SBEERYVYRIYIL

x
F & H

& : BRERMES
: 20095 11A28H (1) -298 (H)

2 B KRHIKZEFHEE KBEERZE (KRMEFXAER1-4-3)

SRBHE

HRIGEE 1

BMETIVERWCERDEN AT EREEFF ORERA
R FHE (KIRTIAZRZREZHATH Hi%)

BEEYOER —(LEREBEAZPLELT-
IBR — i RRE¥XRFEREENZH R

BREE?2 BRPICEEFNIEROERPETMICEAT IHE
Wi §3%EF (MEZAEBEZERE /- EEEER BIXELY S -HEE)
FRIEE3 MRUH L —SBYEHICBIT2%5HE2EERZYS
WA & (tEXRZFEEHEEGFEFT %)
HREE4 PEOEBMERPSOEFEMAMSHEAINLIL
=ZH BE BIIERKPHEEFHBE 4i%)
URSY ABE
11A28H (1HA)
9:30— 9:40 RS D
9:40—12:00 —i%EEE (1-1~1-7)
(12:00—13:00 HEEL)
13:30—14:30 — % E8E (1-8~1-10)
14:40—15:40 ERIGEE
15:40—16:40 SREE
16:40—17:40 RIGEE2
18:00—20:00 B (EEREELEHRE)
11A29H (2HB)
9:00—10:00 — %8 (2-1~2-3)
10:10—12:10 YFRIGEES. 4
(12:10—12:40 #4£)
13:30—16:10 —i%EEE (2-4~2-11)
16:20—16:30 ZERX
16:30~16:40 FASDE



JA75L4 11A28H (B1HH)

® =D EF 9:30~9:40

R E (KIRTIIKFRZREFH R MHIRERES)

& —REEE (RR155. HESR)

9:40~10:20 EE&:EBEF ((R)FEERRBEAME  RRF Rk EXPEHELE—)

1-1 B #ARa#%E Chlamydomonas reinhardtiilZ& 1T 5K AEEER B DO S W
O Fig—. FHMA, HiEfl—
HECERLR 2E R B A RV AR BRESENRE(L A g =

1-2 AVABBHEIVCMEHITE TS, BEESIUKAEERELEYICEHTIHR

OHPHFED, FHHE V. Hilfl— 2, HHFp O, fEmMifF— D
D IKPEERZERS, P HAERIR

10:20~11:00 ERK: 18R —ift (REEFXFEERZEE)

1-3 A7 UFBERFICBTANEPERIEEMREICDONT
OEERT . HARE D, FHEMRD, BAEE D, (b=, EELE Y
D 55 85 e HE AR A R, S 7 SR e PESE T BT SE o & —. D BRI T R B R AE R
RN RPN 22 S i € e se e e i B e ot NI N A TRV AN 2 = T LS 2 A R N Ve a1

1-4 HPLC-ICP-MSB LU R IAFIRLC-MSIZLKBERRRY I — 3 LERIEAEY BRI

OfFEHT. RHEM=, pJIFZA TENX—
O PESREAN RS S IFERT BHAERERTZERM /st ERER Gt > 7 — (WD)

11:00~12:00 EK: FEFELER(EILREMEMREIRIMEL2—)

1-5 DPAAELM T/KEZFERALI-/KHEDDPAAE LB LIEF L KD INFERF
ORIl b, B gy 2. Bkl — 9, RHAA D
D KRBTSR FRF BB A IERE, 2 JCH AR R F R F B A R A IR
8 B EUERRL KRR RIS BB, O BRI LR R e oy —



1-6 fRIEET GRIEZMIET) AHF DDPAAE IG5 /KEER ST KB 445

O Ve RHA D, RIHEN D, REEE Y
D RBRHSER AR A B H AR ZER 2 (NPO) H AV 75 s A bR - [EI BBk R — B 752

=)

He it

¥

RREIZE Y o & —. 3 KRR K BIRER A EHEIIZE T > & — T A H b FZ e 5 YA M
1-7 OSTxZIIVT IV UBBICKBAIFREMNAREER D FAZER
OIHET. #Ef, 3R, SEA. Y >, Bk
KBTI NE RS RERE 2R # T B 5K B2
12:00~13:00

¢ EES

& —REE

13:30~14:30 ER . THEE BIIERKXZEHEFHERE)

1-8 BEELSBEICBIT2—HOBEMNDER, HRIH L4, i, AXEREDHEER
OTEHET V., hiEiFR Y, EOFES D, HRE— O, ILNE
DA FRSERFEME IR, 2 BRKFEE L O BEWEERT

D FE TR Y LR RFREBRERE R FCRHR G ER i

RN FLDOEFRFEMBFERICEITAASIMTEEFZ R EEEZRBORE R
OR[FEHER D D, AHAAN Y, HEMT D, EFEFE P, TuBinh Minh ¥, Pham Thi Kim Trang ¥

Pham Hung Viet V. T M&a% V. HET ?
D BIRKEEAINEE AR, D BRAADFRER AL >4 — (OMES)

1-9

D FINK LB Y EIEER# R D Center for Environmental Technology and Sustainable

Development (CETASD), Hanoi University of Science, Hanoi, Vietnam

1-10 DY B— LT STALaMNSAFRIZETH T /KERF L

Oiflefisgah Ve HJIERE V. BT 2. BEEAR Y, HHREsh—g D, B 2

DB RSS2 HIR R EpE i >y —

& FRIEE

14:40~15:40 EER:#f1Xk (ALEEMLFEREATRERS)

BEEYOER—LFERERAZRDLELT—
WA RAGEERY BREERER



® SREE

15:40~16:40 EK:{ER#— GRILITEBGEAN KEKER)

BMETLERVEROENAMERERRF DRRHA
s oetk  ORBINLRFERFEBEREWIFERE SR

& FhlEEE2

16:40~17:40 FEEK:EEKSE (KRHTILIKXKEZXZREZHAERD)

NERERLREZERTREERRREHAKRERE
BRPICEFNIEROEMFZEFTMICE T HRE
igEgd MR AEBRE AT > 5 —



70954 11A29H (5528 H)

& —REEE (RKR155. HESH)

9:00~10:00 EERK: LU= (BARKRZEEZE)

2-1 BEBDDFMEICRLIEF OB
OfRME. EAREE, AR, =& EER—
TEESCHR - 35 - Ak

2-2 EFDRFRERIEEMARICH T S EEROZE
OFEFMER D, =D, WiiifE 2, Hsl— 9, SHHExRD
D REEERIRS: BIRT ) DA EEEE Y R AR b
D REERIRY: BRI LA

2-3 BRANDROERERBELBRIERAN X
OFARL V. FHALE D, WIEMT 2, SRR D, WA, &9, BEE Y
MR Y, e H D
D SRR EF IR EFZE R 9 ENCEREFERT. P ML TR FEBRI AR
DOEEER RS, Y RN AT

& AIEEES

10:10~11:10 FER SRR E (KRMIIKFXRZREFHRR)

MBTLAL—BMBHICETIEHA2EERTS
HANRE  ACER PR G RRVIFER R R R A RE, R R Al R Ao

& FhIEES

11:10~12:10 ERK: Ak BAGEHEILKXZEABELEEFER)

TEDEBMEERPESDEFMRENEASNI-CL
HHEEZ D, PARRE D, AN Y
D ENERRAE AR A D LR ARZER E R RV FERIR B E R AT

*
P

12:10~12:40




& —fREE

13:30~14:10 BER . EEEF (EXRMLEMEMREZEMEE)

2-4 HEEIEMERBTEILLI-PVAEES ILIZEAEEDREEE)
Offir% sh—BR D, MELESR D, M FBHAE D, EILRE 2, |Hl A F D
D m IR K2 T35, 2 #UREEL, O B RKFEEEEEt > 5 —

2-5 ARLERDBEILKFRZRAV-HE

O EFRIL. SEH ST
() ESEEREEWFFERT

14:10~15:10 ERK: LA (tEXFEEFEFE)

2-6 SYMIBFBECITTZILTILL D EED BT HE #1448
O/NFETRA D D0 [LIEAE P, SEEPEE SRR D 2
D ENTERBERFERT. D TEEK - BE - 3K

2-7 ERAFILIEHE OEEREEEF R S
OFREHM D, HUNT Y., HxHD
D IR T, D BRI sy —

2-8 BEMLRIE LRICBITACAFILE/FATILLUBDEE

OFBEA D, #BEH D, &)IBH D2, HHED, SR D, BEFEWHL Y, Sk D
D KRBT R AR AR AR BRSNS, D RITNLR AR EBE R AR R IE S

15:10~16:10 ER:-HIAAF(BBRKEEFEEL2—)

2-9 EFFEHEESHEHepG2OERICKAMIIEIZHITHEEE R FATFSD KR E
OllifEdE. KWFET. EREE. IEDFE. FECER] ILASH=, hig. BiLpE—
HPaR—, SfEe. SdE—

FEEERLR Y AP ATER R b L X AR SE

2-10 BIEICEE T A AFILERZD FMER A FHEE
OTFHEEMRD, ufhfE="D, hnEZFx—", BEEET 2. BEESSHD
D HARRFFREE, D fWai KRR E Y 7 —, ¥ RIRTTRFERF G E AR



2-11 EHEER D AFILIEEBRIEBIDNABIZ I T 570y ) —R TSI RDFHRIZDNT
OBBERKME V. ESLAMD, FHEED, SEEND, ANET D, &85 (ER)FET D
HEF (FA) Bkl D, FEREEA D, HHE&EZ D, ILNED
D AL R PR FBL R IZR - BREEERERE, 2 JWIEX - EFRVE

& ERERK 16:20~16:30

¢ A&t 16:30~16:40

B2 (KIRTIIKRZRFREFHER EXEF)




MEMO




& R AR



SRiEH

e T VR W e B AR X ORAEF ORHA

ATSER

KIS RFREBEEFOIIER By

1. X C®HIT

b RIS FRINT G il e, T2 ST B AMERRBO LTS, L LR,
BFERICB N TOEREOREP AT, EETFITRIESNTEL T, ZORENPADAK
IR TH D, 22T, FAITIFHBIZB T 2 E\EE e FO LR MHMED TH LA
FL G D dimethylarsinic acid (DMAY)D YL RTEMEICIEH L, DMAY ORBAMER L
T ORERT A RBMET NV ERAWTH LN L TE e, 70, 20K #
3% < & % monomethylarsonic acid (MMAY) # X O trimethylarsenoxide (TMAO) D3 )3
AMEDRFI BT Tz, EHIT, e FEHEET v FORFINLRESIHHRLE fﬁﬁﬁﬁﬂ@’f‘
& % M-2 (dimethylmonothioarsinic acid, DMMTA") O L OVT » MEBEREIZ
TRBIZOW TG LT, SRlO#HE T, 2 E TIZBE LM RIS OV TR ?‘50

2. T "EBAETNVE AT DMAY OB AMEOKET

1) 7 v bS5 S AMERBRIE 2 IV 72 DMAY D% 03 A B TE A O
HEF344 7 o MCFEBRBMG 4 HEICA =>m— 3 VILE L LTS FEORE B AME
(diethylnitrosamine (DEN), N-butyl-N-(hydroxylbutyl)nitrosamine (BBN), N-methyl-N-
nitrosourea, dihydroxy-di-N- propylnitrosamine, 1,2-dimethylhydrazine) Zf¢5- L. 1 #[E D
R%E% DMAY % 0 CGREBBEE) . 50, 100, 200 . 400 ppm LT 25 WMEMKE L LT,
%@ﬁfk% DMA" 1% 50 ppm 2> BEEMEFR S A2 e L, F72. FF. B Cld 200 ppm 235
(Z HUR IR TiE 400 ppm TR AAREER 38O Hiviz,

2) ERMET o BEEREIE S ARBREZ VT2 DMAY OFEBEIE DY A~ D BB D F )

[ ERE 23 AARRHEVE I DWW C L EEROBREEHF O b FIRFEIZATV 2 ppm & W 9 AKJR EED)>
5 100 ppm O i EE £ C DMAY O ] BB A M Lz, BEF344 7 v RIS =2 = —
va VHLE X LCBBN % 4 BEHUKE S L, D% DMAY % 32 lHoOk#E S Lz,
ZOFEFR. 10 ppm B D EEPEIEE O AT A ZICHIN L, DMAY ORI 28 AEHEVE
HARRBD T, 6T, FIUCHIREEIEEER S BE T 5 Z E AL E 5Tz,
F7-. DMAY OIEMERE DS AARTEVE LR A ANARIESZ 1% O NCI-Black-Reiter 7 >~ k
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EHWEERTHLHLMI S, TOBEIZH DMAY O EEREER 2RS35 2
EDIRENTZ,

3) CEEFET v MTIES AREREE T2 DMAY O TIR A~ DR L #E T O fEt B

DMAY ®F v MBS AMEERICOWT, T v MFR IS AMERBRIED R E) %2
FWT 25, 50, 100 ppm @ 3 & TR L72#E%E. DMAY X 25 ppm 76 ARKFAIC
PRI AIRE D~ — I —Th HIRBR I N2 FF 2 S- b T A7 =7 —F(GST-P) 5
M OR, FfEE HICHIINE &, DMAY ORFREN AREERNRD bz, £72. T
v MIFIZE T 5 EE(ERY DNA EEOEEToH 5 8-hydroxydeoxyguanosine (8-OHAG)73,
DMA" B 52 X 0 AEICHIINT 2 Z EAVHET L, DMAY #5012 L 0 LI A b L ADE
b Z b bnEroTl,

4) DMAY DT v k 2 R AERER O]

ERDOFEERIS DMAY DT v DB AMERR IR SN2 D . DMAY O T v b
2 AR AMERBR AT Stz T b, F344 7~ M2 DMAY % 12,5, 50, 200
ppm DL T 2 FEMBUKE L LTc, ZORER. 50 ppm TEEMEA A 19%, FLEEE & &
DR Tl 26% T, 200 ppm TIEFEMEAY A, FEEDS 39%%58 4 L. 12.5 ppm & xf FREE
TIEEREORAIZR SN2 o7, 2O Z &b, DMAVIZHEKRFNICT v MBS
M ANEE T Z LN R THID CIEA Sz, DMAY % 2 &5 L7127 v Mgt
8-OHdG ERITx FREEICHiE L, AEICHEMAE R L, BEICB O T HELAY DNA 55
NEEINTWDZ EDRHLNERoT,

S) DMA FEFRBEEAS A 0 5y F-95 B2 A A7)

DMAY T 2 FER OF 5-THA LTS A DWW T, p53. Keras, H-ras, B-catenin i&
151 DZEIRAE B ES L OY microsatelite instability (MSI) A58 L7=AE 58, 3o, 2 Hili
k-ras IR FICERZRDLOHRT, MUTERITIEIRBORP-T0, ZHUTBEEEMESR
R AWE T D BBN Tl S AT BB AT p53 BB T2 20 MSI O AR 22 E V7S i 4
FEIL@RDOoND LT, B TH DL, F7o. REMBILFTAIC cyclin D1,
cyclooxygenase-2 (COX-2) DB IFE B BIL IR A & BBV T, 72, p27 O ¥ H
KT 23MEE TR b,

3. BLEFUE~T RAEFTNEZ AN DMAY OFS AMEDO KRS

1) ODC hT7> AV =7~ AIZHF 5 DMAY O R &5 At e e

b BITE LN ZTE~DREDAMERH SIS TV DN, 2V E TEMW R CIGE
HEIN TR, £ 2T, ZERBAEEZEDOREKOODC T AV 2=y /< T A
Ze N TR BB N AMERBRIC L D DMAY DR ER N A~DEELRF L=, ©
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DFER. R JEFRN AWE D 7,12-dimethylbenz[a]anthracene TA = T — k L7ZEEIZIB N
T, DMA"Y % 200 ppm OPEFET7 U — LR CTEA LIZRETIX, HERSA T 1 E—
X —@ TPA L [RIFREE D KA IS AAREIE R 2 R L7e, A == — 2 3 VEECIE DMAY
DEIZ DD BT, FEESEOREITA LN ehoT-, ZOZ &G, DMAY i~ Y
ARG D MEEERZ BT 22 BN E o T,

2) p53 /v T b= RICHIF D DMAY DM AL

WEpS3 /w7 70 b~ AR AR~ T 22, DMAY % 0 GeffREE) . 50, 200 ppm
DOPLEET 80 WK G LIZEBRTIX, p53 / v 7 T U b~ AR OREAER <7 2D
DMA" B 5 BECENENOXIRRE L i U, B8 SIES OB 2RBMNRO b,
F 72,200 ppm O DMAY 5 XN p53 / v 7 T U b~ AT 1 EH 7= 0 ORI
B B AR < 7 2 T 50 K 08200 ppm 0 DMAY % 51 THEE O J8 A M & R IEEEON .,
TNENOR BRI L THEREICEML Tz, ZhH0fER LY., DMAY 1L p53 /
v 7T N RO AR 7 ZCRN AN ERET D2 ERREINT,

3) Oggl /w77 k=1 A28 5 DMAY D fifigs i3 A0

(LAY DNA (5 EEEREFZE TH D Oggl D/ v 7 T U b~ A OEAER< 7 2|2,
DMAY % 0 GetREEE) . 200 ppm DHEEE T 72 BRSO G L 7= EBR TIL, Oggl / v 7 T
U b~ T AN ES U B RS O A BEE R OMEE L, *HREEIC LS DMAY B 5 BECHE
ZEEIN L7z, —5, WA~ v 2BV L, BEBOREIALON NS, T
DOFEFRMNS, DMAY X 0ggl / v 7 7 v b~ ATHIFENAMEN RS, BR{EA) DNA
BED DMAY OIFENAMCEE LTS Z ERH LM E o7,

4. Ty "EBAETNEANVTE MMAY KT TMAO OFED AAEDRKRE

1) MMAY .U TMAO O 5 v M $1F 5 52 At et

MMA" £ L' TMAO & DMAY [AffIC et fh it 2 R L T\ b, 22T, 7 v MiFH
HAZE M AMERRBREE 2 VT MMAY OV TMAO @7 R FR N A RIE T8 % 100
ppm DFEE TR L7ZFE R, MMAY, TMAO & DMAY & [R4£iZ GST-P [5 i SE o %%
BILOmBEZHEMISE, 7y MNFRBAZRET LD EDBHLNE ST,

2) MMAY KON TMAO DT v M2 2 BB 78 At e 2

MMA", TMAO 22T, DMA" [FERIZEEEFE DS AMREIE R 23 o B3 T > F B,
FEFE DS APERRBRYE THGT L 7=, F344 Z » MIZ BBN Z8CEK T 4 R, 0%, B%R
2N A T 8 D N-ethyl-N-hydroxyethylnitrosamine (EHEN) % 2 ¥ Rk 8 5- L 72, MMAY,
DMAY, TMAO %t 3 & LT 100 ppm D¥EE T 30 BRI G Li-, ZDE%E,
DMA">MMA">TMAO D3R TREEFE 23 AARKEIE AR Hiviz, & HIT, JRF B HER
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DS B FiH e BRI CTH D M-2 (dimethylmonothioarsinic acid, DMMTA"Y) D
FE & MRS O 38 A & DRI FROFEBIBILR AN B AL, ZAUHSEDERS A AU B9 4 4t
WO FILEWM Th L ATREtEDN R ST,

3) MMAY 5 LU TMAO O F v k 2 4ERIFE M At

MMAY D7 v b 2 FERIFE DS AMERRER Cid, #E F344 7 » 2 MMAY % 0, 50, 200 ppm
DIFETHKREE LT, BRAMEZA OGN R oTc, —F, T v FMZTMAO % 0,
50, 200 ppm DL T 2 FRIHOKEE G- U2 KBTIk, *HRRERIZ bl L C 200 ppm TR
JEDIAEDNEM L7 2 EVAF LT,

5. bt RRHH DMMTAY DREE LRI BT 5 BEIC O VTR

Z v MM BRIl CdH D MYP3 &b M BRIl TH D 1T1 & T . DMMTAY,
iAs", iAs"™, MMA"Y, DMA", dimethylarsinous acid (DMA™) -4 ESEHE (LCso) %
PR U7 fE 0L, DMMTAY 136 © 32 L [RIfEE O mEARO Hivl, £72, DMMTAY
IZDMAY LV bW EEEZ AT 2 L0 h, e EOEMER X ORNAMEICEET
% AREME SRR S U7z,

6. &

DMAY 1T v MZEBWTIIBERENAMEE RS T eE—v a VERHEZAT D Z
EW, FTBLRTUE~Y T RZB T DMENAMELS X OEEENA T eE— a3 SMEA
DHLMNCENTZ, ZNHDOFERIT, EEDE bADENRAMEDOKREZ T43ICFEHT S
LOThHD, Fio, TORPAMEBLORBATBE—Y 3 EROMFIZE LTI,
fe{br) DNA EER L OB AMBEERFORBERTENEET 5 2 LR L NS,
52, DMMTAY I3l EER @ & &, e RICBEES N FORFICHAET
DM, BEROBNANEICEET D AREMENE 2 b, BIfE, DMMTAY 04
PR BB O JES L OMERRRS I 351 2 3 A BEE R I RIF T B2 E R
HThD, ZNDDOIFEIL, E BREPAMED S SR DFIC 7R’ D 2 E ARSI D,
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FFRIGERE 1

A O v FALFIRMH Z .0 L LT

HE R — 1

ROEIERY AR

LITC®IZ

EFOFMEIEFICKRESEFEL TNDHDOT, bEOREPZEIIMFE 2R E 2
TITHMERDH D, BFEEED ppm A — & — LIEFITEVIBEAYIT b 32O EE 2B ER
ThdDOT, WIEEMICE END B FRMIITE < Mo RMEE FOEERETH
ST, AR RMFETIHEFEIN O EZHEIC L TUIEZ LNV, 2 9 Lo
DOBAFE « ] FIXEEAMICE EN D e FOMFRICEAT 2MARZMLE L TE 0t
%o AFEHTIL, e EMROPFT CEER-AZEOTE NEFEEDICE TN EFEDIL
LM CESEDH T, ZTRETOREESBOMBEERTHRIZN,

2. (F1EIRAE

WEEAEMCE D B RIS OV TX, AL SN > TATEIREE (JERgRE ) A Bk
DVKIEVEDIRIENEDN?) DNETRET SN, B ARE & WV ) ST, B BEEN
FB0%ZEEHDDHE X R EHOBIMNEIH L HDOD, 1T & A EDHHEAEMIZIBNTRES
ITEKIETH S Z LR anTz, e RBILEYOTMEIT—MRIC 3 M IE (Helg) >5 i
AR (blBR) >AREBL SN TVWLOT, BEELRTFELVERTH DL, —FH., K&
PEDIRERMEDN & D TR, K (90% 2L E) 13K TH D Z &M Lz, DLEX
0. MEEAEMOE FLAWIT T L U TKIBIEOASIETH D &b Sz,

3. KEAME v E bW

1977 4£{Z, Edmonds H1IA—A F T U 7 A B E DA S KB © B bW & HEEL .
i L0 T Nt ) REAL U ThDHZ LR LTz, ZOWNFENEBEAEMICE END
b EOLFE E R L Te el OB T, D% ORI L0 AT 112R
TRHEKEMEAH e BILEVOFERHAL NI ENTND, KiEEe FIEEWITT TR
FIALRE T, TER FAWIIHESM TIIT Ve ) R_REA v R TIET e v a
H—=ThHHMR, FSLIR0 L, FlzIE, E o080 A CITER e E3, %<
DAY R F ¥ 7 TETNE ) AV RT RITAFAT VY =T DA TR, —IA A
VHTCIET AR ) v a T BERS Lo TS, £, Tk ) _& A L TEREE O
EFREWTH D EREZZ DN TEIN, o, BHERICbHREHSh, ZhETOR
WNEY SO0 b D,
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WA S ARKBE e FIEEMBRIESNTL DL, T Bz bbb s Lo ik
LB ATEORRE bR Lz, e BLEWOILFRR oL S LTk, HPLC TH#tEL .
b RFFROMRHESRE AW TR 2 FER K TH 5, HPLC TIEA Ao R E 2131 4
PRT KD GBER B SN TWD R, RIS e FEEMBEEZ D & & B ITHESRT
DEEBITONTWD, —F, B RFFERMBRHEEGEE LIS IEEEGEEEG 7 v
7T Aot EEE (ICP) E IR Aot trdkE s K< Hnwbhizas, 1980 4F
RIZ LD DITEEE TN TE D ICP-MS IZH > TR LTS, 5D & Z A LC/ICP-MS
ERE BT OEFIZ /2> TWDHA, BER TOHN & 2 NIREDHE TR FLhH
MZHIETED EWOFENH D DT, LC/MS¥E (F72IL LC/MS/MS 1) O Bz T
<HEEDND,

o) o]
ﬁ T RN ﬁ A (|3| N
HsC—As—O" H3C—Als—0' H3C—:T\S COO- H3C—Ts H3C—|AS
o CHs CHs CHs CHs
AFIVTILVIUER DAFIVT IV UBE DAFIT IV /AL CAFIT IV /AL DAFILT IV IAIL
i3z IH/—IL FoEA Bk
OH OH OH o)
o) o) [
I I COO (|3| [ololoy HyC—As—CHj
H;C—As COO" H;C—As H3;C—As |
| | | CHs
CH; OH CHg OH CH; OH  OH RUAF LTIy
EDAF LTI IAN-23 S-UAFLT IS AI-23 5-UAF LTI AIL-234 AFTAK
SEROX T AVEE TEROFIRUEE TERAFIRUEE
THS/\ <|3H3 OH TH3 coor <|3H3
HaC— A|s+ coo- H3C—A|s+/\/ H3C—A|s+/\/ H3C—A|s*—CH3
CH,3 CH, CHs CH,
FILE/RELY F7iLte/ayy RAFILT IV =F ThIAFILTILI =9 Ls
JOEA Bk A7
"
R R R
H,C—As o~ H3C—A|s* o~ HC—As o~
CH;3 o CHg CHs (0]
OH OH OH OH OH OH
CAFLNT IR/ Vafi— RIAFILT LB/ — TV IFF AN aH—

1 BEEMICEFTNDIKBEEARERIESY

4. ettt Ak e FLEW
MEAEMICE TN D e RIEEMTILEL LTKBEETH 20T, (LFRICET L IhET
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DOIFFEIT RN © BILEWIZET L IRAENE e BILEWIZET 2 8 FIZIER 120 720, 1988
HAZT I ADDIREE e #IELEWRHEBE S, AAT7FOAT R vah— (K 2)
ThorIZ EDPHLNIEINTE, ZD%, —A ST VT A B DO, A FHO [T
R EICEENDIRENE e BLAWIT. DRI L > TERT 2 KIEN e BEAY O HHE R
IZESE, WPFRbY VIEE (RRAT77FIOLT AR ) S ali— RATZ7FINLT Lt
JaVy, VAFATNAVUBEARERE) ThDEHEIN TS, RKiIT, fOfFH
NEH, T LS EEARRRE E B TRV, 6 FEHO e EEANENEE (X 2) NHE
BEshTuna,

5. 800 IZ

WEPEAEMIT G E N D KEEIE e LA HOWTIE, BETHH LV BRI T
5 LWV ZIRERERGE AT ST . SHEORTE, B#iE - A OMIICB VT H K&
BRIREREONTZE Vo TEYY, UL, MiKFTOMEME Z) DI b 7L
T ARE A ANCE DRI OV TIEARH RGNS L, SRICESINTERERHETH D,
— . IR BEAWICE L UM ANIEFIZZ LV, 7, KHEBEADICEEND
NEENE & ROCFIMRA ZATV . IRWTHOITIEOBRRTE., B - REFOMI & HZ B > TH
ENREoNDZ EEHF LIV,

’ OCOR;
H C—AS\/\/\/\/\/\/\
= COOH OCOR,
CHs o
[ [
? O—IT—O—CHZ—(I:H—CHZ-O AiS_CH3
HsC—A -
3 | S\/\/\/\/\/\/\/\COOH Y OH (@] CH3
(l? OH OH
LSNPS S e N e N et RRIFZFENT I/ afi—
(o)
Il OCOR;
H3C_¢\S\/\/\/\/\/\/\/\/\/\COOH
CHs OCOR,
(0] Il
I O—P—0-CH,CH,—As*(CHj);
H3C_$S\/\/\/\/a/\/\/\/COOH 6
CHs
o RRI7FOIUT IR/
Il
H3C—¢S\/=\/=\/W\/\/\/COOH

EREAENE

2 BEEMIEFENDEBRERILED
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FFRIEEE 2

NENREREZREEB WK 20 FERMEZLHIREHE
[RPICEEND e RORMBEmIZEE T 2 HE
Boksk:iea

L1l
VA NE R AR o 2 —

1. XLl

NEF RN L EEEETIT) A7 EHEE TH 5 EAETBE CEMKER OB S -/
TR BRI & BN H & OHIKCRMliZ 4T > TR Y (LLF TALFME &95) . Aftot
F O(ARe R, MR XK 20 FEO TH LFHE) BRIREMERE LT,

(A SR OFRE TIC, ARMLEEEATIE, Wk 16 4EEIC TRMICE TN D5 MBS
DR BRI B 2 IR A | | 18 T TO U X ITE £ 5 b FOFHl AR L B A
EIToTEY, ZLOERICHETHERPEEIN T\, LT, FRR 20 FEIX, b0
BEEE R, 5RIITOND £ FORMEFFEMICLERIERONE L EH, £ L THED
SMTEITH) ZEERBNE LT [REPICEEND £ RORMFEMICET 2HE] 217-o7
ARG TR 20 EFEICAT - B O 2 545,

B, AT DICERE SN T KIS R R EBEE 2 FER [BIRRS h #de & R &
TOAMEL VRSN, BAESTOBEABIORHAEBEZIY £ & O REREEIINBEFO
R—L_N—=VICTABEN TS CEEMELFRORMBES N H 580k L OEELHRL) . Dk
R T HEREMEITREEOT L DI LEZbOTH O, FEENAIT K 21 4 8 H 20 HIZH
B AT O o RS I HET D,

MEATICE FN 5 B ROR GBI T DA BEt=
[Elf% w55 (ER) KRBT SER R B [ 22 e R 2%

e AF— IKPE R ZEROKPE e R Bif

LI Wk IMSTATEOE NS « B AL PEELATH A W Tepkrs
RIS EAT LT & f 0 AT AR RS R

WA T LR R B EFR TR %

i = H AR AR R i A P 0%

ik etk KRBT SER R B [ 22 e R 2%

(E+HNE ABFRS)
oM, AEAZIE LD T KL —L LT, B RBOHHEITEE LWL TBOE A E AT
BREEMTIE AT L S ER BEAF J0 A SR B TREIE L 0 TBhE 2 -7,

2. RS

ERITBRFICTIRS oA L, KEE TIIEE L TERE ROBETHET 5. B, FFICHE
Wy IR R OO A e LA E ., TOEREROEARIIEWRIZL - T
R, e VXREO—TOEBEEIIFINNICEB E FNL G END, MOWEMMITIT Vi
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J v adi—, WIEBIT AsBe 72 E DA FILEMBEICEEND, WHEDZ T AARNITHR
EFROBEBMENZ VD, B ROBIEITIZ AW EHEIND, BRIV ERE e F34AER
NTRAF/bSh, £& LTDMA (V) & LTRPHERIESN D, Tt/ 27 —IZ DMA (V)
AR S AU TR R S 25 23 AsBe 13 O KR4 ARG ST IR 00T IR I HR S
ND, B ROFMHICEL TE, @IREOER b R TIGY SN AR X D 18w, A5 -
AR KR O EEE BaErE, BRAMNEFHETRINTHD A, KREERTO U A
7 I3 TIE R < E%ﬁ&’ LEBITNT T A FOFEFHREREIZRENATND,
—F. BERICBNTIE, EBEEEIY BREWTHDS DMA (V) RZOMEWE T, LY
FRUVVBREEME R S 4, BRAMEDRRD BTN D

EMROBERP O FEOFRE L GH &

WEAERBRIZEBWT, WKTOBEEE RIX, #7727 o (Shibata et. al 1996) <CUff#HE
(Lunde 1973) . #/E# (B 2010) ([CHWIAERL TREAMILS N D, £OO, a2k
FIREDO A & FL AP EIED T IAAET D, VX2 F @B N\ Z AR XU T
BHTRR > TITAFRANTERL b ROEIE DY 60%FEE & S\ 3, MEPEREY) T b 2 ifpieta o 12 (b
X7 vt ) v 2 W—To® Y (Francesconi and Edmonds 1997) . ¥ & FIEE 4 5 (Uneyama
et al. 2007) , —J5, MBPEEW) O FE /2L FIEREIX AsBe ThH Y (Edmonds et al. 1977; Hanaoka
et al. 1988; Francesconi and Edmonds 1994; Francesconi and Edmonds 1997; Shiomi 1994) .
TERRTHAENGIL AsBe ORIBAELEEZZ 6N TS AsC REBHREINTVD
(Francesconi and Edmonds 1994) , £72, A7 %X A WA RCKF TR EWMT 707 o b D
A i{% ¥zl &3 5 k& 72— H (Shibata and Morita 1992) . & H (Morita and Shibata 1987) .

IS T T ) N B RRDEMT T NAZIET AR ) 2 RO HILTWN D

(Shlbata et al. 1996; Edmonds et al. 1997) . HfE, EIEY H OKEME e FIEEWICBE L
TIEADR D X S IZH 6272 0 5o H 2703, NREME e FIEEWICE L TIERAR STV D,
Fo, WEBEYZ BT 256, MCHBESIEICL Y EBOBIEN R RS Z LICHEELE
15, A0 BEICHRRRIERICHER E BHROEEN L HEESZ LR (Lunde 1977) |\ BV A
OB OFMRZ SICEBEO L ERROLNTVD (BED 1999) . LT, MEOEVMAIZ
& AsBe OFIE N E S . MR EM, RAFEMLOIEICEEMET T2 Z EMHE SN TS (Velez
etal. 1995;1996) , BEUFICEL L, +ORKRELICE Y e ROBREITD <D (4eH L
AR 2000; Hanaoka et al. 2001; JiLi& 2007)

B FAERERICEBW T, MIIR D TEFO e FEZWI L, BT Em» S e R 2 RINT 5
k%z%ﬂfwéo—%%Kﬁﬁé%ﬁﬁﬁﬁétﬁﬁﬁmﬁpmnW%E@+pmnif@ﬂ
D05, B EREMICE E5 b FRREITIIRE 22221370 < (Lunde 1973) | BRSRFHPIE F
NDHEFRREIT1I0ppb BETH Y, BET O RREITELZIT D & %7_ LTS (L&
LAy 1980) o b RBLETETH72F / anbidtkc RMEFERO e BRI TE
Y (Byrne et al.1995) . 1,000 ppm (Z¥T\> DMA (V) H#E S CTu5 (Larsen et al. 1998)
A RIHTHuFH Y o B0 FRRICET HERTIT, ZLETERREDNE < & b KK
FADOBITIZD N E OENDH S (Wang et al. 2006) . £72. b HEIEYKTE CTTIFEYK
TN KIZ DMA % EICE I+ T H TOFEBRT AL AT ATV T 113 33.1+13.2% LK<,
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IEFEYK TE CTTHEYAKRTRNTRIZIER D As (V) 2GRN AT XA TV T 41% 894+
9.4% L E<< D, KIZEENDEZDNAFT XA Z YT 1 1de BOLFREICEKF L, FHEE
TAHRFICHEH SN DK E L BEEZ KT L HfE I TS (Juhasz et al. 2006) , FHELEIIC
BI L CTi. 24 24 ppb, KA 18 ppb, #A 34 ppb &AL SN TS (LN & ILkS 1980) . K
ETHEREOWEMME L THH SN TS X301 IR NREARTHE S 5 LGS
NTWAHD (Morrison 1969) | & THMER AL T Z E0/RI I, DADRBL & OBRN
BEZoNDLTDRMEE I LTS (Basu 2008) .

b SE O FIRER AT IS I 1T 5 BB

AR D X IZEMRRMICEHEEN D L FBOMFREL EHRORENEL LI TWVDHD,
W7 iE ORI R ET D LERH D, tf@m%’“%ﬁﬁ&kbfiﬁ%\mﬁm
WA e — TR R — R OISRV SN TE - (Yamato 1988; (LN 1995), ZDJ
i, B eE T/ AFLEHE, DAFILEFE, N AF L EOSPIIIMERN R HFIETH D
25, As (I X As (V) 728 34fi& 55>, TMAO, AsBe., AsC OphlIXTE 720N, T
4, LC-ICP-MS IZ X 2L EERI AT A ANZAT oI, 2 < OAEMITIFET DL RESUR EE 3
WEShTnab, LovL, AERPeREZIETHI0H720 . ATLIRESCBESG 2 fET 5 2 &
IAES T, £, MRS —OMmBEEMICEGFHET LI TV ) Yo — (YEH L KRH
2000) DK, BN THEERIAOIRRNME E FLAY (Taleshi et al. 2008) (iR DIEHEN 72
<. FEEORERBI O, R, FEEELZT > TUREEWE Z R /20 LRI i T
RURIICH 0 | ALFTERE DO BEBURHNEL E 728+ 7R & & 2 5.

HARNZIT 5 b ROHEEBRUR & LR O OB IEIS

WY ERT I EEEEF O A ARERIZRE FEIENAZ <, 1 AN oHfE 1 BB
X, =2 Ay M (BEEFEE) 1K D & Tk 14~18 FFE )T 178 ug/ N H Th D,
ﬁ%ﬁ#%@ﬁ@%A . FAEEDD 53.6 %, T - WEEED 35.4 %, KD 7.1 % T, 90 %
L HRNMBEEMRENED D, ZO =2V F A4y NEDOREREZ IS, BAEFBEICLD
EVF01 AERE L FSANTHE L7 /KE L DR KER & FiRE R oz Vv CE#RE Eo
ERELHET S L. 51T 62.8 pg/ A/H T, WHO OFE%E 15 pg/kg (KE/HEN 5 KE 50 kg &
LCHEIH L 107 pg/ NVHUL T 725, 2RESRNORAETH K e ZOESITERVME L 7225 T
% (Mohri et al. 1990; Yamauchi et al. 1992) .

b RO LR

MR e R, AERAICRIR SN BICA F R S, £& LTDMA (V) & LTRFITHE
MShsd, b oFMILREM 8/ (825 ug As) HEEULDIRT b ROFEERIHHT & ORRFFZAL
%ﬁ%bk#%.m(v).m(m) MMA (V) . DMA (V) Tt VFEREZNZEN 4,
6.5, 13, 17.5 FfH] CE— 7 JREEITE L, 50 K[ TR D 28% (LA £ 11.2, 31.8, 40.9, 104.0
ng) MRPPEE S 472 (Nakajima et al. 2006) , & F#ED X F /ALK, 365 5 fli~Dk F
DFAGIZEEN 2 F LR EA S B FLEI A F ALK 3 it F— 7 Z F 4 L EEROERK
BN LT ATFIALRIG R HE SN TND, WTnh S-77 / Vb-L-AF A= (SAM) BA T
NEGR L 720 | 3k A FLEEBEEE (ASSMT) ZIZ UL+ 25 A FILIRBEESRIC L 5 il
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KIS ThHDHEZZHILTWS (Thomas et al. 2007) , ZOife THA U HIEMHEREFIC L DL A
R L ADFEFE (Hu et al. 2002), DMA (1) O S 5722 5@ eI TO 7V —F U H VAR
(Yamanaka et al. 1990; Kitchin 2001) . ¥ A F /L b FE EAEKNERILEW & DRINIZ XL BT A
FNTFFT N AR OATEENE (Yoshida et al. 2003; Raml et al. 2007; Naranmandura et al.
2007) 72 ENFER S TR Y, v R AW O RBHBEE O AR h EARHEY O E I K DR
FBIECH DAL OBESER SN TS, £ LT, ASSMT 2B\ TiE, B CofziESE
N COBIEFZROMENHRE LTV 5 (Lindberg et al. 2007; Hern4ndez et al. 2008) .
— %2, AsBe (3% O KE 3 3G S TR ECITIR PR S L o8, Tak ) e —
(T—HoO®;YT DMA (V) | YAFAT k=% 7 —/)L (DMAE) 72 SIEHA#R s, IR
et S5 2 ERAIB TV D (Ma and Le 1998; Francesconi et al. 2002; Heinrich-Ramm et
al. 2002) . HAANEM: 210 A HPLC-ICP-MS (Z X 2R & ZORER 2T TlE, Bt RRE
(FfE) 141.3 pg As/L ® 9 5., AsBe 61.3 pg As/L, DMA (V) 42.6 ug As/L £ &<, AsBe
& DMA (V) [ JBEM Z T NP LV @EETHY . A Z U T LKEOWZEIZHA~T S EE
ThHDHZENREINTVD (Hata et al. 2007)

b b EIC BT S B EO#EM

EEZOKROBRIC L 2 EmEFNCE L i, AtEhEcidfdibos b—=FE:, markh#HET
IHRAKE FEINT FEREORFEFERFIE LTHET OND, EFHEITEEE Bl ENT
HEIKIZE DMENETHY . B TOEMEFRFEOWHELRFEFIT LV L2, 77y
TV A ML TEMER RS TWD, BK O v R 33 BRI TR Z 5 & 5 2@tk
PO /N R T00~1,400 pg/ H 2SBUEERIERE L 7= 556, B ORERANEHRD - HREREBIC AR
WA & OENRPRFERICRD HiL, DWVWT, FELRBIESICAIIE (5~6 F) NHIET D L
U.S.EPA [ZL T\ %, Tseng DL TH K2R ORUWMEDENICQRILAERLAENEZ D2 &
DR &R <XT% (Tseng 1977) . 723, 1 HOEFEED 3,000~5,000 pg/ H & mWEE I
%, BERERIZRER OB CIE e < . ARERABIL L FREIZALENRBIET 5, /2, &
FLEWIIEE A BB L, REA~BITT 52 EAHESNTEY (Lindgren et al. 1984; Concha
etal. 1998) . HARH ROMER b 32 L 2HCEKIG YL T, HARVERE, JEFE, HPED Y 227 (Ahmad
et al. 2001; Hopenhayn-Rich et al. 2003; Milton et al. 2005; von Ehrenstein et al. 2006; Cherry
et al. 2008) CHIAEFRHMAEOIKX T (Hopenhayn-Rich et al. 2003; Yang et al. 2003; Huyck et al.
2007; Rahman et al. 2009) 2V#E ST\ D, GEARRE O AR O RERREORHR L L THLA
DAEFRIE TR KR OIRE O MAIBERE~DRENHE SN TV D (Wasserman et al. 2004;
Wasserman et al. 2007; Wang et al. 2007; von-Ehrenstein et al. 2007) ., E{maeEBI LT,
DNA methylation & L 58 {s 758551 (Marsit et al. 2006; Chanda et al. 2006) . B&{tA b
L ADFHRIC L DB TIEE (Matsui et al. 1999; An et al. 2004) 72 EOHENR 2SI TWD,
FEM AT LTI, b RIEREEPK R EIC L 2 SiRERE CII B LA R S 600, M
BEIRFELRH Y, KBEERZRICBIT2EN/AY A7 L OMBEIIEIA SN2 > TV (Baastrup
et al. 2008) .

) FERICB W TEM E BOBEHEEOT —ZIIR O TEBY . W e BIT7HY S V- 8oBK
2 K DIEFZE D IR SBITHB AN D E B X LI TN, HEBAMEIZ DN TITN LS D
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DOMFERHE SN TND DA T, TARC 23 [ b ROFEH AN IEBRENW) TR & 172 FEILAS
b2 (TARC1973) | Ll L7zRemin HRBUFE L LTy (TARC 2004) , T4, R E 3
E0 2O TH D DMA (V) IZEEFME (Yamanaka et al. 1989) . DNA #4887 (Tezuka
et al. 1993) . 4 %K (Eguchi et al. 1997) 72 EFOBEEHMEN R INT-, BRAMERBRICE
WCThH, 1= —va VILEICEDFHIRNAMRBR T rE—4— L LTES Z 3RO H
U (Yamanaka et al. 1996; Wanibuchi et al. 1996; Wanibuchi et al. 1997) . Bt Al T
IZHIRT Y 2 FEROFED AR TRN AMEZ R LTe (Wei et al. 1999; Wei et al. 2002) ., IARC
T THH e FLE® DMA (V) OFERAMEITIEREY T 720552 % % (TARC 2004) | &
MERLTEBY, EHIZMMA (V) KTNTMAO (ZOW T HR A#GH1Z K D30 AEEER N
53 TW% (Nishikawa et al. 2002) . ENIZIV IAENT- AL BB RD AL RTZ
EMb, e B ORI RN A2 G| SR T RREEN R SN D, Eo, 3 i A
T ENBELEFEEEZES AT Z &M in vitro DFERTHHE S LTV 5 (Walter et al. 2007)

MEPFEHRD AsBe, AsC, 7Lt/ ¥ a M —IZ o0k, Yt RREFFENMTNZ LIRS
LT % (Oya-Ohta et al. 1996) , ZiLH DBAREMEIZ DOV TIX, KA DS 032  AFZEiRE
LRI TV D, b REBEIED 90%i < ZAMECHEEN D5 HARANCE > T, &I
BENDEFERDY A7 G EAT O IIXMBEEM B RO b FELE ORI ORI L TRl 21T ©
WERNSH D, L, T LTt v al—OREINGH D +a 72 REETIER, 61T,
ZID D ROAKRNEMLFEMNI BN I TN TS E ZATH D, o, fREMEE
FEEZONT RO ImEFE DB DILIZEIE T, AR OMFERENSHIFHEND, 2 bDnE
D72 DWZEDIEHE & WIMZ 1T 2 B FANREMED LR S 2 MO R IR T LT & S
N,

3. HEE

AHAE L. NEFERZEZES TR 20 FERMERHERBEHEICTITTONTZ D TH D,
MRAIEZBOH 2 12iE, HEDOATICE W TR ZHRE 2 W elWe, KilEOMFSER TH
D, F-AAREEREEORETHH LN D KK KR FEBLE L FER 2% Bl s ek %
(T U0, IKPERFBROKFELFIER g AERRF— S, WNTATBOE N B2 - A b PE TR A RS
FEAE & SR S FERT B S o AT IFJE IR LHIISEEA . LR RFRFPEERRIIER Bz 1IN
A AARREIRPE BB IR (=, 2 LT, ARDOREETH LN D KK
SERFRFBEE PR Bd7 A D K VIR OB 2R T 5, £ LT, M ATENEANE
NI L PR BTSRRI IR R SRR TS N R ERZB RO FB RO T2 D
BEICHESHILE L T2y, £72, AFEIX. AALERELOREORESTZIILD, £
BD v FEE DT O RIS TV D, IRSZATBOE N E N IR 5L & S AR IR T 22 2 1 i
AL F AT, TWHIWTETE & E L 2 T 5,
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Introduction of epidemiological research on the chronic arsenic poisoning in China
Takahiko Yoshida?, Yoshihiko Nakagi? and Hiroshi Yamauchi?
DAsahikawa Medical Collage and ?Kitasato University
Many people are suffering from chronic arsenic (As) poisoning by drinking
contaminated well water. We had been investigating the As poisoning in China
from 1996 and accumulated several knowledge. Skin lesions, main symptoms of

As poisoning, related with individual factors such as the As conc. for the last 5 years,

gender, age, methylating ability of arsenic and others.
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Distribution of water-soluble arsenic metabolites in a unicellular green alga Chlamydomonas reinhardtii

Shinichi Miyashita, Kazuhisa Kishida and Toshikazu Kaise
Laboratory of Environmental Chemodynamics, Tokyo University of Pharmacy and Life Sciences

Researchers have extensively studied about the response mechanisms of a unicellular green alga
Chlamydomonas reinhardtii to toxic inorganic arsenic compounds such as arsenate [As(V)] and arsenite
[As(IIT)] and revealed that C. reinhardtii incorporates As(V) into the cells via putative Na'/Pi co-transporters
and reduces it to As(IIl) by glutathione in order to facilitate the arsenic excretion into the external medium
via As(IIl) efflux pumps. In addition, we have revealed that a portion of As(Ill) produced in the cells could
be transformed into monomethylarsonic acid [MMA(V)], dimethylarsinic acid [DMA(V)], and arsenosugars
[oxo-arsenosugar-glycerol (oxo-Gly) and oxo-arsenosugar-phosphate (0xo0-PO,)]. However, the distribution
of these arsenic metabolites in the cells is unclear. In the present study, we examined the distribution of
water-soluble arsenic metabolites in the cells, using a cell-wall-deficient mutant strain C. reinhardtii cw-15.
As a result, a large amount of incorporated As(V) was distributed to the plasma membrane and cytoplasmic
fraction (66%), followed by the nuclear and flagellar fraction (2.7% and 0.011%, respectively). The water
extracts of the intact cells contained As(V) and many of its metabolites, including As(Ill), MMA(V),
DMA(V), oxo-Gly, and 0x0-PQO,. On the other hand, the water extracts of the flagellar fraction included small
amounts of As(V), oxo-Gly, and oxo-PO,4, and those of the nuclear fraction contained As(V), As(IIl),
MMA(V), DMA(V), oxo-Gly, 0x0-POy4, and an unknown arsenic metabolite as shown in Fig. 1. Moreover,
the water extracts of the plasma membrane and cytoplasmic fraction included MMA(V) and an unknown
arsenic metabolite. These results indicated that As(V) incorporated into the cells were transformed into
various arsenic metabolites in the cytoplasm, and then they were transferred to the nuclei, although a portion
of MMA(V) remained in the cytoplasm.
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Arsenic compounds accumulated in ordinary and dark muscles of skipjack tuna

Katsuwonus pelamis
O S. Tanaka", H. Senda", T. Kaise”, M. Usui", K. Hanaoka"

! National Fisheries University, 2 Tokyo University of Pharmacy and Life Science

We investigated the water-soluble and lipid-soluble arsenic compounds present in the
ordinary and dark muscles of skipjack tuna Katsuwonus pelamis. The muscles were subjected to
two extraction procedures: (a) a nitric acid-based partial-digestion method and (b) the method of
Folch et al. (chloroform-methanol (2:1)). The extracts were analyzed by HPLC-ICP-MS.
Besides Arsenobetaine (AB), the major water-soluble arsenic compound occurring in marine
animals, trimethylarsine oxide (TMAO), dimethylarsinic acid (DMAA) and an unknown
compound (UK) were detected in the extract-(a) without exception (Fig. 1(a)). On the other
hand, AB was the almost sole arsenic compound in the water-soluble fraction fractionated from
extract-(b) (Fig. 1(b)). From these results, we concluded that the TMAO, DMAA and UK
detected in the extract-(a) were derived from the lipid-soluble arsenic compounds: a
considerable amount of arsenic is accumulated as trimethylated or dimetylated lipid-soluble

compounds in the muscles of skipjack tuna.
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ZE 3Lk Suzuki Y, Shimoda Y, Endo Y, Hata A, Yamanaka K, Endo G, J. Occup. Health 51: 380-385 (2009).
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Fig. 1 HPLC-ICP-MS chromatograms of As in serum samples

Speciation analysis of arsenic compounds in a serum and urine by HPLC-ICP-MS in a case of acute arsine
poisoning

Yoko Endo', Yokihiro Yoshimura?, Yasuyo Shimoda®, Yoshihiro Suzuki', Kenzo Yamanaka®, Ginji Endo*

! Research Center for Occupational Poisoning, Tokyo Rosai Hospital, Japan Labour Health and Welfare Organization;
*Department of infectious disease, Yokohama Municipal Citizen's Hospital; *Department of Environmental Toxicology
and Carcinogenesis, Nihon University College of Pharmacy; ‘Department of Preventive Medicine and Environmental
Health, Graduate School of Medicine, Osaka City University.

Speciation analysis using HPLC-ICP-MS was performed about As compounds in serum and urine of an acute
arsine-intoxicated patient. The arsenic compounds, AslIIl, AsV, MMA, DMA, and AsBe, were detected in serum and
urine of the patient. Except AsBe, the other As compounds were extremely higher than those of non-exposed people.
Biological half life (BHL) of AslII, AsV and MMA were estimated to be 30.1, 43.0 and 96.3 hrs, respectively. However,
BHL of DMA could not be calculated because of its further increase in serum in 5 days admission. It was suggested that
over 20 mg of As during the admission were excreted into urines. This result indicated that arsine was metabolized to
DMA via the production of AsIlI in the human body.
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Determination of arsenic species and development of certified reference materials by HPLC-ICP-MS
and species-specific isotope dilution LC-MS

Takayoshi Kuroiwa, Kazumi Inagaki, Tomohiro Narukawa and Koichi Chiba
National Metrology Institute of Japan / National Institute of Advanced Industrial Science and Technology)

Arsenic speciation is very important and the certified reference materials (CRMs) are necessary for use in
validating analytical methods. We are developing arsenic species standard solution CRMs, matrix-type CRMs
and related accurate analytical techniques. In this study, we investigated the arsenic speciation analysis by
HPLC-ICP-MS and species-specific isotope dilution LC-MS and developed new CRMs.

We applied the species-specific isotope dilution LC-MS using "*C labeled arsenobetaine and HPLC-ICP-MS
using Sl traceable arsenobetaine solution, NMIJ CRM 7901-a as calibration standard. And, HPLC-ICP-MS
and species-specific isotope dilution LC-MS techniques with several column conditions were applied for
certification of arsenic species. As(V) and DMAA standard solution CRMs and Sword fish CRM for arsenic
speciation analysis are now in available.

We applied the total quantity consumption introduction system of ICP-MS which was developed in our
laboratory to measurement for phospholipid. This system made it possible to measure some phospolipids by
measuring phosphorus as an analyte of ICP-MS. We apply this method thst we established to the analysis of
the fat-solble arsenic compounds such as phospholipid type in ocular tissues of marine fish.
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PAA PMAA PDMAO DPAA DPMAO |PhAs—Total
sample [ 1 gAs/kgl [u gAs/kgl|
soit-no.1 TR 167.4 81.7 28.9 62.1 365.2
soil-no.2 TR 2421 918 483 79.8 463.2
soil-no.3 TR 232.0 1345 50.3 62.4 479.2
soii-no.4 TR 215.1 74.6 56 10.0 305.3
soil-no.b TR 68.8 107.9 TR 12.8 189.6
soil-A-7 TR 2770 125.8 42.2 78.8 523.8
soil-A-25 TR 2304 1056.3 219 465 404.2
soil-A-50 TR 80.3 82.7 18.6 17.8 199.5
soil-B—25 TR 25713 140.2 415 52.8 524.8
soil-B—50 TR 151.6 118.9 23.9 33.6 3280
TREERRLLT
F—2 200 THEKR DR S - BRI
PAA PMAA PDMAO DPAA DPMAOQO |PhAs—-Total
sample [u gAs/kgl [ gAs/kgl|
rice—X—-10 = 158.3 = = = 158.3
07.rice—X-9 = 185.0 = = = 185.0
07.rice—X-7 - 175.7 - = 175.7
07 rice—X—genma| = 2431 = = = 2431
07.rice—X—nuka = 1084.3 S = = 1084.3
07.rice—Y-10 = 507.3 = = = 507.3
07 rice—Y—9 = 2228 = = = 2228
07.rice=Y-7 = 236.9 — - - 236.9
07 rice-Y—genma = 295.1 = = = 295.1
07.rice—~Y-nuka = 685.5 - = = 685.5

X—10 : 10432

X— 9: 94%y%E

X— 7 T4%Ex

Genmai: ZkK

Nuka 1
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WL L.

@  AHROIGEYFETEFET OHMTIX, 1970405 0 5 1980 E R T CREUEZRBFIBRBATT /2 TN 5.
TD, RFIERRIE ORCMMIE D D DR TAIKZ DL THNT, KEERDD, FROPMIC—HTH S 600
m*EERE Y WA T OEMAM (712 - RP) LLTHHSNS. £ LT, £ IIEF0R 5 4R (1993 4F) i
WA - B CHD RSN, IHOICERATTREIIVKEE 2. BT & ERRCRE NS,

INHOHEIRES, DPAA D, EhZa & NTHIRFEAE —HEHC (R, 2004) 25 FAKRICE L, ATH

J& Wy ] — i1 BE TR0 B SR ML o0 W MR [R)— MU B & B & P~ L TR S T D HE R KRB R ISR - CREZ

LCTKEFMA~BE L, REICHD TAEEOHKEEZHRT DICE 7. £ LT, AMKERER A O IS5

AKEE (MUFARBRT Y 2—2) & LTEEL WL, £ LT, HRBERAF NS OH FAEK TH R ARMAME 3512

ONT, FEFERE FRMUAAE L CWE - TG T Y 2 — 258k L, AR T KTERRENEIK L &bk

FLTWol&ffimodiz. LiehoT, ZORMOBGENRLETHD.

i BHEAKRBRIC L 2 FMALRTG G TKIRE LR ORRGE

AFFFFIHREOF W AT, AFFOH T KEK CHBMBIRER L7320 L W ot iR 2 MEET 2 BN S, RO

BTG KR & ATHERIESE  (DPAA - MPAA) M F/KIGYIC B 2 R SRR BE A L DR A 234 T 72 o7z, DPAA « MPAA D%y

HTIZ B U CIE B SOR R 5 HFE = O 11 & 5,

a. BIGAKRER & ot A T AR DEHK

BGRKEER & T AL K OBKIZEL T O FIECHEME Uiz (RIRFHREOK BB SR A e o & — i ianT 77 5

PRSP FRAE R, 2004MS) [SEME H ] H R K DEKICEE 5 M PR OB AL RIRE DL A~ 5. [F2hE A ]

2004 =3 A 16 H (k) 9:00~14: 00 [Fha)71E] BKRHCAED R AW EEL S RV L S ICHRE L, AR 71

FLED S +50cm Ml FE D RETHRE L (K—1).

KPRy 7=y oM MNIFHERR &2 HE L, HKkEEHEREHE L. S5KPOANOKRMEIE, KAE%

HOCTHRIE L2, KRy Fa=y KRB Z LT 5410, FIlloEkz 200 2 > 7 LEIZHEK LTz, kBRI
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U7 2= VTV UBRIT K B TR AARTEVEF OB fiREA

OWmEE, #HEEf, R, TEAN, BT 7, BHIE
RBRHINERFRFBEE L IER RSN EF

1. LI

U7 =)V T )V (Diphenylarsinic acid, DPAA) [E%55 2 kS RE i S
AL F RO GREM Th D, £, TIUTRIEE, AT ICB W T, FERBFL T
LR EEDOFRKME & L TP TW5S, —J, DPAA OFEFEMEICONT HEE
SNTVDD, EOFFMIIAHTH S, T IXLOMIET, 7 v MHHIFED AR Z
T DPAA, 20ppm IZEB W TIHED AMREEHZ "3 2 2602 Lz, L,
DPAA (2 L DR B AAEEEH OBFILE 2R TH S, & 2T, AHFFEIL DPAA IZ X
D3 AAEENE R OBEF DRI 21T > 72,

1. J5ik

FRAT T d, FER T &2 (K1) PBAEOT v Mz v, BREA
& LT, HPLC % HW 7z E2{kiY DNA {5E DO FEIE Té % 8-hydroxy-2’-deoxygunosine
(8-OHAG)DFE L L <)L RT—PCR % fiV /=3 k7 & A P450 4545 1 FiEs L OV BB =
@ mRNA JE8i &, Western blotting 35 X U8 Gel shift assay % I\ 7= Arylhydrocarbon
receptor(AhR)D % /37 3Bl ks L OMREIEM:, S 512 QSTAR Elite LC/MS/MS % F W
7T A — AT K DREBLE "o DTa T 7 A4 ) T ORFEIT o1,

2. FER

8-OHAG 2Rk L~ LiX, FEBR 1 (DPAAS I 5) BT, DEN LFROFMIZEE S
7 20ppm &G HETHEIZHEML Tz, —J, FE 2 (DPAA2 HEE L) (2B W T,
8-OHdG JEEk L~ Z RIZ R S e o7, CYPIBI @ mRNA FELEIT, 2 DD3FEER
FIZHBW T, DEN LFROAFEEIZRT S F 20ppm B ERECTHERBIREMN R bz, =
D EMMB, CYPIB1 @O _EFRIZALE T 5 Aryl hydrocarbon receptor(AhR) D 4 > /X7 FEH,
BB L OMREFEMEZ 2, ZORE, AR O X 37 BEER L OMREEM T, 25
DEERRIZIWT DEN LB A MEIZES 637, 20ppm & H-HEIZ I\ T, AhR O
BEB X OEREIEEOBIMAGTRD iz, 52, AhR O FHIINALE T % Cyclin D1 35 X
W e-Myc @ mRNA Bl & 2 72 #5 5, Cyclin D1 1%, 2 DD ZEBRRIZIH VT, DEN AL
HOAHEIZE 5T 20ppm & 58 THERBBUEMN R Hilz, e-Myc X, FZBR 1 120
T. DPAA 20ppm Bl 5 CHEZRBEMMMA R bz, & 512, %EBR 1 O DEN 4L
B —DPAAO, 5. 10, 20ppm & 5- %175 72 4 BEZ W2 7 0 7 A4 — LM OFE R . 20ppm
FRRWICEENT DX TN 65 H S0 . DN AhR pathway (ZEFH 35 & L
7 N8l oMo 7=,
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3. BE

20ppm @ DPAA B 512XV, 8-OHAG FEikd L Y AhR DIEMEALAFFE XD Z &2
o7 o7e, LLEL D, DPAA © T » MIFRED AAREERIZER{LH) DNA FEER X
Y AhR pathway OFFMALBE G- L TWD Z &R STz, (K2)

Experimental design

y4 (0]
R8I e )
AhR pathway

0 2 3 8 week 0 2 week
( 1 1 J ( J
] | S S
group DPAA(ppm) No. of rat group DPAA(ppm) No. of rat

1 0 20 1 0 20

2 5 20 2 20 20

5 Gene T

3 10 20 S i DPAA expression *CYP 1BI

4 2 2 sacrifice s *C-myc

S(on-DEN) 20 10 -@R/T Cyclin D11

6(non-DEN) 0 10 Animal: male, F344 rat, 6 weeks of age T L .

ranscriptional activity
1 200mg/kg DEN or 0.9% saline, i.p. Treatment: diphenylarsinic acid(DPAA) in the drinking water
V 23 hepatectomy Examinations: ~ *measurement of 8-OHdG
; ) -gr.lpcn . Promotion
sacrifice *Proteome analysis . .
Wt blting Oxidative stress | effect
*Gel shift assay

1. EBp7 o ha—

Mechanism of promotion effect of diphenylarsenic acid

on rat liver carcinogenesis

Takanori Yamada, Xie Xiaoli, Min Wei, Naoto Suga and Hideki Wanibuchi
Department of Pathology, Osaka City University Medical School

Diphenylarsinic acid (DPAA) is an enviromental degradation of product of diphenylarsine
chloride or diphenylarsine cyanide, which were chemical warfare agents produced by Japan
during the World War II. DPAA is suspected of inducing health effect that include articulation
disorders, involuntary movements, and sleep disorders in kamisu, Irbaraki (Japan).We
previously showed that DPAA had promotion activities and increased liver weights at 20 ppm
but not at below on rat liver carcinogenesis in medium-term bioassay (Ito test). The purpose of
present study is to clarify the mechanism of DPAA-induced toxicity and promotion activity in
rat liver.We found that DPAA at 20ppm increased significantly in oxidative DNA damage ,
mRNA expression of CYP1BI, cyclin D1, and c¢-Myc, and protein level and transcriptional
activity of AhR. Proteome analysis showed that 69 proteins were differentially up or
down-regulated in 20ppm DPAA group compared with DEN alone including 18 proteins of AhR
pathway. These results suggested that activity of AhR pathway and oxidative DNA damage on

rat liver carcinogenesis involved in promotion activity of DPAA.
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1—8
BEEEREICHTH-EHORENSOER, HFIVLA B AXEREOHEMRE

OFHERT v, PEIERY, WS Y, HRE Y, N o

U UE TR ST KRR I R, P IR KR E R, Y EIWEE K,
O FUH AR, D itik%k%ﬁml:%;ﬁﬁnﬂbﬂfﬁl:ﬂ%ﬁi

1. 1IZLU®IC
R e SEHIYE T,
SNTeREITILD LT HHECKREBIEDOHA ORHE

MBPEW % 2 B3 DM EER 2 x4 L L?‘:ﬁ%ﬁ)ﬁﬁ%%ﬁ’@ L, BF%/ L TEIL
IZOWTHH L7=D THRET 5,

2. ik

IS FROBFHIBORAR - 7V EEORHEEDONETE L EOFEET, REZ&TZ 20~170
ﬁwﬁiw%CW%%%mu&w,ﬁ@m%@?%iwﬁ)%ﬁ%&btoﬁ$ﬁ§i@ﬁ%m
BT, 1 BooefemEd, B, Y&, TSRS 25lx OFJIHER LT, FRFHRIK
X BRSO E L2tk BB L, HIEREE LT, REREEINE L SN EIX
TETHR B AE SERERL £ TR Lz, TEoMIE ICP-MS ik~ 72,

3. FERKONEBL

1 HOBFEICBIT A2WEMEBIREN LR EBIREELFR 1 ITR LT,
#1 —HORERNLOWEEMERE( LK OULHEERE (ug/day)
AR G AL I s As cd Pb Sn
B mean 54.2 13.0 119.9 268.3 61.9 31.2 151.2
sd 14.8 18.4 77.4 215.4 55.7 54.7 383.8
max 82.0 79.6 267.6 1080.3 309.7 328.4 | 2142.8
min 26.0 0.0 0.0 11.2 6.7 1.6 2.8
Ak mean 55.0 33.6 112.8 455.8 60.4 27.2 125.9
sd 12.6 30.1 69.2 649.8 34.1 20.4 179.7
max 76.0 96.0 266.6 3991.3 216.5 109.3 563.0
min 27.0 0.0 5.9 38.0 23.2 7.6 3.4
ey mean 54.6 23.4 116.3 363.2 61.2 29.2 138.0
sd 13.6 26.9 73.0 492.6 45.8 40.9 297.0
max 82.0 96.0 267.6 3991.3 309.7 328.4 | 2142.8
min 26.0 0.0 0.0 11.2 6.7 1.6 2.8

BANZEET 2 A58 TII RSB ED OB IREN LD o7z, [RIEOERERF - REFHER

HO 20 FLLEORAEHIERE L B L T, B, AMBoRMHOBRENRL, &Ikt
TIHBEERDA S0 o T2, RIS, BFENHOOGEITCHEEREDL, DBEIC

BEHA (b= F ATy l\nﬂﬁ)

TRENTWAHEFE (As),

FEORETHMEE I LT, AsiX 363 pg (&ETHHE 180 pg),

2 D BIEN L,
F D IRND, SR

BIEIZ R E BN A5 I,
P EEEIE 26.6 (5.93) ng T, 2EFREICIR L CEEE R Lz, XREITEED OBREN S
<, INHORMHERRO THEEIREICERK L TWA Z ENRHERIEN S, As, Cd, Pb, Sn & VfF#EaSE,

50

7 FIvLs (Cd),
Cd i 61.2pg ([F26png) T,
Pb IZREFEMED 23 pg L0 0RL ) olc, AKX (Sn) IZOWTEBHFET —
e DR B AL FENE L 7o N DR2RE R A R R TlX 0~5370 ug /H &

R (FEEERZ) 25 11.0 (13.2)

BT D& EEY O
# (Pb) DIdE

ug Tholo, KAZFO%




A EERE L OMBEAX 1, 21R L2, As 13EREE = 0.368) & /M HHE = 0.383) 3|2 dm L
T FINCA B R HBEBMRNGED Hiiz(p < 0.05), Cd IZANEE = 0.335)12F & 22 M0 BRI
RENT (p <0.05), RWT, BENLERINZZINS TEBOMAEERICOW TGS L722,
As, Cd, Pb, Sn fEBHEOMICHIHFIICHEZ2BEMEITFRD b ho Tz,

800
700 [

600 |-
@
=500 t
=

weid00

Pb

7 P o= Py { =
0 e Wil g PN Yy g WG Wy g8X dy ¥ om

e . 0 50 100 150 200 250 300
EEREDNE(e/A) BNEERE (¢/A)

X1 ¥EEERE L As, Cd, Pb, Sn OFAB X2 MAANEEREL As, Cd, Pb, Sn OFHES

4, £

RIBH NTIFPEY DERBEN L L, & < ICKMETIREREOERNZVVHB AR SN, BFEND
EBRENT-E2BTETIT As & Cd DERENSZVMEABNICH 77, EREV, MWEECAMNEE As
BINE & OMIZIIABEREOHBEBBNRRO DD Z EDRHLILTVD, AR TS IR R0
Boni-, )y, WREZAEHEICBITS, Cd, Pb, Sn BEREICE L Tl +oRizdbine®E
2%, EHIZ, As & Cd, Pb, Sn #EHE L OMARBBREBRE LRI STV Y, 2O
EWFIE DX As IO WT O LR EEE & G FEICABERBEEENE O Do o T,

Study on the relationships among daily intake of arsenic, cadmium,
lead and tin with excessive eating of seaweeds

Keiko Chiba", Haruo Nakatsuka®, Takao Watanabe®, Shinichiro Shimbo®, Hiroshi Yamauchi®

DIwate Prefectural University, “Miyagi University, *Miyagi University of Education,
YKyoto Women’s University, “Kitasato University

To examine the relationships among daily intake of arsenic, cadmium, lead and tin with excessive eating of
seaweeds, we investigated the 24-h food duplicate samples offered by the men and women who lived in a
fishing village. Arsenic and cadmium intakes in subjects were larger compared with those amounts of total
diet study in Japan. Dietary arsenic correlated significantly with seaweeds and seafoods intakes and cadmium
also correlated significantly with seafoods. However, the relationships among daily intake of arsenic,
cadmium, lead and tin were not significant.
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RhFLAOLRTFVLHIBRERICEITA ASIMT Bin T+ e BAH O BEER

OFEALTER 12, 25 AN 2, BB ', B8 7% °, Tu Binh Minh*, Pham Thi Kim Trang’
Pham Hung Viet', /7 F76% !, HilfE/*

VISR IR E R, T BRI R R E RV A S 2 — (CMES),
SEIN K FHL M E G ERFFL, ¢ Center for Environmental Technology and Sustainable
Development (CETASD), Hanoi University of Science, Hanoi, Vietnam

1. I

FERE (As'") el (AsY) 28 DL R EWIT. RBAMEEF TLIERMENTND, K
PIZEVIA EN TR E R 1T, AT /A ITRETS L, (RS~ PRt S5, £ ORBHEBRIZIB W
. arsenic (+3 oxidation state) methyltransferase (AS3MT) |ZAT WALEESE EL THREE R IZAT L
AT 5, ZHETOEND, bEBORB B LOEMERBUNIMEAEZSLRIBEZENDFEL, 2
DI FEE BB BRI L TELDZED R I TET-, AT DAL TIX, ASSMT O—1
FEZH (SNP) LEHEDRHEED BRI E SN TND, LNLZRNG, ZOERIIW a0 THY, &<
WZT T Naext G Ui EI3 I Ch D, £ 2 CTARMIIEIL, NN ADOR TG YA 5t 521,
R KB LR RO JREEH T L CeR DOBRER R Z LN T HLLHIT, ASIMT B 1%
EEFHOBIEIZ OV T LT,

2. RApkeFHE

2007 49 H . XM 246# Ha Tay /1@ Thanh Vanh (TV) & Thach Hoa (TH) Tl # & FZhtL .
IS H T K (n = 36) LERODR (n = 90) | MK (n = 90) ZEREXL 7=, 72 B ARWFIRIL, BhE K
FEFEHIE B S OKBRBIOREHEMEE DAL 74— LR a v M TEMLZ, SREL
7B, B KN R BRI R 2 SE 2 2 — D AW BRBEREL N7 (es-BANK) THOMTHEE T
25CTRAFELTZ,

L3 HT T BRI IS eV ICP-MS THab# % | HPLC/ICP-MS Tt H LA (A", AsY,
monomethylarsonic (MMA) , dimethylarsinic acid (DMA) . arsenobetaine (AB) ) # &M E & L 7=,
AS3MT @ 29 »Flr®d SNP L, iz 5 DNA ZfhHL7-% . PCR/RFLP (£ XD E L=,

3. FREEBE

BT OFER, TV TEREL7Z# T /K25 WHO OFENK D22 UEE (10 pg/l) 2B 2 D
FEDEH (5.5 - 145 ug/l) BSHHESZ, TH ORUTF K FHREHRREIE, <0.1 - 0.5 pg/l &£ TV X0
HEIKETH-T, 2, TV O—HFEFETIL, HFKEZ AELEEL Tz, 2D AK e
FIREIL 1.5 - 50.7 pg/l THY, WAL ST 61 - 95 %DERNFANBERESIN T,

H R K DRGSR AR, ENRPFRE R EWIRE T, TH GRFTELE (GM), 37.8 pg/g Z7L7
F=2M720) 0 TV(GM, 63.5 pglg 7V 7 F=2M720) O FRFEICEME R LT, 72, b
JRHF DMA, MMA, #EiE3E (As" + AsV) TV THEICEEE ThoTz, SHI2, KRS
IREELENRFRERLA Y. DMA, MMA, SEREE S8R FEOMICA B EOMBERBRR A ST,
ZDOZEND, TV OFERFH FRZN L TERIZREL QDL LHEERS N,
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WIZ, ASBMT @D SNPs EHEREESE D AT ALEED BALRICOWTHRT L 72, MEREESE1T MMA,
DMA & 2 BTSN TOKIEDN D AFFETITRF MMA/HEEE S (primary methylation
index; PMI) , DMA/MMA (secondary methylation index; SMI) & AF LALREDFRIEE L THW=, 4
MIFHA L7 AS3MT @ 29 »ffd SNPs £ TCICBWTEREZFRIETHILENTE-, Z0DHH,
37616C/A @ CC #LX0E, CA %L, 37950T/C @ TT HLE0E, TC BT PMI NA BICEE CThH-o7-2&
D, ZIVHDZE BIZ LD MR RO 1 AT ALOMRENE DTz, 72, Z4uh SNPs OfIZIT5R
VBB A S DRI AN B o7z, — 5, 14458T/C O TT B> SMI %, TC B I EL ~L THh o7z,
ZDOZEMNDL, AS3MT 14458T/C O TT B, @V 2 AF UALREZ S DT EDVRIBS LT,

LR R R R TR TR R R SR R R SR SR R R R TR R R R SR SR R S TR R R R TR SR R SR R SR SR S R S R R R SR SR R S S S SR TR R R TR SR SR R SR SR R S R SR TR R R TR TR R R S S S S S T

Relationship between genetic polymorphism in AS3MT and arsenic metabolism in residents of
arsenic-contaminated area in Vietnam

oTetsuro Agusal’z, Hisato Iwata’, Junko Fuj ihara', Takashi Kunito®, Tu Binh Minh*,
Pham Thi Kim Trang®, Pham Hung Viet®, Haruo Takeshita', Shinsuke Tanabe”

! Department of Legal Medicine, Shimane University Faculty of Medicine, Izumo, Japan,
? Center for Marine Environmental Studies (CMES), Ehime University, Matsuyama, Japan,
3 Department of Environmental Sciences, Faculty of Science, Shinshu University, Matsumoto, Japan,
* Center for Environmental Technology and Sustainable Development (CETASD), Hanoi University of
Science, Hanoi, Vietnam

The present study investigated arsenic (As) exposure status from groundwater and residents in the Red
River Delta, Vietnam. Association of single nucleotide polymorphisms (SNPs) in arsenic (+3)
methyltransferase (AS3MT) with As methylation in human was also evaluated. Groundwater and
human urine and blood samples were collected from Thanh Vanh (TV) and Thach Hoa (TH)
communes in Ha Tay Province, Vietnam in September 2007. Total As and its speciation (arsenite
(As™), arsenate (As"), monomethylarsonic (MMA), dimethylarsinic acid (DMA), and arsenobetaine
(AB)) were measured by inductively coupled plasma mass spectrometer (ICP/MS) and high
performance liquid chromatograph (HPLC)-ICP/MS, respectively. Genotyping of 29 SNPs in
AS3MT was conducted by polymerase chain reaction and restriction fragment length polymorphism
(PCR-RFLP). Total As concentrations in groundwater were from <0.1 to 145ug/l and the level of TV
was significantly higher than that of TH. Analysis of sand-filtered groundwater revealed that
domestic sand-filter system could effectively reduce As from raw water. Urinary total As, inorganic
As (As"+ As"), MMA, and DMA concentrations of residents from TV were also significantly high
compared with those from TH. Moreover, concentration of total As in drinking water was positively
correlated with those of total As, inorganic As, MMA, and DMA in human urine. These results
indicate that water is a significant exposure source of As in residents from these regions. We could
identify 29 SNPs in AS3MT. SNPs 37616 and 37950, which showed strong linkage disequilibrium
were associated with primary methylation index (MMA/inorganic As in urine). Secondary
methylation index (DMA/MMA in urine) of TT homozygote of SNP 14458 was significantly higher
than that of TC heterozygote. This indicate that these SNPs may be responsible for As methylation.
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2. A=Y IRER

TG L 72> TN D3 T A FIRIZ, UPINDINESZ 7 T
DHAEAH TR 4 B OMLEIZH D . 13—V E THI 3 FE]
Thd, A=V 7% 2000 43 F12FE L, +oikk% ,
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L7-IEHIZ. NH,N, NOy-N, PO,>, COD. CI. F¢*", EC. ORP,
DO T, ZDO#%FHIF-> -3k C, As®, As™, Total-Fe, Na',
NH,". K'. Mg*, Ca®"%HIE Lz,

K—3 13, &b REE L 2ERORTH D, SEIRFEN Tppm LL
FOSEBRITEERENE L 25 Lt BRI < 2 D
AR D, B RITREA 3N THAE L Tz, Sl ke HRIL,
LBIIRE MR B i < A2 DIEMAA LS T, 28k Tppm 1T
DT —H D% 80m DiRERHF TH 5,

E# L ORP & DRHRAER—4 12757, ORP NIEDE Tl b iR
FE R /KIE 220y, ORP120mV T C b RIREND LE T
— 2%, JOKOFERTH D, ORP NADEKTIE, bHREED
FPADY A —EDMAEIT RSN,

b RBIRE L FA A ORRE L OREXK—5 1T, BT A4
VIREENEL 725 L e BIREMEL RAERNAOND, BTFA
VIREREWEAIS, R ET ~OWAE, WA DI
LW EOBIRNEZ > TWDHO Tt Bbhs,

4. BbiZ

b~ I YRR E T 50 P AT DT KO b 35
Yelk, A > IRV, R T TF 32 LTRSSV LTk
BENT&EZ, TLTA, AP Ao THHA > KUPM
T, TOIERDNALIZEN-2H 5, BFKRFAL, 2O UPMTO
AR e FRPRFELZB LT, 2D OHIRTO b FIHY R H
HEITEBRLIZWEEZ TV,

BEIR

1)  Arsenic pollution of groundwater in the Uttar Pradesh state, India,
M. SEZAKI, K. TANABE, H. YOKOTA,IAH2008 in Toyama,
International Association of Hydrogeologists, 2008.10

2) Mechanisms of Arsenic Contaminations of groundwater in the
Ganges, Sezaki, M., Hussainuzzaman, M. M., Tanabe K. and
Yokota Y. ,Proceedings of 13" ARC 2007, Dec., 2007
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Arsenic Contamination on groundwater in Bahraich District, Uttar Pradesh State

M. SEZAKI", D.TAGAWA", K. TANABE?, T.SANA?, K.SHIOMORI", and H.YOKOTA?
1) Faculty of Engineering, University of Miyazaki, 2) Cooperative Research Center, University of Miyazaki,

The investigations of arsenic distributions in groundwater have been carrird out in the 49 districts thought to be ‘at risk’ by

UP state government. It was observed that arsenic ‘hotspots’ are generally found near to the major rivers of UP. The

arsenic pollution is serious there, and it is necessary to conduct an immediate full investigation. University of Miyazaki

started the integrated arsenic mitigation project supported by JICA in June 2008. This paper is a summary of testing of

arsenic in groundwater in UP state by University of Miyazaki.
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1. lZL®ic

WA, B3 - ERRTERMERTE BEERTE B IR ORI =k e R (Ase03) MIRIFEIK &
LTHWSEND LS IZhoTz, LrL, 3 oM e ZO IR L 72Ek %~ ZeRIEH
NHEINTEY, P CHLLER ETHRHEIND QT IEEIZGRERE HIE L 2T d 6
RWEEEKCTBSENRENER CTH D, £ 2T, AL 1%, 2 FEOZ v b HERME
(O 3 - H9c2(2-1D)fmfa ., AFlgiea >k : TRL1215 fifa) % HV Tl b BR o LMl f4
% KT DR 24T > 72,

2. ik

Ml 7 BRSO M HIC2(2- DM, T v N IER R IFIETRLI2 15H e 2 {F
A U7, #ilAELESR « alamarBluel: CTHiH L7-, B EZOMANEF : ICP-MSTHIE L7,
AN 7 V&2 F A (GSH) & : HPLCH AR HTE CTHIE L72, mRNAFHLE : e &n
RT-PCRIEICE VIE LT, ZU "V ERBE Vo AZ Ty MEZIT-T2, Nif2
IEMAL : NfR2Z VXV BEORZEE T T AKX 7 ay METHH Lz,
3. fER

i b aREE 48 REf% OMIBAEFR A2 R E Lz & 2 A IFlgH o TRL1215 #iflg L 0
LR ER S D HOe2(2-1) I b BRI 6 L WS MEZ2 R Lz, 2006 2 Ml Codie
FRIZXT T DIRZMEDIENERETT 572012, fMildN e EEBEELZNT LT, TORE,
i b i 24 FERIRER 1% O & FEREEIT. H9c2(2-1)MAEd 7% TRL1215 fifEiZ b L
TEZWZ EnbhroTo, HIR-DAIII T BEHEN L WRK E LT, RO AL
BIXOPHMBEICZER H D Z E RN PRINZA, WAMRE CHEERERIIRE I
2o 2T, B EOYEICSLE GSH ICOWTHHZ1To72 & 2 A, HI22-D)AlfD
GSH #i%. TRLI1215 fifaickt UL CHEREITIRWNZ B3 ohvo7c, 2D Z Lid, GSH 04
BT Dy-7 V2 IV AT A CEEESR (-GCS) D mRNA BELOZ X7 'F
FHE L BT, HO2Q-)D FMMBEFE BN END L HEMTE 5, 51T, y-GCS DI
B 24 DEREIR A Nrf2 [IZOW TR L7z & 2 A, TRL1215 #fiE CILil b BRiggE I
X o T Nrf2 2358 <IEMAL STV 2208, H9e2(2-DAR CTidZ OiEMAL N5 x> 7=, LA
oz &5 TRLI215 Hild & H9c2(2-1)HElE Tl il & BRIk 5 Nrf2 OIEMEILIZE
2380 . HIc2(2-1)MIfE TITAMALNIZEL Y IA 7= B BRI 5 GSH &%
28 TRLAAICEE LTIV D AN e ERERBEIN S Z LI LV, dEERIC®
VWS ME A2 R RIREME DSV RIB ST,
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Investigation of factors involved in cardiac toxicity of arsenite
Daigo Sumi, Takahiko Sasaki, Hitomi Fujishiro, Hideki Miyataka and Seiichiro Himeno

(Faculty of Pharmaceutical Sciences, Tokushima Bunri University)

Arsenite is used as a therapeutic agent for the treatment of acute promyelocytic leukemia,
however cardiac toxicity is observed as prominent side-effects that is defined by prolongation of
QT interval. To investigate the factors involved in sensitivity to arsenite in cardiomyocyte, we
compared the effects of arsenite in two rat-derived cells, TRL1215 (liver cells) and H9c2(2-1)
(heart cells). H9¢c2(2-1) cells showed higher sensitivity to arsenite than TRL1215 cells. In
addition, we found that 24 hours accumulation of arsenic is higher in H9¢2(2-1) cells than in
TRL1215 cells. The expression of y-glutamylcysteine synthase (y-GCS), a rate-limiting enzyme
of GSH biosynthesis, was examined to explore the differences in susceptibility to and
accumulation of arsenic. Basal and arsenite-induced increases in mRNA and protein levels of
v-GCS was lower in H9¢2(2-1) cells compared than TRL1215 cells, resulting in lower GSH
concentration in H9c2(2-1) cells. Transcription factor Nrf2 is known to regulate y-GCS
expression. As expected, Nrf2 activation by exposure to arsenite in H9¢2(2-1) cells was lower
than TRL1215 cells. These results suggest that high sensitivity of H9¢2(2-1) cells to arsenite is
partly caused by low availability of GSH accompanied by modest activation of Nrf2.
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1. IL®IZ

SVERTEBEERYE A A (APL) OVERRICHWT, =k # (i) DA THLH 2 ENmES
Nie, Flo. BEPAZELMON MBI L TEMRERZET 22 bRINTNS, &6
IZ. aquaglyceroporin (AQP) 73 HE b EEDMIIIIN ~DEL Y IAZIZ, ABC k7 > AR —#— (multidrug
resistance-associated protein (MRP), P-glycoprotein (P-gp)) 23HE & B2 DMifast ~DHEHICRE 535 2 &
WAL, BMEBOEREZRESELAT LI ENHESNTWVD, LaLaen b, b MHCRIEFE
Rl ki3 5 Hi b R ORI h s STV R, E 7o, SRR, b NI B R g R
AR CTd 5 ERAIE (amnion cells) 38 X ONEIEHEBSGHIZ (chorion cells) @D £k~ Ze AAAIRIBLIZ 33
DICEMEDIENZH NI L, 2B DR S D 2 =—72 72 in vitro ARG Z AT 5 & M4
L7z, 22T, ZO invitro MRS EMAT R 2 N T, HEBBOIRY ALB L OPEHIZE R L, Wi
N4 2% #h b BB D 52 B DU T HsRRET L 72,

2. Hik
Al Re B B S K OVE AR SR E VA

bt MYPREEH A, amnion cells 35 & U chorion cells 13, 4RHR#%H1 D E 5 758 7 E ik &
0 iE EOIBRIC K o TH B AV IR 2 & . MAFFEE D3N L7 FE T L 70, Mila o A7
i b RN FE 48 RIS XTTIEIC X W e Lz,

AN b SRR ORI E

BASIEREN 17 uM L 72D Ko Cii e BBE A A5 L, amnion cells 35 X U8 chorion cells (21 #%
L7, MifazEU L, PBS T3 EWF AT o7z, #EHIAEEE 0.1 mL 36 L Ok k3 0.05 mL %
wnL., @RIKIEZIT - 72, JRAL L7230BHT milliQ K THRE., 7 1 V¥ — Hildtk 247V E stk
& L7, B FEOMHICIE ICP-MS (ELAN DRC-e/PerkinElmer) % fu 7=,

Hi b g b T o AR— 2 — [0 8

fi e B OMIEAN~DOED AT ST 5 AQP DFEAI & LTV e b—va vz, /-, dit
B DA ~DHEHIZE D% MRP, P-gp OFHLEAIE LT 7 v AR Y 2 A, MRP &L EH &
LT MK571 & vz,

3. MR

i b BRI %P 2 21X, amnion cells &2V chorion cells D R E -7, £7-. WifdOMIEN
b EREEEE L& 2 A, amnion cells £ ¥ chorion cells D 523 &> 7, #iEFROELY IAAIZEY
5925 AQP & YV E h— LZ X W LE L7z & Z A, chorion cells [ZHB W CHIIN & BRENMET L.
Hi b B OB EER N IH X4z, — 5. amnion cells TIZHAEN b FIREIZEITERD HiL7an
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ST, BT EBROPEHIZE DS MRP, P-gp DBHLEHRITH 5 CSA B L ONMK571 OH:AFIC LY |
WA W TR N & BRI B M U, AR S E AT L7,

4. BE

MIHIAE O b BRIk 2 st & . Ml b RIREE & ORICHBIBMRA RSNz, S 612, AQP D
FHEEIZ & U chorion cells (ZFHB W CTHIEN B BIRERL L OVEGFRICHEBEREBENRONTZZ £ b,
chorion cells (£ AQP Z 4T L7-fHi b FROHL Y IAZZAT > T\ D Z LR &7z, —F T, amnion cells
IZBWTIE AQP FHEIC L DA OZ(LITRO 5T AQP LIS D T v AR —F —3 i e fg DL Y
ARG T D2 e R, £, e T AR —4—Th % MRP, P-gp DFHFEIC
L0 MK b R OBNES L UM A FEROK T AR LN Z L b, MRP 5L U P-gp Difi b
P~ G N RENTz, LEOZ &b, ZN6 O i3l e RO IEFMgCk3 21EHZ T
W27 A—=2—IZHY 95 Z &R s iz,

Effect of arsenite on normal cells from human fetal membrane

OYauta Yoshino", Bo Yuan", Makoto Takeichi®, Toshikazu Kaise”, Hiroo Toyodal)
1) Dept. of Clin. Mol. Genet., Tokyo Univ. of Pharm. & Life Sci.
2) Yoneyama Maternity Hospital
3) Lab. of Environmental Chemodynamics, Tokyo Univ. of Pharm. & Life Sci.

As,0; has been applied effectively for the treatment of APL patients, and is also known to possess cytocidal
activity against other cancer cells. Moreover, it has been reported that molecules of AQP and ABC transporter,
such as MRP and P-gp, are associated to As,O; uptake and efflux, respectively. However, effects of As,O3 on
normal cells have not been well elucidated. In this study, we investigated the effects of As,O; on normal cells
using primary amnion and chorion cells prepared from normal human fetal membranes as a model system.
XTT and ICP-MS analysis showed that there is a good correlation between sensitivity of these cells to As,O;
and intracellular arsenic concentrations. Furthermore, the inhibition of AQP resulted in a significant decrease
of intracellular arsenic levels and As,O; cytotoxicity in chorion cells, whereas no such phenomena were
observed in amnion cells. In contrast, the inhibition of MRP and P-gp markedly increased intracellular arsenic
levels and As,0O; cytotoxicity in both cells. These results suggest that these transporter molecules are crucial
for the effect of As,O;on normal cells, and could be used as parameters relevant to evaluating the efficacy of

A5203.
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o 1 1) 2) 3) 3)
3) 4) 5)
1) 2) 3)
4) 5)
iAs
[VAYS [VAYS
As iAs
iAs+ (MMA)+ (DMA)
iAstMMA iAs
1
iAs MMA iAs iAs
K 132
2007 10
-20
_ As 5 0.45um
HPLC-HG-ICPMS 2 HPLC
Shim-packSCR-102H SHIMADZU GLC Ltd. 10mgL? Na2SOs
0.01 mol Lt HNOs 1.5ml mint HG 1.4 mol LT HNO3
1% NaBHs+ 0.1 mol L' NaOH 1ml mint
8-OHdG MCI GEL
CAO08F (Mitsubishi Chemical Corp.) Capcell Pak C18 (Shiseido)
HPLC 2 (ECD) 3)
As 8-OHdG
0.1 pg L? 3
As(V), As(l11), MMA 0.14,0.090,0.14 ug Lt 05pugL? RSD
2.7, 29, 1.8% As(V) 113210%, As(l11) 106=5%,
MMA 107210%
40 As Table 1 As
(GM)
(GSD) 45) 24h
As
40 8-OHdG GM 4.97 pg g-crel, GSD 1.49,
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n=40 r=0.09, p>0.05

0 As As(V), As(111), MMA 0.61,
0.91, 2.50 pg g-cre? 8-OHdG 5.95 ug g-cret
7 As
Table 1 As
As Conc.[ug-As g-cre™] | [ug-As 24h-urine™]
This study i Hataetal(2007)” |  Mohrietal.(1990)"
( n=40) | n=402 n=210
GM GSD 50% tile Arithmetic Mean Mean =+ SD
A 053 (1.97 0.45 0.1 :
s(V) ( ) ! 21 £ 0.6
As(llly 1.88 (1.78) 200 | 3.0 !
MMA 291 (1.62) 292 | 2.6 § 52 + 22
iAs+MMA 543 (1.63) 527 | 5.7 | 73 + 28
1) , 14 : 27-28 2) Nakazato et al., Talanta 58: 121-132

(2002) 3) Kasai et al., J. Radiat. Res. 44: 185-189 (2003) 4) Hata et al., J. Occup. Health
49: 217-223 (2007) 5) Mohri et al.,, Fd. Chem. Toxic 28: 521-529 (1990) 6) Chung et al.,
Toxicol. Appl. Pharmacol. 226: 14-21 (2008) 7) Yamauchi et al., Toxicol. Appl. Pharmacol.
198: 291-296 (2004)

Assessment of exposure to inorganic arsenic and oxidative stress in Japanese children

Takuya Morib, Jun Yoshinaga?, Junko Kawahara?, Kei Suzuki?®, Miho Mizoi3, Shuichi
Adachi®, Hiroshi Kasai¥, Hiroshi Tao®, Tetsuya Nakazato®
1) University of Tokyo, 2) National Institute for Environmental Studies, 3) Sagami Woman's
University, 4) University of Occupational and Environmental Health 5) National Institute of
Advanced Industrial Science and Technology

Exposure level of inorganic arsenic (iAs) in Japanese kindergarten children was estimated by
urinary concentrations of arsenate (As(V)), arsenite (As(l11)) and monomethylarsoic acid
(MMA) determined by liquid chromatography-hydride generation-inductively coupled
plasma mass spectrometry. Geometric mean concentration (n=40) of urinary As(V), As(l11)
and MMA was 0.53, 1.88 and 2.91 ug g-cre’l, respectively, and they were similar to the
previously reported values for Japanese adults. Correlation between iAs exposure level (sum
of iAs and MMA concentrations in urine) and urinary 8-OHdG concentration as oxidative
stress marker was analyzed. Geometric mean urinary concentration of 8-OHdG of the
present subjects was 4.97 pg g-cre’l. There was no significant correlation between them
(r=0.09, p>0.05). Further analysis with adjustment of covariates, such as environmental
tobacco smoke exposure, will be reported.
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1. IIC®HIC

IR H LR CIIfstE O gk % MR IS & ATSHUEKR D S, R T Tng, Z o
FE /KIS & LI FIEE Y 1 BH72081 t AL, AWDIGIIHEDN T I TS, 414,
WSSO ARRD TSN D Z L SZOFIFIFANRRD LTV D, Fox idkERbekn v st Uitz
HI5HZ LMD EEORRSE « WEFIIGH TERWVDBRFT LTS, FREESZ O b O ki 7T
DG, B WEER R ET B 72010 SO LANETH DN, /3 X —LM i -
B BER N IS MREDIR TR SN D, # 2T, HIRAIRE ZoMFLOSERL S 5 KEEPEE 4 T DR
TN A~TFEBI RSB ET D 2 e 2 Mat L R E= AT L a— Lol ) -N-—A Y 7 a e L7 7
UIVT X R72 E OIKEENER G 1 O KEHR & Wis U GRS 2306 701, OKOFEEHEIZ L 0 N 241
BHLleoTEY, WSBRAZHIET 5 Z &1L 2O F A+ 5 2 L3k s, 22T
L B L OGRS KOV FEOWGERECE JIE RSO B JIET AT LN L,

2. EB

PVA JKVEIR & /KB ERI % i S BT KFEZ2RA L, PVA IR bwt%, ) 5.0-12.56 wt% & L7z,

IRATAIRIZ HCl KIS &N %2 pH1.0~1.2 ([ZFHEE L, 30 Z0RPKK CHREI LTz, ZEEAIE LT 25% 71
AT T B R 0.25ml (IR 0.0625wt%) INX, SONEEWZ 1 o Lz, =0k, BE
W 16m 1 77 AF v 72 ) 2 12ml 080, —18°C TG L—Mefr-o7=, Bk L3k v %
FREKIZIRIE L, HPEIC/ 2 £ CTRIEKE AZSH L CTHE

o f | eS Y ;‘ ~ ?u S
@Lf:o %@?\,ﬁ\ pH4®HCl 7k‘z§¥rﬁc:]\n’ 7’%@}% i 1 g&’ﬂ:ﬁ%aﬁPVA @%&‘/V@nﬂ%ﬁﬁi

AR LT, DAV S R | samoleno, |10 TS OR R
%, PSR L OVERE T BEMEEC CEIER LT, No 1 50 50 0.0625
P b8k ARG 7V OS2 R 1 1T, No.2 5.0 75 0.0625
MOV EERRT, pHI10 (ZFH% L 7= AsUID KRR No.3 5.0 10.0 0.0625
\CHTEBROHFEEA 7 V2 AN, 48 FFEE L 5 L7z, No.4 5.0 12.5 0.0625
T D%, 7V &R 53T, KB ORI, No.5 5.0 15.0 0.0625
TR S LR AR RS ERE R4 Tl No6 425 150 0.0625
e No.7 4.0 200 0.0625

3. BREBIUEBE

UL AR Y =T L a— ks S
NEBVITRT, BEEEAEHE 7 WL, R
WORRBEICEGL, FEND Y, EH Sk,
TR Z LIC K VAR S s, KEOE
FIPSEERIER X 0 BT R ALY S h T
DI EPMEREINTL, £, BMEEBZONAMD
PRERIKEF- D3 2 (BB T &, PR DAL &
DI & I 7otz RO E A B N

M 1 73
D ERBENEL 20 AL RBERAR LN EBIWMLIAR: 50wt%). A) &R H, B) Ko
SEM H-E. Cpya=5.0 wt%, Ca=0.0625 Wt%
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I, ADHERIIRE <L Lo T,
Fe, @R RS PRIBORAMIL ot
45.00 No.2

EELIT, BTN E=1 T va—LN w50 | *No3
ICERICAEEEIL SN TS EE X BILD, 3500 X 7 A No.4

: e
/T & B O gm %L ons
[1.?5.00 <>

(5 LT As(VORFRICE LT Ao W [/ /
ERBEOHEAE2 BEUB T, As [ /
DB LN As(VIL, 7S, KH 5.00 /
@ AS {);%}_._75) < f:ﬁé \_ﬁéb K [&%%7‘%% < o 0 50 100 150 200 250 300 350 400 450
potm, As MR T, AsDL Y b Clppm]
As(V)DJ7 3R B =D, %Eﬁﬁfaﬁﬂi "

B 2 f{ tﬁ\t“ﬁ PVA WS 28D AsIIDDOWY

BRIz, £z, BOE ﬁiﬁ)iﬁﬁﬂﬂ 2000
T HITHEN As DREEITE < 72503, 15wt% 5500
LLETIE As D El3gid Lz, 2B & 30,00
O3 O A5 %58 % Langmuir Wag ¥R =46 L 2500
O\ Freundlich W% 75 S804 FAVVCTREAT L 7=, % 2000
ZORER,  As(ll) |FAEREFPHIC - > T Wm.oo

=*No.1

No.2 |-
Freundlich W T L <@ S L7223, 1000 *No3 |
AS(V) LI EE SR & EIE RIS 2 nal
@ Freundlich WAEZERATHAIND Z &R o0 ~-No 7
otz As L, ZFVWNERZEE(L S =Kk 0 50 100 150 200 250 300 350
FALERICRAE SILTVD EBZ HILDH, Clppm]
ASID & ASCV) CRATHERA A2 5 = LAV B3 FR{LSKEH PVA BEE/LIZED AV
W2 XA, WAEHEREOTEMIL S DITRGET D LEL EERIR. pHiy =6

Th D,

Preparation of PVA Cryogel containing Precipitates of Ferrous Hydroxides

and It’s Adsorption Behavior of Arsenic

K. SHIOMORI", K. YOKOYAMA", A. MASTUSHITA", S. KIYOYAMA?, and K. TANABE”
1) Faculty of Engineering, University of Miyazaki, 2) Miyakonojo National College of Technology,
3) Cooperative Research Center, University of Miyazaki

The Polyvinyl alcohol (PVA) cryogels containing precipitate of ferrous hydroxides, which is discharged from Hayahi
abandoned mine at Misato-cho in Miyazaki prefecture, were prepared under various experimental conditions. The gels
have highly porous structure and color of dark brown. The gels adsorbed both As(III) and As(V) from aqueous solution.
The adsorption amount of As increased with increasing the As concentration in the aqueous solution. And the adsorption
amount also increased with increasing the amount of the precipitation of ferrous hydroxides until 15wt%, but at more
higher amount, the adsorption amount slightly decreased. The adsorption mechanism between As (III) and As(V) is
suggested to be different by the analysis of adsorption equation.
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Fig.1. Summery of gaseous compounds and expected oxidation forms

2. MERE A
2-1.7A4

Trimethylarsine |¥Nacali chemical Co. Ltd#4% V72, Arsine, methylarsine, dimethylarsine/, arsenic
acid, methylarsonic acid, dimethylarsinic acid & ¥ sodium borohydride(NaBH,) & fitfit & L C ARk L 72",
Phenylarsine, methylphenylarsine, diphenylarsinel%% 41 % #lphenylarsonic acid, methylphenylarsinic acid.
diphenylarsinic acid & zinc amalgam & OIREWIZHERE A F L CH A L7, Dimethylphenylarsine,
diphenylmethylarsinelXLARTDOMFFETEH AL L7 b D& Nz,

2-2. W7k

& 7% IL(PTFE/Silicone, 20 mm Septa, Supelco)& 7 /LI 2 — /L Chz% L7231 T /UHA((33 mm X
63m, HEH(LY T AVEBREHATEBRL, WAXA "V U TEA AL R EMZ T, i
methanol 5ml, XV Q7K 5ml % L T H,0, 2%k D2 L 7= Oasis HLB plus 77— ~ U v 2(Waters)
221G D=— RAZIYHFREI LooE T 7 A& L, W5l UTHI%E Lo, MK THR,
U Q7K 5 ml, methanol 5 ml CH— h VU v UBIEH L2 &G T, 35CRIZDIRE T —
U=y x—N—2 VTR L, 28 Lic, A T7ANSORIIT, /A 7 VITHEE 30%E 1k
K3 100ul ZFMNL, IEHR-> T, XU Q K THVIAATL,
2-3. 5301 51k

HPLC ; 7 7 & ; H'— K4 7 A(TSK guard column IC-AP (4.6 mm ID X 10 mm L, 5 —(¥K))). 4rEf
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717 L(TSK gel Super IC-AP (4.6 mm ID X 75 mm L, Y —(¥k))), BEIHH ; 30mM EXET =7
2 (Fluka), Jiiif;1 ml/min, 57 A4 —7 R ; 40°C, Y2 7 V& A& ; 20ul, ICP-MS:24E ;
Agilent 7500C, /#rE— K ; U727 ¥ 3 »%F— KFHe, 3.3 ml/min), RF /X7 — ; 1600W

3. MR E B

RIS T2 H0, DRRZFHIE T 5 729, w—k)//_mﬁm@@%f%0ﬁ6NMifﬁ
{b, T 5 47[H trimethylarsine DL 217\, Fig 1 IR TWLAERD 2 ERE LT, H0, B S 720
FA TlX trimethylarsine OfFEZRIT 55%RETH Y . A TN L HITE A LRI SR> T2,
LU 5 1%LL ED HyO, 23T Z & 12K > T 90%LL £ trimethylarsine 73 trimethylarsine oxide
&Lfﬁ%ﬁﬂﬁf%é:&ﬁﬁﬂoto:@:kﬁ@%bt}EBMEﬁ(mSﬁ®ﬁWT%U
trimethylarsine ZWe7g U CHiidE 2 Z E X PR SN S8, trimethylarsine (377 A F v 7 1ZIREB LS
P ETRGIRFDO PR AE T K > TRAE SIVRWRD DI T LB FRE Y Lﬁt@?ﬁ%#ﬁ%ﬁ? L
Tl EBbiiz, £7220ORE, 3%FEE D dimethylarsinic acid DA HER S L7z, ZiuEE L
DIESE & i3 D HIZ K o T trimethylarsine 231{L éﬂf_t&)éﬁk LizeBEZ BN, BHE N AEH
L72UWVR Tl 50%LL @ dimethylarsinic acid ~DOM{ L3RR S vz, o7 2{ke ,% IZ2WNTh,
Fig.1 LIF DRI AE B O A B AR R 72,

W L7 7 24k & 2O s arsine TIE-55C &RV D xf L | arylarsine FFIZ/K 3L S 4172 arylarsine
T& % phenylarsine, diphenylmethylarsine. diphenylarsine TlZ £ T 100°CLL EIZET 2 H DL H D,
Dimethylphenylarsine, diphenylmethylarsine @ 5 73 i 5| L 72356 OEFIL 60%H 1% T, %D 40%
O arylarsine 25/3A 7L LV AN S5, AKFE(L S 72 arylarsine DR ITFAL 2 EWIRINEIC
® L TCREFREHE T 10%% TlEl>72, ZOLHENSA TIVHNLEED 90%D arylarsine 23U X 41, &
{EDERN S E D by, 20 Z ik, KFE ST arylarsine (X3S MEWN 72 OUINEZ IZ
Wﬁ?ﬁik LTS TAREICAE L, Z20%, ", MESORDP 2T D EBEIBND, RRHIC

G 15 Y IV ERRLTESE trlmethylarsme TIE 1 73T 90%LL EDOTRIN e 38 % itk
ﬁ}féﬁ_ 73, dimethylarsine Ti% 1 43T 60% 57T 90%, /Kb S 47z arylarsine Tl 1 77 T 5%

UTTHDNB., WTHDOGEE S/ A 7/1/4375”33’%@@ﬁxfhb??ﬁk’\ﬁ)lﬁlﬂéﬂto KFEfL ST
arylarsine (2B U TIXZE5 & Ol THA R T D B (LA O H1 D EFERL Sy O FUKF E OW & F(E
THM, AR ONBLRE R TITh b 720,

H,0, Z HWEHEFEZ WD Z LI X o T IR LT T Abe 0 5 BRABIRIEEZ#ERF L T
DR D 90%LL & 1 i EICHigE T 5 Z L A3 kT, Trlmethylarsme 7> 5 dimethylarsinic acid ~®
A OARITZFIZRKRFOBEICL DO THY | REFICHE W TIT LV BHEIC Z ORISITET
LTS HDE PRI, S HITANEIC XL - T, FrIKFEIL ST arylarsine (2B TRIEHIC
BHERR AR Z T 2R ONE R | K EMRREHRBL T AR REMWTHDL Z &R
R ENT,

4. ZE3CHK
1) M.H. Arbad-Zavar, et al. Analyst 105 (1980) 744. 2) A. Merijanian et al. Inorg. Chem. 5 (1966) 187.

Subject; The evaluation of oxidative-trapping method for instable gaseous arsines by hydrogen peroxide
Nakamiya Kunichika and Shibata Yasuyuki (National Institute for Environmental Studies, Japan)

To evaluate new trapping method of unstable gaseous arsines, hydrogen peroxide was used for the oxidizing
reagent. HLB plus cartridge wetted by hydrogen peroxide can trap spiked gaseous arsines over 90%. This
result indicated that gaseous arsines can be oxidized to stable arsenic compounds on HLB cartridge. In this
study we found the hydroganated arylarsines have be degraded complicated compounds by O, from air.
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Sy MZBITFAY T 2o AT AT RO R HE RS

O/IRERAE 2 LY T”\¥%%§%”
VESZERBEMTZEAT, P TEER - fr - KK

1. T

V7 =T (DPAA) TEE BARFUIIEE LW, w3
2, BMERBLO A ) = XL E MR 5 72 0121%, KNI & DAL RE 2 B 5 NS
THZERME LD, ARNICERENZY 7 2= T Ly U (DPAA) O—iX
MRS LD 2 E AR I LTV DA, B H DODPAA, & 5 W IXDPAARGHILE
EIICHIE STV, £ 2T, AR TIET v b ERO&RG LIZBEOERNAG & IR
B L TRt 21T - 72,

2. Jiik

AW TIE, BRI Z WA Z &Ik 7y FoOMTFT O FE AN 7 7T Nix
WA S, BRAEE L7 DPAA OIANEIBZ T~ Tc, 2 Bl OKEME SD 7 v b & REEL &
AL ZAPTHLH D 1 EMOBIE: G 6 BEmIC/2 5 £ THREZ 5 2 THE
L7, 6 HIZ/e>7c 1 HEAVED T > M JEE L7oliA A2 /K, £721X DPAA % 1.0 mg
As/kg bw. OHETHFEROKSG L, 3 HEGH 7 — 10T 24 R 2 L IZIRB L VS
BHELL 72, 3 BRI 21T\, ikds K OVFlgZSRE L 7=, £/, R USMT 6 M
FCEB LI LB ACORENET » M, BT CEE N =a b —a Uafa L, JRE L
T=WiA 2 Kd 5% 1.0 mg As/kg b.w.D & T DPAA % Hi[A# 0#¢5- L T DPAA
DR HE 25 ~~7=, JEHIE 80 43 Z &2 3 B E Tk ETERER L. 3 BRI &
1TV, MiEEs X OWFIRZ B L 72, A alRHImEE &b kTR IZ L > TR L,
b HRIREZ ICP-MSIZ XV HIE L7z, £7o, Mg, R, EHiks KO o e#E0
{LFFERER 3BT % 7V A3, 8 2 TR T 7 2 & #6535 L 72 HPLC-ICP-MS {5 TfT o 72,

3. fER

DPAA #5- 3 H#I2I1X, & 5-8Iox L CORMERIITN 2.5%., FIEICITH 1.4% Dk
FNA LT e, BRE LTaiA A K E# G LIS R IREEIC R 5 24 FEE O & FER
HPEEEIX 0.1 ug LA F Ch-o72, 1 HEZ2YD 3 H HORY b EHHEOZI AL, H58IC
% LTIEIC 54%., 4.3%. 1.9% & 72o7, #EPeRPHEORIEGIZ, 1 HANS 3 HAE
TTC, BEEICH LU TEIC 7.1%., 12%, 7.8%& 72-7=, IfE, RE L O#EMEET O
b #ZEIC DPAA 25 7=,

—J7 . DPAA #:5- 3 BR[E#4 0 & O/ 1% AR MLER AN G- 0K 1.7% . T T 0.9%
Erolo, T~ FEOPENT 3 FF F TREFIZEM L, &5 &0/ 0.3% Dt
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FH 3 W E TISAR-HEIE & 7=, HPLC-ICP-MS £ L O HPLC-ESI-MS D#E RN |
DPAA ¥, O DPAA @ 7' )V % F 4 (DPAA-GSH) & KOS & —F+ 5 —7
DI S 4L, DPAA-GSH &R D IEH PR TR RGN L T\ D Z L A gno Tz,
HPLC-ICP-MS (2 X2 EEOFERENL, Tt S e BLEHD O B, K
85-95%7° DPAA-GSH {0 &R TH 5 Z L Aoz,

4

2
.

AREBRTIL, 3 AETH 87%D b EAMEA AP S v Tz, &5 3 KB L3 A
BAIRMER~DOEFR IR LR CTE NS T2, 2D EE, T v MIEBW T, DPAA
XY AF e FLEW L FERIC, RMEKPA~ERET 22 LB 0hotz,

RAICHBEL S 72 DPAA O —E5IZRRHFEIE & 415 2 & D3RIEB TV 5203, DPAA
% OO v FEOEREIZ OV TEHE ST ey, HPLC-ICP-MS K O
HPLC-ESI-MS D725, DPAA 1X7 UV —& 5\ X DPAA-GSH fa &k & L THEHHIZ
et SN D Z o Te, e RE2RG L7727 v MEFF TIX, B 3FRH arsenic
triglutathione (ATG) & monomethyl arsenic diglutathione (MADG)& L CTHEMt &IN5 Z &
W SN TNDA, DPAA & GSH A ST RSN D Z E R L L o Tz,

PLbEDZ s, AERNICER S 72 DPAA O —#BI% GSH faA1A & 72 > THRIH~
Pe S, RN SN AR 3D Y 7 = =L b F LA~ & MK R S 705 ATRENEH
Bz, £72, 5D DPAA [XIF & A EREMESY RV B EMEERZ RS 202
EDD, ARNT 3MMICEIC S, RMERA~FEIND LHEIND, 37 ==L
EFLEWT S R EEOREERPRNEEZOND Z LG, BB OFIKIC
72D AIREMEA R XD,

Biliary excretion of arsenic in rats orally administered with dipheneylarsinic acid

OYayoi Kobayashi'?, Ayaka Yamashiro®, Seishiro Hirano'”
!'National Institute for Environmental Studies
*Graduate School of Pharmaceutical Sciences, Chiba University,

The distribution and the biliary excretion of per orally administered dipheneylarsinic acid
(DPAA) were examined using the rat that had been fed on arsenic-free chow to reduce the
background tissue arsenic level. Approximately 87% of the dose was excreted in urine and feces
as unchanged DPAA in three days. DPAA was accumulated in the red blood cells like dimethyl
arsenic compounds. On the other hand, DPAA was excreted in bile either in an unchanged form
(DPAA) or DPAA-GSH complex as determined by HPLC-ICP-MS and HPLC-ESI-MS.
DPAA-GSH may develop higher toxicity than DPAA, because DPAA-GSH is possibly
converted to trivalent DPAA after hydrolysis and trivalent arsenic compounds react with

proteins more avidly than corresponding pentavalent arsenicals.
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b A TR OHEFERE & b RAGH

OFRFHN Y, HUAT2, & EFHD
D HIRRGE TR, 2) HiRRSpES i o 7 —

1. 1oz

b RITERRETICBWO THERN SIA AT 5 TR TH Y . NAHERSCARER 251 Tl
TARPIZEHET S Z LT, ZNOEEEDKE UTERL 7 A2 ICRAIMEREE 2 725 LT 5,
15K D & BT AN FROERSOA A A, WA D L 5 R FIETHRESI TS, Ll
Do, INHOHETE A MR CIRIGWEORE/ EORBEA L TS, D72, ZNET
OYEYL 72 e BREFIEEDD b0, b LIEhE L THERT22E0MTES2H0 L LT,
a2 N CEBREICTE LW, L AT o— g UHBEHR SN TN S, —fRIC B EOEMIIZF DS
FEREIZ Lo TR Y | I e SBICHAER B BRSO CHMEMENZ LT\ D, EDT2,
WAL H e FDOAF/UIT BOBEALDOAN R FELE LTEZLNLTND,

AHFFETIE, ERDOATF I DA A VAT 4 == a VEMEMICEVIT) Z 2 AME L
T AU A TFIULEATR O B BATFIALEOREZITV, B ORGE1T> T b, AN,
R b BB IEHIEIED X T e B EWMEZ KT 5D Bacillus cereus % '=IREANOHE LY
EEST D Z LN TE DT, KERD b BIFEE F COHEFERE & A F I LD e BOREHIZHOWT
Wt L7z,

2. Jik

BZHIIZ1T Nutrient Broth (H/KHREE) 2 HoARE - (NB) & UCfliFH L7-, B 3E13 3 i & 55 (As(IID)
ELTHERT MY a (FOGHE) 4. 5ot (As(V) & LTEE_F R DL (Fehisk)
T BFRRE TN LT, BRI O588% R 572912, NB IZZ/ /v a—2R 1.0g/L, L AF 4=
> 10.0mg/L. £ 4 2 B2 0.5mg/L Z¥L7=, 7 /v a3 —ZADORIEDORELZFHRLEIILINB 2/
JLa—2Z0.1~10.0g/L 23 L=,

AL NB 2 VT, 30°C. 24 Biff]. 100 strokes/min O CTHEfi L7-, AEGFRIIHIEERE DL
27 2R BEHI T 2.0vv Yot L CTIT/R o 70, IF5AIEEEE13 30°C, 100 strokes/min TR L S H55E L
7o BERIIETRIE B A =R ClEf L7212, 30°C THELEE LT-,

FITE DRFH & L IZE IR O 2 HE L%, w00 E (10,000rpm, 15 20fH) 12X 0 FEiRk & B4
HIFITT, B RGO v BIRE EZFERNZHIE L=,

BRI ORI 1 3285y e 6 #H(Shimadzu UV-210A)(2C 600nm CHIE LERRORGEE & Lz, &
ROEESHIIERERNE TR - BIERERE - R F%Oot2EE (Shimadzu ASA-2sp—Shimadzu
AA6650) % HWCHIE LT,

3. fER LB

e Fh A T /LT DR AR LTt & U C. Bacillus cereus R2 £k B IR RN D 157>
HoEE L7, R2 BRIE, HFREIRSERIC A TRRRAVES R ClEscdiEic A% £ TOFBENE < EH
HWITET 5 £ TICHZ 2 L2, R2#KIE. 50.0mg As/L O b HE 2 G el CIIHEN RO T, i
1. BrEPEEE & b AsID XV As(V)D S WS OHEFEZ 425 Z & 23 h o iz,

B L a— 2 BRIt L. DAFAT AL U (DMAA) & R U AFAT AL U AFHA
K (TMAO) OEIENHEEL, AF A= % 20 B ailzd e TMAO OEETETREL 725
Z Do T, BEHIHIZIRIN U727 v a0 — AR 1.0g/L £ Tl b RoEIE 23 L, DMAA
& TMAO OFEIENENEIIIML, A TF /LA e FEAEMOEIGIZ T L 2 —RPRED 1.0g/L D &
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Percent of total measured As compounds (%)

X2 60.8% TH -7,

Fig.1 12753 & 912, R2 #ElE 5.0mg As/L F T As(IID ZEHUZ TN L7 35S 2 IFR. BRI
TR e F2 A T /b LT, As(V)ZEHUCIRIN L7256 Tlddb £ 0 A F U bntEE J,
AsUIDD & & LTI AREI L 0 BEREID TR A FIULEE e FEAMDOEIG R EL oty ZDZ
END, R2HRIE As(V) & AsUIDIZIE T DEEREN TV E B2 Db, A TV EE FLEMOEIE
1% 0.1mg As/L @ As(IID Z U5 L 72355 SRR EREIZ 89.0% TR TH D . A T /LA L Fb
EWONENL 5.0mg As/L @ As(IID Z N L 7= 555 I AFRAIEEEEIRAZ 1.99 mg As/L Tl K CTh -7,
Flo, EOFRMFIZEWTHERRERO e REDEHIZIIN LI e FREEB(L LT 2 &,
FERMED A FALARS E BEAMITER L TN 2 L3 go Tz,
A) ®)
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Fig. 1 Effect of arsenic concentration on arsenic methylation by strain R2. Strain R2 was cultured in NB medium containing
1.0 g/l glucose and arsenite (A), or arsenate (B) for four days. Symbols: ., iAs; D, MMAA,; , DMAA,; D, TMAO.

WEE AR, () 27 U 2K BREERFFARBUW I OB 2521 T /e 2 L 2L L THIEEZ R T 2,

Growth characteristics and arsenic metabolism
of an arsenic methylating bacterium

Munetoshi MIYATAKEY, Kimiko TANABE?, and Sachio HAYASHIY
1) Faculty of Engineering, University of Miyazaki,
2) Cooperative Research Center, University of Miyazaki

Biomethylation of arsenic is usually considered as a detoxification of arsenic because toxicity of
most organic methylated arsenic is much less than that of inorganic arsenic. We investigated the
feasibility of a novel bioremediation using an arsenic methylating bacterium. An arsenic
methylating bacterium Bacillus cereus strain R2, isolated from soil in Miyazaki, was evaluated for
growth characteristics and arsenic metabolism. The growth of strain R2 was inhibited in 50.0 mg

As/L arsenic medium. Strain R2 metabolized arsenite (<5.0 mgAs/L) to nonvolatile species such as

monomethylarsonic acid, dimethylarsinic acid and trimethylarsenic oxide effectively. The percent
of organic methylated arsenic excreted into the medium by strain R2 showed 89.0 % of total
arsenic compounds when strain R2 was cultured aerobically in the medium containing 0.1 mgAs/L
of arsenite and 1.0 g/L of glucose for four days.
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JEREIREE ERICBIT B AFAE ) FAT IV BEORK

OFEAD, BBER D &SR DY HHEE D, BUR D, S 2, s D
DRI SER AR B AIITERE 0 T BR B B
PRBEAI SRR E A ZER PR

1. IZL®IZ

b RIPEFHNCEE, M, Bt ETHEBAMEDRRBD LTS, B FERIZBV T,
A BUEMTHL AT LT VT U (dimethylarsinic acid, DMAY) D3E3 AMEDFRD
ENTWDR, D FLEWTOWTUTELERHREARZ N, HEEA  RILEWD T A
FINE ) F AT N B (dimethylmonothioarsinic acid, DMMTAY) X DMAY O D 1 Ff
T, EHRICFEE LT v PAOE FORPTHRIE S S, LAAT, HHFJEE T arsenate (1AsY) |
arsenite (iAs™) . monomethylarsonic acid (MMAY), DMAV 7z & D v #b&5W % Bt 5 L T
S A DIEHENEF & et L 72 FZBRIC WV C. DMAY 5B CREMIE S A B ICN L7z, &
7o PR e FRIREE A AE L 72 L DMMTAY O & (R EAE AN FRBIBIFR 23 7 5 41, DMMTA
VO BREDA~OREREDI., £ 2 THEL BEIRE FRICKIT 2 DMMTAY O 2% 4
Mt L7z,

2. Fik

[328% 1] T v PEEM LM TH S MYP3 &b MR ERMIETHS 1TI ZHWT,
DMMTA" . iAs", iAs™, MMA", DMA" | dimethylarsinous acid (DMA™) O 455 (LCso)
R Uz, E7o, MIROFE B X OIEFE FTO DMMTAY OZEMZ R T 5729,
LCso FEDEFHIF b RIBE R IR v~ N T 7 4 —FEER T T A~ A 4V E RN kE

(LC-ICP-MS) THEFTERERNZHIE LTz,

[525% 2] 10 BEROMEME SD 7 v b 4 BHCH T, REB L OIREEZFEE LR, ThTth
ABEIEK, DMMTAY, iAs™, DMAY ZBEREPNICIE R G- Uie, 2 RIS BN L 7= ik 35
KOV EREN O & FPRE A LC-ICP-MS TR RERNCHIE LT,

[525% 3] 10 BEsOHENE SD 7 v & 3 BRI/ T, BBER T ERHOTRENDENEN
AFRAEK, DMMTAY, DMAY % Fiife 5- L=, 2 %, IRPEB IO EERNO e FHR
Ji % LC-ICP-MS TILEERERNCHIE Uie, 72, Bt ERICE T 503 A BTEE IR T O3Bl 4
U T VA A 5 RT-PCR % FHWTHRE LT,

3. AER

[556% 1] DMMTAY . iAsY, iAs™, MMAY, DMAY, DMA"® LCs, i, MYP3 TiZZ 241,
4.6uM, 47.9uM, 3.2uM, 7.7mM, 2.7mM,1.1pM | 1Tl TIZZHNEH 5.4uM, 81.7uM, 25.5uM,
6.1mM, 1.4mM4.1uM & 720 0 DMMTAVIZ MR R ERREOEER AL, £z,
DMMTAVIZHIfRIETFAE F TIXZE L TV 22 HIAAEAE F Tl DMAY ~D BN B H Tz,
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[528% 2] BERE LR AICEB VT, DMMTAY @ DMAY ~DZEH A I & 7,

[525% 3] DMAV# G-BED IR T b #131EI1E DMAY Th - 7273, DMMTAV#EGREDRF b FED
KEBH31E DMAY Th 7=, 7=, BEMAAO BB ~—5—T& 2 Oncomodulin 73,
DMMTA Y& G#T EH L Tz,

4. fEim
DMMTAY 1%, EBRAMEDOZRD 515 DMAY X 0 IZ A0 CHiaEERN L . e EbED o
B X ORB ARG T2 Z R EnT-,

Effects of dimethylmonothioarsinic acid on bladder urothelium

Naoto Sugal,Xie Xiaoli', Akihiro Kanagawal’2 , Kaoru Yoshida',
Min Wei', Ginji Endo” and Hideki Wanibuchi'
'Department of Pathology, “Department of Preventive Medicine and Environmental Health,

Osaka City University Medical School

[Background] Epidemiological studies have shown that arsenic exposure is associated with increased
bladder cancers. We previously have demonstrated the bladder carcinogenicity of dimethylarsinic acid
(DMAY) in rats. Dimethylmonothioarsinic acid (DMMTA") is an organic metabolite of DMA" in
rats, and has been found in the urine of humans exposed to arsenic. However, little is known about its
toxic and carcinogenic effects. The purpose of the present study is to evaluate the in vitro and in vivo
effects of DMMTAY on bladder urothelium. [Methods] Experiment 1: To determine the in vitro
cytotoxicities human and rat urothelial cells were treated with various concentrations of arsenicals for
48 hours. Experiment 2: DMA" was injected into bladders of SD rats after ligation of the urinary duct
and urethra. Two hours later, arsenic concentrations of urinary contents and urothelium were
measured. Experiment 3: Bladders of SD rats were exposed directly to DMA" and DMMTA" by
osmotic pumps for 2 weeks. Concentrations of urine arsenicals and gene expression in urothelium
were evaluated. [Results] Experiment 1: in vitro LCsy of DMMTA v, arsenate, arsenite,
monomethylarsonic acid, DMA", and dimethylarsinous acid were 4.6uM, 47.9uM, 3.2uM, 7.7mM,
2.7mM and 1.1uM respectively, in rat urothelial cells, and were 5.4uM,81.7uM, 25.5uM, 6.1mM,
1.4mM and 4.1uM respectively, in human urothelial cells. Experiment 2: Both in vitro and in vivo,
DMMTA Y was uptaken by urothelium and converted into DMA Y. Experiment 3: In vivo,
oncomodulin expression was increased in urothelium treated with DMMTA" but not in DMAY.
[Conclusion] DMMTA" is much more toxic than DMAY, and may be involved in DMA " -induced

toxicities and carcinogenicities in bladder.
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b P B RIS HepG2 @ b RIC L A MIBRSEIZRIT 5
BB KT ATF5 D&%

O i@, KW, BARE, MEEOTa], FETEAL A, TEET-,
YLLFE—, HWH—, ik, &fis
FOHER RS AR gERt BREEA b L R AP EETE =

1. 1ZLC®IZ

LR LD b FRHITROEEEZ RS MIRIC T A = 2 2FHET L2 L
HHITWD, UL, EBRBICEIDT R N— AD55 1 A T = X LTIERME 78 R
NELEINTND, ZNETICYIFRECTIEE FRFEREDA b LRI L > TIRER
¥ ATF (activating transcription factor) 5 ® mRNA X°¥ X7 ENEZENTHZ 2L
MZ LTS (1, 2, 3), ATFS DBEREIC DWW T ORISR T R b —v A~ 572 &
PHESNTVDHR, ZOFENBEFIC OV TRIF LA ERES L TWRY, T2 TA

W22 Tl b FBRBHFO ATFS ORE| R ONF OB F2FRET L2 HME LT,

2. Jik
Ml e MIFREHE HepG2, b b= SR 2K HeLaS3, b M RIEHISK U208,

b MR AR >R USTMG, T98G. U25IMG A L7z, X COMARILF L~y =
PEVEA — 7 VEEHINZ 10%4 06 RImyg, 7 v I 2RI L7-b o2 v, 37°C, 5% CO2
SUFTTHIE Lo, e BRREFITHE BT MU U A2 U 7R MG nss i 2 v <7
-7z, CHOP [C/EBP (CCAAT/enhancer-binding protein) homologous protein|i&{s 17" & &
— X — DGRV IX Lucifelase assay % FHVCHIE L7z, ATFS, CHOP % > /X7 &
Western blot i THitH L7, ATF5 @/ v 7 27 3 siRNA Z W TIT - 72,

/\[E]ﬁa/z ;Un vitro (ZF50) T ATFS 7 R b — 2 ABHEER T CTdh 5 CHOP Bi51 D
LG AR T2 2 &2 A Ui, 2 ORI ISR FE R BAE S L S v, F7- 6 f
M OMIRED 5 B HepG2 Al TD A ATFS (2 & Zo CHOP &5 7 v —% — DMk
DR ST, & BIZ CHOP iBfs1 7 1% — 4% —® Deletion mutants <° point mutants %
FH 7z Lucifelase assay O 5, CHOP & /n1- 7 1 & — % —® ATF5 12 L 516 MH/bIZ AARE
(amino acid response element) 1 DK b FE#FE T T HIEMHEILIZ AARELAP-1(activating
protein-1)FEFRALS D RN L > THE LK F LIz, £/ ATFS %2/ v 7 X0 2 LIzl
TITE FFHRERITHBITDH CHOP ¥ o RV EOREFEELB L L 12 1K T Lz, LLED
ZED b FEEFERFIZ ATFS 1Z AAREL 241 L C CHOP s -7 0T — X — D5 %1%
MALT 2D Z ERNRBR ST, — 5T, CHOP &fsIZBEIC ATF4, ATF6, AP-1 72X 0
a2 IR BRI L - TIEHIE SN D Z EDMEINTEY . HepG2 Ml THOH
ATF5 |2 X %5 CHOP 15 T DHREIEMHAL N Z 5 Z L0, b £ FFEIC L D CHOP BIE T
DEEFIEMALD AP-1 DRKICE S THHAD L7l &, SHICATFS 2/ v 7 XU L
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Tt CHOP # U X7 EORBFEENTEITITK DNV 2 &1 ATFS SO D iz 5
KFBMENTWBETDEEZ NS, &iAHS@//ﬁ??/#E FRFEITI DM
JaEIZ RIE T BRI OWTHRETT 5 TETH D,

SCHR

(1) Watatani Y. et al. Life. Sci. 80 (2007) 879-885

(2) Watatani Y. et al. J. Biol. Chem. 283 (2008) 2543-2553

(3) Uekusa H. et al. Biochem. Biophys. Res. Commun. 380 (2009) 673-678

ATFS5 activates the human CHOP gene promoter via AARET1 site and potentiates

arsenite-induced cell death in a cell type-dependent manner

oTakashi Yamazaki, Asako Ohmi, Kenji Kato, Haruka Kurumaya, Abe Takanori, Hiroyuki
Yamamoto, Noriko Nakanishi, Ryuichi Okuyama, Toshikazu Kaise, Shigeru Takahashi, and Yuji
Takahashi
Tokyo University of Pharmacy and Life Science

ATF (activating transcription factor) 5 is a member of CREB (cAMP response
element binding protein)/ATF family of transcription factors. We have shown that ATF5 is a
stress response transcription factor that responds to amino acid limitation, arsenite exposure, or
cadmium exposure. In the current study, using a transient transfection system to express
ATF5.We have shown that ATFS activates the CHOP [C/EBP (CCAAT/enhancer-binding
protein) homologous protein] gene which is involved in stress-mediated apoptosis in human
hepatoma, HepG2 cells. This activation was not seen in other type of cells whereas ATF4
activates the CHOP promoter in both HepG2 and HeLaS3 cells. Both promoter-deletion
analysis and point mutations of stress response elements including AARE (amino acid response
element) 1, AARE2, or AP-1 (activating protein-1) sites revealed that AARE] is responsible for
ATF5-dependent promoter activation. Furthermore, although the existence of either AAREI or
AP-1 is sufficient for transcriptional activation of CHOP promoter by arsenite exposure, a
complete induction requires the existence of both elements. Knock-down of ATF5 reduced
arsenite-induced CHOP protein expression, and arsenite-induced cell death. These results
suggest that beside AP-1 site, AARE]1 site is important for arsenate-induced CHOP promoter
activation and ATF5 raises the arsenite-induced CHOP gene expression via AAREI site in
HepG?2 cells. Altogether, these results suggest that CHOP gene is a potential target for ATFS.
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BatLi—, F-. RIMERNAERLIZCAF LT LS o OFRMERNENEEAZ B SN2 5720
FElZ~EZ abe  (Hb)E DM AEAERIZ OV TG A N2 7=,
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ARIMER I FHNTEIA £ 7-DMAY 1% (CH;),As-SGD AR 2 L CIEBEZ I AT
VTN S— R RS LD ZE DV RIB S VT, EOIZEKLTZV AT VT V1 ZHbE
mild72 85 AEEZ TR T A28 IRIMERICEDIA FENT=Y AT Ve B LA I TN N C
DATF T N ~SREHEHLES I, deoxy-HbIZAE B 952 & TR l#s MR I Clt S o2 L

MHEZZI LT,

Physico-chemical dynamics of dimethylated arsenics in red blood cells

DYasuyo Shimoda, "Kenzo Yamanaka, "Koichi Kato, ?Yoko Endo, 3)Ginji Endo
YNihon University College of Pharmacy, Chiba Japan
YResearch Center for Occupational Poisoning, Tokyo Rosai Hospital, Tokyo Japan
IGraduate School Of medicine, Osaka City University, Osaka Japan

We have proposed that dimethylarsine, which forms by two-electron reduction of
trivalent dimethylated arsenic, may be a possible ultimate substance in arsenic-induced
carcinogenesis. The purpose of the present study is to further elucidate in vivo formation of
dimethylarsine from the reduction of dimethylarsinic acid and its dynamics. We focused our
attention on the physico-chemical dynamics of dimethylated arsenic in red blood cells. Only the
small amounts of dimethylarsinic acid which becomes incorporated into red blood cells changes
into dimethylarsine via the production of (CH3),As-SG and the arsine complexes hemoglobin
more mildly without change of its vibrational mode. We propose a hypothesis that red
blood cells act as a carrier molecule of dimethylarsine which would be unstable and
carcinogenic.
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Effect of broccoli sprouts on methylation of inorganic arsenic and oxidative DNA damage

oMai Tsurumi ', Yuka Iwatatsu '’ Iroha Teranaka'’ ,Keisuke Torii'’,Ayako Uchimura'’,Sayako
Kohno-Miyamoto 1) Mizuho Nakano-Aoki'’ ,Toshihiro Itoh?’ ,Takahiko Yoshida?’ ,Hiroshi
Yamauchi

U Department of Public Health, Graduate School of Medical Sciences, Kitasato University

2) Department of Health Science, Asahikawa Medical College

In this study, sulforaphane (SF) was administered to hamsters to examine its effects on methylation
of inorganic arsenic and oxidative DNA damage. SF from broccoli sprouts (BS) was added to the
chow at a dose of 0.5% (w:w). Two groups of animals were included in the study: the SF + arsenic
trioxide group (SF group) and the arsenic trioxide group (non-SF group). The estimated amount of SF
taken from the feed by the hamsters was 135 £ 57 pg/day. Oral administration of arsenic trioxide was
performed once at a dose of 7.5 mg/kg. Since reduced glutathione (GSH) is necessary for the
methylation of inorganic arsenic, we measured the GSH in the blood. The blood concentration of GSH
increased by approximately 8%, after the 7-day ingestion of the solid feed, compared with that prior to
the intake. The total arsenic concentration in urine measured on the first day of the arsenic trioxide
administration in the SF group was approximately 1.5 times higher than that of the non-SF group. In a
related examination performed using dimethyl arsenic, the ultimate metabolite of arsenic trioxide in
urine, it was revealed that the concentration of dimethyl arsenic in the SF group was approximately 2
times higher than that in the non-SF group. The concentration of 8-hydroxy-deoxyguanosine
(8-OHdG) in the liver and urine after administration of arsenic trioxide tended to increase in both
groups. However, it was confirmed on the 10™ day after the administration that the increase of
8-OHdG in the liver and urine was inhibited in the SF group. Based on these results, it was confirmed
that SF would accelerate the methylation of inorganic arsenic in hamsters. On the other hand, based on
the data of the 8-OHdG concentration in the liver and urine of hamsters with SF intake, there was no
decrease in oxidative DNA damage during the short duration of arsenic trioxide administration, but the
effect was observed approximately 1 week after administration.
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