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WLy v+ F Y F (TMAsO) RUT Mt/ X5 4 v (AsBe) D 4 OB ZLEMEAERR &
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EX IRy ROR A > O I A C BULY = B v B gl N A
4 =TS F RO NI T T 4 =197
WHNTIAS. Shibata 5 NE A Fvxdrza< b7
774 —ZAVWTHEFO L ZLEYDOERZHA T
B, LRILEWEIA A VESELBKEDELZ LWL
e, AFvouv b5 7 4 —TEHDOvRILEY
AT A E3RNEETHS. A A VR suv b IS
74Tl ® {As(V)}, MMAs U DMAs D458
EATRETd 53, As(IID) XRFEA 4+ VD TMASO %
TR M T A 2 L ISIERICEL L. X, vE
{EEY DB TARET & - T HIBEIHEAS ICP-MS 123
EULWVWEEE, ICP b—FRHY v 7)) v r/a-vo
FEEO, BEOKT, N s 059 FYT7FNuR/ 4
ZOEMEOREE5 &R T. &5 —D2>OME TR
FICHTFTHIBRICE5TETH 5. BRFIZZEDE
BOEETE5E, BRETIATHTATHETNVNITY
(Ar) IKEHT 25971 4~ (PACL) PWEEE (m/z)
75 ICBTAHLROMEERGEST 2. CoOMED
BRHEKELT, BB 2EEICHERE UKAIE 2T
A FYUN-—FRAZEBETAEREMT 5%, &0
SHEMHOWONED, 5F4 4+ il kB TEHERRIC
BT 5 EIREETH 5.
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CAFvruavw b IS T 74— (10) T EBEEROCEKY
KIS BT BEIC DOV T 21T -
1z, BADHEEE— FERWT v RILEYD DB % Et
U 72455, BUKERA 4 v XEiE 2 VW5 2 & CER
BOEK e RILEMO—FAMHBHREL -7, X, K
*% DMAs 25 L1 5 v NORFP e R(ILEYMORIE
WISHA UL DO TZEDHBIZODVWT LM THRET 5.
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2.1 & E

AREHCHH U 12 e RIEEY & £ ORSRRERRE (pK,)
% Table 1 I27R 3. HivE |As(II)} RO {As
(VI @F b)Y 2EISHEHIE T ORIERER T +
Y atEERVIZ. X, MMAs RO AsBe (& b Y 7 3
H VTS, DMAs £ Sigma Chemical 8, »1 4 F
VT Iy v (TMAs) i3 Strem Chemicals 8% B 77,
FUXFUTIVY VA FY R (TMAsO) 1&, TMAs #
10% OB@BILKFETHL UM L2, 100mgAs 17! @
BERREKR I, SeREEWEHARI Y RKTHEHO Milli-
Q/SP ¥ AT A TRBE XN MK CIARE URANKE, B
EEHCRE U o, BIESURHARR AT IC SiAK CRERE R
HAEFRUAML .
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Table 1 Acid dissociation constants of arsenic

compounds

Arsenic compound pK., pK,, pK,

Nas;AsO;(NaAsO,) [As™] 9.23 12.13 13.40
Na,HAsO, [AsV] 220 6.97 11.53
CH;AsO(OH), [MMAs] 4.1 8.7
(CH;)AsO(OH) [DMAs] 6.2

(CH3)3AsO [TMAsO] —
(CH;)3AsCH,COOH [AsBe] ?

BEHEE U THO BB AR OEGRE Y, RS T ¥
BOREEREZR O, 4+ R E, EmRbR T
DT FSIFLMT vEZTILLEL FOULF YR
(TEA) ZFH Wiz, BEIHEO pH 1, MYMETESD
30% KEBLT v E= LB FHWTHEL .

22 AF90%rIF57 14— (IC)

Advorua< bhT7 71, ERTFI T4V R
7 5 XED Model IC 70008 #H Wiz, ©R{LAEYMDH
Bz, A A VEBRs < bS5 7 4 — (IEC), 4
Ao a< b 757 4 — (SEC) RO 4 + v &#r 0
T hTTT74— (1Ex) @ 3 BOSEET— REH WO
ERUICAT L, $XTHERITFHY T4 ANV AT A
ABDOTTANTLTH B, IEC H T LITIEANKY
BEBRY ZF L v FIVRBA & v R (4 4 ¥ R
BE: 35mequiv.g 'dry, H" Bl) # % TA U7 Ex-
celpak CHA-E11 (300 mmX7.8 mmid.) %, SEC # 7
LZET 7)) L— FROEAMER-F AK) v -2 KT
A U1z Excelpak SEC-W12 (300 mmX7.8 mmi.d.) % F
W7z, IEx A T LMITI3BKMERA 4+ v ZZ8BiE ([ 4 >
REAE: 0.15 mequiv. g~ ' dry) #F T A U 72 Excelpak
ICS-A35 (150 mm X 4.6 mmid.) ZFHW 7.

2.3 FEFEATSXVERIEE (ICP-MS)

ICP-MS I2i&, #AITF )74 ANY AT LB
PMS 200 % O PMS 2000 % Fu 2. ICP-MS O#{ES
#£13 Table 2 IC/R U 72, ICP-MS O F 22— = ¥ 73
0.01mgl™' D4 v MY T ABKERNVERE (m/z) 89
KBFSY 7T VPRKREED LD ICHRLT.

IC & ICP-MS O#fiE, #7400 E ICP-MS
DAT T A4AH—EEHNE 1/16in, HE 03 mm, EX
800 mm D7 v FBEM T 2 — 7 THF L 1. v RO
Hix m/z=75 TfT- 12,
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Table 2 ICP/MS operational conditions

Instrument Model PMS200, PMS2000

Radio frequency

forward power 1.3 kW
reflected power
Plasma gas flow <5W
Auxiliary gas flow Ar 181 min™"
Carrier gas flow Ar 1.01 min™'
Sampling depth Ar 0.881 min~"
Monitoring mass 5 mm from load coil
Dwell time m/z=175
Times of scan 00.5s
1 time
3 REREER

3.1 JMIEEFELCLEVOIBE

=9, SEONDHME- FOHF22HVTRILEY
DEAE 2 SEEBIZONVTHE A, BEITIE, As
(III) RO As(V) OEE e RILEMERA V. BE)HE
124, 2X10 % moll™! O AV, 1.0mlmin™' @
MBTHERL 2. #R%Z Fig. 1 IR

BATLEDL As(III) & As(V) ZRIFICHEET S 2
EDHEETH - 1245, T LI LV BHIERCHHEEED
KELSRE 1. ZITHOREHT TR, As(II) &
T As(V) 13& 4D pK, &0, EhEFhIEL 4 ¥ RT—
MDA+ v&ERSH5. CHA-Ell T34 4+ v Bk
E— FTHBEEINS 120, FEA L Y THSH As(III) &
FTABRIOHFLIZIZITRAIZBERRETH B, 4~
M BEICEED As(V) 3HFLNIC T Ic@E T 5 &
WETETIC AS(II) KVBELEHT S, X, SEC-WI2
T, A4 XHRRE A A VHROBRE T~ RTHlEx
%728, CHA-Ell LR UAHIEE 5. LaL,
CHA-E1l i~ A 4 VR E— POz, WHD
SEEEAR TS TH B, —F, ICS-A35 TIX, 44 ¥
DOWPREZL As(V) BA T LIRS, EA4VTHS
As(III) 13T EAEREBING & aAHY — 7 Dk
BIZEHT A, £01%, CHA-E1l XU SEC-WI12 &
BHIES YRS 5.

AR OHER N 51X CHA-ElL "B H B OB %R
U, KEBFOER e RILEMOERERRECEDTH
LI EWaot, UL, BRTARDBRY AF LY ROD
A A v BRIETH B120, v U v 7 ADELNERK
HROHEZTHIBEICEIRO &> LENS R BB F
NHH5B. FrIILA, ANVYILAEDEBA A VHA
AR VEITA & VRBIRE U A+ Y HERTE — RS

H b, %G, S, BB IC/ICP-MS%Z WV RpEE R OB ZILAMDOES 205
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Fig. 1 Chromatograms of inorganic arsenic com-
pounds

Mobile phase is 2X107 2 mol 1™ ! nitric acid. Flow
rate is 1.0mlmin~ ' and column temperature is
40°C. Instrument is PMS200. Sample is 2mgl™ '
of As" and 1.5mgl™" of As¥. Injection volume:
10 ul; Column: a) CHA-E11, b) SEC-WI12, ¢)
ICS-A35

5135, BEMPFTTAFOBAKEY 4 MZREL H
T LMRESIET 9 5, BAKMEDEI/NS FEAL £ v D
BB LEYORESHICIZE X 2V, ZEPETS
ns.

AEREB T EDT M) v 7 22 ZLEUERBORIEIC
& SEC-W12 $ 5\ & ICS-A35 VWA Z EW4FFE L
WEBbhs, ULa U, ICS-A35 TIE As(I11) 1ZALE
V-7 ONEBICIEHRT 5 2%, ICP-MS O & 5 7558
HRRHER 2 WV 254 T b HERS PEBE I L 5T
BPERESEBENNHSB. LU, As(III) @ pK,, &
923 TH A1 %, BEHED pH 2 10 ETEFBHZ LT
A X VBN TRFE XD ENARETH . 0.01 mol
I ORBET YT LR T VEZT KT pH 10 IZFH
BLUIELOEBHHELILESS, As(TI) 2BEY —
IENMET B ENTRETH »12. X, BEIREE%
TEHN S RFEEZET CEBERETH S,

LR, EEeRLEMOILERNHHEICEIL T
WETNDE— FTHLHRETH » 1245, ERABOHIE %17
HLEEITEERFOT N v 7 ALKV REDE— %
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BIRTA2RENH BT o12. X, HEE%BEH
ELTHWAZ ET, ICP-MS IZB5REDETR
ATIAN—ROY Yy S v Ta—-v o0 R T
EBL RBEEREVTCRIET S EWHEETH - /2.

32 EFRLAYDOILERERN—Fo B

SEC-W12 B F ICS-A35 Z HW\W T v FILEHW 6 B
DFHEERBET U T2,

%3, SEC-WI2 2\ TBEHEERV pH &AH
FER & OBIfR & FH <72, SEC-W12 TIXFIZ SEC E—
NTH#ET 270, HFHAXZD/NIVILEYDOHEA
SHEINETH B, 2T, Shibata 5 DOWEEHE
i, BEEICA 4 v HEER2RINL e RILEMOSEE
ERET U, BEEICBEABE, 14 uEFEic
TEA ZWT, BEHERE, 4 A+ EERE, B8
M pH, BIEREZEDOHFHRGORBE(LETo12. BE
MICHBEZ Vs & ST KB BEdE s N
», TMAsO & DMAs & 2522 I EET 5 & & IXREE
THo12. DMAs %< 5 5D u~w b5 b %
Fig. 2 IZ/RT. AKEL, DMAs 55 v F DR L
FLAYOEBEOREBEEZHNE LTSIz, SEC-
W12 DFERIIFEREDONWL D TIdEr 12, 22T,
ICS-A35 %W THE %175 12,

IEx £— FOEH4E, BEHD pH 2 10 LLEICES S
ZETAS(I) 244 vbasgh T LI REESE2C
ENHEETH B, LU, As(V) Bl A 4 &k
DIEHFEPEL L2 E VO MENH B 120, BEOR
A EHT A EE L. BEEICIE SEC-W12 D5
BLRAULBEABERY, SHRMEORHELET> 2.
CRIEA X VST BIroh T AR h
fz. D 5 B2 W TIERFENGF LSS A +5T
Hotild, HTLEQIBRICULTHEEZHEL. As
(V) Z2B< 5 ROy D o7 a< + 75 A% Fig. 3 I/RY.
5 O EILAYIL 8 SLINICIZIFRITHELT. &
DEBETIE As(V) 1 142 FITBEHR L. s 5%
DD BEAL A VELEDIE MMAs, DMAs X As
(II1) ® 3 ETHY, ZhHD pK, id Table | IZRL
l&HIZ, FREN 4L, 62 KU 923 THB. Thd
DILEYH» IEx T— FTHBS N TS TN pK,
DA T 5133 TH 525, Fig. 3 DFBR T As
(III) ODRFELFHBREL L ->TWVAB, As(III) DY —
ZREMIZERT - FTH B EHERT H &, As
(II1) i3 IEx E— FCHMEINTOEVNHEDEEZ Hh
5. ICS-A35 WIEE ICEKEDOF VA + v X HEhE
ERTALTHBYD, RTAKERRICLHOKBEZR-
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Fig. 2 Chromatogram of five arsenic compounds

on SEC-WI12

Mobile phase is 0.01 mol 1™ TEA/2X1072 mol 1™
tartaric acid (pH 4.45) and flow rate is 0.8 ml
min~'. Column temperature is 40°C. Instrument
is PMS200. Sample: 1, As¥ (2mgl1™'); 2, MMAs
(0.5mg17'); 3, AsBe (0.5mgl™"); 4, TMAsO (0.5

mgl™"; 5, As™ (2mgl™"). Injection volume: 10

ul
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Fig. 3 Chromatograms of five arsenic compounds
on ICS-A35

Column is two ICS-A35 in series. Mobile phase is
0.01 mol1™! tartaric acid (pH 3.0) and flow rate is

1.0ml min~'. Column temperature is 50°C.

Instrument is PMS2000. Sample: 1, TMAsO; 2,
AsBe; 3, DMAs; 4, MMAs; 5, As™ 1 mg As17!
each; Injection volume: 20 ul

TW5A. As(II1) OFEE T - oKEEE S OMEEH, o
FOKEEFESE As(III) EDERND &5 n#BIZE o<
LDERbhb.

33 RIERE

ICS-A35 % 1 5 AL UTHWRBEOKRHETR, B
R/HEEROCTFHBICOVTHN. Fig. 3 DEMHT 0.1mg
As 1T &L EME RO TRHETREERYE (RSD)
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EHFAT. BRHETRIE, 045ugAs1™! (9pg) IR TH

0, BHR2ICHAERBERESRTH > 2. BERYE
(n=5) ILOVTWE 5% LT Th-1z. X, ¥v 7V v
Fa—-vORTEVRBEOCET (B FOMBEIIAEL
5l BREMEE U RENTRET H - 12,

ICP-MS CTRESICFEFLL TRIET % 12 O HRL
BIXZOBBIEELT, tREUTOBREN—ETH
NE m/z=75 LBIEBREIEI—-F LS. AsBe,
TMAsO % ' DMAs IZB L T, 0.22~0.28 pgAs1™'
ERFLEBETERSE >N IH, MMAs KU As(III)
OBHETRIZZNEN 0.44 BT 0.39 pgAs 17! E&ETE
WEAR U2, MMAs ICBAL TiE, EMESRSHIRX
nNTho3, AEBFOMEFPTILFEREBbNS.
As(II1) «ZBEL T id, As(III) ZBIRTHRIE L 2B EIC
v# [As(V)} o¥—spianiziz», BEPTE
BICB{ILUIzbDEEDbNAS.

AR L 72 &5 12 ICP-MS Te R tam#8lE T 55
&, TIXTHATHAHT NIy (PAr) &HEHE (*Cl)
DREA U TFA A v (PAPCHY) BERU, m/2=75
BT AHeEORHEEZIHET A9 1000mgl™"' ©
WA+ v #EAL, CPASCIT ITLBTEHEREAN
tz. m/z=35, 37 RO 75 THRHEET- 125, Bt A
T VIKESK -3 hiEr- 1.

3.4 RPELRILEVAENDIEA

K% DMAs 285017 v PORAD e FRLEY
DOEBICRALL. R, 7 7 Vv—7 IS IEABLIE
DIy b SEREUL. 255 BICEBPAYETH
%5, N-—=bavyIJxLF VT IV, N-AFNV-N-= U
VILT, 12V AF Ve KT3Iy, N-7TFIV-N-(2-k
Fa¥xy7F0)=ba V7 I VR N-EA(2- Fu
FyFSur)=buvryivieg 2 BEESUMEEL
fz. F0%, 2 BRRPANEOREEETICHE LR
#, DMAs % 0, 50, 100, 200 % Uf 400mgl™' @ &
ETHREKICERMUTHB L. BUAYEZRIRSG L
171% DMAs 285 0L725 v b T, LA, 529,
Fr, FREBATCOREFAOHEBIHBIIBHEI L
1220,
FEREBROBICERINIZT v FOREAREEBANT
BIE U7z, RIGER 2RI I3 Th S, BERTFI NI
R % BRTRER, MKT 20 FICHFRU 045um O 7
4V —TFEBRLU. EREARE 0w & U, EREC
7NV —=TDTy bDH B, HikEE, DMAs % 50 X
C100mgl ' H{E LT 108REBLIZT v NRABD
CRILEMDOERBKER%Z Table 3 KRY. RHEOD

b, IS, &4, E#E: IC/ICP-MSZ AL RPEER UAR e RILEYMOER 207

Table 3 Concentration of arsenic compounds in
urine of rats treated with DMAs in drink-
ing water mean*S.D.

Concentration of As, (mgAs ™Y

Arsenic

compound 55 o "I DMAs 100 mgl~' DMAs
As'™! 1.7£0.3 3.2+1.2
MMAs 1.0£0.5 3.2+1.7
DMAs 45+1.4 20.0+4.5
TMAsO 18.0£6.3 18.7+8.7
AsBe N.D. N.D.

N.D.: not detected.

DMAs 13, ZO0REOFFRPICRBEIhTE I L
Dy -1t. TMASO b BN FRE CRE S,
DMAs BSEIZAF L3N TREENB 2 EWTP -
1z, AsBe l&, FIBMTRERINEZVIEIATY
B, AREICBOLTbLRHI W E» 1. e R(LEY
DA FMEIZ OV TRBE IR TV, TBRET
1 As(III) RO MMAs SRt anfz. ZOERIE, B
AFNALOARERZRIB LTV A Y, K#HIckdbDE
WiETAHIERTERY. BAFNMEORERITIIEICFH
MR rBETH 5.

AL, BREROEIIETH B EERIC, SEEIC
Lo THERSOTHEZMETEB120, ZROHFER
NEECRBFOMEBR I OEBMVARET D 5.
IC/ICP-MS Y AF A3, bRLEPEILHETIE
Eh R OBREANDOMBLSBILAYMOEERERE L
LTHERRFETH 5. v
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Determination of inorganic and organic arsenic compounds in urine using ion
chromatography with ICP-MS. Yoshinori INoUE, Katsuhiko KawaBaTa™, Hiromitsu
TakaHasHI and Ginji Enpo™ (*R&D division, Yokogawa Analytical Systems Inc.,
2-11-19, Nakacho, Musashino-shi, Tokyo 180; **Departmcnt of Preventive Medicine
and Environmental Health, Osaka City University, Medical School, 1-4-54, Asahi-machi,
Abeno-ku, Osaka-shi, Osaka 545)

Inorganic and organic arsenic compounds, i.e. arsenic acid (As"), arsenous acid (As™!),
monomethylarsonic acid (MMAs), dimethylarsinic acid (DMAs), trimethylarsine oxide
(TMAsO) and arsenobetaine (AsBe), were analyzed by a combined system of inductively
coupled plasma mass spectrometry with ion chromatography (IC/ICP-MS). The arse-
nic compounds were separated by ion exclusion chromatography, size exclusion chroma-
tography and anion exchange chromatography. Subsequently eluates were directly intro-
duced into ICP-MS and detected at m/z=75. The six arsenic compounds were com-
pletely separated by ion exchange chromatography. Separation parameters were opti-
mized for the arsenic compounds as follows: column, Excelpak ICS-A35X2 (150
mm X4.6 mmi.d.X2) packed with hydrophilic polymer based anion exchange resin;
mobile phase, 0.01 mol 1™ ! tartaric acid; flow rate, 1.0 ml min " !; injection volume, 20 pl.
The detection limits for the arsenic compounds were from 0.22 to 0.44 ug 1~ ' (from 4.4 to
8.8 pg) as As element. The reproducibility (n=5) was better than 5% of the relative
standard deviation (RSD) for the arsenic compounds.
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