scale gene—trap insertional mutants library. @ The trapped
(disrupted) genes in the mutant cells were identified by 5 -RACE-sequencing analyses and
BLAST search. @ P450-related gene knockdown cell was established wusing a
doxycycline—inducible miRNA(microRNA) expression system. @ Arsenic trioxide

induced—apoptotic processes were investigated using this gene knockdown cell.

RESULTS and DISCUSSION

(D P450-related gene was trapped in the mutant cell named AsR-13 which was isolated from
a gene—trap mutant cell library and showed the decreased susceptibility to arsenic trioxide.
®@ Knock down of this P450-related gene expression by miRNA(microRNA) reduces the
arsenic—induced apoptosis. (@ P450-system seems to play an important role as a source of

reactive oxygen species in the arsenic trioxide—induced apoptotic processes.
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BEBNYX MEROIREE EEEFRBRICRITTHZE

OfEEFaRk—ES, JE/KME, f KB
(S SCERR S« SKFE)

(B89)] EeREIRIVMONTED TH L3, TFE, RSO T KG YL % 8

TEREEHEME L LT AL OREFEEZEL TV D, i KO b BIHYRENHE RN T TT
T aTClE, E RBEE LT T BB AT NP EYYE CHRT T H2EENEmN D
DS S, B BOREREICHEZ MIF L TV DRSNS 5, — 7, M 3 i e E1k
EMThD TRVt v 7 2] BNAVERTE#ENE A MFHAPL) OIERIE S LRI s
TWAHR, BIERA L L COLEBSOEEIERIZI X TREOBYYE L HRE I T D, K
WFFEE T, £ REAMRRIERIC KT T B LT 2720, FF 2 7 0% 7 —Hila,
T Mifla, AR, ~27 a7 7 —U7R EOREHE Y i 2 8 b BIciRE L7 ERIciEZ %
B A BRI R TV D, 2L E CICIEmAEOE T L & 72 5 RBL-2H3 fifd 2 1 uM
LI o e f2lC 28 AMRIET 5 & HURTUARIRIC X 2 AR R2AME T2 2 L 2 4
HLTW5S, 22T, TOWELHRFT5 & & bIT, e EBIREICE > TREINZLT
LI T DR AT o7,

[(AE]  EBR1 . 7 MMEEREERMEAIMF#ME RBL-2HS #ift% 0, 0.5, 1.0 uM &
fi b2l 14, 28 HRREE L7z b, ik (IgE) &HuUs UPE7v7 ) |, A23187,
compound48/80, thapsigargin (TG) (Z X v Hiljk L, ifEki# % B-hexosaminidase O
WEBERIZ XV HE L7, MR Ca IR Fluo-3 2 W CTHllE L7,

FBr 2 : RBL-2H3 fifl% 1.0 uM O b 21 28 HEEFE L7~ 5., microarray (Z
Lo TIERBERE L OB TRELDOZEZ RO, ZNRROLNTBETIZONT, FE
1) RT-PCRIZCL Y, ZORBOEEHER LT,

[(HREERUEZE] EB1: KEEOWEbBE~OEHREICIY ., FURHUARTIZ X
HFERIIL, B ROBEKFINIINH S b 2 &R Sz, —J7, Caionophore
@A%B7Ki5%ﬁﬁ\%5wi\G5/ﬂ7%%ﬁmLTCaﬁﬂ%ﬁ:¢
Compound48/80 (Z & 2 iR ITHE b BAIREE IC L D2 E L F o< =T eirolz, ik
%A@%@Ki@\Wﬁ%%ﬂﬁ%@ﬁ%ﬁCaﬁE@LﬁﬁWﬂéhf“koWﬁﬁ
faN @ Ca 2 D 1%, store-operated Ca entry (SOCE) (2L > TEZ 5, £Z T,
MR D Ca Zthve <1, M6 @ Ca i Az 29 TG 1T L 2 DR 2 F8 -~ 7= &
R, HERRIRERIC LD TG AR ORIRRIERMET L, Ml Ca lEE L2380 &
iz, B TG L RIFFIC EGTA #3NL, 2 /7% 12 EGTA %2R %E L7 OMa Ca
IREDOEZTNNT2L Z A, HEMRIFICEIY . MR )N S D Ca OFHIEE(L L)
ST b OO Mfas B D Cafit A7 b FEOJRERAFRIIH ST\, Lz - T
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i b 2 | R RS S - IR A i, SOCE OiafE iz W\ THIKSA 225 @ Ca Hii AR
Pl S 7z ATREME A RIR S 7z, & 2 C, SOCE 281 2 ffast 5 o Ca it AR 5-
9% STIM1. Orail. BELW, W< 2/® TRPC 7 7 XV —Ca F v R/VDORB &~
7ot R, R b IEiRER 12 L o> T TRPCS ORI IZHf| STz, SOCE IZEIT5
Hfust Ca A DT & 7225 Ca F ¥ F/Li% Orail T 525, TRPCH &4 BhAY 22 6 E
ERETEEZLNTWD, o T, HEB~ORFEIZL Y TRPCS ORBLNME T L7
Z &3 SOCE o], & D% ORI OMHNC DN sTe B2 Hivb,
FEEr2 . LFROMEEAEE 2, KEE O L F2IC RBL-2HS #ilin% 28 HMIRE L 72
EXDBBFRBEDOENER ST L T A, REINEICEET5 Cafia ¥ v /BT
RY—T®H5 S100 Z > /R7ED H B, SI00A8/A9 DFEILMN EFH- L=, £ I T,
RT-PCRIZL Y mRNA L~V &Gz 2 A, b gz 14 HHZE—7 (12
S100A8/A9 DFRBINHFEIZ EH L TND 2 L2 RH L7 Y, S100A8/A9 AL ML D
BRI IZR G L2 Wb oD, I ERTld NADH oxidase DOiEM % &, filNAL T
VU HURHENCHEST H I ENM BN TEY | M BRI RE TR RET
% BT, BT L 7 D ATREEN B D,

1) Shimizu, Y., Fujishiro, H., Matsumoto, K., Sumi, D., Satoh, M., Himeno, S. (2011) Chronic
exposure to arsenite induces S100A8 and S100A9 expression in rat RBL-2H3 mast cells. dJ.
Toxicol. Sci. 36(1), 135-139.

Effects of exposure to low-dose arsenite on degranulation and gene expression of
RBL-2H3 mast cells

Himeno, S., Shimizu, Y., and Sumi, D., (Tokushima Bunri University, Tokushima)

To examine the effects of exposure to low-dose arsenite on the functions of mast cells,
RBL-2H3 cells were exposed to low-dose arsenite for 4 weeks. The degranulation of
cells stimulated by IgE and antigen as well as by thapsigargin was decreased after
arsenite exposure. The increases in intracellular Ca in response to stimulation by
antigen/IgE or thapsigargin were suppressed by arsenite exposure. We found that
entry of extracellular Ca into RBL-2H3 cells during store-operated Ca entry (SOCE)
was suppressed in cells exposed to arsenite. The expression of TRPC5, but not that
of STIM1 or Orail, was suppressed by arsenite exposure, suggesting that arsenite
may decrease the expression of TRPC5 leading to the suppression of SOCE
necessary for the degranulation of mast cells. A microarray study revealed that the

expression of SI00A8/A9 was enhanced by chronic exposure to low-dose arsenite.
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PML JEAAARIC IS 1T D HE b BR DR

O EFEE SRR « /MRARAE - I EZ
MSATBOEN  ESLBREINT IR

1. [ LT

SWERTEBEME A IR (APL) I, # {5 R KX W PML(Promyelocytic leukemia) & L
FIAVBELE TS Z— L OfE X N7 E(PML-RARA) AR T 5 2 & 3 RIK THRAE
TOHHRF CHLN e BORGIZE THRENRET 22 ENMmonTWD, £72,
e BRI, B MEE B B M(CMLORIBIC b AN THH Z EDRRENTVWD, i
5OZREIT, M e EEY PML @ RING finger & FEEIND VAT A NTET KA A THE
BTDHILIZEY PML 2\ & PML @& 2 o "7 BOREMEZRTIELZ &I
XVBENLZHEDEEZILNTWD,  AWFETIE, PML Z @i R B = &7 etk a2 H
W, PML 238 b ORI B 2 5 28, 72 5 ONTHR b ik 4 2088 L7 fiaic ks 1
% PML O JFEDZEACIZOWTHRD Z L2 HIYE L,

2. Hik

CHO-K1HlfiE, 72 & NI CHilDDK # 7 23PML (variant5) & & HICZ2EICFEEL L T
% CHO-K1#f2 (CHO-PML) %\ /=, CHO-PMLIZ, VAR Z =7 & I > (LTX) TPML
BARFZEAN LT, GALBM AN A48 IR 35 Z LI K W BN L7z, Mifuicds i 2PML
DFBUT, V=R F T ry MEEZHWTHAN, £, MlE &I 5PMLOFF
EEIE ZiH~57-%. NE-PER Nuclear and Cytoplasmic Extraction Reagents (Pierce) % F\»
THUNRT M LT, Vo R Ty MEARWTESBEIOPMLEL T, ¥
YT DERITIIBCAF v b &AWV,  CHO-KUMifiE, & %\ ECHO-PMLAEIEIZ,
0.5mM DBSODTFLE, FELFLE T THll b FR(IAS®) & He A4 T2 FE0-300 uM THRAN L, 245 [ #%
DHIFBEFREZWST-81EE AV T, £, 2 50OMIE 10 tMDIAs™121—8
R %% L. M8 2 HBSS TYEys L 7= %iBUR/L LT, MlicBuAE - FO®EE
ICP-MSZ W TER L=, —7. CHO-PMLAMIEI A, 3 uMd 5\ E30 pMDiAs* |2 28
% L CPMLOBREGL At L7z, MilaZ EE®, 0.1%0D Triton X-100 CALEE L, it
PMLHLIR, R EERR PR TRl A Yefa L, & DAPITCRI LYt LTz,

3. FER

INETICHRE SN TND L DIZ, PML L, CHO-PML M@z nWTh V= A Z 71
v MERIZEONDO R LT RBEOXZ 7 L LTRBIL W, Fiz, X0 E
EEY) TIHHE L O ICEFIEL TN D I & DR SN, st it L
TR O H EBAMEE 2 W - BIEIC BV T H Z D Z LR SN2, 1A D CHO-K1,
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& CHO-PML AR %4 2 Al gt 2 372 &£ = A, CHO-PML % CHO-K1 iz H~
IASP I DR M E < 72> TWhvZ, L2sL, 0.5mM ¢ BSO THIALHL L 7= CHO-K1
& CHO-PML fifia TiZ, BSO ALERIZ L0 iAS DM EMEN & b < o728,
CHO-K1 & CHO-PML #lfafE] o iAS* Ikl 4~ DD #1372 < fe o Tz, MO iAS™
DOHLY iAFH &L, CHO-K1 & CHO-PML I CTEITFE O b do 7o, fafEiets L7l
I, O OHIBOZIZE W T PML OFBLDFE D HAVT225, BE (nucleosome) A1
F<YeED & EHIT, /MR (Nuclear body) & L TCTHERRANCHRS YeE D 2 L3RR S
Niz,  —J. iAS* &85 L7 CHO-PML Ml TIE, /MEAZZ T At STz,

4. B

PML {Z1% RING finger, B box, coiled-coil 7% 72 % RBCC & F— 7 BMFET 523, RING
finger FAA NNZFZL DIV ATA UBIHELTEBY, EREDHEET H I LRHES
NTW5, PML Z 3R BL S B 72 Mk Tk, iAS™ 23 PMLICHiHE S 5 72 ol st ot
K< 2 &b PHRENEZN, ARIOFERTIE PML ORI IAS IS 5 KM% T
LARDTNDZ ENRPALMNI/oTz, £7-, BSO WM L7=EERN G, WL
BWTHITAN 7 V2 T4 03 AT OffafESENEZ LR TS0 2 & bR
iz, IASICRTE LM TIZ, PML 28X 0 BRIBAICENO/MRICTFET 5 2 L 030y
Mo T2 AT D PML ~DFEE M. PML OENBAT & /IMETEEIZ RIE T2z T
XS GIZEECIN, e ROMBNBIREZH LT 20N ERH 5,

Effects of arsenite on PML-overexpressing cells.

(OSeishiro Hirano, Yayoi Kobayashi, and Takayuki Watanabe
National Institute for Environmental Studies

Promyelocytic leukemia (PML) has been known to play a key role in the maintenance of
leukemia cells and is implicated in acute promyelocytic leukemia (APL) when it occurs as a
fusion protein with retinoic acid receptor-o. (RARA) and also in chronic myelocytic leukemia
(CML). Arsenic trioxide is known to be effective to eradicate both malignant cells. The
present study was undertaken to investigate whether overexpression of PML modulates toxicity
of arsenite in cells. CHO-K1 cells were stably transfected with a PML-DDK containing vector.
The transfectants (CHO-PML) were slightly more susceptible to arsenite than CHO-K1 cells,
although the cellular uptake of arsenite rate was almost the same between those two cell types.
However, the immunostaining pattern of PML was remarkably changed by arsenite in the
nucleoplasm of CHO-PML cells. Binding affinity of arsenite to nuclear proteins should be
investigated in detail to reveal behavior of intracellular arsenic.
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GC-MSIZEBRFERLEBD S HTiED RS

OMPMIEN 2okl W JIg AT 4’ YaAdh s
KHE " IR T° FERPARR) (B 7

DB ER G I e KRR A 2 — PIRE R R PR AR
IR BSCER L B ERE T e 2 — PV R

STV Ty ar— et O O DB e BEVE D SRR SRR S 2 —
ORBRATSERFIRAYE AR ERPE R0y 8

[ERY])

LR DOIZRER /M XHPLC-ICP-MS% FAV = 5 HED— R Cd 508, HPLC-ICP-MSITHERSAATS 1T C
72, T = A AN @RI AT CED iR S [RESIL TS, A lal, KOO &V GC-MS%E
FAWZ RO FE (1As : As(D +As(V)) BEONE S AF LT L i (MMA) DSHTEZBRIFS LT,

[FiE]

PR (2 mD) | ZSnCLIEFREHE (50 mg/ml, 0.4 ml) EKIKEAHE (20%, 0.2 ml) 202 3% 6L . BAL (2,3~ AL
~=1-7"m R =)L) KEHE (0.2%, 0.2 mD) ZAN%., SHEMbL T, ARREECHIHL . GC-MSTHOMTAAT
ol /v T 5% ig. LWRLTC, S EEREEDEE, FHAIEOEEE ., BB KOS
MEBUGRHRORETZA T T2, KEIDFDA (B EHGR) DA ARTA AL T T —a 2170,
FEZRRREAREE (NIST SRM 2669, KEESAAFHEESITFEAT) 22 VT, JHED 28 2 s LTz,

[f%R]

<FHEAMEAEERORE > STEHOFHEMLAREE (A7 Va— LR AT )L (TGM), 1,3-7 /X o FF4—
JL(PDT) BLUBAL) IZOWT, SBEETTo7-, BALOZDNAsB L OMMAZ I CFREM L TE 2720,
BALZE LT, < HIHAIEOEE > 6D AREAIL (NP, Mloy, Pyl n-~FH,
VTN —T )V BIOEHETT L) IZOWT, EETToT, NUBY, MbmrBLN7anAy
D RIFRRERATRUTEH,, IO RERE —7TRENEON o 7au Az U, <SEoRUniHR R
F OB LEUEIRFE > BT SUOS I ECMNIZIE T L, 6053 E CT—E Th o7, FahE bSR30
TR MNEZTRL., 60 FET—E Thol-, LI=0-> T, B oS L USRS LA SR LB,
3043 LTe, <NUT —Tar >N T IOEEEEYH1—100 pg/IOHHE CEMRMAAMEFOHAL, MRS
BIOEERML, Z1210.2 pg/lkl pg/IThHo7z, BRI R THY, IEMEE TS LU EHFDAD
FEUEZA =L QU V=, AIEICEANIST SRM 2669043t &, #85HEE < —EL7= (Table 1),

[E£]

ARIBAFEL 72 GC-MSiEIL, HPLC-ICP-MSTEE [FIREEEDRRHHBR AL FF B2 030, FrE T —IT L8
EVVIHIERES®, w AR NI DR RERE N A A T HFOEIE RO, T, mfli/a im0 mkis
Ty =V AR ARETHD, AEL, A e i CiAsIs LUOMMAZ RS0 k¢
IMTCEDI= | C BB DT =Z) TSR ITIEEEZ HD,

€5
AMFEDO—EL, AARFIHRBS R EARBI RS (B) (No. 22390165) 12551 DTHD,
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Fig. 1. Typical reconstructed mass chromatogram of Standard Reference Material (SRM) 2669 level 11 (National

Institute of Standards and Technology) (MMA, 6.8 ug/l; iAs, 11.3 pg/l). Peak 1, BAL-MMA,; peak 2, internal
standard (1S); peak 3. BAL-iAs.

Table 1. Results for arsenic species in NIST SRM 2669 (Levels I and I1) ®

Species Level | Level Il

This method ° Certified °© This method ° Certified ©
As(lll) - 1.47 +0.10 - 5.03 + 0.31
As(V) - 2.41 +0.30 - 6.16 + 0.95
iAs 3.9+0.0 - 11.4+0.1 -
MMA 2.4+0.4 1.87 +0.39 6.9+0.4 7.18 + 0.56

& Concentrations in [g/l as As.
® Values are expressed as the mean + SD (n = 3).
°Values are expressed as the certified value + the expanded uncertainty (95% confidence interval).

Development of an analytical method for the determination of arsenic in urine by gas
chromatography-mass spectrometry

Akito Takeuchi®, Akira Namera?, Yaeko Kawasumi®, Tsutoshi Imanaka®*, Norihiro Sakui®, Hirokazu Ota', Yoko

Endo®, Kimiaki Sumino®, Ginji Endo’

'Osaka Occupational Health Service Center, Japan Industrial Safety and Health Association, “Department of
Forensic Medicine, Institute of Biomedical & Health Sciences, Hiroshima University, 3Occupational Health
Research and Development Center, Japan Industrial Safety and Health Association, “Fukushima Factory, GL
Sciences Inc., *Agilent Technologies, °Research Center for Occupational Poisoning, Kansai Rosai Hospital,
Japan Labour Health and Welfare Organization, ‘Department of Preventive Medicine and Environmental
Health, Graduate School of Medicine, Osaka City University

We developed and validated a GC-MS method to simultaneously determine inorganic arsenic and
monomethylarsonic acid in urine. Arsenic compounds (after reduction of arsenic to the trivalent state) were
derivatized with 2,3-dimercapto-1-propanol and then analyzed using a GC-MS. The proposed method was
validated according to the US Food and Drug Administration guidelines. The analytical values of Standard
Reference Material (SRM) 2669 (National Institute of Standards and Technology) obtained by the proposed
method were sufficiently accurate. The proposed method overcame the disadvantages of high-performance
liquid chromatography with inductively coupled plasma mass spectrometry. It was a robust, selective and
cost-effective method suitable for routine analyses and could be useful for the biological monitoring of
exposure to inorganic arsenic.
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CHAEA - AR BE - FRRES - BRI OKKRIR)
IKPER 5

1. [ZIC®HIT

WEREA 1T, B EBDNERE (uglg DA—F—) THEET DD, YIROZ L7an
SUFFERMOERBEELEV, £72. ZOeFEIL, KEtEERREL ICRIIEND, =
oo JEEMEE RICE D 20501, KEEM: E FIZBED AR L CEALTH
DD, I, BB & 2 WIXR(LKFER OB E RO b HE I L oI
RV EHITWD,

AHFFECTRELE L CHWE D % 7 F 4 U 2 (Engraulis japonica) X E D%\
THY . ZLDOHEAE BT LREDOTMELTNTEND, WE I F AT OET LIL,
ZLEMDERIC LMD, Bkx RBHRICFIH S TWD, o, L7 ADORHRIR
RELLTEDEFEREINDGZ EHE N, TOMl, Xy F7—RFRELTHHINDZ &
H A7, ANHOARRLTEMLRT HRESOLVKENTLREMTH D, £ I T,
ARFZETIX, BHO D 2 7 FA T INTEIZOWTHO 24TV, T 5 Of b FiRE %
FHARD L L BT, WMERINEEME-HPLC-ICP-MS #% W C e FMLAMOIERERN ST %
1To77,

2. Hik

Rl WG TR D THRDO I # 7 T4 U vEkEs. 6F (LT, A, B, C. D, E,
F&42) ikl LTHWE, 2, e Tl HWc, afric vz,

B FEREROEE  TNTNORE 0.2~0.3 g, BMESHHAMEE (69%) % 6 ml
WINULT=ta, ~A 7 a0 ffdEE CofiF (800W T 40 43) L7, 2Dk, Z OHNfRE
WRIZHEMAKZINZT40ml IZER L, FET T XA~v-"HEHHriE ICP-MS) # AT
B okt FRE A E LT,

PSR NN AR A HPLC-1CP-MS ¥ : &kt 0.1 g 1o, B E T % 1 ml RN L,
80°CTC 1 RFEMMEA L Ce FbEME M Lz, ZOMHRIZ, 7 =7 /K%Z pH 7 IZ
RHETMA, 50 ml IZER LTz, ZOWKEZE ml Ails L7-#%. HPLC-ICP-MS 1T XD
t AW DOIHER oM 21T - T2, /3B 5 7 221X Nucleosil 100SA 71 7 A% FuNi=,
728, HPLCIZERW T, B OFEAICY > TIA— 77 —2Hne,

3. MRBLUBE

BRI Of b RIREIT, PR ORROMEMIZ LY 20 | 3ug/lg BEMND 14
uglg BETH -T2, T2 EWED/NENE DIE EH b FIRE O MER 23380 Sz,
TERERN T OFER, EORBHZ BN T, Tt /) _XZ A (AB), RU AF LTV
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YAF VR (IMAO) BE U AF AT ALl (DMAA) 2N sa L TR sz, Znbd
SHO v FLEWMREDOAFT, RERRBED O, LEE DT, -, FeFLEY
TEEDRE FIREICEDDEEIL, ABT42.7% GUB-B) ~65.1% GUE-E). TMAO
T20.0% GREF-A) ~41.2 % GRE-E). DMAA T3.8 % GREH-C) ~23.9 % GUEH-
D) Tohotz, 7272L., DMAA DEFE., EOREHIBW T, R FEEOSIKICED
D72<.0.5775 0.6 glgBREOIRE TR SNz, 2 b 3D b F LA HLUUS Tl
HE-F Z2BRAREINL, MEHLIWIFVEOEK R As(V)) PliEn, Z
Oty WS OPORENNDL, MEOT VR, a2y T RIAFAT VY =T LA F
ERRRH ST,

AT, & FBILAYOMBIZHEEEZ VTV D 72, Bl S 307z DMAA <2 TMAO 1
JEIAtE e LAY, Thbb, VAFIILVEEDIRENE  FLEW0 b U A FILRED RN
LR EMNOFHFEINT EHEE LT, ZNEHEZRT D720, 5%, Folch Ok (7
2R A=A L ) — i) IZHE OB e BbEm A LTt 2175 PET
bo, Flo. B-F 2RV TERE R Sz, AUETHW R E, 3720
B INENSIREE D STl At FEEWLEEE ROFEITEZ 57200, L
MNoT, ZofEe ZixlAFicEgEhcnzeiim Lz, 2720, RO X 7 F A
TURRRIC D E D EEENTWZ00, HDHWE, T TRIZBIT VFHEED DV 355
THDHOMITHONTIL, A%, XD TETH D,

Detection of arsenic compounds in dried anchovy,
FEngraulis japonica

“Naoya Shiraishi, Shun Matumoto, Masakatsu Usui and Ken’ichi Hanaoka

Department of Food Science and Technology, National fisheries University

Water-soluble arsenic compounds were shown to have many structures. On the
other hand, relatively little is known about arsenolipid, mostly because of the
limited amounts of these compounds and the difficulty of isolating them. In this
study, arsenic was determined through inductively coupled plasma-mass
spectrometry (ICP-MS) in the acid-digested and diluted solutions of several
commercial dried anchovies. Each sample was also subjected to an extraction
procedure for arsenic, which involved a nitric acid-based partial-digestion method
for chemical speciation using HPLC-ICP-MS. The major arsenic compounds
detected were arsenobetaine and trimethylarsine oxide. Other than these arsenicals,

small amounts of dimethylarsinic acid and inorganic arsenic were detected.
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TNEBFFANARTE N AFIVE ) F AT NV U BRORERE L

OmpmsemD? | FmgfiD, M oI, s, g,
ST EER T, [ERER -, [BlEES 5a® (L i =Y
U B AR D PR AR, 9 T ISR b i PR 0
DA i B EE s SRR RE R AT L 2 —
RPN IR NP N2 L i

1. [ZU®IZ
T T B W TREBEMENED b TWA R ZOTE X F /L CTH 5 P A

FILT N CERDMAYL, F ORI W TEMER TCRE. #121E 32 A F L
ERENEEREEZH L TOND Z LRI TND, —J, TO X TFALRHEHRERIC
BT DMAY LM b P A FILE ) FF T L3 U TE[DMMTAY, (CH,),AsS(OH)], & 4 F
N FFT N EE[DMDTAY, (CHa),AsS(SH) 72 & TNTHAE b U A F A7 v [TMASY,
(CH3)3AsS) e E D&Y A F v b RALEMORBAER I @E SN TWD, ZOMREHER
BEHEOFERNC OV TIEIHA LIS SN TV RN T2H, Fex OHF%ES )V —7 1% DMMTAY
725 DMA" O FMERR S & L ORI RESR T X D iR T ORI INRERIC
IVAETEZZLEEZHELNCL, H 16 MR VR T LB THRE L, —HF.
DMMTAY 12N SH {LAMTH D Vv Z F 4 2 (GSH) & K& L. 2 E R BEA K
(DMMTAY-SG)ZIE U & LT=EHED Y A F L e B aE AT 52 L. 72 GSH I
A7 U TR MED R T 5 & OWEN 2SN TEB Y FRCEEME T A & O BEME S
Wb, £ZTAhE, HIEREIERE L 5 %2 55 DMMTAY & GSH & OGS
ZGMNNCT 572, ODS 7 L% 3% LTz HPLC-ICP-MS 72 5 TN HPLC-TOF-MS %
ZRAWTHERKRT D Y AT FLEWOREFELORIE % in vitro FEERIZ L V1T 77,

2. 75 ik

FIEIZHEWE AL L 72 DMMTAY ((IEEE 1mM) & GSH(F&IEEE 1-10mM) % 10mM iR 7 >
T =T ARIET TR SE7%. BOSAERWICE LT 0ODS column (SunFire™, Waters)
2% L 7= HPLC-ICP-MS(Agilent HP1100 HPLC, Agilent 7500a ICP-MS) & L OV
HPLC-TOF-MS (SHIMADZU LC-30A HPLC, Bruker maXis 4G TOF-MS)(Z X Y [FlIE
kT, Eiz. DMMTAY 72 5 ONCAE S 47z b FEAY, & HIT GSH £ % HPLC-PDA
(74 NEAFT— T LA BRIEEIC X O REFICER LT, BUSITHEWISA LTzhitfbk
F (HS) 1%, IEEMTOKE % BREL L capillary column (HP-1, Agilent) %35 L 7=
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GC-FPD(Z Y EE M I L 0 |IE L=,

3. R
DMAYZ GSH & D&z L W DMA" & 7212 DMA"-SG # K Z 12 5753, DMMTAY ©

X, ZO5THO As R 3MISE LI D Z L7 5MliDE F GSH & ZERBEAIR
(DMMTAY-SG) & R T 5 2 L 3R STz, 2D Z v DMMTAY & GSH O il
NI D> D E LD THD Z ERHEEINTZ, ZOfMo e FLEMITONT
ITEBEOHTOREREN S, DMA" & GSH #HAKDMA"-SG) 72 5 TNZ DMDTAY DA fk,

b FLEMLSMTE H,S OAERDHERS -, ZhbHDZ L vh, DMMTAY & GSH (2
L VAT DMMTAY-SG 1%, YA FILF AT I 72 BTNT HS DR Z LT, Bk
AL 3 iy A F /L b F(DMA"-SG, DMA") DMDTAY ~ZE#a L T < b D L HEE &
Nz, ZOEIIZ, SMMHIAFILEROMIZY AF AT AT VL R H,S HAENEH K
& LTARL, BHRBUII W THEREEI 2 U T\ 5 ATREMES i THERZ S vz,

Metabolic Activation of Dimethylmonothioarsinic Acid by Biological Thiols

Hidetoshi Kurosawa®?, Yasuyo Shimoda®, Akihisa Hata”, Yuko Yamano®, Koichi Kato®,
Mariko Tachikawa®, Yoko Endo®, Ginji Endo®, Kenzo Yamanaka®

YNihon University School of Pharmacy, Chiba Japan

2Criminal Investigation Laboratory, Metropolitan Police Department, Tokyo Japan
3)Faculty of Risk and Crisis Management, Chiba Institute of Science, Chiba, Japan
% Showa University School of Medicine, Tokyo, Japan

®Research Center for Occupational Poisoning, Kansai Rosai Hospital, Hyogo Japan
®Graduate School of Medicine, Osaka City University, Osaka Japan

Dimethylmonothioarsinic acid [(CHs),AsS(OH), DMMTAY] is increased genotoxicity with
biological thiol, e.g., cystein and glutathione (GSH). However, the toxic mechanism of
DMMTAY has not been fully elucidated. Thus, the aim of the present study is to elucidate the
mechanism of in vitro reaction of DMMTAY with GSH.  Chemically stable and lower toxic
dimethyldithioarsinic acid [(CH3),AsS(SH), DMDTAV] is produced from a reaction of
DMMTAY with GSH via the generation of hydrogen sulfide and active dimethylated
arsenics. Here we would like to discuss possible metabolic activation of DMMTAY
with GSH.
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U 7 A FERBEDORT & RAHDICE T %

MDY, i =2, [EgE By, L ET Y,
PG seKY, L BV, BEE BT
D TRERMAR A EMAE HAE,  2) BARRZAIAE, 3) RIS R AR AP A FE R,
QREFIRFAEAES,  5)BAPE 57 SR IepE it sit o & —

e =

WPEER G IIREA 7o e BLEME T ATV D0, BRUC LA EHE Y 2 7 13RI 803 %
VY, A EER & 13 RE BB IR O IR e FREIC OV THRZG D120, NI T 4
TR DU B A (Undaria pinnatifida) B DORF RN &1T-o72,

5tk

MEEAVERE R ah « TIERN TR L7zl LK U 0 A dpfiedn (EE) 2 vz,

WRE - AT — L Farvky bafdEie B2 4, L34 (21+10.75%) 2
AT T 47 e, 30 0MAKRLLEY S A 300g % 1 BIORETERIL, Z0% 5
A2 TORZERI LT, 736, U 4 AEI O 5 A FIREERL 28R L Rh o7,
U1 AW AT BUERR S U U A 2T HRE S UL e FEomiE, ke~
A7 vy x—705EE (Multiwave3000, Perkin Elmer, Canada) % AW iE=)K{k
L7=%. ICP-MS (ELAN DRC-1I, Perkin Elmer, Canada) 73#r&17-7-, b FE{LF
FERERI AT IE, /LT — BB DR, RIS 50% A # 7 —/L & T B — R
LB 21T\, Sk o HPLC-ICP-MS /o8t 217 - 72, HEHEF DM FLE
MR AF AT vy i (DMA) A2 o F—RELTHIEL, 7t/ va
H—¥H (AsSugs) O#HIZ1Z HPLC-ESI-MS (amaZon SL, Bruker Daltonics, USA)
% A\ C Multiple reaction monitoring (MRM) @& %177, HPLC |ZIXf&A 4>
A7 7 5 PRP-X100 (250 X 2.1 mm i.d.; Hamilton, USA) % 7z,

PRAE AT« BRER U 72 R ITINER: £ CTHGE IR L, MilliQ-/K T 5 f5miRiE, U A
FhH# & R AL TERBRI 04T 24T - T2,

RERLBE

WU D ACEEN S FERIL 34.31 + 210 ugAs/lg (n=3) Thotz, fhiHHik
® HPLC-ICP-MS Z#rDfEH, 8 2O v FE LWt Shiz, 7t/ X& A
DMA, €/ AFATNAI U, NIAFATAV U AXRHA R, Tk /al) s &

-36-



e BT Sz h o7, MRM JIEDFER .2 DD — 7 13 AsSug328 & AsSug482
ThHDHZ EDHA L, AsSugd28 LU I A it H# D 88.8%% Hi=,

PERF DB L2 KRE LU B A 8300g FICHENDLME L EIL593.Tug THY . ED
$130%TH D 176.3 £ 65.2ug (n=5) MNEEE 5 HEOK»BRE SN, Rt
FOALFRER AT TIE 5 2O e FLEWHB KR S, 2D 5 L DMADER R H %< |
WIRTFERED 58.1 £ 5.0%% i, 728, UH A & RO HPLC-ICP-MS 7
B~ b7 AT HE— IO LN hoTn, U AHHIERT e FEOK 90%
2% AsSug328 Th o722 Enn, JRY DMA H D KEBS X AsSugd28 Th b Z &M
TSN, £, RPICHIT S DMA PRt BB % 24 R CRARMEE 720 | &
% 24 5 44 FE OB % FIV TR 72 DMA SRR 0 £ W21 31350 18 BEf T°H

>7,

Urinary arsenic metabolites after wakame seaweed ingestion
Hata A', Yamanaka K2, Endo G2, Yamano Y*, Haba R*, Fujitani N*, Endo Y°

! Faculty of Risk and Crisis Management, Chiba Institute of Science, 2School of Pharmacy,
Nihon University, % Graduate School of Medicine, Osaka City University, *School of Medicine,

Showa University, ° Research Center for Occupational Poisoning, Kansai Rosai Hospital

Seafood contains large amounts of various arsenic compounds such as arsenosugars (AsSugs),
but their relative toxicities have not yet been fully evaluated. A risk evaluation of dietary arsenic
would be necessary. In this study, we conducted a wakame seaweed (Undaria pinnatifida)
ingestion experiment in volunteers. Five volunteers ingested 300 g of commercial wakame after
refraining from seafood for 5 days. Arsenic metabolites in the urine were monitored over a
5-day period after ingestion. The total arsenic concentration of the wakame seaweed was 34.3 +
2.1 pg arsenic/g (dry weight). Three peaks were detected in speciation analysis of the wakame
seaweed, and 2 of them were the AsSug328 and AsSug482; however, arsenobetaine,
dimethylarsinic acid (DMA), monomethylarsonic acid, and inorganic arsenics (iAs) were not
detected. AsSug328 comprised 89% of the total arsenic content. Approximately 30% of the total
arsenic ingested was excreted in the urine during the 5-day observation. Five arsenic
compounds were detected in the urine after ingestion, the major one being DMA, which
comprised 58.1 + 5.0% of the total urinary arsenic excreted over the 5 days. DMA was believed
to be metabolized not from iAs but from AsSugs, and its biological half time was approximately
13 h.
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EAHPE A O BERE b SRR & R P Pk

o/NEERRT- Y S ARTRA: 2 kiR Y R Y R Y
1) HARURZFR B A s A JER, 2) [ESLERBINTSERT, 3) PESRTANFe ST SEaT

[1IZU i)

e (As) 1Tt MR L TEERE L, T UTHEETIIH I KD iAs (53T L D15
G RE E NG STV D, BRI iAs IREEIC X A b BERMBEIIRNATH Y .
b MIBWTITRE, BEEICBT 2N AMENERIREN TS Y, BARANZEHR
WINZHEPRED % % BT D721, e BB L VVIMMENZ X TE LI H DB, £O
KEBYINEELHE R THD EFERI N TN, iAs IZOVWTIEZINETHEY
ML SN TELT, BHEAR IAs BIESS, TIUCHEKETHHE LAY A7 F S 5012
A (M GAYAIAN

= ZCABFZE TR, BARICEBIT 2 HEH IAs BEIC L 208 A ) 27 5Hlio—B & LT,
BEEBELEEDO RN B 2 19 4 ORaEaE P iAs IEEZMIE L., —H iAs BHREZ - 7=,
o T iAs RFIFEW DR A~DHEIIZ SW T b ET 21T - 72,

[kf5 & J7ik]

MBIV FY 7 R CIEERNCIEBINA~DRE 215372 21 B D 67 5D
AARNRA S & (P + R 38+ 12 5%) 19 42 dHEAISRE & L, BRER L ORR
B ERE L7, RN E 2011 4E 8 A5 9 H £ COMMTEE D 1 HIZEHE L, Bk -
BAERLMR 2TV, AT E T 4 COTRIT LT, REEHIRERESCEHR I H ¥ H o RRijR %
BELL, —20 C°CfRTFE L7z, EEERIH ORFENRICET 2 ERME~DRIE LIEE L
7

AT BERERCEE As JREEIX, MLEN TR 250 & o8 LT, RS2k 19 12
S UAEHEE I (0.07mol/L HEEs+-~7 3 > ) 20mL Znx.. 37 C°, 2 BfliE L S HiH L= b
DERIEE L 2, ik KFBLMELE K7 o~ 7T 7-ICP H BN IE
(LC-HEPO-HG-ICPMS) ¥ To/#rictlt L7z, /3B Z 213 Tosoh Super IC-A/C) % Fu>,
B EhAHIX 0.35 mmol/L Na,SO, (pH 3.1) % i £ 1.0 mL/ min Tt L7z, HG OINAIRIZ I 1.4
M HNO; & 1% NaBH,/0.1mol/L NaOH % H\ 7=, BEfER As oT OKSE « B IX, FRGEEYE
¥'E NIES CRM No.27 Typical Japanese Diet % f\CHER L7= Y, SIN=3 [T D JREE A
SR L7 TRIEIEZ, As(V), As(l), MMA, DMA, TMAsO T 0.29, 0.25, 0.14, 0.17, 0.23
ng/g-wet (F2FEFEIFIRE) CThoT,

JRAEHIMIAKZ HWT 5 58 R%., 045 um AL 770 74N H—TAHBLELD%E
LC-HG-ICPMS ) TO/#ric it L7-, FRFAMEUEYE NIES CRM No.18 Human Urine H' As {bA&
MOOHTHEE X 2.6 - 5.8%., 45 As (LA FE 1 ZREE SCkE & [RIFREE CTh - 72728, ARRIE
RITIBE - BEL QTR THD LB L7-, SIN=3 IZHY T 2RENSE LR T
FRAEIE. As(V), As(lll), MMA, DMA T #1241 0.37, 0.082, 0.10, 0.083 ng As/g  (JR 1)
ThoTo, R IASCHEEMIREILZ LT F = BE 2 H O CURBIEZITV, iAs EE
O L U TR iAs + MMA i % 7= O,

[ 5R L B2
EEBEEE 194 L v HEE SN AWRtH 1 B iAs fEEUR]E 8.6 £ 7.3 (0.69 - 32) pg/ A (&
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[=]

T D [:E N - 5 EEME(2011) & ERE(2009) 2H L5k & EEdE

TL&i{ﬁg { I-EJZP#E)Mf ( (=13 =1 (=13 i e T=rybn' Ry

Do /MRS (2012) E~v—7 > 1921808 2521887 478387 158389 ¥
NS

b2y FEDE ARSI 1 AAICBTS 1A iAs ETE

% iAs OERBIRIIL K & TO

L&) THOHIEEZEMHLTEBY, ZRHARMDE "
BCEB OBV L= /RN E 2 b b, 1254

RGA 194 ORIERIGE A O RHIR T IAs+MMA - £ | .
JREIE 39424 (15-10) ng/mgcre (7 L7 F= 4
CHHIERE) (BATFE) £ SD, /b - oK) Tholz, 5 o
BYREERESH-V A BEE L ORICHERIED '50507 ° o o 80
FHEAA & 0 (r=0.658, p<0.01) (IXI2), HEiRH iAs 3 N oo
PREBTPE I EE (3T 1B L= Wik 1 B iAs 18 o
H&%é’i<}i%bfl/\5:k7ﬁb7b30fzo 0.00 | , , | |
84:%‘j(m o Lug_&::t(;ry iAsriwnUthke!bo;;];\?veight o
1) IARC (2004) monographs vol. 84, 2) Nakamura et al., 2 BB ESHZY 1A
(2008) J. Agric. Food Chem., 56, 2536-., 3) Nakazato and iAs IR & 3 H RER T
Tao (2006) Anal. Chem. 78; 1665-, 4) /IN2E & (2010) 7 IAs+MMA Ji £ 0 B s

Mrib:, 60; 653-, 5) /INEE S (2012) Biomed. Res, Trace Elements 23: 33-, 6) Hata et al. (2007) J
Occup Health, 49: 217-,7) Oguri et al. (2012) Food Chem. Toxi., 50, 2663-, 8) /INEE, RFEHE, 9)
/IR 5(2012) 5 21 [RIBRBEAL AR 2 5 4R 2D-16.

Dietary intake of inorganic arsenic and urinary concentration of inorganic arsenic metabolites
among residents in the Tokyo Metropolitan area.

Tomoko Oguri, Yayoi Suzuki, Jun Yoshinaga, Hiroaki Tao and Tetsuya Nakazato

Levels of dietary intake and urinary excretion of inorganic arsenic (iAs) were estimated for 19
subjects (5 male and 14 female) in Metropolitan Tokyo by collecting and analyzing one-day
duplicated diet and first urine void of the next day of diet sampling. As species were determined by
LC-ICP mass spectrometry with a hydride generation and/or photo-oxidation system. Daily intake
of bioaccessible iAs, extrcated from sample with a synthetic gastric juice, was estimated to be 8.6 +
7.3 pg/day (Mean + SD), which was comparable to, or lower than the previously reported values.
Sum of urinary concentration of iAs and MMA was 3.9 + 2.4 ng/mg_cre (Mean + SD). The
correlation between dietary intake of iAs and sum of iAs and MMA of urinary concentration was
significant (r=0.658, p<0.01) indicating that urine analysis is useful for quantitative estimation of
dietary intake.
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OBTEPTRE", AHEANY, B 282 kB 25 ARESE® Karri Ramu®, Tu Binh Minh?,
Nguyen Minh Tue', Nguyen Ngoc Ha®, Nguyen Phuc Cam Tu®, J#&J5i#ti - ©, Paromita
Charaborty’, Chhoun Chamnan®, Pham Thi Kim Trang®, Alissara Reungsang™, Kriengsak
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Tuyen™, Pham Hung Viet®, Touch Seang Tana'®, HZ{54*
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* [ VT 125 38 i £ iR ZE PSR AT, *Ministry of Natural Resources and Environment (MONRE),
Vietnam, ° 5% K22 240 © B K 22 PR 5288, "Guangzhou Institute of Geochemistry, China,
% Inland Fisheries Research and Development Institute (IFReDe), Cambodia, °Hanoi National
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1. iICHIZ

e ST RPN B FOTE TSN TS, 1980 4EA LIRS, RARRIFEDIERE Izt
R AKRTEYDM R, SNV T FT L aRA VRO IV En-oTeii EETREE
2o THY, 1T K%K 3 DU IRIT R M REEC P AR EDFIGGERALN TN,
WAL W 7 T IZBWTHH FAKDOERGYAHES N TEY, WHO DFEHEH (10 pg/L)
ZBADIREDOLEIH T AKRPLRIBEN TS, LPLARHE, Hi R KZ R HL TS
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L DWIZET N—T1. 2000 4EPHWET VT & h e B TE RSOV THAL TE .,
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THAEBI ORI OBREUZ, 2000 4D HVRT T, B FF A, A VR TEMLT=.
ZNHOHUE B R A E U E RORBIOMAEZE BRI 7=, 22 BARIIZEE. BigRK2FE R
GBI B RO KABIORBHMEHE DAL 74— LR BN TEMUTE.

ALZA I3 B BERIZRE VY, ICP-MS Tl Rk itk 3% (T-As) Z, HPLC/ICP-MS TthMR ik
FALEY (Heig (As[I]) &l (As[V]) * B/ AF AT AV VB (MMA) « O AF LT VY Vi
(DMA) « Tt/ _XEZA (AB)) e & LUT=, ILiEAH DNA ZHlIHHL . PCR 5T AS3MT i#14
T-DO—H IR (SNP) ZH LTz, Bt AN ZAD~<—H—&L T, JEH 8-OHdG % ELISA T
HEL~,

3. MRLEBE

TNETITRAL ZHUR O Rk T-As #2/813<0.1 — 1,930 pg/L THY., Fl=hrl iz
TFARY L TND 37%H WHO IZXBEEIKRD LA FEHEMT (10 ug/L) Bl ETHo7e, b4,
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HURTT AVRIZBWT, K T-As JREEEEMNR R e (As[IH]+As[V]; 1A),
MMA, DMA JREDRNZZE N ENA R IEOHBERALNTZT LG, Tiuh il Ridih
TARZRRHL TeRITREEL THLETEHELRI SN,

bR R DFREEEL TR heZLEWIRLZ FIV. ASSMT @ SNP LDBARZ AL 72
LZ A, Met287Thr 1IZBUWT, AT afl (Met/Thr) D5 A3 2ERI (Met/Met) XD DMA/MMA
P RBIED o7z, 2OZEIE. MMA 225 DMA ~DOGEGE B A~F Tl (Met/Thr) D)5 H38%
A (Met/Met) KD &% /B35,

JRH 8-OHAG ¥RFEIZ. (KIRIE L RBEBERE LD S IERE D A RITRE TH 7.
Pl EDZEDS, BTG Yetlhd: RIZ. H R ARPHOE I EBRFEICE ST DNA IZAA—V%
ZF TR LD HER SN,

B R R R o R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R S R R R R R R R R R R R R

Arsenic Pollution in Groundwater and Its Effects on Residents from
Asian Developing Countries

oTetsuro Agusa’, Hisato Iwata®, Takashi Kunito?, Suguru Inoue®, Reiji Kubota®, Karri Ramu®,
Tu Binh Minh*, Nguyen Minh Tue', Nguyen Ngoc Ha', Nguyen Phuc Cam Tu®, Junko Fujihara®,
Paromita Charaborty’, Chhoun Chamnan®, Pham Thi Kim Trang®, Alissara Reungsang'’,
Kriengsak Srisuk™, Satoshi Nakamura'?, Satoshi Takizawa'®, Haruo Takeshita®, Shin Takahashi,
Annamalai Subramanian®, Bui Cach Tuyen®*, Pham Hung Viet®, Touch Seang Tana™,
Shinsuke Tanabe®

'Center for Marine Environmental Studies (CMES), Ehime University, Japan, “Faculty of
Science, Shinshu University, Japan, *National Institute of Health Sciences, Japan, “Ministry of
Natural Resources and Environment (MONRE), Vietnam, ° Faculty of Agriculture, Ehime
University, Japan, ®Shimane University Faculty of Medicine, Japan, ‘Guangzhou Institute of
Geochemistry, China, 8Department of Fisheries, Cambodia, °Hanoi National University,
Vietnam, '° Department of Biotechnology, Faculty of Technology, Khon Kaen University,
Thailand, *Groundwater Research Center / Department of Geotechnology, Faculty of
Technology, Khon Kaen University, Thailand, 2International Medical Center of Japan, Japan,

3 Graduated School of Engineering, The University of Tokyo, Japan, *Nong Lam University,
Vietnam, **Social and Cultural Observation Unit (OBSES), Office of the Council of Ministers,
Phnom Penh, Cambodia

We have investigated the exposure, metabolism, and toxic effect of arsenic (As) in
residents from As-contaminated groundwater areas of Asian developing countries such as
Vietnam, Cambodia, Thailand, Laos, and India.  Monitoring studies showed that As
contamination is ubiquitous in the groundwater and also exceeded WHO guidelines in a large
number of samples. The results of As analyses in the human urine indicate that residents in the
As-contaminated areas are mostly exposed to As through the uptake of As contaminated
groundwater.  Studies on genetic polymorphisms of arsenic (+111) methyltransferase (AS3MT)
suggested that the enzyme is involved in the metabolism of As in residents who have been
exposed to As. Levels of urinary 8-hydroxy-2’-deoxyguanosine were higher in the subjects
with elevated levels of As in the urine, suggesting the induction of oxidative DNA damage by
As exposure.
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ERBZDMBREDRE SN TEY . ZOWEMOBRRBIIZBEOMETH S, HFEOW
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W SRR
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B — 2 EAEE
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HROE—2EMERDT,

FERB L OB
B LTz~ 32X A4 ME88.6 /g DELERHEMBEE DB, TOVEWRARIL37. Tun TH
>7.

<~ FHA POV —=FEMIZBLIET pl BLOMBIREOEEL Fig. 1 IIRT, ~
TRXEA NOFEBAMA (PIC) 1£6.0 Tholz,
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I o g et
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-10.0 f
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%o Fig 2 12~ 744 a2 As(V) BAEFE 100 e v
X
B XITFT pH B XS A U REDREZRT, g 80 | Co AS(Y)
As (V) DU EIT pHPZC D & & 10092 "L, £ | o e
PI>PZC TiI pH ORIV LT 44250 g8 | Jgor © @
FEAY 0.001 225 0. 1 ~HIIIT 5 & As (V) D5 §20 ®I=0.1 o e
Q. |
P Liah % pH 287 A7 U BB L As (V) 2 ° o
OWFERIHIN LT, A A g ommii~r% < s 2 o o 10 1 w
S A b OWE LR E & BT 5720 PHo,
SHBSSE AR LICK V. LIEAio T, As()ig Fie2 Bifect of iomie strength
NSRRI L - TRE S Z LR Sh
7o
it i

As(WMDNHEFFTHZ LIk~ T 2 E A4 FOV¥—F BT U, PZC I TERMAR A~
7 b LT, A A IREOHENNIL As (V) OWEEREZEIN S, PLEDOREERES As(V)1X
WEESEATZ I L W SN 2 LR E T,

Effect of ionic strength on arsenic adsorption at Fe;O, interface
oKaoru Ohe, Tatsuya Oshima, Yoshinari Baba
Department of Applied Chemistry, University of Miyazaki

Arsenic adsorption on Fe;O4 was investigated as a function of pH and ionic strength. The
adsorption percentage of As(V) increased in the region of pH 7.0-12.7 when the ionic strength
increased 10° to 10" The point of zero charge (PZC) of Fe;O, was 6.0. Zeta potentials
decreased in the presence of As(V) and indicated negative values in the pH>4.0 region. The
PZC shifted to an acidic side in the presence of As(V). These results suggest that As(V) form
the inner-sphere complexes on Fe;0,.
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2T, RN TO b B ORI Z KD N THA~DO e ZOWMHBEZRNT 52 2 N E L
T, I5TEHEN CTAMRSREAZ R L TO e Z2OFMOEEIb A X -7~ F T, b FZE25bE5HZ Lnn]
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fe = b U U L& EHREEN 0.100 mg/l 12725 K H IR LT-,
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1T 0Tz, ZORER%E Fig. 1 ITRT, TORER, £4 ORI BN TS R2 BRI L7255
MR b ROPREENHD L, FRZ AsID 2RI L 7245095578 Tli% 0.005 mg As/l &, R2HEZIRIIL T
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-44.
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{LAMNCER S 2 Z LN TE, e BOFMEDRBILZ XN D Z & 0N ghoT-,

BEE ARFZEO—ERIL, B (23510099) OB AZ T T-H D TH D,

(A (B)

= 0.10 = 0.10 BTMAO
5 '5’ @abDMAA
E B OMMAA
= > iA
2 008 Z 008 e
g g N
s ) S ."\
S 0.06 " 2 0.06 M
: N : N
= €
S 0.04 \ S 0.04 \
o o
(%) )
=] \ =)
c c
2 N =
2 0.02 \ 2 0.02
1 £
8 i 3
[72] (%]
< <
000 L L 1 L | OOO L L L L
Slu R2 Slu+R2 Slu R2 Slu+R2 Slu R2 Slu+R2 Slu R2 Slu+R2
As (111) As (V) As (I11) As (V)

Fig. 1 Effect of arsenic methylating bacterium on arsenic methylation. Culture were carried out in the presence of 0.100
mg As/l of either As(IT) or As(V) for 4 day at 30 °C. (A) Aerobic culture; (B) anaerobic culture. Slu, broth inoculated with
supernatant solution of sludge; R2, broth inoculated with B. cereus strain R2; Slu+R2, broth inoculated with supernatant

solution of sludge and broth of B. cereus strain R2.

Arsenic Methylation by Microorganisms and Sludge Treatment
on Sludge Tank of Arsenic Removal Unit

Munetoshi MIYATAKE and Sachio HAYASHI
Faculty of Engineering, University of Miyazaki,

An arsenic removal unit was constructed by the Miyazaki University research group in
Bangladesh. The sludge drained from the arsenic removal unit was directed to a sludge tank and
allowed to settle down. Then the supernatant in the tank was released to an artificial pond.
Biomethylation of arsenic is usually considered as a detoxification of arsenic because toxicity of
most organic methylated arsenic is much less than that inorganic arsenic. Microorganisms in the
sludge tank and arsenic methylating bacterium, Bacillus cereus R2, were evaluated arsenic
methylation. As a result, the concentration of inorganic arsenic in the broth decreased to 0.005 mg
As/l ,when culture was carried out aerobically in the presence of 0.100 mg As/l of As(ITI) for 4 day
at 30 °C. This result suggested that arsenic methylation by microorganisms in the sludge tank
and arsenic methylating bacterium may be utilized for detoxification of arsenic sludge from the
arsenic removal unit.
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HHEE D53l & [R)E & AR 72,
2. HiE

B ORI SEHIL - e FREORE WV TEE (8. 0mgkg™) TA R & W RFHAKE:
L7z, A X OIRE 183 X UMRE D & SR BIEIC K 0 M O BBEZ 1TV, Z0H 6
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Arsenic metabolism by microbes isolated from the rice rhizosphere

Masato Kuramata!, Ryota Kataoka" 2, Kenichi Yamazakil, Futa Sakakibara®, Koji Baba®,
Masumi Ishizaka®, Tadashi Abe’, Kazuhiro Takagi®, Shuntaro Hiradate', Tsunashi Kamo' and

Satoru Ishikawa®

! National Institute for Agro-Environmental Sciences
2 University of Yamanashi

¥ Tokyo University of Agriculture

Arsenic (As) chemical form in rice grain contains only inorganic As but also dimethylarsinic
acid (DMA), which is one of methylated arsenicals. When rice plants were grown on the
As-contaminated soil under continuous flooded conditions, high level of DMA can be detected
in its grains by As speciation analysis. However, the amount of DMA in the soil solution is quite
low under such conditions as compared to that of inorganic As. Thus, it is seems that there is
low relationship between of DMA concentrations in soil solution and rice grains. Although the
source of DMA accumulated in rice grains has not yet been clear, As methyltransferases from
some bacteria have been identified in recent studies. Therefore, some bacteria in rice
rhizosphere may have As methyltransferase gene and involve in DMA supply source to grains.
Here we investigated the existence of bacteria involving in As methylation in the rhizosphere.
We separated two bacterial strains producing methylated As. The one is a bacterium that
transforms inorganic As to MMA and DMA, but the other is that can produce unknown organic
As. We purified the unknown As and analyzed its molecular mass and formula by
HR-LC-MS-MS. The result showed that the compound consists of a novel organic As that has
partially monomethylarsonic structure. Furthermore, another bacterium that we separated from
the same rhizosphere sample degraded this unknown As and departed MMA. Our results
indicate the existence of some types of bacteria metabolizing As in rice rhizoshere. We suggest
that As in the rhizoshere might vary in various chemical forms by many kinds of bacteria and

the microbial activities involving As metabolism could affect the As speciation in rice grains.
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SDB1#k : 9.8 h) KV -7, KGO-5FkITAAN15 mMO i b BF7E F CTAF Alhe
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XAD XD e A DOIFE T CAEBMEESIND Z LR bhoT, i BEAFIE LR
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B LMo b FEiRfbsEE 1X, 10.7 pmol h! mg!' CTH -7, LLEDFRER LY,
KGO-5tKIFBEF Ol b Il (b & FERL LB 2 A L2 b b N BRI To
RN 72 ERPR B AT 5 2 E R LT o7z,

Paracoccus denitrificans JCM 6892 (Y17511)
Arsenite-oxidizing bacteriom KGO-5

SDB1 (FY774943)
o TL‘ENH (AY027503)
L NI-2 (AYO2ZT501)
NT-3 (AY027502)
0 Stnorhizobitmn sp. DAO10 (DQ336178)
_MEA. tianeficiens (AF388030)
GW4 (EF550174)
1000 I—BEN—S (AY027505)
Agrobacterium albertimagri (AF316615)

100 [~ NT-26 (AF159453)
L NT-25 (AF159452)

L E— Thiohaciitus sp. 81 (DQ9Y86319)

e L tncviobacter sb. OL-1 (DQ986318)
1. 16S rRNA #Efx 112 £-3 < KGO-5 #k D Rkt

6 0.1
s
£
= B
c a
S
s 001 g
5 5
2 G
]
c
(ib]
o
< 0.001
0 10 20 30 40 50 60 70
Hours

2. HEAME—DT x LX—Jf L L7-Ho KGO-5 ¥k A4 5 il
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KEEBEICBIT S e Z0BLE L OWNAEIZ T EY) D 2
#Filgs . I Ofl A BB A RAE

YFEERRE - RS - RHAEMLT, 2 R EBRBT RN ST
1. H®Y

EFRPEICEDLMREED 1oL LT, b RHHYKE AW THSE SV BRI OB RS %
FoHid, B, KETIEHEKICE Y e BoSNETEH L, ZRBKFEORN SR E
LKANRIRT D, ZOTOKIIMOREY & i L T FRENE <, BARIZBW T
JBEWN D DB FEIRO 5 BAROFLG DR bEW, TFE, HEPEROBETEE AT =
A LRF 2B DKM O ENZ DWW TR 2 hf%f“éo:hhﬁb\
AL HIRIC 1T D b RO HIEEM (8% - TV =0 A1) ~ORAEIZK
WEDOEBIZONTITIZE A EDh> TR, TEEFIC iﬁt%mqmn%Mﬁ-
EHEN D PE DL AFET D72 EM D & FOBR LW 35 ~B 532 af Rtk
bbH, £ TABETIE, ENOKETEEZHWT, e Bomb & WA I KT 15
WAV O BELZTLZ L2 BN E Lo, EBI HEHRO e ZOLZFIM L7 FEE A
EL ANBIICEREZRMUIZER B 0 2 HEAEmR L, £/o, LEEMEICB T
F TR & X BRI S (XANES) 4TI L0 Bl 60N LTz,

2. EBHE

EA (HEHROEFOHEHANZFER) - fabt RN 40 mg kg FLE D 2 i
DOKHIHEEZ W, 791520 g Zffik 60 mL LRG L, ER VA THAEZ, Bz
NA TR TR mﬁ%bﬁfi@t%%wm_wméﬂtow~moa%%%\
HPLC-ICP/MS |Z Ti&#H1Z 200 ppb (2.7 uM) LA EDHE b FE R L T\ D 2 & Z fifEidi% .
THA TV —%500mL —f4 7 T A2 L HRIRESECombE®ic 7 b LT,
b RO - WAE I KITT HEIMAE DR B LR T D720, —HO R Z U —(XiEch;
%12 30 kGy O y BRIREIZHE L, Z DORICEM IR 21T > 7, TIEFEFM D XANES 47
Mrix KEK-PF 12C 12 C&Ejifi L 7=,

EERB UMAMO e FERMLT-FER) : =77 Aaf, +4209 2k 60mL &
BAE L., ZZA~NRFEICR T D&M 3.75 ppm (50 uM) 12725 X HicHie gt U o
LERM LT, T e KIRE S TR bRt Uiz, RSB CIE, il b i b e
DEEZFRDI20, v #RIEE T ~O T b BRR2 (LA Sinorhizobium sp. KGO-5 #k D #2
fHITo7,

3. Ak & B

FRA: E REREHICHEH S EEAT Y — 2RI 7 Lok 2 A, 24h
DINIZIZ & A Lol e BRITEARICW S LT, BFEICE T Sl e iR 2582 XANES 1T &
VEBF LTz & Z A, e BIZEME EThReIZBbEZZ T2 0N gho7c (K1), &
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INCRIET 4 T 4 VI KD e ROBRENEIGZ R L& 2 A, LB R IR
TA~85%(F(E L7 Hi b B3, 24 h 1212 47%., Z DB BIRZIZ30%E TR FT 5 Z L 2vb
mote (K2), ZHISH Ly St T, 5538 24 h £ TOAMARBRILITEERSh
2 DD, FD%OFERI RN BIE ST, 5548 7 H% TH i b FRIT 50%IF &7 E
L7z LEDOFER LY | KERSME I e BRIZEICEME TSNS Z &, 22
IR EE OB LA (abiotic) 72 mb A L HEHHEE DR MR 1 7 1
B ADWGREET 2 T ENRR ST, v FRIRE L7 HEETIX, B2 5 MUEMRZR
{7 0t ANRPAES N7, K 20 ppb OH LN AT Y —DIFMICEET 5 2 &
HbhoTlz,

FEER B : 3.75 ppm D b R A RN L7 Stk ik, OBZEWIC X 5 e B O LI
Mz T, QBT b B OWRAE FUG, @B 72 & BR[AS(V)] DY E LD 3
FOSRIRFEITT 2 Z E R LN o7, S BICPE HEEICHE v FRRe bl KGO-5
BREHRE L7 & 2 A, #i b BB b B 3 M us 11 X v B IRtk S vz,

PLEOFER LY, HESAEYIIKE BB A e BoR(bIcEGT52 &, £/
MHERICEBOWEICLEG T ERbhroTz, 72, E BRENEWVEAIIMED
DEFFITRE VD BAKHEE OB A 13 abiotic 7L MENET 5 Z L AL ME 25T,

QLR A y MRALPE 135

- )
3  7d 3 SN i
c 1d Fl 1d
£ e () 3 () d
] o
“ e AS(V) 7 e As(V)
™ As(I1) o As(IID)
11855 11865 11875H 11855 11865 11875
Energy (eV) Energy (eV)
1. +#» XANES 2A~X7 kv
100 100
_ LB -5 10 y AL 5
X 80 80
~ As (V) As (V)
<o 84
Fr 60 48 47
N
95
{\Hé 40 40
Bl
3 20 20

As(111)

(8] 1 2 3 4 5 [§] 7
KR (day) %R (day)
X 2. EfETOE FEDOFREZEL
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b ISR ITCHE A AT DR ITCHIE Geobacter sp. OR-1 ¥k DA FRHEFE
KRB, RAngks (FEERRE - FH= - ISHAEMES)

1. HAY

BUERT 7 Z2Hbic, KO e FGRERPEALRMEE 2> Tnd, ZhideFEz
SR T T, 8 OK) BEWEOBEMICAE Lz b FE0S, SRETMlE S b ERE T
EREEN D —HEOBKMEME OIER 2 32T, A~NEHT 2720 RIS Tn D

(B0 1) 1, Frlo, REBEOZREGEISCHIE & LT BND Geobacter (VA /37 % —) @I,
VER NSRRI IR T O RS TELET 52 &8 Mmbn TS 2, Ll
NG, THVETICERERICHEZ D Geobacter JEAMEIZEET 2 & 1372 < o BERS
FTNRD HILTW 2, Frex IZENKH 806 Geobacter \ZJ& 7 % B BEELHIE OR-1
RO FBEC T TIZEREI LTV D 8, & Z TANFSETIX, Geobactersp. OR-1 FED AR
FREZFRHICI D NS T Z 2 HIE LTz,

% .
Pattern 1. #%3%T 7
~C o % E .

W

&%

.
Pattern 2. EESEIT o

—~n B

W N

BERE

Pattern 3. Effiand e

st .

~C s 0.5 pm

" ¥

HE

B 1. BePERTE O BG4 5 HER 0 H O B 2. OR-1 RO XA T 1 7THeth

b REH A T = X

2. FEBIE

OR-1 BRIZHE@E T bV v 2 2B k5K, E@b ) U A2 ETZRIRE L TET IR
WGP T, BRI T O R Lc, R o e le, e, FioREL HPLC
WCEDERELE, 2MBOERITT 2 n P Uk TiTo 72, B BGRTT R, 7
2 UNARTA MO ULERESETHRE L7 (As/Fe E/11H=0.4), OR-1 £
D7/ 5 DNA ICa— RENT- B8R e B oiRBis Tt (arrd) OHEIZIX, Song
5 ® nested PCR OF{EA AW, BN EERSIZ7 I/ BICERR L7-%. ArrA
D RAIENT % LG BB T T o T2 2RO MENT 2K H BEE X 0 i U 72 BREE
DNA #88 & LT HITo 72,
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3. ML HE
OR-1 BEZFHA ZE TG L TR LI L2 A, EBOBEITICIE LTEAEFENHE
ganic (M3), ZoRFo el ek, Fob - Emiiitr LV, OR-1 o b i
BICIILA NI RT e |k 2 £ 3P e =T 5 2 L Bbho Tz,
CH3COO+2HAsO42+2H2As04+5H*—4H3AsO3+2HCOs

IR BHEEA]TH 5 KCN, HQNO, dicumarol |2 LY EEE TOAZRICIHI SN2 &
226 H, OR-1 #RO B BRETCITMRISTH D Z LR STz, OR-1 #RiZ e Bofthic
AEPEERCIE R E SRR L, 7 ~ VB E BN IR E L TR C& 72, OR-1 %,
b RIGRHERED A B LT VHERE ~ B LT & 2 A, e RO R S L7z,
—J. BEBBIBEITREL FF- W EKEITLME G metallireducens ZH:FE L T b R IXEH
Liginolz, TOZ 06, EROEBEMITIT e FEICEE & $HBEITTREOM B METH 5
ZEMMIRBENT, M4 T L OIC, OR1 D ArrA (38R TCHE G
uraniireducens=<° G. lovleyi D77 7 LHIZ R SV HEE ArrA & RFEHISIERHR Th -
7o (I272L 2B D Geobacter \ZIT B R ITTREDN/2VY) . b REEH OB S 72 /KHE +
B o ArrA T L7282 A, BEZ 213 Y Geobacter D ArrA ([Zifitx Th 7=, LA
FofERID, EBEICREEZA T 5 Geobacter NERETIZIIAS DT HZ &, F2%F
5D EEESCHERW 20 b O b RO HIZEE 2R 215 U T % ATREME DS R S LTz,

2B R

1. Reyes et al., Geomicrobiology of iron and arsenic in anoxic sediments. /n Arsenic
Contamination of Groundwater (Ed. S. Ahuja), pp. 123-146, (2008).

2. Islam et al., Role of metal-reducing bacteria in arsenic release from Bengal delta
sediments, Nature, 430, 68-71 (2004).

3. RE b, ENKHTEDS O FEOBEHICRIZTT AW ORE, # 17 BleFE VR
¥ 5(2011).

~.0.06 sf—;

=0.04 2

(=) 2

Z0.02 =0=(rowth 5

£ 0.00 £

) g ‘ [ F

6] . 0 1 2 3 4 2 Sulfurospiilum bamesi (AAU11840) i Bacillus selenttireducens MLS10 (AAQ19491)

Alkaliphilus oremfandiiOhlLAs (YP_001512638)
A. metalliredigens QYMF (YFP_001318866)

SJW- succinogenes PsrA protein
(NP_906381)

\,imkaﬁﬁmnicola ehriichii MLHE-1 ArxA (YP_T41061)

Halorhedospira halophila SL1 ArkA
Shewanelia sp, ANA-3 (YP_869976) (YP_001001949)
| Strain OR-1

Geobacter lovieyi SZ Geobacter uraniireducens Rf4

Wolinella succincgenes(NP_906380

P Desulfosporosinussp. Y5 (ABB0205E)
——As(V)

D. hafniense Y51 (YP_520364)
Desuiftobacterium hafniense DCB-2 (YP_00245772

= As(II)

—r—cctate

Chrysiogenes arsenatis (AAU11839

Arsenate,arsenite and acetate

0.1
0 (YP_001951391) (YP_001229259) —
L A 4. OR-1 FR> AL b RS TTREHR ArrA
5 > N ey
(3. EREOBEIEICIEE LI OR1 Bk AT R 2757 OFRBM
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AV e BRIECHER A 9 5 Anaeromyxobacter sp. PSR-1 £k DMHE
TRRRERES, RAgkE (FEREE « FHZ= - ISHEMET)

BB 213 2 E TKETEN S O b BE IS RIT T HEMEM B OB 4 B
e LT, ENKHETED S b R[AsSWVEECHIE OS5 BEAZ 1T > TE 7, T OWMfET,
Anaeromyxobacter (7 X7 v X7 Y7 Z2—) BMEO 1FETh 25 PSR-1 RO /3HEEIC
% L7- 1, Anaeromyxobacter Bl X, BIXSLMETF T/ o7 o /) — LV EETIC
BidE R 9 DMl & LT 2002 FIC0HE - I Sh 2, o~ 7 AL LSHT b8k, B3R,
e, WAEEE, T~ g e LU, UT . TORTULREIEFICSELRE &
BrZRKRELCRIACTCEIMELE L CHOLND, LOLERL, ZRET
Anaeromyxobacter BHIE Z & 5 b BRIEICIZEET DA 1L, K R T 7o HE
FEW 6 O v FORHINTIL, BB ITEE & L BT Z A T DB IMEME 3B 53 5 Alie
PERFER ST D, E70&IT Horl © 313, KH HEHR CIERICEE(ED & 5
B 2 ZERNMRERRIZLVFEE L, 2Dy Anaeromyxobacter JEHlE & Geobacter
BAIE T D Z & aRLTWD, 1E- T, SO L O 2RFWITWAE Lz b FEOBH
2, ke EROMIEILELZ AT H PSR-1 KD L 5 flE NG 5 aleElER H 5, £
ZTAMIETIE, PSR-1 BROAPRRRAFE A DT 2D &4, PSR-1 #R72% b 375
Yo' 7 VHEREY O K H HEEDN D b REARN TE D0 MRET 2 2 & 2 BN E LTz,

EBRFGH  PSR-1 HRIFEEE T N U LB G, e U LAEBEFZAEKRLE L
TE AR TR BT AE B S8, Rt o ez, fe RAsTID], FiEeiRE
IZHPLC IZ LV EE L7, PSR-1 KD b EERICHEN & D K 5 70 - TRIELT 2 000~
B0, PeEEE AW A 2= g VEBRETo T, AIRERICITE AR E
LT 40 mM 7~ L E 7213 40 mM 7 ~/Lg+1 mM bR V-, BRZ %Y >~
FRRR L CUE - T LS IR & LT, B bRy e iR ol R8I 1 (arrd) @ PCR
HAMEIZ X Song & @ nested PCR 77 A ~—., ArrAfwd/ArrArev (Malasarn et al).
ArrAUF1/ArrAURS (Fisher et al) &M\ e, b RERETAHEDIL. 7 U
A RTA M) v LEWaE S THE- LZ (As/Fe E/VH=0.4), /KHTHEITy
PR (50 kGy) IZ & - THWE L=, BEeT R U UL L PSR-1 MROPEA 4 2 Hefl
L. BRSO L, HEMNOIEE L v &1L HPLC-ICP/MS T RERIIC E
L7z, 2Mi#kDERIZT = 1 VL TIT o7,

fERLELZ  PSR-1 HRIZV T LREORE T, AT E72I1TT A FOERAED b

(¥ 1), PSR-1 #RIIHFE A4 B Tt 54K & L7oRE, B giEcic e L TAFR L (K 2),
Z OWFO b R, R FER ORI b I 2 R bEAE — 8B L7, £72 PSR-1
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RO b BRI B ERITH 5 dicumarol, HQNO (2 L » TEEICHE ST,
PSR-1 BRiT e BEOMIZ wIEs TSR, FEAb BRI b, 3%leFE, fHle. dhmHle, & L @,
TR ELRR IR B AR CE I, EBOFAE T ETITIFAE T CAR L
VA2 O CEBRECREZ M L= 2 A, WTINORM T B BEETREIZIREL L
TV, BERIC K D RBURE LB DTz, F-B LG RO FIEITERT L2\ O Mif e
M7 B FRR TCHE b HERR S 7=, 5D degenerate 77 A ~—% H\W T, PSR-1 ¥k~
J AEX D BB e BEE LR BIE T (arrd) OEEZRATZN, HIE LR ho7-, =
DZ L1, PSR-1 BRD b BRIRICRER S —XHI72 Arr & ITE 7R o T2 RS A Fr o v aEME &
TELTWD, PSR-1 HRAEET AHEREM F 7213 E KA B~ L2 2 A, W
NOLAELEREHICE R E2RHET LR TE (K 3), LEOKEX Y, PSR-1 #
IFE LR EERESCHE O 1 FETH Y, MY Arr 1IRFF L2V DD, HESET
NWHEREM I D e R T 2N EZ BT 22 BB LN o7,

227 SCHR
1. Rab, 517 E e HE T ARY T A(2011); 2. Sanford et al, Appl. Environ. Microbiol., 68,
893-900 (2002); 3. Hori et al, ISME J., 4, 267-278 (2010).
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1. PSR-1 #£® SEM 5 2. PSR-1 Hko> b G Tic 3 L7 EF
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3. PSR-1 kI L 5 B FDIRH
A BB T VRN B BE K B
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