A. BEER

BAE, PENCITE e RPEEE LIETERR
BELEDTHI00 FAOERE L RREEEIME
TEL. &0 90% R b« RIBGOFFKREFERA L
T3, HFKOER Y R IETERERD
LR THY., 2T FEEL EFLEBR LN
HTABNRER LTS, bIEBRSHFAD
ERBIAIISUEREMLE, 725, 1980 £EA(T
BTNDTHY, ThE TOF LI BRI
25 LET, 7ehNThE 30-50 LERIDREAZ T =% b
FHEL, FEBEREL-BE LIRS, ERE
WFFTREBEIZ K 5 B DI A F COERIIMIX
0ELLETHY, ZoZ End, 5%, FETIE
BRI A7 U8k b iR o3
JERE DR BT AR SN SRR ST
W5, ZOXHRERNDL, BEREBRRL b
SRIGHFHFROER L L. 7ol v SROEKE
JKEEHE (0.05 ppm) ZARETE L7-HF/KO#A/KIESES
DEBAZBRIA LT, 16k, B RPEHEEIME
AL TWEHFER 7T, #iITF 15-20mhd
KEL HEFCHERL, ZOBROFFIIE5E
IR LTS, PEBIRCL S, Bt FEhE
SEE L LIk osE L, b RIRE
530. 05 ppm LA FOFFRE A 7 HATEFEIC
KT DHHLDOTHS,

AHFGEL, b SRIBR SR RRRHER
LW ERZSERIC b BofRE-Pht, # LT,
b BRFEIC L AL DNA SBEOEHEC OV TE
FRICHIREAT 572, DVWT, 4 BEREEEICER
WT, B RO TRERIRCEE OEIR DMK
FAZOWTHE R IAES RN E T
RNZ b, EFITEHICH LT B
TE% 100 ug LLFICHFRL735E, e RoEER
BOBBOAT, A{UE L BRI - Rk
SEDTRD DEIRAE LTz, - AAGHRIRME e S
BREEIC LT RORBREORRE H L Liz
Ba. BkbkE A FITRHRAT A Ltk
L, EOFREFES TR LT,

B. WFHGE
B—1 =ERELRZEEOLRNRG LS

JUBLHDN AR . BRI COHE
et BEVIRENG S BIAX 7 /LR MliDE

RCEEELBETARENL T OB ERTHS,
SHBRHL 39 44, FENIT 544 1. B 1444, bk
254, ZDHE/NR 214, BN 184 THD, &
REBHHOERIES TANEIK 500 HEHTAD
#32000 B THD, ZOMBEDOHFNORT T 4T
DOERE T Ui, © REEETHI S 4, il
1L2-34 5%, BiE184, &ME364, 20O BNE
284, AR 26 £ THD, HEFEBIUREREL
REBREHOERIZTFN ORI THEE L
TeHPFNBARE S B ET, FFE A THAUIC
LDRAKREZIT Qe T72bh, MEHOLE
DR UHFAZER LTV, dRiETThEO
SREREIKELE (0. 05 ppm) Za7- 9K &
L. 39 &3 CHFKEEK LT,

7%, PRY 8-0H d G JRERIZ L HEA{ LAY DNA 1815
OFEIZBNT, B IESTIEEOERA
80 44 & VY,

1) HFAKP LR LR e ROFESHT

HFEAKF v BOREIZBOT, BuKidT ¢
BIECHE Uz, SR b SRR DRIE X
A Lol R Ui, 3BHE 10-ml OMRZEER Y
7 u L REBEICEY | ZAUT AN-NaOH A%
2 ml Nz G TC 100°CC 3 BRI L Rl
ERbtE Ule, ek (1As) . ATk
M), PAFMEER OMA) . R AFMbE
= (MA) (MR R e R R e
FHCHIE LT,

2) R 8-0HdG DT

R 8 Fuxi s 7 /v (8-0HdG) ¥
FEORIETIE, 34 1500rpm 10 45TEHE L 8
L., EEERIEICHER L., RFPS8-OHAGIZEAR
HAVHERIZERTEL o FLISA kit CHIE Uiz, R
8-0HdG DRIEEIIRFZ LT F = JRE THIE
L7z

B—2 HFKOBKIZ XL S8 RhaEED
e & TR
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TS IS BV BRI TR NS
BHRET., ZOH 7720410 A0 430 i
#2080 £ TH D, FMEITEZE, BETERE
T, FEOEE L REEXNIER—TH D, FE
5 96 4 AR L, SRS AT o7, B
B2 EERAF L AARROERIC X D Eh
Sz, BEOHFANLO L REZEDOFROMF
BRZRAL T, HF KOOV CEEHI B
HY B FEhE LT,

Tz, (WA NRETILEROERICR T HE
BiaEe i, 7ok, IRROEROFES
L RERI R R DA Th o1,

1) FHPAk e BOLEERERIOSHT
Ko7 7 PRI 303 EEOFFAH Y |

INF CEFECHERAINTE 2, HFFKPESR
PEEEL 0. 0001—1. 79 ppm T, Y 0. 133 ppm TH
ST, THUTKIL T, 1Bk RrREOUEEHEC
V3. B ERIEEE 0. 037ppm DFHFKE A T HATE
FREHK U, SFRECIFATRIC 2-3 o
FADBHY | 2 EIBH DT, ZOKEER
BIACORERIZAER U, 7288, R5EICH D R
b RIEGRD B DHFARITEDYE . FKEDIEIK
WIHER L7,

2) A THRAICL BFHFAKROEKS AT b

FEIZEK A HTF/KF b SRIRE I HE D8R
HBKEHE 0. 05mg/L (ppm) LANT,  #IFAIZRT 2
(VR LB TG AUV VRY Y, B K TE A
EoH@aE cER SN TS, AKENSERE
T b e = — VORI EE L E A A
b&h, FEE S0, HOSFEID
Fe/kkeftE OEVED R &, — B ORKIEFREIIEA
8BS 11 BT, BREIKIIMBERRORIZE X b
TV,

3) Bkt RhEOUCEEOREE
FHET A DR 96 IRV T TRRD
AL EmLIZ,
Zwae
> PEERRAEEC L D852

< MRl s7 o r— Mg

< BERELETARE

< HEK BERNLLO(LFERERD
b SREEDORIE

S R MR, EEMEEARRIDO L SR
BEORIE

<4  PIXE (Particle Induced X-ray
Emission) ¥ COLILERFRFSHT

< DNAHBIEDIECTH D IRF
8-hydroxy-2-deoxy-guanosine (8-OHd

G) DORIE
< MU - EBUIEE. v
I VRDRPIE
4) fwEm

A viR—hRarky b JREEE A~ O
HH9ORA L G L. FESITETHL L
0, EESERIIFE DR T 5 PEERRED
WEERRORGHELRT, MREARE R
FrEgEIRIC L viTh g, ENITERTH S
B, BOEOREIT AR EN TS,

C %

C—1 ERErREBREFOvRNFLHREL
JUOBUYDNARE : B-FRToHEk

1. FHFKPERRE

SHERE L v BETEAREOMER L QAN
SIS RO S, SIREEE b RE
BEFEOF PP ER e RBEIIENER 0.04
mg/L. 0.16 mg/L TH-o77

2. EERFTA

R R IR b oTe, 0.16
mg/L OEHEE REBZHHFKREERKE LT
72 54 2 DFIREE b REBE A B RPED
FERR CTHLBERIE, ARk, AWETER
BB T, 54 ZORBEDFIFA LicHRARD
ERIIRA L/ NRIEB L C7TERThoT, &5
DO ZIVE COFENZRT D8 b RPaEaE Iz
THEFFEITINC, B R EOFRIERH
I PR REEIURTICH A Z LW -
BT LTS, FPKFER E SRR T
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0.15 mg/L DY, 5— SLERMICRELSELAFE
ADNRAE LTOERDFED B, 205 HED
B X B L BROBEIZAUENTIE L TV,
WNT, 1—3 mg/l &EREOERE RFRL
HPARERIR LIS, 3 » ADD 1 FELNIC
BRI, BFENR, AENIHTREHIRES
B —AHRDHITND,

AFERTEE DI L WA H /K - F
BEIIINE TS O —A TR L. b =R
EThY, Tz, BEHRMOH 7T ERERELT
BY. BEHIDO ECIHESEENZEO LN HDTH
Do DT LMD, I OREXMNEE T IEER
HKEHRERT A Z &3, (Bt b RPERIEOHT
IR T D b D EEZ TN,

3. R e RRE

0.04 mg/L DEFEY BEELHFKEERA TH
DRPEREORP v RIBETL, —ie BN
FHOME (RF IMD (EEE R L 20REY) RBE
46 pg As/L) EHEG LU THIR MHEMCH T, &
FUZKIL T, 0.16 mg/L OEEE REETeHFK
KA TVD b REBBETFORT © REEIX, xF
FREEIC I L TR 23 % (WD) DB TdvoTz,
T ORISR INSE T TR D Z &0
b, IEERNEF e ROEERTHD MU AFV
fbek T/ ~g 1Y) BRENLRHEN
ol TOv BEEEFEORT IMD EBET.
THE CTREBR L CE Bt e SR ERE O
LU TV,

ERECRREEND 16 OB TEEINL
WA TR U7eas, BN G 1 vINR (D 1
HS U CROROREDERITSH B3, FEtEnel
EEERD BN o, T OFENT 16 OB T
M CHIRE T o208, MR FICE R
FHRARSHRAANARL Y 32 Uz (1=0. 835, p < 0.001),
A A B OB CARE L TTRY,
SRR COEENERTH Y | HPKPEEN
NIRCTHD, ZOREDPL, /INE~DEHE
BEBEDY A7 IIHNTHR L CEWERENH S
TR Tr,

4. FR8-0HdG JepE

EEDOZNE TOWIEND, Bk - BiEe =
BRI T © SRR L VLAY DNA 18
BORATAHZEEZAGNILTE R, AR
T, EEE L REEEHO/NEERNIEEEL
R  REE U IR 8-0H d G IR D _EF4ET)
DD BT, N ERADEIAREIIFED bl
o l, TOXMBEHIRNT, KEEERLE
[F—FHEOB T DR 8-0H d G JRELI I
23 230 ng/mg JViF=y. FEBIAS 265 ng/mg IViF=y
LD TE L, — ., THE BB ORY 5= (D)
BEITENFR 2191 pg/L, 6857 pg/L T, Zh
5 OB LR E AR Hfie LT 250 fi5 & 800 &
DEAECIH -T2,

16 RADBE I I3V 2 JRA IMDIREE & FRAP8-0H
dG BEOMBIRGRE R Lis, MREORIZIhsE!
SR B FREARR DR BTz (r=0. 878, p<
0.001) , ZOOFERIE, ThETOLFERTE L DNA
BEOTHMIZBE L TFE LN b DO ThH o7,

C—2 HFKOBKIZX 2B BhFED
B L TR
a) HFKDBOKIZ & % b SRR DO

T 7 7 o P AARETUAT 2 I FAROBOK D 5
D@ EPBEOWEIRE L T, B OEKY

| RBEBORIBOUT, 84 S DEED 5 HIELL

TR EOgBKEAEO. 05 ppm L ED b 3B
FREBATNT, IbHIT, B b REY
F7K 0.3 ppm BLEAS 17 £1S3RD BT,
ZORNOBEICBIT DHFANOO BT L
RIERERICOWT, SEaPRT 4 7 ERSTE
1ToTlz EFRBHRE Lz 0 10 oW T
SET L THERTD &, 5-10 FERNIAUE S B3R
U & by AHBEEICEY ERFRD b
feo F2bb, ZOHIRTORM: b R ERED
FEAL LRV, RIS e REsn -+
FRE S FITERA TV LB HEI S B, 72
B, ZO 5 FRIIHFKO e FHEEPF O, T
DO TOBEFRE L HFKE OBIRE BRI
—VTRHLL, T72bb, RS EShSHP
KREF AR CEREL QU Vs &8 BRI FAE
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THP) BT EEZD,

HPROBAKD B OIFENZDONT, b RBE
0. 037ppm DHFKE A T HATHEFEEFa/K
BT | FRICRIT D, BEORTERREL
W U7z, Z R EEEIPEONEET CAE LT
BY . WEEEOANEOEREIEI L. 0T
EMBRINST R ) REA L (BEREOE
) RSN o, HFEA DI ERE R
(iAs) ZHEH L., Z DML RiIAHEF TAF/V
{bEhAFUESE MA) EVAFUEER (D
MA) (TR h, BEOEME ZBREEILEZD
R EEE (IMD : iAs+MADMA) (ZREFIC
HEE LT 12 BB LT, LasL, &
DFRH I MDIEEEIT B A NS OB 5
R E LTI 3EDOEETH o7,

b) FF KD b O b RBEEORBIC L DK E
FERDZAL,
HPAROBKIZE Y BEO L REFIIN 1/21Z
ETFLTWDZ ERERS e, HEE 1FHD
Bn b, S ROEREREPICHE LT,
33 47 20 L DFEAUEOEED. 11 L5
2L, 2&ITHEEDOERNTED DL, aRLE
WCEL T, 21 BOBEDH B 14 RITEEE, &
b2 LA 64, £LTC, 1 AITHEBOERFED
BV, HEL VERIZBW L, HFEANLD
S SRR OB b A{UE & BRIE TEGE
ONERNH Y . BIEEE STEE THAEABE LT
b,

(LFEIR DR B 5 RIS PERAEIRIC X 23
FOKDOBEIMTIoM, BHEEIL M TR
WL AT TG, HRAKIMESER S
NiebDTHal, TFAREOEET, b REE
230. 05 ppm LANTC, ZOFFKEEREAKE UTEE
FAL T, BT Z R CAIBEDERI B
HEL, FLT, B REEOBRICLY 5F
B OBE TIRORUGE RO bV, — ., FHk
i3 T3 A B2 4, tE14) 3EEe R
FEORRIC X 0 A UECERIE OEEIT TS

TEIEEZ BND, REOBIGEDOYEI 157
b D TR T, FREMEML, ZoNO%
< OBHRERTEHRD I,

iy, Bt BB TR EEREG L
LT, [EROIEH AED TR CH D, DM
RECBA LT, 883 U= b DNA HB{SKR
BT, bRREEEFEIEL, 1 FEOBRET
Vet OB DNA 1B E R B ERE L
7o Thebbh, bRBEOEILCIVAWELER
{9 DNA $BESIAAT LR % 7 0 R ODFFHE
95 Z & MNERRN AN RERE R & 2o T,

D %5

1) FERCR ZHF R (BARER) Ofta1 v
7 I TR, AEIOL 5 7 77
OEFEIKFEA (FEIOEEKESEN ; 0. 037ppm)
Z—BICEEE, SFEICFEE L, BBk &l
WA Lz, UL, 2SOl OMANERCHE
B, BFEIIME A SRR T, —B UIRKRD
A G o Tz, 708, MU TBAE S 3%
KIROBE % L TORERTH o7, FkdiEL
TWARNL, DEER LWl e R
KEFERT DIFNELS . YU CEFERIORZED
FHEADHY, bRPEOUEIIIRE FEEI W

mahis,

2) A THFROKEAK AT HIFFHERIZEBANT
132 < OEFTCRREEHEAI S U553, EHANAR
72l DIZFDRRY TR\ L BB BN o T2,
ZOEHIZ, HECBWTIL, EREILERIh
TP LB ROBRE AT A ([B5HYR
BEV AT b WERRCT A VE—) BLETH
B, UL, TOREHEE, £ L TRbER
72T &3, BRE L CEINY LM e SROZEIRML
HY AT AOFFENEELIEE LTHLNIR
ST &, BERRIN SN ERERERE RO
B, Bl e BREORA L 2D T L AVEE
ENb, FEZFXZOFEOECm w372 < |
2 DR L s e RO AT L0NF
SHEIND EB X TS,
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3) 1Bt EhEOREER LI H KO
TR, PEORERHIZTHOTH TN,
Ak, EP A, WHO, EU, FETIX0. 0lppm
FEALTEY ., FEOEETIE RO ALD
[l BRIBE AT TRV EIRE R T
B, ZOREROBIFEIE b HHEFHNLENET
HDEBBEL TS,

MR REBOEICEE S, Btk FhE
DUEL T, FEROFEN AED Y A7 DEERIZ
LTI SR AR A G LT, 5, PERS
BT e BB STl TR K ORERRIIR]
BETH DN, BEFAHREI R R LD
HIR TV . FOHRERFEERER, B2
CEax RIEN DD, S B, EREME R
BORAEMIR A BT AR &
RENRVELRU, RN BbhD, 57O
EEAEREE LT, AR BEREEN L7
B BORERIEE L AT ABETHY . T
7pbh, BEDEME b BRROIROBIE & 55k
OFRCERFTREE B 2D,

E WL

Yoshida T., Yamauchi H., et al., Chronic health
effects in people exposed to arsenic via the
drinking water: dose-response relationships in
review. Toxicol Appl Pharmacol. 198, 243-252,
2004.

Yamauchi H., Aminaka Y., et al., Evaluation of
DNA damage in patients with arsenic poisoning:
urinary 8-hydroxydeoxyguanine. Toxicol Appl
Pharmacol. 198, 291-296, 2004.

Pi J., Yamauchi H., et al., Vascular
dysfunction in patients with chronic arsenosis
can be reversed by reduction of arsenic
exposure. Environ Health Persp., 113, 339-341,
2005.
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(PN, EEERE, A, FEEEE  NED
MREE oo BB VAR B L ADAA F—T
— . bEEFELAPOC, BHEREES, 140 2-8,
2005.

(LN - B3R, RRES 29 605-607, 2006.

Kimura S, Yamauchi H et al., : Evalution of
urinary 8-hydroxydeoxyguanine in health
Japanese people, Basic Clinical Paemacol

Toxicol., 98, 496-502, 2006

WER, W RPARAT7 0 Y 2 AW
7y BERBEOEWFNEZEICET L
72 EERBREEEE 15 : 41-49, 2006

2. PR
LIPS : BHMEAIDN AR & JRP 8-OH A G, #
75 [ A A A e, B, 2005. 3.

LIPS - b SROFRE, BASRRRE, B, 2005. 5.

F. ZWRAPEHEDHIEE - BRI
1. FErius
7L

2. ERFZRH
Bl



BASBRSEIEE (RS EE)

WEREHREE

WA N7 T 7 Va R OPEEZ PLET O T KD RE RISV TH T AR E
(Z7p) ABAJRL 4 DR AT EEMERHIEIC B4 DRFSE

SYRNTIERRES (RIEHEIC ORI R REBEREOHE L Z 27Kk DHg Iz vELRD
SR

SHEMEE KE E— EERFERFERLENER BF

WREE

AN TIEH, NI IF v alBOF 2BV BOBWBBREMBR E LT
GSF (Gravel Sand Filter)fis% % 5% & L. GSF /K{t#5A1 & GSF A% Ak LA
Bnbo 1 B e BEREXHUKERERL LORET > IO Ic X o THE L,
RE LT, GSFEAIZLY ., LENIRERAKO+5 Bt T FICHRBAKICIT  FRF
YokBEHERALTWEZEEZONEREICBWT, JHBRO BERENED LEZ &
DR B E o7, GSFAABKZ 8 L RBIC 0 RERZHGE T L08R L LTIk
EET HF BB, F2 HEAKICORERKEFERTAFRESEML, #
HAKBEO e ZEWRENXBDOTHZ L) B’EZ LN, —F., GSFKIZL B TIHLRE
NAKERAE LTHBOEL THBEKTHD 0, ERASLATEEKIRE LTz TR
D HF(dug well)] OKF b FREE LD IXGSFAEK L BRENRPLEHLZ-2TLES
EEIBELR OIS, 4%, GSF AKOMERESMAM L4 HuE, BB KEMED b RER
BHRADTHZ LI, RBAKFERRBREOXREDNENL LV —BHALNIRDLLE
bbb,

Eio, KEAAKFOE BHPKFEHBRDO I AP RBEICEGZDEEICOVTIHIREIT-
7o BMIFAE, BLONU 777V a RREBRORER., KEAKF O b RIBE & KR
Boa A REEHEMEBOMIBANECHENR O, £, kO AL
RREEIZOWTE, KERAKE BRE - BXE RRE - IREGOEKEHEMS &V
I 3ODERTHHATEBETHA ) Z EPREINT,

A. HFEREEH

708, GSF BREBEIIHHESBIFESE (Bl KFH

AL, ERBEEORWESZKEMRBETEE
LIS T FEROERBEREICE DI BT S
DEFHRDZEE BRE LT, BE2AIREL T, 8
BeFEBRERIERE LU T Gravel Sand Filter(GSF) & %
FERFBHE THE NN T FTF v aElF 2F Ik
DEFFITRE LTz, GSF LB/KE B HEF RICE ZEL
THLIZL TRENBRFEICREERKREME LT,

B) OB N—7" B> T T Tz,

AHFFE T, KREBEIHODOERBREEZHEL
7o BEINOOERBREIIEEY TV OHHTIC
Lo THERE L, BEER., SRERNEERICAER
TWVWAREZEELED CRILISICERL THHN
YT NETDHETHD, R BREILEA LR
P LR TIToT,
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o, FHEAKDOEBICOWTHRIEITHI D,
FEAKOF THRbEREREICEEL 5258
EZONDIRER KB IKERE DA AP RBREICE
ZBEBIIOVWTHHIREIT 0T, BAERIZIL, Bl
WFAELENTONT T Va2 R RITL DK
REREToT, V

B. Brst 5tk
B-1. BRERAEICIOeRIGRHIREROLFEER
BOMEER 2K RTIROE

(1) AEAFIZONT

AL, ST ITTUaBlOFTUT I VHIKAR
Sz BF 2F HYFT 2005 4F 6 H (GSF AKHEAEED
& 2006 4 8 H (GSF KBGO RIFEFZRNAT T,
FEIITEXR EEMRE LR TV, SHEEE
Ik EBBHCBETAREERIT o7, AREICRITD
FAERIEIT 18 FRETHH(2006 FFFAERFIL 16 FHEE
W), 7ok, RAETIIEUKERE (B S0
\2&kB) EY T NAERRE T,

BRIOY L INERRUT, BREONRESE 1 NEE
ELTz, REFED 1 BHORE (FIER - B8R %
BRILTHLW, BRELLTERRLE, BEE, J85K-
F T AT -BERYO 4 BIZHEL, Th
FHOEEZRIE. ZNEREREO 1 HRELERE
LT, BEIOMICIT, FRENPEKAL TODAKREER
L 72(2006 E3A2 Tk GSF AWK ZH D,

(2) MERBEDG

BB KDOEERET ICP-MS ToHfLZ, &Y
VTN DRERSITIER OB ThD, BEHEDY
VAT BRE R BR LI S TH R LT, 2D, A—
THEIT 1g-wet, TSSOV 4T 0.5g-dry 12
SUT, HEBEERER(LARLTRME, <~/ —
T R E TR, ThHEE AR ICP-MSIZTE
BEA(T o7, 236 R HERE 2 38 (=4 SRM1568a:
NIST, USA U8 H % £ SRM1548a: NIST, USA) %
WT, T OB - FEEE B RERB LT,

B-2 (RERAAKPERBELKARTIROaAPTLRR
BB A5

(1) BHFRE

2004 £ 11 BNV T STV a@OF U T H
DR FUTH o PHICBWT 2 OFKELXFHE
MEL L, TNENDOREN LK « EEIIHRN
oo A - RERAKEZERER UL, 7oi, ZOFHAEH
BISRRRERE O EMHIK & 13 R D,

(2) MRERERR

S AREIEL T, FUTH P HIEKGER DT 2 b
VAT CHIBREN TS 3 FEEHD=ASCY, IRRI, FVR)
R U, AKX, $KGORED Sk
(EFEFRIET, ERIRE 0.0003mg/L) ZFAKELT,
RS REFTEDIRE(0~1 mg-As/L OEERE) 2
RBINCENFNEMU AW, AR EBR T
NI TT BT 5 — R, T
bbb, KEDKTAARREEDHRRSTKREETS
VS FRER A U, ERET - IR Do AT e 3R
BREIIRREY NV OSITICHECT FTIETIT o7,

(R ER i ~ DB RE)

ARFFETIEL, T AR IO IS bR i B
AL TR, UL, ERRIFAEZITOfEA A5
FEMBERK CRREEFEIL TOAZEND, ik E
RS LR DB EE L T,

C. HFouREREEBR
C-1. BEFEICLSeRIGE IS RO R
BOHEELZ2BKBHERTER DL

2005 4= (GSF K#tfaa1) & 2006 45(GSF A
BENTBIT HRETSR 16 KERFEOK & R
NH0 1 HERBEREZSOWVWTHE LIZRT, K&
BRI DO FEREL, FOECERERE &
IME— B KfE) & LT, 2005 41X 0.15+0.11
(0.043—0.49) mg-As/ day. 20064Ei10.13£0.04
(0.061—0.22) mg-As/day & 7->7= (H2), FB
ECRD L. 0.02mg-As/day DD L7820 &4
DHRIER LN RKE REE TR DS, =
OEBIZOWTITRIZEERZEZTT O,

—77, EERZEIT0.11 205 0.04 ~ LB LT
BY, ZOZLEFeEEREOREMTOIXLD
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NP LT EEBERLTVWD, B, RXE
25 GSF KEAZIZHA L TWDZ Eh b, GSF
KOBAZ L > T FEMENRL D> TCRKE~
DRENRKE DS EEZD, TOHEBIF, GSF
KEMEET D Z LTk o CHREAK, FRIZRERA

WEERBREDRWAZERTLILOICRo
TERRENEBZLND, THEND O RIER
ZEHE iR RE (R/ME—H&KE) O TR
4 & 2005 4% 0.090+0.079 (0.014 —0.31)
mg-As/day 72 -7 b D 2006 FiZix 0.053*
0.030 (0.0077—0.11) mg-As/ day F T4 LT
%, 2 REREICHTLHEOEILE LTI
Gﬂ?l%mi&%#‘ﬁm%®t$ﬁ@tot
t D GSFEREHIT40%ICE THA L7z (E 2),
Z i, GSF AHHERTICIE—EFET (b RIEE
DRV K BT HER T E 202 0) SKEAAKIZ
BFRECHD e RBFLRINTEKEE > TWED
7228 GSF A& T2 Z L2k T, KEFAK
Wh ERBERMBEWKEFERTLIZ &7
o EE LN,

—J ., #RBIKESRO B BEREIL. 2005 i
i3 0.023£0.027 (0.0016 —0.099) 72 > 7= & DO A3
2006 “E121% 0.053+0.030 (0.0077—0.11)~ & 3
MLTLE->TWD, £ BEREICHT HEIE

LTI, 183%0 6 43%~ MMl Tna (K 2),

Tk, GSFKiZeE 5 s/ k& Rk e L
THSGMB L TWBKTHDHREDIZ, NI FT
= K B HEE(0.05mg/L) & ¥ KV k(2006 £
8 A A& D GSF ALHE/K b FIRE i 0.018mg/L)
B TE A HOO, BHERMSLAL v REBEE
DIRVEREIKIER E LTERA LTV T HF
(dug well) ) D7 b A (0.001~0.010mg/L
BE)IVIEIELBRoTLESTNBHLEHTH-
oo T LD GSF KiEHGEH O v REREN T
BEE L TERDCHEBEB LR LREETH D
EEZBND, 2721, BBKNL D v RERE
OHEENL., ERPBECHE LIKRP O RRE
CEKEEHTESDLETCHRELELDTHDL
B, BRI DO b REIE & B U CEEENME
vy, Fric, GSF ARk, ERRST [HEY F#

Pl OKEHRATOE EHELTHDN, EEIZ
HATOENE D DIEBTETE S, HEAKDOS
ALFABICERICHD e RITIFER L TWaKE
— AR L OO RIRERITE E TE RV L, AT
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Arsenic contamination of groundwater has long been reported in the Mushidabad district of West
Bengal, India. We visited 13 arsenic-affected families in the Makrampur village of the Beldanga block
in Mushidabad during 18-21 December 2001 and collected five shallow tubewell-water samples
used general household purposes, four deep tubewell-water samples used for drinking and cooking
purposes, and 44 urine samples from those families. The arsenic concentrations in the five shallow
tubewell-water samples ranged from 18.0 to 408.4 ppb and those in the four deep tubewell-water
samples were from 5.2 to 9.6 ppb. The average arsenite (arsenic(IIl)), dimethylarsinic acid (DMA),
monomethylarsonic acid (MMA) and arsenate (arsenic(V)) in urine were 28.7 ng mg~1!,168.6 ng mg~?,
25.0 ng mg~! and 4.6 ng mg~! creatinine respectively. The average total arsenic was 227.0 ng mg~?
creatinine. On comparison of the ratio of (MMA + DMA) to total arsenic, the average proportion was
86.7 £ 9.2% (mean plus/minus to residual standard deviation, n = 43). The exception was data for one
boy, whose proportion was 8.0%. One woman excreted the highest total arsenic, at 2890.0 ng mg~!
creatinine. When using 43 of the urine samples (the exception being the one sample obtained from the
boy) there were significantly positive correlations (p < 0.01) between arsenic(IIl) and MMA, between
arsenic(Ill) and DMA and between MMA and DMA. Copyright © 2005 John Wiley & Sons, Ltd.

KEYWORDS: arsenic species; urine; tubewell water; HPLC-ICP-MS; West Bengal; India; arsenic(II}; arsenic(V); MMA; DMA

INTRODUCTION

the arsenic calamity in West Bengal, India.8~*! Our present
study is focused on the Murshidabad district. The district
is located on the border of Bangladesh and is one of the
nine arsenic-affected districts of West Bengal. In order to

Natural contamination of groundwater by arsenic has become
a crucial water quality problem in many parts of the
world. The world’s two biggest cases of groundwater arsenic
contamination and illnesses of people have been reported
in Bangladesh and West Bengal, India.!~® The entirety of
the subject areas is not yet affected, but they are running
at risk. The arsenic contamination incident in well water in
Taiwan (1961 to 1985) is well known.* Black-foot disease

estimate people’s total exposure to arsenic, we visited the
Jalangi block in the Murshibad district during 4~7 December
2000 and collected 51 urine samples and hair samples
and foodstuffs such as rice, potato and onion obtained
from 12 arsenic-affected families and six tubewell-water

was noted, as were other arsenical manifestations, such
as hyperkeratosis, spotted melanosis and diffuse keratosis.
Recently, arsenic-contaminated groundwater in Vietnam has
been reported.>®

In 1987, Chakraborti and Saha’ reported arsenical skin
manifestation in five districts of West Bengal. From 1989
until now, the group of Chakraborti has continued to report

*Correspondence to: Hiroshi Tokunaga, National Institute of Health
Sciences, 1-18-1, Kamiyoga, Setagaya-ku, Tokyo, 158-8501, Japan.
E-mail: tokunaga@nihs.go.jp

Contract/grant sponsor: Ministry of Environment.
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samples used by those families. The arsenite (arsenic(IIl)),
arsenate (arsenic(V)), monomethylarsonic acid (MMA) and
dimethylarsinic acid (DMA) in each urine sample and
the inorganic arsenic in tubewell water samples obtained
from the Jalangi block have been reported in our earlier
publication.’? Similarly, we visited the Damkal block in
Murshidad during 22-24 February 2001 and collected 10
tubewell-water samples, 89 urine samples and foodstuffs
such as rice, potato and onion from 19 arsenic-affected
families and from four non-arsenic-affected families. The
arsenic(Ill), arsenic(V), MMA and DMA concentrations in

Copyright © 2005 John Wiley & Sons, Ltd.



| Speciation Analysis and Environment

each urine samples and the inorganic arsenic in tubewell-
water samples obtained from the Domkal block have been
reported elsewhere.”®

The dietary intakes of arsenic from the villagers
in the Jalangi and Domkol blocks were respectively
801 ug day ™' and 658 ug day ™" for adult males, 718 g day™
and 588 pg day_1 for adult females, and 432 ug day'] and
351 ug day ™" for children of approximately 10 years of age.™*
Water contributes 76.8% and 71.4% of arsenic in adult males,
74.1% and 68% of arsenic in adult females, and 76.9% and
71.2% of arsenic in children, with respect to the total intakes
of arsenic from all sources in the Jalangi and Domkol blocks
respectively.

In the present study, we visited the Makrampur village in
the Beldanga block in Murshidad during 18-21 December
2001 and collected five shallow tubewell-water samples, four
deep tubewell-water samples and 44 urine samples from
13 arsenic-affected families. Most of the family members,
especially the adults in our survey, have severe arsenical skin
manifestations as they have consumed a high concentration
of arsenic from their shallow tubewells for a long period.
They have now stopped using the contaminated water from
their shallow tubewells for drinking and cooking purposes
for a short period and started to use the deep tubewell
water (around 1000 ft), installed by the local government.
We determined the inorganic arsenic, such as arsenic(III)
and arsenic(V), in tubewell-water samples and the arsenic
species in urine samples by using high-performance liquid
chromatography and inductively coupled plasma mass
spectrometry (HPLC-ICP-MS), and report the contribution
of the inorganic arsenic with respect to the total arsenic in
urine samples and the evaluation of the arsenic-methylating
capacity of each person.

MATERIAL AND METHODS

Reagents and samples

Sodium arsenite and sodium arsenate were purchased from
Wako Pure Chemical Industries (Osaka, Japan). MMA and
DMA were obtained from Tri Chemical Lab. (Yamanashi,
Japan). Other chemicals (analytical grade) were also from
Wako Pure Chemical Industries (Osaka, Japan).

Stock standard solutions, each of 3750 ppm (50 mmol 17")
for arsenic, were obtained by weighing accurate amounts of
arsenic(IIl), arsenic(V), MMA and DMA and dissolving them
in MilliQ water. These stock standard solutions were kept in
the refrigerator at 4 °C until required.

Mixed standard solutions, one containing 30 ppb of each
arsenic species and one containing 150 ppb of each arsenic
species, were prepared daily from the stock standard
solutions to the appropriate dilution. .

Spot urine samples were collected from 44 villagers of
13 arsenic-affected families, identified as A to M, and kept
in polyethylene centrifuge tubes. The samples were not

Copyright © 2005 John Wiley & Sons, Lid.

Arsenic species in urine

subjected to any chemical treatment. After collection, the
samples were stored in an icebox cooler.

The water samples were stored in polyethylene centrifuge
tubes in an icebox cooler.

Both the urine samples and tubewell-water samples were
transported from India to Japan by air and kept in a
refrigerator at —30 °C in the laboratory before use.

Instrumentation

An Agilent 7500 ICP mass specirometer (Agilent, DE, USA)
was used for detecting the arsenic species. The operating
conditions for ICP-MS are shown in Table 1.

The chromatograph had an STM-10A system controller
with a Shimadzu 10AC HPLC pump, Shimadzu SIL-10A
auto sampler and Shimadzu CTO-10AC column oven. The
analytical column was a Gel PAK GL-IC-A15 (4.6 mmi.d. x
150 mm) packed with anion-exchange resin (Hitachi Kasei
Co. Ltd. Tokyo, Japan).

HPLC-ICP-MS analysis

HPLC was performed under the following conditions
for inorganic arsenic species, such as arsenic(Ill) and
arsenic(V), in tubewell-water samples and arsenic species in
urine samples: mobile phase 10 mmol1™' phosphate buffer
(pH 6.0), flow rate 1ml min~*, column temperature 35°C
and injection volume 20 pl. The outlet from the separation
column was connected directly to the nebulizer of the ICP
mass spectrometer using a polyethylene tube of 0.3 mm i.d.

After thawing 20 pl of water sample or urine sample, they
were injected into the HPLC column and the peak areas of
arsenic species were measured by ICP-MS for 8 min. The
amounts of arsenic species were calculated using working
curves prepared by using 0, 30 and 150 ppb solutions of
arsenic species. The arsenic species in urinary samples were
determined within at least 1 month because of degradation of
arsenic species in urines.

After a day’s work, the skimmer cone and the sampling
cone of the ICP mass spectrometer were always cleaned with
distilled water.

Detection - limits of arsenic(Ill), DMA, MMA and
arsenic(V) were all 0.2 ppb (20 ul injection) on an arsenic
basis when the analyte concentrations corresponded to a
signal-to-noise ratio of 3 was taken. The precision of analy-
sis for these analytes (n = 6) was in the range of 2.6-3.5%

Table 1. ICP-MS conditions

RF power (W) 1500

RF refraction (W) 1
Plasma gas flow (1 min~") 15
Carrier gas flow (1 min~") 0.8
Monitoring mass 34 (C), 75 (As)
Integration interval (s) 0.3

Scan number 1

Appl. Organometal. Chem. 2005; 19: 246253

— 80 —

247



248

H. Tokunaga et al.

at the concentration of 30 ppb. The average of duplicate
measurements was used for all of the samples and standards.

Assay of urinary creatinine

Urine (1 ml) was diluted with MilliQ water to 10 ml; 0.5 ml of
the diluted urine were put into a centrifuge tube and 3 mlof a
solution {containing 0.8% sodium tungstate, 0.3% phosphoric
acid and 0.2% sulfuric acid) for eliminating urinary protein
was added. After standing for 10 min, the urinary solution
was centrifuged for 10 min at 2500 rpm, 2 ml of supernatant
was put into the test tube and 1 ml of 22 mmol 17! picric acid
solution and 1 ml of 0.75 mol 17" sodium hydroxide solution
were added and completely mixed. After standing for 20 min
in a water bath at 25 to 30°C, the absorbance at 520 nm
was determined. Creatinine standard solutions ranging from
0.025 to 0.10 mg ml™ were prepared and a working curve
determined. The urinary creatinine was calculated using the
working curve.

RESULTS

The groundwaters of Makrapur village were highly contam-
inated with arsenic. Several members from each family in
our survey had arsenical skin manifestations. Gender, age
and arsenical symptoms for each of 44 subjects are listed in
Table 2, along with the depth and arsenic concentrations in
the tubewell waters the subjects utilized. The age of the sub-
jects ranged from 3 to 66 years old. The numbers of male and
female subjects were 26 and 18 respectively. Of the 44 subjects,
24 had the arsenical manifestations such as hyperkeratosis,
melanosis and Bowen's disease on their palms, chests and
backs.

Most of the families in our surveyed area had their own
shallow tubewell. Those who do not have their own tubewells
used to collect the water from their neighbor’s tubewell or
from the panchayet (local government) tubewell, deep in
nature, installed near their house. The water was supplied
from the deep tubewell to the villagers through the pipeline
beside the road, 5 h per day.

Families A to E formed a big and relational family. They had
one shallow tubewell and one deep tubewell administrated
in cooperation. Thirteen within 14 families used the water
from the shallow and the deep tubewells.

The concentrations of arsenic in the waters obtained from
three shallow tubewells were 61.0, 120.9 and 408.4 ppb,
exceeding the Indian guideline of arsenic in drinking water
(50 ppb). The concentrations of arsenic in deep tubewell-
waters ranged from 5.2 to 9.6 ppb.

The depth of each tubewell used by the families and the
inorganic arsenic concentration {arsenic(III), arsenic(V), total
arsenic and arsenic(Ill)/total arsenic) in water are shown in
Table 3. The families from A to E had two shallow tubewells
of A-E (TW)and A-E (115 ft) on their site. Each water sample
included arsenic(Ill) and arsenic(V).

Copyright © 2005 John Wiley & Sons, Ltd.
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Figure la shows the HPLC-ICP-MS chromatogram of
arsenic species when 20 ul of a standard solution containing
150 ppb of arsenic(Ill), arsenic(V), MMA and DMA. The
HPLC chromatogram is demonstrated in the retention times
tr of arsenic(Ill), DMA, MMA and arsenic(V) were 113 s,
1535, 215 s and 421 s respectively. The tz of arsenocholine
and arsenobetaine was 82s and 95 s respectively (data not
shown). HPLC-ICP-MS chromatogram obtained from a urine
sample is shown in Figure 1b. The peaks of arsenobetaine,
arsenic(Ilf), DMA and MMA appeared on the chromatogram.

The concentrations of creatinine (mg ml™), arsenic(IIl)
(ng/mg creatinine), arsenic(V) (ng mg~! creatinine), MMA
(ng mg™! creatinine), DMA (ng mg™" creatinine), total arsenic
(ng mg™! creatinine) in urine samples, the ratio of (MMA +
DMA) to total arsenic obtained from 44 urine samples are
shown in Table 4.

DISCUSSION

The groundwater of the Makrampur village of the Beldanga
block is highly contaminated with arsenic and the local
government is supplying safe water with respect to arsenic
to the villagers from a deep aquifer (around 1000 ft). Of 44
inhabitants from 13 arsenic-affected families, 24 had arsenical
skin manifestations, such as Bowen's disease, melanosis
or keratosis, as shown in Table 2. In our survey, we did
not find any arsenic-affected people below 17 years old.
Chakraborti and coworkers!®!® reported that the age of
the arsenic-affected people in West Bengal, India, and in
Bangladesh has exceeded 11 years old. So our data coincide
with their findings. Of 13 families, 12 used two sources of
water from shallow and deep tubewells. The families started
to use the deep tubewell water for cooking and drinking
purposes after stopping using their old arsenic-contaminated
shallow tubewells. Families A to E in Makrampur village
formed a relational family. They had two shallow tubewells
administrated in cooperation. As shown in Table3, one
tubewell marked as A—E (TW) has not been used because of
its high arsenic concentration (577.9 ppb). Another tubewell-
water has been used by the household. The high concentration
of arsenic (577.9 ppb) suggests that family members would
have got long-term damage on their bodies during the
usage of this contaminated water for a long period of
time, and this is why 10 out of 14 members have arsenic
manifestations on their skin. The arsenic concentrations of
the five shallow tubewell-water samples ranged from 18.0 to
408.4 ppb and their depth was from 45 to 152 ft. The arsenic
concentrations of the four deep tubewell-water samples
ranged from 5.2 to 9.6 ppb, below the WHO recommended
standard of 10 ppb arsenic in drinking water. The percentage
of arsenic(Ill) in the five shallow tubewell-water samples
ranged from 75.6 to 98.6% of total arsenic concentrations.
The percentage of arsenic(Ill) in the shallow tubewell-water
samples was higher than that in the deep tubewell-water
samples.
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Table 2. Sex, age and syptom of inhabitants and arsenic in tubewell waters

Sample Sex -Age Symptom As in water (ppb) Tubewell Depth

1 A-1 M 66 + 61.0, 9.6 115 ft, deep tubewell
2 A-2 F 57 + 61.0,9.6 115 ft, deep tubewell
3 A-3 M 17 —+ 61.0,9.6 115 ft, deep tubewell
4 A-4 M 21 + 61.0,9.6 115 ft, deep tubewell
5 B-1 M 36 —+ 61.0,9.6 115 ft, deep tubewell
6 B-2 F 32 -+ 61.0,9.6 115 ft, deep tubewell
7 C-1 M 31 + 61.0,9.6 115 ft, deep tubewell
8 C-2 F 26 + 61.0,9.6 115 ft, deep tubewell
9 C-3 M 4 61.0,9.6 115 ft, deep tubewell
10 D-1 M 26 + 61.0,9.6 115 ft, deep tubewell
11 D-2 E 20 61.0,9.6 115 ft, deep tubewell
12 D-3 M 5 61.0,9.6 115 ft, deep tubewell
13- D-4 M 2 61.0,9.6 115 ft, deep tubewell
14 E-1 M 24 + 61.0,9.6 115 ft, deep tubewell
15 F-1 M 50 + 9.6 Deep tubewell

16 F-2 F 46 + 9.6 Deep tubewell

17 E-3 F 17 9.6 Deep tubewell

18 F-4 F 11 . 9.6 Deep tubewell

19 F-5 F 24 + 9.6 Deep tubewell

20 F-6 M 25 9.6 Deep tubewell

21 E-7 F 22 9.6 Deep tubewell

22 G-1 M 61 + 120.9,5.2 72 ft, deep tubewell
23 G-2 F 55 + 120.9,5.2 72 ft, deep tubewell
24 G-3 M 19 120.9,5.2 72 ft, deep tubewell
25 G-4 M 15 120.9,5.2 72 ft, deep tubewell
26 G-5 F 30 -+ 120.9,5.2 72 ft, deep tubewell
27 G-6 F 8 120.9,5.2 72 ft, deep tubewell
28 H-1 F 45 + 120.9,5.2 72 {t, deep tubewell
29 I-1 M 55 + 18, 6.6 152 ft, deep tubewell
30 I-2 F 47 + 18, 6.6 152 ft, deep tubewell
31 1-3 M 26 18, 6.6 152 ft, deep tubewell
32 1-4 M 22 18, 6.6 152 ft, deep tubewell
33 I-5 M 16 18, 6.6 152 ft, deep tubewell
34 J-1 M 35 18, 6.6 152 ft, deep tubewell
35 J-4 M 4 18, 6.6 152 ft, deep tubewell
36 K-1 F 40 + 408.4, 6.2 45 ft, deep tubewell
37 K-2 M 18 + 408.4, 6.2 45 ft, deep tubewell
38 L-1 M 45 + 18, 6.6 152 ft, deep tubewell
39 L-2 F 41 18, 6.6 152 ft, deep tubewell
40 L-3 M 18 18, 6.6 152 ft, deep tubewell
41 M-1 M 55 + 18, 6.6 152 ft, deep tubewell
42 M-2 F 47 + 18, 6.6 152 ft, deep tubewell
43 M-3 M 25 18, 6.6 152 ft, deep tubewell
44 M-4 F 15 18, 6.6 152 ft, deep tubewell

As shown in Table4, the concentrations of urinary
creatinine in 44 samples ranged from 0.07 to 1.456 mg ml™
Thomas and coworkers!” reported on arsenic in urines in
the Millard County, Utah, population chronically exposed
to arsenic from drinking water; a correlation was found
between arsenic in drinking water and the mean total arsenic
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per creatinine. Thus, we corrected the urinary arsenic species
by using the urinary creatinine.

As shown in Figure 1b, an arsenic-containing compound
was detected at tg = 95 s, which coincides with tg of arseno-
betaine. Detection of arsenobetaine in some urine samples
may be attributed to the fact that people in this survey
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