IXDPAAD TR ERIF 25 25 L CHRIREN,

S ERAL7=DiX, FDG-PETREZ T USER O L, EFRELTHRLIZERT —4%
FoTWB20E U LORABIZHOWTOHZTHD, /MNROMTFUHEABICBEAL TER O ML
A U7 HE— DR 3013 Chugani (1987) 5O E DA THSD, ZHITLBL ., /NAEIIRNO R EZIT E5 1
A B L LT AR EOELICIB U TR RO H B BRR T F o 2B L35, £
FERMIIAEBRPIEMERORELILIZ ERHL, 600108 TE—2 225, ZOL~ULTR A D2
PHUEIZHTB, TOHBBL C20RBEIZIZIERADL ~IZEBLHL, £z, BITO2HbLAER
OEFRITIY, —REENR R R E, REEE R E O RBHI MR 3 EOMOE S FFOEAIX
B, HEFFORBHIERIVFEETICR A IZ EFU, HAMITIIIE TR A LI fe s — b
Do LHLEEME DL/, BRERiT, TR, BRER IR, MIBEERRIERE OB ORI & 3
Bl RAD R — b~ ERRENMAMICH D, §E- T, DMRODPAAEFIZHTTT 572011
EMMISOIER T — 23 $%ELRB, LML, PETREIZD T THANHEIRNEHY, MBIz e3+5
BEHEOBVVNEERBRELEER T —2OIEREECHD, 2T, BROEET—FBIX U
BT —2h6, DROEEFGERHEL, ZhicbE SO TMNRDPAAEBI DO BRT21TH LM
5B, ZORICAL TS #, SRR EITONENHD,

(& &%)
DPAAREERZH LU TSR MBREL ., BERERDRZVERAIZBWTEH, PETICX ORGSR E 2
BT RIBENT, DPAAIZ AT IRMRIEE DA =X LMEHEE M RRBENLETHS,

(5 %O

AFEEONEFBRICEIE, SEUTORBITHVHATHEIZNY,

1. /MNRIZEBITA PET READIEFEHEOHEE LUz b & -3</NRBIDAEAT
2. DPAA £ B PHERAEIRE PET B O tH A RIAEYT

3. WEENEL 12 ER DT ru—T v T RE

(3% 3iEK)

(1)1shii K, Tamaoka A, Otsuka F, Iwasaki N, Shin K, Matsui A, Endo G, Kumagai Y, Ishii T, Shoji S,
Ogata T, Ishizaki M, Doi M, and Shimojo N. Diphenylarsinic acid poisoning from chemical
weapons in Kamisu, Japan. Ann Neurol 56:741-745 (2004).

(2) Chugani HT, Phelps ME, and Mazziotta JC. Positron Emission Tomography Study of Human Brain
Functional Development. Ann Neurol 22:487-497 (1987)
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4. FFK- LEP BRI S YT EORE

SYAWEE: SEEET () BRI AR LA R LK)
BRBAE: Par-xRFEr X ZHBB(E L), B, R, 5%,
BHET NRER (R BET 7 /0% —F)

(FARER)

{LFEERBLELTHWONEY 722 L 2ul T AV A BOSRRERMEZE ZONAY T2 VT Y
VB (DPAA) 07 2= /LT AVUEE (PAA) OHEEBESITHEORBREBLELR->T\S, DPAAIC
DOWTIE, B FRIAVBRHTLE RO iemEikik s o< b5 7B -3<HPLC/ICP-MS4 1Tk
AR, BESL LU CEMIZISALTETCHSH, O EMEL THE HEINABPAAIZ W T/ A58
ECIRIMOLRLEHELY — /R ELDEDIBEO/R W ALY, BERICTREINLDF
BeRL OB EMERRE TR TARENELHY, ThHDFHER(LEHIsx 3 X0 EHERGEE
DENT-RITFIEORSE, RIS EENS,

AHFFE TiL, HPLC/ICP-MSEIC X 2 R BERFOSLARZE BERDLELIC, #0 T AHESITEY
T FT 2 LC/MS/MSIEDRFTEAT O, FRARMRER-OTHRETD,

ABSTRACT

Development and establishment of a highly sensitive analytical method for diphenylarsinic acid
{DPAA) and phenylarsonic acid (PAA), which are thought to be decomposition products of chemical
warfare reagent, dichlorocyanoarsine, is becoming an urgent task.  An HPLC/ICP-MS method
based on a gel permeation column was already established and has been applied for the determination
of DPAA, but the method is not suitable for PAA because of insufficient separation from other known
arsenic compounds.  Establishment of a new analytical method with better separation and
identification power will be necessary especially because of possible conversion of these chemicals to
other forms by biological activities ete in the environment.

In the present study, application of other HPLC columns were examined for HPLC/ICP-MS
analysis to get better separation, and development of new method using LC/MS/MS were conducted.
A brief outline of the researches and results will be described.

GILsiz)

KR RMIEET CRET-H P K RIFRFEFIL, V72V T L8 (DPAA) LW R B2 B e
RILEMC LB RTHHTLENPGNLRY, HFREFHORE, (FRFOTER, WCIIREEDORTE
LEERZAENEDLN TS, ZRLDHFHE TIIAENY T BB A RBP4 N E
FA AT RE/2DPAA D B B R 04T L DR N BHE THY  RERFEDOIBEITIRE B H -0 35>
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B CRIE TEBDPAAGT FHEL LT, B FRDOY NABIBAHT LIZIE-3SHPLC/ICP-MSiE % B % |
BEMLY, CNETICTRB AR OSICHEAL TE2,

ZOFERRIE = AT A a— LV RZOMIEEEEETAHPLCAF L2 FWT, SBtshi-tR{LEY
FMEREGANCFRIE YT A= (ICPUZEAL T TSR TICELELIZL, SbIZAAALLTE
ESITETETR (COBERER)ZNETITERE-TVS, SHEOEBIIGTOVAXITES
K NBBTHBN, MIBOREL FTFA-DIC ZEESNSENTRY., BUOBUKOAEERbY
BEDBEERFIRLR>TVD, IHIZ, SRR TRMICHBNZLOINAF NV ESER T
B, YEFHEOpH CRIZHOSRBEL TROEBERARBICRE DI LiZzh, EXMRHE EERLoBE
DREAEEBIER TS, TOD, EEOILEHO SRR HI> THBH KO AERANERL TH
MR ERTH, BHEBROA AV EEOHKICIVEIOREER 2D 88 T CilkhE
EROTEME DR BE Z L, BRUIZHIROEVOFIR R T L TV 3B, DPAAIRXS THIZ2oD
RABVRERD, BORBLLITLAO ZEB S LOEOBKEMREERBIEIEN T, FREBH
EEEROKRONYT 7 — T —RIBREF TRONAFEOLFILEMITHE AR TREENRTE
T3, D, oeFERLEMEORELZIHIKL, BREORVDPAADRE, EEI A6
THY, AT LEBFEO1/S5IZE8UTHER RO EERZ K2 BLEROREBORAEIISALTET
a2,

—F, B URE 2L T ROPAAD R AT AR EERARKIBICIHED, EOITATITRE
BELTPAALENUADERILEMEDFBEBEVGIREAL TV D, RHEETHIICP-MSiTER
DOFELMDIBRVD, HEOREITH2IXBHPLCTOARHIIE-TRY, BHEEREIZT<CHh
TWBLITEVE, DPAAIRE P TR FICA L TPAAZ B TERER IR T2EEZ AN T
WAR, EROLICHRERSL S FETRIIVER(LE T RIS EAZEIVLTLLAR S Tidlen,
FIC, KR TIIPAAL SO TR BE. TR PIHE/2HPLC/ICP-MSR O ¥/ /eHPLC oy B 2R 1L .
B FEERA LY TRIEDREYR EITAEEBIZ, beDHTFEEDEFENAALL TEAE, &
HIZHT LU TRAAVERIE TS, 53 FOEERICESEEERICENLC/MS/MSEEDBA
BIZOWTHREEEDT, ZORREUTICRE T2,

(8]

DPAA, PAAIIBESHZ 35 L. NMRCHESRREE LTz, Fo, BLRNZ TV, 22 LB
¥ BODPAA, YL TEMOPAALY — O EBR TELLL TRV WS, FOMORIERII
e, ZROULHPLCY L —FEE2 AW, AW KITBHMABGE SRR (MiliQ) TYERRLIACbDd,
LC/MS/MSH®M 8K % Fv iz, HPLC/ICP-MS¥ A7 AL, Agilentit 0110032 ) —XLCTZT A
L75003Y —RICP-MSE&AR A A TRV, LC-MS/MSYRFAIILCEL T, B EUERHO
CLASS-VP 27 5% FIV ), MS/MSIZI, Applied BiosystemsttBDAPI4000 ZFIV e, HATHERSIK
ITE R EMEEZTRL, KTHRLUTAGWDS, TiMERER D100 4 g/mLD AZ ) — NV EiREK
THRLTRAML,

(BRI ELE)

(1)HPLC/ICP-MSIZ 331} ALCE& M4 DfRE
FLAEOFROKRERERTH-HI1011, REAEBEORER RS E THEDLENSLE
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TEOWENIERERTERENEEND, FHENRMEOLENRREEEZSL, 2MAD S HERE
BEFAELTEZLND, DPAA, PAAIZWT IO PEMDE TR T R AEL CRAA L5 TS
ZEMh, AFVRBATLBEARBERD—2LEZOND, ¥z, INLIIN I BUVREENENZ
DRVLIDEFETAIENG, HAMEREERIZESERZONZ LGERMERAD, —FH ., RERO
RMEEZDE, ICP-MSOB AT AR ESCERECEBEOTF AL, LVORAEFL TS,
—HOMS/MSO G IR, AZ LT HRERT O AMMERE LRI T NEZATH
D08, AEEROHEA ML CIERMTIIMERR, LLEORREDE, ICP-MS~OHELHIZITH
B o7 7 — 5B TR REERER L T2 RRBHIIE T 2% . MS/MSIZIZI A HE L V5l
FARDOAT D ELNAM OBV BERFLL SR ZEDT,

HPLC/ICP-MSEL TRHENIRIL72&2 A, —RENCEKBVONAELIA T NR—ADAF L7
BHT LT, TWDRER BT LN TERM o1, BREILIX-EVDI0RVAS, AR BELHA
TEDEDIN AN REOLFEME 2 BDPAALR EER T30 Ly, It
GO R BISUTRRAEEDOHITZ L BRFULBR, R —RDAA < b AHZ7 LTI
SRR TYDR 290, MWD BRIEEFRNOA A ru<b 57 1—RaAA 37
F A, Shim-Pack 1C-A3 (/) H T Lot —FA7) T, RUT 7L — R IR EM L L TRE T E=
D AERIOFRELH 35, BEIRERITULER, I0mMEFRET = MEBIRA Lo LU E S
BEREL, Do bR BV B Tt 248 T TEAZEN ho Tz ((RFFRFIXPAA=3.5min,
DPAA=9.5min) , fiH FRIIE —2 587 0—R =07 % B2 3 DPAAD TS, W hbeRELT
Ing/mlZ BB ERE LR EB AR THBI LB bt

(2) LC/MS/MSE&AE D™

MS/MSHITE St DR gt
AFALEIZL, — BB KREREAZALETHE L JRn R L — A3k (BSIHE) E X EEAL
FAT L (APCIE) DR T Z A LT, FHIPAAORIEIZIZIAPCIO T BIREL B WLIEN b2,
MWL DAL T T ot al BRINSOFHIRLSH D ED0, BEMICAPCIER AL, &
B A REGE IR EEREERLCEEDD,
#1 MS/MSHIE SR

DPAA MPAA
Q1 Mass[amu] 263.1 203.1
Q3 Mass[amu] 152 77.2
DP 66 71
CE 37 37
CXP 10 6

LC&tr oty
AT BTIEDPAAIZH L TIRFFEAIDH 2, ODSHT L% FVE, BEINIZIZ0.05%TFAYR IR AZ
J—=VERV, BIERMOBZE2105ATEL, A2/ —VERI06EPIRALTH7 TV M etk
U7z, ARG COPAAEHEIRIRZRIE LI L2 A, #33 CRIFRIEIROEY —/ BB X, DPAARE
L1 T0.05ng/mL (E&EEEEELLT0.014ng/mL) 1ZFBVWNTS/N=10LL_ Lo — o3 /Bbni,
LL2A G, PAAMT R R ZDPAAL R —LCR A TRIEL LA, PAATEEE100ng/mLOEE HEYE
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RIZBWTHE — 203 HHEN T, ARSI B VW TPAAIIDPAAIZ LE R E USRS RV LA RERRX
hic, ROT 47 E—FOLC-MSOBEMHLL TR WL, BT D ERRCRIET T

ATHRBPLELN, WFNLRFREREZBAZLIMELR o, FITHRAREL, BEMELTA

FNTIU WS EREUZBERE IV, KBS AT ARG T2 HIZACERLE
25, PAADKIBZREE EARED O, PAARET0.2ng/mL (EHREELL T0.074ng/mL) (230>
T, S/N=10LA LD — 2% 5T 808 TETe,

EftE, FEH

DT FEORUEETFER T D0, REBROERL R FRELTER L,

DPAA: DPAAJREELL T, 0.05~50ng/mLODTH A MR EE A MO B IS Z B n=1THIEL, Xt
RERECREBEERLZLEZA, TOHBREII=1.0THY, FRERMIBTAH
*aAzE (REE[%]) -4.8~6.0%LIEHIC RIFRIEMELEEBHLNE, £720.5, 5RT
20ng/mLAREFROFRIRELRME (0=6) IZBIFAEEEK (CVIEMKD 1X1.7~3.7%THY,
BFrHBRENF/LNR,

PAA: PAAIREELLT0.2~50ng/mLO63 A MO IR EE K EDIZ R IR A Hn=1 TRIFEL . fER LT
BREROMBBFEEL=0.9996Th-oT, FRERAMOREHEK] i34 BEHREIRRED
0.2ng/mL T 15.5%, FRUSNOERE Ti3-6.5~1.8%¢ RIFLRHEENELNE, 0.5, 5K
20ng/mLOEREIER O RIFFHEME(n=6) (BT AEEMREIX1.8~T7.2%THD, ZHLHLL BT
REBEENEDLN,

[FEEH]

LC/ICP-MSf TRiZLC-MS/MS% Fl\W e DPAAR UPAAD ZHTTEIZ DWW TRETEITV, EREhiC
DUWVTDPAAT TNZPAAZ IR EE DR, BEEOR WRETHIT TEORMELEL LT, LC/ICP-
MSItERE2ECHEBBEREL TAE T N TRINT 2203 TE, BIEXNRLELTREADERELE
MBTEETAESICLFDEELRHTAIEN CERHA CTRERFISERL NS, — K, LC-
MS/MSIZ LA EEIRELRIRMELEL, S RERMEE AV PR EELEH TN T
BT Ehh, IVME < o2 AR ODPAA R UPAAL BRI EREICEE RSERT3F 1L
LRIl SNATENIETED, 51, DPAALPAAD ISR EEDRE R CAERRE LD - £
7 NI ZAORIREGEEZRIT T TETHD,

(£ 3]

1) LEMET. BT 7R, BEEE VT 22 VTV URED ST REOREL § 11 BeRI ROy
LB E R 47-48(2003)

2) Y. Shibata, K. Tsuzuku, S. Komori, C. Umedzu, H. Imai, M. Morita: Analysis of diphenylarsinic
acid in human and environmental samples by HPLC-ICP-MS, Appl. Organomet. Chem., 19, 276-
281 (2005)

3) KT#=], Bifl—, abegt: A ERBP OV 7= AT AV BRI BEORE & 11 |
bR URPTLEHE B, 45-46 (2003)

4) B, aRTR, AKRFEER, REAET, REBE:LC-MS/MS 2RVl 7= AT AV
AR UNE ) 7 2=V TV B4, 51 3RIBEALFERRS MM E R E 150-151 (2004)
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5. £EREPFDOC T 2= A TAVVEBEBLT
FORBYD LCMS 17 L B EEEBEORET

SERRREE R (AR EMEIMENEE =)
MREBNE : EHRFILT BEREHREEREE )

(FEER)

V7 22 VT N R (DPAA) BEEUC XA MRIER O R A B2 AT T3/ 0121X, DPAASSEERR
ENT-BOEERRNIZBITEDPAAD T, T2bbREHRBEOH L MR ROBENRDS, 45
BAEmBIc KPR VFELELT, AARENLODPAAR CFORBMOKE., FE, ERILEH
ﬁ—g—éo

ABSTRACT

It is necessary to investigate the behavior of diphenylarsinic acid (DPAA), metabolic route and
distribution, in the body after the intake of DPAA, for the elucidation of the mechanism of appearance
of the neuronal sign derived from DPAA, We establish the analytical method for detecting, identifying
and quantifying DPAA and metabolites from the biological samples, as the inevitable technique for the
elucidation of DPAA metabolic mechanism.

GIL®Hiz)

KHRAHEETIZ B W TR AL HBILE{LEY (7 2= 7 /L B%  diphenylarsinic acid,
DPAANC I AR AH P ARG RIc K- TAUEMRRESEFIL. ToRRGEPBEIN(LE LS
HEThHhALEEINIETHEBENA, DPAAOF R NICXAMBREE I YW TIIohET
IFEAEBEENTEL T, FORBEAN=Z LI DNTHELDD o TV VR, DPPAFRRIEDRAE
B OMRALFOIRTREOFESLIZEACL, ERNRHRTALL TDPAABRZ DA FRIICRITS
R# ofE - IR LRI O H D, FHEAHFOEREHORIBERIC I BB EOER
{LiCBE ARV TIE, IDPAAR SIZ XA EREDDOIRBREEDOAEIR |1 2 T ELRERLIL TN
AN, FOHRE THLNIEDIEEERAE P ODPAAR UV EOR MM OBEELRIFEL . DPAAED AR
NAHEALNICTALENHS,

(B #)

AEFENLODPAA, NI EDOREMEEZZONDETZ = AT VIV (PAA) R ONRIER T =
ST AL FEVR (PAOY SR REL, ME - ERTAITERREN T3, CHETIZELED
DPAAR R MBI BT AR B2 B E X - B¢ F-HRORBMITHET 272012, (ke
MOEETERRELN., BEFEOE VI ERTHIEERIn< 57 0 — B 5Pk (LC-MS)
AR5,
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(5 iB)
(1) 3Rk ai s
BNl a AR K RN ARy & — BRIV AW —CH—{ 35, MK (Mm%, miF)IXF0EET,

ZHBTRERREHI2 MAKBEEF Y AEREZ AT, 90 C TR BRI NI 2% 5835, 4
fRIRIZZoa L b N URIRE MM UM E 2R £ 35, BIRICERZ X Bt L
TOEFN—FNTHNEDEHIN TS, BEFEELT, A7/ — NV (ERLUR2WGEITIIRE:
Mz B MRS AEELC-MSHITICitd 2,

(2)LC-MSHr#r
4t : Agilent 1100 Series capillary LC system, 1100 MSD ion-trap mass spectrometer
#1525 : Zorbax StableBond C18 (150 x 0.5 mm), 40°C
I 0.1% TRAZKIEER — 7 2h=k, 95:50:55:95F CY=F — TV
P20 -1/min, EAEL:0.5 *1
AZ GBS, B R T 47
' FI—TBE 3.5 kV, EARIEREE :300°C, X7 G4 —H AE 120 psi, FotRt AP :8 1/min
BB :m/z 80-400
DPAADE Btk . NERR MEEE AR AL 3R IR |2 *C-DPAAZ HRAN)
R#H o E R IR ERE

(3) in vitrof VA2 5R

FoMEEAE Y 22— MERIIFIEI 70y — LE 3 IINADPHAL R A HINL . ZE THEDPAA

EFMNZ3TCT—ERBIRESE, 2 MAKBHE T N AR A TRIGEE LT3, Zoaiild.
ARV AR EMOMHUEEEME 2 RE T2, FRiRICHEBEE ML L T, ARELC-MSS
M35,

& R
(1) LC-MS &%

FROLC-MSHHRIZED . DPAA, FOIT7 2= MK THB T == VTV B (PAA) | BRI
T2=)VT NV FE VR (PAO) RS, FRENOEY —I0LMH] 2 Y — sk
AEHARZMVREBLN, BBREIZDPAAR Y7 ng/ml, PAADS100 ng/ml, PAO?310 ng/mlC
Hot-,

(2) AFEREPLOZT
5o MIESE (4, AFHE. BB, iVE . MiR) 2 bODPAAAD ST IEIZ W TR T % 1T o7, DPAAIZ
BILTiL, BB H WA, BB L IR RN EIREM LS A R HE
T5, hERSOFEEZRL T MS/MSATE AL TRIBEEDR L2 A ERNNELS
z bz,
(3) invitrofUB{FEER
RN TIEDPAAD IR 7 == AR D AR U, KB LR, 6 RICERRIL N HS,
INOKEEO B TR OA RO FTREtES, T TR RV in vitro BB THLMITTS
IERYELEZLNE,

(£ %)

A RREINLDDPAAEO EEIEICELT, iRET2ER L, 5%, DPAARSIC 28 ER TH
LA AR ODPAAE DO ERIZIERA TAZENTREEZ 2615,
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Diphenylarsinic Acid
Poisoning from Chemical

Weapons in Kamisu, Japan
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We noted a new clinical syndrome with prominent cere-
bellar symptoms in apartment building residents in Ka-
misu, Japan. The well that provided drinking water con-
tained diphenylarsinic acid, a degradation product of
diphenylcyanoarsine or diphenylchloroarsine, which were
developed for use as chemical weapons, inducing severe
vomiting and sneezing. Characteristics of diphenylarsinic
acid poisoning include brainstem—cerebellar and cerebral
symptoms, Mental retardation associated with brain atro-
phy in magnetic resonance images was evident in some
infants. We must be vigilant to prevent oxr minimize the
effects of further diphenylarsinic acid poisoning in Japan
or elsewhere.

Ann Neurol 2004;56:741-745

Diphenylarsinic acid (DPAA) is a degradation product
of diphenylchloroarsine (Clark I) or diphenylcyanoars-
ine (Clark II), both of which were synthesized for the
Japanese Imperial Army as chemical weapons of emetic
type under the code name Agent Red No. 1 (Fig).
During World War 11, large amounts of diphenylcya-
noarsine and diphenylchloroarsine were manufactured
both in the United States and European countrics as
well as in Japan.'® Soil and groundwater in an area
near the German-Polish border has been found to be
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Fig. Diphenylarsinic acid (DPAA) generation pathway. DPAA is generated from diphenylchloroarsine (DA} or diphenyleyanoarsine
(DC) by hydralysis after conversion to bis-diphenylarsine oxide (BDPAO). In the cases reported here, the intermediate product BD-
PAO was detected as well as DPAA, suggesting that DPAA was a degradation product of DC andfor DA.

contaminated by organoarsenic compounds (diphenyl-
chloroarsine ete.).* The town of Kamisu, located east
of Tokyo facing the Pacific Ocean, was not identifted
as a site related to the production and storage of chem-
ical weapons in 1973 government surveys.”

Here, we document a syndrome presenting mainly
with cerebellar symptoms that first became apparent in
2000 in a few residents of one apartment building in
Kamisu. The well providing drinking water for the
building was found to be contaminated with DPAA.
When we noted the possibility of a causal relationship
between DPAA and this syndrome, we promptly ad-
vised residents not to drink the well water. This advise-
ment prevented further occurrences of DPAA poison-
ing in and near the building. To our knowledge, this is
the first report of mass poisoning caused by oral inges-
tion of water contaminated with DPAA.

Case Reports

Case !

A 38-year-old woman gradually became aware of scan-
ning speech in 2000. She noted difficulty riding a bicy-
cle in 2001. Symptoms increased in severity, with gait
disturbance, myoclonus, diplopia, and opsoclonus be-
coming evident in July 2001 in addition to scanning
speech. She was admitted to a nearby hospital. After ad-
_mission, her condition improved, and she was dis-
charged from the hospital in September 2001 after 1
month. She experienced three relapses, for which she re-
ceived pulse-steroid therapy and intravenous administra-
tion of high-dose immunoglobulin, which appeared to
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be effective. Flowers and trees near the apartment build-
ing that were supplied regularly with water from the well
were noted to have withered. In August 2002, the pa-
tient was admitted to our hospital. Neurological exami-
nation showed scanning speech, truncal and limb ataxia,
myoclonus in the trunk and all extremities, upbeat nys-
tagmus, diffuse hyperreflexia, and pathological reflexes.
Cerebrospinal fluid examination showed no pleiocytosis
or protein elevation. No abnormalities were found by
magnetic resonance imaging of the brain, a nerve con-
duction welocity study, or electroencephalography.
Single-photon emission computed tomography using
123]-N-isopropil-p-iodoamphetamine (‘PLIMP) indi-
cated moderate bilateral decreases in brain perfusion in
the occipital and parietal lobes. Symptoms improved 1
to 2 weeks after admission to the hospital; although diz-
ziness and general malaise persisted, cerebellar symptoms
did not recur after the patient stopped drinking water
from the well.

Case 2

A 20-month-old boy with developmental delay was
admitted to our hospital. He was born in September
2001 after a full-term pregnancy and normal delivery,
with no neonatal abnormalities. The family moved
into the apartment building in November 2001; since
then, preparation of his infant’s formula had included
dilution with water from the well. Periodic examina-
tions during infancy indicated delayed development,
and the patient underwent rehabilitation to improve
his motor function. In July 2002, he began to exhibit
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wheezing and dyspnea at night. In November 2002,
he was referred to the department of pediatrics at the
prefectural medical university, Psychomotor develop-
mental testing conducted at 16 months indicated a
developmental level corresponding to 9 months; pos-
ture and movement, to 7 months; cognition and
adaptation, to 10 months; and language and social-
ization, to 9 months. Instability in standing and de-
velopmental aphonia were noted. Chest radiography
suggested bronchial inflammatory changes. Magneric
resonance imaging showed mild cerebral atrophy.
Electroencephalography showed a slight abnormality
in basic rhythm. After admission to the hospital, phy-
sicians noticed abatement of respiratory symptoms as
well as steady increases in motor and social function-

ing.

Materials and Methods

Testing Water fiom the Contaminated Well

We tested water samples from the well that was shared by
the apartment residents, and we also a2nalyzed urine samples
obtained from current and past residents 2 months after well
water consumption had been suspended. The toral amount
of arsenic in the well water was quantified with a graphite
furnace atomizer.” Urine and water samples were extracred
with n-propanthiol, and total diphenylarsinic compounds in-
cluding DPAA and bis-diphenylarsine oxide (BDPAO) were
quantified by using gas chromatography and mass spectrom-
etry. In addition, water samples from other wells within a
1km radius of the building were analyzed,

Inhabitant Health Examination

We identified and examined all residents who had recendy
lived in the apartment building. OF 32 residents from 11
families, 30 agreed to undergo physical, dermatological, and
neurological examinations (by K.I, AT, and F.O.).

Results

Analysis of Well Wazer

In view of the cerebellar symptoms, contamination
from various agricultural chemicals such as organic
chlorides was suspected, but no such substances avail-
able in Japan were detected. Except for 4.5mg/L ar-
senic detected as DPAA (molecular weight, 262; 15mg/
L), no heavy metals were detected in the water. In
addition, we found 20 other wells contaminated with
DPAA (0.369 * 0.277mg/L, mean * standard devia-
tion) . DPAA was detected in urine at concentrations
of 0.02mg/L or higher in 11 of 12 current residents of
the building. The resident whose urine contained no
DPAA habitually drank very little well water. Past res-
idents who had moved to other areas at least 1 year
before this investigation had no detectable DPAA in
their urine.
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Health Examination Results

Subjective complaints included staggering (in 16/28
symptomatic building residents, 57%), gait disturbance
(13/28, 46%), hand tremors (15/28, 54%), weakness
in extremitics (14/28, 50%), and general malaise (15/
28, 549%). Clinical examinations performed at this and
other hospitals yielded objective findings, presented in
the Table, in 22 of 30 residents. As for past residents
who moved, we identified similar symptoms in most of
them according to a review of clinical records. In ad-
dition to cerebellar and brainstem symptoms such as
ataxic gait, titubation, scanning speech (20/30, 67%),
myoclonus (6/30, 20%), and tremors (15/30, 50%),
some patients complained of cerebral symptoms such
as visual impairmenc (5/30, 17%), insomnia and/or
nightmares (9/30, 30%), and memory impairment {5/
30, 17%). Moreover, four of seven children proved to
have mental retardation. Specifically, the delayed devel-
opmental index of three children was 68, 42, and 46
according to a standardized developmental test,
whereas results of the Wechsler Intelligence Scale for
Children-IIT (WISC-III) showed mild retardation (IQ
of 66) in another child. No patients showed the skin
pigmentation typical of inorganic arsenic poisoning.

Discussion

Terminating exposure to contaminated well water by
admission to the hospital or by relocation from the
area resulted in dramatic amelioration of symptoms
within 1 to 2 weeks. When patients resumed ingestion
of the contaminated water, symptoms reappeared
within a few months. Patients exposed during infancy
showed serious psychomotor developmental delay, as-
sociated with brain atrophy in Case 2. Typical neuro-
logical symptoms of DPAA toxicity reflected dysfunc-
tion of the cerebellum and brainstem, inducing ataxia,
myoclonus, and diplopia. In addition, memory loss,
sleep disturbance, and visual disorders suggested cere-
bral dysfunction. We concluded thart the cerebellar and
brainstem symptoms in the apartment residents in Ka-
misu constituted a syndrome caused by subacute poi-
soning by DPAA, since DPAA and its precursor BD-
PAQ, both synthetic arsine compounds, were detected
in the well water, whereas DPAA was detected in urine
from some affected patients. DPAA poisoning shares
some similar features with Minamata disease® in central
nervous dysfunction, such as visual disorders, memory
disturbance, and cerebellar signs including tremors,
dysarthria, and incoordination.

No previous reports of DPAA intoxication resulting
from oral ingestion by humans are known. The only
report of oral administration to animals indicated a
50% lethal dose of 17mg/kg of body weight in mice.”
The monophenyl form (phenylarsone form; PAA), but
not the diphenyl form, has been added to animal ra-
tions to promote growth and to prevent or treat dis-
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Tuble. Clinical Findings in DPAA Poisoning

(wg/mL) Symptoms Tremors Myoclonus Impairment Disturbance Disorder

Memory Sleep Visual

Others Symproms

Daily

Intake of DPAA
Age Water in Urine Cerebellar
(yr) Sex (ml)
1.6 M 2,000 0.29 + +
4 F 500
7 F 2000 036 + + +
8 F 400 ND +
14 M 600 ND + +
15 F 1,000 0.02 + + +
17 F 1,000 +
26 F 1,000 0.12 + +
31 F 600 ND +
31 F 400 0.05 + +
31 M 500 0.02 +
33 M 1,000 ND + + +
38 M 1,500 ND + +
38 F 1,800 0.03 + + +
39 F 400 ND - + +
43 F 2,400 + + +
48 F 500 ND + +
50 F 1,500 ND + +
51 M 1,500 ND + +
51 M 600 0.17 + +
52 M 600 ND + +
69 F 1,000 ND +

MR, bronchitis (Case 2)

MR
+
Diplopia
+
+ +
Cough
Dermatitis
Edema, dermatitis
+ LGF, cough
+
Cough
+ + {Case 1)
+
+ + +  Edema, dermaritis
+ + Edema
+ +
+ LGF
+ + Edema

DPAA = diphenylarsinic acid; ND = not determined. MR = mental retardation; LGF = low-grade fever,

eases in swine and other livestock, Previous reports
have described staggering, incoordination, ataxia, and
quadriplegia in some domestic animals exposed to
these chemical additives. In these animals the mortalicy
rate is low, and no changes have been noted in samples
from tissues at autopsy except for peripheral nerves.®
However, data from animal experiments with PAA
have shown less effective clearance of this substance
from the central nervous system than in peripheral or-
gans.® Magnetic resonance imaging in Case 2 showed
brain atrophy, suggesting that DPAA intoxication can
result in a pathological change in the central nervous
system. DPAA. may be particularly toxic to the infant
brain because of the immature blood-brain barrier.”
Several treatments have been carried out in our cases
without evidences. Specific therapy against DPAA in-
toxication will require elucidation of DPAA dynamics
in vivo and central nervous system toxicity in animal
experiments. We have no information about the long-
term prognosis, and the patients, especially the chil-
dren, need to be followed up. :
The Kamisu area where these incidents of poisoning
occurred was not identified in official records as a pro-
duction or storage site for Agent Red No. 1. Official
documents are not sufficiently complete to assess how
much concern is warranted about future incidents
within Japan, surrounding countries, and Europe. If
careful physical and neurological examinations disclose
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similar findings, future clinical cases of contamination
from such substances should be suspected by physicians
with awareness of this possibility.

Wea are indebted to Dr K. Yoshida for measuring DPAA in urine.
from exposed persons and to Drs H. Araki and M. Yamamoto for
supervising health examinacions of building residents.
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