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Occurrence and possible role of arsenolipids in fish and algae
Kevin A. Francesconi,! Mojtaba S. Taleshi,2 Georg Raber,! and Sara
Garcia-Salgado?
1: Institute of Chemistry-Analytical Chemistry, University of Graz, 8010 Graz,
Austria
2. Faculty of Marine Science, Marine Chemistry, University of Mazandaran, Babolsar,
Iran

3: School of Civil Engineering, Technical University of Madrid, 28014, Spain

Although the field of biological arsenic chemistry has recently attracted some
notoriety, the amazing array of organoarsenic compounds produced by organisms
continues to attract interest and encourage ideas of arsenic’s serving a possible
biochemical role. The most interesting additions to the range of arsenic natural
products are the arsenic-containing fatty acids or hydrocarbons, so-called arsenolipids,
which are found at significant concentrations in fish oils, in the muscle tissue of fatty
fish such as sashimi tuna, and in algae. Another type of lipid, arsenosugar
phospholipids, appears to be prominent in algae but these lipids have so far not been
identified in fish oils. The arsenolipids of fish oils appear to fall into three broad
polarity groups (polar, less-polar, and non-polar) as shown by their solvent partitioning
properties and their chromatographic behaviour on reversed-phase HPLC. The
dimethylarsinoyl group (Me2AsO) imparts considerable polarity to the arsenolipids,
which is moderated by increasing carbon chain length, and augmented by various
functional groups such as carboxylate in the molecule or by the degree of unsaturation
in the carbon chain. Most work has focussed on the polar lipids, resulting in the
identification of arsenic containing fatty acids and arsenic hydrocarbons of mid-length
carbon chains.

Our preliminary examination of the arsenic compounds in the oil from the blue



whiting, a teleost fish, showed that it contained a relatively large amount of the less
polar lipids, the structures of which are unknown. We report an investigation using
HPLC/mass spectrometry and accurate MS of the arsenolipids of blue whiting oil, with
the focus on the less polar lipid fraction. A total of 12 arsenolipids including 5 new
compounds were identified. The polar lipid fraction, which constituted 24% of the total
arsenolipid content, contained four known dimethylarsinoyl fatty acids
(Me2As(0)(CH2)nCOOH; n=12 or 14) and three known dimethylarsinoyl hydrocarbons
with 12 and 14 methylene carbon chain length. The less polar fraction (ca 35% of the
total arsenolipids) contained four new dimethylarsinoyl hydrocarbons with longer chain
lengths. These compounds were identified by accurate mass spectrometry and analogy
to normal hydrocarbons, and one of the compounds was synthesised and shown to be
identical with the natural product. The rest of the arsenolipids (ca 40% of total)
remained in the non-polar hexane fraction together with the bulk of the fish oil lipids, a
complex, heavy mixture of lipids that precluded identification of the relatively small
amounts of arsenolipids.

Additionally, we have examined the arsenolipids in five types of edible algae.
Although these algae are eaten in many countries, they are particularly popular in
Japan. The total arsenic content ranged from 23 — 86 pg/g (dry mass) of which 5-15%
was soluble in CHCIls/MeOH. Further clean-up of the extracts with SiO:
chromatography followed by reversed-phase HPLC with simultaneous elemental- and
molecular mass spectrometry (ICPMS and electrospray MS) revealed significant
amounts of arsenosugar-containing phospholipids. We report on the presence of
arsenolipids in fish and algae, and speculate on a possible role for these compounds in

the organisms.
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Biological effects of metabolic intermediates, particularly of dimethylated arsenics,
produced from inorganic arsenics

Kenzo Yamanaka
Nihon University School of Pharmacy
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Forms of arsenic in soils and its stabilization

(OShin-Ichiro Wada

Department of Agro-environmental Sciences, Faculty of Agriculture,

Kyushu University

Number of soil pollution cases by arsenic (As) has been increasing in Japan,
probably because construction surplus soils containing arsenic became the target of
regulation. A practical countermeasure is to stabilize (insolubilize) arsenic by
incorporating As-specific adsorbent or some materials to form insoluble
As-compounds. As a basis for improve reliability of the stabilization technologies,
understanding the interactions between stabilizing agents added to soils and
indigenous soil components is crucial. Hydroxides of iron are popular stabilizing
agents for As but their long term stability in the soil environments seems to have
not received due attention. Currently accepted As-stabilizing mechanism of
magnesium oxide should be critically re-examined in terms of its high reactivity

with soil minerals.
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RO S & Sk B T D aEERfh 1 -HPLC-ICP-MS 7587

CEAEA - R - ABRIRTF— KRR

[B]

WEAMICE N5 b FIT, BICFEEORVKEE e #BLEW E L THEET S, — 7,
ZOKEME FRIEAEWTIN A, IBEEO e FLEM BT 5, ZONREEE FLEY
2T DAFTRIC OV TIKIEME E BIEAM E L TGEN TV D b 00, U UARER,
FEIAEET, RALKFER O EWERRESND LRV ER SN TN D,

AHFGE TR 2 fiER Al H-HPLC-ICP-MS &%, it oEn, e # LG ORER]
SHETH D, L, IBEEEOEWVEREHZB W T EME N3 2 micdH 5,
ZZ T, Al AEHSEO O b, IFEEEOE WML ZEEE L TOIEITV. N
L EBE RO R b B RIC KT TR EZ MG 5 & & i, KPR L OMEEMEE
FEAYDTREIZ SOV THET LT,

[5ik]

A S CIEA LT v ay, ZJev ek beRBIO0 a2l e LTHW
7o T2 avOBEASICIE, MR E ST 6 OO AR L COMICEt L, £
Ve OBAIIE, EEGR L OUMLA A RE L Cobricdt Lz,

JEE Ol © Folch DFEICHE U TKEEME b F LA WHE 5 3 L ONEENE B #LEY
By LT, R REOER : TNLENOREL 0.2~0.3 g 1T, BIKESHT HAEEE
(69 %) % 6 ml ININL72t%., ~A 7 miR/fiREEE Corfi (800W T 40 43) L7z, £D
%, T ONMREIRICEBMAZINAZT 40 ml ICEA L, FEMSEE 7T A~-HE&EONIIE
(ICP-MS) & W TEBH T of b BIRE 2 HIE U7, fEfefhH-HPLC-ICP-MS 34 : 4%
B0 1 g o, HESHTAmEEZ 1 nl AL, 80°CT 1ML Ce HiWzE
M L7=, Zofitikic, 7oE=7K%E pH 7T 12725 FTHIZ, 50 ml IZER LT,
DR A ml A L7, HPLC-ICP-MS (2 XV b FALAM ORI 21T - 7=,
SSEER D 2 A2 iE Nucleosil 100-10SA 4T A3 LM Nucleosil 100SB-10 7 T A&
7o 723, HPLCIZHWT, BEIOEAIC S o> TEA— "7 I —%2 i,

[ 3R]

T 2 v R Z R A H-HPLC-1CP-MS 12 & 0 24T LA, EOEMLIZB VTS
Tt RE A (AB) BEEREFEEEHE LTRIHIND EEBIZ, VATFAT L
U (DMAA) bR SNz, Zoffl, RUAFAT LR R (TMA0) 7 /v &
Jal s (AC) b, WL ONDOEN SR SN, BRIRLIZEM o 5 b, SiEE S &



KR T A IFIIC BN TIE, AERIC L B b ERH SRR o7, D78, TIN5 6
REOHERD b FHRICKIT TR EZME Lo, ZORR, IINEOE RIS > Thl
HRGHEKR L, 6 ml OWINITIH e FEH T 100%I < £ TEEES L,

yua~7uR e T, RENE BEAMESICHET 5 e RREO LD, KEEE
FLEWISIAFAET D ERBRELY 3 FRER) o, AEEEHH-HPLC-ICP-MS |2 X
D oMt L7oAE S5, DMAA, AB 38 K OY TMAO 3B STz, £72. TALH D H 6 DMAA DR
ERRbRmPoT, 722, ZTORMEDOGAEIZEH, MBI K D2HENMEr o7, £
T, Ty vfifig s RIS, IR S AR RO RN b I RAZ TR A Rt
L7c, ZOfER, HEEOHEK &I ROERZFBOTN, 7o a vfligickid 5
T EDOUGEITRO bV o1,

P~ MEHITBWTIL, NN FEAWETAFET D & RIRE OIS, Kiat:
bt FALEWEAFET 2 ERRE L VXD NICEN o T2, o~ @R L O A
(2D THEEEFH I -HPLC-ICP-MS IZ X 0 73T L7, &6 0 D5A12H ., DMAA, AB &5
FOVTMAO SR &7, F72. 2 blizonTs T ra vl Ltz e~2 ok R
= L ARk, WIS 2R O R b F T RIC KT TR EHE Lz, LinL, 7
A URRIZ T D K O R ROSEEITERO bt o T,

A Al X U7z DMAA <° TMAO 1, A& HH-HPLC-ICP-MS Zp#T DFER & 7 v v kv -
A K ) — A (Folch @ J51%) —HPLC-ICP-MS Z3Afr OfE R & el e, JRiENE v #Eib
EMCHRT D LB X, £, P~ MAHITHFIET 5 e BLEW D720 OS5 H
FRIEMETH 2 Z &%, Bl AL R9BL R b BLUREE ) - 72,

Speciation analysis of arsenic compounds in several fish tissues of high
lipid content by nitric acid extraction-HPLC-ICP-MS

“Naoya Shiraishi, Masakatsu Usui and Ken’ichi Hanaoka

Department of Food Science and Technology, National fisheries University

Water-soluble arsenic compounds were shown to have many structures. On the
other hand, relatively little is known about arsenolipid, mostly because of the
limited amounts of these compounds and the difficulty of isolating them. In this
study, arsenic was determined through inductively coupled plasma-mass
spectrometry (ICP-MS) in the acid-digested and diluted solutions of several fish
tissues of high lipid content. Each sample was also subjected to an extraction
procedure for arsenic, which involved a nitric acid-based partial-digestion method
for chemical speciation using HPLC-ICP-MS.
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AR NIERCK NIZ S L C e LA OBREDO SN2 LI HEII S TWE 23, 20
b ROBERE AT ’ﬁE}”a' (ZRFA L 72 R IE N T h D, & R WITMEEDIZ S
REEH LTSN, CRFE - RE - LREO E FREITRNZ ML TY
%o IR, FATEIT :t7k{ﬁf$l:??ﬂ:/\¢@0)«7%7‘£ 59, IEEME e FEAEY (As-lipid) @
FAEZFEHT 2 MEN G2 S, £72, e P 2R <IEEEICITERDOT LV ) v 2
H— (As-sug) DIFIEIRIEIN TS

AAFGEIEL, HARANDRBIEEFE (RHIREE) L IRENCEE (ENZRER) K02k
HRUICTTRRLI-AFE AT, ReFE, KEEE ZEAEY., Assug, As-lipid &2
THNRE L%, e FB L As-sug Z RV KEME B B LA OV CHERE b %
et L7z,

2 MRAE

ST VI REE 68 44 LIBPFEM S BERE 60 L DOEROBAB L TH D, BEITHA,
B, YR, MEZREAFRCTERILE, BEMIICHEE L%, —RFILI2IxY
—IZTHE L, e, KEEMEESR, As-sug (unknown) . HEVEM: E L&MW Z ZNZE 1
HE U7z, e BEEIIRFEAE 2 2 = — LRI THRE L. ICP-MS (Perkin Elmer
D ITTHIE L7, KistEe e (e (1As™, iAs™), £/ AF ke

(MMA). P AF ke (DMA), 71t /) X4 A (ASB)) WK I TR L
WikH7 7 & (MG, &A4H) %2855 L7z HPLC-ICP-MS |2 THIE L7z,

3 HBREBER

KTHEHE LM PEY) 2 BB BT DB IR L E £ 41 11.1, 53.6 g/day, =L C
M EEREII TN T 61.2, 121g/day TH - 7=,

— H Ok b FEEGE T IREED 175pg/day, VEFEM L RE TN 517ug/day TH D | £
3fFOENR I, £, R, BE, Y& MEORKEIIK T ok FEREL T
T 5 & HEMSZ BT L RHREE L BRIV — 3L TR Y (Wit bR,
HE, BRE., BROIETEZWMERI R S,

BERENLBIE L2t FiX iAs™, iAs, MMA, DMA, AsB 72 KX 6 CTH D . Wiff
[ L Cuie, 2 HKEEME E LB OR b FITE D DEIG 13 R L EED 2 &



FRCBWT, TN 41, 43% CHEEIL T\, &5, ZOEIE LR ERIC
el LTl &0 xEBREEDS 1As™ 3% ; iAs™ 3% ; MMA 2% ; DMA 4% ; AsB 29%. VHEY
LAFERED 1As™ 1% 5 1As 1% ; MMA 1% ; DMA 3% ; AsB 37% T o 7=, AWFZENS .
WEFEW S B O— B OERE b FEEUEIT 12.6+2. 79 pg/day THEMIZ D722, Fiz,
MEHE b 3+ MIADMA D EEME E # 32, 6+22.4 pg/day T, KEBSAS AsB (190204
pg/day) Thoto, T72bb, WHEDZEFO—H Ot FEEEIL 5171376 pg &
Z@EThole, PHEMEEROFSITNG % THY, TOFKITEEFEDOLFET
% AsSB ThHolz, T H DR FITHHHEE R TIT o 72 AT RIJELL L T
HTEBHBMNERST,

Daily intake of arsenic compounds in the Japanese diet: total-arsenic and water-soluble
arsenics

OEri Hasegawa'’, Yoko Inoue!’, Yuko Hanawa'’, Hiroki Nakadai'’, Keiko Chiba?’, Haruo
Nakatsuka®’ , Takao Watanabe, *’ , Toru lyo!’ and Hiroshi Yamauchi !’
U Kitasato University Graduate School of Medical Sciences, 2’ Iwate Prefectural University,
%) Miyagi University, *’ Tohoku Bunkyo College

Total daily intake of arsenic, water-soluble arsenic compounds and arsenolipids
(As-lipids) was determined in duplicate diet samples collected from Japanese
agricultural workers (control group, n=68) and fishery workers who eat a lot of seafood
(fishery group, n=60). Meals were classified into breakfast, lunch, supper and snacks.
Arsenic was evaluated were total-arsenic and water-soluble arsenic compounds (iAs>*,
As”*, monomethylated arsenic, dimethylated arsenic , arsenobetaine (AsB)).

Daily seaweed consumption was 11.1 g/day in the control group and 53.6 g/day in the
fishery group. Seafood consumption was 61.2 and 120.6 g/day, respectively.

Daily intake of total arsenic was 175 and 517 pg/day in the control and fishery groups,
respectively, indicating an approximately 3-fold higher intake in the fishery workers.
Arsenic intake patterns were similar in the two groups, with the highest intake at supper
(45%), followed by breakfast (30%) and then lunch. Water-soluble arsenic was about
40% of total arsenic, and this was also similar in the two groups. However, the
concentration in the fishery group was about 3 times higher than that in the control
group. The percentage of AsB in the total arsenic was 29% in the control group and
37% in the fishery group.

Thus, subjects who ate large amounts of seafood were likely to have high
total-arsenic and AsB.
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%, I, IS i7k{ﬁr$l: FLEMOHRIE BT, IREMNEE FLAEY (Aslipid)
FAEZ R 2 ME DN EBI2 S, £72, b P 2B <IEEEICITERDOT Vv ) v 2
H— (As-sug) DIFEIRIEIN TS

ARRGEIEL, HARANDREIENEFE (RHIREE) L IRENCEE (ENSRER) L0 RE
HRICTHEBR LB F 2 AWT e B KB BLAEW, 7t 7 > 25— (As-sug) .
As-lipid Z Z N EHMIE L7, As-sug & As-lipid OFEEEIC SV THiEH 2k 7=,
&L, WIEMZRFIIRIT D e FOBRBIMICIER L,

2 WRAE

KPR VI IR 68 44 LMEIEM L BERE 60 L DIEROEAB L TH D, BFITWLE,
BE, Y& WEZRRESRCTRR Lz, BMIIICHELEER, —fFEILI2IxY
—|TTEE L, e FHE, KiEMEE S, As-sug (unknown) . EIRTEE BLAEWE FNTh
HIE UTe, PEREIOQEFEIL, Ok FRE LT = — VRS TR, OKE
PEe R bAy (e # (1As™, 1As™), £/ AF ke FE (MMA), DMA, 7/t /
RE A (AsB), As-Sug) (FHEMIAKIZHIH, @As-Lipids (3~ U Al U CHOS IRAE
L7z 2O & FRICREFE & L TRDZ, OLE@IZ2WTIE ICP-MS (Perkin Elmer
FEIBL) (2 TRIE Lz, QIZHOW T 7 A (MG, B4:%) % $%#¢ L 7= HPLC-ICP-MS
(Perkin Elmer #E#%) |2 CHIE L7=, As-sug (unknown) [I#eb BN, Kigtke HF L
As-Lipids % 75|\ 2 {ETH 5, 7235, As-sug I, Dr. Francesconi 232l L TV 5 As-sug
DIEHREY) (4TB8E) ZHWTC, BA 4> 5 T A (PRP-X100, Hamilton) #3555 L7-
HPLC-ICP-MS (2 CHI®E L 7=,

3 HREER

KFRERE LM PEY) 2 A BT D I EI X2 £ 4 11.1, 53.6g/day. £ L T
ANFEEREIZN TN 61.2, 121g/day TH -7z, As-sug BEEIT, xHIREE L EEY
ZRHEFETIL80.2 & 245 pg/day THY . K 3HEDAETH - 72(p<0.01), BHENSHY A



FD As-sug DIEREIX 1 & 3EIDZVMEM A /R 7z, As-sug & MFBEEIERE & O
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HEOFERH B As-lipid OIERE G EI L TW A Z S0 E Lz,

Daily intake of arsenic compounds in the Japanese diet: arsenosugars and arsenolipids

OYoko Inoue®’, Eri Hasegawa'’, Yuko Hanawa'’, Hiroki Nakadai '’, Keiko Chiba?’, Haruo
Nakatsuka®’ , Takao Watanabe, *’ , Toru lyo!’ and Hiroshi Yamauchi®’
U Kitasato University Graduate School of Medical Sciences, 2’ Iwate Prefectural University,
%) Miyagi University, *’ Tohoku Bunkyo College

Total daily intake of arsenic, water-soluble arsenic compounds and arsenolipids (As-lipids)
was determined in duplicate diet samples collected from Japanese agricultural workers (control
group, n=68) and fishery workers who eat a lot of seafood (fishery group, n=60). Meals were
classified into breakfast, lunch, supper and snacks. The amount of arsenosugars (As-sugars) was
calculated by subtracting water-soluble arsenic (iAs®**, As®*, monomethylated arsenic (MMA),
dimethylated arsenic (DMA), arsenobetaine (AsB)) and As-lipids from total arsenic. As-sugars
were classified into 4 types using As-sugar standards. Lipids were extracted from food samples
with hexane and the amount of As-lipids was determined. Daily seaweed consumption was 11.1
g/day in the control group and 53.6 g/day in the fishery group. Seafood consumption was 61.2
and 120.6 g/day, respectively.

Daily intake of As-sugar was 80.2 and 245 pg/day in the control and fishery groups,
respectively, also showing an approximately 3-fold higher intake in the fishery workers. Of the
4 types of As-sugar, types 1 and 3 were most frequently detected. As-sugar intake significantly
correlated with seaweed consumption in the two groups (p<0.01). Daily intake of As-lipids was
22.7 and 48.8 pg/day in the control and fishery groups, respectively. These data show an
approximately 2-fold higher intake in the fishery group, and As-lipid intake significantly
correlated with seafood consumption in this group (p<0.01).

Thus, subjects who ate large amounts of seaweed and seafood were likely to have high
As-sugar and As-lipid intake.
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MFPERN TR % 72 e LA E G ATV DM, BEUC X 26 ) 2 7 13RI 803 %
VN, TR 1 TERE B SR EUZ DR e B OWTHRZ G720, AT T 4TI
BIFL~7vBLOU I ABREORY e R0 EiTo7,
2 Hik
WEPER L OB : THERNTHEA LICABHA AT v 7 oy B LOGE LIERY 71 A
R ARV E R L LT A v T — b Rar bty MRS E AN 9 4 ERE &
20, 44N~ 7 afillE 300g, 5ANKELTY S A 300g & 1 HOBFETERLE, £
D% 5 A TOREZEmR L, JERFZ &R EAFLE LT, 723, BIORT#E 5 H X
WP R L A IR L7z,
b RO MEPE R TS R U oA HEEL & L7, e Eaothld, e ~A27nm v
= — 7 fRIEE I TR L L7z, ICP-MS i &1T>7-, b F{LFRERIOHTIL.
A 50% A % ) — L& AW B — IRV &2 ATV, 15 B 7= Bl o
HPLC-ICP-MS., HPLC-TOF/MS. HPLC-MS/MS 73HT 247 > 7=, JRITHIERE £ Tk
rAF L. VRE B b fil R & AR AL TR RE R oA 24T - 72,
3 MRBIUEL

BRL7z~7 0l U N ADREZEREITIENEINL26mg &£ 0.6mg Thote, v 7
= fil A~ 5 1 arsenobetaine (AsBe) & RFEIE & F&., V4 A fliH#& )~ 5 1% arsenosugar
328 (AsSug328). AsSugd82 & RFEIE L R STz, v~/ vl LU I A B
5 HMIT, HAICHEEND EHRDK 40% & 30% 3 RHICHEE STz, ~ 7 n BEFH IR
HFEFED 80%LL Eix AsBe, #J 10%2° dimethylarsinic acid (DMA), & L ChH 3
RIFE E FDRO LA, AsBe OFFfi] & 72 0 R R EIT~ 7 2 B 4 KffiH]# . DMA
IR 9 MBI R E 2o To, U ABEEERD 61X DMA,
oxo-dimethylarsenoethanol, oxo-dimethylarsinoylacetate & K[FE & B3 H STz,
DMA (3R e R DK 60% % 56 o b FEEWITHRER OITH SO BRE DT,
DMA O 7= 0 IR PR EIL D I ABEL 24 FERZ ISR K E 72 o T,

~ 7 uBIOU A AR S R #E . monomethylarsonic acid X° DMA (34 H
SNl Z D, #ERE R DMA [ ZEPER L D AsSug FHSCARFIE b R ITH kK



T5LEZBND, DMA ORTHRIEEIT~ 7 w0 5K 24 B I EETOfE~
ERoT, —J7. UAAIERDN BRI 90 KffE]#% & 72 0 ENR AR BT,

Arsenic metabolites in urine after ingestion of tuna and wakame seaweed

OAkihisa Hata', Mayu Owada', Momoko Hasegawa', Kenzo Yamanaka?, Hidetoshi Kurosawa?,
Yuko Yamano®, Yoko Endo*, Noboru Fujitani*, Ginji Endo®
! Chiba Institute of Science, 2 School of Pharmacy, Nihon University, % School of Medicine,

Showa University, * Kansai Rosai Hospital, Japan Labour Health and Welfare Organization,
® Graduate School of Medicine, Osaka City University

Seafood contains high levels of various arsenic compounds, but their relative toxicities have
not been fully evaluated thus far. To evaluate the risk of dietary arsenic, we conducted a tuna
and wakame seaweed ingestion experiment.

After refraining from seafood consumption for 5 days, 4 volunteers ingested 300 g of sashimi
tuna, and 5 volunteers ingested 300 g of wakame. Arsenic metabolites in the urine were
monitored over a 5-day period after ingestion. The arsenic contents in tuna and wakame were
measured after bead-beating treatment with 50% methanol. Speciation analyses of arsenic were
performed by HPLC-ICP-MS, HPLC-TOF/MS, and HPLC-MS/MS.

The total amount of arsenic ingested from tuna and wakame was 2.6 and 0.6 mg, respectively.
Arsenobetaine (AsBe) and unidentified arsenic compounds were detected in the methanol
extract of tuna, whereas arsenosugar 328 (AsSug328), AsSug482, and unidentified arsenic
species were detected in the wakame extract. Approximately 40% and 30% of arsenic ingested
from tuna and wakame, respectively, were excreted via urine during the 5-day observation
period. The identified urinary arsenic species after tuna intake were AsBe and dimethylarsinic
acid (DMA). AsBe and DMA comprised approximately 80% and 10% of the total urinary
arsenic, respectively. The urinary excretion rate of AsBe and DMA reached a peak at 4 hand 9 h
after tuna ingestion, respectively. The identified urinary arsenic species after wakame intake
were DMA, oxo-dimethylarsenoethano, and oxo-dimethylarsinoylacetate. DMA comprised
approximately 60% of the detected arsenic species. The urinary excretion rate of DMA reached
a peak at 24 h after wakame intake.

Neither DMA nor inorganic arsenic was detected in the seafood extracts; thus, urinary DMA
may have been produced metabolically after tuna and wakame intake from unidentified arsenic
species and AsSugs, respectively. The levels of urinary DMA after tuna intake returned to the
levels before intake after approximately 24 h. In contrast, the levels of urinary DMA after
wakame intake returned to the levels before intake after approximately 90 h.
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SHRHIG X A R T DA b F AFEBEICUT W A =)o 4 #7% (KT, CK, PC, PS)
& L7m, KTId b FBIBEYDRWRTIBREL L CRAT, TNENORTEI BRI 50 4 DfE
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Urinary arsenic metabolites and fish consumption among the residents in

arsenic-polluted areas in Cambodia

OSeiichiro Himeno!, Harue Morita!, Chizuru Tohmori!, Hideki Miyataka!, Suthipong
Sthiannopkao?
1Laboratory of Molecular Nutrition and Toxicology, Faculty of Pharmaceutical

Sciences, Tokushima Bunri University, Japan, 2Department of Environmental

Engineering, Don-A University, Korea

Consumption of arsenic (As)-polluted well water causes a variety of health
hazards in Asian countries. Human samples including hair, nail, and urine have
been utilized to assess the exposure levels of As. Speciation of urinary As
metabolites can provide information on the capacity of methylation of inorganic As
in the body as well as the consumption of fish products. In the present study, we
examined As concentrations in hair, nail, urine, and well water collected from the
residents living in four villages (3 in As-polluted area and 1 in non-polluted area) in
Cambodia. The average concentrations of As in well water in As-polluted villages
exceeded 500 ppb, which is 50-fold of the WHO recommendation (10 ppb). The
concentrations of As in well water showed significant correlations with those in hair
and nail. On the other hand, urinary As concentrations among four villages were
almost similar. Speciation analysis of urinary As metabolites by HPLC-ICP-MS
showed that the concentrations of arsenobetaine in non-polluted village were much
higher than those in other villages. A nutritional survey showed that the residents
in As-polluted areas eat freshwater fish exclusively, while those in a non-polluted
area eat both marine fish and freshwater fish. These data suggest that urinary
arsenic concentration may not be a good indicator for arsenic exposure, especially in
Cambodia where people eat both freshwater fish and marine fish as a major source

of animal protein.
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Cytotoxicity assay of arsenic compounds extracted from seaweed

OYuko Hanawa, Mizuho Nakano, Yoko Inoue, Eri Hasegawa,
Hiroki Nakadai, Toru lyo and Hiroshi Yamauchi
Department of Occupational Medicine, Environmental Medicine, Kitasato University
Graduate School of Medical Sciences, Sagamihara, Japan

A cytotoxicity assay was performed after extracting arsenic compounds from
commercial hijiki, tangle and laver at room temperature using ultrapure water. EJ-1
(human bladder transitional cell carcinoma) cells were used in the assay. Arsenic
compounds (10 uM) were added to these cells and incubated for 24 or 48 h. The effects
on cells were evaluated based on cell viability, number of apoptotic cells, and the level
of intracellular reactive oxygen species.

Mostly inorganic arsenic was detected in hijiki, whereas arsenic detected in tangle
and laver was in the form of As-sugars. As-sugars 1, 2 and 3 were detected in tangle and
As-sugars 1 and 3 in laver, indicating a difference in the components of the two seaweed
types.

The findings also suggested that hijiki has stronger effects than tangle and laver.
Hijiki and laver extracts had slightly stronger effects in the CCK-8 cytotoxicity assay,
and hijiki extract produced higher levels of intracellular reactive oxygen species and
more apoptotic cells compared to tangle and laver extracts. Collectively, these findings
show that inorganic arsenic contained in hijiki has stronger effects than As-sugars
contained in tangle and laver.
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In vivo study of arsine exposure in hairless mice: percutaneous absorption vs. whole-body

inhalation

OYuko Yamano', Kasuke Naganoz, Kenzo Yamanaka®’, Akihisa Hata’,
Toshio Nakadate', Yoko Endo’, Ginji Endo®
' School of Medicine, Showa University, *“Nagano Toxicologic-Pathology Consulting, *School
of Pharmacy, Nihon University, *Chiba Institute of Science, *Kansai Rosai Hospital, Japan

Labour Health and Welfare Organization, *Graduate School of Medicine, Osaka City University

Arsine (AsH;) is widely used in the semiconductor industry. Primary cause of death in
exposure to workers is kidney damage due to hemolysis, but the mechanism and potential for
percutaneous absorption are unclear. Mice were exposed to arsine to detect percutaneous
absorption and determine the toxicity mechanism.

Arsine gas was generated by reduction of arsenic trioxide with NaBH,. Male 5-week-old
Hos:HR-1 hairless mice (n=4 each) were subjected to single percutaneous or whole-body
inhalation exposure of arsine gas (ca. 300 ppm) for 5 minutes. Total arsenic in blood (T-As) was
determined using an ICP-MS, and hematocrit values (Ht) were measured. Histopathological
examination was performed 6 h after exposure, and liver, spleen, kidneys, and lungs were
subjected to immunohistochemical hemoglobin (Hb) and HE staining.

Mice subjected to whole-body inhalation at 320 ppm had reddening around the eyes, purple
skin, and listless behavior. No changes were observed in the percutaneous exposure group at
310 ppm. Ht values in the inhalation group decreased significantly (p<0.02), down to 16% after
3 h, and all blood samples were hemolyzed. T-As in the inhalation group was 9.0-14.2 mg/L,
significantly higher than in the control group (<2.0 mg/L, p<0.02). In contrast, Ht and T-As in
the percutaneous group were comparable to control group values. Histopathological changes
were only noted in the inhalation group, with marked deposition of eosinophilic globules in the
proximal convoluted tubules of the kidney, Kupffer cells of the liver, and red pulp in the spleen.
No changes were noted in the lungs. Immunohistochemically, these eosinophilic globules
reacted positively to hemoglobin antibody.

In the present study, arsine was not absorbed through the skin. Findings for exposure to arsine
further suggest that hemolysis occurs first, followed by release of Hb and accumulation in the

proximal tubules of the kidney, ultimately leading to renal dysfunction.



TN VBRI K DT T a v A IR R

< 7 ZRAEIM~D in vitro 7 /L MR

OWww At W% B2 b = B4 BE L
Bk Bt 5. [EgE 15516
VIR R AR A RS A 2RISR E AR AR, 3 HAR R, ¢« TEER 2R
PR PRER, 5 BV 57 SURBEE S BT SEE v & — 6 RIRIT LK KPP AR

1 1T

MOER 7 P OBGE I SN TWE T LS DAMEREMETH DRI A = X A%
B 52 TR, BIEEDEY . v T ANDT VY VIREEFEBR AT > 1o RS, Ht fE
HERAD B X OBIEOUINLIRNE O~T 7 vy (Hb) BRI OBEE 7235 %78
D, WMLWEMNAEE D 2 EE2MER LT, £2C, WA =X LEHEZERHE LT,
~ U AMRAEM A FANZ in vitro TV MR EBR TN, BRE Y L VR 2 E D
R &R AT,

2 Jik

bEEELT2mgDHEE@EOOHETICKVBESELT LY U ZHEEICR~ Y
APRAFIL 5ml 12 10 Sy [FBREE L. 90 o MIikiE#, & 0orBEic X 0oz gz o
TNE LT, £, TAVUVBRERFRICEDE TESEAN (BR) Lz 7z onT
T B IS OB LTl v e Uiz, 2k, FERREE MR X OB HIK TYAID S+
iEkEZ o ha—d Uiz, ~ MU v 7 AR L —V— DA 4 AL TR TR By
HrEt (MALDI-TOF) % HWWTZius 4 SOH T VAT Liz, fATICHTz> Tt~
NV w7 R LTI EUVBREFER L, £72, 2G4 5O ikt L Tis e
R W T2 S e OG22 20 L L & Do is il o e REFERE 77 X
~E&oyHrEt (ICP-MS) TE&E L7,

3 MRBIUEL

MALDI-TOF OfE5H. 7vy VgEGEY 7 VIR v — 27 28 15.0 kDa 12 2 O,
15.7kDa |2 1 SRR TE 72, HTRNDINDIETrEY L EROMMETHS L5
ZHNIzl=o, Hi7 v o HURE VI E B G 24T > 72, ICP-MS 12 & 5 50 #r
W, 22 hr— A T AN DI EPRINES AR SR, T U IREY T
TN OBRHER LY e ERBREINTZZ2 b, b FEE T o B BNAIMEZ R L
TWD Z &R R ENTo, 7272 LAMFFRIZ RV TR, AR R & ¥ i oo IR R B4R
DS TIERNE D, SERRFL TV LERD S,



Possible Production of arsenic adduct due to the exposure of

mouse preserved blood to arsine in vitro

OTakenori Yamauchi!, Yuko Yamano?, Kenzo Yamanaka3, Akihisa Hata?,
Yoshiki Kuroda!, Yoko Endo®, Ginji Endo®
1Faculty of Medicine, Miyazaki University, 2School of Medicine, Showa University,
3School of Pharmacy, Nihon University, 4Chiba Institute of Science, ’Kansai Rosai
Hospital, Japan Labour Health and Welfare Organization, Graduate School of
Medicine, Osaka City University

Background: Arsine (AsHs), widely used in the semiconductor industry, is one of the
most acutely toxic forms of arsenic, and its inhalation causes rapid and severe
hemolysis as mentioned in the previous presentation. However, the underlying
mechanism is unclear. In order to elucidate it, we examined preserved mouse blood
exposed to arsine and tried to confirm the substances specific for exposed samples.
Materials and Methods: Banked blood derived from male ICR mice was exposed to
arsine generated via zinc reduction of arsenic trioxide with or without aeration.
After exposure, the blood plasma (BP) was separated by centrifugation. BP from
non-treated blood was used as a control. The supernatant separated from blood cell
lysate was also used as a control. Each sample was mixed with sinapinic acid as
matrix and matrix-assisted laser desorption ionization-time of flight (MALDI-TOF)
analysis was conducted on all samples. Furthermore, immunoprecipitation assay
was performed on all of the samples and the total arsenic contained in eluate was
quantified by Inductively Coupled Plasma-Mass Spectrometry (ICP-MS).

Results and Discussion: As a result of MALDI-TOF, three m/z peaks specific for
arsine exposed samples were confirmed. Two of them were observed at 15 kDa and
the other was at 15.6 kDa. According to their molecular weights, they were
estimated to be arsenic adducts with globin chains and the immunoprecipitation
assay was conducted with anti-globin antibody in order to identify the arsenic
binding protein. As a result of analysis by ICP-MS, arsenic was detected in the
eluate derived from arsine exposed samples though it was not in the control
samples. Therefore, the production of arsenic adducts with globin was strongly
indicated in reaction to arsine exposure. On the other hand, the causal relationship
between hemolysis and the production of arsenic adducts remained to be elucidated

and further study will be necessary.
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Reduction of arsenic-induced cytotoxicity by aliphatic electrophile from Coriandrum sativum L.
leaf extract in HepG2 cells

OYumi Abiko"?, Mai Mizokawa®, Yoshito Kumagai®®
1JSPS Research Fellow, 2Faculty of Medicine, University of Tsukuba, *Graduate School of
Life and Environmental Sciences, University of Tsukuba

We found there are aliphatic electrophiles, which possess different carbon number with a,
B-unsaturated aldehyde moiety, such as (E)-2-decenal or (E)-2-dodecenal that can activate Nrf2
and reduce arsenic-induced cytotoxicity in Coriandrum sativum L. leaf extract.
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DR L i L THEIC EA LT e, IFEFT O e FREICHEREIZRVWHOO, it L
Vg e ORIBRG TR T LTERY -8 L o ONFIET I X DPAA & ORI 5 TH
ST LTV Z 0D FEMIC I~ DO ZERE 2808 L T 5 alREMESHEE STz,
EMF O FBRE L, e L U ROFRHEGIZE > TI L A ERBERR LN o 7D,
L OEMPIEEILSD 7 v MMIEBVW T, DPAA L ORIERE CTHEIC LA LT,

LD X 51z, DPAA Liffit L U EEOBME S & i U, [RIRe 5 TR~ O PRS0,

KNSR EAL L2 Z L2 6. DPAA Lilfit L U BROF EAEHHEE Sz,

Effect of selenium on multidrug resistance-associated protein 2 (MRP2/ cMOAT) -dependent
and -independent biliary excretion of dipheneylarsinic acid in rats.

OYayoi Kobayashi, Seishiro Hirano
National Institute for Environmental Studies

It has been reported that in diphenylarsinic acid (DPAA)-administered rats, DPAA-GSH
complex is the major arsenic metabolite in bile. The effects of selenium on tissue distribution
and biliary excretion of arsenic were investigated after co-administration of selenite and DPAA
in rats. Selenite significantly reduced the biliary excretion of arsenic. On the other hand, DPAA
significantly increased the biliary excretion of selenium in 30 min after the administration and
then significantly reduced the biliary excretion. The interaction of selenite and DPAA was
suggested in this study.
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A E2lC X 2 PML @ SUMO fbiZ ARE OIEMEL 24 & 720

OFRF BB « /IR - i E < - HEF SRR T
MSATBOEN  ENLEBREIATFET

1. IZC®IC

HEMEREL-MREICBNT, BN /N7 EThb PML (Promyelocytic
leukemia)iZ, small ubiquitin-like modifier 23 &9 25 Z & (SUMO {b) 2350 51T U
5, BETEHEIZEIY, VF /A vBLET XY —L PML OflG Y 78
(PML-RARA) A U % Z & MRE CTHRAE T H 2aVERTE$6ME 2 iws(APL) 1%, #EfRo
BELIOVZOZIBBEL O 52, Ziix PML 223 SUMO k&, £Dtk
PML-RARA 7’ Ubiquitin-Proteasome RIZ LV 3ffEE 2T 5720 ThHDH EBZZHNT
W5, ZIHORRIL, e lE)S PML @ RING finger EFEZILD VAT A T ETe R
AATREET DI EICRVBIND b D LHERIS LD AN, #i b 2 g Loz s
LA A N U ADBRK & e D TR E bR S TW D, AIFFETIX, PML % 5& )
FEH X7 [, antioxidant responsive element (ARE) {E#ith L 7 = 7 — VP Ein+
ZRERNCREBL S B 7o ifn 2 VW i e 2l X 5 PML @ SUMO 1k & ARE D&Mk
& DEARIZ OV T2,
2. Fik

HEK293 & CHO-KLMifaIZ, VAR 7 =2 # I 2 (LTX) % FV» TPML (transcript variant 5)
B FHA LT, GAL8IM ML 28R4 5 2 L IZ LV PMLZ E R BIMRZ1572 (DL
FHEK-PML, CHO-PML & 9 %), il 361F 2 PML & SUMO D HL i3, JKif L 72RIPA
THfaZ B L, 74 B— hZRIPARIENEE 7 & RNEPEBE IS T 725, Do AH
7wy MEZ VT, #ie B2 REE U 7oidiZIs 1T 2RIAPHIVE - REEMER 73 D
ERGAREL, TNETVRRIKE L72%, ICP-MSZHWTHIE L7, F/o, diefgic
MR L 7= AR & [E B4 0.1% D Triton X-100 CALEE L | HIPMLEUA & Alexa594-conjugated
anti-mouse 19G % )it~ X H7-1% . Alexa488-conjugated anti-SUMO2/3 Tt —EYfa L,
S Z DAPITCTRIEY 8 L7=, —. antioxidant responsive element /L3 7 =5 —+F
D _EIsZ R i opGLA4.37 luc2P/ARE/Hygro % CHO-K1IZB a1 A L. Hygromicin
BCilitPERE A B4R L T2 EMIER(CHO-ARE) #157-, CHO-ARE #fifin % i b fig |2 bi%
L72%. AREDIEMEEZ LR —F —U—2 7 v A BT L DT,
3. #ER
i b B2 ICHREE L 7o Miaic 3V T PML 13D TR D B 2 B b2 s LT, WRiEE 2 RF[H]
%121% RIPA FIEEMEEI Sy PML 23 EEE L, SUMO &2 51T 2 & & 12 RIPA ANEEMEH



INEBIT LT, 72, 2O PML OZAbiX, 0.1uM (7.5 ppb) & W 5 4D TRVl B R
DIFFEIC L > THRI D Z LR SNz,  —F, Hib B4 L= CHO-ARE |23
75 ARE OiEMEAbIL, #i b BRIREE 4 ROV, £72 1uM - DL EDORENGE]
BENDHICELEESTZ, TNHDZ G, PML @ SUMO {121, ARE OFEMALIT M
BN Z LRI S T, EORE A ORER KD PML & SUMO |38 (Nucleosome)
BRICHFAET 208, e BROBRIRIC LY PML B3N O/MA (Nuclear body) BRFIZS
KY £V, SUMO & Z D PML /MEANIZAAET D Z & D Ead S4L7z,  PML 2388l L T
V72U HEK293 <° CHO-K1 & PML 815 FE A L7z HEK-PML & % % CHO-PML
AR ClE, MO e BREIZEWL DN 2o 22 & LY, ARIOEERIZKIT 5 PML @
FHLEIL, MRNOERBOSBHEICHEL KT TRETIIRNZ &35 hoT,
4., EER
PML (21X A7 A 2 & T RING finger KA A U BFAET D, RING DV AT A VITH
TofEI O —E DOENS A R L 7= deletion mutant TiX.SUMO L& 1T U & L7-#i b fRlC
&5 PML OZ bR R bz (AREIOBERT —Z ITITEERRY),  HHEBEAIEEL
T2HAEIZ R 1T D, PML @ SUMO {bi%., ARE OIEMALDRIIZE Z o T2 & XK
WHLEFRIRIEIC K VEZ > T2 & XY ARE OIEMHL3ER: PML © SUMO {b%
EZLTWDEIFEEZIC W, BlEoZ & X0 v FEILRING finger D> 27 A 5 S
ICEHEA L, SUMOLZFHET 2O TRV N EZEZBND, Tz, RBFZEICH W=
PML transcript variant 5 (357 1PiZ SIM (SUMO-interacting motif) % ¢ > T 72\ D T,
SUMO 1t L 7= PML 23, SIM EeIZFFoMols & 7 B L AT 5 Z LIk D, RIPA
RENEDB AR ETER LRSS % PML/IMEZTERK T 5 DO TRV EE X Hivh,

SUMOylation of PML induced by arsenite is independent of activation of ARE.

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

Promyelocytic leukemia (PML) transcript variant 5 was stably transfected into HEK293 and
CHO-K1 cells (HEK-PML and CHO-PML). In a separate experiment CHO cells that were
stably transfected with an antioxidant response element (ARE) - driven luciferase reporter gene
(CHO-ARE). Those cells were exposed to arsenite and time-course and dose-dependent
changes in SUMOylation of PML was compared to those of ARE activation. The
SUMOylation of PML occurred faster and at lower concentration than ARE activation in
response to exposure to arsenite, suggesting that SUMOylation of PML is not a consequence of
ARE activation. However, cellular accumulations and distribution of arsenic in those cells were
not affected by the overexpression of PML in the current study.
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AT ERYE SRR EERA L 5 & Acidianus brierleyi 2 F]H L 7=

b F (AL A B B3 2 W8

OFR Fibsfk, BN, AR . RS FERI
JURBE » T - #IERE RS AT L T
1. IZC®IZ
PG T ACB W CTERE EE (As) 28 TRBBERO LIS HELEL LT
%o BEREEPIAAET D AsUDIL, BRI EL KT L, B 24 ERICKT
HEMENREWNTZD RN LD AsUID % ZEMIZEIL T 2 EHIF OSSN 2B Th bH, A
WFFETiE, Fe(D # X AsID A ZNZNET ppm &7+, pH 1.0-2.0, {iLE 60-70°C
& DB EFER D O AsUTID OB HETH Y | ZOFRMFICTEFAREE X
5 N7 I BN e M SR B R b RIS Acidianus brierleyi (273:H L. % @ AsIDiH4:4% %
FIHT 2 Z & T, AsUIDZ ML - REMbT 222 A E Lz,
2. FEBITE
500mL =47 7 2 iz, 9K HEAEEH (g/L; (NH,),S0,: 3.0, KCI: 0.1, K,HPO,: 0.5,
MgSO, - 7H,0: 0.5, Ca(NOs),*4H,0: 0.01, pH1.5) @ 10 f5EME1ATTZ 20 mL, Fe(ll)J2)E
9.0-36.0 MM, As(II)JFE 6.5,13.0 mM & 725 L 95 ICIRINL, 4 &% 200mL & L7= (pH
1.5 H,S0,), Yeast extract & FU > 5 55A41% 0.01L(WV)% & B - LU 7=, HEEE R 1
Ac. brierleyi Z #JI#00% 1.0 X107 K& T8 1.0 X 108 cells/ml {2 THEE L. 100 rpm, 70°C
D&M TIRGERE T2 o 72, BN 7V 7 %4772\, pH, Eh, MR,
Fe(ll) / Fe 1. As(I)/As I DOJIE 21772 > 7=, [E{A7EHIZ XRD, SEM, EPMA,
Raman spectroscopy & VN To#r L7z,
3. EERIR - B
Fe(ID) % & £ 72Tk, Ac. brierleyi (2 X A 54952097 AsUIDERAY S8 75 e
P, FFIC yeast extract DIRINC £ > TEOHRENBEEICENT-, F/o, FedDKLD
yeast extract & A B Hi Tl Ac. brierleyi (2 X > THg{b & 7= Fe(ID iE st i & As(IID)
DEACSIER T > 7V 795 Z & T AsUID ORI IS S jviz, —J5 T, Fe(lD)
DR V2 FelD % & T E X R IR Tix, Fe(lID OIETL I & AsTID DEER{LIIG &
Dy TV TR BlnolzZ &b, Ac brierleyi OfilaZRiEIZE1F % EPS (i
fash D NICEFE S Fe(ID A LC, RO N v 7V U IRET LI EEZ B
%, As(V)iZ Fe(IID) & OIPELUS & £ T % 25 411 & %€ /1t Fe(ID/As(IID) = 1.4 T,
As 1T scorodite (FeAsO4-2H20) & UL THIHH L7=, ZOWIHI e 8k VLA FEE LIz &,
£ 0 EEERIZIT N 18.0 mM Fe(ID), 13.0 mM As(IID &\ 5 4T AsID DRl « A~Eh
(bR 2R AT fE R, 8 HIETHKI 95% D As Z AEi{k. C& 7=, Scorodite I%E DES 5
WL EME, B M, (RO ERERMIE O D D FEFEICES L CHAEN R EifbEETH D &
525,
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Fig.1 Changes in concentrations of As(ITI) and Fe(ID)(O, Fig.2 XRD patterns of the secondary minerals formed in Ac.
A)/total As and Fe (@,A) in Ac. brierleyi cultures (@,A) brierleyi cultures. Initial culture conditions were; (a), (b) 1.0 X
and sterile control cultures (O, A). The initial cultures 107 cells/ml, 0.01% (w/v) yeast extract; (c) 1.0 X 108 cells/ml,

conditions were [As(IID]ini= 13.0 mM, [Fe(ID]ini =18.0 mM. 0.01% (w/v) yeast extract. The symbol @ is assigned to

scorodite (JCPDS 37-0468)

Oxidation and immobilization of arsenite (As(II)) from copper refinery waste water

using thermo-acidophilic iron-oxidizing archaeon, Acidianus brierleyi

O Morishita S, Koga M, Okibe N, Sasaki K, Hirajima T
Department of Earth Resources Engineering, Faculty of Engineering,
Kyushu University

Scorodite (FeAsO,-2H,0) is a thermodynamically stable mineral with advantages as an
arsenic disposal compound. With an aim to immobilize highly toxic As(Ill) contained in the
copper refinery process solution, eventually in the form of scorodite, the use of
thermo-acidophilic iron-oxidizing archaeon, Acidianus brierleyi, was investigated. The extent of
As(111) oxidation by Ac. brierleyi became greater at elevated culture As(lll) concentrations,
especially in the presence of yeast extract. Microbial growth on yeast extract was also implied to
facilitate As(I11) oxidation by Fe(lI1l) on cell surface. When the initial Fe(I1)/As(l11) ratio was set
at 1.4 in the presence of yeast extract, both ions were readily oxidized and 95% of As was
precipitated as crystalline scorodite. The molar ratio of microbially-oxidized Fe(ll) and As(l11)
was an important factor to determine the type of the secondary mineral formed. This study
demonstrates, for the first time, the applicability of an one-step bioprocess which crystallizes
scorodite from an As(l11)-bearing copper refinery process solution.
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AN T W= T 2T DREEMEO & REOYE & REE

Otk fd—1, [y w2, e B2, &k B3
VEIR RS EEEEE Y 2 — 2EAKBRE A > FER., SER R & b

1 EL®ic

TR TIL, 8~9 IS MHIRE SN AT H 0 | i+ D BFEE TIIxk =
A MK, 5% EEOFEEIH] 72 E OB DR ELE 2 HEE L D, BB
L CIE, B REA RS T 2B 215 % HBICIRA T 5 2 & CEERBEOM T A~
TR - YEE A D RIEABALERAS | YERIOR ST AER OB ER e R B T H
L. L, g s HEPICESBESIE D 2 & NP EHT B 72 R EC R I
LEMEOFM L, i T~=a2 7L ERBN LD, ZOFME LRI 5
RN EBOPF LN TICE BN EE e, RFENLLTE DRRENE L TE LTS
T2 OIZIE, MR 722 EICBT 20— AR BETH Y | Z D7 OIII R LA B %)
RN AE O R L, BRI e 3 - RO T 2 M AOERBMMPEETH 5.
Z 2T, ITEORBEM BN 72 Ca ° Mg 2 L= R (b Bt O —2 % fFil & L
T, EAJBIHNES OB TOBREEBE O & VEFME OHEE IS X 2 R esh o
LEMIZOW TR 2T 7.

2 Mk RERSE

MEHZIZ, Ca & Mg A EAROER Ca/Mg ZREAME (EA KK E A > MR~ 0
N7 47 A (MFX), AR CalMg #ED & Hviz., BEaBREIZTEERCHED &
WAs, F, Pb Zxt4: & L7z, NaHAsOs + TH:0, PbCle, NaF O&/KiEiHk & Ca/Mg
B2 i EE 100 : 1 T 24 BEfE, 200rpm TR & 5 LT Ca/Mg #MEHZ As, F., Pb %
FNENNGE S, SFEABEHEOEREIL, As & F X 50mmol/L O/KEHK E L, Pb
HIRIE TP THH LW Z 205, HCL & NaOH T pH #9 5 ICHH%& L CIAfR#%. 0.45
pm DAL T VLT g Z—TAHilh LT ZBRE U 72 B REn /K 2 AV 72 08
#%.045um DAL T VLT 4V Z —CREWREEL . WA & BERLgE U 72 [EFE & B L
7o WARIREEREANE L IS RERD . CaMg MEH: FEHEAeREHZIUE LT
AR (2 DU Tk B o & fliHFRiE o XRD 8 X O'SEM/EDS 2541 & v . Ca/Mg
MBI OA ESBIEO DAL, B X O & o040 & ohT - BlE L, £ OfF(EREE
EHEER L7=. MiHE sy X, STEPL : KiEVERE 2y (AEE . A A2 28#k) . STEP2 : A A
»ASHAREM 4y (1.0mol/L MgCla ¥49%) . STEPS : fREEHEAER 4> (0.11mol/L CHsCOOH
WiR) @ 3 Bt AT 72,

3 MREER

WA X DB HEBBORERE BARITZNEI As : 34.4% - 129 mg/g, F:



63.5% *+ 58.8 mg/g. Pb:100% - 3.81 mg/g TH V. W% o pH 1% 10~11.8 Z Rk L7~.
B TlL, STEP1 O/KEVEE 53 ~D 4L 8 Fl & b IE RO 2% LU T &/
L RN ELE L CORASTEIRB K, H T AK~OHLE 2 30H] 5 AR 222 e
DHER STz, STEP2 O A A L AZHAREE /) Tl F, STEP3 O KEAHEREM /) TlX As &
Pb IZOWTENEI 20~27T%EE DB MR S 7=, F7=. STEP3 TH%(w/w)D
Pl 2 7% L CARBHIIZIZEM L, Ca/Mg MBI IRIEEIM Z £ L35 2 L 0VRIE X
niz. —J7, FELREOK 10%LL 1T STEP3 #% O EOFRE 2 i EHANE D IEfe
THET S Z LR ENT-. XRD HrofE %, Ca/Mg B Tid Ca & Si dfbEaW &
B As W L ZEME T LN D8 X h~TF A | (FesOs(OH)6SO4 + nH20) 73
o, AsiZZ Dy o~V T A baEIN TS EEZ b, FIERIZ
Frn 7 AT A b (CaFe) DFAENFERS SV F 28 CaFe TIEET 5 2 &R S 7z,
Pb L& %1% Ca & Si DAY L Mg OibEWnElE Sz, SEM/EDS OfE%, XRD
FEREZEAMT D E D12, Asid Fe Lifnodia, FIZA SN Ca L EHR DM &R L
7z. £72PbiX Fe, S LiTWWiaAiz L, SEMIC /L S 2 ATREMESHESE S L7z,
5 F&0

AR5, Ca/Mg #EHE Fe X° S # &I & Te Ca & Mg ERDORIBIETH Y | I
BHINTESREIL, 20~27%05 LB RIS HE D A A 0 RHAREC IR R RE THAAET 5 25,
W L7259 BOKI T0%LL LA As TIEEAT L 2~ b~TF A b~DO%AE, F Tl
TNHETA NSO Pb TlIy 2L h~F o MBI E D Fe ALY ~D 5y
B E D, BEMITHET D B2 6N5.

AN T D= 7 20T DREEMEO b RO &R
Sorption and Stability of Ca/Mg Compounded Material for Arsenic, Fluorine and Lead

OXKenichi Ito!, Kenji Kuninishi2, Yuki Itaya2, Masaru Suzuki?
1Center for International Relations, University of Miyazaki, 2Sumitomo Osaka
Cement Co., Ltd., 3Chuken Consultant Co., Ltd.

As for on-site countermeasure for heavy metals, the immobilization is one of the
most reasonable treatments according to related guidelines. The implementation is
less than excavation and removal with risk of a secondary pollution and increase of
waste by reason of insufficient scientific basis. Consequently, the stability of As, F
and Pb adsorbed in Ca/Mg compounded material were verified by a sequential
extraction method and mineralogical analysis such as XRD and SEM/EDS as a case

study for the scientific basis in order to a progress of immobilization.



B DRERTERICL DL REFREDOE
—BHEAADOHEREZFI & LT —
HRE 75 - EOENE - FEAENE - m 7 - BRI - KR - BEAE
PR M R A

AN

O

[ZL&HIC

A - BEEEYIC X ABRENE T, BRBEKRESR%ED ) b TRHICEFE (As)
DI S5 FHIRMD TE. As DR E LTI, SMEBEERDe2 G DO%A
I3hE B k8L (FeAsS, 46wt%As) 72 £ D As SEMDNEEE SD DY, DMBENCIAL AT
% MRk (MEEICHEREMR, H% U CHEE L7oHE) oA IXME Clden. —kic
HiJE oI, As 1T SRR E 71T ERE L L CIFE L, RIE X I/ —H 4 b (FeOOH)
WA L, BEITESE (FeS,) OSO—HZzE# L CTHFEETHIEEZLNTE .
ZDT=, PERNLFEE A A PICEEILNRO LN &, TNHN As DIRHIR & A
&, —AIZ AsIEHBAIE DT D OXIR AT )M H o 7= (FBH, 2009).

HE DL, FARAHELOWERE CH LT +REFICE £ BN OWTET
Tu—7~A a7 FT7A4Y (EPMA) ([Z L5 EM - EBEOWT 21T R R, HEEkgid
D As GHE LSRR L OMICHKS 2R E2RD =0T, ZZICHET 5.

B &

ORT LTk Caa) 1, JuMl - iy & X OB R A3 2 05 + R @ e
DJeE (BHA (F208A) bET) BLXUHMEKETH L. 7 8L 10E, sz
1T o To HBRIEORFEE 1% 27 8, Z OBFEE 75 0 EPMA /58T i35 119 R Th 5.

EPMA p#rid, HA®E 7# JCXA-733 3 LUV JXA-8530F Hl & W\ CiTwy, EfE
SIHT XIS RS 1~3 pm, WERH 1 8122 X 120 B TiTo 7.

HRBLUEER

O REHFOWESILT, EAREAEEZIFENTRREDOZARE 2 LARTH &R
RPMEERTEDRORE S B+ ~%E pm ) OBLRA L, EMSI T LR LR
7ROREER (20pm BRERELLY) 2T 7 7 U ARA XA RNH D (M-1).

@ LT O FEESA R BRI 0.0210.04 wt%(n=54), R KIE 0.17 wt% %

L7=i, 772 iRA Z AT 0.10+20.11 wt%(nh=65), FAKME 0.53 wt% T, %HDH N
A ONCmE <, MmPREICL>TAs A RICHERZ2ENEZ R LI (K-2).

@ MWERkJE DIRE LT 7 R A X NAVTID EERIL & FHEIC Z e DICkt L, ENDNERAE
HAz2Z T THIEIL LTS DIX, 77 iR A XABIRER LIRS T O S O R0,
@ VERUE DS HERE L I CREBICH U, HURERPTICE L CIRE - JEND A9 22 REM
P EZTLE, GENTWEESIL (77 R A XA TR L, AsZITEA

EEF RO T LR (FeSe) 2R T HURANCE (LT 5 B2 bN5.
® FOWBRT, SO—EEZEL TV As TRIMNTHT, BOFILWIE (a0
NIE, CoAsS) 72 EATERLT A3, BRI C& b MEEIZ L TIE D T 7.
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SIAXER SHEE (2009) o HUE EAF4EH, No. 29, 31-59. ZH7#E

X-2 HEHEILOFELIZRER] As B H &L A N7 T A (CZHEIZD, 2012)

ARHE 25 119 BT RS #EE R, 160.

Difference of Arsenic(4s) Contents in Pyrite by the Crystal Forms
—As an Example of Cretaceous Marine Sedimentary Rocks—

OHiroshi SUDO, Shinji MIYAGUCHI, Hidetaka KIMOTSUKI, Hiroshi HOSODA,

Mizuaki KUROKI, Youichi OOYAMA and Nobutaka SHIMADA
OYO Corporation

Z1E)x(2012) H

Marine sedimentary rocks were collected from the Shimanto Supergroup,

distributed in Kyushu-Okinawa and Kanto districts. These rocks usually contain

pyrite grains which are classified into massive- and framboidal-type. EPMA

analyses indicate that the As content of framboidal-type found essentially in
mudstone takes the value of 0.10£0.11wt%(n=54), while that of massive-type in
slate 0.02=0.04 wt%(n=65). The difference of As contents in pyrite by the crystal

forms is considered due to the recrystallization of framboidal- to massive-type.



A FARBEIAEM DS EPET 28T e REEM O FIE
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FARFRLR T IR SRR RRORER T IR
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1. IZC®IT

T RACEETH e RITEE e BT TR AT MMEINTEEEZDO—FTHLHU AT
VTN o (DMA) SAFET D, A FICL DR L FED 2 T ABICEE L CITR A
EIN TN, T AN L > TATF b Sz B FE A RO EERI L TV
DAHEMENF W ERRBRENTWDS, 2 TRADIC L 5 e BAHHCER L, 4 IR
(BTt Fa AT LT DHEOBE L [FE 2R A7, RilElOFR T, A AREIC ML
b HEx AT T HME T TR FROAK e B LAY (Asl &RPFR) &7
DHMEDOIFAE B SN LTz, AENEZ D uAsl OILFREEDFIE. 72 5 NS A 1M
AN BB OV THERIT- 1=,
2. HiE

A RBENOSBEL B e B2 T OAKE RILEWICEH T 5 M.
Burkholderia gladioli GSRBO5 #k% . Hit FRZ &ie R2A FEMITRERE L, ZOREK
T B TR D uAsl ORERAZAT o 72, uAsl ORFERUTITA F o 28Hids L OV Vg 7
n<w 77 4 =%, BRI uAsl OfLFEEEZH LT 5720 H, PC-NMR
BEOENS DO ZRIE MR i#HT 21T o 72, F£70. A RITE D uAsl ORIV & & FESME
KIGE & AW st R 21T o 7o, B ROLFRRER M CILdifiA 4 ~<7 7 m~< b
7' 7 4 —\Z X D HPLC-1CP-MS T/t L7z,
3. MERLBL

T IRHE LC/MS/MS 12 & » THYF3A8 CH,,0NAs & [RlE & 4u7= uAsl (X, NMR fiRAT 4%
FENBE ) AF NV ROEHSEEZFFOT IV BFHERTH D Z L3 anoiz, AMeh
WOREEIL, BRERITHLET 77 4 AR THDHRAT 4 ) 2V 2 (PPT) &
EFICHLU T 2HETHoTmZ D, TV I AT UST) s Lz, £2, %
N OREEDOFLINED D AST DA AR IL PPT O b O LFELT D ATREMERE X DD,
ARBILOE REZMERBEIZE D AST ORINEZFIRIC L ZA, ELHICHIFEALE
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0. BB OHRBEEERERIT 21T O TETH D,

Identification of a novel arsenic compound produced by a rhyzobacterium isolated from

the rice root

Masato Kuramata®, Ryota Kataoka?, Kenichi Yamazaki', Futa Sakakibara®, Koji Baba®, Masumi
Ishizaka®, Tadashi Abe', Kazuhiro Takagi', Shuntaro Hiradate®, Tsunashi Kamo® and Satoru

Ishikawa®

! National Institute for Agro-Environmental Sciences

2 University of Yamanashi

Arsenic (As) chemical form in rice grain contains not only inorganic As (iAs) but also
dimethylarsinic acid (DMA), which is one of methylated arsenicals. Although the source of
DMA accumulated in rice grains has not yet been clear, recent studies have indicated that rice
plants can directly absorb DMA produced by soil bacteria. Therefore, we investigated the
existence of bacteria involving in As methylation in the rice rhizosphere. In our previous study,
we showed two types of bacteria: the one producing DMA from iAs and the other producing a
novel organoarsenic compound (temporary referred as ‘uAsl’). Here we characterized the
chemical structure and effects of uAsl on rice plants or other bacteria.

uAsl was purified from the As containing culture (R2A) of Burkholderia gladioli strain
GSRBO05 by ion-exchange and size-exclusion chromatography methods. Using HR-LC/MS/MS,
we determined that the molecular formula of uAsl is a CsH1,04NAs, Moreover, the analysis of
'H, BC-NMR and 2D-NMR elucidated that the chemical structure of uAsl is amino acid
derivative with a monomethylated As partial structure. So, uAsl was named as ‘Arsinothricin’
(AST) because of the high similarity with the structure of phosphinothricin (PPT) which is a
residue of bialaphos that is well-known as a herbicide. On the basis of their structural similarity,
it is possible that the biosynthesis pathway of AST may be similar to that of PPT.

A uptake experiment showed that a little amount of AST was absorbed by rice plant or
As-sensitive E. coli strain. We separated a bacterium belonging to Arthrobacter sp. by which
AST was degraded. Thus, AST is a chemical form that could be metabolized in rhizobacterial
communities. Isolation and functional analysis of AST biosynthesis genes are necessary to

elucidate the biosynthesis pathways and its cytotoxicity in further investigation.



2—5

+EF O FORHICEET 2MAEHONEEE RIE— T T7T v
=2 Db FBVFEYHIZ BT

OfIE B'. 2R Y rIh U700 BE
VUM R B R R o 2 —

1 =

bt BB O WA O HIZHOWT, f e iRt 58 b i bR L0t
MRaEILT D EMETCEHOMXICLY, e EEERHT5Z M5 Ty A. Uddinand
Kurosawa (2011) 1, N> 7 77 a2 Db HEFYEEENS ©— M 2L, (LR
Bha HHEICR AL, —EORBARET DL, ToE=THEZoBEME & biceEN
WHENDBGERE L, (LFEIEBIOR YD 5 BB NN OTEE 2 &), HHEOR
TALIC K DEBET =T OBINE © BOBEHICAEDFOREEERN S L Z L &
RIB LT,

ZIT, N TTvaDeRFREE TR Y- M EEEARIIL, I BICEE
NHEZZFL TWD HEEAEMICHOWTHEEL FIEZITRY, 2h bt e b
FOEH & OBEMEICOWTER L.

2 ek L0k

EER AR U7 1T, 2010 FRIC N T F Y 2 D b FHYL L (Va2 a —LIR)
OHTFHR—VTIZKVERLEZ. £LTC, £EEHI0A—-MLOE—FEBEZ G
BaYyo TV T U, BEEROSEEL, 57T A0 45ml OFRBIKEINZ
R U 7= I 2 VERR L, 10 F538 L ON 100 15 O AR & BeBEROICERR L7, IRICEAIR
% 5ml & ZE R A O 4y BlEEEH 45ml DO FRIC AR, EE D EERICI D 1 » A RS
L7ctk, IREEIIN T DG ERVOHEE M TR L. i bAF LIzar=—
FPHEEL, an=—0REEIEB L UN16S U AR Y — 24 DNA O IEFIIZ L DA IR
ExIToT-.

3 RRMOEL
Top Soll , Post FP, AL RF MY & 1
Ad ] LR oM RS ORI
AT AN S TllE LR AR T, £ bB
i = 1 L0 — F RN BN G,
il Ty 2D D \THAEY DI %o RS
2l LT BERSRI SN, R LD
U(’) 1 2 3 4 5 6 7 8 J0 1 2 3 4 5 & 7 8 Kgﬁiﬂ@iﬁﬂﬂﬁﬁ%ﬂ?bf: (Flg 1)

Time (weeks) Time (weeks)

K
N

© 5 B =2 &

NO,-N +NO,-N (mg — N L)
v
L H

= Frlo, 7o =T7 W bhs, Bz
e PR B 1 C IR AH ERRE 22 38 DR EE AN N
. . . . . LTWD DIz LT, dhifgEEm bhs
gég.t |ln ggg;lrggitr:on of soluble nitrogen in top soil and HiGIT, FE RS 38 0O HA I
RV M) &7 L7z,
WIZ, LB IOE— b B8NS AFERM A ED OB ZRIE L2k RIZ N T
WAL, WTNO NG R AEORE E & HIZ, EAHEEL TW LMD 5
niz (Fig. 2.). ¥, 7 oe=T7TBbLEHOEORIIBEE THY, Lo —r+
BEDJ7 3 HEHE L TV D\ &R LTz,




SHIZINLOEMEERIET 572 Top Soil Peat
HIZ, an=—0RERLE L 16S U
RV — 2 DNA O IEE ST 21T
ST FER T U= TRV 2 T,

(Nitrosomonas europaea and
Nitrosovibrio tenuis) 3 X1, iz
2 f& (Pseudomonas aeruginosa and P. § 1 £ 5 4 B 5 7 3§ 4 2 5 & & 8 % &
denifrificans) Z#FEST 52 LN TE e e ime (veets)
7= (Fig.3.). F£7=, DGGEIZ L% e
KUKENTIX, EOMOT =T R
LB B L OMEFE OB G-3RI S 4
-7, ABFZE CIXEMEOREIZIZZE  Fig. 2. Bacterial populations of nitrogen available bacteria

105

,l'/l ‘
/ :ﬁ/‘f”i:

Bacterial Population (cfu/g)
5]

Y from top soil and peat in Bangladesh

e o o AIRIRIREC & f= M I T
+ Denitrification bacteria e v, N N

Denitrification badteria include denitrificans, denitrificans, O) *ﬁ ?6 ﬁﬁ‘l\igﬁﬁﬂ VGTIEF% ﬁé% @;ﬁﬂi

e mgeflflréﬁﬁ?ns.aﬁftﬁ T that are the land is rather well- VCEIS?) 5 = éj ﬁ)Eﬁ % 75) éj fot ) 7":_ - ﬂ

- \\\ b ORME, £TBLOE— k1)
HIEIZEES L, B BE L BITH
B D3 D CREWBIIC B o 72, R

Pseudomonas aeruginosa P. denitrificans

e < =1 = . v /
+« Ammonia oxidizing bacteria ;é%ﬁ—( IEJ/E L/ 7L\— k ﬁ’r%%% @%ﬁgﬁdﬁ
Nitrifying bacteria are or chemolithotrophs depending on the genera GE% CE O) E’g@‘l\i&:ob \"C ﬁi% % 75%:
Nit , Nit Nitrobacter, Nit ) bact that b N N —
e e i IR TRV, T re=TERE

NH, + O, + 2H* + 26~ — NH,OH + H.0

FIH LT\ D R R R 2= R
s S TH o R S Uk

Nitrosomonas europaea Nitrosovibrio tenuis /:,\?é 63:’ ﬁ t Eﬁ@‘ﬁ{t%m% I: %ﬁﬁ
Fig. 3. Characters of ammonia oxidizing bacteria and 72 & & OBTEHEIZ DU THI B 7S

denitrification bacteria from top soil and peat in L» EFRGHOBEDHILRIEMEMIC
Banaladesh SWTHLMNZILTW FPETHD.

NH,OH + H,0 — NO~
2 + 5H* + 4e”

Isolation and identification of microorganisms on the release of arsenic in soils. - A case
study in an arsenic-contaminated area in Bangladesh.-

OMasaru Matsumoto!, Shamim Uddin!, Kiyoshi Kurosawal
Unstitute of Tropical Agriculture, Kyushu University

Nitrogen available microorganisms in the peat sediments of an arsenic (As) contaminated
area in Bangladesh was examined. As liquation mechanisms with correlation of microbiological
function is unknown and scientifically unclear. For the first step, we failed to obtain an
ammonia oxidizing and nitrite oxidizing bacteria, but could isolate only denitrification bacteria
belonging to the strains of Pseudomonas aeruginosa and Pseudomonas denifrificans.
Furthermore, we found the two species of ammonia oxidizing bacteria, belonging to the strains
of Nitrosomonas europaea and Nitrosovibrio tenuis. These bacteria were isolated from As
polluted soils of both top soil and peat. Our results revealed that these nitrogen available
microorganisms were related to the activation of As release mechanisms at the microbiological
levels.
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Relationship between Hg(0) and As in atmosphere observed
at the summit of Mt. Ibuki

OOsamu Nagafuchil, Hazumu Kinoshita2, Naoko Hishida2, Kenichi Osakal, Koyomi
Nakazawal
1School of Environmental Science, University of Shiga Prefecture,
2Environmental Science Graduate school, Graduate School of the University of

Shiga Prefecture

More than 95 % of mercury exists as a gaseous form in the atmosphere. On the
other hand As exist with particulate matter in the atmosphere. To study
mountainous site to understand long range transport of these toxicological heavy
metal is important. However, in Japan, the concentration of these heavy metals
which i1s observed at mountainous site is very limited. In this study, we observed
particulate matter and As concentration in the atmosphere. The study was
conducted with altitude of atmospheric boundary layer and free atmosphere. Then,

we discuss about the long range transport from Asian continent and its origin.
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Relationship between expression level and SNPs of AS3MT in Vietnamese

OTetsuro Agusa®, Takashi Kunito?, Nguyen Minh Tue', Vi Thi Mai Lan®, Tu Binh Minh?*,
Pham Thi Kim Trang®, Junko Fujihara®, Haruo Takeshita®, Shin Takahashi', Pham Hung Viet®,
Shinsuke Tanabe', Hisato Iwata®

Center for Marine Environmental Studies, Ehime University*, Faculty of Science, Shinshu
University®, Hanoi University of Science®, United Nations Industrial Development
Organization®, Shimane University Faculty of Medicine®

To understand associations of MRNA expression level and 18 single nucleotides
polymorphisms (SNPs) in arsenic [+3 oxidation state] methyltransferase (AS3MT), we
investigated local residents from arsenic-contaminated areas of Vietnam. Total arsenic
concentration in groundwater was in the range of <0.1 - 502 pg/L. Concentrations of
dimethylarsinic acid, monomethylarsonic acid, and inorganic arsenic in human urine were
positively correlated with total arsenic levels in the groundwater, suggesting that people in these
areas may be exposed to arsenic through the groundwater. Analysis of 18 SNPs of AS3MT
revealed that AS3MT 04740CC, 07395AA, 12590CC, 35803TT, 35991AA, and 37853AA
genotypes showed significant reduction of blood AS3MT mRNA expression levels.
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Participation of sulfate-reducing bacteria in anaerobic transformation of

diphenylarsinic acid

Ling Guan'*, Ayaka Shiiya2, Shihoko Hisatomi!, Mami Nakajimas3, Kunihiko Fujii?,
Masanori Nonaka?, Naoki Harada?
1Graduate School of Science and Technology, Niigata University
2Faculty of Agriculture, Niigata University
3Center for Instrumental Analysis, Niigata University

4 Office for Environment and Safety, Niigata University

A decade after the arsenic poisoning incident due to illegally-dumped
diphenylarsinic acid (DPAA) occurred in Kamisu, Ibaraki, has gone. DPAA is also known as
a toxic intermediate metabolite of diphenylcyanoarsine and diphenylchloroarsine that were
produced as chemical warfare agents and were buried in soil after the World Wars. In this
study, we investigated the fate of DPAA in anaerobic soil cultures and found that, when
exogenous sulfate was added together with a carbon source, transformation of DPAA was
enhanced and diphenylthioarsinic acid (DPTA) was formed as a main metabolite. Four
microbial consortia capable of transforming DPAA to DPTA were obtained. Sequencing for
bacterial 16S rRNA gene clone libraries constructed from the consortia revealed that all the
positive consortia contained Desulfotomaculum acetoxidans species. The transformation of
DPAA to DPTA was also carried out in a pure culture of a known sulfate-reducing bacterial
strain, Desulfovibrio aerotolerans JCM 12613T. These facts indicate that sulfate-reducing

bacteria can generally participate in thionation of DPAA under anaerobic soil conditions.
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Identification of metabolites transformed from phenylarsenicals under anaerobic

sulfate-reducing conditions

OShihoko Hisatomi?!, Ling Guan!*, Mami Nakajima2, Kunihiko Fujii3,
Masanori Nonaka4, Naoki Harada*
1Graduate School of Science and Technology, Niigata University, 2Center for
Instrumental Analysis, Niigata University, 3Office for Environment and Safety,
Niigata University, *Faculty of Agriculture, Niigata University, “Center for

Fostering Innovative Leadership

Diphenylarsinic acid (DPAA) is a toxic phenylarsenical compound often found
around sites contaminated with phenylarsenic chemical warfare agents,
diphenylcyanoarsine or diphenylchloroarsine, which were buried in soil after the
World Wars. This research concerns identification of metabolites transformed from
phenylarsenicals under anaerobic sulfate-reducing conditions. In LC/ICP-MS
analysis, the retention time of the metabolite produced from DPAA in
sulfate-reducing soil was identical to that of a major phenylarsenical compound
synthesized by chemical reaction of DPAA and H2S. Moreover the mass spectra for
the two compounds measured using LC/TOF-MS were similar. Subsequent high
resolution mass spectral analysis indicated that two major ions observed on both
mass spectra were attributable to Ci2H10AsS and Ci2H12AsOS. These findings
strongly suggest that the latter ion is the molecular-related ion ([M+H]*) of
diphenylthioarsinic acid (DPTA; (CsHs)2AsS(OH)) and the former ion is its
dehydrated fragment. Moreover, other phenylarsenicas, phenylmethylarsinic acid
(PMAA) and diphenylmethylarsine oxide (DPMAO) were also thionated by reaction
with H2S. Thus, our results reveal that phenylarsenicals can easily be thionated

under sulfate-reducing soil conditions.
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B2 & o 7e ik (BHE - #E%) CTRELSTERY ., FERIZRRECRITEIERR 2 e L 72
T o d, BEMCOE2E=2 ) v 7 b0EBLET 5, ZOOITVEEE, R ST
DFERST =0 7 a A M > TS 5 Z EITFHATH %,

ZZ T, B SN E e RAEEENT L ENTEIUR, ANERBEET 246N <
ZTOEFHRITEILT DI ENHKD L9127 b, Hig e EOME(LAIESTEE LT,
R EROT NVt ) REA L ~OERND D, BUE, BEEROT L ) RE A ~D
BHUZ DWW T A EFEN 72 STV D0, BIRESTIIEB R IR, JERH RIS
I NP LIREERBICIEE > TELT K XA N TTY bk ) RE A U ~DLEHL)
FREWLEREMT OB N L EN TN D,

ARFFETIE, B BOT L ) RE A o ~OERIZEB N T, KREICHRR XML
KO ThHAMEMERHA LA F SN 2R NENPORBBRENTHL EEX =
NETEIFRNZIZ U O & L THHo T #iFok, WK, BIE7R 06 EiEtk e 58
AFNACEER EZFFOMBE O NEEEIT> T, 4l eZATFUIEEZAET D
Cellulomonas sp. K63 k& H RN THEL V53T 2 Z L A TEOT, KEKD
EFEDAF LRI OV TR LT,

2 FHik

BEHIIZIT R2A K5k (A ARRUEERE) ZEH L7z, eRIX 3 MioeH#E (AsUTID) &L
THEEEET Y U s (FOEHEZEWR) %, 5ffiokek (As(V)) L LTE@B S MU UL
(FYeMiZE(R)) 2 MR CIN L7z, miEs2eid 30°C, 24 FFfi, 100 strokes/min @
SMFCIHENME LT, ARERRILATEG R OB A B/ 7 s il 2.0 vIvOeBERE L TIT 72 o 7,
R WER#E 1T 30°C, 100 strokes/min THE & 9 Hide L7-, BERMIESR I B2 £ 8 TF
B, 30°C TR ERE LT, PTEDKH Z L ICHBIKOBE 2 E L%, @05
t (10,000rpm. 15 43fH]) 12XV BEIK L HE RIGICn T, & LETO e RREZE
RERNZIIE LTz,

BER O FE X RN EERHC C 600nm CTHIE LHEEROBIHE & Lz, BEERDOE
BEOMITBRBINCE TR b - BIRERME - R FUOEE & sdikik 7 n~ 77 78



B HTIEE 2 WD CTHIE L7,

3 MERBILUBE

MR Bh AT IALT DR LToWEw & L C. Cellulomonas sp. K63 #£% &
WRF RPN O 1387 & 23 L 7o, K63 BRIL, 4FRARTER I He A~ THERUIII RS 28 Tl B s
IZADETOFEMNELS EFHWITET S ETICRMZE L=, K63 #ix, 200 mg
As/L ® & FEEFLEHCITEAN A o7 50, i E & b AsTID L v As(V)
D JFHE OHHE I D Z Lo,

K63 #£1% 50.0 mg As/L % TD As(IID) Z B U L 7255 1475 BEE DO TR
R E 52 A T AL LT, As(VAEEHUCIRIN L7256 Tldd £ 0 A FubniiE
FTAsUDD & & LIRS & 0 BRI D T A F LA e B LEWOEIG R
Bl Ipotz, ZOZEnD, K63 T As(V) % As(IDIZE LT HHERENTIV E B 2 5
N5, AFLEKE FLEMDOEIEIE 5.0 mg As/L ® AsUIDZ RN L7284, 4
K[IEEEREC 90.1% TR ThH -7z, F/2, COFKMFICBOWTHLERRERDO e FE
DEEHICIRIN L7- e FRE B LR -T2 2 LS HRMED A F LA FLEW
WA LTV ZRWZ ER oo Tz,

WEE ABFTIE. BHFE (23510099) OB A Z Tt D TH D,
Characteristics of arsenic methylating bacterium Cellulomonas sp. strain K63

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

Biomethylation of arsenic is usually considered as a detoxification of arsenic
because toxicity of most organic methylated arsenic is much less than that of
inorganic arsenic. We investigated the feasibility of a novel bioremediation using an
arsenic methylating bacterium. An arsenic methylating bacterium Cellulomonas sp.
strain K63, isolated from soil in Miyazaki, was evaluated for growth characteristics
and arsenic metabolism. The growth of strain K63 was inhibited in 200 mg As/L
arsenic medium. Strain K63 metabolized arsenite (<50.0 mgAs/L) to nonvolatile
species such as monomethylarsonic acid, dimethylarsinic acid, trimethylarsenic
oxide and arsenobetaine effectively. The percent of organic methylated arsenic
excreted into the medium by strain K63 showed 90.1% of total arsenic compounds
when strain K63 was cultured aerobically in the medium containing 5.0 mgAs/L of

arsenite for five days.
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INETICEXIET v o 1 FEREMEEERER R L O 2 RS A MR A F0E L |
U7 2= T v (DPAA) IXHMTIET v hOILERICEMEEZ RTS, B A
BRI 7N EAH LM L TCE 2, DPAA ORNAEEERIZOWTIE, 2 E Tz
7 v MR IEERER (T v SRR AMERERE) 12X Y DPAA R T v MR
IEEVER 2G5 Z LN BN E o728, FFlELIA O ligas (254 % DPAA O %
BAERIERNEZIA B & 22> TW W, KR TIE, T v ISR I Y AR A
% T DPAA DA B shlsa 3t 553 AMERITER 2 #Et3 5.

2. Fik

6 0 i EE F344 7~ N &2 VT EERBIAA H L Y 100mg/kg b.w. diethylnitrosamine
(DEN) % EFeN#5-. %6 2. 5. 8, 11 HIZ 20mg/kg b.w. N-methylnitrosourea (MNU)
ZRERENSEH-. 55 14, 17, 20, 23 HIZ 40mg/kg b.w. dimethylhydrazine (DMH) %
HTHEEGELE, S, 2oL LEIHITLTH 1~2 HIT 0.05%
N-butyl-(4-hydroxybutylDnitrosamine (BBN) # . F 72 % 3 ~4 #l 2 0.1%
N-Bis(2-hydroxypropyDnitrosamine (DHPN) % ZIZNEEIKEES L, f = =—
= ALE(DMBDD ML) & U7z, F2BRBAAES 5 B Hx5 DPAA % 0, 5 3 X710 20 ppm
OHET 27 BWEPOKEE Uiz, fEEZ% . RIS O TR B RO MR 217
272 FIZHFIBIZ DWW TILRTA A ZE DFEAE T % Glutathione S-transferase (GST-P)
BosPE AR B 0D E B fRAT 24T o T2,

3. MERBIUHEE

NI O ASFE~—H —Th 5 GST-P BRI 0% L OEEIC DWW CERM
(ZRFAM L 7= #55%, DMBDD BB 58 & bhii L C DMBDD —20 ppm DPAA # 58 C
BEREMDTD BTz, FRRRBE AT O R, IFlgkiZ 3T DMBDD —20 ppm
DPAA FHRBEZ W CTIRAE EO$Es L O AEME S DMBDD BMALE A EIZN L
Too —. KM, W, BURAR, BEREICR B IER OIS L O A E A B R 2 i A
Sy WA/ SN



7 v FDOBNEEIEN ANERERTIZ. T v MTEIR AL DFEIE TH % GST-P 5L
fa .o F A B L OmAE & 612, DMBDD Bl# G- & bt L ¢ DMBDD—20 ppm
DPAA HBGRECTHEISHIIN U7z, ZORRIZLENIATONTZ T v b THIFFRE D AR
kL& —2 L. DPAA OFFFEN AMEEIER GRS S viz, £70, IREEORAEMER L O
475 DMBDD Bt G- & tbfi: L DMBDD—20 ppm DPAA #G-HHZEB W THEID
MLz Z &, BERDAEERERZA S5 Z LR siiz, —75. K. i
HLRMR, S Z: S L TP AREER Z A L2 L LN E o T,

Evaluation of carcinogenicity of DPAA in a rat medium-term multi-organ

carcinogenicity bioassay

OHideki Wanibuchi
Department of Pathology, Osaka City University Graduate School of Medicine

Diphenylarsinic acid (DPAA), a chemical warfarerelated neurotoxic organic
arsenical, is present in the groundwater and soil in some regions of Japan due to
illegal dumping. Inorganic arsenic is carcinogenic in humans and its organic arsenic
metabolites are carcinogenic in animal studies, raising serious concerns about the
carcinogenicity of DPAA. The purpose of the present study is to evaluate
carcinogenicity of DPAA using a multi-organ carcinogenesis model. Male F344 rats
were given five carcinogens to initiate multi-organ carcinogenesis during the first 4
weeks of experiment. From week 5, rats were administered with DPAA in the
drinking water at doses of 0, 5 and 20 ppm for 27 weeks, respectively. At the end of
the week 32, the number and area of GST-P positive foci, a preneoplastic lesion in
rats, was significantly increased in the 20 ppm DPAA group compared with control
group. We alos found that the number and incidence of cholangioma were
singifianctly increased in the 20 ppm DPAA group. No promotion effects of DPAA
were observed in other organs. These findings indicate that DPAA exerts promotion

effects on hepatocellular and biliary carcinogenesis in rats.
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FAEM AL I EOA 22— Mr I A FEHil (e IAER I E RNV AR Y RE
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IHINOHIFKTH 5, AL 201248 A 29 HA 5 9 A 10 HOBIMIZAT - 72, OHT A
BixFZEA A A A ru~v 7 T77 0—) L& (AL YV, Cr, Mn, Ni, Zn, As, Se,
Mo, Cd, In, Sb, Te, Pb ; ICP/MS) THh 5,

3 MERBIUEE

A LI R AR OA F U REIZK LIS RT LB THD ﬁ?ﬁ‘iI@—ﬂQE‘JﬂﬁTK Iz
L CEIRETH D, —FH, T KPESBILEOREIIN 2ITR-T L0 ThH D,
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Distribution of heavy metal concentration in well water at Mongol Plateau

OOsamu Nagafuchi!, Kenichi Osaka!, Koyomi Nakazawal, Naoko Hishida2?, Yuki
NishidaZ2, Ippei Shimamura3
1School of Environmental Science, University of Shiga Prefecture,
2Environmental Science Graduate school, Graduate School of the University of

Shiga Prefecture

The mining industry (gold, coal, and copper etc) that covers tremendous territory
and developed thanks to the techniques power gives a big economy benefits.
However, in reality, it negatively impacts on the water, air, soil, and fauna and
flora, native people lifestyle, their traditional economy form, religion and national
culture heritage safety. Dust, water and air pollution, which are the main negative
subsequent caused by mining industry, makes the lack of drinking water for
human and livestock, decreases grass growth and harms livestock pasture. The
dust badly harms the human and domestic animal health as the native people
confirm. Moreover, gold mining causes air pollution with heavy metals including
mercury that has serious influence on human health, if the appropriate treatments
are not provided. All these reasons have made the native people life difficult and

have lead to the lost of the traditional culture and special economy style.
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Public Health Organization)
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LBV PR A DR E R ET 5,
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N EDEENEENFIR I TWDFIL 128 H 5, 1000 AdH 7= 0 OFRIEE TIE., fxi
2 164.4 N, BIEORIEHD 11.9 AL 20T 14 M Th - 72,

BB R P K OMBRIRE DR BIEEEDOBIR Z 5 & | HF /KO RIRED &
WEBWEREHLZNE WS Z N RREITH L0, LTOZ LR ERMTE 5, £
OB OEE . 1000 AdH7o D ORIEHE BT, SRR 200ppb A H 2 5 &
A EFRT2Z L, 61T, FREORREOHH THMBTHER AT —EDFE
NDHROENHZETHSD,

INOOBEMORET 5D Z L iX, B R BRI K ORI LD D TH
D EFEN VL0, lFROBRFERE L DR L BICRZ D X 9 IR EIEIROFRAE
IXEARARBR Tl e, —EDRELZ X2 EFREENAEELIL O BB TH D, F
To. BEBEPIEDOHE —RETILH 2 DD, ZHLSN DS, ITEIER 23 FIE & B
HLTWAZ EHREBEINTZ,

The state of arsenicosis occurrences in Nawalparasi District, Nepal

OMasakazu Tani!, Suman Shakya?
1 Department of Environment and Heritage Design, Faculty of Design, Kyushu
University, 2 ENPHO (Environment and Public Health Organization)

Arsenic contamination of groundwater spreads in the Terai Plain of Nepal
causing serious health calamity. This paper analyzes the state of arsenicosis
occurrences in Nawalparasi District in the Terai, where arsenic contamination is
most severe. Data used in the analysis are based on household and tubewell surveys
conducted in 56 villages in 2012 as part of an arsenic mitigation project sponsored
by JICA and implemented by Faculty of Design, Kyushu University with
cooperation of ENPHO (Nepal). The dataset include 5798 households, and 32944
individuals. Of all, there are 392 suspected patients, and 11.9 patients in 1000
people. The relationship between patient occurrence and arsenic contamination of
each village suggests that (1) villages where arsenic level is more than 200 ppb has
much more patients than those less 200 ppb, and that (2) at the same time, there is
certain range of discrepancy in the level of patient occurrence among villages with
similar arsenic contamination levels. This may suggest that other factors, such as
social and behavioral ones, also affect arsenicosis while arsenic contamination of

drinking water is undoubtedly primary cause.
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Re-pollution by Ground Wave ‘Jinami’
at the Remediation Site of Diphenylarsinic acid (DPAA) Geopollution(GP)

Tomoyo Hiyama! 2 Hisashi Nirei3,Kazuya Kimura3
1Graduate School of Osaka City University, 2Kanto Construction Co.,Ltd.,
3Medical Geology Research Institute (MGRI).

Abstract
The 2011 off the Pacific coast of Tohoku Earthquake hit the area facing the Pacific
Ocean including Kamisu City where is located DPAA Geopollution site. There,
serious geological hazards occurred by Liquifaction, Fluidization and Ground wave
‘Jinami’ in Man-made Strata.
In the result, As concentration in sand of sand volcano is revealed high at

remediation site of DPAA geopollution site. The site is cleaning up by Ministry of

the Environment , Japan.
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