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The arsenic biogeocycle: pathways of metalloid transport,
metabolism and detoxification

Barry P. Rosen. Department of Cellular Biology and Pharmacology, Herbert Wertheim

College of Medicine, Florida International University, Miami, FL 33134, USA,
305-348-0657, brosen@fiu.edu.

Abstract: Arsenic is widely distributed in the Earth's crust and occurs primarily in
four oxidation states: arsenate [As(V)], arsenite [As(lIl)], elemental arsenic [As(0)], and
arsenide [As(-ll)]. Volcanic eruptions are a source of human exposure to arsenic.
Mining, copper smelting, coal burning, and other combustion processes also bring in
arsenic to our environment. Anthropogenic sources of arsenic include both inorganic
and organic forms. Arsenic serves as an active ingredient in various commonly used
herbicides, insecticides, rodenticides, wood-preservatives, animal feeds, paints, dyes,
and semiconductors. As a result of its environmental ubiquity and adverse health effects,
arsenic ranks first on the Superfund List of Hazardous Chemicals
<http://www.atsdr.cdc.gov/cercla/07list.html>. The metalloid is a carcinogen and is

considered a causative agent of a number of other diseases, including cardiovascular
and neurological disorders. As a consequence of the omnipresence of arsenic, nearly
every organism, from bacteria to man, has evolved detoxifying mechanisms. This
presentation will focus on organisms, genes and enzymes that contribute to the arsenic
biogeocycle (3). Microbes play an important role in cycling arsenic between its various
oxidation states (19). Inorganic arsenate entering the microbial cytosol through the
phosphate transport system is reduced to arsenite, which is then extruded out of the cell,
either though channels or secondary transporters. Arsenite is also generated by
certain microbes that use arsenate as the terminal electron acceptor in anaerobic
respiration (21). Arsenate respiring microbes can release arsenite from arsenate-rich
sediments, leading to arsenic contamination of ground water (20). Arsenite-oxidizing
microbes utilize the reducing power from As(lll) oxidation to gain energy for cell growth
(25). Microbes can also convert inorganic arsenic into gaseous methylated arsines (1,
23). Marine microorganisms convert inorganic arsenicals to various water or lipid
soluble organic arsenic species, including di- and trimethylated arsenicals,
arsenocholine, arsenobetaine, arsenosugars, and arsenolipids. Arsenobetaine and
methylated arsenicals can be degraded to inorganic arsenic by microbial metabolism,
completing the arsenic cycle in marine (5) and soil ecosystems (29).
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Introduction, Results and Discussion:  Two major pathways of As(OH);
(the solution form of As(lll)) uptake have been identified: aqualgyceroporin channels
and glucose permeases. We first identified aquaglyceroporins, channels that transport
water and uncharged organic solutes such as glycerol and urea as transporters for
As(OH)z and Sb(OH); (24). Aquaglyceroporins are found in nearly every organism (2),
and they are responsible for metalloid conduction, not only of arsenic and antimony, but
also boron (27) and silicon (14), which are especially important for plants, and probably
germanium (13). Surprisingly, glucose permeases from yeast, rat and humans
efficiently transport arsenite (10, 12). Arsenite efflux has been best characterized in
bacteria and yeast, where two unrelated extrusion systems have been identified, the
ArsAB pump and Acr3 permease (7). Recently homologues of the bacterial ArsB (15)
and Acr3 (9) arsenic efflux proteins have been identified in plants as well.

Arsenic methylation is catalyzed by an enzyme that transfers methyl groups from
S-adenosylmethionine to trivalent arsenite in a series of oxidative methylations and
reductions three pentavalent species, MAs(V), DMAs(V) and TMAs(V)O. These are
reduced to MAs(Il), DMAs(IIl) and the gaseous final product TMAs(IIl). The enzyme
AS3MT was first identified in mammals (11). Liver methylates arsenic primarily to
DMAs(V) and to a lesser extent MAs(V). These methylated species are excreted in
urine, so this is probably for detoxification, although the transiently formed trivalent
species MAs(11l) and DMASs(III) may increase the carcinogenicity of dietary arsenic (26).
Many microbes, including bacteria, archaea, fungi and algae, have genes encoding
AS3MT homologues. In microbes these have been termed ArsM enzymes. We
isolated an arsM gene from the photosynthetic soil bacterium Rhodopseudomonas
palustris (23). The occurrence of arsM genes appears to be widespread in
photosynthetic microbes (28). The arsM gene was expressed in an arsenic
hypersensitive strain of Escherichia coli. Heterologous expression of RpArsM conferred
arsenic resistance to E. coli, demonstrating that ArsM is sufficient to detoxify arsenic.
The cells methylated As(lll) primarily to DMA(V), but other methylated species were
formed, including TMAs(lll) gas. Higher plants do not have arsM genes, so the
RparsM gene was expressed in Japonica rice (Oryza sativa L.) cultivar Nipponbare, and
the transgenic rice produced methylated arsenic species, including some TMASs(IIl) gas
(17). The demonstration of biotransformation of arsenic in transgenic rice is an
important step in the creation of safer rice for the human food supply. Lower plants such
as algae have arsM genes. The arsM gene was cloned from the thermophilic eukaryotic
alga Cyanidioschyzon merolae, which forms the major biomass in arsenic-rich hot
springs in Yellowstone National Park (22), where TMAs(IIl) gas is generated (18). This

10
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gene also conferred arsenic resistance in the hypersensitive E. coli strain. The purified
CmArsM enzyme is very active at 50-70 °C and produces volatile TMAs(11) (30). These
studies illustrate the importance of microbes to the biogeochemical cycling of arsenic in
geothermal systems. The pathway of methylation is not certain. One hypothesis
proposed by Challenger (4) is that the enzyme catalyzes a series of alternating
oxidative methylations and reductions, using S-adenosylmethionine (SAM) as the
methyl donor to produce the pentavalent species methylarsenate (MAs(V),
dimethylarsenate (DMAs(V)) and trimethylarsine oxide (TMAsO(V)), and the trivalent
species MAs(IIl), DMAs(III) and TMAs(IIl). More recently Hayakawa and coworkers (8)
proposed an alternate pathway in which the preferred substrates of the
methyltransferase are the glutathione (GSH) conjugates As(GS); and MAs(GS),. This
pathway also involves a series of sequential oxidations and reductions, but SAM is
oxidized to S-adenosylhomocysteine (SAH), and GSH is oxidized to GSSG rather than
changes in the oxidation state of arsenic, which remains trivalent throughout the
catalytic cycle. To differentiate between these two hypotheses, we analyzed the
enzymatic properties of CmArsM. All As(lll) SAM methyltranferases identified to date
have three conserved cysteines, which are residues 72, 174 and 224 in CmArsM.
Alanine substitutions of any of the three led to loss of As(lll) methylation. In contrast, a
C72A mutant still methylated trivalent methylarsenite (MAs(lll)). A single tryptophan
derivative, T70W, reported binding of As(lll) or MAs(IIl) with quenching of protein
fluorescence. As(GS); and MAs(GS), bound much faster than the free metalloids. The
data support that hypothesis that the glutathionylated arsenicals are preferred
substrates for the enzyme (8). Moreover, the data indicate that all three cysteines are
involved in As(lll) methylation but that only Cysl74 and Cys224 are necessary for
MAs(Ill) methylation. We propose that, following the first round of methylation, the
product, MAs(IIl), has higher affinity for Cys174 and Cys224 than the initial substrate,
As(lll) and so remains bound the enzyme. This facillitates the second round of
methylation to DMAs(11l) and indicates that arsenic remains trivalent during the catalytic
cycle. CmArsM has been crystallized (16), and the structure solved. The relationship
of the As(lll) and SAM binding sites are consistent with our model for catalysis.
Methylated arsenicals are not only produced by many organisms but are also
used as pesticides and herbicides for weed control, especially for cotton, ornamental
plants, lawns and golf course turf. Annually approximately 1.4M kg of MAs(V) is applied
commercially in the USA. Much of the MAs(V) is demethylated to more toxic and
carcinogenic As(lll) (6). Recently we showed that demethylation of MAs(V) is the result
of microbial activity (29). No single microorganism isolated from golf course soils was

11
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capable of demethylating MAs(V). We identified a Burkhoderia species capable of
reducing MAs(V) to MAs(lIl) and a Streptomyces species that could demethylate
MAs(111) to As(l11). In mixed culture the two bacteria demethyle MAs(V) to As(lll), a novel
pathway for demethylation of an organic arsenical utilizing a communal sequential
reduction and demethylation reactions catalyzed by different soil micoorganisms.

Conclusions. The activity of environmental microbes strongly affects the
geocycling of arsenic, in particular microbial uptake and efflux, oxidation and reduction,
methylation and demethylation. These biological processes shape the solubility,
mobilization and volatility of arsenic and other metalloids. (Supported by NIH grant R37
GM55425).
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b R IEHORGIETTRRED 2 WITAEMIERIIC LY, F& LTl e VAliD 2 SOffi%k
EATER UMD, AR L WA Z 50 CTH ARDEKRIENE, TREME, & DICIEANENE
WE £ T, AR DIEFRREE LD 2NN TS, TORMECRETRE, AW
W72 E BB L > TRELS B> THEY, EFOREHREIZIZ DO TEHETHD
BAEMRKENWZ ERRHTH DL, LV FEEEmERNIcE Tk, B{LiETiRiE
% B UIE MR B RE /Y 8~ DOBENCESL S N 2 F A % & OMBEERBNER Sh, #F5E
SNTE,

—Ji, WHEERRRICBW L, Tt/ XA NIRBENDT VT TAFAT LY =
U LEEE AT A EFE L, BEFERE (Arsenosugars) SIS RU T AAFALT LY
VAXIA R (DAFAT VY ANV ELoLAWEEN TR EREY ()
WONC i Z ol & LT 2 Ec N2 S, EWTEE O b FEA Y O RE O fif
HEZOMRER, SDICTELLEOBBERENER SN TE 2, ZNOOFIZTE FEDO
7V SRR 2 5 FT AT VRS LICE FHREOEN, TEFAral) oo
EFRN e FE| %@SMKTNt/ZJ/%EUJ/WW%®%@ﬁEf%EO#oTWé
EHICHRITICARY, EFEBELREBRICOATFAT LY ) ANV EEKRE L TH DO —HEHD

EREAREN RPN, TOMERRE, @5 Ihi, 2 b oREEGRS
ZDOEMDERMER S5,

Fg EARERICEBWTIL, ERDOBEITLATFMLE T AR EFOAEENES NHERSINT
X7z, ZHLEFT, AERILAMC L M T RBEREFIZBVNT, BARRET CTAL
EHEAMTHD 7 2=V b EDOP T ==L AF b, RN BITHA LIZBRHED
A F T ~OEWEIEPEZ Y, N L2 e FEAMITONWTHEMRREDRLZ R &
WHALNIR>TE e, 29 LIt ZBOBMRBRERBHEICOWT, ME2#RET 2,
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Environmental Cycling of Arsenic

Yasuyuki Shibata
Center for Environmental Measurement and Analysis

National Institute for Environmental Studies

Arsenic takes various organic / inorganic forms with different chemical properties and
toxicities. Oxidation / reduction and methylation are among the common chemical /
biological reactions on arsenic, and dimethylarsinoyl group has been found commonly in
many natural organoarsenic compounds identified in marine organisms. These
reactions were also detected on man-made arsenicals, including diphenylarsinic acid,
which, however, was found to experience other type of reaction, i.e., replacement of
oxygen by sulfur. Major chemical forms and possible reactions on both natural and

man-made arsenic will be summarized in the presentation.
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1. ZL®IZ

Rk 156 A5, ZRBRARAETT (HAWERT) (23T, 8 B ARSI FIE Le WA
ERILAMTHLY 7 2= VT VY VB K DREGRICGER T2 B2 6 b
W ENECL TS ZENHH L, V7 2= ATy U RRIC L D BREEE Y 2 U7
ASDEBEIZONTE, HoeB2mRIcZ L, o, BRRERIRD LR
TWAHRIUCH D72, BREEE TIE, Wk 1564 6 A TRBRIRMERTICI T 2 A
FALEWNEGE~DOBERIGRIZONWT) (Mg TR IS &, EFEEFICRD B
DHE, A e BLADICET 2 MR ORETE =4 ) v THESE EhiT 5 2
LEipot,

2. BAHEFEL®Y R T FHHIZONT

BAHRBEREZICBOWTUI. V7 22T AV U BRIZIESB L LD LD FITK
LT, fEERZEZITO L L bIC, EREROERICETHIEAZXMTHZLICLY
BRARETLHZLELEL TS, F7o, FILLL V7= AT VU URIZIBEKE L &

RODLIND I LT, R, 16REEICET 2@EFEEHREZIT>o T\ D, Zb
WZRY ., BIED AT =X 5 IREIEEEZEZDTIEGELOIREOMAEZXY . 6o T,
T ORERNZOMIEFEICET DI L HE LTS,

Flo. TNHDOEGRHOWR TR ONT-R PRI RAEH L, Wk, 155RoRH. R
R OENRE, B EBREIC L D EME, R OMEER I OV TR 2 B8 - fiffT 25 2 &
KiD\m%A@@%)X7;waﬁa%ﬁﬂﬁ%ﬁw\?W2m¢3ﬂﬂ$%ﬁ
HEEK23F 6 AICHE 2RFEEEZLVE LD, ZOFE2WREEIZE TS
AT T L [V 7 = = VT s CRRITAR DRGSR E I OV T OIS ) OF
RAaEE zx, BAREFEEIIOWT, ER 2344 7 HUBE LT 5 & & bic, /NA
HNIE B S, FYTRE ORI E~DORBNRL LN I 20 (EthrsE
) BT LIZEZATHD,

VT = = VT CEED NRIZ BAE TR DWW T EE R QYR BB DRI M
THEERIIAOND DD, I LR LHFMOBIRIZ L SR TIVUIRMBH LR B Z N &
Mh, BlEREE, RFEEEOFEM LI EEEmL, MAEZERL TN L
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I-1. ERAFNVEEBBERDORIRRA ST T

OfKRIE, mEER TEEE. EEH—D
TR SCERR « 38 - fir ek
1. [ ®HIC
bt FEEWITBRELFWE & U THIERICAETE LT % — 057 T, kRl fEERYE B s o 7h
B LTSN TWD, ERILEMORNTH ROV =it & (AsdID) (3,
ARNIZAS & e FEAFIVEGEBEES (ASSMT) [CE> TAFMEEZIT DI ENMD
LTS, ABFFE T, & MFAA HepG2 M6 ASBMT DA T T4 2 0 77— L%k
ML, TENOARATTA L0 7T —L0ORIREND ABMT & /37 B OEEFIENE &
AIRRR LA R BUZ DWW TRT 21T o 7D THET 5

2. Fik

ASIMT & L 37 &R - KIGEE @3 8% % VT His-Tag & OFE X > 37 H 2B L,
Ni BT L2EHNCT 7 4 =7 4 — KM EITo 72, ASSMT BERTENE - ERIL7=V 2> e
Y NASSMT # U N TEILS-T T ) UNNAT A=, TAET A, AsIDE N, RO,
BER{L/KFE & ¥R L HPLC-ICP-MS |2 C A F U biRD e FEbAovr—7 2 EB& L. Ml
B : B R A HepG2 #lifid, & MAMEBEM: A MA HL60 HEfY, & NISME#EME A mip
K562 fifim, & biGVEE R HEK293 Mifw, b bl BRZIRAS A AS49 fika, /LB g COS-7 #
fazfH L. Bl 8 A - COS-7 HIJEIZ lipofection 1% Vs 1~ &8 A L 7=,

3. fER

HepG2 #lifid /> & RT-PCR %12 & W As3MT D4 ¢cDNA Z#iH L7- & Z A, wild type (WT)

D 1,128 bp LHLEZ LT, YA XD H/2 2% 2 DD cDNA ##HH Liz. i 5 OB s 7 O
BV R LT- & 25, OEDF ASBMT OV 2 3 WR¥%E (A3) , &9 —HlT=FxV
Y4 L5 (M5 BRELTWDHZENRHLNE o7, 5472 cDNA D TR END
BN EDfEIE, WT @ 41.7 kDa (2% L, A3 1@ CfkIEa RUBNHET 5729
2.65 kDa, A4,5 1IAR D& 1= R £ THER SN, 31.1 kDa D% N7 B OREANR TR I
72. WT £A45 ASSBMT DY v B0 "2 VX7 B 2R L, As(IDIZ%I 35 A F Ak hE
ERaLzE 24, WT TlEAF UL ENT- e BRI S22, A4,5 Tl S
Nigmnoi-. E512, WT BEA4,5 As3MT cDNA %3 A L 7= COS-7 flfiEiz As(Ill) % 24
REIRIN L7z & 2 A, WT AsSMT B2 72 EA L-MIINIZEB W T, A TFubaiice 5
IbEMa R L7ehy, A45 ASSMT Z & FEA L7 CIERE S nen o7z, RIZ,
fix OMFAMICIH T D ZNDBARAT T 7 T 4 — LDORBLEDENEH LT HT-
DI, SO R/ 5 v FHEKOMIEEZ U RT-PCR 21T - 72, = OfEHE, HepG2, A549 #fl
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JCIiE WT @ mRNA 3% < EH L TWD H DO, HL60 <° K562 AAEIZ BV TiEA4,5 DF
B WT EIRIERE Ch oz, £, v RAZ Ty ha{Tolz& 2 A, HL60 X° K562
HIREIZ VT WT 13RI ST, Ad5 OB Sz, 5%, ZIWORRH AT T4
T T — LD AsSMT OMINARF R 2B O ZED B LI OWTHRE 2179 TiE
Thb.

Diagram of A3 and A4,5 splicing variants of As3IMT mRNA

5 ﬂeﬂﬂﬁ'ﬂ‘ﬂ‘ﬁeeﬂeﬂ em y

wr [1]2/3]4]5]6l7l8] 9[10][11] 41.7kDa
A4,5 [1]2] 3]6[7] 8] 9 [10][11] 31.1 kDa
A3 |1 |2|'4 |'5]e[7] 8 [ 9 [10]11] 2.65 kDa

The site of premature stop codon

As3IMT activity in the recombinant WT and 44,5 protein

MMA(V) A MMA(V) A MMA(V) As(V]
S (V) As(V) a (V) As(V) e (V) As(V)
20000 20000 20000
g-, 15000 15000 15000
O 10000 10000 10000
5000 5000 5000
] 1] o
0 200 400 600 0 200 400 600 0 200 400 600
Retention time (s) Retention time (s) Retention time (s)
without protein WT 04,5

Alternative splicing of arsenic (+3 oxidation state) methyltransferase

(ODaigo Sumi, Kayo Fukushima, Hideki Miyataka, Seiichiro Himeno
(Fac. Pharm. Sci., Tokushima Bunri Univ.)

We found two alternative spliced forms of arsenic (+3 oxidation state) methyltransferase
(As3MT) in HepG2 cells. These two splicing forms were deletion of exon-3 (A3), and exon-4
and -5 (A4,5). Results from speciation analysis using recombinant protein and lysates from
cDNA-transfected cells indicated that the A4,5 As3MT did not have methyltransferase activity
to As(IIl). The mRNA and protein levels of splicing forms were varied in human-derived cells.
HepG2 and A549 cells had more abundant WT mRNA than A4,5, whereas the mRNA levels of
WT in HL-60 and K562 cells were approximately equal to that of A4,5. Western blot analysis
showed that the A4,5 As3MT protein was the predominant form in HL60 and K562 cells.
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I-2. B{LFFLEEEZIVBoZHWEARL T AV ARLT—F
itz X 2 i v RO EHL

R R
H A TR S 1 LB FEED

M Fix, Atk BT ERE, BRRAMYE THD, ZOBEEEFRET LY ) R
1 (AsB)IC W?ﬁ&?é/\%ﬁ AT 4T A I A AT — Rl 25 A A
LTz, EX I Bz (MeBi2) &ESEAT I VEBFIET., KEK P T =Mk _tv#
GAs(ODiZ, Y AFAT LA F Y RIMAOIZEEMIZER X, TMAO iZ, S
EHT X BBFIET. /\fo/ﬂjﬁ’ﬁﬁ&“ X AsB ’”'“E'E’J B S D (Fig A DAF
— L), SEAT I I, BIOHIC Co-Me oA TEMAL L, BREY V2 AR TA
L7z AF VT O NNER e # 755)1 F k4 5[Fig B@I]?Y, £ALC7-EX I B ®
Co(IDFE Z BBt F % » DY E TN E A CHREE TH S CoDITETTHZ LIZLY
[Fig B)]. &R PFICIFET D A F LML GARXCH) 7 b ERLEY A F Ak %% 1

MeBuiz #4553 5 [Fig Blo)l, 2D X oIz, BBbF % . B4 I Bia, A F/VEMEGLER
\ b)%*%ﬁkéhéﬁ'ﬁ@/\%ﬁ“

A B () A VAL T — Ntz

I ¢ EREY 7 b REE VAL /x

o | @@ Dm D AFH2L b
‘ et T NEHEEET 5 2 L ITkEh L

2 7= (Fig A) 519, &5k AsB I,
© O @/ 9

xeh whe Socu || BvEBIC XY | S
( g CHy fiiE BT BB OB E
A Lo X f? HOASOH JEUEITEEY L7 (Table)o),
Vitamin By, - - Z DOfRIE T AT B D RO
As,0, T—=» I 1eRCos ;\':3 . o35 Al AR 2 (o BRI
iAs(Ill) ’.".".’02 H3C/ \C\l_iH:s Cys HiC” \CEI:'ZCOZ F 5D 1:% Ve fcﬁ }/JL;);H {;‘J ZoOWT

Methy! donor TMAO AsB ) ;f]njjl\—g—é 12-15)o
Fig. Photo-sensitive bio-

12, %5) v

inspired catalytic system with vitamin B, and titanium dioxide

A. Synthesis of arsenobetaine (AsB) by using bio-insupired catalytic system with vitaminB;,.

B. Estimated reaction mechanism of catalytic system with vitamin B, for methyl transfer from
methyldonor to arsenic. XCHj;: methyl donor, hv: photo-irradiation.

Table. Definition of toxic and deleterious substances by the law in Japan” and the results of
safety tests for arsenic trioxide [iAs(II1)] and arsenobetaine (AsB).

Safety tests required Substances

by the guideline'® 1As(TIT) Toxic substance'® | Deleterious substance'® | AsB

LDs (mg/Kg) 30" <50 50—300 10,000 '
Dermal corrosion ND** Yes Yes No

Eye corrosion Yes 'V Yes Yes No

* The Poisonous and Deleterious Substances Control Law in Japan. **ND: No data available.
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Bio-inspired Catalysts with TiO, and Vitamin B, for
Arsenic Detoxification

Koichiro Nakamura
R & D Dept., Nippon Sheet Glass Co., Ltd.

Inorganic arsenic (iAs) is an acute and chronic toxicant and a carcinogen. The arsenic
detoxification (AsDetox), where iAs is transformed into non-toxic arsenic, arsenobetaine (AsB),
has been developed by using biomimetic and bio-inspired systems with vitamin By,. In the
presence of reduced form of glutathione (GSH) and vitamin B |, in the form of
methylcobalamin, arsenic trioxide [iAs (III)] was quantitatively transformed into trimethylarsine
oxide (TMAO) V. Furthermore, in the presence of GSH, TMAO was converted into AsB by the
treatment of iodoacetic acid at the high conversion rate”. The reactions also proceed when GSH
was replaced with S-amino acids such as cysteine and homocysteine'?. The methyl transfer also
proceeded when MeBj, was replaced with biomimetic B, derivatives **. This AsDetox is a
safe and environment friendly treatment, because biomaterials such as vitamin B, and amino
acids were used and the reactions proceed under mild and aqueous conditions. A photosensitive
bio-inspired catalytic system for AsDetox can be realized and was successfully demonstrated”'”.
Safety tests of synthesized AsB have not shown that AsB should be categorized as poisonous or
deleterious substances according to the definition of the guideline in the law (Table) ', iAs
from various types of materials such as products and wastes can be detoxified by using these
biomimetic and bio-inspired vitamin B, catalytic systems. iAs of arsenic contaminated ground
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water, GaAs semiconductors and arsenic chemical weapons have been successfully transformed
into AsB by these AsDetox systems '>'?.
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I-3. BRHMEKE BRBEICL TN~y AFBEICBITS
57 ) 5T A K72 DNA 2 F AL DFENT

ORI 1, IR 2, WIEIEKRL SCAERL EBAR S, FEERM 2 BEF1

D ENZBREENIIEAT  BREREERT IR 2 —
2) ESLARARIGER 2 —RF5ERT Sy Fio i - EBIMEIERRBE % 7 v — 7
3) ENZERBEMIZERT BREERHUMITE R L 2 —

1. IICHIC

BB T 5T Y= X7 4 v Z7EHORF X, EIZDNADAFMERETHY | AT
MEBOIKT (7 a— Vi A F L) EEMIFE RN Rm AT UL TH D, ZRETO
WFFEN D, MR VEHI MRS © FBIRTE(C L > C C3H ~ 7 A 74 4 OREDTF O i T 23 B N3
HZENMERINTL, ERICLDIBBICLE Y 23T 4 v VIERORERES T2 L
PR ENTEY, b #IC K58 THENIZ DNA A F/UUERELT DR ZFET 5 2 &
X, B FRLSNOER CTRIE LIk & OXBIZAREE L, BRIZL D58 A 7 =X L OfiEH]
DIEDIIEFICEBETHH EEZDND, £ 2 TAISETIZ, C3H ~ 7 ARITHI v EIREE
THIN U 72 I liges CHRERAIC A F AN AL T 28 % 7 ) AU A RITHBE LT, F2,
7’1 —s3L 78 DNA A F UL EIZ DWW T B RE LTz,

2. HiE

SR 8~18 H H % T 85 ppm @ NaAsOz ZHUKIEEHE L7 C3H v U A bEEENT- T4 1
TOME~ T A (b RIFERE) KOz b — O~ D A0 IEFIFREAAR (EFHE
k) . AR DR IS GEEEER) . FMFEET DR (RaEt) A8 L7z,
ENHDOEAG ST 5 DNA i L, LT OEBRIZH W,

MeDIP (methylated DNA immunoprecipitation) -CpG island microarray

2y bu—VREIEH AR & b BREAEE O/ 2 DNA 2T MeDIP 24T\,
Agilent #t:~ 7 A CpG island microarray (2 & W X F AL AL U 7= 681 & HEREAIZ B R
L7z, AT /LD FERE L LT Me value [Yamashita et al. DNA Res. 2009] % v 7=,

A T AL E ) PCR (MSP)

IEFRERE, FEREE D7 ) ADNA ZANA Y LT 7 A4 MRS LT b DZEF T b L
5ER A F U DNA BE%l (X T?D CpG 23 A F /LS 4172 DNA) 2SS L7e M 774~
— & BARIEATF AL DNA B (T_XTD CpG 28 A F /UL STV DNA) (25Hs L
U774 ~—%2HNT, VT EALMSPIZLED AFELRD,

LC/ESI-MS JEIZ K% 5 AF )V b v v B DIEEHE
77 5 DNA % X 7 LAy RIZAKS#E L, deoxycitidine (dC) & 5-methyldeoxycytidine
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GmedCO)DEZEAEK I/ o~ N T T T7 4 —/=L 7 v AT L —A F b~ AR fa Ak
) —(LC/ESI-MS)HIZ L W HlE LT, [RNARIERR L7 bmedC & dC & A X % — & LTH
W5HZ E T, bmedC EDHEENITEEZB 72 -7,

3. MRLBE

MeDIP - CpG island microarray DFERNG, av b — LEEOIEFHM & i LT
FRBEREOER TEA T MEREIC o7 EB X 6ND b FHkEZH Lz, £ b Ok
IZOWT, IEFMHERE. FEEE, mEoXTFIbREER L, TORMRE, SEHIELE 5

@ﬁﬁﬁﬁfzxwf v b r— RER N SRIREERE L I, ERHRE & i L O
HTIHARICATIERERE N ERHA LN/ -72, 512, Fosb (FBJ osteosarcoma
oncogene B) Btd (Biotinidase) ® CpGisland X, ==> b — AR E LT, b
FIRBEREOFT TA T IUERPNFEICE N EBRHA LN 72572, £7-, Fosb fEIkiX, I
FEEIZB W TH, 2 b 12~/I/E$<‘:H:$)< L CERBREHTATFIERPAREICE NI,
PLEDFERN G Fosb } U Btd 81> DNA A F/AkIE, b RIFEEH Fﬁ@?‘éf@?ﬂi‘“&
72 D ATREMEDS R S L7z, F72, LC/ESI-MSIEIZ KL% 5 A F Ly b v EOFEERIE DR
R, 3 bhe—nfE, BRBEEHE LI, BV OO 5 ATFALY MU UOEIGIE, IE
AR & OFFEC 4.6%, R TIL 4.3~4.6% L 720 | T 5 A F L by v EAED
LTWD Z &R ST,

Genome-wide analysis of DNA methylation changes in arsenic-affected hepatic tumors
in mice

OT. Suzukil, S. Yamashita2?, S. Takumil, Y. Tateishi!, T. Sano3, T. Ushijima?2, K. Nohara!
1) Center for Environmental Health Sciences, National Institute for Environmental
Studies, 2) Group for Development of Molecular diagnostics and Individualized Therapy,
National Cancer Center Research Institute, 3) Center for Environmental Measurement
and Analysis, National Institute for Environmental Studies

Previous studies have shown that gestational exposure of C3H mice to inorganic
arsenic increases liver tumors in the male offspring at 74 weeks old. DNA methylation
changes specific for arsenic-affected tumors will be useful markers to distinguish
tumors caused by arsenic from those induced by other factors. In this study, we searched
for DNA regions where methylation status is specifically altered in the arsenic-exposed
hepatic tumors using MeDIP-CpG island microarray. We found that CpG islands in
Fosb and Btd were significantly hypermethylated in the hepatic tumors of
arsenic-exposed mice compared to those of control mice. These results suggest that DNA
methylation of these CpG islands gives an indication of the tumors caused by arsenic

exposure.
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I-4. FOFTR)VOFTIORMRFHBICENTEROMHBERA
EFLETNICESHREEICEEST S

OFrBazRIL, AR, SMLE L, BATA
(FBKRBE - AR EFE)

[BEW] KF¥xATHLT 7 TR, ZOHRTHLT7 77 7V ErAR) 773
—IZBT 2T 7RI 9 (AQP9) E., MMEIZIHENTAKET TR 7V Er—R
3O MR b 3R 2t 5% E 24> T % (Rosen BP, FEBS letters,86-92, 2002) , fEf
EROFEMERBLOGI X &0 1 21F, MBNICEEReENEET L Z LICERT S Z
END . HENA~ORARK THD AQPY ORIUIL RoFHMBI LE#EMENH D =
ENTREEND, Lol WILEMERICBW T, AQPY At EDOMBANERE L NI
PED BMERBUCEBERKRE ZH > T D DENI OV TOMEIEFZ Ly, £/, B3
DAL ~DELY IAH % BHE U TR < 98 OWRRIL TEIBREE 20 22l
MOLEETHDL, AT, ~ 7 AR EAZ AW T, EROMNEREE £
AUCHE D BIEFBLCK T 5 AQP9 DEEIZB O L, YR &I Lz v FOmEME
T OB AR T LI LA EE L,

[J71E] Mifa . CSTBL/6) Bt~ w7 2 O FIRAFMIE 2 H ONC HEK293 M4/ L 7=,
AEAN b SRR : MR & Kb, ICP-MS Z W CIRGE Lz, MilaztE : MTT IEB L O
LDH {ETHIE L7z, AQP9 DIEHLE : A /3R, VT AZ 7wy MEZ XY KE
L7, AQP9 D7 1 —=127 : RT-PCRIEIZ L U AQP9 @ cDNA %#157-t ., BT ¥
—|ZHA LTz, B8 A AQPY siRNA B L TVAQPY9cDNA # ViR 7 =7 ¥ 3 LT
AL, #NZ Y vo—/VERVARE  "C THIH T~V L7 Y o —L Ry
AR A RIE LTz,

[FE R OBLR] ~ 7 2RI 3 Mo e FL2BRFET 5 & MK FE 2/
N BEREOBINN & ZHUTE 5 MO MmN B SN, ZOEERBICBITS
AQPY D EZFHRD1-DICAQPY % /) v I/ XU Licd A, fMilaNe FEEEITA
EACIK T U M X8 < iz, — 75, HEK293 AfEIZ AQPY Z ERBL L= & 2 A,
AN A~O v FEMEOEINE X OHIREEOF B RN R oz, wRIZ, AQPY @
HESHE (Y Vke—n, JRF, VU h—, YLE =N == TT
=L UTVN 5 TAF R Y T VN v T AGRATMIRICBTLEE U ROk
T OB R AT 2 A, YV E b= VIAEICE FORMEREEME Lz, [R5
HTRIZBENT, ERBLOT Y e — L OMANELY AT LTz, UlEXD,
AQPY | b FEDOMBINZTE & Z AU ) BERBUCEEREFH 2> TnDHF ¥ LT
HY | FEILEAIE LTEK YV E b — USRI 2 ] L C e BB AR
LS N D T ENRBINT,

[Z% k] Shinkai et al., Toxicol Appl Pharmacol, 232-236, 2009
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Participation of aquaporin-9 (AQP9) in cellular accumulation of arsenic and its cytotoxicity in

primary mouse hepatocytes

OYasuhiro Shinkai, Daigo Sumi, Takashi Toyama, Yoshito Kumagai (Grad. School of Comp.
Human Sci., Univ. of Tsukuba)

Aquaporin-9 (AQP9) is found to be an important membrane protein that serves as a channel in
the transfer of water and small solutes such as glycerol and arsenite. In the present study, we
found that siRNA-mediated knockdown of AQP9 and pretreatment with sorbitol blocked
intracellular uptake of arsenite, thereby diminishing its cytotoxicity in primary mouse

hepatocytes.
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I-5. ZHIEZ %2 MRP2 4 L7-fIfaN v FHET -

HE A DO iR

OMlE 2 Y, /IRgRE L2, JEEFERRR 1.2
CFZER - B - #, 2 [ESLEBRBINIZERT)

[B/]  ZAlmHE # > 2327 multidrug-resistance associated proteins (MRPs) (3t 3% —
TIVEFF AGEIROIEI~DOPEH 2 U CHIBINIZ I 1T 5 b RitE g ic B 54
HZEMNRBEINTWDN, MENICET 5 e EATF AL & ORD Y IZEE L T
R 72 WL\, ARIFFE Tl tetracycline #5354 humn MRP2 (hAMRP2) %81 CHO i
ML L, MRP2 |2 L D #ifast~D b FPHIEEEH 2=, & F A FL{LEESE arsenic (D)
methyltransferase (ASSMT) |2 X 2 MiflaiN & & 2 F /AL & OB 242 =
LERHEBE LT,

[ 5] Gateway™ v 257 A% U T tetracycline #5Et MRP2 FH X7 ¥ —
pT-REx™ -DEST 30- hMRP2 % {Ejk L. tetracycline (2L 0 —mMEICRHEFEIND
MRP2 &% 8 CHO iz (T-REx™-CHO-hMRP2tr cells) #4272, MRP2|Z L5 b
O ~DHEHIZE L CHIIRN 7 V2 F4 > OBEERFZEIDRBI N TWDH 20, Al
W7V T4 k538K TéH % L-Buthionine-sulfoximine (BSO) {40, IEUISAE Fizwn
T 3R e FLAY TH D sodium arsenite (GAs) (ZxF9 2 Mifn SR 2 2% MTT
EIZEVITo T,

[FERB LB T-REx-CHO-hMRP2tr cells {23 T tetracycline (Z X % hMRP2
DEFBERFENERINT, —FH, BEFEAZIT-> TORWHIK (T-REx™-CHO cells)
IZBWTH MRP2 OIEF IR R BLMERE S 72, #5%E L 72 T"-REx-CHO-hMRP2tr cells %
HOT 1A Offifam s 21T o 72 & 2 A, MRP2 Ot S BFHEIC L oMo v
B ME~DAERZEIT BSO O, IERMEFEONTHIZEB N T HRO bR hoTo,
T-REx™-CHO cells i3 ASSMT Z 58l L T 67, F 72 1AsIIRFES ORI L3 & OB
WA F b e BRIRH SN2 2 (Watanabe 2011), T-REx™-CHO cells TiHHfE PN~
B iAE N7 IASTI NI © 58 — VL 2 T4 U f AR, FEIZ arsenic triglutathione (ATG)
& L CHilast~ e S 4. EOHEHREERIC MRP2 OB G-3RI X523, MRP2 O &
FHFHFEIZ LD e BREZMEICAEREPRBD o -Fr b, T-RExX™-CHO cells
TITEF )72 MRP2 3817y ATG Offiflast~OPEH ITRD THEREE 2RI L T D F
DR E N7, ZOMEFER MRP2 FBLNHIash~D b FPHIEENE NI KT 58 D74
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LN T 57012, BAE MRP [HEAIZ E2 AW TR CTH D, £7-. ASIMT JEH
Ry 252 DT T-REX™-CHO-hMRP2tr cells (Z351F % A F LAV EESE DR E| 2 fihr
Th D,

Excretion and metabolism of arsenic in MRP2- overexpressing cells

(OTakayuki Watanabe', Yayoi Kobayashi' % Seishiro Hirano"? (* Grad. School of Pharm. Sci.,
Chiba University, > National Institute for Environmental Studies)

It has been shown that multidrug-resistance associated proteins (MRPs) play a critical role in
excretion of arsenicals and arsenic-glutathione complexes are substrates for MRPs. However, the
mechanism of arsenic excretion via MRPs has not been fully understood in relation to methylation
levels of arsenic. In this study, we constructed T-REx™-CHO-hMRP2tr cells that transiently
overexpress human MRP2 (hMRP2) in response to tetracycline and investigated effects of ectopic
expression of h(MRP2 on cytotoxic effects of sodium arsenite (iAs™). Since cellular glutathione has
been suggested to play an important role in MRP2 driven excretion of arsenic, we also investigated
effects of cellular glutathione depletion by L-buthionine-sulfoximine (BSO) on cytotoxic effects of
sodium arsenite (iAsHI) in T-REx™-CHO-hMRP2tr cells. Decrease in cell viability of
tetracycline-treated cells after exposure to iAs" was not significantly different from that of
untreated cells with or without BSO. Unexpectedly, westernblot analysis indicated that MRP2 was
constitutively expressed in untransfected T-REx™-CHO cells. As we have previously shown that
T-REX™-CHO cells do not express AS3MT and methylacd metabolites of iAs" have not been
detected in both cell lysate and culture medium (Watanabe et al. 2011), these results suggest that
T-REx™-CHO cells excrete arsenic triglutathione (ATG) and constitutively expressed MRP2 have
been suggested to play an effective role in excretion of ATG. We are now investigating effects of
MRP2 inhibition on excretion of arsenicals as well as the effects of hAS3MT expression on
excretion of methylated arsenic metabolites in T-REx™-CHO-hMRP2tr cells.

(References)
Watanabe T, Ohta Y, Mizumura A, Kobayashi Y, Hirano S.

Analysis of arsenic metabolites in HepG2 and AS3MT-transfected cells
Arch.Toxicol., 85, 577-588 (2011)
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I-6.  Speciation of arsenic trioxide metabolites in peripheral blood
and bone marrow from an acute promyelocytic leukemia patient

Bo Yuan', Noriyoshi Iriyamaz, Yuta Yoshino', Yoshihiro Hatta®, Akira Horikoshi®,
Yukio Hirabayashi’, Jin Takeuchi’, Hiroo Toyoda'

'School of pharmacy, Tokyo University of Pharmacy & Life Sciences, “Itabashi Hospital,
*Nerima-Hikarigaoka Hospital, School of Medicine, Nihon University

Introduction

Administration of ATO (As") has demonstrated a remarkable efficacy in the treatment of
relapsed and refractory APL patients. So far, we have demonstrated that aquaporin 9 and
multidrug resistance-associated protein 2 are functionally involved in controlling arsenic
accumulation in human-derived normal cells, which then contribute to differential sensitivity to
As™ cytotoxicity among these cells”. We also demonstrated that various arsenic species
including inorganic arsenic and methylated arsenic metabolites accumulated in peripheral blood
(PB) red blood cells in an APL patient”. We further demonstrated for the first time that these
arsenic metabolites also existed in cerebrospinal fluid”, in which the concentrations of arsenic
reached levels necessary for differentiation induction. These findings provide a new insight

" and may contribute to better therapeutic protocols®.

into clinical applications of As
However, a study on speciation of arsenicals in bone marrow (BM) samples from APL patients
has not yet been conducted. Therefore, we investigated the arsenic speciation in plasma of BM
and compared its profiles between PB and BM plasma.

Patient and methods

A relapsed APL patient (49-year-old, female) was enrolled in the study. The complete
treatment protocol was approved by the Internal Review Committee of Nihon University, and a
written informed consent was obtained from the patient. ATO was administered intravenously
daily for 2 h at a dose of 0.15 mg/kg for 43 consecutive days. PB samples were collected
before the treatment start (day -1), and 3, 7, 10, 14, 17, 21, 28, 42, 56 days after the start of
administration. BM aspirations were performed before treatment (day -1), and after 14, 28, 42,
and 56 days from the start of administration. To prepare samples for arsenic speciation, the PB
and BM plasma was ultrafiltrated with a 10kDa molecular mass cutoff. The filtrates were
defined as low molecular weight fraction (LMW-F) and subjected to arsenic speciation analysis.
The remains trapped on filter were defined as high molecular weight fraction (HMW-F) and
subjected to total arsenic determination. The analysis of total arsenic concentrations and
arsenic speciation were performed by ICP-MS, and HPLC/ICP-MS, respectively.

Results and Discussion

BM aspirate with <5% blast cells plus promyelocytes with no evidence of leukemic cells
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(from day-28) and negative FISH results (day-56) indicated that the patient achieved complete
remission after remission induction therapy with ATO. The PB plasma concentrations of
methylated arsenic metabolitess (MA & DMA) ®-Asv Al A-MA +-DMA “©-AB

0.25

substantially increased after the start of administration,

while those of inorganic arsenic (As"") was still kept at Z 05

+——

a low level until day 10, followed by substantial Z o010

increase from day-14 after administration (Fig.1). ' g

000 =
Biomethylation is well known as a metabolic pathway =L 50 7 10 15 13232231 33 99 43, 4703155

Days from the start of administration

for ingested inorganic arsenic. Collectively, these Fig.1 Profiles of concentrations of arsenic species
results suggest that the patient has relatively higher 'n PB plasma
efficiency for drug metabolism probably due to her young age or without clinical complications.
Furthermore, a trend toward reaching a plateau in both inorganic arsenic and methylated arsenic
metabolites was observed in PB plasma (Fig.1). Although the similar trend was not observed

#-AsV sl A-MA 4+-DMA €-AB in BM plasma due to a limited number of sampling
points (Fig.2), the arsenic speciation profiles of PB
- plasma were very similar to those of BM plasma
0.10 throughout the remission induction therapy (Fig.3).
These results suggested for the first time that arsenic

43 7 1115 19 23 27 31 35 39 43 47 s1 ss speciation analysis of PB plasma could be predicative
Days from the start of administration .. . . . .
Fig.2 Profiles of concentrations of arsenic species 10T BM speciation without applying BM aspiration.
in BM plasma .
P We further demonstrated that the total arsenic

concentrations in HMW-F were much higher in BM plasma than that in PB plasma. Based on

the vital role of BM microenvironment in the homeostasis of the hematopoietic system, we
assumed that a higher amount of proteins (MW>10kDa)-bound arsenic complex contribute to
protection effect from the attack of free arsenic species. Understandably, further investigation
of the detailed information about these proteins is need. DAsvV BAslll ®MA 2DMA EAB

In conclusion, we clarified for the first time the arsenic "** [ Before | Day-14 | Day-2s | Day-42 | Day-s6

start

speciation in BM plasma, and found that there was a "*" |

close similarity in its speciation profile between BM%L"'lS |
and PB plasma. These results probably not only give" |

05
further evidence of clinical application of ATO, but also .

DJJU £a — r- i .0 2 i 4= £ e 2=
provide new insight into host defense mechanism in PE BM PB BM PE BM PB BM FB BM

) . Fig.3 Comparison of arsenic speciation pattern
APL patients undergoing ATO treatment. between PB and BM plasma
References:

1). Toxicol Appl Pharmacol. 257, 198 (2011). 2). Anal Bioanal Chem. 393, 689 (2009). 3). Leuk
Res. 34, 403 (2010). 4). Application of arsenic trioxide therapy for patients with leukemia, in:
Sun, H.Z. (Ed.), Biological Chemistry of As, Sb and Bi. John Wiley & Sons, New York, pp.
263-292 (2011).
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I-7. eVXFORFBTBEBIIBITI RS HFEDNOEI

Opiige  HWET  (KRFLAZE)

[F] eoXmhkhor£UIGHRITE VX OEEFREIC Lo TREL f 019
BRI D As REIZRB O TH As EABDIELOXIIRE | FRHOITHRIEREIC As 23
BHENS 45, e VXROAEFTBRICBWNT As N ED L I ITHEM L TL 200, ZDOFEM
EHA LN TIE W, FEHEDIXZOREMRIT 572012, Wy v L(Ca)72 8D IR TV otk
DEFE LT As DERBEZWE LT,

[EBRIE] MR omE, MBE . b 2SR mEL IR AR RS CRE LT b
DEAW, FELZERT, EHIkE LTELIRY . A TR /KIS CIERESE
FTOUEH Licth, —ETA XU L, 2 - BB LSRGz L7,

As DEEH: HPLC-ICPMS ikic k-7,

Ca DEE: conc HaSO4 - HNO, RIKIC TR L L, AN EFHITEREL
77

[EBRFERLEZR] EmkoAERR: 11 AR CIIEO L CEMIL B HTX 2048,
2 HiZ72% & 20em B E TEF LTV, 4 AFAICIE 40em BIfEICHE LT,

AsERORE: 11 AOBEHTERIT 5 AsiREIL 2 HREIO L~ L ST D723, 2 Hik
BFCIZZERICH AR TEMICE < EB LTV, 3 A 4 AR CIEZER & A THERICL Y £
<D AsHEFENR ROz, As DEFREILEORIIZB W TH XTI > TH T2 5 2 L3
<L A E LTI TEALIZH - TEBREICERB L T\ e, As DA EREICISW T, lik%
WUTAREMETHDLZ L0, AsEHEORETHD L2 Ko, IWHER Ol (K CHlEE
BLEINE TOMEDELE M THoT,

Ca DERBROEM: . CaERBOMNIT AsERBORIL L TR > Tz, CaldX - i
b, R LD O A SR E ICERE L Cvie, Ca DERIZE VT, &
VX E AT HMAEMBEOR G 2B E T X 0b Ltz s st & oA 1B
U CiE, B i 3elcERe & AR & OBRZBIZ L TRV, ZOMRITEERD As UHN
ZOMAEMFEICE T D AsfUH EBERECBE L TV D Z EZRL TN 6D, fiE-T, BV
FIZBWTH R FEGEEZE T HXIETHLIN, SHBOBETH D,

[ 3'E Abstract]

Accumulation of arsenic in growing Hijiki plants.
Masayuki Katayama and Yohko Sugawa-Katayama
(Osaka Aoyama University)
Freshly sampled Hijiki (Sargassum fusiforme) plants were lyophilized, and their
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arsenic (4s) and calcium (Ca) contents were determined. As was determined by High
Performance Liquid Chromatography — Inductively Coupled Plasma Mass
Spectrometry and Ca was determined by atomic absorption spectrophotometry.

In growing Hijiki plants, accumulation of Asin the stalks and leaves was evaluated
in the sections along their stalks. In the samples of March and April, arsenic
accumulation in the stalks was less than in the leaves. On the dry weight basis the
arsenic concentrations in the stalks as well as in the leaves were higher in the lower
sections than those in the upper sections. In contrast, Ca concentrations were higher
in the middle sections than in the lower and upper sections.

The distribution of As and Ca should also be considered in relation with their
metabolism in symbiotic living organisms as found in diatoms and their symbiotic
bacteria®?.

[Keywords] Hijiki, Sargassum fusiforme, As accumulation, Ca accumulation, growing
process.

[3CH#R References]
1) Katayama M, Sakiyama C, Nakano Y, Sugawa-Katayama Y (2001) Distribution of
accumulated arsenic in the seaweed Hijiki, Hijikia fusiforme OKam. (1). Trace
Nutrients Research, 18: 29-34.
2)  Sugawa-Katayama Y, Katayama M, Sakiyama C, Nakano Y (2004) Distribution of
accumulated arsenic in the seaweed Hijiki, Sargassum fusiforme (Harvey) Setchell (2).
Bull Fac Human Environmental Science, Fukuoka Women’s University, 35:81-90.
3) Katayama M, Yamamoto Y, Sawada R, Sugawa-Katayama Y (2008) Distribution of
accumulated arsenic in the seaweed Hijiki, Sargassum fusiforme (Harvey) Setchell (6).
J Osaka Aoyama University, 1: 29-34.
4) Katayama M, Sugawa-Katayama Y, Otsuki K (1994) Effects of Hijiki feeding on
arsenic distribution in rats administered large doses of arsenate. Appl. Organomet.
Chemistry, 8:259-264.
5) Sugawa-Katayama Y, Katayama M, Arikawa Y, Yamamoto Y, Sawada R, Nakano Y
(2005) Diminution of the arsenic level in Hijiki, Sargassum fusiforme (Harvey) Setchell,
through pre-cooking treatment. Trace Nutrients Research, 22:107-109.
6) Katayama M, Benson AA (1985) Arsenic metabolism in marine algae — The effect of
the symbiotic bacteria on the metabolic pattern. Abstract Book of 13th Int. Congr.
Biochem. Amsterdam, 180 (TH-639).
7) Benson AA, Katayama M, Knowles FC (1988) Arsenate metabolism in aquatic plants.
Appl. Organomet Chem., 2: 349-352.
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8. ABHECO L RILAMIFNAS LD DA FLT VY L HERIC
RETHE

ORI A V- BGTEE Y - IR D - IAKFHE 2
D Of) REERBIBIROIIERT, 2) BRKZE, *BEMKES

1. 1IC®IC

BOFEAENLESI, KIZEEND D I 7 A(CDREIELAEN 0.4 mg kgt 25|
T NN, BUUEENOK 4 75 ha OKBIZIB W THIBEHIATE OWFKEEIC L 5 X0k
Cd R EEARBO RN Y AL E TV D, HFEBIRTE O WK E BRIZ KV i b BN &
T, LRFOVAF ATV B (DMA) OEAEREL DD, L, ZXFoD
DMA 3 HEEHFTAF AL SN b DIZHKRT 5 D0, IENTAF LI b D72
DONIZHONTIEH G TRV, Z D7, KB TRz kb L, & e LAV O
7S Zok DMA & &I RIET BRI OV TR 21T > 72 2,

2. Hik
(%R 1)
5H EANT/AKHICH 280 L TR ZRE: L, THRIDIKFERE (IS L7z, HREE
#%. 5H., 10HRICAH e £HLAY (DMA-c 1.3uM, MMA-& 1.3uM, NaAsOz 1.3uM,
13pM) A KBHERICIRIN L, HFE15 H B DAREIXIEH O /KR THRE %I HE L 7=,
DMA, DMA- a5, DMA-& 1% HPLC-ESIMS (Waters Micromass ZQ) % >, 4371
# > m/z139 [DMA+H]*, m/z142 [DMA-&+H]*, m/z145 [DMA-@+H]* % IV CER L
77
(R 2)
KHEOHHEZ VT 7 B RHE: LefMoghi 28 e F e (MMA-&, NaAsOs)
T a e /KBHIRICBAE L TR L, 0.02% 7 15 A7 = =3 — LK &% 7=,
2mmfifi &8 L 72K H O T3 1glc & b F LG (MMA-&, NaAsOq) % & e /KHHK
Z50mLIAIN L T8 L=, 0.02% 7 15 L7 = = a— LiRIK 2% 7=,

3. MREEBE
(5 1)

DMA-d°, MMA-d°, NaAsO, D/KFHE~DFRINC L v | ZKB L OFGEIL DMA B
EIINL72, MMA-d® iRINX O Z% DMA IX DMA- d® TH Y., #HII L7 MMA-d* (2
KLTWDEEZ BN, MMA-& IS5 H B OKBHEFIZ DMA- & 23 S vz,

(5 2)
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MMA-d’, NaAsO, FINX O KBHE 112 DMA 23 H S 72728, 0.02% 27 1T A7 ==
T — )L Tl S e o 7,

MMA-0® FRIN X DK BHE & OB I DMA 2B SN 7223, 0.02%7 0T L7
= a— VIS TR SN2y - 72, NaAsO, IINX oK #HE & O IZ DMA 1X
B Enzmnoi,

LEDZ E0ne ZokA~ERET 5 DMA D% < ITRRICRIN S5 B HEEMAEwIc
EoTAFMMbESNTZbDITHEKT D EHEE I N,

Sk

1) Arao, T., Kawasaki, A., Baba, K., Mori, S., and Matsumoto, S. 2009. Effects of
water management on cadmium and arsenic accumulation and dimethylarsinic
acid concentrations in Japanese rice, Environ. Sci. Tech., 43, 9361-9367.

2) Arao, T., Kawasaki, A., Baba, K. and Matsumoto, S. 2011. Effects of Arsenic
Compound Amendment on Arsenic Speciation in Rice Grain, Environ. Sci. Tech.,
45, 1291-1297.

Effects of As Compound Amendment to soil and solution culture on As Speciation in

Rice Grain

OT. Arao?, A. Kawasaki?, K. Baba and S. Matsumoto?

1)National Institute for Agro-Environmental Sciences, 2)Shimane University,

Rice consumption is a major source of arsenic for Asian populations. Arsenic is
present in rice grain both as inorganic arsenic and as dimethylarsinic acid (DMA).
It is unclear whether DMA in rice is taken up from the soil or synthesized in planta.
We investigated the effect of DMA, methylarsonic acid (MMA) and arsenite
amendment on arsenic speciation in rice grain grown in solution culture. We also
investigated the methylation of arsenic in solution culture under suppression of
bacterial activity. In the solution culture, not only DMA amendment but also MMA
or arsenite amendment increased the DMA concentration in brown rice and rice
straw. DMA was detected in the solution amended by MMA or arsenite with young
rice plants. When the solution included the antibacterial agent chloramphenicol,
DMA concentration in the solution decreased dramatically. When only the soil was
incubated with MMA or arsenite, only a slight amount of DMA was detected in the
soil. These results suggest that rice rhizosphere associated bacteria would be

involved in the formation of DMA in brown rice.
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I9. ~7ufERERORTERZNHHWIET 05

MOBE Y, i =2, Ly B3, [BlEE B0, B R, EEE 150
D TR RPERE S, 2 HARRFITES, 9 BERIKPESL,

O BV 5 SORPEE R BRIt v ¥ —, 8 KIS R R [ A TR
TR

WPER ML R e BLEME G ATV, BRIC X 2@HE Y 2 7 XA S8 %
W, AR & 1T E BB O R e BREDICONWTHREGDLTZD, KT T«
TIZBT L~ 7 BRI ORI Fora1T 72,
FHik
fEMErE A g - TEERMPEDE A NT~ 7 a Ry fily A%z v,
W A7 —A Rarvr NefG@EieBis 24 211458 N~/ g
BARZ T 47720, =7 vl 300g % 1 RIOBHETEILZ, 2B, v 7 2
O 5 AT ER MEZ B L 2o 7o, 8% 5 AR, T X TOREER L, HERIE
G RBEERETDELE LI, Z VLT F = BOWEE E LT,
~ 7 af e RN iSRS e 2o HRENE L, ReEofmix. Rtz ~
A7 vy x—"740FEE (Multiwave3000, Perkin Elmer) % HWERJKAL L 7%,
ICP-MS (ELAN DRC-1I, Perkin Elmer) Z3#7 %17 -7z, £ 7= & FLEERERI AT T,
HHERE S LT 50% A % 7 — &RV, B— XHHRAEO% ., 150 - iR
HPLC-ICP-MS 73 #r & 17 - 72, RIFE D b FLAMIRE LY A F LT v i (DMA)
BALH—RELTHELE,
PR Fo0HT © BRI U 72 R ITHERE £ TS ORE L. MilliQ-/K T 5 A%, & FEik
B DI EA AW T A (AS-22, Dionex) % M\ T HPLC-ICP-MS 7541 %
1To7,
E R

~7'n1 300g ICEENDHHEFREIT 2.6 mg Thoio, HHIROLFIEIER 5T D
B, Tt/ _H A4 (AsBe) L RRIEDEFLEMIRBH SN, ~27 17 300 g o
EHEEIIFNETN 1.4mg & 0.7Tmg THo72,50% A X/ —/MHiH SN - 72 b 3
IbEWIE 0.4 mg Thot-, P, EHEEFE ({As), B/ AFALT LY U (MMA).
DMA, RURAFATAY U AXHA R, Tt/ al il Eninoiz, Rt
FOHTOFER, ~ 7 BE% 5 H [ T b FEIURE DK 40% A3 R HFIZHREE S 1Tz,
RINBRH Sz T v FLEWIE AsBe & DMA T, 1 5 BB ORI
948+201 pg & 9438 ug Tho7o, KHH 72V R b B R KIEZE LTZDIL,
AsBe Tid~ 7 o fEH 4 FEE1% T 66.5 ng/h, DMA (3 9 FF[E#% T 1.47 pg/h TH - 7=,

ot

= &
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EE

SEHER L7z~ 7 v 22513 DMA, iAs 3 X0 MMA (3 S e o 72y, %
DRPHIE DMA B S i, 2O Z LR DMA X, 50% A # / —/ValiEtE &
TR PERIN € LB DO EN Th 5 TREMENE 2 b D,

Arsenic metabolites in urine after ingestion of sashimi-grade tuna
Akihisa Hata", Kenzo Yamanaka®, Yuko Yamano®, Yoko Endo®,
Noboru Fujitani”, Ginji Endo®
Y Chiba Institute of Science, ? Nihon University, ® Showa University,

4 Japan Labour Health and Welfare Organization, ® Osaka City University

Seafood contains large amounts of various arsenic compounds but the risk from seafood
ingestion is not clear. After the development of arsenic speciation analysis of seafood, we
examined sashimi-grade tuna fish ingestion experiment using volunteers. Arsenic content of
tuna was measured after bead-beating treatment and 50% methanol extraction. Four volunteers
ingested 300 g of sashimi-grade tuna fish, after refraining from eating seafood for 5
days. Arsenic metabolites in urine were monitored over 5-day period after the ingestion.
Speciation analysis of arsenic in tuna and urine was performed by HPLC-ICP-MS. Total
arsenic (T-As) of the 300g of tuna was 2.6 mg. The compounds detected were arsenobetaine
(AsBe) and unidentified arsenic compounds, but dimethylarsinic acid (DMA),
monomethylarsonic acid (MMA), trimethylarsine oxide, arsenocholine, and inorganic arsenic
(1As) were not detected in 50% methanol extract. In 2.6 mg of arsenic ingested, 1.4 mg was
AsBe, 0.7 mg was 50% methanol soluble unknown arsenic, and 0.4 mg of arsenic was
insoluble arsenic. Approximately 40% of the ingested T-As was excreted in the urine during 5
days of the observation. The major urinary arsenics were AsBe and DMA, and the excreted
total amounts were 948 + 201 ug and 94 + 38 pg, respectively. Urinary AsBe excretion rate
reached to 66.5 ug/h at 4 h after ingestion and that of DMA was 1.47 pg/h at 9 h. Tuna
contains not only AsBe but also soluble arsenic compounds and insoluble arsenic. Since
neither DMA nor MMA nor iAs detected in tuna, urinary DMA may be produced metabolically

from unidentified arsenics or insoluble arsenic compounds.

38



11 H19A8 (+)

I-10. EBHEZEPFEOFHERE:-ENZEITHIRILIAZTITTY

ERROERCLAMEVLATHRORE EHFRIZONT

OZKHERILY | HHEZ 2, WIERY 2, FERILY, TAREZ 2, EREZ 2
RS A 2 R D TRESED . NERRE - VL AR i)
1) AERERFPRFEEEFRIIFEREREER R, 2) JBER R PRERER T

(B8] e, 707 O KREE Z 02 BIRH R O M6 & FEGAS)IZ & D H P KHY )
SR b P EES ABERE A L, WHO TIZH 5000 5 ALLEEH#HEEL T3,

Fex 1T 1996 F LV HE, NECFIVERK, IEEFICBWTESHAE, £0%, 1B
b R AE T DR OSEL T IR Y filA, 10 fE OB 21T > 72, L L,
IR © 3R ONRER B OB D 7 T O RFEROBEIEZNRITZ U< Hriic 7B A4 o Bk
ZELU TS,

SBMEE RTRICITADRIREIE L LT BAL BWFEET D0, 1B e BP R A%
IEE BTV, A THFZEIC BT, In vitro BP9, i ERICB N T nyal) —2 7
79 MBIYHDANT 4T 7 7 (SN LD, M b D A F Ak & ARSI D (EEEH 2
O bl SFEAHOERBIERMPER SN TWD,

AT R T T 4 7T ORRNBEME6 41281 5 SFERUC L 2 v HLAD O L PEi,
K OWZE LR OB REIZ DWW TRRET L7,

[FE] 2B ITHABEE6 4T, SFEK 1mgaAaT57 0y 2 —KK%E 14 B ER
B L 72, SF 12 A, 81 1, 4, 7, 10, 14 A B ORZ AV 72 018 b FIT O 5 fi(As5),
M D 3iGAs3Y), £ AT ATV UERMMA), ¥ A F LT Ly UiEDMA), 7 vt X
24 (AsB), U AFAT LAY A R(TMAO), 7t/ a2l v (AsCOD THTH 5,
F7-. WMIEITFEIT Ca, Cr, Cu, Fe, Mn, Se, Zn,» 7TfETH 5,

1) BEHKETIATEEDH (CP-MS) EHIZKDRILEREDATEDH

D=V VRAERITIR 1ml 20D | JRAEEE 1ml 2002, 130 C, 2 RER]OMEVLEL L
SIMTIZ AV 72, ICP-MS 1% Perkin Elmer #1#8 ELAN DRC-e %] L 7=,
2) BRBEARYIOT NI S T4 —/BERHEETSATEENH (HPLC/ICP-MS) A& B E
RDILFEREERI DT

PR ZBHK T 10 5778 L7-#% . HLC-DISK3 /K% ¢ 0.45 pm (B HALS)IC T 1 [F19858E L
A 7z, HPLC/ICP-MS 3 _EFC ICP-MS (2 HPLC : Series200 LC Pump + Series 200 Auto
sampler ([F4h) &8, S50F: 7 Z 4 ; CAPCELPAK18 MG(4.6 mm i.d. X 250mm, 5um :
G, T LA —T 40 °C, i 1 ml/min, EHER: 10 mM sodium 1-butan-sulfonate,
4 mM moronic acid, 4 mM tetramethylanmonium hydroxide, 0.5% MeOH . Zi1 5 % pH
3.0 [THHE L7z, BRREILFERME L RF 7 L7 F= U liiEEEZ I E IR | HaH T IX
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SPSS.ver 15J (2 TIT -7,
A2 TEINER R FEDOMEEBE R OB ESETITo T,

[(#EREEBZE] s 6 4 DORF OB L?”:I:?%@i\ iAs3+, iAs>*, MMA, DMA. AsB
DO S5FFAT, ZIUIX LT TMAO & AsC I TomKMbHmE I oT-, SF &H
Tuyal =K% E 14 BB L SR, )7:'J<EF' 1AsP & 1ASSHRE IFHBEUL 4 H H £ TOX
FAEMAR ST, 1As DF— A F AL O MMA (13, I 4 B H L0000 BRI
BV, BT, FEOMERILE = A F A TH D5 DMA IZH R S, TR
MR A BEEITRD Dol Ak, SFIZITZ A FULIREER 26T 523, #RE
ﬁﬁﬁﬁﬁ Lf:%ki()\?’?ﬁ ZBWTIE, DMA % & 52 A F /bt DR8I35 59, HILE
M FB 1T DR b B O RAEAHTEDILI DMA ThHhH Z & 2B LTz,

BekrE 6 42k T D, WAICHE THEBEORPFIREIL, SFEI14 HEZ@ L TRERE
iR ST, ZOMENDUETLRERORP~ORBREPEHIIAEL T RnWZ & 2R LT,
AWFZE G FATHFFE DML & FERENY) COMEE R D A "fﬂ/ﬂj & RSN DR HE 2D R

X, AToO SFERNG S, (FHEZRET D8RSRk Z & OB FfE

BEITBIT 2 THHRUEIC bei‘ﬁnfﬁ‘éﬁﬂﬁ#&)é%@kﬂézé

Prevention and treatment of chronic arsenic poisoning: Metabolism and excretion of arsenic

compounds and essential elements following sulforaphane intake in humans

Tamayo Suizu", Takahiko Yoshida”, Yasuaki Saijyoz) Toshihiro Itoh”, Yoshihiko Nakagi’,
Yoshihiko Sugioka”, Hideto Okazaki®, Youko Inoue", Naomi Ejiri"”, Makiko Ono", Hiroshi

Katagiri, Hiroshi Yamauchi

1) Department of Public Health, Kitasato University Graduate School of Medical Science,
2) Asahikawa Medical University, Department of Health Science

The purpose of this study was to examine the metabolism and excretion of arsenic compounds and
essential elements following 14 days of continuous intake of sulforaphane (SF) in broccoli among
six adult male volunteers. Five arsenic compounds, i.e., arsenite, arsenate, monomethylarsonic acid
(MMA), dimethylarsinic acid (DMA), and arsenobetaine (AsB), were detected in the urine of the six
subjects; trimethylarsine oxide (TMAO) and arsenocholine (AsC) were not detected in any of the
specimens. MMA and DMA concentrations showed a slight increasing trend from the fourth day of
SF intake, but the differences were not significant. Urine concentrations of seven essential
elements did not change throughout the 14 days of SF intake.

The results of our study are consistent with other studies performed in cultured cells and animal
models. Given the efficacy of SF in humans, SF presents a promising agent in the prevention and

treatment of chronic arsenic poisoning.
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I-11. AARy MRYPEE BARHEEDIREEDOEAN - BAFLEE

o/NEET- SARIRE AL EOKTE
FORCR S BRI R A FE

[IZzC®iz]

MERE © 58 [As(V) + As(IID), iAs] MREEIC X 2 REFEZENT 1970 FRLARE i /K5 Y itk
M REREE 72572, iAs @@E@E%’éﬁnﬁE@t?@@&%%nﬁﬂﬁ 1T, ARy MR
HiAS I FEMIRE 2 -2 A2 =4 U v 703 FAKTEYe ik L < AV B Tn
Do LML D iAs DAY FHPERINIIR TR 1 B & HRERFTh 5 Z &b,
MRFOIAs BERE RV TV T DOH A U X - T, JRFREEOEANEZH
REWHFEMENH 5, HFKIBYH-IBICI O T 1 A0 AR > MRF iAs (T EY
ETho CTHLEMEOBRFENiASBEL NV EKMLTHD VeI HERHHLOOD,
FRMEBEEN R D ARANDOSGA, TR ZEOEEL TUIXELRWARERH D, 2
TABFETIZHARAND iAs BREEIC X D EFECERHMtio —BR & LT, ARy MRP iAs R
BPEM L OAE A « 5 N BN DU TR AEBEIFREL (Intraclass correlation coefficient,
ICC) Z#MAWTRHME L., AR > MRF iAs RETEDIREOBRAM 2R 52 L 2 HIW
L7,

(k15 & k]

BRI TV 7 AR T, FRNSHFESINA~DRIE 21572 20 26 37
%@Hﬁkﬁk#%@ﬁ@iﬁ@ﬁ#~%isﬁ)M%%%Eﬂ%ﬁ&btowwﬁ
7ADG 201071 AEFToOMMP, H3BEHTE (203+73 H) 1250, FEARAKR Y
NREELO YTV o T EAT R 7Y /7“%50)@%?\1@ (2R3 DB R ZEA
DEEZEIE LT-, RMRE 14 4DORETSEE 24, RFEE104, FH24TH Y,
INBHBREDOY T U THIHOREE 210 B DI H, REIZ4% THh o7,

As M PREVBHIMIAKZ N T S ERAIRE, 045um AT 707 4V Z—TAHil L
Tbozrzfike L, ke~ 777 - KFEAMREE—-ICP EE DL
(LC-HG-ICPMS) TOmHricfli L7z, LC 7 ALitHA53BES Z . CAPCELL PAK
C18 MG S3 (Shiseido Co. Ltd.) . BEIHHIZ 10mM 1-7 % > ALK U —4mM ~ 1 iR
—4 mM KEE(LT FTAFALT UE=TL—0.05%A% ) —b (pH 3.0) Z MV, s
0.5 mL/min? & L7z, HG EOSIERIKIT 049 M HEE, ETANT 1% 7 h 7 & Fuik
UEET N U U LB (0.1 M KEE{EFT FY T A) L, A% 1.8mL/min T L7z . &
BHE B3 20 pL, BiH&s1X ICP-MS (Agilent 7500ce, Agilent ) % V>, m/z=75 Cilll
ExEITo T2, REERIZT SN =3 KOFEH L2 TIRIZ, As(V), AsIl), MMA,
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DMA T 0.39,0.19, 0.15,0.22 ng As/g URFIREE) ThH V| FFEAEMEY'E NIES CRM No.18
Human urine ' As L&Y O THEE 1L 2.6 - 5.8%. 7 As AWy FE VX BEAE SCkE & [RFR
EThHotolod, RUERIIBE - BEL LICRIFTHD LB Lz, IR iAsUHTE
WBREIX 7 VT F = RBEEHOCCTREMIEZIT 72, 77 iAs BT EFE L L TR
iAs + MMA fiEi % AV =2 2, BN - B R 53 B 1 — o Bl i 53 B A & FAV TR L
ICC 1% Rosner YD 7 v & LEF /LT, ICC= (fH AR HAE) / (B AR Bl + 18 A
WNoHUE) & L7z,

[#E2R & EL]
PRPPRIE - 2% 1 1TRERE 14 244 58] GE 70 B(K) DR FRERPED IR L O R defili (/s
- R BT GRATEEERZ) 2R L, JRT As(V)DORERITEK» -7 (36%)
Z LB TR O KGR 1 R iAs REFPEDIR FE (ng/g-cre)(n=70) & ICC

WriZiTh ot *t4HE o Min  Median Max GM (GSD) ICC
B iAs + MMA {0 e fi iAs+ MMA <LOD 0.650 214 0.656(2.68) 0.15

V) LoD oD 269 08 D 2
(£0.650 pg As/g-cre THY . AqI) <LOD 0204 119 0.161 (3.61) 0.10
HAABRABME (57 ng MMA  <LOD 0388  7.94 0.331(3.13) 022
Aslgere, n =210) V. 7 2 DMA 130 761 725 725237 023
TRRNF & (1.7-1.9 ng As/g-cre, n =60) > &5 LROREVMETH - 72, ZHITHS
FEBN DI BREEOR Y B SN T D RS 5,

ICC : X &BE LI S Lz 5 RIOJRF iAs REPFEMRE IOV T ICC #H i Lz
&2 A (F 1), Rosner IZ L% ICC OFHMiAYE poor reproducibility (ICC <0.4) 1Z3%%4 L
2o Lo T, 1EIOAR Y MRT iAs RETEVREIZRBIM O B #107 iAs B L~L
ML TEOLT, 1EIOARy MRTEADHER iAs B L~V 2HEET 5 2 &%
RS THDHEEZ BN, &2 TRYT iAs + MMA EIZOW T ICC O FElFEYE good
reproducibility (0.4 <ICC <0.75) (T4 T 5720 DMEY LTV Vﬁ“lﬁli&%%m Lz &
2A37 (B L7 HADHEH A IRE L~ LEAERET L 7-01I3b 72 b 4
[53 D AR > FRF iAs + MMA ED LB ME L Z 2 Hivs,

[5E3
1A D AR > MRF iAs (EHPEWIR B IL H #H72 1As BEEE O8N IZEB) A M7 5
FFIEE LTARETHY ARy MREAWTHEAD B ER iAs IREE L~V 253 5 12
37 e 4RI EAR Y MR T 72TV EDRFIREOFEEEZ VW5
BN DH Z ENbroT,
Reference 1) Kile et al. Environ. Health Perspect., 117, 455-, 2009, 2) Narukawa et al. Appl.
Organomet. Chem., 20, 565-, 2006, 3) Hata et al. J. Occup. Health, 49, 217-, 2009, 4) Rosner
Fundamentals of biostatistics, 2006, 5) Navas-Acien et al. Environ. Health Perspect., 117, 1428-,
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20009.

Intra- and inter-individual variability in urinary concentration of inorganic arsenic metabolites in

Japanese subjects.

Tomoko Oguri, Yayoi Suzuki, Aya Hisada and Jun Yoshinaga
The University of Tokyo

Urinary concentrations of inorganic arsenic (iAs) metabolites are used as biomarker of exposure.
The aim of this study was to compare inter- and intra-individual variability of urinary iAs
metabolites in Japanese subjects for evaluating whether single spot urine is suitable medium for
long-term iAs exposure assessment. We collected five spot urine samples from each of 14
healthy female subjects for 4 - 5 months at 2 - 3 wks interval. Urinary iAs metabolites
concentrations were determined by liquid chromatography-ICP mass spectrometry with hydride
generation system. The median concentration of iAs + MMA in 70 urine samples was 0.650 pg
As/g-cre (range: <LOD - 21.4). The intraclass correlation coefficient of urinary concentration of
iAs metabolites of the 14 subjects were 0.10 - 0.23, indicating poor reproducibility.
Concentration of iAs in single spot urine is not a suitable biomarker of long-term exposure
levels of iAs in Japanese at individual level; it was estimated that four spot urine samples were

required from a subject for that purpose.
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I-12. T7rFE/DTy MEAKREIZ X 5RARTE

O B, FE - EHkL, HE R
JUNRZRZFBEE RO e BREEE 257 B

1. I

T T ACEMIIAFEENE - T A - RKEOERRBI AL AR - T T A OTEEA - BEL -
BEERI 72 PiEIAE WS, FIC= kT v FECBRHNLNTWS, LML, 7T FE
> (Sh) OEREIKFEGIZ L 2EWERIZHE W T, =@k > FE> (antimony
trioxide;ATO) DNEERAMETH D Z LD, AEEOKRTH DEART » FE= LIV U
A (antimony potassium tartrate;APT) 2V NS4, APT OFMED Sb O O FME & L CEE
s T& i,

A FE T, AI—5EBTATO & APT OCEIK#ER A& 512 & 2 @mEekHl2Thh Tnvignz &
o, Al Zy FEHWTSh & ULTEIRED 5 ppm (5mg Sb/L) @ ATO 38 L TN APT %
FOBIK & LTy pREY, IR, IO 4 » ARlICh > TR G L, fHR, HE~D
P Sb OB, BRBATICOWTHRE 21T > 72,

2. FEBRFIE

BHE) (FOF v b)) & U THERED Wistar rat Z VN, ATO FE. APT BE. XTHREED 3 B
(HEMER 11~13JC) ZFREL., 1 F—YH7=Y 3ILEE Lz, ATO & APT (3B KZ W
T, 5 mg Sb/LIZFAB L7z, BEFLIE (3 0HER) 2°5 5 ppm D ATO 35 &L OV APT ¥R 4 e
DFO 7w MIEEIKE LTHRE Lz, IRBHCIIKEKRZEE L, XA BRERE St
Too BB LY 10 B (13 W) TR CEGEEOA A & A R Z A0 S, iERiERE .
FOA AT > MIFOART » R BEEL, BEEICR L, FO A AT v MIMES CHE LT,
HPER 1 HBIZKEEOFZ v b (F1) $& 8ICIZHbE, FL 7 v MIA% 3 HE#% OBt
R ECHE Lz, FOZ v b AR T 19 Bl (BEILRE) . Mk F1 2~ b 3 Bl (A
FLIKE) TLHEIEIE, FO ARXT v b, F1 7 v bOkE, (IR, HEICIRD D KHEEOF
MizfT -7, ShIBERIEILF0 A AT v FCllmiFR L o0&, A% 1 HADFL 7 v b,
BEFLER (2 21 HH) D F1 A AT v hafzE VW=, 5mg/LIZFH% L7 ATO 38 X OVAPT
WX 0.22um D7 4 W H—TAHilat ., AULH Sb I OME 21TV, Sh IR IE4 % 1. 6 mg/L,
5.0 mg/L TH o7,

KIH H O EHENT (21355 B HT % Student's t-test & V., A EKYEIL p<0.05 & L7,

3. fERBIUBL

FO A 2w h® ATO B L ONAPT BEDEER &, UK &, JRas &, HEERE oM E # o
FEREIIRI R L LR THBERETRO b2 o 7z, FlLEfERET v FORAM T OIKE
HEAMZBI L. ATO 36 LT APT BETIIRTRRRE L LN THEREITR D bigno Tz,
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Table 1 Antimony concentration in tissues of FO and F1 rats

Group FO (Female) F1 PND°1 F1 (Female) PND 21
) Blood Serum Whole body Blood
Tissue
(neg/e) (pg/ml) (1g/g) (1g/g)
Control (9)? 0. 00=x0. 00 ND® 0. 00=x0. 00 0.00=%=0. 00
ATO(13) 8.67*x4.50 0.01=%x0.01 0.12=%0. 05 0.74=%0. 28
APT (9) 18. 78*6. 42 0.03=%=0.01 0.26=*=0. 08 1. 760. 42

Note. Data are expressed as Mean®SD
a: No. of rats examined
b: Measurements are lower than quantitative limit

c: Post natal day

FO A 27w b APT BEOA MM, Mg, 4% 1 H H Whole Body, BEFLE#Z DA% 21 H
HFL AAT v F4aIfie Sh#EE A Table 112778 LTW5, FO A R2F v k APT BEO4L,
M3 Sb FEEEIX ATO BEDK 2 K 2 15, 35 TH V. Sb I OAIM /M iF b IE ATO BTl
600 f. APT BE1Z 800 5T o7z, F1 7 N 1 H B ?D whole body, 4% 21 H D4
D Sb IEEEIX APT FETIZATO FEDFK 2 K 2 FDIRETH YV . ATO, APTRHEFL AR T v b4
A Sb RIS AFO A AT » RO 1/10 Dffiz R~ LT=,

APT B£D FO, F1 o4, IfiLjE D Sb AL ATO BED 2~3ZTH V. EEIKAIKD Sb &
EIKGETDEE2bNT, F1IAB I BRDOT v Fx5 Sh o EN/-Z L L0, Shix
g &I U CHRICRATT D Z E B L 0I5 T2,

Two-generation reproductive toxicity study of antimony trioxide and antimony

potassium tartrate via drinking water in rats

OAkiyo Tanaka, Miyuki Hirata, Yutaka Kiyohara
Department of Environmental Medicine, Graduate School of Medical Sciences,

Kyushu University

A two-generation reproductive toxicity study of the effects of antimony trioxide
(ATO) and antimony potassium tartrate (APT) was conducted in female rats
following administration of drinking water at 5 ppm antimony. No differences were
observed concerning the reproductive outcomes of dams and the growth of pups
between the Sb-treated groups and the control group. From the fact that antimony
was detected in whole body of pups on the first day of birth, it is apparent that

antimony transfer to pups through the placenta when administered orally in dams.
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I-13. BEOWEMIIE EN L KEMHR X OEEME

== (A= 10k &)
Oty I, - FIFIESE « BF I EL2E « HTHMF - FURENS - FEMBF— kR

(=1

WREAEM G N5 b HFiT, BICHEEORV KA e #ELEmE L THEET D, — .
ZOKEMEE BILAEWITIN A, TREEO e FILAEM L EET D, LnL, ZOIREMED
E FEAEWIZONTIE, EOFME, BREIZOWT, ®F VRN EAL TH R, 22T
AWFFETIE, fitfads L Ol 2306 & L CTotr 217 kiatE s L ONEEN: & #Fbd
MOIEIZ OV TR LT,

[ 5]

BBl A~ A TS ERER VYA R T DICOoOWTIIEEATE TIHBA L b D&
AWz, Zoft, TTlROA T UMb iEElE LTHWE, Afif~A T oW TiE, i
hd LA 2 0B L, SRS, B L COTic vz, AfER Y 21220 T
X, EEAL, AT, MK, T, BE. MR, O, B, B 9 AL, FE
MBS . i L CotTic We, TIROARE~ 7 bk, MRS A iz
%%?Lv?y(%%?v)ki@fﬁ%%?bv?y(fHTV)%ﬁ@bto:h
50~ T VA wf%@#%“” LA THRIZ LTz, IBE O : Folch @J
TR HE U COKIEMEm Sy, FRVEME /3125 @Ltoﬁiﬁgﬁ YD ) TV E
WHN Y FIRIZED %%mﬁﬁ o e =N YT TR S O NG o o = T a1 O S 73
NEE DBy KSR« Dawson D JFIEIZ X BT v H UMK EEZLTN, fRERE & W4y %
TH U EEB S X OT AN U ARZEB I E LTz, B REOER K alEHI A
RN U, ~ A 7 v i fifeiE Cofiftc, s8R G 77 A~ -E &k (ICP-MS {%)
Z D TRUBH oOft b IR 2 HIE L 7c, REERINEAES R HPLC-ICP-MS V£ : £ 30EHT f e
ZUM U, IR . HPLC-ICP-MS IZ XV e BILAMORIEZEITo 72, WBER S 7 A
\Z1E Nucleosil 100SA &1 A3 KXW Nucleosil 100SB 477 A& =,

[FE B L OB 4]

~A U ET B X OMA BT DKEME e B EEWE S0 BIE, Tt ) RE A
¥ (AB), YAFAT AU (DMAA) BXO 1 HEORME ZLEY (U B
oo —J7. 2D Z HERINEEME L7256, AB B L OVDMAA OMIZ U XA F LT v
T UAF TR (TMAO) D3RR & 7o, T OREERINEAARZ T F ] S 4172 DMAA DRI
KVEPETEI S 7 SRR S A7 DMAA OEFE DK 2 (% (EEfG) &AW 6 15 (IEi)
Tholz (K-1), £, TIROA Tl LR I 72K e BEEWE 558 50
XTI H Y RZEBS IS EED A 2 70y Uk (MA) 35 X OVDMAA 28 H S 7=,
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W A SRR A BRI ENA R BT LT 5, IS L O &2 bR | M s vz
E FLEWORE 3 AB Thote, TAUTK L, I LOWFIBIZ BV Tk TMA0, & 5
(ZHFHBIZ 33V TId MMA 38 KXY DMAA AR S 7,

b~ 7 A & SR INBMR R ST LR R, BEE R e FEEMIL AB Th o
2o L2, ZORERIIKTHEIAGIL. B~ T PBIOKAT L~ 7 VE@EGHOM
B CHEICHED Uiz, T, Afit~ 7 DE@inicis i 5 TMA0 O b FITH 4 5 E4&
F. B~ T PBXOKRA T LT VEEGHOEE THEICHEM L,
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3 | D RN
Hj 15 ' SR DMAA SESRIERN
@ : ......
10 omaal | oee— A | [
| [DMAA| UK ok DMAA KAt
05 TMAQ| | E4 UK s
AB | | | A8 e AB . PZ
0.0 !
9 o ©
\Qg\/ \Q‘?\/ %%.,"’ \Q‘@\/ \Q\/ %g/g”
~ 5 - W
5 & be e &F &
& g & PR
& ¥ & ¥
s ? R )

X1 ~A U@L OMEHICBIT 5% e BILEMORE

Water-soluble and lipid-soluble arsenic compounds
in several marine foods
“Kazuya Furuta, Yuki Tutui, Satomi Noda, Michiko Machida, Masakatu Usui,
Ken’ichi Hanaoka

Department of Food Science and Technology, National Fisheries University

In this study, we investigated the water-soluble and lipid-soluble arsenic compounds present
in tissues from several fishes. In the water-soluble arsenic extracts prepared by the method of
Folch et al. (extract-(a)), arsenobetaine (AB), dimethylarsinic acid (DMAA) and an unknown
compound were detected both in ordinary and dark muscles of sardine. On the other hand,
besides AB and DMAA, trymethylarsine oxide (TMAOQO) was detected in the extracts prepared
by a nitric acid-based partial-digestion method (extract-(b)). The DMAA concentration in the
extract-(b) from the dark muscle was much more than that in the extract-(a) (Fig. 4). In 9 tissues
from starspotted shark, the major arsenic compound in the extract-(b) was AB. TMAO, DMAA

and monomethylarsonic acid were also detected in some tissues.
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I-14. 7 n~7ufRICFEET DEEEE BLEHD
< 7 RZBIT B IENENRE

CRTH - - NG -l EF - ERREE - JERIF— OKRER)

(=]

IHRETIBERSNPICEEND EEB I OZTOLEHOFRESCE A ROTIE I
TIHNZHED B v, KEEME & FEAIZ OV TIHAE TOREHB L OENEIBIZ OV T
HLEENEE D OOH D, L, IREME e BEAWICET 263D T 720,
FEVEME & LA OB XL OMENBIREZ B 5 200 2 72 12id, #EORPICHRIE S
HEeFEEWTE T TR, BNOEBIOWTHRETA0NERH S, £7-. I5EH

T T1T 72 0 %,

Z 2 CAMIGETIL, WEPE B L B R O IR TEME © LA ORNEIREIZ DWW THRLEZ 1S5
eI, = TV RZBIT HRRI v~ 7 r K b lROIREN b F#LEY O N~ D EE
IZOWTHHAE LT, RFFCEZEREVHEETCH Y, BEOBITHER S DHMITONT
bHEZIT o, IRt #EWE AT LHREL LTI, RAZn~ 7 md Kb

%uﬂ%%mbfﬁwto_®fﬁﬁmvﬁmkkﬂ%u_ow1 L INETOR
IR I T D OFER, i EREOIREE e FLEMEEAETHZ L. BLD
*ﬁ%&:)\’i@kéﬁﬁf‘%é ZEMBEHLE,

[k L O]

~Zafhitil: KR 7 e~ adR safBiinnb 7 aakib b - A X 7 —/WEIZ Tl
H - RS8R 7= R 5y (FTO:Fatty tuna—oil) & Hv 7=, HEIENE b BALAWIER « & RkE
x77%yw7wt/:J/m0ﬂ%7)ﬁ)»fxfﬂw7»k/nuymmo%
FHELTHENLE L, B E LAY  Foleh k%A V-, MlEREE i 2y D4y [ :
U TNV E R, MRMEREE & P EIRE S i LT, WA D45 73D7k/\ﬁér Dawson
DIFIEC X DT NT UK IRZAT, TV h ) REEE S LT V8 ) ey &
57, e BOER  FEES T 7 A~v-HEESIE (ICPMS) Mz, kFEEY
DOIHT : Haxt AR & D HPLC-1CP-MS Zo#Tik & F iz, FEBRENY) : Sea:ddY <~ 7 A
(A A, 10 s, SPF) % 10 PLli A L CHIML S ¥ 7212, FTO & 5-#d L O Control FEIZ
T TCRBR AT o7, fEl  — AR E L~ U AMER RS TLETRE (AIN-93M) % %
AL THWE, #&53RBRICBV T AIN-93M {2 FTO /213K T E 3wisine 725 X 9
ICMAxT=b D& RN, #5571k 24 K] Z L IR 7g 2 5 2, BEHEEN D
BfAgz k-, 5T 14 A E Lz, HEES L OBKOEE : FE: T CRIE L.,
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FFlE3 L OMED 5 ZHH Uiz, BIZHOWTIZ~ v AFEH 2B L, & Eft L=, iF
fige, Bbi & bz, MK THEE L —80°C TR LTz,

[F&5Rd LB 4]

ICP-MS T ZATo TR, KRRz u~ra K baffiicE EnsR e FEDOK 50%
DMRERVE /0 ZAFAE LT\ iz, PL/ TV h U RZEE |5y 0O HPLC-1CP-MS 23T DR, FTO
TILGPAC BEL Y AF AT /L e (DMAA) . KEJH TIZMED DMAA &5 X b b E
— 7 SR & Tz, FTO BEDRFI& D PL/ 7 /v H Y RZE |5y Tl GPAC, DMAA 35 L O <
DINDRFE b FEEY (UK Bt &7z, —J7. Control BETIX DMAA B L TN <D
PO UK DBENBHENTZ, ZDOZ 06, Z0GPAC 1T~ 7 afitilichH k4 5 & HEH
L7zco MMTIX. FTO BED PL/ TV U RLEE S LD AZ TV U (MA) O,
PED GPAC R &7z, —J7, Control BETIE, GPAC ITHHEH SN/ o7=, ZDZ
EMS  FTHIEIC I T B & RRE, B &7z GPAC 1T~ Z e i MIC k9% L HERI L 7=,
U EORER LY, —HOIRENE e FLEWBENICEAT - EET 2 TRk L RSz,

HAE, AURIRINETE 2 EH % G L~ 7 2B L OEMHRE Lz~ 7 ZDOmEIZHONWT
ST EATV, PAC ICHBIT 2 ERMED A EIZ DWW TR T TH 2,

Disposition of lipid-soluble arsenic compounds in mice following oral
administration of fish oil extracted from ordinary muscle of bluefin tuna
Thunnus orientalis

“Michiko Machida, Genji Konishi, Kazuya Furuta, Masakatsu Usui and
Ken’ichi Hanaoka

Department of Food Science and Technology, National Fisheries University

Total lipids were extracted by the method of Folch et al. The arsenic compounds
that separated into the total lipid layer (chloroform layer) were referred to as
lipid-soluble arsenic compounds. With mild alkaline hydrolysis, the alkali-labile
lipid-soluble arsenic compounds were prepared from liver and brain of mice following
oral administration of the total lipids extracted from ordinary muscle of bluefin tuna
Thunnus orientalis. The water-soluble arsenic residues in the alkali-labile fractions were
analyzed by high performance liquid chromatography-inductively coupled mass
spectrometry. As a result, glycerylphosphorylarsenocholine was detected as one of the

arsenic residues derived from lipid-soluble arsenic compounds occurring in both tissues.
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I-15. EWNAKBEIEPOLDO b RBOBEHICKIETHMAY DEE

O RHMFE . HATEEE L REBRE L MR L ORRTEER T TRRERER
BEFEZ 2 Pkt
PTEERRE - [R5 - R AL, R R R R

1. 1ZL®IC
THPTEREITICEBEMERRE LTHFELTND, ERITIT = U A T A K2
EDk K) BLIZTE LT VS, HAKEIC LV BEETEMAME T 5 L, —
DHe@EE LTHEHTD2ZENHBNTWND, BEMID O FEIEICBW T, 2N
ETIXKOFENRKRENWZ ENRDR>TWNDHTED, FFHOKETEN GO RO A L
SALEBRRETHZEIFEETHD, INETIZ, X T T7T 432 RYTOE
TG YHERED % N TZARFED B | b BOEHICITENE T O b BRE T & Vo 78k
RMEAE R ST 25 2 EAURBE SN TV D, £ 2 CAMFZE TIZEN O /K H 3% 51 5
& LT, SRR, b BRIR O OB, WRIE HEE~ O M BB FRREE
B~ —— DT 72 E 2TV, E BOWHICKIETMEMOFEL ZOEMA =X
LEMATLZEEAME LT,

2. Hik

FHAR L 320 B E U 72 K H s L OMAHER 32 e, WIthuo TEE SR B SR ITH
40mgkg! Tho7- !, THE20g A HAK 60 mL LIRA L., BHEFMHKTERT T 24
TV TR L, W8 O e #E % HPLC-ICPMS TLHERERNCER L-, bEET
I O BENLHERE 2 B 7 58, B A ME— DB AR E T D HMER i CHEREE &
ATV, TH—2 = A ZIETHBSBE L T2, BRETEICIE S MAEM RIS O 20X
PCR-DGGE CiBBf L7=, HHEOMWE IIA— N7 L—7 (121°C, 2h) F7=1T y #REEE (30
~50 kGy) TIT-o7z, #E{bHye B clRER 7 (arrA) @ PCR gL, T3 X v #if
- R L7- DNA 285 & LT, Song & (FEMS Microbiol. Ecol., 68, 108-117, 2009)
D% L7z degenerate 77 A ~—% H\ T nested PCR 17\, LN EME 7 0 —=
T e v—lr o A%, Clustal W CREMTZAT o7, 7 2 /7 ERRLAIAY 98% LA AHTF] 72
HLDE 120 0TU & Lz,

3. MREBE

TEOHEEEEE (60~90 H) 12V, Eh O T8 L OVKIE~D b F O (173~468
ppb) B EINT-, IWHLIZEHED 87~9T% N Th 7=, HHENLIEH LI-
b gL 2 MEREOMICITEWFEBENRD vz, A — b7 L—73E L7-3k it e
FOWHITEBEIN ) oo, THEIVERER AR T3 FEOFHL b BRE T
W EoEE L7z, 24 HiEEIZE 4 Geobacter, Anaeromyxobacter, Desulfitobacterium J&#fl
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EICUTZ T, EBOMICERETTEE DL A L T\ o, v RIEE 1 2 (X Eh & TLREMIC
BRI 2R%M L, Z ZICE R CE L IXERE LR R E MR E A R Lo L 2
A.7 BT 60~70 ppb Dl b B2 DA MEIEE S L, BE 2B OE b B bz, BITE,
R BER ORI AT o T D, XV L2 DNA LV | ORI
T HEEFREMR T (arrA) Z PCR HEIE L., & ORMMHT 21T >7-, ZDfER. Geobacter
JBANEE D ArtA Z 37 T2 7 2 BRSNSz, DLEOREREY ., 4
[AI V7= 7K H 2380 C Geobacter J& il 23 & 32 O 50 OFFN ZH ETW\WDH 2 &
IR Z 3T, ARAFZEIXEMKPEE O OZFEHEZE TAE - il - ML TREIZEBIT 51K
R RIEERR OFFMEARI & U 2 7R OB%E (B3 - 7 FI) AC-1100) O—B
ELTEINZHDTH D,

(%)

"Yamaguchi, N et al., Arsenic release from flooded paddy soils is influenced by speciation, Eh,
pH, and iron dissolution (2011) Chemosphere, 83, 925-932.

Microbial influences on arsenic release from Japanese paddy soils
S. Amachi', T. Nakamura', T. Ohtsuka', K. Sakurai', K. Kimura', K. Kudoh',
T. Makino® and N. Yamaguchi’ ('Chiba Univ. and *Nat. Inst. Agro-Environ. Sci.)

Predominant arsenic species in soil environment are arsenate (As(V)) and arsenite (As(III)).
Under oxic conditions, As(V) is strongly sorbed on Fe mineral phases such as ferric (hydr)oxide.
Under reducing conditions, on the other hand, ferric (hydr)oxide undergoes reductive
dissolution, and arsenic sorbed on mineral phases is released mainly as As(Ill). Metal-reducing
bacteria may play key roles in the process of arsenic release, either through reduction and
dissolution of arsenic-bearing Fe minerals, or through a direct reduction of sorbed As(V). Since
arsenic release occurs in flooded paddy soils, rice is a major source of dietary intake of
inorganic arsenic in the Japanese population. In this study, we determined microbial influences
on arsenic release from Japanese paddy soils by using culture-dependent and —independent
approaches. Our results suggest that arsenate-reducing Geobacteraceae bacteria might play

significant roles in arsenic release from Japanese paddy soils.
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I-16. #AH - BARBDOKE LEOSKHAREEH PR VIV LR E DR

Oft  wz!, Inikses!, shARsin?, AMFDE
FREBRETEANIIIERT |, hREBEREIITEE ¥ =2, FRRBRER AT’

HE - Byl

AKHHEH O b 3 (As) TR TS TRIEL L, B LrSRE TR T 2 Dlx L,
J1 R UL (Cd) FERESETrisb L, Bl o d 5, £0HKH
THEREF O AsEE L CABEORIZIZ N L —RF70BRRH L E SN TS, =
o & KALT KM HEOBRLETTIRIEL, BEILREZ @ U CREROBELZIT 5 &
EZbND, 2T, KBAEEARET As BEB I ONCd BE L LMK E ORFREH
Lzl Lo &L,

(AL J5ik]

TESER O B 2K HES 1 EY (THERZ 74 1) BLON B HRLK K
1) OROWEKIXI LOFEHAHKE X225, B+ LH (2009 4 6 H TR) , HEEH (2010
8 H ) BXOUHERTEAKE (2008 459 A FH) 12100 em’ OAEELEH R 2
BELL7- (BREUR S 0~5, 5~10 BL N 10~15cm) , HREGUEHISHM R, KEEKE
ZRET D & & HITE LTI X0 HEEE A BRI, As 38 XN Cd IBE % ICP-MS T
HE LTz,

FOKIX « fiAKFIEX E HIZS HRICA X EEML, 6 A#AE Tk, £20
AT LEITo 70, ROWEKKIZMWIEMZ1T 7%, 7 H M5 9 AWl E Tt
K U724, 9 HFMIZIEAK L, 10 AP OIHEE TZOREEZ R -7, HiAREX T
H LR UUHE £ CRERN D A THEAK Le o Tz,

[ L B8]

THER, KEHE, BEEEIC L 67, BT As B XUV CAIRE & KR O BIMRIC
F—B LR R o, WTnoOmE - LBEXIZEW TS, BT As R IT KA
F0.03-0.10m’ m> Z LEVWEL L, EBE20ug L' UL ED As A S5 OISR
MNENLLFORRIZIRE ST (Fig. 1) . —F, KR LR CdRE & oMiciE, 1313
JR R %08 D BRI K VRl SN D BBk B~ 72 (Fig. 1) . ZORKIE, ++
U b BRI R S0, i3 OFERIREII T BTl 0.81, N @S TIX0.73 Tho7z

(EHIZ0I%KETHRE) . 2OXHIZ, HRP AsIRE L CAIREITLT L bR
BRIC & D1 TiER <, KA 0.10-0.13 m® m™ fHE Tli, W& & B IR MiE i 23
Ho7- (Fig.2) . ZHHORERT, KEHIZLD, SMHEE As IBELALO L EVMEX
D HOCEOICHERFT 5 Z LI K VK TEEER T As IRE L CAIREA & b I 541
GCRRERKREE L LA b5 Z L ERET 5,
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Fig. 1 /KM HEAERT £ FAS)BERB IO K 7 A(CHEE L KHER L ORI,
T L (2009 4E 6 A) 121 3 L ONN B3O E DHKX - fiKEREEX CHHA.

ik ] N @5
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o
% 8 8 A 8K < 0.07
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Fig. 2 /KH TEEREY & BAS)RE &7 K I 7 A(CA)IRE & O BfR.
B LH (2009 4F 6 H TA) , HFEH (2010 4= 8 A TH) B X OUERTTEKY (20084-9 A T
A)) 2 TSR X OYN W50 R DHEKIX - SikEES X CHA.

Air-filled porosity controls on dissolved arsenic and cadmium concentrations in paddy soils

under submerged and drained conditions

OK. Nakamura', H. Katou', K. Suzuki?, and T. Honma®
! National Institute for Agro-Environmental Sciences, > National Agricultural Research Center, Hokuriku Research

Center, * Niigata Agricultural Research Institute

Relations of arsenic (As) and cadmium (Cd) concentrations to reductive/oxidative conditions in soil solution in paddy
fields imply the "trade-off" of As and Cd concentrations if they are to be minimized by appropriate water
management practices. Reductive/oxidative conditions are most likely controlled by the oxygen diffusion, which in
turn is governed by the air-filled porosity in soil. The objective of this study was to elucidate the relations between
the dissolved As and Cd concentrations and the air-filled porosity in paddy soils. Cylindrical soil cores were collected
from paddy fields at different water management stages during rice growing seasons. The As and Cd concentrations
were determined on soil solutions extracted by centrifugation, while the air-filled porosity determined gravimetrically.
Dissolved As concentrations higher than 2 pg L™ were found only in the soil samples having an air-filled porosity
smaller than a threshold value of 0.03-0.10 m® m™. The dissolved Cd concentrations, on the other hand, linearly
increased with the air-filled porosity. These relations were observed irrespective of the fields and the sampling times.
The results suggest that by adopting appropriate water management practices so as to maintain the air-filled porosity
slightly above the threshold value for As, both the dissolved As and Cd concentrations can be simultaneously kept

near the lowest levels achievable in a given field.
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I-17. REMEMIZELEROERE - ExXICRIFT

MEMEDEE

O WAyesst, EBEF, HEEARK
OM)[ENZBRBEATZERT BRI sE & > 7 —

1. [FC®IC

AR, RIS K D REGYENCK 2 L e L TRERBELEZFEATEY , K
ISET b IRF R KRBT D ORI EFIR, HRICHREIND L) IchkhoTERD, 72
CHHAEMEIL, BROBSG ORI 5T SEESCKEETHRBYVEN LD B THE
MAENTWD T2, BETICET 2 HIAEWEREME O AL, MHERE T OB - Ik
KBREEEINTND, SUAEVEREMEOEMIE S Y A7 L LTIE, b b~
E LWV MEBENREENER SNTVDN, TO—FT, WHEBROEE/LHNFT
b OMEMORERIEZ KX BBSELAREERS 5,

bR, BRBREPICHERE CIA<FEL TV AN, —ERIC/H LTV D o) Tl
72, RFICERETREL TWDAEabH 5, £o, HEUKIZE LIZLIZEEND
72 IR EDHIEH LT Mg T, & O—EHITmIIWE OEJRICEE T 5
ZEBRHD Y, BEPCTOLRERBEMITEN, RESLERLLEDOVDD LB EY LHE
DIFBRIZE KRB E LTS Z EITEMOERETH LN, ITEOHENS, b EDER
BE#REICOESEDo TV A Z EBHLNER->TNE Y, HET V7 2, b #H
ERE CTELHEDN D O T KOBUKS KBS ELZ S SRR T —2 bl
HEINTOWDR, ZOHED LKA~ & REHIZ, EICBEDOFENCERT S &5
bR T Y,

—F. L REEDTRBITIIEZ R OMBEE L, JUEMEICKT DS REICET 5
ZENMBNTND, (6> T, PUEWEOKRET ~OFAIZIX, b FMHEME Ok
m%ﬁ%m IR L, EROBREHEL RS BLIEL2B—NRH LN, TNETIZZED

ReME Z Bat L 72k 2E Wi&w Z ZTCAMETIX, B BOREHREICELS Bb H1%4E
% iét&ﬁﬂmWH JCK OV B R (As(TID) MLICEER L, 2o kiE
PLAEwE %@%@%®% HEEBRIC L0 AR~ T,

2. A%

[E] N7 BR B A ZE TR PN O s BHERE L 72 SR 5> 7 /v & Tris-HCl v 7 7 —(pH 7.2)
T 3EPEE L. = 058000 rpm, 5 min)iZ CTEERZ AN L=, F Dk, [EF & ikA
OFEMBHENMET 1 ERD2EOFANy 77 —TRE L7- b D& EERICH W, 50mL &
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BAL T EAZHELE As(V)H L< X AsTID(1 mM) % & e FLER BEREHE 5% 20mL
12, 7757 z=a— ) (CmEKEETH0 mg/L L7225 Koz, EROEIRKRE
i 1mL % Bl U CTAFRU OV D T 5 N IZ 38 W THRZ5 8 (120 rpm, 30°0) 21T - 72,
Fo, ML LT, Cm ZMNXTICFBROERZITo 7o, EBRWIF R, @R 7 v
T EATOIRRT D As(VE P AsTIDIREEAA A I m~ b7 T 7 4 —IC LV HIE LT,

3. BEBLUEER

ﬁ%’f\%#ﬂ:i&\f As(V)iE LR 21T o 72/ R, Cm 2N TV RV RHRR Tl
FERBALA 1 HRICIZIEEED As(V)DNE I I H, U5 AsTID DA R STz,
F7o. 4 HZRIZIE, As(V)/;af“ﬂiijDAc‘:ﬁﬁb ZHUCEE D AsID DA 1378 Sz
ZEND, BUENTA LR AsTIDOER{EHE X Tz, ZHizx LT Cm 201z 7-
FHRTIL, As(V) DI LIT IR & [FERIZERD B2y, 2 D% D As(V) L Y As(IID)
EEICE 2 <. AsUIDOBRLIZ R Sz ino iz, FEEOSRMTIT- 72 AsTIDERAL
HERTH, Cm OIRINC L - T AsTIDEEA TR PAE SN D Z L3 R SN, 22
T, HFRMEMEIC LD As(VIETTi, b BMHEEEIC X VIThb T D B X DDA,
—fRIC, bR EOSBINEEE L, EAMMETZ A FR 7723 RICEENLD
ENRLZ WD, SRIEME TP AEYE 3T 2 8 EmMEZ2 R T HE08H 5, LIS
b FMEEE 2B R 77 A ROFAELMLN TS Y, fE->T, 22T %'c%mifk
Fix, Cm DEEPUE & 725 T, As(VIEICHEZ FF 04 KM b RMHEME 23, R
FALENTZZ L ERB LTS, £7-. Cm M2 R 7= 7220y AsUIDER{ AN 73 fHE %
ZF, FERELTAS(VETLOLENELTZbDEEZ BT,

—J7. BRREMTORBROFERTIL, XA TOHR As(V)DEILHHER S, Cm i
IR TRk < fE ST, ﬁéof BRRSMETIE. As(V)IRIE~D b FRIMR A
DHEEFRIFIK, Cm 128> T As(V) Z KNIV D BEAY As(V)iE JoHl 8 O T 1
DPEE SRR, As(VE LR E#H b LB X b, v, 2 TORIZEBNT,
As(IID DOFEAVITHERE S 72 o7z,

4. f‘nulﬂl

U\J: AR OFERING  FUAEMEDO—>TH D Cm A, BBEMAEMIT L S e RO -
WCRE AT L EnmEnT, —EIIZ, AsTID X 0 WAEMEREV As(VI

j:fi% - JEIEF O Fe(IIDX° Al FR(bIZ K » THEAMIZHRFF S LGV, — 5, ﬁ%ﬁj@ﬁ%_

DD G | IFRERE T As(V)iEIE & AsUDE b2 IK L, & L IEFRIFFCE X 5

Z L TURERMIC As(VAMESE L, BEFICREF S TW D ATREMEN R E T2 0, 1> T,
HOPAEMENFRBREICHAT D E, ZONT U ARRENDS Z & T As(V)ELH

fﬁéﬂ\ BEIFHN DKL ERPBITLE S RDWREMED & D,
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<BEXm>

1) HYPZ S BRESELAN, 37, 834-839 (2008).

2) JREGE— D KEREEFEIEE, 28, 109-115 (2005).

3) Oremland, R.S. and Stolz, J.F.: Science, 300, 939-944 (2003).

4) Islam, F.S. et al.: Nature, 430, 68-71 (2004).

5) Whelan K.F. and Colleran E.: J. Bacteriol., 174, 1197-1204 (1991).
6) Yamamura S. et al.: Chemosphere., 77, 169-174 (2009).

< pEe>

AWFFEIL, B ARFITIREL S BpiFse & miBh4: & Ta9E A (No. 23681005) D Bk % %%
FCEM L, Z2ICRLTHELYET S,
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II-1. EEXREVPLIEERTFEHMTRON>BREXED
ExRFLLTIE

OASEFEE " « NEFARFLE!
VB STAT Btk A3 H A A BT I T R T B

1. Lol
T B B o P AR K L 120

WRCEMR TH BT, —ft g 100 *

CHFEHARIAATBOE 2 g

0 7 D SIS R BE DKL Ml @ 0

ThY 1Tng/kg BETHLE I

Erons ), LnL, EeE g 1 4

MR T EBOATLKL R 20 -

SRR O JAAL T M A O X o LU S matibeee LIl | |1

BROTHTIE CR TG R, Btk 1 10 100 1000 10000

GARE (B X BOTIEIC X itk 2 EH E(mg/ke)

H4aE) 1X 2,000 mg/kg &

W2 b 0N ERE FRE (5 mg/ke) 1: Bk HEoMES AR L HH=
DLFObLDOETH DL Z &AL,

Fio. 29 LIe HEOANEIEIC L HRERE TR K 100 ng/L Z@im7 25 Z & 234
LizbDD, MEOEARLBEHENVT L EWVERE L, HEEFENEVLOD,
WHEMEWREINFET 2 2 E NI L7

(K1) o ZOfbHexid, KEROBHTK - X PRCCD
LA EE T 2 THEBUE & 55210, 30k X HAZ
B £ T 21D 0 L OB 0 Iﬁﬁxﬁ
GAETRRE 240 L=, —
2. BEXBBEROMEBOBE A X MR A X 5
FEF LG L CRBHTH B 120 -

THEONH AN TEHET A2 LIETELL )

7 X PREER

23~ XERIEFRER L 0 BBERETIDE TS
DT HEANTICE TN AMELSHT AT M2 0 SO XEGE L B i oo fifid
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ZHHUET &2 A FEEX GBI REZFAEL ~ TG ROIRN E 74 5 15
AL T DRREIC DR 2 XEERBEEFL L L VI I S5DRTOEEITTRE T 1L
F— BB EE X ROTA TR AT £ alA 7 -

HOE X BB HEEE &2 FOAUE, X CCD 4 A T2 K- CEERI 7O X B4
ZBRRFICIRH Z LN TE b, TEERL 7O XfRE R &I, KO XARE R ORI ()
WX THRIEND, RFOHENRRKE WV E XBFEBRRNMEL 20 . XELEEG OREE
MELS (BEL) 25, —F, HEN/ NIV E XBFEREN G, AEEITE< (H5)
ﬁéo%of,Yw:wﬁA%v)Z/ﬁk®%mﬁ%£mAkﬁéﬁ4&W@%@5
TRORAE) RO XFEmREIL, $OMFE, e 8 a T & T 5 EORE oh
15?% (FPRILCRRILERIE 72 &) O XBRBIEBFE LY L RE WD, 7 A BRI OFEE

IFACIED OBEE L O @3 CTh b, 727 L. 29 LiciEmidxtg & 3 2898 D8 H
75>—/1:T“3?>Z> EEAMEE LI2bDOTH Y | B I IR T DRI L > THELT S

HMETOVLEND D, LLENNS R TH-o THRERRERORL HIIELNH D
t@XﬁL BEMMEL 725 2,
ES MR-k HH TS EORMR
3. MESHBLBHEANANS “
niigLEATOMREDRF

* L™, '."q.» _"-‘ ®
TEfZ8E xmz&t#é’ﬁlzmg{ks
W N Bt#EH #0.041mg/L
gtx#?é?ﬁ )i:ﬁ A7 EH0.46mg/L 04 o8 08

L5mmfED=Y )(“—?*—#Z&%
SNTWDHID, ZDal A—
X —T X Ma - THEER 11

RS Uy 4 EH0RE T OHOE X e x

P m#mmﬁ&MUmsth#E ol b "
ST EAITH) Z LN TED, MHE S 1; ‘h:éin "
E3 it CHFBHEANSLLIEIC )

A RN 240 ng/keg, BLEEM "

75 0. 041mg/L DFEFD X #RiE

TUHLLEE
LY
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Fit ks omie
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NErARROME
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K401 &*ﬁtlzmm X Y el oA .J;tm&ag;m

ERLTRE & OBIRORALERPRIC | BRBHRoseme/LT ORI

RS 5 LR (3 D A) O B LR ORIAS 2 LR THHSEN RS
WO XA ALY N ILEE b R i B
MBAKY | Z ORI DISHRALERSE T
HHZ LR LTWD, oAt

Bi7 (M3 DB) IIHALERILL D o -
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<, WFEREEERV, ZORFIIMMESLE U LB/ NSV, v U T L8R ETRLT
TEE~ T OKBAMS D EEZBND, T 5 LI KER LI IHRLERSE O B f2
THEKRLIELDEEZ LD,

—J, MFEEEEN 2,300 mg/kg Th V7o HALFREHED 0.005mg/L LLF 07Uk
(4 4) OA~D DFRLFITNVT N BHERNEZENTWDLZ NI L, b, K3
D A DRI D8k E MO X BRIRE L L X 4 D A~D DR DOk & iR 0H ) X Bk
LA RS 5 b X4 D A~D TIEEROHEE X AR IR 2 LR CRESE O H o X SRR A
INEWHE OO, Bk EMEOHSE X BBREIZFELIL, #FE 2 E0EMTH DV 2Lk
~FA P THDHIEERLTVD, XBEHTOKERE ZOREHZ Y 2~V h<=TF A bR
GENDZLERLTWD, 29 L7z o~ h~F A MIRRERE O BB TR
SNTZMENR T 2~ h~TF A NOBA 4o 2@ BHELTWHHDEEZ LD,

5. £&H

KUCEEHF OMBEAEIT BN EBZ DN TODE, KILEEN YL L TR
ENEHEOPIMEZEAENELLEVLDONH D Z EAVHIA LT, A6 0 R[S
FECIERRALERIL 72 & OB EF/ IR0 L CHEBRDPRHR ST b o0 lfFE D% <1
VarYb b= A MIEEL TWAREEENRH D, 29 LIEMBITEHFABR THHEH L
(< Wb DD, BEELERIL TS 2 FHICE L TR, W ERBR O R THUALERIL O 5y
IR TREFE DRI S 405 FTREMEDY BV ARRFTRIXERBEA O HIEREBRBEF F0ia & HEE 2
(S2-08) DXIEIZ XV Fhi Siiz,

6. SE3M

1) Togashi, S., Imai, N., Okuyama-Kusunose, Y., Tanaka, T., Okai, T., Koma, T. and Murata, Y.
(2000) : Young upper crustal chemical composition of the orogenic Japan Arc. Geochemistry
Geophysics and Geosystem, 1, Paper No. 2000GC000083.

2) Sy, /NEFHESL, NEFARA M, MIEFRD (2010) « RIHRAEOE X BRE R HTILE
Z T 15 - GEREL D X BRA A — v 7 L JuHR T, X M T O HEAR 41, 85-98.
MRIREELL & X 4 0 A~D DRIF DOk & R OHOE X SR LA T 5 & K4 DA

~D TIETEROHE X BRI AR THBE OO XRIRES/ NS Wb DD, g ftRo®

JEXFRFREHITIEE L B LB DI THL L 2~V b~T A P THLHZ LERLT

WD, XBREHFTOMRES ZORBHI Y 2~V h~F A PREEND ZLEZRL TN D,

O Ly aryb b=T A MIGRMEIE D BYLIERE TR S NIRRT 2 ~L b~

TA L OilkA A 2B, BEELTHNLbDLEBEX NS,
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5. F&H

KILEFETFOMBEHRITBRITENEEZ LN T2, KILEEEN UL L TRk
SN HEOPIIMEEAHENE LLEWLONRHH Z EANHA LT, H6 0 R L
FECIIRRALERIL 72 & OB EF/ D B3R L CHEBRDPRBR SIS b o0 lfFE D% <1
VarYb b A MZEEL TWDAREENRSH D, 29 LR ITEHRBR THIEH L
(< Wb DD, BEELERIL ST 2 BRI LT, W ERBR O R THUALERIL O 5y
FRAZAE > THEFEDMFEAL S 415 FTREMED M\ ABFSTITERBEE O HERER BERFS0iR & HELE 2}

(S2-08) DIIEIC LV Ehi STz,

6. ZE3M

1) Togashi, S., Imai, N., Okuyama-Kusunose, Y., Tanaka, T., Okai, T., Koma, T. and Murata, Y.
(2000) : Young upper crustal chemical composition of the orogenic Japan Arc. Geochemistry
Geophysics and Geosystem, 1, Paper No. 2000GC000083.

2) AR, ANEPHESL, ANEFARAEE, AIAFRL (2010) @ RO X RGP E
R B8 - GEERELD X BRA A — U 7L SuFER AT, X BT OHESR 41, 85-98.
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I1-2. A ¥ K UPMIZIIT 5 H T ARLETS L& Ot

Ok — 1, REPEEIL L, BECFEA 3, SO —RR 3, R 2, A 1
VEIR RS EFEE v 7 —, 2ERRF DRREE TR, 3 B REE R LR

1. IZC®IT

K AN O A > RIAEFER Y v Z v« 7Z7 7 v (LUF, UPN) Tix, 2002
NG 2004 FEICHE T KIESETE Y iR S uf=. UP I _EJKGE R & UNICEF 23T - 72 BUrf
MREOALIF (UUF, GTW) O FFHAEN S, UP MKW 70 B 5 6 20 BCHHED
AV ROBAKERE 50 pg/L AR L, Frior—U, N7 AT TFD 3RTEOHE
MENZ L, "IATFRN 14 7ry s (TERE) ©56 10 71 v 7 TG YD R
S, TVX TS Tyl T 2% EBZHHTT 50 ng/L iR T 5 2 & D3RR
INT=2. L, BNEoTo@EFEEN DN Enh, [HYROEIREN RS+ Tldze
<, BYEA D= A LOFH|EICONTH ARSI TR,

Z Z°C, UP N Che b H FKBERIGYBEE R @\ N T o 2 2SR AT T 7 NG AL & 2
NIAFROT X U=V« Ty VN 7T EEEZET VA S LT L, A
FFKERG L LI TR, ROR—V 72k b HEREEIT- 72 9.

2. FAE - RBHE

HFEIE, GTW, EAHHAF (LT, PTW), #9H7 (LLF, DW) 2d 0, HAKEE
X GTW : 30 m #iif2, PTW + DW : 10 m BIZEWILIETH D, 3, HFKOBFEHY:
W HIET 2 72 oAk O 2 P o6 L CHBREREZTTo72. RICR—V 7%
ITo CHVEE R SR GO L EEMFRRE 28 L, s ikhcxt LT, Lo
B OFIERE 2 BT 5 7= OB T 21T - 7=
3. 2HF/KEMBRHIFERRLR

FHEMIL O, GTW : 42 K, PTW : 327 A&, DW : 8 KDt : 377 RIZ>\C, fifi
DWMBESWM T 4 —/L F3% v b (Wagtech ) ZHWTHBREL S LZ. £/, H
FKOFEIRIEDOH FRK~DREEHBO DI MO T TIX RGBS MR Gtr
HAL 27T R) 2 WD CRE L (cfw/100 ml) ZHIE L7-. AR S, GTW Ot
FIFEIL 61.9 % T 50 pg/L &, 1 AK%ZH< 97.6 % T 10 ug/L ##8i@ L, 1Z1E4L T CHHEE
PINTWDZ ol —J, PTW OftFERE 50 ng/L O#EIX 7.0 % TH Y, 10 pg/L
DO 23.9 % Tholoh, ZLOHFFTRIBENRII SNz, £z, DW T 1 A%<
ETHFEREN 10 pg/L R TH - 7228, @O RIBE RS B S .

UL EORER, AEGEOIZEFETOHITRMESD 5 WVITKIFHEIC LV AAICHE S /202
&, GTW OBUKEEEE CTlI el CH FRBSEBE R S TV SRS vz,

4. R—Y v TRHEER

61



1H208 (A)

MBI A TR T DTNy Ny T A BT TR =) 7 &2 7o 7. #RHIE,
FLBERAEEIC 0 IR 156 m T T L, HEERUEHT 129 m F TR S 47z, TR %,
SR & R LEE R AAS (EiEERUEITEL AA-6200), %, TV I=U L, WL UL
ICP-AES (&#HfEAT# ICP-8100) THIE L, HHEEAELE L. A—VU v 7FEDOREE,
HiFN D 156 m £ THHEBTHD Z PRI, 2 TOHFNFE UHKEZKRE LT
WA ATREME S R S T2, B EA BT 1~6 mg/L OFPH CTHERL L, 5~10 m, 25 m i,
35~40m TE<L, $kE TN =0 MOV TIL 40~50 m & 110 m T, H/L¥ 7 Al 35~50
m & 100 m UIET, ENEIOGEE LV i@ Wi ch-72. LarL, ZiHIcH]
MBI R SN0 7.

WAZ, RS C R R O & i3 5 72 O I A Ik O F = ~ 7R o4k (C.N.)
L (C.S), Ny vy T A EIEER (PP), 3V X T —HE£%EIE (N.P), ¥
=7 NVUEEIE (D.P), NT=F = VKR (B.C) Oit 6 HE T/ FX—=D v v
N KDR—Y T B ToT. T OBUKGEE 30 m £ CHREFI L, HRITHEZ Rizg, —
L= XM EE (B A a2 —A AV L A SEA1100) (2 TRESE & 8k
DERBEABE L. RN—U v 7 Of5, HFKEZ1.2~2.3m &<, 30m £ Tl

KEIZR LT, 2TOHFTIEAREFAKENSEHUK LTV D aTREMEN RIS St T
DOFER, MELHOEHRITEVEEZ/R LA, WERMEBEIXAR bR -7,

5. BRHHH TR R

EHTCRA GRS, MO B-1 EXMAEOEES &K

Ry — 7 ) g L s | Step | HEED MY - R
BN DS AT B & o R PR R e H B 1 KisH | BRAA K KBKE

PN LD, CN, CS., PPO | o | msarspr BFBS: A 4 2 RMAEE, REURRE,
BR— U v 7B B RBOBIRE FRE - EFERIE Fe - Al
OFF, WHEE, DEERCHAEIC4 | 5 | mae BILKRT VEZV L : #EaE
HEAEI L, B (2008) Ho Ak DEAE Fe - Mn
EBBERIMMAN AT, |, | gaqpgs | DR CKFARAERERT > =
1%, Kl -+ BCOR 750 4 YTV, VL BB, AHME

KRGy AT Lie (FR-1) 9. Fio, EFEIEHRR X #REHT o4 (PANalytical # X'part) (2
K VIR A T, T OfER, 2B CREER X Step 1~3 OHEI S IZ/F/EL, Step
4 BACYER T EZ ENehoTz. £z, REITEWEREIO—H TITXEH L7 Step 1
F721% Step 2 BOVNEIME IR NG ENeroTlc. L LTIE, SRENER, A
BETHREL, BIRFABEIY), B4, VAL, Foa~xAf g0l ERERI N
7o TP AT O NS 7T 7 3 o S TIIRESE DO 72 S5 ERIL S O AL & £ 5
BIRHE SN TS VI, LanL, EOMILVER 72> BITMRE B S s, S T
HIEITCIHEOITE IR S o T

U EDs, HEITARAIEL LR TH D MRERZICEE Lo Wk &0
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RRAY DEA B S TRE NI X 0 I K ORERE ~OFENPRRICBER ST b o/ RI
SEonieholz.
6. FHFAKRKELZITHER

Z T, MBBEREOERDBKEMZGH S LHELZ L, MBIFERITKICONT, Sy
DIKEZHTEAT T, SR R LT R, BtFR e Mgk 7 =0 L1 A4 DOMIC
I CIE2 W e N B b —EOFBE 2~ MmN b7,

7. BE

BRI S, B{bgk7e 137 B =T 25 O 2 V2 8 ot o TS 5.
F7o, HWEKFTT =T IRE & A7 ik & BtRORE & ORIZIEOMBEN R ST,
X, BERICREWT, BtEREZ ST EEORWEIEY, ST BOSBRIERT
VESTICE o TR EN TR A T 2BEREM A I = XL OFEEZREL TN D,
Ltk, K0 I WU REFF OHR & RO KERER EEITO 2 LT, #IFAKTE
YeDIEFAMEOMRIAZHED 5. IR A D =X L2 LZORKNEL S Z Licky, #T
IKRESRVG Y % R30I O RIIIRI S & DD FIREER IR S 5.
HEE

AFFFRNT I B WA s B AR e YR BR R R = v Y — U 7 AR It 0 — & 1%
M U7, a0t X #or TIEE LR REGTR O REFRIZ, KEST TIXRERZK C4F
FADRFRZZRE A IERATR) (W= nr-. L L B 5.
SCHER

1) REHPE(2006) @ 25 10 FAMIIS 1T DALRTEYL, HiTK - TEEY O I HISH,
H AR Tk, PRTIXE, pp.223-251.
2) Yano Y., Kodama A., Ito K., Shiomori K., Sezaki M., Tanabe K., Jaiswal R.,

Jaiswal P, Tripathi R. M., and Yokota H. (2009) : Arsenic Contamination of
Groundwater at Uttar Pradesh state in India, International Joint Symposium on
Geodisaster Prevention and Geoenvironment in Asia, Fukuoka.

3) Jaiswal R. K., Yano Y., and Jaiswal P. (2010) : Integrated Approach for Arsenic
Pollution Mitigation in Uttar Pradesh state, India, 2rd International Symposium on
Health Hazards of Arsenic Contamination of Groundwater and Its Countermeasures,
Miyazaki, pp.10-17.

4) H R BRDESE, INEE(2008) : iR BCR BkiliHiAIC X 5% g
HAeRBOIE & in RO, T2 ICE G, 64, 4, pp.304-313.

5) Fendorf S., Michael H. A., and Geen A. H. (2010) : Spatial and Temporal
Variations of Groundwater Arsenic in South and Southeast Asia, SCIENCE. Vol.328,
pp.1123-1127.
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II-3. M#ZERFR~ T RAZ AW b FREREZEHRER T OHRE

OFfETER 1, /NARIEG R 2, BIRET-2, BERVE AN 2, & L3,
AR 4, BIET L, SHEANT

VR KR ERBRIERI v ¥ — (CMES), 2 S0E RIS,
B A A B, 4 S 3R e ST

1. IZTBI

FHHL 2 T A8 % MXH/lpr ~ 7 A%, BlRH~ U A O LR (MRL/pr x C3H/lpr) @
55 2 AR ZE 7 R R AR 2 20 HEARLL B 0 I U TR S 4L, IR D 7 ) L8
T LIRETA TIROBER Lo TV DHIERRMEETH D, 246 OFZRFEM TrXi
BRI DN ENEE 24 ALY TRELT A2 DOH7 5T —EOBREERK 1
IZXFLTH IO DORME TR S TEARES - WX BT 5 L A0 D, BET
WX D U A7 A BAEICAE TE 5, FTCBRMECEME AT 5~ A7
2YT I A b= —IZ2O\W T, MXH/lpr %2 MICBITD2ENODBIETFHE T ) A
UA RICRELTWVD EZHNDL, HRMORIRIZ SN T OB HE B

(quantitative trait loci (QTL)) R DNEZIZIB 22 DFERH 5,

Z ZTAMIE TR, MXH/lpr 5%kt~ v AR Fe kb5 L, 2OREED L R
MBI L, S HI2Ziub 0 QTL T 21TV, e RORBERZMEL HET 528
IR FEED[RIE Z A T2,

2. ®pke FiE

MRL/lpr & C3H/lpr., B LMD F2 % 20 AL E AR # S CTELNT-
MXH/lpr &%t~ A (MXHO7, MXH28, MXH36, MXH41, MXH43, MXH51,
MXH54) Z FEBRIZH Wz, FRMO~ 7 A (A A 12 ) 12 13.3 mg/kg body weight
DAZBEREST N U LAZROKE Lz, 8 Kk, HiKEZEI L, 5HrE T-80CT
TRAF LT, 7RBARNIEIR. B RFE FEBRBIHNIAOE > T L7z,

BT X BRIEICHE N RS R ST T A A 2 2 — VDK (9:1viv) THRE S L,
M L7z v F{LE W, arsenite (As[IIT]) - arsenate (As[V]) + monomethylarsonic

(MMA) - dimethylarsinic acid (DMA) % HPLC/ICP-MS TEM - €& L7z, 55
e e ZEEWHR (% FEW) &b ZRBRENOEE L L,

MXH/lpr %52%t~ 7 AZBT D 122 ORI~ 7oV T 74 h~—T—DiEfa T
MFRICHES &, FEMb P otrEa KRB L 425 QTL T2 B8 2> 7,

3. MRLELE
G LT TO~ T ARG, HiEF# e FE (sum of As compounds; SA) IR
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& %DMA ORRZfNT Lo & 2 A AEZ2ADOHBEBEGRNSE b7, —J7. %inorganic
As (IA; As[III] + As[V]) & ORBICIZAE AR IEOHBEFZEAED bz, £7-. %DMA

E%IA ORIZITADOHBBEENRA LI, ZNHDZ Enb, ke F%2 DMA 121X
BT DRENDEVEMERIZE AN E #EA DMA & U TRIICHEIE L TV 5 L HEZ S
76

— . AW RRICIE, e RRE & v BIGHPHRIC K& R EE2 G T 2 RN
THZEWNHBA L, T2b5, C3H/pr & MXH54 Tifth##k LY & iE%DMA 7>
K SAEETH Y, MXHO7 & MXH51 TIHE%DMA 72O SA JEE THh - 7=,

WIZ, %DMA & %IA iz AW T QTL T2 5 272 o 72, TORER, 5 14 ok b
% 3 Y KIZ%DMA & B4 58 aFFENTEAE Lic, — 7. %IA & B4 2 a1 &
I, %DMA & R U 14 Yol & 5 5 YefafRIchiiE Lz, 2B EE Sz QTL Ot
BINLEST DA 7 ahT T4 b~—D—Dflx D~ AD8EE A (MRL 2 & 7213
C3H ) & & v RMAHHEIE L OBEMIT 2B 272 o72 L 2 A, %“DMA &5 3 Yetaffk
O QTL fifEDO~A 7 a7 74 h~—T—& OEHELAMT C3H M LB EICEHE L T
W7o, 720 %RIAIZHOWTIE, ZE1UE 14 Yook L 55 b Yo RKITALE T 5 B is 1
DFEZNET L VI L DA B2 ENR D iz, [FE L7z QTL EICTFET D64
BE SOV TCIEBEMTR CTh 5,

LR L R S e R L S e R L S S e R S S S e R R R R S e o R L R e e R R S S e e L L R e

Searching of Gene Loci Involved in Arsenic Metabolism
using Recombinant Inbred Mice

oTetsuro Agusal, Hiroaki Komori2, Yoshiko Soga2, Masato Nose2, Shiro Mori?,
Reiji Kubota?, Shinsuke Tanabe!, Hisato Iwatal

1 Center for Marine Environmental Studies (CMES), Ehime University, Matsuyama,
Japan
2 Department of Pathology, Ehime University Graduate School of Medicine, Toon,
Japan
3 Department of Oral Medicine and Surgery,
Tohoku University Graduate School of Dentistry Sendai, Japan,
4 National Institute of Health Sciences, Setagaya-ku, Tokyo, Japan

To identify genetic loci responsible for inorganic As (IA) metabolism, a quantitative
trait locus (QTL) analysis was performed using MXH/lpr recombinant inbred mouse
strains exposed to inorganic As. We analyzed concentrations of arsenite (As[III]),
arsenate (As[V]), monomethylarsonic acid (MMA), and dimethylarsinic acid (DMA)
in the liver of nine MXH/lpr strains. In all the strains, concentration of the sum of
As compounds (SA) in the liver was negatively correlated with hepatic DMA
composition (%DMA), whereas the opposite trend was observed for TA (As[III] +
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As[V]) composition (%IA). This result suggests that IA metabolic capacity
significantly influences As accumulation in mice. Furthermore, significant
differences in the concentrations and compositions of As compounds were found
among these strains. QTL analysis showed that a significant linkage was
identified on for %DMA with chromosomes 14 and 3. For %IA, a significant
linkage was identified on chromosomes 14 and 5. Interestingly, the loci on the
chromosomes 14 and 5 were correlated with %IA in an additive manner.

66



1H208 (A)

II-4. AT ARK - BHIK TOFABE L R T KEDOEN & RIS

12 /N - (VPSR

1+ NPO &N A ARG YR AHAS - 2. BEFRHUEHEFERT
3« RERMISERFARFBELEOIER - 4 (BR) 72 /7T —2R

A HIX & B #iIX & OfEEEE

2003 - 4 A2, AHLIX & B HLIX COH L TR CHA L 7R 5% O B SR
BN REIN TS (R ERT, 2003). Hleks, MR OEEIFE TR LN
% B2 JE @ i £ b JE (Arsenic-induced hyperkeratosis) , FZ & @ i 4 F L &5
(Arsenic-induced  hyperpigmentation), /& J&§ ¥ (Arsenic-induced  skin
cancers)(Selinus,et.al.,2005)<° % /£ J% (blackfood Disease)(Baoshan et.al., 2010) & \»
STRIREITZ 5.

WIZ, BHIX L A MIX & OREFEE ORRZ KD 272012, MK O 3 FAERHBE R
ZHE L A X - B X TORER O HIER 2 HILROE WIS 4 SORER 2
NTHD.

[A#IX] DO H < B IS5 oX (Dizziness, faintness) 59.3% , @JE11 5 (Fatigue)
(58.3%), @F1355 25 (Hand trembling)55.6% , @HEJH (Headache) 52.0%.

[B #1[X] OuEYH (Headache) 15.8% , @3 H < B« 550 & (Dizziness, faintness)
11.1%, @F - XLV U « vy (Hand and foot numbness) 10.5%, @"%
(Cough) 5. 3%, @ ENE X |2 < W(Difficulty writing )5.3%, @ £ (Vertigo) 5.3%,
@HE%E (Abdominal pain) 5.3%, @OHEAN KV TV 5 (Continuous slight fever) 5.3%,
@IEA « &M (Nausea, vomiting) 5.3%, @i X H 7231172\ (Inability to get up) 5.3%,
@ie< % (Edema) 5.3%.

B #HiX TR RERIE, HEAFEOEWIEIZONLDICELEDLNS. £L T, I
5OEERERIT, AKX TOBRRERICETRDOND. FiZ, BHMXTHERDS
VWQOEER (Headache) 15.8% & @35 < B & « 555X (Dizziness, faintness) 11.1%
X, AKX TCOHBEROE O OODZNEIIKIET 5.

H7aZ, DPAA ALEWC X D REEHEHE OEHI 2 < (KM, AHH1E0y, 2005), Z
U5 O 5N ST AR R, MR o RMEERTH Y, INEOLEE IR hE

BREREE L L TROLATND.

2004 F 3 H 16 HIZ, HENRER Lz AHIKO AFFT, BGKRRERN £l Sz

(RIR P IROK EWFZE & o 2 — R AR © RE TG YA, 2004). iK%
k9o LIERERI b AR & 2t (R, 2004) & ORI, kORI ST
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m<72n (X—1). LaL, MR IT DPAA - MPAA - AsII - AsV OfE % R L7
TERERI b FRRIRE LV mv. 72, BHIKGE < T DPAA {5 F AR Kk STV &
ERFHFCHLHEIEARBRE IR L7 (K—2). A HF LR UL EAERICONTRE
FIRE - R RRPELBICELSRY, REHRBELEV. LrL, AL ROREERK
WEALT 5.

A HIX 725 B #IX & TORENERE T, DPAA 725 transformation THRE S 7= KA HE
b EI5YH K plume D3MERR S AL, £ D% plume 285K L7285 THS.

A HIX & BHIK O FICZ VOB A DI E0, AHIX E BHIX & O FAKH
DERE FHEDOENE B BND. 5%, BT LMET L OREIINIZEO LB EZ R
LTV,

X — 2 BH#KOFELEEMAHF TOBIHKRABRKER

Health Problems and the Difference of Ground Water Quality on
Organoarsenic Compounds in District A and B, Kamisu City, Japan
Hisashi Nirei! ' ?2 - Tomoyo Hiyama3 "+
1. (NPO) The Geopollution Control Agency, Japan *+ 2.Medical Geology Institute(MGI) -
3.Graduate School of Science, Osaka City University * 4. Techno Earth Co.
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I1-5. ZRBIRAPETT B #MIX 5 RFHF OFH & FH T KIGHEE

failignft 2 AR A8
1« RIRWISERZFRZBEE2OIER - 2. (BK) 727 /77— A
3« NPO ik N HAME GG APERE - 4. ERMETZEAT

PR ARLIX 22508 1 k miZdh 5 BHIX T, A JIGYH N KEHIZ X 5 e
f#E & LT D8R (Headache) 15.8% , @ H < B F+ 5 52 & (Dizziness, faintness)
11.1%, @F - XLV YU « oYy (Hand and foot numbness) 10.5%, @"%
(Cough) 5. 3%,@ X ENE X |2 < W(Difficulty writing )5.3%, @ £ (Vertigo) 5.3%,
@hE7% (Abdominal pain) 5.3%, @HEANFV TV 5 (Continuous slight fever) 5.3%,
@IEA, « &M (Nausea, vomiting) 5.3%, @i X H 7231172\ (Inability to get up) 5.3%,
@tr< A (Edema) 5.3%73#E S TW5 (HRERMERT, 2003) .

2003 4 3 H + 4 HICTAHIX - BHIX TREEHENRET Sl 6 HICHAIRKFILIK
IKEERTZE Y o & — fmET A B b R TGYSR AR T, B #IX O A b 38 HUE 75 S A )3
Tz, TOEEN L BHK THmg (O—O) IZih-> THK L Faxaheamtdi (g
(i, 2004) D4t FEVGYHITK plume FEREOEE WX A E L7 (K—1). {EKT
FO—O" Wi m T 28T OR T U= IREDO 2 e FIGQMEE R L.
I T EB /K PERS K O K TRMFRREDR S <, £l EEd KR KEICA 27 Y
—rERESRFHFFHELHRINALTND.

EHIZ, 20074 6 A DAt #EGYHTK plume TRRE D TEWTH X 2 (FR T 5 &, K
FHFHOR 7 Y — % E < @K MERKE O T K TR IZIE T L Tn D (K—
2).

ZORER, 2003 4 6 HIZITMFE L THET AKEZHEH L TWHIREHH Y, FEARMICIT
PERTRED 3 HRL 4 H o4 FIGYM T K plume JERE & ZAUF LA L TRV EED
NH. LIho T, fEFEREIL, & N mE KR KRS ORI OO K 2,
HE R AKMERKIEICA 7 U — o @ RFEFFRETHR W BT THA L7 2 &2 RKF
ERbhD.
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M—1 BH#iXO4bFZM FAEY plume ERERR RO T E Wi Xk & S BUAIHE - &1
THIHF MM 10 BAEEHHFT 20 REABHI 3 BB (B,
MEBLHI  No.1) 4 : KIKKZFLIRIBIKBIAFTEE o & — FiliT A5 b 38 5 i &I
L HAR—V 7R R (2004) 5 @ KSCHVE HIE &4 b M NG Y plume JERER R

+ July/2003

0D T LT ] (X S

ay
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Paddy feld -

" Traiie
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T e : RS
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LB

L Traffic way
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1 Mamiey Ctcenvtion
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X —3 4t FKiGYH F/K plume JEREDO B WEIX (2007, 6)
The mechanism of Groundwater pollution with Organoarsenic Compounds in
Wells of Multiple Dwelling Area in District B, Kamisu City, Japan

Tomoyo Hiyama 1+ 2 . Hisashi Nirei®+4 1. Graduate School of Science, Osaka City University * 2.

Techno Earth Co. * 3. Medical Geology Institute(MGI) + 4. (NPO) The Geopollution Control Agency, Japan
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II-6. DV7==ATNV U BROTyMIBITHEEFEEBIOREIAE

DR

E}\E

R IEE ., BUE, (LB ACHS . Mh o
RIRHSE R SRR SR JE R 4 B B B

[ BB ) A EFELAYTHD Diphenylarsinic acid(DPAA)NEMIXIL TRk m 2 A9
HZEBESHBINTODD, T DREN AT DR ITETMES N TR, Tz 132
ALETIZ, 7y MFHR IR N AR ISV T, DPAA 237y MTR DB AAREERZ A T52
LEHBINILTE L, AMFFETIL DPAA OFEFEMEAFHIT 522 BRIEL, Ty e AV
BRI G L D@ MM - DA A DR ETT o T2,

[771:]5 il OMERE F344 7 vk 408 T (MEMESS 204 UE) %, 3 I ORE - BIL R B O, 8
HENCCRERIC U7, B S, 1 ARRTIE M B tERRER CIIMERES 10 DT, 2 4ERIZE D AME
ARBRCIIMERES 51 VL o, DPAA OF 5 &1L, Ak 19 FEIC TS 7= 7y ]
FERRER (Z MIFH IS 03 AU PERRER) OFE I EE-S&, 0,5, 10 BEO® 20 ppm IZFREL
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Chronic toxicity and carcinogenicity studies of diphenylarsinic acid in rats

Masaki TAJIRI, Min WEI, Shotaro YAMANO and Hideki WANIBUCHI
Department of Pathology, Osaka City University Graduate School of Medicine

We previously reported that Diphenylarsinic acid (DPAA) had promotion effects on rat
liver carcinogenesis in a medium-term bioassay (Ito test). The purpose of present study
is to evaluate chronic toxicity and carcinogenicity of DPAA in rats. Groups of male and
female F344 rats were treated with DPAA at doses of 0, 5, 10, and 20 ppm in the
drinking water. In the 1l-year chronic toxicity study, bile duct hyperplasia in liver and
common bile duct dilatation due to the stenosis of an aperture in the Vater papilla and
expansion of the common bile duct recognized in all examples that male and female
20ppm groups. In the 2-year carcinogenicity studies, there was no increase in tumor
incidence in any organs including liver in DPAA-treated groups compared to the controls.
No neurotoxicity was observed in the DPAA treatment groups. In conclusion, DPAA
exerts bile duct toxicity but lack of carcinogenicity in rats.
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