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Evalualivn of B leciyencyss of Smooth ereizt Bye dMoverasnt and Pupit Funciion Tesis
in Sicle-hunse Syodrome

Maaaror] Ogarra” Furdko Tokassasd® aorl Talsue Foshoce®
“Eeallh Carg Seplion, Jichi Medicsd Thivarsity
Enviccamemal ZTealth Xearameh Cempen, Toboo Bosd Hespital
vl Heall Heasurch e ler, iarsai Rosai Tlonpits.

Vanous seenacdary exazninliuns irg vesd i e dingoosis of sicl-2ouse syndrore (SHSE A presioud seely
ol FH% padevis repoeced abooemalltles m e Smoo Peegisl Bee MWevement (S5PLEM) 2nd soconorie neesous
remlation, which = why Z2EM end popd funecaa tests ace saevied wol in sarne hospitals, We cordncted Hic
SFLER pnd popid funchinr test for paticnes dingnesct with SHE (FHS groap) anc bea lhy peopls [eeoleal grons)
and evelopuel G ellfecliveness ol dese esis Morenver, o examing the effcst on psthenopis, we disdded
Sealthy peaple into video dizplar terwinal ¥OT workers [VOTE and -V workaems fnon-%¥ 17 aod esalo-
stod VI A, non-Y DL S LS proop wa WLFL aod 32105 mronp A non-Y 3T srong o the szme way.

There were i gigmilicasl Ailereneeys helaeer, the 5278 qrooe 2od ceatrsl provp for the 320604 and pepil
Munclion tests ahereas thers weee Bignifca it Ailesences d=ieeeen Hhe TOT gud woee 30T aronps in 0ol bovi-
whin Lal duemieciend, Cee pupd onehem diaoeter afber lighl eliviolatioe, wol De amposis mele

Moveover, thore were ne gignificant diffcrcnecs o che SPEM test, whereas chere were ecgodeanl, dilles
£necs o the ol mexdmam dismeter at ioitisl 522%. tae pFapil minimam glacseter 8%er Erht sHcoladan and
the: maresia rete beroesen SIS and ST imeaps Ao bebween S12 arnd nor-V L pronpe, thers wras simmsfeant
ciftrencs only in 030z Lerdan Lol masernen, o he S lesl, a0 Lbers were oo sipmilicaat difercoces for
Lhes pragail Toermzlivn: “esi -

These results demcastrebed +hat tho SPEX and pupil fimetior tests arc affocted by asthenopia and dwac
theee toats should be need discracdy Jor the disEnesis of S5

WD s - o e

faTanemie sz aneinrgy of npmupstons] medidme and truznaioay haesAwEerinemtia
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Fig. 1. Metabolic pathways of arsenic compounds from occupational and dietary exposure.

RF power, 1,500 W; plasma argon gas flow rate, 15 ¥/
min; carrier argon gas flow rate, 0.9 //min; make-up argon
gas flow rate, 0.2 //min; a coaxial-type nebulizer, nickel
sampling, and skimmer cones were used. As an anion
exchange column, we used a Dionex TonPac AS22 (250
»x 4.0 mm i.d., Dionex, Sunnyvale, CA, USA) under the
following conditions: mobile phase, 20 mM NH,HCO,
at pH 10.0 (adjusted with ammonia solution); flow rate,
1.2 m//min; column temperature, 40°C; and injection
volume, 50 pd.

In the cation mode experiment, 2 PU712 pump and a
CO631A column oven (GL Science, Tokyo, Japan) and a
Midas autosampler (Spark, Emmen, Netherlands) were
used to separate the arsenic species, and an Elan DRCII
ICP-MS (Perkin Elmer Sciex, Concord, Ontario, Canada)
was used for arsenic detection. Instrumental conditions
for ICP-MS were as follows: RF power, 1,300 W; plasma
argon gas flow rate, 15 !/min, auxiliary argon gas flow
rate, 1.2 I/min, and nebulizer argon gas flow rate, 1.0 /
min; a coaxial-type nebulizer was used; skimmer and
sample cones were platinum. As a catjon exchange
column we used a Shodex RSpak NN-614 (150 x 6.0
m i.d.; Showa Denko, Tokyo, Japan) under the
following conditions: mobile phase, 5 mM HNO,/6 mM
NH,NO,/1.5 mM 2,6-pyridinedicarboxylic acid; flow
rate, 1.0 m//min; column temperature, 40°C; and injection

voleme, 50 pl.

Stock standard solutions of AslIII, AsV, MMA, DMA,
and AsBe were prepared by dissolving each compound
in ultrapure water at a concentration of 10 mgAs/i.
Working standard solutions were prepared every month
by diluting the stock standard solution to 0.1 mgAs/i.
The final mixed standard solution (5 ugAs/l) was prepared
from the working standard solution just before use. To
obtain precise measurements, 0.1 mg/l of germanium
solution was used as the internal standard for ICP-MS.
ICP-MS detection mass was set as m/z 75 (PAs*), m/z 35
(*CI*), and m/z 72 (™Ge*). Limits of detection for AsIII,
AsV, MMA, DMA, and AsBe were calculated according
to the definition given by Gibbons'” as 3.14 times the
standard deviations of the concentrations corresponding
to the peak area ratio obtained for 50 y injection of
standard solution containing these compounds at 5.0 ug/
I each. .

The accuracy of the analysis was confirmed using
reference material, CRM No.18 (human urine), from the
National Institute for Environmental Studies (NIES),
Tsukuba, Japan.

Urine sample preparation

Urine samples were stored in sealed plastic tubes at
~80°C in a refrigerator until analysis. Arsenic species
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Ay amsccinbed meith sosence exposune,  Fonial sosolo:
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coelivned copogme 0 dacal:,  The Teagorsl ola-
tigrehip herwesn nse 9f the herkal medicarian nnd
devalapomal ol jpowr woakness was alau shuwa
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mnier comranmd leleeed wis acsenals in all samples (8975 pe At deoed. Barnedh yaar-eo-ugar wullee, AsSar
AR, shersesd e highest pueh anmee AsBoes diicelsd, T stk tau of wuier cebmcled SeSopes P-254] 1o
AL veas csloarcd e e fropy 177 rx 2785, The contcpts of A-TAc, WELAR snd Woisl variced dopeodive on
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At =d '[:}' HFLC-25 005, comained mnalpsis crmsising ol IMTPLC WEMBAS uncl 1TP1C-TCP-S s nesegsnne for
N febeminaliom of =rsecic soiecies 10 seawesl procducls eod &so fue Lhe wsicological sealsaton ol AsSogs.
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advinad comzmmicrs to avedd caring hijiki  The i as
concenizhion e byl depends an the prsdeciog
distdel aml proufsogoe welied 2 Live oxo-

arzenoynpucs [oxo-AsSum] huvs been detaoted n

INTRODQUCTION

The conzunipsun u: smpsead] az a Aot foed baz
boen increadng in reveol yedcs b Weagham zons

trize.l 3 The adible brown alga Hijiks futenee,
cilled Rggiki A0 Tapaacsz, hae a high content of in-
omeumie arzenis (4w, Therefarz, in 3004, te Fand

Stendards Agemy (SA) of e Vobled FBingdna®

“leerhely earnesprmd=nze shouid be adcressed: Bmarmmen
1al Tawicesopy ni Larzinrpeneeia Resenmch Trit, Mihon Thi-
gty Folleps ot Famsome W -y-.o arasunodai [Fmzbash,
Thjba A3d—gan, Japan., Tel. & Tax: #3147 463 4077, 4
uatits v _nangEa oepen 2 niline e,
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or thio-dimethelarsenic compeunds) 15 In 2004,
the Imtcimaticnal Agerey for Reecacch on Cancer -
AR destarcd thar there e mufficicne esdancs
imadenting thal TOh A, & mapon mctebalie of 1A in
ra mmElE, 1% cateinngenic in animal expoiental
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hijiki imgesTion, both Asdues evd §4s showld be de-
torTained. Arssde speciaien malyis in hiclogical
sanplos ia coaeredly perorow veing IITT.C Snlne.-
lvely couplcs plasna mess speelromery (EEPLLC-
LCP- 3 M Reccer peblications have opartes
the puelviness of [ETAS with tirdern mass spoo-
tromnctry (HPLC-3A5015) for the ideotilcation aod
Adeermmating of oupancersenic comoconds in bioe-
Lopizal sacoples, X These analytical apparatuscs
have madz it pazsible o deles | bsown g on-
poosuls igam ples without standerd compaunds and
bor eeditminle A copeeplseticn wiing spproriste sran-
darde, ™ #7

Tr this stady, we detmmioed telel wrsentc .med
waler-talnied (A%, 2ol catirnated da ArRSups con-
ton of 7 commercially availabile dxied hyjiki peod-
vy and caa vaw DEEki produclz waog (TRLC ]P-
145 and HPLC-M3BE Far e spevcialivn andlysss
ff d1senics in hijiki prodocts foom varbuos Tesioos
ul Japsn amul Rlzcwhees in cast Asia procuces usEng
yeverul i lemend proslilenion AyRIems.

MATERIALS AND METHODS

Chernieals = Sodiam amsenite (A=UD, sodimn
smsemule W, nerhacarsonic acid (A4, wwd
sryemobstiine (A=) wenss purchascs frem Wakao
Pure Chemdes] (Creaka, Japan). DA, dwzde-
Targine oide CTRAACY, aml srsgnoclaling (AaChn)
weze nliained from Tei Chemicsl Lakomilory (Y
maowsid, Jagsng.  Gormapiuns staodend sl LT
f¥embo Chenoual, Toksyo, Tapan: was used as en
iromal stusdard Cog (T C-TCT-WS analvsis. Mi-
tic azid (HMC:, LABLAPURE AA 10N, AR, Tame
Clermiaslz, Famesaki, lapum) aod 1=50y [For TFtra-
tuce Aoadyes lvaoace Anel], U7%, Wiko Pure
Chomizal | were wsel Noe sample oresivazac, A moe-
nium Bowctomie O L TTOTR, Wake Poe Cheoi-
cal) was need tor the BN isabile phass. Tora-
pure aater was poctied by BILE-CY Llement A 40
with Qaaotew 0T cateicmes (Milipers, Hokyo,
Jaman®. A cerdlizd melere e maczial, CEN Ma. 1%
rhvonan urinc), ehceined oo (g Natigaz] Tnstiots
Cor Fuyirgamental Stadies (KIS, Tsukut, Tapan,
ws ugeal 1o walidacs the proecdure used Lloe aoulysis,
Samples of Cinptreredal Doled-hijiki and Ruw-
hijild Ax showen in TabZz |, nionc LijjkE =wn-
plex davived from sin dilevent producing Jistricts
wore collected from s elomes in each proddeing
ihigtrict. Toas of fic commendal suogples wee fn-
porizd T Ching (Hong Keagh sod Suuth Bees

Sl ARl

aod proksld by on lopenese provider. Teeg rawe i
JikT mamples ware harvaaoed on dis aeastores of pog-
A ] Eourdonde, cespayiively, wlich are losted
on Eve Foes peninculy, of Chiby pretecture. Each
raw sample war onreediztely washos ails focsh e

ter, szaled v ae ainhight plasne Tag, arl Gee sioeel
by Crewdng wd -3 unl: anslysis. 'The munatac-
turing methesi: for comrmercial dricd-hijild can e
hroadly dreided inte tan geateims, anz that invalaes
A loaling zusian o a lacge szssel, and Hhe ber
a closzd or upen stewm-gyerem. ™ 1o Japun, major
manuferming oosthade for commezeial desd-hijikd
hagically nac 5 steam wecm ™ A avaram invaly-
g boiling bis been weei tdibum:Uly n Sovib k-
e =nd China ™ Mormsover, there ure tws fvpee of
comineselal drizd-hijikd, naga-hiild, which conzists
ril 1l mntive seawecd plant, and me-hijikd. shich is
Mt 2 mag of he ssaweed 28 _

Trepa eacion F 1he Hijik Samples — — The cnm

merciil Uzienl-Juf ik saoeples wud Fe Teophilize ] g
bijite sommpler were Jioely apoumd W peeder psioss
W foed procsssor, Lot -olad- Ay pnalvsts, Wweoly mil-
liprants of the sowndered Rdjiki camples: wiy digestzd
by adding 3ml of HRNO; 2pd (0250 of Ha50y
aned then kepit at 3309 - 2 asiag £ diy hlozk
bl Aller cuoliog, 1w walnlupg were adjusie) (o
A ml warh 0.1 % HEO el e Lolil irseome <oo-
coacraticne wrors determined by 1OP-MA5 vsinge che
Thenamicz Bieaction Coll (DRC) mods.

Fou spoeiainn anaysiz, powdored Litkd =am-
e g5 2 swenllen g e addinimg a2 201 of ultra-
ZuTe weaber were Ll with o nlirasanic cell dis.
reptor (Misooix, [oc, Lormingdale, B, LS00
for | min, and cootrifuoed at SO00 rpom fie 15 min.
The gupamatant callecoed was edjosted o 3 m] by
Allipg ullra poae waree. The supecnacant was ap-
plied 1o speciniwn wwilyiiz nf assnic compoinds
by HFLC-ICP-R1E aod by 1LPLC-M SIME.
Detertmination ot Lok Arsemic  Coneesioo-
o — The acid Sigested zolvton wes dilited
g A0 Dnes o eeith SR conraining U5% cquonns
womanin, 2miE LD LA aned 0.8 e TrinnX- 1060
The dcteimination wes perlurmed by Lhe slicwlimd
addiGon methad “Thz dluted aohmbion wus iomo-
|_||_||.'1-:|| il s Flan TCIT TOT-WS {P-:cﬂ-:.i.nE[m:.r
SO K, Comeord, Doacia, Clanadz uaing the DRC
made. The icsnmeseol selliogs wwz 25 nllmes:
radip-fizquency (RF) power 1300 W, argon plasng
zas flaw 5 Tinln, anilizry oo 12 Won, and
nelmlizzr deons LG Winin, A cooxigl-lvpe neiao-
Famr was nsed; skimmer and samsle cones were
plabinum, :od elemenlal As was rreasured at isfz
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Table L. 3Tjiki Pruduving Aeeas amd Foockacrlin Syene Lz Far Tl Dried producks

Hiutygle

Mredusmne area,

*anbe i fapeeens of e
L et OF wiad)
1 co-hijiks fiomoats of weed;
4 ragu Tij2k (whnle nf wesed]
% ree-hijikd i ovoems g weerly
i napgrHAlfLE (el gl v
T wapiebijis] (wirls: Al waal)
i e LEjied Dol al wead)

. e cr lan #3tan
$fiiue S Hee s Fuag) e=Zmmem )
Svawh [omas lwruiliv=z sysmai
. prefesmes élapand Lalic s systoo™
vt prefiesiins Wapan]  closel steam sestem

LA pLelvis.ups JTapan]
Az au (Tapan)
Kuinnalo (Tapami
ADizisu (Tapzm)
¥nminzte (mpom

280 The: i Jidinz o dip elzand izaad or peincal on thein pasiees.

clrpred-sbenm meskem
LpEn-Frenm austem
CLen-cnennt gslen

Table L g msnAliog Boeans e of 2R Rr Anenic Compoend=2?

Troart dan

15

C.'l.nz wilrzge

LI Prearar jun Lilligica
[Pty ) iz L ruzar V)

IMA . T 10 g
Wk 1.5 LY 3k i
insHE 1L Clad ik X4
, Agdap R 550 5.0 5 1
ApSyy 37h 3D 63 iy 12
AeZyr 29] Dol 6 B k|
] AsSug 192 950 Wi 23 32
! Aelug 5 L] N3l 2 A
Arfup 48z i ELR 5l it

aof 73 and 77, Tha DR mode operation aeliingm
watc & followes: anumnma (Ha, o Q0S00EY any
wies] &R ecaction pag, sed the eeclion parimeler
q (RPg) o the C, 1he wadal Ge?)] voltope, nad
‘he Oua rete of MH3 were optimized aod secoat
05, 275 %, and 0.5 wlmin, resoceivelys Mo e
terforones s 2psn-clilonde A ngf'z = 73 aod
TV waz dereclel with Kadl solpiiens nagsns from
10 ofd 0 SRkl Phe inzoument lmic of Sctae-
rivm (LOTN of AR accoss stardacd snlution and 1.
smethed Timir of quantiraZon FOC0 weee vazolidled
acegadling 1 Lhe delinglion stpulaled by Jupaness
Induzidal Stmderde 1533 The counts por aec-
ood (CFE) of a blenk soluton at sefe 75 and 7Y
wrore Bhrost aquel o the hackareed lave]y ol 13-
FICTE erd 3 7 CPF ol [CP-MS, epeaively. The
FOT awl e LAY weere valenlated as 0.2 ped snd
1.1 el respecrircly. The total A cnnzennation in
the vefierenas marscizl, MRS CILY Mo 14 odoe, waez
Joczrminedl b 1305 £ 4.2 3l (= 5] and e
vl wag within (e coge Sor te cotfied valos of
127 = 11ual

Dedection of AxSugs T Hifili Swoples —— -
wenan of Ag3ups wis prrluomed vsing an HET.C
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swstenl (Allanca 2095, Whiers, Walopd, A
U354 coppeckad 1o a Ouzaoe ooy AR ted-
deri maes Rpecrrameier ySaec wilk electrosprey
Zonizaticn (BEE powilive Sun made by reting the
capi | lagy voligms w05 EY, don aowres wim el
W 1M, Gesolvetion nigoeen a0 FETEsiLLICS o
$U0C, desolvarion gas Nivw 10 6K 1, wed cone gas
dow a S0 L. Collis' oo dndues] dissocintion {CTT
was penlucnunl with wrpon zes ntraduced ielo the
voellision cell placed betwesr ths quadpnles, Mol-
tple ccaction moorlcuing (WIS was optircizad
b detoe. CTT frogrmeslalions (muss tamsition oo
seleiol Ashums. AsBe. DRLA, and WNA, [he
leagmeoeston paramcters oF MM a2 shovm in
Tehlo 2. The ranlcealar ahmelates of be selzctad
Arfues a2 showa Uy bl 1, The diverm valve wag
Uy Indeociice ooy the HELO ciftvant frarg, %o
Imin b the mass snalyzer Ao aninn exchanme
catmne TRESE I (250 = 200000, L, Huoiton,
Teern, MW LS wits utkd 1mder the falinasng
sunlitiens: maobile phase of 20mX KH,HCQ; (plL
2.0, fdow vace of DL2Zmb'min, and ecloren lempei-
anire of AGFC. Teu wizrolie-s of sipemetant c-
‘cactenl [roqo hijiki wue dojucted dote the HETAT
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Fip, 1, Chenticsal Snnzdursa of Sv As5aps

Far the assionment of ™as, an HITGO sysem
o0l Seience, Tokyo, Fapan)l connecled oo Rlan
CRCU ICH-I5 wes nead voder the zome comdi-
tiong cxcepr a tdckes izoeter enimn [PRP-R100,
240w 4.0 mim o diamseer (L] Lo Mo ste of
1.0 wilfinin was uszd. The injewion wulurne ol the
supermatimls waz Jpl
Delermingion of Arsenle Compuunds o L
by HELA-RCIWS - — For the cadmation of As-
Sup comtenl. te saoe HPLO- T{"P—MS restom und
analytical condiSons s dn ,"'.lmh'm nf AzSugn in
hijitd mmples™ was weed. Since wda ol TiEve As-
Sug staodanls, %o ased a DA staodurd i bm o
trwn b evbmale Ue A8 cnncaneretion it sech peuk
ol As8ng. For AsL sy M, and DA doter-
mizitiun, 2 HPLC-ICP-318 swtem (uesisisling ol
a Madet LIP1200 and 2 Madel HE75000x, SAgilenl,
“Sapra Cleme, CA, U540 wes wacd. The sames col-
umn (PRP-X10U, 250 = 4.60um £4) was used an-
der the foll owing comditivos: mnhile phaze 200mid
MLL TS, (pH 9.5), Bover rele 1,2 relfinin, reapore-
e 400, and injection velome ¥l Sk an-
dard soluions ol AT, LAY, MMA, DMA, awl
AsEe wrere prepursd by dissnfwing eacl compoood
Jwnlira-purs WReT ut i eswesasiralivn of 100 mgaed.
"[he dioa) Mihued emoeows standend solelivos O3 e
and 30y wese przparad frov steck standuard so-
Tatian betors wse, Fu ablain pneciss INSamIOCOLILE,
100 pgl of cormonium sol Hyn sag woed & e in-
el standard o WWR-MS by 2 posi-coluun anldi
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tan mzdhod The TCF-BS detection mass was sot Lo
mztr 75 M et ety T2 (UG, and el 35 1ROM)
i mondlor e cldexids jon somes of neds TEoof
ATCL. The insroment seings vware is (blows; 1417
pomeee [000W, akpan gas fows of plascw 15 Limin,
anrl carrier @iz ame £ Ui, A coaxial-fype neto-
Lizmer, mizkal saple, ol sXisimyee cnnas wers need.
LA Qe At Ay WINTA, TihA, aned AP wees
calerlinged agrsrding in fhe dzfinicon given by Gil-
boome, 2 o LOWY o AXIN, Ag™, WA, TRTA, and
AsBe mensured Sy FIPLC-ICP-RS were calin i)
a= N4, 1.1, 0.2, 0.3, end U5 pg A, sespeciively,
Wilier o cazarcmcet wes beloer the LOTE, it wes
caloulule? 15 b Jpall (bee waloe gof thees Tmlig. The
‘4zBe and DA concentzalions e relemnce

1zrial of CRM 20 18 wine wers dulernined 1o be
PR & N7 e and 304 L GApmd = 33 und che
vilugs wene withon the ranges for the cortifiad valoee
of 6 £ 12l wwd 30+ # g, respoctively

RESULTS

Detection of A<Smgs m Hifiki b«tmphsh'r HI'LL.-
MSIMS

Using BEW tschnnues, we dotected 8
urgancsenics in weter exlasls of Tkl sroples
(Luble 3. The clhamatograme of 7 As delection by
HPLC-IOP-*YS aedd WM Ty HPLE-BLSLE ol w
taw hijild sample hardesiesd in Komina szampfe



5l

: | | igv]
e i
- 1 | 1
P |
I ||. | | 11
. [ "
a b e
P el s i ; . ” - . L,
3 Tl I ] ] 113 [ 12
axlill
Il
i IELELT
A '.]L . 1
d kel el
™ H 150 FLT
vl : 114
; s
" . i
cC n __k. e ke
[ Frae—r] Thoes o= —
- v ey
d s L =
: A Rh
[ - l [L1"H
c : AL ESh
Loa 1 1k
- B 2
Ak .|I : '“?”é:_
. I ettt S s —
- " 2L
Lorid s L x:
- |_.:.".'_._'__-______'____['M
4 n I 0

Tipe 2 IPLC-FCT-2A5 Crranmiieiun, $22); sl HURC-MIARAN (BRI 0 asnimnd 03 2500 ol a R Hilk: Snmple Haceseed i,

Kaaivato [ant ks #0wlih ahle Phoss e pH A0

Smabeecal exdilings oo cesmibad o =, Lhe créinames waee nomalized oo 105 :':-:Il'nhun;_m cf each %185 virooanonne. (23, AsSug
5L, ohy Fubug 320 e, skng W1 id), Accg THZC 0, sy S 1 Sssug dEL

w51 e shown o Fig. 2a and 2b, rcrpoctmaly.
Seven peabs ol aceoiy wanpends isioding e
perky of inorgands meemc comgncds eI ol
ARV wore descoted by HPLC-ICP-ME (Fip. 2a).
JTraveer, with Lhe eorzephion of WA, cight of he
TiMg oToUiCsenics mumlers] wers detscled by
HPLC-&/015 capducted simultanescrely (7o 230,
T ths HPLE-TCP-KIS chepmaogranns, oapounds
il mglesaiar ion DoAY, and ocfz ol 155 (As-
S 224, G529 (AsSup S280 und 1T Gaslle) were
Sormrred 52 unoosalved pmaky bocunke of due close
rention times, while thao eich R+ and m)'-
al 390 fasfoe 3900 was vol derpetad baeange of
iz low concemctisn, In DIPLC-RISOEE eralvsiy,
a molecnlar ion peil of etz 141 MBAA weas noe
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feteored. Taows acositivior for 204A In analysis
gt WM lag been repoeted =0 The MRS
specint Ol Loar Toejor AsSugs, 308, 302, 408, a5
4E2, a-z chown in Fie. 3. As¥ar HIE had = deghior
i i e af 32800, and ferher Sragmentation
wt Lhe otz 5ERS Do smave Thae Wk An iin wili mys
of Do# (Fip 3e). "Uhe otber chree AcBupy 328
309, and 4R2] showed frapomentetans o chair
praduet i @il ey nf 96,9 [Fig. 3%, Ad, and 36,
The MEDS speoin of Asbur 234, Al 347,
and A:=Bo were not chimioed becioee of thedr low
irtzngity howorsr, AsBo wan canficncd by spiking
stiodanl ssoprmeds AsSug 321 and AzBe e
nat detecied in sumples a1 and M6, wespetively.
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Tnble 3. Crncevrazioes e Auls dwh ol Waboeeiae el Arsinic Donpeoncs ic 1EjikS Jamples by Spucizlion Acalysis

Lising IIPLC-1CE-kE

S ple a3 WA AR AsRpe

Fd 1 e NPT Su2 “Tetal
1 L an il 005 TN Nz 1.5 108 Tamg
k) .44 L 55 148 ML sy 477 HHY .01
N 2.08 L.a: L0 125 MO ikons 4] 1.15 538
4 a1 1.7% 095 185 MO 045 288 IR L3
5 0,75 15R AR 1.5 ) 4w s 204 )
£ .20 s b 0,40 Ml iy LT 51
7 RS eSS 4485 52 M1 ey L5 HH] L
1 235 ) 17..5 L4l MO (1] 1281 [} 178
] a.1E [ Tzl 1.38 filn] 0.5 16, e 0.0y

Valies novenonbnedie: of eeedenuesion nf arvele aoCIp2ANEE 0 S i — 2. a) Lo al0es Jre Bsnm s EﬂmiF!ﬂ:m.‘ﬂ;ﬂ 24

iz
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|l
125 T TR G ar
4 |
m52 !
gl [y 1
I, . AlEE EXITY
' 1
g
InH 53 | hLC-E
[ - | : O
Vs © 30w * dirA
arns
2y
LI ! EHL :
% ST ST P .. i
T 2 ) 10z ¥

Tig 1. The MEML3 low e .
O AR W3R, i Aska 3UZ, Ly st S0, d ) A Sup AEY

Tetermination of Arsenic Compannds fu Hijild
Szmples by APCL-1CP-MMS :

Lo thee sprcialicm analysiz, amobile phree with
1 pH af 9.5 wus used . npeonae the decaction Tivit
nf A=Y, The HPLC-LCP-MS chmeaalopesin if the
sproiilion A0alysis of arsenic compounds io g wiler
cairact of ¥ raw bijikd seeopl s Troo Kaminats (an-
(2 #00 i shiwn in Fig 4. In il oeoe hijiki samphe,
Axfug 991 wéas not dotocted, and Asthug 328, A
B L5, and AdBe wrers ooresolved wnd delecizd
e une prak, Tacreforz, heir As cenosnirativo wis
ecfimuled a5 0 onxlare,
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T 4. [IFLC-JCT-MAE Cluronabegsin v s Foaor Jiiiki Seznple
Croduzazd i Eeanieto (a0 abs #3207 wiry Mekik: Plass
alpH 93

[, ArSUR 2%k, AsSug 22E ot AsSug 202 o), sdng 2l

LA RERE R TR N

The ereenic soaconuations @ w.ler satmuoty of
the nine jik rarmples oo sbowin in Thbls 3. Ar-
sepic cumeenhabnns o peaks of voeseabned and
Asdups wers eslimarzd vsing the nzarcst-neighhne
slapdenl arsere species (DMAL Tnoall nine sam-
ples, the major cormpniond doteered wag AgW. The
COMOENEAlioes ol bk AV prodecms by dbe open
At Byatcn samzles 76 el 71 wers rach lower
thum cliwer wanafacbiring mathods Gamplos §1-30.
The DA conesIunalieos dnrave hijiki (amples #7
are] w9 o wery Lo, smd Lhe DS conseilnilmy
in e dpen STEmm AyAeT prodaces (eamples ¢ and
#10 veere 5% loows Dighet than fege in rew fram-
ples. The major Asbwe in vl saeaels was Anbuy
405, Thoeoncentrasens of Auswyr $08 i hiiiki sim-
e larvearzd in iz Bogo are (ssomples Y64 were
Jagl=r livan in those produced in other dismos. The
vencenlosisas of Askag 592 7o rawr Lijki snmplos
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Talibed. Tl Ak o] Wi so-sm rapled i Ak AsSegs, 2] Tl As ia THjEK Samnles ood Thedr Hakas el #a

Snrple Acid digasied Toter axbTored Ak (4T ARE A% WolAg Woidg WoATS
Jwamber lri'nl-fs Tninl-A= IRHAE Lanal-A:Fups JA-THs 1A-Ths 'A-Thas
i L AR oy LR-TRET (LA (Y- %] (E] ]

LA e ’ :
| G- Oz ad 2l PR BUERRE 3.3 5 a7
V. LiE- 14 M1+ 2.3 - a1 v 8 125 29
* LI I iy 2 ad LB ZA403 20 oo ig
4 3o =T . T I Y =15 1.4 £0.3 - e o2 il
= 11EAx= LS Flox23 MA=210 TE0. 15 ] 0
[ R T I TR 207 nLl=nz= Ad 4l 5 M 17
4 BT A4 L Rl 14605 Laan? il 0 22,4
8 AL ¢4 F4-17 gzl 115412 A A b )
B T2HL LA v I 1MAL0s TR L& 1.9 LG

L'azh scmpl= solofcn was reelsoced 0 rolcle Lo wore reosssnls tha cean LATL Jn = 3 o] Soocel e aaeenies ko gl
-2 e 12d ineiachls Aa acsedsugo® end DA icdizeoe:] i Tede L) Bmel Seos amane g ol pecsede spesic emmprinss

AT d AN i lzanad in T Ade 3.1 Soc al e onceecsdivan S ansagmpenz inilicenad i Tyl 4,

i 2nd w9 wess higher diaa dhose e other szmsles.
AsSug S32 vt nnl detected i snple .

The concentrations o tgral As arnl aer-
exhiacifad g 0 bijild saoples e suromockesd in
Tabde 4, Ledsl-As conceniciions obluined by soid-
digeeticn of oine hifild swoples ranged fiom 37 0
11%pg 2zfa dw. The highest Iowe] of ‘obal As was
fonerd in the Q50 peoduct (2amplc £30, wehicl was
almneat e [nld daghe thizn e of foe Josoee] of
e Aaritzy produst (evmple 460, The concenmution
of teml weer-ssitrocted aosenic contpownds obtained
by spcciation analysic ranged from 5.2 o 10w
Al e ] thedr comenl maling g 1.;'II‘:I|_I_'||H|_ Ax s
aberth FOH. The livaesd comeentcation of 1As wis
uhgervezl in ke hijiki sTo0uced in Amwen cacple
nfiy. The widos of £ 100 0l A canpesd from 25
A%, Thjili producls prodieed by the Boeo-method
[semples #6 and #7) showed celatively lawr LAs Tew-
cls eomiparsd with the athor mehads.

QISCUSEION

The seanlis of the pragan] sty segpes the ex-
iztEnae of s oxe-AsMur io commercinl uad cow
Iajiki smalyzen) by BBM of HPLC-MSRIS. The
bour mujer AySags in the prosent &ody, 325, 992,
408 and <82, arcre Idzntified By & beph-vesolunion
ME of HFLC-Oraedropo: s thee af Mizh, (CL6CH-
RS [onpusdishicd deta). Tomeeeer, we could ool
clayly eolity AsFeyg 254 und 391 or AsBe with
whe MGAKE dan specwa bocaore af tho revaelap g ing
poaxs 20 e very Tes aircsicion., LThe exis-
1R 1 AsSug 3T D00 Haelfertae wan repnised
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Ly Edeninndds w2t wd 10 Forrnation: of Axfug 254 fom
Asdngs 3R, 30 408 und 4872 do seidie environ-
“uHnls ks bege sepocled, ¥ Liven theurh AzBe vran
rerenlly dected dn eix ddnds 6 mernz atcac U
iy contrminston frovs cpifasina ghonld e cxam-
ioed myoos carefully. Thorefore, foddicr sowody g eec
cegary o confiem M exigbencs aF AsSug 254 ard
AsBa ikl s,

Il b beeo puinted (buz MOP-3S mspamas Sor
srsznie ie esgcrhizlly vniform for all fenonond ar.
Remic epocics allons this dstecine, i el cases, Lo
goantify the v ooy prsezcizale by cozopunison with
shrple standands sl oas A=CY) or wenoberaine, U
sinee we could not obtajoed AsSoa stendasdz, e
eetimeted the quantity of Asz50ss 2siog THWA o
inE nesr-vcteaiomn tms b AsSngs i the nesen
sy, Weo, howeever, had paid mwch stebdu @
rmaiix cffects e Becanses the eesull will alweys bo
miljeer o e, Anway e AsSuss Setsrined,
b guolsne of AsSur 408 was thz Righear 2md 0
correapandzd ke 5 28% of tie Woizl edecealnwied
Ag. Uhe speiclion soglysis of sruznie in scaweeds
bus made progress receotly T apnd conzzques |y
soune AsSaes fdimetrdarsinrd vhose deribviives
have heen ideaczfied as majoe coganic arseoics in
praweer s P2l Sl wg o =Y reurled thar As-
Sup A0F way the mwjon, AsSug 352 wes the mi-
our, und Asfop 452 und 201 were o tracs enn
sHiaeots in AGT i rne, ASap AR2 naag s de-
tormined in cus 3mnples of #. AImea® and Koo
s Al maoorled B coocspudiinne of AsSup 325,
X2, 40y wnd 482 in weter sxtrecea of hijEki prod
vam. Schicizior g oD raonibed e deectiog o
e Loue s o in hijikd awd lbe tbe ceqent of Az-
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Soa 408 was the highes. at 113 mg Astz. Thia
waloc is veTy similes e ourc swopdss (songles 6.
U procnced ia the Boss arca. Ceatlebowse ef gt
ropoited Lbut he (our AgSup were detcated in hoth
Leamaria dinitaer omd Foeowy vevowlsw, aslobs
MmEjr apecics boing AvSus W0t which woe fouod
Gl shigheamaants in our hjiki zemaples.

In sur 1FT TS analriz of casf hijiki
semaplee (=unples i wned %), e eicly cu-elulel Ax
peass aLihe positiong of Astue 234, Askug 324 and
ArBe wens foor-fold af Ude in penacssal gamplas
vzamples #6 end #7). Gumble e ol epored that
As8ua A0R and ArSag <82 wern degruded 1o BAdA
vie Asdug X8 inoa bsic seviononent In aeidic
cooditicry, ol Lomoalien of Azfng 25438 and an
ncrcass in D0AA orith Bealinge wers alae repurled.
Fody of e Boaa hijtki prodoces (b wnd 37 wuo-
el TWeTh ar the comecnbastom of 03 petes der
ik L weld)e e TOWTA Towels dn bwo raor bijikd sem-
ples (58 pnd 490 wene roozh loorze (0.2 gk S hi-
jikil, and these chnpges jo TA0A amnont may he
cliarecd by heabns. T

e vzl eonfinned the poevious Lzwdiogs el
e lalal-ts conccalsanons obtaimed b acid diges-
tion 1o hijild pruduects depeod nn e peoducing dis-
trict.™ ™ Provdons stiddiss v arsgaic in seawecd have

anoied Iy wator of wisnmethuon] weceion 3
ur walues ol the kotal-As obtaioed by wuesr ex-
TuoHon ST ullrdseaicali ing 2rs crngistont with the
valuzs elready repurted 8 L2

The presant shody todicwies Uil Asugs D ik
- acernt Tor 3,727 6% of totud-As Clabte 4, Tabaog
irle ermaidenation that the mejor metabolite uf As-
Sty is VA, which is carcinogznie ir: rodeots, ™
foe the safe supswopliog of Rijiki By bomans, the
lzwala of oot ooly tolad-As erclfor irswganic aaenic
it alen dwoss of cach Audup species shonll T
tefemdnesd, Sy ovo-Aefer were deeolsd o ke
stody by HELC-BSATE, whicn provides mote Jo-
formation ahout the chemical slruziore fan HPTC-
2R W18, althoweh HPLC-RSMM S conol Selesl in
crprunic erseoes, Therefore, analysiy peoformes us-
ing combized LFT LT MAME and HPLO-TCP-RE (¢
AcocegaTy for the estiimelios of 2rzenic spoeics n
seafnd a8 weall as for the onicdogioal evalanion
of AsSnps .

Avknowladgements  Thiz work wez suppetted by
Gromt-in-Adds lor Seizohe Rescaech 0406020
and 20350173 from Lhe Japau Sy for the Pra-
mating of Sefanaz and was o e ol itee *Begsarch
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