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= B e B PR 5 U Z(Concise International Chemical Assessment Document)

No0.33 Barium and Barium compounds

RNY T ABEIONY T ALEY)

e
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1. BEH

V7 LB LU 7 MEEWIZET 5K CICAD 1, NV 7 AZEE T 5 WHO BREE AR ft
2747 V7 OE /7T 7(APCS, 1990) & HHi T % 72012, KIEBRFERGET(EPA) & 5 [E f
feZz 42278 BT (United Kingdom’s Health and Safety Executlve)(HSE) 2k o TIER s 7,
ERFCENL . CKE EPA @ Toxicological review of barium and barium compounds(US EPA,
1998) | EVEWE 7R B 8k R (Agency for Toxic Substances and Disease Registry) ®
Toxicological profile for barium(ATSDR, 1992), ¥ X UM RTE ICHE S 2 A E 7= HSE
D Barium sulphate risk assessment document(Ball et al., 1997) CT& 5, K[EH EPA ®» L
B 2 —(1998) DIERICER LT, BT — % OfcEi(1998 ) D SUikEsR 2RI Lz, L
FLOERICEITE D AT TV D SCERUABRIC AR S o s E i £ 72 3RS e &
TR A MR D2, AV T A VT —F_R—ADCERR O EH & 1999 45 1 A1/T-
720 1997 £ 9 A ORI W THER SNl N Y 7 JMZET 27 — 21X HSE 03I
AFEINTND, ZOLE2—EREICAR SN CE)N D OBNERZ MR T 2720
1999 4 AETOXERBMBE LT, FEROET L E 2 —DffRls LOAFHEICET S
R RMAER 112, A CICAD O 7 L E 2 —IClT AERERMER 2 1057+, A
CICAD /%, 2000 4= 6 H 26~29 HIZ7 1 > T ¥ RO~ L v % THME SN Bt E B
2T, HEGHE L L TKR SNz, B MNZEEROXHESINE 2 IRTER 3 12577,
IPCS(IPCS, 1993, 1999a-) 73 /ERk L 72 [EBMeE B L &M — R, 23U 7 A(ICSC 1052),

HiFEm AU v A(ICSC 0613), Hifb NV 7 AACSC 0614), KLY 7L ZKFHICSC
0615), BN U 7 L(ACSC 0778), k(b N U 7 L (ICSC 0381), 35 L Uil U 7 A(ICSC
0827) H A CICAD IZ#s#k 3 5,

NY T AE, RERNIE OB A A L LTHO TR LA L TWDSET LAY L8
EETHD, NY U LFIHERFICKRIFEL, ZOD RO REAKFITIZRIRITHFTE
T2LOITMZ T, EEPEHYEZN L TCHREICHH I TS, RIPTONY 7 LOH
HRFFIZERAFIC b RS EEZBILD,



Wil N U 7 NI EGORT R AR IER R £ 73R SRR e U CHET 5, Heh
F (RN Y O L DJFEIEL & 72 2 NI IZ R 6 03 [ A0 Rids B ~F I O #E db 5k
W<k D, b BEBERAMYIT, BRSO, BT VI=v b U h, BROEEA b
nyFULATHD,

BEAAAITAM TSR 2R =Y v 7 HIEKR O EGRE T © B AR TIK
EZ BT MEAE LTHEME LTERCHH SN D, BERAITTENa—T 4 7T
OFEFE LTHEHINTEY, flxiX, 245 - FI7XF v 780 7L —%T (=
7. BIEO =) 7 BEERMR BT A RERE LTENESND, HEICL > THEM
BV DRLF DORE I HIRE D, BlzIX, A=V > 7 HIEAKT OES AL AR
BEDN 44pm (THFES AL, Bed 30% AN EA 6um Kl TH D,

2MDBA A& LTUSMTIE, AN U AN EERRNE L 22T D &0 ) GRS RV, Y
U LA T DERNEYERRIL AN U AR OKRNERER LR L THL LTINS,
AEEPEAN Y O DIEGRE AN Y T 2) W Ty Mk 23 BRIE, WIS 7 LA F

iﬁu{fﬁz% LToafiEi, EELTHIZEBEINDZEEZHLNIILTWD, #H, &

KERNBGEONY T LOEN~O ZEZPHIEEITEE P TH D, X0 ~EAL DR
ﬁ?/*‘ U LDOEME~OHIL, i OREEHKEZ VT 72X ICH S ERRH D
ZEEmLTWVD,

b T, AEEANY U AMEE O SR EOEBEL, BIBKOEM:, TR, 18, K0V
U AMSE, mSIELRE, ANEIR, B X OB Z 5] i Z 3 rRetEr & 5, NEPEOH
fNY o ATERA L L CEAREWAS00) TR VD TWa D, 2o FERBITRE
EN TRV, B ANY U7 AT 2ERT — X IIAFTTE TR, LirL, BBES
B0 DFRIE AN Y 7 AOWINNIR BN TWAH T, AEREFVERENE .S L35 A
i< vy,

FEREWIZ BT ) U LMEE O BMERE NI TRE R W LPRETH 5, HENY
'7A®E%HJW\TE]K TME LR EAREREZ 6 LT 5,

KEEAEANY 7 MFRNT VB VETHY | ZNHITERER S D, HEEANY T AT, U
X CTRIEDORZIER & BRI A S 2R3, E<HHASTWIZHE 2 0bb T,
bt MBI 2 RECIROFIZIZET 2HMEN 2V DlE, EEAlE LTEIIEHITND
WREE /S o AR WFEE CIERWZ 2R L TW5D, NU T MO EMEIC B

T2 A MBI S TRy,



KT DAL AN Y U MIRIERESNIZT v &~ T ZADEE, &bEZMEDEWWEE
FIIEER B E B D, FREMIZKIT 5 ) U LAZREORYRERTII, SiREICaMt
PO SN-E M ERRBYTHONTME, DI BEH~OZEIMERE S TR
U,

RENEANY T BMEED~D e S ORARERTEIT, BEHREHGRIZ X 530 7 N EERE DT R
ZHZTODH, MOBREZ(L LR OFEUIRD LTy, B TORANY 7 A
DEMEEHITIR O TND, WAIZ L DB 7 ADORERET, %, K, BLOF
I EUINZE Y RE LR ZSI ST 0D D, MOENTZABRTIEH DA, 40mg/m3
OFfiEENY 7 A 5 A1 B 5 RHRE ST v SOl CHED 72 RELE LA
B O, BHEEEAER OFELIT 2 0 > 7, BB Y U ADOKGENTEAZ & B RER
TlE, MBI 2 RIERIS & RIS 60Tk o e, ZOFTRNG . Y KEDK
WM R~DBRENH > T, iz VT 70 ADEEZDOBRDOM~DEENRAET TN D
EHESINDITHA I,

BIEAF LG T — 200l 8RBT O TWDE R, NU T ARATEAEEEET
IRERENEZAET 2 LITERZ RV, N U AIREERZHEE T 2 7T 50T > @WHEIC X
5 HEWRER THRMMN AN 2o T2, Invivo T —Z I AT TE 72N, invitro 7 — X 13\
U LMEEMREREEER LN L AR LTV D,

OBIK & B D O ABIRDS —EMOGE DN U LMEEMIKTT 2/ b 2V R
B TH D, FBREOHE, KEOEERT -2, BLOMEERALIZET 50 <200
IRT A= H SR ERE 2 HEE T D ik — A~ A7 4 Estimation and Assessment of
Substance Exposure(EASE)DET L& HAWTRENT-THIC X D & #iE % 8 FFREINE T
Pl 10mg/m3(B AMEFRREE) L 0 AR MBI TE 2 Z & RIBEN D, RS L > TE, &
DEZ 272D FTHILZREE THHITELTHAH, BHORBETHLHEFITL - T
10mg/m3 LV bm< 25 EEADND,

R Y BBEUARY T MEA~OREITRNT O MoBT 5 EEART YRR
AV MIEMELBEHETHD LI ICAHA XD, B FOLAOEEEENOAEL)® 0.21mg
NY T Lkg KE/HZHANT, N T ABIONY 7 MMEAYMOIMAERET 0.02mg/kg
AKHE/H & A CICAD TRE T,

KRB LAY T MEI TV an k) RAREEMIIKH LTI A7 252 5T
bH5HH, LinL, T—ZIFRENATWDH, FESKERMITKT LTI LY 2758
KW, HOMEOREWIT NS ANY U LAZERNET 2 Z LN TV DD, BEEMY)



R AW O ERE IRl B WD THF R BITRE STV,

2. WEORER L OWMER -{LFERMEE

U 7 5(Bas CAS No. 7440-39-3)1%, JEIMIE IIA B, %75 56, Ji & 137.34 DE
Toh Y HEERTH D, HEHETRITMACOKEERE T, Bo 222K TES IR L.,
KEBIET 5, BRFUCTREROBE TIIFAEE T, IOk LA Lo oA 4
& L C{#ET 5 (ATSDR, 1992),

N T ORI REIIHRRE N U 7 A (CAS No. 7727-43-7) 8 L O EE/N Y 7 A (CAS No.
513-7T7T-9) T M TOHK L LTRSS ABND, T H DB /NY 7 AFKEEIZZ L <
FRIEE/S YU ¥ G 0.020g/L(20°C), FifE N Y ¥ 4 C 0.00115g/LO°C) T 5.,

g N U o A XA AR SR S R K F IR T f R e & L CFEET 5, it N Y
U LDFEMELE 22 D EEEAIL, PEEIZERODPWE S THAD ARG HEW 7285 T
bbH, bol bEERLAMYIL, BASAID, BT AI=0 A VU I BROEIEA b
2 FULTHD, AN TLADOREFEE L THo b RIMEDA TS DI, barite,
barytes, heavy spar, blanc fixe 72 & TH 5,

BRI E L RS EHEIN DAY U MEEMITHELNY 7 AT, 20°CTOKREMNE
1% 875g/L T 5.,

NY T ABEONY T MMEAYDZ OO ALFAMEE I, ASCEIC R L2 ERE
MR AN — FACSOICFH E N T 5,

3. AMHE

BREGGREIR O O MREEHIE D 2O O HTEICET D1E®E. £ 1 18T, ZEXT
DY T DR BEORE T IEITAFR I TV, NIOSHA98DIE, Wik N U v L X728
[ ORVEMEANY AR T A BB — AT AT VT ¢ L& —|Z8E L, BVEREAIR CF
M L7tk 7 b— 2 RRFWIEETRET 2 FIEEZREL TWD, REEANY o AMed
PR ERTN KA N EETH D, Z D HIEIZ KL HHEER R 1 3EHZ > & 2pg. K
FEIE 1 ABHZ D& 43~180pug T 2.5% ThH D, WAMEREERE 2 £ L CHENEE THE
lid 2% Fikb & 5(US OSHA, 1990), ZE5-/K-HEK-HEWE, 726 NO S ESER2Y



F1: BHETSD TV ABEFES
BUErO R L HEFH IR 5 [Ee
ER Lo —ZCRIL, BEET |FAAS F—FiL abat R/ a0
., b EER X BT R X
., RS EECENT
7 S (I %) XF3 15ug
& AEEZBEEE, A ZBREIET  |Faas 3mg/l 11.6% RSD
i@t
A A A R R T FAES me/L -k F—Fll
EHHFAGE CREFE T 5 FAAS 5mg/L Fe s L
T—FL GFAAS  |Tmg/L abat R/ a0
Bk E BEFICEEREATS GFAAS  |0.6mg/L(iiFA) 13% RSD
0.2mg/L(#A)
ABEUHA |[FREEFRBL, BREISTHES FAAS, 100mg/L(FAAS) 94~113%(FAAS)
#, REHTEICENT GFAAS,
ICP-AES |2mg/L(GFAAS) 96~ 102%(GFAAS)
EEZIF HEEZREL, B A ZHREEE  |[XFS 290mg/L(z£500ml) [5.1% RSD
BEL., EEEE, 9FTa
AR OEES |22 A F LT o2 FAAS F—HiL F—FL
bz (3:2), F77oBEAY Y
LIEWEEMZ S
i ATSDR(1992), Balletal (1997)
PFAAS= 7 L— LFIT B4 AT
FAES=7 L— LT RS 5t i
GFAAS=2&iF Rl e/ A i
HFA=~FH# 7 a7 EFL7E kb
ICP-AES=##it 7 5 Xv R TR
RSD=tExEHER=E
XDS = HXE T
BHIZBITHIEREEDANY 7 AB IO U LMEEHOREITIT, BRI IR G
SEBRHWONL O FIETH D, FBFEIZIIMIRIC K DRENEEND DR
HI7ED3, NY T L LT 5 DICHMOERITHERT 52 L bbb D, KB XOHKF DA

U U LR A ppb~ppt OHEIFH THIE T 5121%, 7 b — ARFFROE M3 K ORI R+
WSEHT BN SIS, MOSHHEIZIL, BT D 03V e XARoT, i b5 *ﬁ
ERBEIID R T L—a U T EINZ: 83 d % (ATSDR, 1992), —

2y HTETIERANY U AL AU BHE S DM, N WMI:/E-}%@{I:%@@%E(XN‘/
T—3 3 NETER,

K. Mg, R, BLOEHOREEDAY & ARIEICIE. FBEELS T T RN
BT D3 HEBE A 20 CREE D3 =D ECd D, 3R S VT2 B R U TR 0.25mg/L, 1% 0.6mg/L,
H 0.0005mglg Th o, LnnL, N U AEEHT BN, R YBRORVEET R U U A



2 EMOACE I DIFET DG, FDARY FANRY RIZEIVITEENI DHDONRH 5,
BT L0 | ARiekds K OMmAER oY 7 AR HERAME Tpg/L 4 £ OY 66ug/L
233 5TV 5 (ATSDR, 1992),

4, b FBIUOBREDORRIE

NU T A THIEROK) 0.04% % HD D 16 BRHICEERIEREHR S THDH, RARICH-E b
IRKAFAET 230 U A AT, mEfaAGREE AN U 2B X OEREAREANY U L) Th D,
HA ORI, ELAEEHEDORIIC X 2 BEOML & U CHES BICHEET 50,
FlIRE A, BRI ZEOMOIA L HRIZBER L CTHEET S, BEAIZLITLIE
b & ITHAREZ TR L T D, N & ATARICHR K 3000 mg/kg & £ 41, BREHIIC &
HENTNSHAPCS, 1990; ATSDR, 1992), FEd L OVMEIZI T 2HEENY U AREIXZNE
250 3 X 10 0.006 g/ b > T % (Considine, 1976),

HEAAIIMOIZ LA ERTONY U MMEEMOEMEE 725, PEREITER v =,
FE, £ K, BLXORETHL, ERLAHME. BEEotho Ry zkadke L, &
B L CBEER SN D, EAA T8 OB E I3 a L LT, HHn
XA A E L TEA SN D, EHEEAD 90~98%IXHilE N 7 AOAREMEN B 5,
1985 DR EPEREIIHEE 570 T F v Th o7,

Hib AT EN R < BEEEMES  EFENICREL TBY  BMERIEAZ X 2 Enb,
WAL A SO R =D ZIRADEEAIL LTHEDN, FTBICALNDEEDEEL
(IPCS, 1990), =5z, —HEO THEMABEIOFEA, FFEDT T AT v /o LM - 7L
—XTA =0T e =T NOBERIOEEEFREANC bEDI D, HEihA OFEMITHE
ICEV R, BRHCHWOMADESRAZENTL2E 250007, AEKELZN
MBER SN T7RUA NOBEGAZELTL2E2AbH D, SHIT, HEIZL-T
I DRI A RNTHET 5, BlziX, A—U v ZIRKITRL 1O ERE 44 pm F TH#:
EH, B DK 30%ILER 6 pm RiiTH D, NU U LAEZOLEDIL, B HIHEE
HETEHERTEMBICAHVOND, NV DAL, A& A TL -V /) a—20H
. POV THEHORE, SLOICHBRATEAIBL NI VYA - UT =T A T =T LK
KOWKFE L THWEND, N TLMEEWIT, B N FBERRT — 7, 17 A
PENE., iR, X MR, (LPES, B3RS, 4 278, B CIcivweng, £, &
HACERAIE LTHHELNDIRA X R TN 7 A ZhEANY T L A7 vk ) T
2,



NY T LD NLRPFEERITTE L UCEEMETH D, N U AFAOEHE - FEHR - 1T,
BELOANY U ARG ORIEIZ LV BAET H, KPR, AR - LaREE - BEFEY DIk E
Mt EN5, £z, BERPTE T o 200 bk EN %, HE~DOHEREIC
X N HIA~D T AT v a, —IRE L RIGIROBEFE: &3 H 5 (IPCS, 1990), 1998
O KEORE TIGB XML TGN BER, K, BEALBREBSATEANY T AB IO
U MEAMIE, TR 900, 45, BXUN9300 hrlHEESN D, |

5. WETOBEH - o1 - B

NU T AT, BB X OISR R X OFRRE RIS T 5 Z LB ES T
%, BRI E L OKBILIITHROICIGET 5, @RBILY~DOWE T, KEkH
ONRY T AREOME E LTERTEZEZ NS, FEBIOTFELE~ONY 7 ADIE
B B AE ORI DIHBLRANCLD LD TH D, o7 A0 ) FHEER D F A4 O5E
ETER. NY T AORFRITWAE R OB A A4 o ZZHEEIC L 0 KIBICKEL S5, THEAHKY
IZ R DRI AIIR DN T WD, JRE & EEHR O ¥ L L OfEBEER Ka(HEEINE) 1T,
5.3X105mL/g T& 5 (McComish & Ong, 1988),

e FIEEECTR R 2 AT D &, IZEAEDEENY T LAREENTND Z &R0
Do NU U LDOFAERIT, FICARST 4 — BVl OB X OBEREY OBEANZ L 2 EE
PR ETZ2 60T, HESCREERLGNORE RIS NIBRICL L 2L B2 6N D,
ZEHICRBIT DN U LAORAFRWE L LTh 2 & B2 HILDIBRRIL. AN Y v AL
RIEANY T LT D0, MOREHAEYE L TOFEBIRTE 2V, K O iy
FHIKLFOH A X2H L2085, BAMEBZEADOND, Ll FLALDRFDOH A X
10 pm KV IFLNICREL, AHICKHICR D, KIFRLA T U MRy 2T v b
IZR YRR DIRMEAE & LTRESh D WREELH D,

IKEEMENY 7 2 de K OMRERL 13, )1 O vh s BE (S 1E Vi BB A 1T 5 T REME
W%, Cartwright Hl%, 1978 AL FWEIZ L DY U LEIRED 2 a—)L{T-D0N
THIEL, 13L& A EDKEEHTIBE LAY T AA F REITKPOIIEA 4 ®ICK > T
yhe—LraInsrZ EERLE,

KON Y 7 AZIE, e, EEEORW, oo et Rk VREINNDS O

1 FEYE Y 5§k (Toxic Chemical Release Inventory)(TRD) T — % _X— % . HEWEF
(Office of Toxic Substances), BeEfRi#E/TCKE), V> b D.C.. 1998,

10



DN, RIEKT TR RAEANIFEIZRNET D, KPR TICRET D&, N
U I E MK DRl A A TN Y WA%ﬁ/Ejﬁ"éo WP LT VR LR Y 15 B D B P 703 A7
ET DT, NYTULELTHATIZELZDOIX, MKIZE-THELENTZRANY U LR
D 0.006% DI L HEE X5 (Chow et al., 1978), Z DOHET X, JEE D NU o ARENEIC
PTWVREEMR & 0 HAMED KB OIE 5 2MEW & W S FFEIZ L > TEPTF BTV D,

WEIZBIT DN U AREPHEL TR RDIZWHEW EHT5 2 &1k, NY U LADZIE
DAEPNIZIY IAE L, FERINKPIRS i & s 2 & 23R LTV 5IPCS, 1990), R
FEOMETIZ, 2N 7 LM 0.04, 0.46, 4.0mg/L OFsHZ 15 A& L7-EREIC L D5
U 7 AOFGAFIE 30~60% T, FHXIE ﬁ%lii%f@@ﬂ UDLREICKEAI L, BREHFIC
B U7 (Havlik et al., 1980), /XU ¥ MIAMEITITE D IAE N o7ehy, &L
THIIRE & 5 W i3 o H R BE 72 B0 ks A LT, *ﬁiﬁfﬁ Scenedesmus obliquus DOHMET
%, pHA~T ~O EFIZHENARY 7 LA A4 (138Ba) OB RS, 7~9 TIEIANU U AR
B 106 molV/L CT—EIZHER L, BRI EEGHAE(KN X 4.8 Th - 7=(Stary et al., 1984), 3

VU L% GLESEMREAN LTZTERE T Guthrie 5197972330 U AREAZRIE Liz &
Z A, KFT 7. 7Tmg/L, JEE T 131.0mgkg B EHETH -7, [ CHFREDO 7 VYR, 7
=X AT IRED KA, BIXUOZLEFHON) U LABEZBRELLLE A, 7V
ROHN 40.5 mgkg MEEEKFT LY @SOVIREAR LT,

Wil N U 7 MTERO HEAGETE T HERICFEE L, N U AR, AIKA, B4,
BXOREZEHOFEHBLIOEEN LK IS 1P TEV(Clark & Washington, 1924),
AEEMEANY O LAGHE IR TANEL L THEEZ G AT DWIR & b4 2 & HE R E I
e x Y o LHERET D, NU UL EREET ORI WiGa, BRSNS D —
I AT, HERPTAY AL, Db kAR BX

T kT X R THBEICRE L2 T v ) AR S EE OREIREETA
Z AT K0 &3 5 (Bradfield, 1932; McComish & Ong, 1988), —J5., fid 74
THEERIX. BT A =0 AflkDONY ¥ AEiERT %5 (McComish & Ong, 1988),

TER ORI Y U AT, KICHEOE AR L, 7 I VEBIRT VARE &l EEss

REFRTE RN LD, TUZEBEMERE W LITE X DR, L LEEMIREET
F. KIZREDNY T AMEEHOHIZIE, BREEANY 7 A0 XD IZEIT0T < 720 #ETF K~
ERBETHH D HH(US EPA, 1984),

TEEFIZIINY U A EIRE CA LD, T —EREE LS LRV,
NY AT, ~ AREY., BYOX, fHEE, © 7 ¥ A F Fraxinus pennsylvanica D3, 7

7 v 7 74V v MJuglans nigra), & v 2 U —(Caryasp.). 7 7 ¥/} Y (Bertholletia

11



excelsa) D AT EIZHEENIZEL Y IAE I, X7 T A7 7 —(Pseudotsuga menziesi)) DARR
Astragallu J&OWWIZ HERT 5APCS, 1990), ¥/ I ERHTH L HMEShTWS
(Aruguete et al., 1998), ZEXH N D D/NY 7 DRI OEGAFR % HE LIZWFEIX Vs, il
Wi, RELOHYEOHERWEZRET D2 ENTE D, HEWORET, R FIRWE D
R E L COBEEZRT-TOATH D, BAEAEWIZH T 2EMEITHE S TWRWNAS,
N 7 AT FLELEL LI H RO B3 TE Y (Gormican, 1970; IPCS, 1990), #h#ic Xk - THL
DIAENTNDZ ERGrD,

THEF O T LEERE 104.2 mg/kg(BEHERRZE[SEMI9.5) D35 7> HERHER L 72 4% 72
TEAFEOTURICEY N Y 7 AR 29.8mg/kg[SEM 13.7DIC D & | T8> HAE) ~D A Wit
faat 2 (BCH 2’ 0.4(0.02SEM) & #£7E S #u7=(Hope et al., 1996), T3 & 25D/ 7 LR
FEoOlRIZESE, AILEELREMEBRKRE LA LELL A, BERK T
0.2(0.002SEM). > 17 v % & I (Peromyscus leucopus) T 0.02(SEM 0.0004), =~ k> 7
v ~(Sigmodon hispidus)C 0.02(SEM 0.0005) T > 7=, FEKFIZIEME LI= Y 7 LR E
0.07 mg/L(SEM 0.02) & . [F UHLE THIE L7z AD2E /)Y 7 AJEE(2.1mg/keg[0.5 SEM])
225, BCF 13 129.0 L/kg (SEM 13.5) L H#EiE Siviz, FEHEDLITHIC, VT v xAIEay
N> b OV LR E 2 24 0.4/H (SEM 0.01) X 100.2/H(SEM 0.01) & #EE L
TEY, NUTARN “TNOLOZEEMN O BRI KDbND” B nnd, 74
— /L ReF =2 %, —EIOEOREHERTINESNZbDOTHY . HEELIL. ZORROM
R —IE~OIMBIITEEZE L TV D,

OB FATBE LT, NY T ARRE T CEYEREZ T D ) FEILT R W
(IPCS, 1990).

6. REFORELE FOREER

6.1 REFOERE

2R DN U LRI SICVGFES N TE LT RV T ET 2566 H 5, Tabor &
Warren (1958)(%, K[E D 18 #Riiidks L O 4 » Fr OBk D 22 [ i & 0.005 A~ 1.5
mg/m3 EHIE L7z, BREERSURE & TELORREDORIZIL, B 62 2B IL A S /e )
S7, LML, L TE&BBEOIThI 2l CIlEmRE NGO Hiv/-(Tabor & Warren,
1958; Schroeder, 1970), KEIZH T 2 EDOHOFAEIZL D & BEAY 7 AREIE 0.0015
~0.95 mg/m3 TH->7-(US EPA, 1984), —==—3—Z7HiD 3 SOHX T, K FHEER IO
FIEOBEF DY 7 A ZHIE L7-(Creason et al., 1975), EHES#E(US EPA, 1974) % Hu»
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DL, B TFHEEEICIZTY) 13Tmelg DY 7 AR LA, FREOER T 20mg/g Th

ST,

NY T AT RAELIEE A EETORBKIZED 55 (NAS, 1977), BREIZIEIIFFIC
EO2XRH Y, HIkOHE, KO, 35 X OVKOEEIZ S &b (NAS, 1977), KB
K OMEARF ORI, ZNE 1 T~15mg/L B L 6mg/L & HlE S 41T % (Schroeder et al.,
1972), KE D & £ & E22RK@ART ORI ANY 7 AL, 43~57mg/L TH % (Durum, 1960;
Kopp, 1969; Kopp & Kroner, 1970; Schroeder, 1970; Bradford, 1971), 74 4 U JI|DEE
F1ClE. 450~3000mg/kg(Tsai et al., 1978) L HIE S 4L THR Y . AKH AU 7 ADILECILIE
WX DRENTEBIND,

KIE OB TR OKEHA TIZ, EBFE~10mg/L DN 7 ARBD LN TND
(Durfor & Becker, 1964; Barnett et al., 1969; McCabe et al., 1970; McCabe, 1974;
Calabrese, 1977; AWWA, 1985), /XU 7 AR EE L TREMEDOHEDILEE CIFET 256,
B KR O EEIT D72 < & 1000mg/L & #i & Tuv 5 (Kojola et al., 1978), -4
7KIE7K TlE 5~600mg/L (Subramanian & Meranger, 1984), A ¥ = —7 > O HIEIKDKIE
KTl 1~20mg/L & #E5 N Tu 5 (Reeves, 1986),

WK O T LREITEERCTREND Y | W CHEEN T HECERER EOR 12
Ko TS, SMEONY U AREIIKENETICON EHT 52 E08, WO OHF%E
WL HEEN TS (Chow & Goldberg, 1960; Bolter et al., 1964; Turekian, 1965;
Chow & Patterson, 1966; Anderson & Hume, 1968), KIEHEWr HERE 3 H (GEOSECS)
DOFEFPE KRBT HHFFE(Bacon & Edmond, 1972) Tl, FE/KD 4.9mg/L M oiEE KD
19.5mg/L 2 THRRD BN, %D Chow(1976)3 L Chow H(1978)DHfFEIC L » T, =
DOEIFEMT bz, EFEKEHETOREMIT 8.5~32 mg/lL Th - 7= (Wolgemuth &
Broecker, 1970), Bernat 5(1972)1%, R F R K UHIFHlETHE L, T L 5.2~
25.2mg/L 3 L O 10.6~12.7mg/L Z%%7-, Anderson & Hume(1968) D &z KX, K7
PEDOSREHTTIX 0.8~37.0mg/L, AL KPELEET 0.04~22.8mg/L. T, FEHfEIZZNZEN 6.5
BLOT7.6mg/L Tholo, N—I 2—FHOREHETIE, 15.9~19.1mg/L & JIE 4T
% (Chow & Patterson, 1966),

THEHONRY T LDy 7 T R L~ULE 100~3000mg/kg T, Y 500mglkg &
Z BT % (Brooks, 1978),

SEIERWPIET, 77V F YO 7 AREIL 1500~3000mgkg & S TWD
(Robinson et al., 1950; Smith, 1971a), NV ¥ AI/NEICHEENDD, KPEITEWKIT
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1372 < ERHEITHEF LTV A(Smith, 1971b), b~ FOX A X b HEEFO/NY & A& R L,
BCF I3 2~20 T#& % (Robinson et al., 1950), £ DO AMITHABND /Y 7 AREEIT, A

$¥<0.2mg/kg~7 4 —/N v 7 Bz EE)27Tmg/kg T& 5 (Gormican, 1970), McHargue (1913)

L, HBE L7 NaDEDONNY 7 AiEE 88~293mglkg &S L7z, £ D% OMIE T 24

~170mg/kg. “F#J 105mg/kg T - 7= (Voss & Nicol, 1960), = DY 7 ADIF & A ENIR

Bl IROPICEED L EZBND, ZANTDMICEENDNY 7 AP THRESLTH

IRV

6.2 t MNDEREE

U7 Lh~DH o & S EERFBERKIL, KB LB IO LS THhs, N
T AEFRAITIHA~ARVVAEN D EEZ LD, ORI L AZWINIZE L TXIZE A
EHI BTV,

Schroeder ©(1972)i%, B¥H O Y v ADNY) 1 AEREL 1.24mg EHEE LT,
Hamilton & Minski(1972)1%, B4 6 OfREEEL 1 HH7-V 603ug & H#E L7z, ICRP
Q97 DHEEIZ L UE, BFENSOERUT 1 HH7= V13T 0.67Tmg TH 7=, WHO (% 1996
U2, 1970~1991 FORENLDOKRA 1 AdH72v 1 BANY 7 AEEEE KK T 0.18, F
FEEETC 0.30. 5k X 0.72mg &5 L7, x O BFHHFHA T 1 A FHEIED 0.3~1.77mg
Td - 7= (Tipton et al., 1966, 1969; Gormican, 1970; ICRP, 1974), Z AUIZ{KE T0kg Dk
ANE LT, 1 HICHKE 1kg 720 23U 7 A 0.004~0.025mg (ZAH4 35, KED 19 DM D
300 BIZBIT DM ETONY T AEHEIT, 1 BH72V 0.09~0.43mg, “F# 0.17mg
T& - 7-(Murphy et al., 1971),

EK DY 7 AEH B, HUROME(LFERREBICAE A SN D L9 Th D, KED 100
ORI OKERAE TIX, P9 0.43mg/L &M S, 2HIEMD 94%1% 0.100mg/L A
fiis Cdb o 7= (Durfor & Becker, 1964), 1 HOKERES 1 A2L &35 &, NU 7 ADER
BT 1 BT 0.200mg A5 & 72 %, Letkiewicz & (198412 X Dt OFFA L, K& &
HLTWDKED 21400 T AMR, B 0.001~0.020 mg/L O3 7 MIHRELTND Z &
ZRLTWD, L, KEO—EHOHIETIX, NY 7 ARED 10mg/L IZETHEBZD
Ao, EHREEEITL 1 HIZ 20mg IZ b 72 5 AlREME N & 5 (Calabrese, 1977), A7 =—F D
FAREONRY 7 AREETE <, 20mg/L 12725 & S T0 5 (Reeves, 1986),

KRLEFDONY 7 AREIZEAT HERIIAZ L TEBY . KDL OEBEREOHEE LN T
H D, 22K DY 7 APREN 0.05mg/ms & 8 2 5 D 13Hi T & 5 (Tabor & Warren, 1958),

ZOMEEMWT, MREHOANY 7 A1 AEREZHEE TS 5, AR, B5@ OB 1A,
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B EOEFEO T 7N O MR EE T 0.5, 20, 43L/45r &7 % & (ICRP, 1974;
IPCS, 1994), W AfEEEIZ 1 H 0.04~3.1mg & 725, < OMOFEREELC LML Z OHPHIZ
GEND, ZNLVENS, ICRPA97TDIFENY 7 AOWAEEEZ 1 H 0.09~26mg & @5
L7z, US EPAQ9SDIC LA EEEH N Y U AREHEEMD LR TH S 0.95mg/m3, LW
ICRPQITDIZ L 2 A B LA DHSRER AN T2 & WABIEIT 1 HH72Y 0.68~
59 mg LHEETE 5,

ICRPAITOIX. B L kK2 G REFICLAMRERES 1 HH72D 0.75mg & #iE L7,
Schroeder H(1972) DHEFEIZ L 5 & AW, 7K, Z225(0.001mg) > H OFREREIL 1 H 1.33mg
THol,

FEEERPOAF LT —XICL DL, AIBHICEWTI X U TRy R—~DF
B L D EAARIMEES, BB N Y 7 A~ KK &R AER EE[inhalable dust]® 8
RN 2 [TWADIE 8.5~9.1 mg/m3 T, IFH 2 FE S (AR EE D 10 47 [ TWA) T 34.1
mg/m3 & Fo 7z, — RN PRSI R X VR FTHER(LEV) &2 35 T2IcB\\ T, HEi
f P A R o iR B (W AVERY B BVl E 1.3~3.7Tmg/m3 T, &5 T CTldfmm D 55.4
mg/m3 (23 L7z, @i, B> LEVILE AT ) 77 A F v 7 OB L Na—F 1 v
BT D TR, 1~3.5mg/m3 O#iPH TH 5 Ball et al., 1997),

B DRHEBEL O T — 7 EBECHW LN D U A Y —IT1F 20~40% D A IFME N 7 2MEEY)
WEEN, TNHOBRTERT D7 22— LI 25% DY 7 MEAMNEEND Z &N
HIBH L7-(Dare et al., 1984), ZD X IR U A v —2 T HEELNEZ L TWDHRET
AVEPE AN Y T AOEEEL, 2.2~6.2 mg/m3 & HEE S5 (NIOSH, 1978),

TEATAMETGOF—T v F v =Yy —BLONy T I X —EEBELOME A
KRGS 7Y 7 Tid, REHPAY 7 AREFRRERZNZ4 0.041 35 LT 0.0365 mg
/m3 & HB L7-(Apostoli et al., 1998), AXA > Dt T I v 7 THANO S F I ERLGHTT,
AR 7Y o ZYETRE LIz N Y U AOFEJREEIX, 0.0012~0.0758 mg/m3 TH - 7=
(Roig-Navarro et al., 1997),

HEOEENOT — X L AbFW'E 7 FEHE E T (Estimation and Assessment of
Substance Exposure)(EASE)2E T L& HWTTHIT 5 & WiEE/ Y 7 A~DZEFE 1L 8 HEfi]

2 EASE X, fEERBEZZETIMOT- DO TRHIET L THY | HE SN RET —X
DIRER), FRIFIAFTERVWGAICHONS, a2 Ea— X LK DH#N—ADT X
AN= VAT LA THD, ZOET/MI, Fidlds OB FOWEIZR T 2 M Sz
D=, EU K THEAS TV,
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TWAEANER BB 7)10mg/m3 RISl TE 5 Z ERRBEND, ZOMEY 270K
WIREICHRI SN 25 bH Y, FEICL > TE, BRFHBRES ALV EVWEE LS X
5D,

EASE "= 3 2 Tl IF 7 - Ry /N"—~OFII LD ESARIMEZEFT DAY
U LEEBIRIEIX, LEV 233 5354 T 2~5mg/m3, 72\ 54T 5~50mg/m3, LA AEA: -
WEZETIE, LEV ff & 2~10mg/m3, LEV 72 L 50~200mg/m3, 77 A F v 7 A D #z
E¥ X, LEV f+& 2~5mg/m3, LEV 72 L 5~50mg/m3 & Pl b, 25O FHIE
FEEROT— 2 L —HT 5,

REE N o NMIEFRZENICHWO A B LN o AMeAEW T, BIEEDO L MU
THGMESERAIE LTEA SN, B FORBEIRO 1oL 7> TWAIPCS, 1990),

7.  EREMB LIt N TOERNERE - B0

t FOFBEICL DY 7 AU DWW TE, FHRPAR 5TV 5, Lisk 513 1988 4,
TZUNF Y 92g HONY U AFEOBRE /2 L)179.2mg & 1 ENZEERLIZB D, <
ANT U AREDORER A WG L D72 & EBEIED 91% TN S v/ & HEE L7z, Tipton
519693 FHA L7k 2 ATk, RICHEH SN U AT RFPFORNY U LED
1.8 BLWBE.7% Th oz, thlE 37 NZNZhITx L, 5 FEHOHER N Y 7 A X #rik i Al
(NU 7 hE88~195ug)D 9 b 1 fl A HiE[# . L 7= (Clavel et al., 1987), JRH HEHL S L7z
KoY 7 NEX, 24 WEEITC 18~356ug TH V. BEE L EOMBEMGRE R Lz, dHitSh
TN T AE, B LAY UL 1g H720 0.16~0.26ug THHo72, BIOWFIETE, X
A& LTHEEAY U A2 EBEE%, WS NZOIXIZAD—HTH o2 EHEI LT
% (Mauras et al., 1983),

YRR T, IEOEWRI RN RE STV 5, 2EMWRER CHle S iz DR IR
X, 0.7~85.0% T -7z, ZOKIERESL>EIX, RBRHE(EHICLrWINEZET=%—L
7IE). BRE, AR, B L OEMEREOEWC LY —HE T 5 L Ebha s, Zh
SOFEBRNT A—21L, B 5B CTHIHE DAY U LRI E 5 2 7201 Tik
R, HIEEICEDNH D N T AORNMETFT5L5THY, HOEHOIE S 3%
IRV K 5 Th 5 (US EPA, 1998),

Richmond % (1960, 1962a,b)iL. ZAE D&M CTHIGIZ L 2L N Y 7 A ORI SV TH
BLIZEZA, E—=TNRTOR B0%EELNY 7 2NZK L, 7 v b~ 7 2 TlX 30% (i
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fig /) v 1K) T o7-, Della Rosa H(1967)DHFZEN S D 30 HBEMREFT —# &2 HW\ T,
Cuddihy ¥ X O Griffith(1972)1%, L& 12 L 2 WINEhHE %2 ©— 7 VRO R T 0.7~1.5%.
hR(43~250 Hilin) T 7% EHEE LT-,

McCauley & Washington(1983)35 L OF Stoewsand ©(1988)i%, £fid Y 7 AMEEM D
W =R 2 bl U7z, [Rl CIREE DN U A& BHEEfR G L7727 > b T, Mk LW
FRIREEICHAS L & BN Y o A LN A% “IRIEFEZER” TR S 72 (McCauley &
Washington, 1983), [FIHEDHEALNNY U AE T T TN F Y ORY 7 LAEREEE L
727 v FTIE, BICEREDO Y 7 AR iz, McCauley & Washington(1983)1Z &
AT, Wil Y U L ALY U AOWINERPEL L TW L D%, D EORRENY v A
ERET 2B OFOEBOREINZ LD 6D THDL EEZLNLEANY U A WY
A, ETAIEEEANY U L% pHT.0 DECEKIZIRE 10mg33Ba/L TIRA L., 7 v M
HL7), ZORERIE, BERET N U LAEHEEARTOREANY U LFRIS T &
IR L - TEMT BND, HREET MY U LDORERRIZ LY | REENY U LDERE %
LT Y U LA~DOEBRPER DN EEZBND, ZULOMEDORERNL, THk
E EESOFEVEREE CREBEIE N Y O LA F U B FEAET D AENEN Y U MEEMONY U ALk
EWE. BRIL 2RI R A2 O Z LRI EN D,

AU TANRE FOKETHRINES LD &) EEDGEMLZ 2V, L2 L, Zschiesche bl
1992 £, WHAERE T Y U LZEFE LI/ERR T, MR L ORDANY 7 AR EH L
el L. RAF DAY T LT KEERIEZ U T T 0 ZA%RITHRER R £ 72 I3HEEIC
T sisd 2 & A& Lo, Doig(1976)1%, TEHE O DIRE AN B A7 FFE#E T #I20H
KTHZExERLTE,

AR KT 23, 233, £721% 2330mg @ 133Ba BiEIE A “KOEER” £ TREESES
720, 7 v hOKEICIHEALZ(Cember et al., 1961), 5% 20 H £ T, MRz H i &K
DT > b 4 VLERSy L, i, B, g, B ZORERE Y v iz fE LT X i
T 133Ba OFFEZ T, KBNS O 133Ba 7 UV 7 7 2 A EEMIE, 2 &R T 8~10
HERE S, BEEICITEEBEINRNoT, WAL 18Ba @55, 4547 L7kt 2
B O THIE SN0, 0.1% K Tdh o7,

BRI 5| KICEHE SORHE S Y 7 2 E T8 ) 7 MEBWO, KD 6 Ok
DFHLAGE OGN D, —FELTINDOWIEE, N U ARRARBRRZIIRNEND Z L%
R LT %, Morrow 5(1964)1E. i N U 7 A 1.1mg/L % 30~90 3R A L7724 XD,
TRGEICBT 2 AEW=0 i %2 8 B & HEE L2, 133BaS04 VE WIEA D 24 BE £, 15.3%
DRFRENRIE B LT e, FRlENY w7 AT, KR EARIRER LS (W O Ji S e A i
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ED 7.9%), 3 L OWED 5 MK ~DBENT.4%)I L 0 {H7 5 (Spritzer & Watson, 1964),
7 v T 2 mg O 133BaS04 Z#R[ENE G LizE 2 A, [UEOHETE L OEHICBIT 51HE
FIHIE 66 35 LY 88 H TH - 7= (Takahashi & Patrick, 1987), Cuddihy ©(1974)1%, 7
v N OWAFZEREZL, NI TLABESPUAEND T L AR LT,

BEINTARNY T MEEWOKE Y VT 7 2 AREOFIEX, KEEOHIEIZLS LD
EEZDND, HALANY T A RSN T L BB S RN U AL LT LB X
HGD), HLVIEELIZEEY vnd A PRIV IAALZAY U ADT—1 YT 5
#E L7oA X Tk, THIERIN MR R 12 e L Ty (Cuddihy et al., 1974),

ST MBI ORI 57 — 2 1T RS 5720,

B, NY U ARENAREDR 91% &V 9 REiRENRD 515 IPCS, 1990),
Reeves(1986)1%. HIC L DN U LADEGAIL, AT T LARA M v F T LADOEGAHD
1.5~5 {5 CThHoH I L &M L, BT, NU UAFEE UTERRE AL SRS
%(IPCS, 1990), NV ¥ MFFICHIEICEVIAEFND L5 TH D, 7 v el v LD
T—a Y VICRBESE 1 Ak, N T LAORIKNARED T8%MWEHKIZIED b, £
#% 11 H £ T2 95%LL E & 72 5 72(Cuddihy et al., 1974),

KNO /ST 7 ZOFRITHERE, Frio REIAR, M, OfE. B, s, B, s kO
R854 % (IPCS, 1990), MiRED /Y 7 A5, IRTHFHICHAREEICR DN
&b H 5 Reeves, 1986), McCauley & Washington(1983)1 1 X2 133BaCle Z#% 0 #5- L .
24 W% O LB 351T 5 138Ba JREEIT, MHAICRENFLE L TW DR, A, BLOE
gD 3 5 CThDZ LaBOI, ZHOLOMBPREITEMFIRELD bE<, ZAbITA
U LBRERLTND Z EWRBIND,

NY T AE BA RA BIOERAREOK, £& LTRERICHES L3, R
HFizb PRt SN D, 1 BHH70 Y 7 A 1.33mg(BH, K, 22505 Z N1 1.24, 0.086,
0.001mg/day) &\ 5 — R ZRBIEDO LA, B MIUIIE 90% % KEFIZ, 2% % RHIZHE
9~ 2% (Schroeder et al., 1972), Tipton ©(1969) HEELLDOFE R A2 157-, FHA L= 2 AD B
T, 1 HOANY 7 AEEED 95~98%, 35 LN 2~5% 1 K L OURFIZZE N Z ki S
7z, Cember H(196DIZ L 2K EIFEARBR T, MHELZRG L8 2 ILOJR L #E%E 21
ARERIR L7 & 2 A, I PG L2 EEEDIRIE 3 0 2, JRIC X D HEINTH
10%IZHEY L7z, &R L UTAMZEIT, 5 Lo U 7 A TR SN D DIFFERFICD 22 <,
EEORMTEE R ICHR SN D Z & 2R LTV D,
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SRR ER A WD L B MBI AN 7 AOAEY TR RS 8.6, 34.2, 1033
H & HEE & 7-(Rundo, 1967), 140BaCle—140LaCls ~DW A%, B — 7 LRI T HHE
EHHAIE 12.8 H T - 72(Cuddihy & Griffith, 1972),

8. EBRWHILEEE X O in vitro RBRR ~ D&

8.1 H[ERE

WAL AU 7 A REEANY UL ALY T ADT v MIBIT SR N LDso fEiX, 118
~800mg/kg A TdH - 72(IPCS, 1990; ATSDR, 1992), AVt L, KIBENOKIKITE.,
MBde. NPl E RO T, RO El, BAERO LR BIOERERD TH D
(Borzelleca et al., 1988), EERENVMNIZIIT HHEEE/NY U AOBSEMEIZBEI L Tk, T —# 03 A
BB,

147Ba(85% ik /N U 7 4)0.015~0.6ml/kg (A & <& N A& 5 Uiz 735 T, ok X
B AEERFEORENHL SR, —iBERE R, [EXR, M
FRMNH 5= (Uchiyama et al., 1995),

FERENW) ORE ETIIRE SATEA SN AN U AT, B5ERE 126 AFRMIZHE
EFV. FEA 1 BRIIEZEZEERO BN E~ 7 e 7y —CO¥NE#H® Lz,
ANZN IS & 72 TR IR D/ NN B B Te— T, AR T~42 HIZRE SHRRIZE K
SO A EEIE (I RAESE OFEIL S 72 L12) 23388 L 7= (Huston & Cunningham, 1952; Willson et
al., 1959; Nelson et al., 1964; Stirling & Patrick, 1980; Ginai et al., 1984; Slocombe et al.,
1989), H W Z Wi LR 12020,

R U 7= A AZHA LN 7 A% 1% 720 0.5~2umol/kg K, E/LE v~ I 1.7 mg/kg
KEEAFELIZE Z A, MED EH LRk A 51172 (Roza & Berman, 1971; Hicks et
al., 1986), A X TlL, B O & B 5 S 72 (Roza & Berman, 1971), A X
MAEH V7 LREORIENSEERMEL U U LAMIESHBI L, 4 Y 7 L0 A & il
N~OBENDRRIK & S7c, B U U LDORFFHEANI I D | Dlifi~D 52 L OVE R sk
IRV IE EFICITEER 2o T, A XOME EFIE, MAIETERRICE > TS
Bl SN2 oledD T, L=r T o VAT UV U REN LI B DTIE R -7 K 5 Th b,
HAE N O DOEAE, HRERZ L7207 T HEEKAEOREIRD D b7z Mattila
et al., 1986),
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8.2 I & RRIE

KERIL AN O MTBNT AB UETHY . LEERN-> THERMETH D, MY 7L LR
bRV T LZ2TYFORPTE LORIC 24 Fefi@EH L7z & 2 A, BREE O B s Il & B R
H % #%% L7 (RTECS, 1985), Wil /N U 7 MM L 5 K ECIROFRKICBE 325 7 — Z 1372\,
Ll WY o L 0omB b it E R, FHIC X BOTEOITRS AN STV ST )
bbb M CTORECIRAKICET 2 HMER RN LA D, RFICHIRIC S
RN EDBRBEIND,

NU T DEEMDEAEREIZ SN T, A MR EBITHERE T 2o T,

8.3 EHIRE

HeEM & 7.1mg/kg KRE/H OHFEALANY U A2 1 » AMEAKEZ L7 » T, ED E
HNE &7z (Perry et al., 1983, 1985, 1989), #x K 2000mg/L DAL N U 7 A —KFa#
# 15 HERAKELGONY 7 A0 1 B ¥ EITRK 110mg/kg KE) L7-7 » N T, WEIK
FHEOBFZERIA LN D -T2, [FAERICHR K 692mg/LOUNY 7 AD 1 B A&, 1L
MECTENZ IR 70 B L 85melkg RE)ICERTE Lz~ v A TlL, HEOmARRICBITS
FHT I B S OB M3 ME— DA B 72 B EVEH Td - 72(NTP, 1994),

Muller(1973)1%, #2 £ 40mg/m3 DFfifE /N Y o AR EECKL 7 A X 1~2um)iZ, 1 H 5 KEfH .,
WIZ 5 B, && 8HMH., 7 v Mg Lz, HEERRERHO®R, MlahRoEE, e LK
FIOME L, BLOSMIANE EROBKRITRD biviz, AE 14 H BIZiX, 7 > boOfiijas
PRIXIEH CThotz, LovL, #F7EHE H1%. 28 BEOBEIEHO% LR b lEE X0
MARHOZE(LZHE LT 5,

8.4 HHIRE

NTP(1994)i%, MEMER 10 8% 1 HEE U727 » MEEIC, R 0, 125, 500, 1000, 2000,
4000mg/L DALY 7 A" Kkf % 18 WECNY v A 1 HEE AR 0, 10, 30~35, 65,
110~115, 180~200mg/kg RE)RAKHKL G L7z, 4000mg/L BE T HLNT- 2L, K&
DI TR EOR B2, B L ORBRRKIEOKE 3L L 1 IEOE LT TH -7,
& 4000mg/L(N Y 7 A 180~200mg/kg KF) 23, 7 v MZBITF 53U 7 A0 LDso(FE )
@ 180mg/kg KEIZILHEIT 5 Z L1, HERHICET S L Bbnd, LT EYE
L7 F e OBRIRAT AL, £ 72030 M E RO EEL, WHEH T, DERD~O LA H A7)
S7, BEFIICAEZR(P<0.0DIEHFEEOLE(LIL, 2000 I LV 4000mg/L FEOHEZ IS 1T
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% et e OFEXHE BB O, 4000mg/L #EOHEIC 31T 2 /83 B EHEOWIN, 4000mg/L #
DOHEREIZ 1 D et i KOV E 2T RHIFEEORBA CTh - 72, 4000mg/L BEOMERED S 3
VEIZ A BT, R~ R C R FTE~ S 3L O AL IR E SEIE D & 72 DAL RBE R
HBEN, BEEOZEEENH D EEZEX N, RMEICKERIIALN R ST,
4000mg/L FEIZ 31T DT EERA . 8 L OWE. Mk, H2WIXY o ik 2 U g
Bix, REFEDEA N LRIZED D EE X BN, MR ERECMEIT RIZIE, b5
WEIZBE L7z & B 2 B 5 M FRINCA B2 bIE A b d o 72, 4000mg/L #f D
D7 v M EENEME(undifferentiated motor activity) DA & 72K K23 90 H BiZA BT,
EENETEO DT FIL, 1000mg/L #EET » NSO Y 7 ARFERE TR bk,
ZOMOMBITEIO = RARA > ML Tk, AERD D WITHBIRFMEDOZIT A S
Nieho iz, NTP(1994) 13 #H M EINOAEL) % 1 H&H 7=V 115mgkg A (G R E
2000mg/L) & L7=723, US EPA(1998)i1%, M7 v MBI 2 BEEOAFER(P< 0.0,
BLOT v FTEIZE SN LDso @ 118mg/kg (AERTECS, 19851255 %, Z OfEidi/
#FMEEMLOAEL) & 2 b b & Lz, Zhuc ki, NOAEL X1 HH7- Y 65mglkg (A
(FFERE 1000mg/L) & 72 5,

NTP(1994)i%, ¥ 0, 125, 500, 1000, 2000, 4000mg/L O /N w7 A" K%
13 HECRY 74 1 BHFEHHE 0, 15, 55~60, 100~110, 200~205, 450~495mg/kg
RE)~ 7 ARHCIRAKEE Lz, 22 b a— L2l L 4000mg/L # CTH b= EERIL,
K6, HETVCOMT, M 10, HE 9 VED L P ERIH OB R, MBI 2 REOHFER
W, HEOHEKIEFEEOWA . BLOMEOHIIEREEOEMCTH -7, BIEHEORIL,
PRABE IEAE, PRABAE 2506, IR IR TE, BXOE & U CURMENIEICRIT M 0TF
TECToh o7z, tHxtds KON R E & DR 23, MEMEILIZA BTz, 4000mg/L #E D~ 7 A
O, AR, BLXOVEIZTY Vo EICBIT 5 U Vo8I, KEORDB LA L2
2L Db0 L &NTz, 4000mg/L BEOMET 90 B BICEIE SRR o H B 2K ik,
EHEICLDbO L INTD, TOMOMBATEIO = RARA » ML, AE 7 HEIRENE
DEACIZA N0 Te, ~ U AR D IEREIIITON R o7, 5ERE 4000mg/L
TOBBEB IO LIS E, LOAEL (X1 H®7-Y 495mg/kg (A8, NOAEL (X1 H®
720 205mg/kg KETH 5,

Tardiff 5(1980)i%, MEMED Charles River 7 v MMIfxE 13 MR, ALY 7 A&k
RS Lz, BHEOIZ NV UV LAHAEZETI HH=0 0, 1.7, 8.1, 38.1mg/kg {KH,
MET 0, 2.1, 9.7, 45.7Tmg/kg KE L HETE Lz, 7 v MIEMERBDO Y 7 4 0.5ug/kg K/
A% & te Tekland #hO~ v R/7 > NHSNV Y M2 B 272, @ SeME— oA FEERIL,
MERED m M BRI BT 2HOKEORA &, THEFET8HE, 2T I3HAIZALR
TSR EEORL THY . 2D OEITHEERGFECIX o7, MER L USRER
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REEICHIET D=y R A > M EFHEMEBIRE F 73R ~DZ >R 7 JEi) ITRE S h
ALY

—#HOEMNT 7 DMK - BN - OEX - EOFHAEMcCauley et al., 1985)
T, Sprague-Dawley 7 v MINY U LZ I FIFHMEAES L, XU U7 A 12mgkg
HHDZ v M Purina fikl, £33 U AGHESMBEIZZ 52T v A Tekland
fall 2 5% 72, FAMEFAOAFFECTIE, Purina fEHIREI L C 3 FREHO REEFIEI SV B, 36
~68 M DHEE N 7 MIEEEIL, 1. 1.15. 2.5, 16, 38.5mg/kg (AH/H ThH-7-, %
BOMBE O TR TIX, N U ABEEOREILALLT, ~~ k27 Uy MEDZE(
HER D HAVIRIN o T, MR D FEE HEIESME O BLR KA 3580 S 7z 2y, HEE 7213 &
DOBEEMEIZRNE S THO . NU T LZRE L OREBMRIIAFTH D, NU T LTEEL
727y O, EERERODAEER LAITA N Teh, BBRHIMITAIEICEATE S D
TIEZRL< . BRUTRAET DESGOBEIIT Ho TR oS H 2,

16 3B O if EAFZ7E(MceCauley et al., 1985)IZ8BW\ T, IEFIMAED T »~ ~Z Tekland O F
» MAEHONY 7 A 0.5mglkg (KH/H) & 52, S 5T U7 AEZEEKE 721X 0.9%Hb
U AEIRICANGEE XY 7 A0, 0.45, 1.5, 4.5, 15mg/kg R&E/H), #klbk e L
Th 7z, AllOBEAMEL72Z v by, #EANY 7 A& 0.15, 1.5, 15, 150mg/kg
{RHE/H I CRBRICALE L7-—J5  Dahl BHEEZ T » b3 L O Dahl BHEESUET » M,
AUy AHEEMAE 0.15, 1.5, 15, 150mg/kg (KH/H % 0.9%MHE T F U 7 AEHRIZ AL,
B E LT 27z, FHELICLIUE, 2 ClEOEE NGRS biviz, Mt B o JkfE
I HERD B0 T2, ZOMFERICIZa ha—L e LTO/RY 7 A 0mg/L @ 0.9%%
{7 MY U ARKIEITRES N TWRer oo, MEMEICKITL22T v FOBEOE 73
PRBIRA TIX, MIEIRERE £ 72130 7 0 U DORMEICEITRBO bt hoTe, LaL,
m RO Y v A 150mg/kg AR/ H) OB R, Dahl SU&S MERE, Dahl AHEERHTIEREIC
BT, REREROREEZ(E3GR D Bz, & 15mg/kg (KE/H TiX, EOFOT v M
SRERIRA~ DR BITH SN o T2,

NY T MMEEY A~ OR ANBFEICLDEET — XX, 7y FERE 0, 1.15,
5.20mg/m3 (XU 7 A 0, 0.80, 3.6mg/m3)DKfE/NNY 7 A2 1 H 4K, HIZ6 HT4 %
A 288 SE 72212 BR B4 5 (Tarasenko et al., 1977), 1.15 mg/m3 & Tl kIL 720 »o
7eh3. 5.20mg/m3 FE TR S22 i, (REH O 21%K T, BIIRED 32% LA ik
BT A =2 DA, MiELFE T A =2 DEN, ROBNT T DRED R FFHEER
LB L OO - IR - B - IO TFE L Th o, FE DI, L. . B X
O, “EREED X X7 ME( FERDIR )P A b e T 0 — DT 2RO T,
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8.5 RHIFELRPAME

NTP(1994)1%, HEMED F344/N 7 M HERECHERES 60 PO, A A K ki
AHVTZIREE 0, 500, 1250, 2500mg/L DALY &7 A ZoKF) % 2 G Lz, #HO
ANY y AEREIHET 0, 15, 30, 60mg/kg (KE, MET O, 15, 45, 75mg/kg K & HEE
STz, T v MIE NIH-07 BEE%& 5 27208, 2O/ o AREIIHAE STV e, R
FFETIE, ARRATENR L VL IMERE X Thn e hotz, BREBEEOFET, PHER X
O ERD T v MEICORERD . HERFEOPOK R S H &R O B &
DEBRIEME ~OFEEROFREERS HHE—DF) TH o7, LT, HZEIT 5
FEXHE BN OMRIKE T, 2500mg/L(ET/NY 7 A 60mg/kg RHE/H, T 75mg/kg/
A2 EH NOAEL F7-1% LOAEL tEx 605, B 2000mg/L O/3U 7 ACNY &7 A
115mg/kg R/ H) ZRAKE G LT v N OfExtis L OHEXBEZOM, 726 0N
4000mg/L(N U 7 2 180mg/kg AR ER/ H)EEOMED R X F5 J O & i BNz 0 5 B hesE %
BT, 7 v b 13 HE NTP iR BRr(1999) DOFER L b TE 2 D & 2FEMORBROMEZ
v MZBI 2 EEOEIML, BR~OFEOREMZ BT IHOTHD, LR
-C NTP(1994) R Tix, NV v AOBEMICE L, 7omg/kg/{K&E/HIZEH LOAEL,
45mglkg IRE/HIIMEZ » MIkT 2 EH NOAEL L7325, NU U AZEBE LT v MIE
GREROFE R ERIIH LN oTc, HET > b OFZHMIE A M7 & I BEBS X O
BNVERIE 7 v AU, T > b OFURIES IR IE, BRI, 2SA)DIFAERR LT
B EIRBAE R BT,

NTP(1994)i%. B6C3F1~ 7 A (% H&BECHERES 60 D)IZH 0, 500, 1250, 2500mg/L
DHAL AR Y 7 LTk Fa % 2 FERRAR S U=, #EE 1 BIEEREL, BT 740, 30,
75. 160mg/kg (A, MET 0, 40, 90, 200mg/kg (KE TH -7, ~ 7 AZIL NIH-07 ¥yEH
MWEZ BTN, 2O/ U NREITHE SUTW ey, #fRiTE X OV iE oA lx
fThiniehotz, 15 » A O CIX. 2500mg/L Al #xh$s L OExH R E i = v
fe—LdOboO X AEICWP< 0.0, 2500mg/L BERED %35 L OFH% g & 13 =
Y= DObLD L) bTNEN o, S B, RERIE THED 2500mg/L BEOEFHIL
aryher—LOb50L ) HFEIZP<0.0DES, (LFHEMECEHECLLILDLEERDL
Nico ThbOBEEORBIL. RMENLE, RMAEERE, R\ERROEE 7Y
MR, B OZRMERMEL, BLOELE LTURMEARNEICALNL R ETH D,
i, MR, BE OV oENICBIT B Y o OREE Y, 2500mg/L BEMERE T & RIS B2 A
CL7e~v U RZHLIL, BEEICEELLZEHOMBREEZ N, LER->T, vUA
»E# LOAEL 1% 2500mg/L(#E T3 U 7 A 160mg/kg K&/ H . #fT 200mg/kg K&/ H)T
b5, 2FBEINTHOEEFEIRE 1250mg/LET/NY 7 A T5mg/kg RE/H, #T 90mg/kg (&
/AN, BRYINOAEL ThH o, NV U LERE LI~ Y AT DEERAERIL. 2 e
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—LDOHLO X0 AEICE 1T o7, 2500me/L BEMECIE, EREDOEBEORERN I b
2= DLOE D FEICELS, BEEOIXZOFNRNBANY 7 AZE Lz~ ADOAETFHEO
FZLWEMICEDbDEBZ T,

Schroeder & Mitchener(1975a)i%. Long-Evans 7 v bk (&EEMERES 52 POIZ N U o7 4 0
F720% bmg/L ZFEREANY v AL U CHERL O AIREE TK 2 FRIIRAE G L7=, US
EPA(1988)I7 L D HEHE(R 6 L OME K BIC HE S < & Bk HIEET 28U w7 A B 3T
0.61mg/kg /RE/H ., T 0.67Tmg/kg (AHE/H CThH 7=, REIT “KERE" a2 HME L, 7
£ FBy 60%., HIRBIISIIL 30%. R TET U 9%, 3 TR 1%, Bl ¥ 3
VEBES INIH DN, N U LAEROREITRV, AU U NIMEO KRR ICHE R
HIRI IR TZD, il OMEDR R ZE L1, /N U 7 AISK 152 H 288 L7z 173 AlsDOrE
T, ZUNTIRBERN A br— L XD FEICEN -T2, 532 BLO 773 AlnDMET »
T L AT o — LiEERay he—L k&L, RABORECIRmEEER =2 e
—LDHDE RIS TR, FEHELIZIND O MIRAFEREOTH AICK L, EWFER
F T EM PR EEMEATRD TR, g, M, BB, J6 K OUME oo 7 B A T,
EALITRD b e mnoic, NU U LAERELTEMHED T » N T, WIR CHERR LSRR
BARMINEA S otz

Kopp 5(1985) 1%, BEFL D ME Long-Evans 7 v MMZHbL/NU &7 A(100mg/L) % 16 » H[H
BABEG L, NV oasEGEhnwkebzl-ary ha— Vil kik Lz, £7 v b3, &
ERBEDDIRNT A4 ETEROEREREE 52 bz, Z Ofikha IS IC BRI L
el ZAH NU AT L5 pglg Thole, MBEOFEREAAEIIFRE Th D Z & AV
L7z(z> he— b 421g, 100mg/L #f 431g), 512, 16 » A OFERF | MKFHFEED
BIEM R ZOCE & KOBIREICITRER A LN hoT, UL, NUDLARERLEZT ¥
T, 2% 1 » AU EIRNEOG E 2 EF R b,

A% IZ %# L7 Charles River CD ~ 7 A (%K REMEMES 36~54 JC) (Schroeder &
Mitchener, 1975b) Tid, fREIKN D DY 7 ABEEIIHET 1.18mg/kg A&E/H, HET
1.20mg/kg {KE/H TdH - 72(US EPA, 1988), kK L MKEITNY 7 ARG ORE LT
o Tz, Ol A, TN, BN, 3 X OVMIROMMBIZIER Ch oo, FalEgEzinE
NOXEGRE TRt £ CTHEAF LT 5 LY FEMIL, MECTHRIIE T L, LaL, ¥
FMTEEBIA LN -T2, ZF LMD~ 20U 2 o8B A R 3 I OMiEE R A
FE ary bua—AFEORAERIE, FERMHEETRN T,

Perry ©(1983, 1985, 1989)i%, BEFL#% O Long-Evans 7 > ~MZ, NV 7 A0, 1, 10,
100mg/L #H b NY 7 AL LT 1, 4, 16 » HiRAKES Lz, 8EbKIT 5 O ZEHE R (E
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V75 v 1mg/L, =273V ks 1mg/L. @ 5mg/L., ~ > %> 10mg/L. #h 50mg/L) TiEfk L
7o &2 TCHZ v blZiX. Schroeder & Mitchener (1975a,b) M L 7-fEHC o= | &
DEJFE T T A ZEEROERIN G2 biviz, i 8 » A%, 10mg/L T UUHE 1 £
2% 6mmHg(800Pa) 5L .16 » ARz L CTA EIZE VW VEGE4 mmHg [530 Pal) 23w 7=,
100mg/L #f CIEFEEHEH M= O A& 72 EH-23%# 1 » A B (+12 mmHg [1600 Pal) 7> & B
B2 | 16 » A [k L 72(+16 mmHg [2130 Pal), & 512, 100mg/L 1T 16 » H [H#&
L7 120CCiE, 2> br—® 18 LT, LD ATP BLOKRAKZ LT F= D
Wb, DIHEEROIK T, BLOERKHEEOK TARD bz, ARBROMER L fghc
IVEBRTHRICAI N U MRENMELS . 7y FOGEMESDEL/SY & LB E O 58
1L, B MZIESIZEEETIT W E Bbn s,

8.6 BLEMHBIUVEE=. FRA Lk

N T MMEEMOBEEEICET A EHITE STV D, in vivo BBRIZIT DI T e,
EE A ED in vitroi B TIE, ALY 7 AR X ORI Y 7 a0k, REHEELROF I
0BT MERE TR FEREREZFHIR Lo dz, R IELR DR £ 72139
fFAE F CTOR X F 7 AHkE TA1535, TA1537, TA1538, TA97. TA98, XU TA100
Z MW - A A ZHE Monaco et al., 1990, 1991; NTP, 1994), #5H1E Rk H17 33 X O H45
Z A\ 7= rec-7 v A (Nishioka, 1975; Kanematsu et al., 1980). 3 X OMUEHHEMEAL R DOAF
EFCORBEEZRWZI 7 A7 — > f#ERossman et al., 1991) Tk, LY 7 A
(2B LIAYEDORE R3S S -, FEELERR H17 B3 L OV H45 2 ree- 7 v A TIk, AR
2R A farEA R Lz (Kanematsu et al., 1980), Hifb XU v A, L5178Y ~ 7 A U v
/I ARHHEYE L R DAFAE T CHRAB T 2R E R A FHH L2 RETEIELRBELE L
RN EFER L0272 (NTP, 1994), FEEE AU U A BHEANY U A Y BREIFERE 7 A L X
DNA 7R U #* 7 —F¥® DNA ARAEZ K T & 727> 7= (Sirover & Loeb, 1976), MiFLIEDHl
fa ik, MY U aE, RENEMIEROFEII PO T, HBETF v A =— ALK
— IR HLHIAE I Fo U Tl Y 0 0 R A O Y A R B 2 3538 U 7222 o 72 (NTP, 1994), FAY T
L, =AY UANEREZERL in vitro R BROFE R L CRETH B,

8.7 AFE-FAEM

NY T LMEEMOATE - FAEFMECET 27 —Z IR 6 Tn5, 1 H 1[EIT 10 HIH,
R 7 A 198mglkg RE/ A A% QSRS LM T ~ b T, SR E RIS K OWNEL/ N E
DAL T 23 5 7= (Borzelleca et al., 1988), 7 v b LW~ 2D — A5 H MR
(Dietz et al., 1992)C, WM 20 PLo> F344/N 7 v k& B6C3F1~ 7 Al K 60 HH.,
b\ T N TOKF IR Uz, Ak N O A TR OREIX, 7~ FT 0, 1000,
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2000, 4000mg/LCEE 512 L A HEEERUE I 0, 50, 100, 200mg/kg A&/ H), ~ 7 2T 0,

500, 1000, 2000mg/L(%%t5 Z X AHEEEREIX 0. 50, 100, 200mg/kg KHE/H)TH >
7o BEDIZEVHEBORELLEHOKENESN, Ty he~wTRIZBITH 1 HANY
U LG EOHEEICH VB, 60 HORBEHIMME TR, ZRAMAOLNIRLET, £2
1T 8 HMOZRHIMK T £ T, M UHEROMHZE U r— I AN, 2O - R
BRCIE, fHRER, BA(F - RHEEME, O ONCIRF EBTAEFICB T 2R AT RRA
MR SR, WO BRBRRAIC LA E xR AEEEO KBTI A LN AR o7, L
L., 7Y hE~ U RABMFORERBHBI O ba— O TITBWCET OFREL T
[l > TWz7esd, ZOREROMPITIEEIZAT O LERH D,

Ridgeway & Kanofsky (1952)1%. BIROINHEEIZIE Y 7 A 20mg Z#EAL, NU T
LOFAEFBMEEZTAT-, BESHHITIEALIZE ZARBICREARAENRBO LN, 4 HAT
ITEEII A ONR o T,

Tarasenko 5(1977) %, REL/NY 7 A 13.4mg/m3 (VXY 7 A 9.3/m3NZ 4 » AMEE LT
Ty FT, Ay ho—/Utig L, SERSAE A O &2 © QNIRRT X OSSR O I g o
ElIGDOELERD T, 252X, 3.1mg/m30NY 7 A 2.2 mg/m3)BE TIXA LR
7o FEHEDILER, 13.4mg/m3 D 7 v MAHE LT RRIFIZ, £% 2 » HETHe Y 0
LR EEREHOBENDALNT EWME LT,

8.8 FHERE L UHRER~DFE

N MMEAEM O RN X O EME IR 2 IEHIEIR & TV B (IPCS, 1990).,
BERFOA AN O LB E LT E 2 A, O & RN BTN, ZHUXEE
IR ) U ASEIC L D B0 & B b7 (Roza & Berman, 1971),
9. b hF~DEE
9.1 JEFIHE

RGN Y w7 I, HAE S O K72 EDNY 7 MEAY OB E T2 IR MEBEERIC LY
HEEEEL, FHE. B8R, K2 U v AImGE, ST, REIR. B X OVEETE S| &

EZansd, Ny LAOEEEAOUGEIZIX. Y 7 AEADZHW SIS (Diengott et al.,
1964; Gould et al., 1973; IPCS, 1990; US EPA, 1990, 1998),
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RTECS(1985)(Z L auiE, Hfb/ Y 7 AB KL OREE/NY 7 A0/ NaMER DB &L, £
NEN 11.4 BEL O 5Tmglkg (KETH Y | [RIENY 7 A TIE, 29mglkg RE &V ) IKHE
TR, R BLOH K TR ALND,

THLE OO T2 DR N LTEiiE AN Y 7 AOMBEHRAIZEY , 3 NOBFHE THRAK 2
R, i X AREEIZIRE D B 5 172 (Buschman, 1991),

H A RIL DT D0 DIEFI RS T MFEER 1 AR 10 FLLEITH 7 0 iR TR
DFHEEGK 212000 KLF/cm3 (2 1.5 K, 60000 Hif-/em3 (1 REHICZEE L7203, HIE
JFEICE L ToitiRiE 72V (Pendergrass & Greening, 1953), /o412 XL 0 | EEBREEZilEHy
FED 49%IFMiEENY U L ThH D Z ENRINTZD, KHFORE IIIAHATH D, HinAR
FLOMEE~D 2 FRH DR, M X BARE T O NTHEE N Y ¥ A2 X DU NMEEiTE K
BRSO b, BEEIL 11 %, SIROFoirs KOO FEMEMRA T, Mok
DN U AOFIENHERS STz, BHEEZR &V < OO BERER T 2N 7o 3,
FEAEPEMOREZTRT DO o7, WEFHMTRIX, U I0EERICE DD &
Ezbiv, XEEOREEIIME N 7 AMIERT L0 L ST,

KBUEIFFEIZB N T, REEF O, HERHO 50%w/v ik NV 7 LRETK 2 B
5. 1U72 291 AC, 2MERIERISOHEE L U CERIR & ki 2 117E L 72(Nelson et al., 1964),
BB FEOFTRUT 2V, BRI E CRESE 2 -0REITHEESNZ LB bND,
BF 154 AT BEH<IE~>1FO I F I ERIFATITo 72 XA FKEIZB W
T RVESHCHREE N Y 7 AOFEILFRD H =28, B3 135 AT, K[UE XY 1 F%
DOFCFERRREE N U 7 A OFHLIFRD SR> T2, B 41 AT, 1B S
DFERTRHRN A LI, 24 RERILINICIHKR L7BE LWz EME STV 5,

Wones ©(1990)1%, 27~61 5&(F¥) 39.5 5k, 1 IAE 41 7%) OHEFE 72 B LD B RAHERE
11 ATkt L, S ESERBEOHALAY U LA EHZEEKE 1 BIZ 1.5L &5 L7z, #EIC
SAME I E LA <L EILE, BER, BIOLMERBEOBE LW, BREBRLUATOHK
B OROKH AU T AR, WD TRV Z E AR S, BP0 2 BT AU v L%
WhLzenway ba—a e LR 4 BFIZIRE 5mg/L OFEIKCI Y 7 A 0.14mg/kg
(RHE, JEYEME & U CHUKE 2L/ H B L OMKE T0kg ) 2 # 5. &% O 4 EFIE 10mg/L
EAHOEEIKONY T A 0.21/kg (RE/H) &5 LTz, BFIKEOREEICE > TSI
72O T ABIIARBITER, FE OICIAUE, FEERE 70kg & LT, —BREBEREON
U U LAEIE 0.75mg/H, F£721% 0.011mg/kg KEH/H), #BRE L2 TORALMEB L OESY
RS, ERLSMIOIC LW L e Lis, I OICHEBRFIL, EBEE —EICRo T
BRI 20, WS VAR BRI P A e T D K O ICHR AR ST, WImE . IGHE R 3 K OYR
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SR A HE Uic, SR, RUBRBAAGEr S K OISR, KR 3 Bl BR I D Kt
D 4 HEEAE AT o0, BB TS 24 RFRR 2800 L 72, SRR % o 2 H
Al 24 KefEliike L CLEXOE=4 Y 72 T o7,

MEIEINY 7 AFREOR B R EE 2T 72> 72(Wones et al., 1990), /NU o7 AZRFZRIZ
KB MiEA N> T AEOVEIMEM TR b, BRMICEKRTH D & 13B 2 ohiizn
ol MiEFHRaLr2TFa—L Y7V &Y N ARKE Y ARZ X7 (LDL)X S EE Y R
2 o7HDL)a VA7 r—/b, LDL: HDL b, BXOTHRIARZ 378 A1, A2, B
LB OEICHERERZITEO biLerolz, M7 NVa—RX T A7 Iy Y rym,;%
B, BEXORFFT NI TA BT L AZRT7 Y (DT a—VT I o frEw) R E L
Doiholz, LEXTIE, QT HiE:e EDLEMOZLITERD T, FE I, QT ]
MBI EFENR A SN o= 2 X, MDY Y MEDO DT FANERICE R TI
BN EDFHLTH D B 2T, EHIT, NY U LAREICE) ERZARENR, LEEO
K, BLOWH LN RMEEEE IR SN2 -T2, AFFETIE LOAEL 3R S,
NOAEL 133V %7 2 0.21mg/kg {K/H Tdh-7-,

T E AR B OBEM ORI N I T FEEEICH LYY T A 1.25mmol/L
ZH[A(4~6 FRINET 4 EDRATEMA Lz & 2 A, EERAIMSARED RIS L 7=,
HRE DO — B MEE W 7 5 7= (Ayre, 1966), BIOJER] TliX(Ayre & LeGuerrier, 1967)
HAENY 7 4 1.25mmol/L(FAED 70% Y A FILA/LKRF T R EDOIRE) & 15 il
RFTHEA Lic L 2 A, WE ORI O RN A O MR T R L Lf:ﬁﬁﬂﬂ@@%%f%@
B 572,

9.2 ZEEHFEE

Brenniman & Levy(1984)i%, KEA U /A M T, HHAKE KD/ NY 7 AJRFEEREVEOR
U 2~10mg/L, flUKk&E 2L/ H B L OMKE 7T0kg EIET 5 & 3U 7 A 0.06~0.3mg/kg
{RE/H) BB, £7213E0.2me/L, 0.006mg/kg R/ H) BIGAD, (EROET R LW
AIFRIZET 2RERN - BRI EZHE Lic, N T A, HO0 L AHKEIZBW
. ERFOHCEL KBS 2 8 X T ME— DIBERME Th o 7o, BIRIEIE. AOFEREERS L O
fftx,i«%r:‘!’]irmufv v F ST, T L7 BRI S 2N 72 2 B IR IRITERSE L
72 NAZLOEEGOEWEIBER BRI SRR, @Y U AMED 4 BIRED 5 5 2
DT, 1960~1970 FIZ AR DK T5%IZEEN B o7z, MFTE LD BIBIER 20>
etz ZHBITMEN DRIV S o Tz,

BE -2 (Brenniman & Levy, 1984) Cl, 1971~1975 0, DL E R BEIR), D
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FIB@EREE(L), B LU B A FIKIC X 2 B LA b 7ML T RN, [KREANY ¥
LOBETBERIZHEE L, SREOHIBEOIZ > DA EIZE» -T2, 2 OFIEIL 65 sl LoOF
RITIZTBRE STV, ABFFETIE, 4 OEROZBRFERETHEE T, A0 EZE) (1960
~1970 £, ERED 4 BRI 2 > TR T5% N EREY), AKEANL AN T AERET D
EEBZDNDOIWOKIEEOMEH, (EROEELOMHEH, FBE - £F - EB)i EZoMmo ) 2
JRFD X D7, BERFAEEROFEIITORNoTz, FERELT, BERENY T A
5 & ORIEBIRITIRE TIER W,

N A« A RRA FHRE IR L T B 28, BBKH O 7 APREEIZ 70 fi5 D7D
D, KEAY JAMD 2 AIBIR, ~v 7~V —BXOT =X h &7 ¢ (West Dundee)
T. AFFEMIE(Brenniman & Levy, 1984) 2 Thilz, ~ v 7~ U —OKEIKD Y
LR EIL 0.1mg/L T, V= A MX T 4 DAL 7.3mg/L TH-o7-, W HIBEKROEE
K, EOMOTEHIEITHEL L T st RishTnb, FHIBENTEIESIZRATR
X 7D 18 il EOFEREBEZ &7 —/Linh, #ERE 2000 A% HE/ELIZ®RE L
7o BHEREICKI L, AE VA& EFMERELRT 20 3FEOMEREZ 3 BATV, B2
R0, MR i, RE, oL, MUEENE, R, BCE, R, EMoBMEEsg 7
DB - 25 - BIEER CICET AREEIT o, FRBIL RIS AHEM R E, TR
RITIIINE Z BOE, MEIIZDBIT 2 HWTT =2 D5 21T - 72, 2 2O HIRED B &
Tl BT E 7 1T RR R S, i - DR - S - B EEIIE IR O Z X
JBIOI VT F = REEET)OWREICHBET R o7, FERBOKEENR 2, Y
FHEIBEIC 10 FULBEELTWDI~v v 7~ U —BXOU 2 A N Z T ¢ OWBRERET,
S HICER SN TONT, BT U AREFCONY 7 ARE 0.1mg/L, #UKE 2L/
H {AH 70kg L RET 5 & AEEE 0.0029mg/kg AT/ H)B L ONE N 7 AR ERE(7.3meg/L,
0.21mg/kg (R E/H) DT, 5L OUHEHCHBRIIE S MR I BRI R b e o 7,

b MZBT LNV T LMEEMORAFBIEICET 57 — 2 ~—2 %, £L LT, WY
U LRHE A DIFIL, B D VIIAREE D RIS U T LG~ DRE R IZE & S L
T 5, WL ONDIEFIERE (Pendergrass & Greening, 1953; Seaton et al., 1986)35 L O
Doig(1976) 23T - 7= fil [ WP Tl &#E L72EXBICBIT 230 U MENRE ST
Lo AU LR, BEARILCHEE N U LAORANI LD BEOEREEZ 6D, Z
DFEBD G o & S EET o TR, BFE RO R A ZENEZ R TIE 51X 6 ORE 4
HICHIET D2 THY | BEEPL THMAEL TS EIICAZ2HELH D, H 3 [
EEJitiiE BP9 5 2% (the Third Conference of Experts on Pneumoconiosis)(ACGIH, 1992)i%,
Wi Y 7 ADIERBIFEMEEMZ SR L, & LTLT 7 U e, BE O il
BLOSEMREREG RS, < OTDRMERISRA LD iU, U U AREID
BLAFAREZR E FOT =261, Mi~D Y 7 AOFREIZ L 2 NERIFEELER D F
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BUTRWZ EAVRIR SN D, MICERSNTANY U LABORD 2R 2 RO &0/ L
DIXFA, RS TREFERBIZE SN D,

Doig(1976)i%, HiA M THOMEEEICET 2 —HOBMWRA 2 Hd Lz, 1947 1
B AR OFHETIE, 35FELULEEE L COHIEERE S AEREZ A, EPOEEEIC
H AU T AFEOPTRILA Do Tz, 1961 FFITiE, 3.5~18 () 9 H)EFE DIEHKER 8
N(26~45 5%, FEFH 32 i) A RAE L72(DH 1 AT 1947 FlC bR 6m), 7 ADIE
B IR EEROBE 1T/, A TEZICHALNDIBNZORENH 72, FIERK
BT, T ANOEEBIZRFE RERIZA DNT ., 7L EITERRO DNEER & THO 1 A
2, ZIC Lo THBT 2 REZENRBO b, X BRE T 7 NCEE S MmE Sh, 1%
T, 1 A~1TEMBBEOEEE 3 AL, 1961 FEITHRE L, 95 2 ABENKEFFZ
Ty HERE CREFLIIA ST, M X RE D EW Th oo, MEFONY T A
BEITHE SN2 olz, EAT U I7MCB T 545, YU H, BXOBKOEESHTL
T2l A AEIFImHINT, U LSRR SR OIRIREE X E L4 0.07~1.96%F LT
0.03~0.89% T~ 7=,

1961 4EICH A L7 B3 B 11 A 10 A28, 18 % A # 0 1963 4E I Fip# & hu(Doig, 1976).
H12C 2 BIOBERIEN W SNiz, LIZA-> T, Bl N 7 A 1.5~19.5 EREI(FH 8.2
FE)RTELTMEER 10 A 9 A2, HAfER AN U MERALNZZ EIChkD, D25 3
NI F TN ZFF 2 7208, FERIREEDS A T liX7e o7z, NU T AED 9 AH 3
NIFEYEET, 4 AT 1 H 158, 2 AT 152 EOBEE Ch o7z, BiRE TN U AELE
ZWr S 7T AW 6 AN TR, BEIE O BAEEICA BARZIA LT, 7T A B ITIREH DO
BBz BT, 1EEE 5 NS, A28 v A N —I X5 IfSRERA (S &, WRItE, 55
JINR BTG ) 21T -7, 9 H 3 ATiE, MEMBENS THIESFEICEL L TR Y (FRIED
89~119%). %5 2 NONHEREIZIEHREZ FEl - 72 (FHIED 70~85%), MitkaekEE &
U 0 LR L OBTEMIITRM S E D, (FEE 2 A0S D 1 XTIV 2 — URIFE TR
REBEZTHY ., I 1 ACEK, FELRROERICL D LB b AR EDORMEL
BBz,

AT ST 1964 IS S 4L, 1966, 1969, B LN 1973 4EI12 5 ADIE¥(E DB
WA M T 72 (Doig, 1976), /N Y U L EREKEORER, IREBO &I LOEWENMET L,
1966 FITIXIRE DT NIMEHE S, 1978 FFETICFEEBENE LK F L, 20
10 4EfRIZ, IHEEE DA B ZLIX A L iv/e o Tz,

NIOSH 1% 1982 Fiz. KE A vV 2N D Sherwin Williams D 17 1 —E /LTI T,
Bk 2 a5 O EEBORBREZT-o 7=, LI TIT O EEICIR, SEa0Om - IRE - Hie
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MEFEN TN, FAERIZIZ, W< ONOEROLHER ARG T 5 “ozide L™, e
THR R AL TSR R A 4855 T % “ozark THE”, W OO DAY 7 NEH A %
L., IRE 35 “bayrite TFE”, NEMR L Z2BE LIRS D “shertone TFE” @
4 TREPMBEFTH o7, REROEEE 61 AO1%BINOREFEZE A T, ERMZE)
5. NOFEFARR, 52 » AR o2 S F SEEROBE, (LFHE~DF
. MR, WERE, BRI - T LR — - Bl SICET AERA SO, S HIT,
ARy MREMK AL, MEZRE Lz, 2 HEIZHZ VEIRLTZ 27 AORENS
NU DA $h, BRI VA BROHEM~ORZREPHEE S 472, bayrite =V 7 M HEELL
72 T NOfE BRI Z2 R0 CIE, AIEtE N U o AR 87.3~1920.0mg/m3(F- 1)

1068.5mg/m3), IR EII AR ~15.0 mg/m3(F-H) 12.2 mg/m3, R S/ o7 2 il %
BR<). HEATREE T 22.4~132.0mg/m3CFEY) 72 mg/m3) TH Y . 7 I v A% 7RE OV
NinH bR SN hole, AEMEANY 7 A, ZOMo= Y 7 OfE AR ZE [
5 b &7z s ozark = U 7(10.6~1397.0mg/m3, ‘F¥J 196.1mg/m3), ozide =V 7 (11.6
~99.5 mg/m3, - 46.8mg/m?3). sher-tone = U 7 (114.3~167.5mg/m3, *F-¥J 70.45mg/m?3),

2 DO I7iEE O TR OFE S0 Hr S 7= (NTOSH, 1982), H&AIDFHIETIX, 1E¥
BAEBUTOMEESHICESE 5 #EICH T 72, 1E3E 61 At 14 A73 bayrite = U 7 T
TW=CFE 3 4D, BRAEREER. %, X R)BHLOFMHMICHE R EFITA LT
BT2 D 7N —T RO MR SRR EE . M EaIREE DS 39mg/d]l 28 2 7o EEBE. WEREIR M
BK7'm hARLT 4 U (FEPVESIME, ~~ b2 Uy MESE, g2 L7 F= 2 FE)fE, M
B2 L7 F =Ml 1.6 mgldL 2 2 7o EEEH. M RFEEFEBUN)A 20mg/dL %8 2
B, ME, HDWVIERT D R0 A EHEICEEZIZRO bRholz, 20
FETIE, EERIRREOEES IS TRICOT O, 1IN ATy 7
(bayrite TFE, BILONY 7 AEAB X ORERNY U LBEBNH - 8 g Ik Lz TR)
T, K 5 FEMENE LIAEER 12 ATHRENTER, 207NV —FI2BIF 5 7 LR
REITHRE SN TR, NU T AR LEER L, NU U ALFLEBRE COMEERRN
MNEWHEEEER 25 NICBI L, fEERAORT RA R L7z, 20 2 BEMITIX, FH4m,
B, BEE S O E o, BRIEIROFERE, FEP E¥E, ~~ 7 U v
NP, JRAED R0 LPRE, B-2-27u7ua 7 U BEE, HDWIES LT
F=r + BUN « [RTZAESBEREVEEB O N7 Sl MEIIAEEITR»o T, N
U AFREERECIE, MEA @ ESE B ONHE M E>140mmHg[>18.7kPal . $X8EH i+
>90mmHg[>12kPal, & 2 WIEREEAIRHE) A, =2 he— Ul E XV FRICE»o 7,
HERIREE DS 39mg/dL M 2 DEEBEIT. BBHEDIT O DR oeld, ZETHGEIICH
BT oz, &I, M FEERE | ZFERE(24 mg/dL) & = b 7 —/L#(32mg/dL)
DORNCHEEBZET o T,
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Zschiesche 5 (1992)1%, NV U AGHEHEEREBL LN T7 7 v 7 AN U A Y —% H\ o,
T EHERRICBIT DN U ASOGERTEIC L DR~ OR LA L, % 10 HH
WY 7 AE ARG 2 VTV 18 NDORERRRIEHET.O 7 NV—T % 7 — 7 I L
N LEREEEE D AR =8, FHFE 304 ). N U LAEHOELT —L
RN 7 7 v 7 AR UL Y —% 5 BE(n=5, TF¥HFEE 43.6 %), B L ORI E
WNIEDEE T AL, N LAGHEOEL 7 — IV R T 5 v 7 AR U A ¥ —
WD CHE(n=5, FHHME 32.0 IS /m T 7o, SBRIRPOBEOAREH &4 HI21E, &
BTRENNY U LAEEGA LRWIRERIC L DA 1To 72, BRBRE 2 @A, BLOE 3
BOAMBIZIZ ANV U LEREEEEL AW, 8RE1L 1 B 4 RS EZ1T o 72,
N 22O R ) o AREEIX, A, B, CEECTENE 4.4(0.1~22.7), 2.0(0.3~6.0), ¥
F1V0.3(0.1~1.5 )mg/m3 Th - 7=, FHFEIZHE L7z B RAA BRSO FAIE B34 5
Nieholz, ¥ 7 MO LER, Dtk 4if pH, HEEEE & EREA 4 RE, £/-
IZMAEFT RY T« v TR T LRIV T A AT AT T MR, BEEX
HONIRrol, H2lAEL, AREE CRETIIF DY ¥ AREDIKTRALATZN, N
U o AFBEOME N CIREIXERKICED . N U LARBEORVE 1 HORE L FEEX
L lg oty A B Y U LAREOIRTIX, BREREDN ARELEEO B TIEERD b h

ST,

10. ERZEBIVEBRAROEYH~DE

10.1 /KARE

REBKEED~ONRN) T LAOEMNEEZR 2 1IT7-T, SEIEREBEDONY U AICREREL
7oA A IV a(Daphnia magna)lZBA L., 48 FEME/EH E(INOEL)2Y 68mg/L & #H5H i
7= (LeBlanc, 1980), *IfRAYIZ. Biesinger & Christensen(1972) D& iZ XX, 21 HY
OFER T, 48 FFfilIls L1V 21 HRE] LCsolTZNE4 14.5 LU 138.6mg/L Th Y | 5.8mg/L
T 16%. 8.9mg/L T 50% DAFEFEEN A H 7z, Khangarot & Ray(1989) D5 Cix, ff
BN U 0 DTEFE LTZI P 3T, 24 Fefilds KO 48 ] ECso (50%IEIKILENEL 5
BEE)RZNEI 52.8 BXLO 32.0mg/l THo7=, ATV XA A O—F Mytilus
californianus TIlL, FEE~DOEEIZX T 5 48 Fifli] ECso X 0.189mg/l. Th - 7=
(Spangenberg & Cherr, 1996) , 2 F& ® /k 4 uid M) ¥8 (Gammarus pulex £ L O
Echinogammarus berillon)\ZB L. Vincent H(1986)1%., [EFR /LT 7 AEDKFIZE
% 24, 48, 72,35 L0 96 K] LCso IXZ 40241 3980, 395, 255, 238mg/L, 35 LT 336,
258, 162, 122mg/L, B/ 7 ADW 720 KHF D LCso 1L, £HE4 1260, 533, 337,
227mg/L, 3 X 0308, 197, 151, 129mg/L & #iE L7, 2ROV U H =% 30 HH LCso
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X 39~61mg/L T. 96 Kiff] LCso b IFIFEE T - 7=(Boutet & Chaisemartin, 1973),
Heitmuller (198X, v —7" A~y K/ —(Cyprinodon variegatus)|Z#i+% NOEL
% 500mg/L & #HE LT,

WA XY 7 A 50me/L B OBREECRIT D, T DO —FE Anacystis nidulans(> 7 /3
JTIVTIOAERIE, arbe—1ObD P L TWe, N T ARED EFITENAER
FHAEFE S B3 U RS 750mg/L LA EDEAL N Y 7 AT RIE 2R EN A X7z (Lee
& Lustigman, 1996), Wang(1986)i%., i1 4> /KiZk T 5 =2 7 % 7 Y (Lemna minor) © 96
] LCso(AER)Z /N U A 26mg/L & L7z, UL, WIDKTIE, =2 7% 7 Hicxrd
LY 7 LOBEMEIIAONRINoTe, ZOFEDOKRIMIE, N U LADBEEEE L L TR)IK
HCIET 5 2 Lok B EHE Sz, Stanley(1974)1%. &YX/ 7% (Myriophyllum
spicatum) D EFAZX T30 7 A OFMEZHE Lz, WE L RTA—Z O TIIRER
Dho s bmWEZEZ R L, N U ARE 41.2mg/LL T2y br—/LZH~T 50% D
L7z,

e N o AL, AHOIEWEXTHEMNT L R —V v Z7IRAKDOEER S THDH, A—V
YTRAKIZIEINY T ALSNDOEELEENTWS, SEIERBEG WD O 7500me/ke)
DOR—V U ZTPRAKICAFFEMIMZRTE Lo, REEEOWER, FRdE, B X OIKEM 5 RE
T, L L7 DX 720 > - (Daugherty, 1951), ] [ KO H A 12 R L - SEEM <
RIZCEMWEL OB e LIRS H D, ZOFT AR OEMS AR LD H DD,
HEiEAOFMEIC LD B ONIARATH 5 (Tagatz & Tobia, 1978; Cantelmo et al., 1979),
10.2 RRARE

—KENCANY TN, N T VT X b, a S, BEOHEBLAREZHET S &
WE SN TWAHAPCS, 1990), & Ofth oo RS MITHER TE o7z,

11. BESHm

11.1 R~ B
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11.1.1 fERAZEEORE L AERIE O

NY T AFFEE L TRABIORAERIC LV ERNICERY AT D, M & HEE B
WENB N T LNBEZEWE, (LML, BLOEBMOERICL > TERS, AE
PEDHEHALANY T D)2 L2 T v FORFZETIE, WIS TN 7 AA A id, iRk
MTHfmL, £& LTHERIZILET D,

P WA, BLOEHIRNRGEDOANY T LAOE-HHERKITEETH D, KBEILE
Atk Bilg S U o LAMEICHIS D 2 Lid, A SRS &V BRE S, RERAYICE
BN &zmrRd,

t M, BREICE LBERICE N 7 MeA M EERT 5 & BIBROEE, T,
FEFX A U w7 AIE ., & 1E AR, 36 X OVEAS R 23 5] X i = X% (IPCS, 1990; US
EPA, 1990, 1998; ATSDR, 1992), #1133V 7 MMEAW O G /KA S, ki
AL LTH 450g DB AN Y U A& BFIZOE D RFEICE G L T2 E b b,
LHBMEOREFIHRE NN Lid, FFEERER ZOLAWHRE DR CIdA 3 Clidian
TEERLTWD, BERIUIZREN S 5720, 2 HEHIIE 2 S,

KEVNHU R REEEZH X727y v U AT, N U AR LEiEE ORI
g CTdH D & D AT, B o R L ORI 02555k (McCauley et al., 1985; NTP,
199D K> THELNTZ, KEMICEV IV OREAEZ 52727 v ORBRTIX, £<IThn
DU LABNE D R WEAICEMENFED 57z (Perry et al., 1983, 1985, 1989),

BB EH D 72 < (2000), 8~ OBEBREAZIZ L VBRBRILIH L3, B MIB T LV E
W OHF5E(Brenniman & Levy, 1984; Wones et al., 1990) Ci. bk 4o Eelig AR FE o
N T LSO FZFER, AFERITRRD RN T2,

RGN Y 7 DR OWADN, BHEEBE DR Y 7 AERRMOJFA & S 472 (Shankle &
Keane, 1988),

Hott: DIERF & (Pendergrass & Greening, 1953; Seaton et al., 1986)3 L O Doig(1976)
MR Uz E AP LIS EE B OB si &8s 7212 KauX, K& o B A d A SRR
UD LR LICAEER T, rHEANY O MENRO BV, ZHREBEOK TITHEN, flioA
U o KBNS L(Doig, 1976), /N U ¥ ABEOFZAIZ S AT ERGED bl
(ACGIH, 1992), NIOSH(1982)Dii#A Tid. IEARHDONY U ACRE LIZEERAT, &
MEDBFPHE SN, FEBRLE EF/ERATmoNmRE thoeEI b &R
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LTWerRetEn d v . Zopt ROBRICITHE AT HEN D 5,

WASNT=ANY T DO ~DFIEIZET 27— 23R 6 TV D B BRI KK
b O SERAFEORESCHEROSTHEICH WD Z LT TE 220,

AEREFE AT RER TR, OB KT OHEE AT T LMZRE LT v FROv T RIZBNT,
HHED T RARA o bR, SRR - AP AEFSR - AARETE OFRBUCA ERENIZA D
Nn7pno7-(Dietz et al.,, 1992), = b — L ZETBEEOIIERERNME - T-7-0, Z 0k
BROAMYEIZIZRA D H %,

7 v b~ 20k 0 & FEA B (Schroeder & Mitchener, 1975a,b; McCauley et al.,
1985; NTP, 1994) T, EMIZ# 2 L 2 IEERAEROFE R EFITA B0 - 72, McCauley
5(1985)% X 1" Schroeder & Mitchener (1975a,b) DFREREF 1L, T2 AMEZ T 5121
NG Tl > 7=, McCauley ©(1985)DFAERIL, —>DOVEDHDDEOEY % | HlHIKHR
O U LCRBESEZ O T, MG AEREICIIRII o7, AEFERZL
ol Z ik, ZORBTIIRKNHEMID) E TELAR N2 EE2REBL TS,
Schroeder & Mitchener (19752)I2 X% 7 » b ORERTIL, WHIR CHERR L 725 O AER O
HHE S, BAFEERR 2o 2 Lid, B L7eME— Dl &2 MTD K Ko7z &
DRI X5, Schroeder & Mitchener (1975b)I2 & %~ w7 A DOFER Tl FF - O M A M5
SNTHY, MTD £TELEbOEEbN D, LaL, & LD 2 O A(H I
i EMEBR OHD X 5 Th D,

7 v b &~ A% ATz NTP(1994) O#% N aRBR AT EIE, FEA3 ARG XY TH - 7=,
INHORBTIT, 1 BCZURKOEWE AV, 2 FERZEBE L. WO AREHAN,
SR OB MAE L=, EHFEROET., BXO~ 7 20BMICHIT HHEEFHELE T v
N EEORIME, WA TMTD ICELZZ ENRBEND, EHLOMICH I AER
LA BN o Tz, KB 7w MBI HMF, BIEEE., X OFREEORE AN
AEIARVMEA 23FE 0 LT,

AFARER T — 2 IR, AN U ARICITEEFEEOFRREII RN D L EZ B, in
vitro R b OFEMLO BEMEZ IS FHli TH B ER TH > 72,

MR NY U 5 A TS XOR[FTCIRICHET T2 & BIESLIROFFEA G S Z s, K
BRAb N Y O D LR AN Y U AT, IR, BEB I OKEZ R 5, g\ 7 LDGE,
ZOWEALTFRIMEE &0 Fr2 X BAICE R L TH 212603030 53 BUFCIR~ D fili# o #
HERRNZ END . BERIRT T 2 RIEIELE RMER 2N 2 L RIR EN D, FERIZ,
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PGRRBEDBAEDOHE b2 <, WEENY U LABBIEWE TIX NI R Eh 5,

11.1.2 TABIRE BE I3 EHEOR EREHE

AEPEIZ I 1T D IR IR E O AL YIS T & 2 Hi—Tlvl ek sei3 22, US EPA(1998)i3,
Wones ©(1990)D t NMZET 5 FEEBRAMIZE, Brenniman & Levy (1984) DFE#M7E, B &
W7y MY 2RBEEL 5 %, DIERBIOBEOZY FARA U MEfELcH B LT
RWZERBRNTP, 1994) &9 4 SOWFFRICHE R 2 2 CRELO EA 2 B L7z 5iEIC
D&, NY T LADNOAEL Th 5 0.21mg/kg (RHE/ B IZ A #FERE 3 2 L, 2B LR
(RfD)%Z 0.07Tmg/kg KH/A LHIH L7z, BOEEREMNTHL I EOESIT L LT,
McCauley & (1985 LD FOBEMH LT v FOMENHV G, S HIZZDH
ETIE, RIXTAVELZ 5278 T B L ORBEZERRICON . BEREL LUK
FrR IR O ORI ZE SN TV D,

M EARERREE O RRA LV FTHDLVWIRET, SmAREONY U AMEA
Wz BB Lz b, NY U LA ERIEANY U LAOMRERALTZAEER, N D
L RN G L7 ZBREY, B LXORFZHIRT 2 —HFHEKICIBA LAY U A E b
2127 v MZHLNTE EAEROFRIZ L > TEMITbND, ZhODFTRICZESE,
R EZ HWIZAER To L, b Mol B XY OIMmE & EHERE~D B D A RENE
DA S 47z, Wones 5 (1990) D FEERFIHFFE & Brenniman & Levy (1984) D FF 5012 1%,
MfEZB L THEREZBOREIZ RV, 613t MZBIT 530 7 A0 NOAEL %
0.21mg/kg RHE/H LRELTWD, BT —ZICkiuE, B M ERE CTERLE
NY T MR ORI TH D 2 & D3R S u(Schroeder & Mitchener, 1975a; NTP,
1984; McCauley et al., 1985), b O TIL, M/E EFIEHEZFHZ L 00, HKRBIE
T2 DIX B ECMOE R NRD bR oz, LR > T, 2NU U A
KIEREA15 5 DIZ 0.21mg/kg KE/H 25, & hO#FZE) 51572 NOAEL 2 H4 5%
LT, WEREME S ALICKI L, BBEICDIEVEEEO Y R RENTERWEE
ZHND 1 HbHIY ORBHEMOIEESREIT LM EBZOND)EERIND. MAEE
BREE~OFEEENERT 2,

LER- T, MEEBREICET LT —F_XR—2DORE, BLIOHEALTFESORTHE
ENDEEM D 2HI21E, NOAEL @ 0.21mg/kg K/ H 2 ~iEFi4e%% 10 TH|5 = & TH

BTx, 1 BIAE 1kg H7- 0 OMAEBEE 0.02mg 25515,

W AZFIZES L Cid, & hO#fFFE(Pendergrass & Greening, 1953; Doig, 1976; Seaton et
al., 1986). #iis(Muller, 1973; Tarasenko et al., 1977). ¥ L OYRE NHFZE(Tarasenko

37



et al., 1977; Uchiyama et al., 19952 K 0 | MERZANANY U AFEOENTH D Z LN

AEIND, T2, MARBRBRICME LR REORG~ODEENEZLHZLHRLT

U5 (Tarasenko et al., 1977; NIOSH, 1982; Zschiesche et al., 1992), t s OHfFE Tl 5%

REOREN 2N, ZhEaSBRERERIC)OFEHICH NS Z LIXTE 720, NIOSH

DIFFE(1982) TIE, WL DDIEER 7L —T7 DR Y 7 MR ZE R EE S HIE STV D 25,
AL EFE AR EH LIAERR O 7 —7 T, BRBEREOHEIZS ATV, HE—DH)

Wz X Bl E 72 I3 E WA BEZ R (Muller, 1973; Tarasenko et al., 1977)1%. 5k Lk

ROMEDREZETHLID, BT — 2o 7 ARIC Z#HHTHZ LIXTE 200,

EPA OFNAV A7 i 7 A K7 A > (Guidelines for Carcinogen Risk Assessment)
(US EPA, 1986)IZ L4uUE, NV U AZTV—T"D O “FBRAUWE L L CEELR 5 1257
HIhb, 7y he~U AL D EREHR A BERBR TIIEDAMERITH L2
7o, EE R AGRERN 2N DA ST N U A K DM A D AREME TN 5 2
ElXTERY, BRIV ATFHMET A KT A % (Proposed Guidelines for Carcinogen
Risk Assessment(US EPA, 1996, 1999) Ti&, /N U 7 ATt MOk LR A RERIC K DHENA
DOAREVEIZR N EZ X DAL, WMAFRBEIC L DN AMEITHETIT RV E I TS, L
BoT, An—TT7 77 8—a=y M ATEOHEITITOR,

AN MMEEWIE, RIFVTADY LEHERTHLINT T LARA bu s F UL L BE
Bk E R, ALFRMEE R AT A EBBIL, RTINS Y LD FITET D
oo, NU LIV T LFEGE X7 B OACEREIZ LD vy T L EFEEH
L. MBI E S D EBZ 5N TWAH(IPCS, 1990), 7 v MIA L=/ U ADME L5
YERIZ(Perry et al., 1989), BEFH DI T ARENFRR TH-=EEZBND,

11.1.3 U 27 OREHIEH]

{EFWEICL D FOREE~DO Y X7 FHIIZIX, Bx DHFERH S, B2, w3y
A, BECLo L LEEOHIWETH Y . BIEIFIEF IRV, BEHEEMEICKIER
X2 HY HHDT, FiEDOTDLUTOY A7 HEEFIE L THIT S,
11.1.3.1  #ROEHE

A4 X &7 v b oFEYEhERBR (Taylor et al., 1962; Cuddihy & Griffith, 1972) TiZ. ¥k
FIZE DY T LAOWINEIL., BREY X0 EREHOIES NE N ENRRRENS,
Brenniman & Levy (1984)(%, Hulfitl:5312 10 4ELL EEA TWD 18~T5 iFEE D N & & fi

L7z, ZOMIEICIE. FELRMRICEREDNY 7 AZHERBE LTZRANREEN TN AT
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BEMENH 208, TNUNRHEFEEO R TTIERWEBDbILS, N T LADOT —H =A%, 3
(e b, v b, =7 2NCET 5@ MER L OHEABMEEERBR S, E 9 U CHEIERS IR
AFER AR TR SN TV D, T v ke~ AD0RER(Dietz et al., 1992) Tik, ¥ /E
REFADOT Y RRA » "R O T KRR A v N XV EEREW & O@MEIXR0no7z, <t
2 ELEMROMRRNIEF LS, RELEREDOZ LV RRA V M DiehoT-T20,
Z ORBAEROMBHITIIRA R 5, ZOFMAEET 2 ERITREIN TR,

US EPA (1998)i%. Wones ©(1990)35 X U" Brenniman & Levy (1984)D & s OfifF 9% Chife
maniz, E~OEEEEMRICHT D NOAEL @ 0.21mg/kg (RE/H, 25 NTT — & X
—ADRERHNE/NEMTEZ LN DIMED OO RHEESR 3 [2HKS5%, RD %
0.07Tmg/kg HHE/H LRE LTz, N U LAREOFEREIL, HOEIKES KOED S DR
DEIThD, BEKNEDOERDONY U AEEREL, SR OMRE 1~20mg/L, 1 H
b1 OEMEROKE 2L, B L OMEE T0kg #HV 5 &, 0.03~0.60mg/kg RE & HEE T
%, IPCS(1990) D #HEIZ LE, B FOBFENLONY ¥ AHEEBEEIZ DUV TR
FINTEY, 300~1770mg/H & KIERZZNHBIND, ZHUIAKE T0kg DA T, N
7 L 4~25mglkg RE/HIZMYT 5, bbb, BRETEREONY 7 AZERT 5 A4
%, ##0 RfD ® 0.07Tmg/kg RH/H, B L OMAERE 0.02mg/kg (KH/H & FIFLE, £7-
FENLL LR BT 5 EE 265,

11.1.3.2 WREMZTEREE N 7 L)

U A7 OMBHEIEICIE, HEECBITDTEE LTHEENY 7 A~OREERFEICE S
DORDD, —MIZ, R EREOREIL, 47 a THAWEERICEZ2L5Th
Do NFETEDWET —F OREHEBREIL, Ay \—hb~vy RIXF T X7 ~HE
i RS A N2 DERCHAET D K 5 Th 5, PAHROBHEERE & LEV 23 S iv i,
TEHIEREICA U 2R ZE I, v FOREICET 2R EIZZ2 W, L, T T
— X UE, BECEE AP TR < @IE/: LEV 26 H LA WEE, BRERIXT
ZE <, R AMERE me/m3 3B R ZEAEICR D, ZOXIICERE CRMICRZ L
D b ORERIZRT 58T TR,

FEAAARILOWLIERIC LEV 2 H L7258, FEENMIWZo b FO/FEICET 5
X2, 77 AT » 7 RSB ERIOREICESAEZEAT 254 BRCZ EBE X508,
ETNAT—ZIZLIUE, LEV RMEHOBESIIRBIREDKIBICELS . ZNDOEEXICE T
Db NORFE~ORBIZE L, T ERBUTITE R, b D EMS AL TS CHE
i, WAMEREREOMmD CEVMEANY V7L OfE(55mg/m3 8 FEfl] TWANZ X, H7e
LRENLETH D, BURTIE, FEBITEADREEEZRKKITOREMELL TIZ TS 2%
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PR RE R 2 LT 5,

MR 2% ) 8 HF TWA & L T 10mg/m3(F & L CEMEDIRW I AP EE DR B 2
SiuE, b bofEEICK LERRGRET VW EEZ BN D,

11.1.4 b FNOREEY R 7 FMICT B RiEEM

DALISMERET 230 7 L OSERAFEMEFMICE L, BHEac A R o8, b M
BT AEEOL - & BREOFE T RRA > FOMEZRTH S, NTP (1994) D
7y FBOMSRICIT, SIEXIVBEAOZ PEREOESWT Y RRA - FTh
LT ENTRBEIND, LL, REERBEESE FOLGATHREROBENR LALLM E D
ML H > Ty, Brenniman & Levy(1984)D & ks O#FZE Tlid, M)EIZxT 530 7 A
DEBEFRTN, BENEWVBOT Y RARA » MIRANT, BREITEME TO LM
Shic, BEWoZ v FRBRINTP, 1994) ClE, MEIFHE S Neholz, & 9 —2DOFRFH)
AR I 72 3 B id, /N & B NN BP0 & 7o I3 BY RB - AOFHIE DY d 5 M3 2> 0 [
T b, BT —# (Taylor et al., 1962; Cuddihy & Griffith, 19722 L+, HLEIC X
HWNUIRAN LD FELDIZ I BENZ EDRREBIND,

§11.1.2 CHE SN EMEBREO SEAEEMEL, FERFR L T —F =225
HREDOEFEMEZ KM L CTHRETH 5, milEls L OEEBAD LOAEL A HEE S7zn
SO T, b FOMREOEFEMEIIPRETH D, #@ERAHZ AW EHNEYR R
(NTP,1994) TiZ, O R OBEMOLMEL, fE, LER)BRNWI T, 2 b B
OEFEHIFKRTT 5, 77— _XR—ARPTREIEETE201E, THBIOESOE Fo
Fge. 1 FLL EIC X 2B LORMERER, BLO0T v b &~ v R X D400 R AR
BRN®H DN THD,

11.2 BRE~DOEETAM

ANU T AP E 500mg/g(Brooks, 1978) TIELET 5, /KIS L UK TId,
ZNEN 0.04~3Tmg/LCEYH) 7.1mg/L)E L Y 7.0~15000mg/LCEY) 50mg/L) D #aPH &
E SN 7z (Anderson & Hume, 1968; Schroeder et al., 1972; Reeves, 1986), KK H D31
7 APEEFEIE, B%E 0.05mg/m3 UL FT&H 5 (Tabor & Warren, 1958), KEIZI T 5 filr D
ETIH. KEHFIEEIT 0.0015~0.95mg/m3 Téh - 72(US EPA, 1984), FEi&R EETRY 7
LD RIEOEFA E LD D Z L3 HIT0k0,

REF DNV 7 LR LTS EIC B T 2 5 EIC B 258y, B LK
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KA DAY T ST EREE U T2 FEREM OB IiE BERKIRED N T LR EFAEAY)
MR ER 2 525 LI3B 2 50,

AEAEMEANY U MMEE W, R A E T, AR L I s 5 APCS, 1990), 23U
U LT O & £ 8 E RS ER T 5 APCS, 1990), /XY 7 ANFEARMIC E > THBET
HDEWV D FEREIZRD,

RERIAFET 230 U AMeEWICR O &R Lo, BRATIMICKT 2 HEICBET 20058
FTRUT=H720, 7 v FORBIFED NOAEL % 45mg/kg (KH/H &t L7225 E T O
&L BREROYL AN T AREREEICESS & BEFTO—RAIRE~DOR O ZHEIZ L
0. BMPAEEENEZZT 2 L13E 20, BE~OFEEMEZ, U U AREREKITH
S ok, £33NV U LAREE R TENOEREDONY U AL ERET D)2 B~
LHEMIZBNTEE D &5 2 5% (Robinson et al., 1950),

Stanley(1974)(%. B 41.2mg/L O/NY U AZEFE L7cAY X 7 ETREZDK T
ZEROTN, BRER OB THlE SN EmIEE 15000mg/L T, /U T ADSIKAERY)I 5t
LA &V AT,

21 BME T, IREE 5.8mg/L DAY U LT, IV abDAREMELT 52 L ABIES
LTV % (Biesinger & Christensen, 1972), Shii$E 2 V7= 96 RfEliRE TlE. LCso 23 122
~238mg/L & #HE X 7=(Vincent et al., 1986), A # A O—Fk Mytilus californianus ® 48
FEf ECs0(G8E)1%. 0.189mg/L T& % (Spangenberg & Cherr, 1996), %K%V H = 30
H LCso X, 39~61mg/L T& % (Boutet & Chaisemartin, 1973),

NY T 2MEEWIZRE LRI L, AFEERHIC OV TOR/FHRITD e, R TE 72
—ORBRTIE, =7 A~y K/ —? LCso % 500mg/L % # 2 T\ % (Heitmuller et al.,
1981),

FlEAKTHESINT ERUTORED NY 7 AZFFE LTI Y a(Biesinger &
Christensen, 1972), A %A1 (Spangenberg & Cherr, 1996)\ ZOMOKALEYTHESN
et HoS< & ANY U ARENHEAEVKAERIX, HO5FEOKAEEMITE > THE
BRERHD LD THDH, L, BEFTDOANY T LMEEY~DRIEZEDEIZET H1EHmA
IR B Y A7 ZPERNCEHT S Z LI TE 2RV,

12. EBRKSERIC L5 2 F TONME
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N T A, WHO OECENK DB DFe#t(Guidelines for drinking-water quality) Tl &
i, FREHEIX 0.7Tmg/L & B H72(WHO, 1996),

42



BE W

ACGIH (1992) Documentation of threshold Iimit values for chemical substances.

Cincinnati, OH, American Conference of Governmental Industrial Hygienists.

Anderson NR, Hume DN (1968) The strontium and barium content of sea water. In:
Trace organics in water. Washington, DC, American Chemical Society, pp. 296-307
(Advances in Chemistry Series No. 73).

Apostoli P, Giusti S, Bartoli D, Perico A, Bavazzano P, Alessio L (1998) Multiple
exposure to arsenic, antimony, and other elements in art glass manufacturing.

American journal of industrial medicine, 34:65—72.

Aruguete DM, Aldstadt JH, Mueller GM (1998) Accumulation of several heavy metals
and lanthanides in mushrooms (Agaricales) from the Chicago region. The science of the

total environment, 224:43-56.

ATSDR (1992) Toxicological profile for barium. Atlanta, GA, US Department of Health

and Human Services, Agency for Toxic Substances and Disease Registry.

AWWA (1985) An AWWA survey of inorganic contaminants in water supplies. Research
and Technology Committee Report. Journal of the American Water Works Association,

May:67-72.

Ayre JE (1966) Human cell-dysplasia following barium. International medicine and

surgery, 35:393—399.

Ayre JE, LeGuerrier J (1967) Some (regressive) effects of DMSO dexamethasone upon
cervical cells in cervical dysplasia and carcinoma in situ. Annals of the New York
Academy of Sciences, 141:414—422.

Bacon MP, Edmond JP (1972) Barium at Geosecs III in the south-west Pacific. Earth
and planetary science letters, 16:66-74.

Ball M, Northage C, Mason H, Howe A, Dyne D (1997) Barium sulphate risk
assessment document EH72/9. Sudbury, Suffolk, HSE Books (ISBN 9 7176 1527 8).

43



Barnett PR, Skougstad MW, Miller KJ (1969) Chemical charac terization of a public
water supply. Journal of the American Water Works Association, 2:60—67.

Bernat M, Church T, Allegre CJ (1972) Barium and strontium concentrations in Pacific
and Mediterranean sea water profiles by direct isotope dilution mass spectrometry.

Farth and planetary science letters, 16:75-80.

Biesinger KE, Christensen GM (1972) Effects of various metals on survival, growth,
reproduction, and metabolism of Daphnia magna. Journal of the Fisheries Research

Board of Canada, 29:1691-1700.

Bolter E, Turekian KK, Schultz DF (1964) The distribution of rubidium, cesium and

barium in the oceans. Geochimica et Cosmochimica Acta, 28:1459—-1466.

Borzelleca JF, Condie LW, Egle JL (1988) Short-term toxicity (one- and ten-day gavage)
of barium chloride in male and female rats. Journal of the American College of

Toxicology, 1(5):675-685.

Boutet C, Chaisemartin C (1973) Propriétés toxiques spécifiques des sels métalliques
chez Austropotamobius pallipes pallipes et Orconectes limosus. Comptes Rendus des

Séances de la Societé de Biologie (Paris), 167:1933—1938.

Bradfield R (1932) The concentration of cations in clay soils. Journal of physical
chemistry, 36:340-347.

Bradford GR (1971) Trace elements in the water resources of California. Hilgardia,

41(3):45-53.

Brenniman GR, Levy PS (1984) Epidemiological study of barium in Illinois drinking
water supplies. In: Calabrese EdJ, ed. Advances in modern toxicology. Princeton, Nd,

Princeton Scientific Publications, pp. 231-249.

Brooks RR (1978) Pollution through trace elements. In: Bockris JOM, ed.
FEnvironmental chemistry. New York, NY, Plenum Press, pp. 429-476.

Buschman DL (1991) Barium sulfate bronchography. Report of a complication. Chest,
99(3):747-749.

44



Calabrese EJ (1977) Excessive barium and radium-226 in Illinois drinking water.

Journal of environmental health, 39(5):366—369.

Cantelmo FR, Tagatz ME, Ranga RK (1979) Effect of barite on meiofauna in a

flow-through experimental system. Marine environmental research, 2:301-309.

Cartwright K, Specht SA, Gilkeson RH, Griffin RA, Larson TE (1978) Geologic studies
to identify the source of high levels of radium and barium in Illinois ground water
supply’ A preliminary report. Springfield, VA, US Department of Commerce, Office of
Water Research and Technology, pp. 13, 287, 737.

Cember H, Watson J, Novak M (1961) Bronchogenic carcinoma from radioactive barium

sulfate. American Industrial Hygiene Association journal, 22:27-32.

Chow TJ (1976) Barium in southern California waters: A potential indicator of marine

drilling contamination. Science, 193:57-58.

Chow TJ, Goldberg ED (1960) On the marine geochemistry of barium. Geochimica et
Cosmochimica Acta, 20:192—-198.

Chow TJ, Patterson CC (1966) Concentration profiles of barium and lead in Atlantic
waters off Bermuda. Farth and planetary science letters, 1:397—400.

Chow TJ, Earl JL, Reed JH, Hansen N, Orphan V (1978) Barium content of marine
sediments near drilling sites: A potential pollutant indicator. Marine pollution bulletin,

9:97-99.

Clark FW, Washington HS (1924) The composition of the Earth’s crust. Washington, DC,
US Department of the Interior, US Geological Survey (US Geological Survey
Professional Paper No. 127).

Clavel JP, Lorillot ML, Buthiau D, Gerbet D, Heitz F, Galli A (1987) [Intestinal
absorption of barium during radiological studies.] Therapie, 42:239-243 (in French).

Considine DM, ed. (1976) Van Nostrand’s scientific encyclopedia, 5th ed. New York, NY,
Van Nostrand Reinhold Company.

45



Creason JP, Svendsgaard D, Bumgarner JE, Pinkerton C, Hinners TA (1975)
Maternal—fetal tissue levels of 16 trace elements in 8 selected continental United States

communities. Trace substances in environmental health, 10:53—62.

Cuddihy RG, Griffith WC (1972) A biological model describing tissue distribution and
whole body retention of barium and lanthanum in beagle dogs after inhalation and
gavage. Health physics, 23:621—633.

Cuddihy RG, Hall RP, Griffith WC (1974) Inhalation exposures to barium aerosols:
Physical, chemical and mathematical analysis. Health physics, 26:405—416.

Dare PR, Hewe HPJ, Hicks R, Van Bemst A, Zober A, Fleisher M (1984) Barium in
welding fume. Annals of occupational hygiene, 28(4):445—448.

Daugherty FM Jr (1951) Effects of some chemicals used in oil well drilling on marine
animals. Sewage and industrial wastes, 23:1282— 1287.

Della Rosa RJ, Goldman M, Wolf HG (1967) Uptake and retention of orally
administered ?36Ra and 133Ba’ a preliminary report. Davis, CA, University of California

at Davis, pp. 40—41 (Report 472-114).

Diengott D, Rozsa O, Levy N, Muammar S (1964) Hypokalemia in barium poisoning.
Lancet, 2:343-344.

Dietz DD, Elwell MR, Davis WE Jr, Meirhenry EF (1992) Subchronic toxicity of barium
chloride dihydrate administered to rats and mice in the drinking water. Fundamental

and applied toxicology, 19:527— 5317.
Doig AT (1976) Baritosis: A benign pneumoconiosis. 7horax, 31:30—39.

Durfor CM, Becker E (1964) Public water supplies of the 100 largest cities in the United
States, 1962. Washington, DC, US Department of the Interior, Government Printing
Office (US Geological Survey Water Supply Paper No. 1812).

Durum W (1960) Occurrence of trace elements in water. In: Faber H, Bryson L, eds.
Proceedings of the Conference on Physiological Aspects of Water Quality, Washington,
DC, 8-9 September 1960. Washington, DC, Public Health Service, Division of Water
Supply and Pollution Control, Research and Training Grants Branch.

46



Ginai A, Kate F, Berg R, Hoornstra K (1984) Experimental evaluation of various
available contrast agents for use in the upper gastrointestinal tract in case of suspected

leakage. Effects on lungs. British journal of radiology, 57:895-901.

Gormican A (1970) Inorganic elements in foods used in hospital menus. Journal of the

American Dietetic Association, 56:397—403.

Gould DB, Sorrell MR, Lupariello AD (1973) Barium sulfide poisoning. Some factors

contributing to survival. Archives of internal medicine, 132:891-894.

Guthrie RK, Davis EM, Cherry S, Murray HE (1979) Biomagnification of heavy metals
by organisms in a marine microcosm. Journal of environmental contamination and

toxicology, 21:53—-61.

Hamilton EI, Minski MdJ (1972) Abundance of chemical elements in man’s diet and the

environment. The science of the total environment, 1:315.

Havlik B, Hanusova J, Ralkova J (1980) Hygienic importance of increased barium
content in some fresh waters. Journal of hygiene, epidemiology, microbiology and

Immunology, 24(4):396—404.

Heitmuller PT, Hollister TA, Parrish PR (1981) Acute toxicity of 54 industrial chemicals
to sheepshead minnows (Cyprinodon variegatus). Bulletin of environmental

contamination and toxicology, 27:596—-604.

Hicks R, Caldas LQ, Dare PR, Hewitt PJ (1986) Cardio-toxic and bronchoconstrictor
effects of industrial metal fumes containing barium. Archives of toxicology, Supplement

9:416-420.

Hope B, Loy C, Miller P (1996) Uptake and trophic transfer of barium in a terrestrial

ecosystem. Bulletin of environmental contamination and toxicology, 56:683—689.

Huston J, Cunningham G (1952) Pulmonary reaction to barium sulfate. Archives of

pathology, 54:430—438.

ICRP (1974) Report of the Task Group on Reference Man. A report prepared by a task
group of Committee 2 of the International Commission on Radiological Protection. New
York, NY, Pergamon Press (ICRP Report No. 23).

47



IPCS (1990) Barium. Geneva, World Health Organization, International Programme on
Chemical Safety (Environmental Health Criteria 107).

IPCS (1993) International Chemical Safety Card — Barium peroxide. Geneva, World
Health Organization, International Programme on Chemical Safety (ICSC 0381).

IPCS (1994) Assessing human health risks of chemicals: derivation of guidance values
for health-based exposure limits. Geneva, World Health Organization, International

Programme on Chemical Safety (Environmental Health Criteria 170).

IPCS (1999a) International Chemical Safety Card — Barium. Geneva, World Health
Organization, International Programme on Chemical Safety (ICSC 1052).

IPCS (1999b) International Chemical Safety Card — Barium chlorate. Geneva, World
Health Organization, International Programme on Chemical Safety (ICSC 0613).

IPCS (1999¢) International Chemical Safety Card — Barium chloride. Geneva, World
Health Organization, International Programme on Chemical Safety (ICSC 0614).

IPCS (1999d) International Chemical Safety Card — Barium chloride, dihydrate.
Geneva, World Health Organization, International Programme on Chemical Safety
(ICSC 0615).

IPCS (1999e) International Chemical Safety Card — Barium oxide. Geneva, World
Health Organization, International Programme on Chemical Safety (ICSC 0778).

IPCS (1999f) International Chemical Safety Card — Barium sulfate. Geneva, World
Health Organization, International Programme on Chemical Safety (ICSC 0827).

Kanematsu N, Hara M, Kada T (1980) Rec assay and mutagenicity studies on metal
compounds. Mutation research, 77:109-116.

Khangarot BS, Ray PK (1989) Investigation of correlation between physicochemical
properties of metals and their toxicity to the water flea Daphnia magnus Straus.

Ecotoxicology and environmental safety, 18(2):109-120.

48



Kojola WH, Brenniman GR, Carnow BW (1978) A review of environmental
characteristics and health effects of barium in public water supplies. Reviews in

environmental health, 3(1):79-95.

Kopp J (1969) The occurrence of trace elements in water. In: Hemphill DD III, ed. 7race

substances in environmental health. Columbia, MO, University of Missouri, pp. 59-73.

Kopp JF, Kroner RC (1970) Trace metals in waters of the United States: A five-year
summary of trace metals in rivers and lakes of the United States (1 October 1962 — 30
September 1967). Cincinnati, OH, US Department of the Interior, Federal Water

Pollution Control Administration, Division of Pollution Surveillance.

Kopp SJ, Perry HM Jr, Feliksik M, Erlanger M, Perry EF (1985) Cardiovascular
dysfunction and hyper-sensitivity to sodium pentobarbitol induced by chronic barium

chloride ingestion. Toxicology and applied pharmacology, 77:303-314.

LeBlanc GA (1980) Acute toxicity of priority pollutants to water flea (Daphnia magna).

Bulletin of environmental contamination and toxicology, 24:684—691.

Lee LH, Lustigman B (1996) Effect of barium and nickel on the growth of Anacystis

nidulans. Bulletin of environmental contamination and toxicology, 56:985—-992.

Letkiewicz F, Spooner C, Maculuso C, Brown D (1984) Occurrence of barium in drinking
water, food and oil. Washington, DC, US Environmental Protection Agency, Office of
Drinking Water.

Lisk DJ, Bache CA, Essick LA, Reid CM, Rutzke M, Crown K (1988) Absorption and
excretion of selenium and barium in humans from consumption of Brazil nuts.

Nutrition report international, 38:183— 191.

Mattila MJ, Anyos K, Puisto E-L (1986) Cardiotoxic actions of doxepin and barium
chloride in conscious rabbits. Archives of toxicology, Supplement 9:205—-208.

Mauras Y, Allain P, Roques MA, Caron C (1983) [Digestive absorption of barium after
oral administration of barium sulfate for a radiologic study.] Therapie, 38:109-111 (in

French).

49



McCabe L (1974) Problems of trace metals in water supplies — an overview. In:
Saponzik A, ed. Proceedings of the 16th Water Quality Conference on Trace Metals in
Water Supplies® Occurrence, Significance and Control, 12—13 February 1974, Urbana,
IL. Urbana, IL, University of Illinois, pp. 1-9.

McCabe LdJ, Symons JM, Lee RD, Robeck GC (1970) Survey of community water supply
systems. Journal of the American Water Works Association, 62:670—687.

McCauley PT, Washington IS (1983) Barium bioavailability as the chloride, sulfate, or
carbonate salt in the rat. Drug and chemical toxicology, 6:209-217.

McCauley PT, Douglas BH, Laurie RD, Bull RJ (1985) Investi gations into the effect of
drinking water barium on rats. In: Calabrese EdJ, ed. Advances in modern
environmental toxicology. Vol. IX. Princeton, NJ, Princeton Publishing Co., pp.
197-210.

McComish MF, Ong JH (1988) Trace metals. In: Bodek I, Lyman WJ, Reehl WF,
Rosenblatt DH, eds. Environmental inorganic chemistry. Properties, processes, and

estimation methods. New York, NY, Pergamon Press, pp. 7.3-1 — 7.3-4.

McHargue JS (1913) The occurrence of barium in tobacco and other plants. Journal of

the American Chemical Society, 35:826— 834.

Monaco M, Dominici R, Barisano P, Di Palermo G (1990) Studio dell’attivata mutagena

del bario cloruro in Sa/monella typhimurium. Medicina del Lavoro, 81:54—64.

Monaco M, Dominici R, Barisano P, Di Palermo G (1991) Valuta zione della presunta

attivita mutagena del bario nitrato. Medicina del Lavoro, 82:439—445.

Morrow PE, Gibb FR, Johnson L (1964) Clearance of insoluble dust from the lower
respiratory tract. Health physics, 10: 543-555.

Muller K (1973) Radiographic and morphological structural analyses for the differential
diagnosis of chronic bronchitis and mild silicosis. Beitrage zur Silikose-forschung, 25

(1):3-14.

Murphy EW, Page L, Watt BK (1971) Trace minerals in type A school lunches. Journal
of the American Dietetic Association, 59:115-122.

50



NAS (1977) Drinking water and health. Washington, DC, National Academy of Sciences,
Printing and Publication Office.

Nelson S, Christoforidis A, Pratt P (1964) Further experience with barium sulfate as a
bronchographic contrast medium. American journal of radiology, 92(3):595-614.

NIOSH (1978) Health hazard evaluation determination report: Mark Steel Corporation,
Salt Lake City, Utah. Cincinnati, OH, National Institute for Occupational Safety and
Health, Center for Disease Control (NIOSH Report No. 78-93-536).

NIOSH (1982) Health hazard evaluation report: Sherwin Williams Company,
Cofteyville, Kansas. Cincinnati, OH, National Institute for Occupational Safety and
Health, Centers for Disease Control (NIOSH Report No. HETA/81-356-1183).

NIOSH (1987) Barium: Method 7056. In: NIOSH manual of analytical methods.
Cincinnati, OH, National Institute for Occupational Safety and Health.

Nishioka H (1975) Mutagenic activities of metal compounds in bacteria. Mutation

research, 31:186-189.

NTP (1994) NTP technical report on the toxicology and carcinogenesis of barium
chloride dihydrate (CAS no. 10526-27-9) in F344/N rats and B6C3F1 mice (drinking
water studies). Research Triangle Park, NC, US Department of Health and Human
Services, National Institutes of Health, National Toxicology Program (Toxicity Report
Series No. 432).

Pendergrass EP, Greening RR (1953) Baritosis: report of a case. Archives of industrial

hygiene and occupational medicine, 7:44—48.

Perry HM, Kopp SY, Erlanger MW, Perry EF (1983) Cardiovascular effects of chronic
barium ingestion. In: Hemphill DD, ed. Trace substances in environmental health.

Columbia, MO, University of Missouri, pp. 155-164.

Perry HM, Perry EF, Erlanger MW, Kopp SJ (1985) Barium induced hypertension. In:
Calabrese E, ed. Inorganics in drinking water and cardiovascular disease. Princeton, Nd,

Princeton Publishing Co., pp. 221-229.

51



Perry HM Jr, Kopp SJ, Perry EF, Erlander MW (1989) Hypertension and associated
cardiovascular abnormalities induced by chronic barium feeding. Journal of toxicology

and environmental health, 28(3):373—388.

Reeves AL (1986) Barium. In: Friberg L, Nordberg GF, Velimir B, eds. Handbook on the
toxicology of metals. Vol. II. Specific metals. Amsterdam, Elsevier Science Publishers,
pp. 84-93.

Richmond CR, Furchner JE, Trafton GA (1960) Retention of 33Ba in mice, rats, and
dogs. Los Alamos National Laboratory, operated by the University of California for the

US Department of Energy, pp. 24-31 (Los Alamos Scientific Laboratory Report
LAMS-2455).

Richmond CR, Furchner JE, Trafton GA (1962a) Retention and excretion of orally
administered 133Ba by mice. Los Alamos National Laboratory, operated by the
University of California for the US Department of Energy, pp. 17-25 (Los Alamos
Scientific Laboratory Report LAMS-2780).

Richmond CR, Furchner JE, Trafton GA (1962b) Retention and excretion of orally
administered 133Ba by rats. Los Alamos National Laboratory, operated by the
University of California for the US Department of Energy, pp. 26-34 (Los Alamos
Scientific Laboratory Report LAMS-2780).

Ridgeway LP, Kanofsky DA (1952) The effects of metals in chick embryo. Annals of the
New York Academy of Sciences, 55:203— 215.

Robinson WO, Whetstone RR, Edgington G (1950) The occurrence of barium in soils and
plants. US Department of Agriculture technical bulletin, 1013:1-36.

Roig-Navarro AF, Lépez FJ, Serrano R, Hernandez F (1997) An assessment of heavy
metals and boron contamination in workplace atmospheres from ceramic factories. The

science of the total environment, 201:225-234,

Rossman TG, Molina M, Meyer L, Boone P, Klein CB, Wang Z, Li F, Lin WC, Kinney PL
(1991) Performance of 133 compounds in the lambda prophage induction endpoint of the
Microscreen assay and a comparison with S. typhimurium mutagenicity and rodent

carcinogenicity assays. Mutation research, 260:349-367.

52



Roza O, Berman LB (1971) The pathophysiology of barium: Hypokalemic and
cardiovascular effects. Journal of pharmacology and experimental therapeutics,

177:433—-439.

RTECS (1985) Registry of Toxic Effects of Chemical Substances: 1983—1984 cumulative
supplement to the 1981-82 edition. Cincinnati, OH, National Institute for Occupational
Safety and Health (NIOSH Publication No. 86-103).

Rundo J (1967) The retention of barium-133 in man. International journal of radiation

biology, 13:301-302.

Schroeder HA (1970) Barium. Washington, DC, American Petroleum Institute (Air
Quality Monograph No. 70-12).

Schroeder HA, Mitchener M (1975a) Life-term studies in rats: Effects of aluminum,

barium, beryllium and tungsten. Journal of nutrition, 105:421-427.

Schroeder HA, Mitchener M (1975b) Life-term effects of mercury, methyl mercury and

nine other trace metals on mice. Journal of nutrition, 105:452—458.

Schroeder HA, Tipton IH, Nason AP (1972) Trace metals in man: strontium and barium.
Journal of chronic diseases, 25:491-517.

Seaton A, Ruckley VA, Addison J, Brown WR (1986) Silicons in barium miners. 7horax,
41(8):591-595.

Shankle R, Keane JR (1988) Acute paralysis from inhaled barium carbonate. Archives
of neurology, 45:579-580.

Sirover MA, Loeb LA (1976) Infidelity of DNA synthesis in vitro: screening for potential

metal mutagens or carcinogens. Science, 194:1434—1436.

Slocombe R, Evans M, Derksen F (1989) Histopathologic findings and energy dispersive
X-ray spectroscopic analysis of experimentally induced foreign-body pneumonias in rats.

Veterinary pathology, 26(6):479—487.

53



Smith KA (1971a) The comparative uptake and translocation by plants of calcium,
strontium, barium and radium. I. Bertholletia excelsa (Brazil nut tree). Plant and soil,

34:369-379.

Smith KA (1971b) The comparative uptake and translocation by plants of calcium,
strontium, barium and radium. II. 7riticum vulgare (wheat). Plant and soil,

34:643—651.

Spangenberg JV, Cherr GN (1996) Developmental effects of barium exposure in a
marine bivalve (Mytilus californianus). Environmental toxicology and chemistry,

15(10):1769-1774.

Spritzer AA, Watson JA (1964) The measurement of ciliary clearance in the lungs of
rats. Health physics, 10:1093—1097.

Stanley RA (1974) Toxicity of heavy metals and salts to Eurasian watermilfoil
(Myriophyllum spicatum L.). Archives of environmental contamination and toxicology,

2:331-341.

Stary J, Kratzer K, Prasilova J (1984) The accumulation of radium, barium and lead in

algae. Journal of radioanalytical and nuclear chemistry, 84:17-21.

Stirling C, Patrick G (1980) The localisation of particles retained in the trachea of the
rat. Journal of pathology, 131:309-320.

Stoewsand GS, Anderson JL, Tutzke M (1988) Deposition of barium in the skeleton of
rats fed Brazil nuts. Nutrition report international, 38(2):259—262.

Subramanian KS, Meranger JC (1984) A survey for sodium, potassium, barium, arsenic,

and selenium in Canadian drinking water supplies. Atomic spectroscopy, 5:34—317.

Tabor EC, Warren WV (1958) Distribution of certain metals in the atmosphere of some
American cities. Archives of industrial health, 17:145-151.

Tagatz ME, Tobia M (1978) Effect of barite (BaSO4) on develop ment of estuarine

communities. Estuarine and coastal marine science, 7:401-407.

54



Takahashi S, Patrick G (1987) Long-term retention of 133Ba in the rat trachea following

local administration as barium sulfate particles. Radiation research, 110:321-328.

Tarasenko NY, Pronin OA, Silayev AA (1977) Barium compounds as industrial poisons
(an experimental study). Journal of hygiene, epidemiology, microbiology and

immunology, 21:361-373.

Tardiff RG, Robinson M, Ulmer NS (1980) Subchronic oral toxicity of BaCls in rats.
Journal of environmental pathology and toxicology, 4:267-275.

Taylor DM, Bligh PH, Duggan MH (1962) The absorption of calcium, strontium, barium

and radium from the gastrointestinal tract of the rat. Biochemical journal, 83: 25-29.

Tipton IH, Stewart PL, Martin PG (1966) Trace elements in diets and excreta. Health
physics, 12:1683-1689.

Tipton IH, Stewart PL, Dickson J (1969) Patterns of elemental excretion in long term
balance studies. Health physics, 16:455—462.

Tsai F, Buchanan EB Jr, Drake L (1978) The analysis of sediments from the Iowa River.

The science of the total environment, 9:277— 285.

Turekian KK (1965) Barium in ocean water profiles. Transactions — American

Geophysical Union, 46:168.

Uchiyama K, Nakajima I, Hayashi T (1995) Influence of a barium sulfate preparation
(Ba 147) on lungs of rabbits following single dose intratracheal administration. Oyo
Yakuri, 50:123—-134.

US EPA (1974) Methods for chemical analysis of water and wastes. Washington, DC,
US Environmental Protection Agency (EPA 625/6-74-003a).

US EPA (1984) Health effects assessment for barium. Prepared for the Office of
Emergency and Remedial Response, US Environmental Protection Agency, Washington,
DC. Cincinnati, OH, US Environmental Protection Agency, Office of Health and

Environmental Assessment, Environmental Criteria and Assessment Office (EPA

540/1-86-021).

55



US EPA (1986) Guidelines for carcinogen risk assessment. Federal register,
51(185):33992-34003.

US EPA (1988) Recommendations for and documentation of biological values for use in
risk assessment. Prepared for the Office of Solid Waste and Emergency Response, US
Environmental Protection Agency, Washington, DC. Cincinnati, OH, US
Environmental Protection Agency, Office of Health and Environmental Assessment,
Environmental Criteria and Assessment Office (EPA 600/6-87/008).

US EPA (1990) Drinking water criteria document on barium. Prepared for the Criteria
Standards Division, Office of Drinking Water, US Environmental Protection Agency,
Washington, DC. Cincinnati, OH, US Environmental Protection Agency, Office of
Health and Environmental Assessment, Environmental Criteria and Assessment Office

(NTIS PB91-142869).

US EPA (1996) Proposed guidelines for carcinogen risk assessment. Federal register,
61(79):17959-18011.

US EPA (1998) Toxicological review of barium and compounds. Washington, DC, US
Environmental Protection Agency (www.epa.gov/ngispgm3/iris/subst-fl.htm).

US EPA (1999) Guidelines for carcinogen risk assessment. Review draft. July, 1999.
Washington, DC, US Environmental Protection Agency, Risk Assessment Forum
(NCEA-F0644).

US OSHA (1990) Qualitative X-ray fluorescence analysis of workplace substances.
Washington, DC, US Department of Labor, Occupational Safety and Health

Administration.

Vincent M, Debord J, Penicaut B (1986) Action comparée de la toxicité de chlorures
métalliques et d'un molluscicide organique de synthése, la N-trityl-morpholine, sur
deux amphipodes dulcaquicoles Gammarus pulex et Echinogammarus berilloni.

Annales de recherches veterinaires, 17(4):441-446.
Voss RL, Nicol H (1960) Metallic trace elements in tobacco. Lancet, 2:435—436.

Wang W (1986) The effect of river water on phytotoxicity of Ba, Cd and Cr.
FEnvironmental pollution, 11:193-204.

56



WHO (1996) Guidelines for drinking-water quality, 2nd ed. Vol. 2. Health criteria and

other supporting information. Geneva, World Health Organization.

Willson J, Rubin R, McGee T (1959) The effects of barium sulphate on the lungs. A

clinical and experimental study. American journal of roentgenology, 82:84—94.

Wolgemuth K, Broecker WS (1970) Barium in sea water. Earth and planetary science
letters, 8:372—-378.

Wones RG, Stadler BL, Frohman LA (1990) Lack of effect of drinking water barium on

cardiovascular risk factors. Environmental health perspectives, 85:1-13.

Zschiesche W, Schaller KH, Weltle D (1992) Exposure to soluble barium compounds: an
interventional study in arc welders. International archives of occupational and

environmental health, 64:13-23.

57



AREEH I—REH

REEIR#E T CKE) : Toxicological review of barium and compounds (US EPA, 1998)

o B —ERE

US Environmental Protection Agency

National Center for Environmental Assessment
26 West Martin Luther King Drive

Cincinnati, Ohio 45268

USA

NY T LD 2ARLHFIT, EPA OREE LAMORFAHE LT L Ea—%
=7z, Ao L e 27 —X, Dr M. Goldman(University of California, Davis, USA).
Dr A. Gregory(Techto Enterprises, USA), 15X O' Mr P. Mushak (PB Associates, USA) C
b, TO%, BEREITREROL Y2 —%2%1F, AR A7 HEH Y A7 L(Integrated
Risk Information System)(IRIS)?D 7' 1 7' Z AEEHIZ L V. Office of Research and
Development, Office of Air and Radiation, Office of Prevention, Pesticides, and Toxic
Substances, Office of Solid Waste and Emergency Response, Office of Water, Office of
Policy, Planning, and Evaluation, 3 JX (" Regional Offices D& E 1T L 5 KGR BT,

B EYEERBER Agency for Toxic Substances and Disease Registry: Toxicological

profile for barium (ATSDR, 1992)

2 B —RHRG

Agency for Toxic Substances and Disease Registry

Division of Toxicology/Toxicology Information Branch

1600 Clifton Road, NE, E-29

58



Atlanta, Georgia 30333
USA

AK7v 757 A%, ATSDR, Centers for Disease Control and Prevention, the National
Toxicology Program, 3 X OMLOBE IR ORI FE I LD L v a—2% 1T 72, S 51T, Drd.
Borowitz (Purdue University, USA), Dr J. Gould (Georgia Institute of Technology, USA).,
Dr A. Reeves (Wayne State University, USA)72 &', FEBFERBIOET L E 2 —7 =572
HEBEDLE 2 —%%TT,

Rz 2 & BT (% E)(United Kingdom Health and Safety Executive): Barium sulphate
risk assessment document EH72/9 (Ball et al., 1997)

EEHOORRIL, £, mE 2 I, EEOReER AR St o BE S B 2 E ek
10 A® HSE HMFE I N—T12 LD v a—2%iTe, KRIZ, BESHRfROEEICH
T 5885003, He[E R (United Kingdom Department of Health) O #M:2E IC L5 L B =
— &%, 0%, RICGEREN, FEERRREZ 22 8% (United Kingdom Health and
Safety Commission)® = &% B % (tripartite advisory committee), EIEAL & R
VB2 2 Working Group for the Assessment of Toxic Chemicals (WATCHIZ X5 L E =
— &%\, AEERIZ, EER. TEHREG. BIOFRO, Eitl X OREER RS
FOHEMZETHE I TV D,

E7 L Ea—kREoO WATCH ZES D A v /3—:
Mr S.R. Bailey (Independent Consultant)
Professor J. Bridges (University of Surrey)

Dr H. Cross (Trades Union Congress)

Mr D. Farrer (Independent Consultant)

Dr A. Fletcher (Trades Union Congress)

Dr I.G. Guest (Chemical Industries Association)

Dr A. Hay (Trades Union Congress)

59



Dr L. Levy (Institute of Occupational Hygiene, Birmingham)
Dr T. Mallet (Chemical Industries Association)

Mr A. Moses (Independent Consultant)

Dr R. Owen (Trades Union Congress)

Mr J. Sanderson (Independent Consultant)

60



AR 2—CICAD ¥7 L B o —

NYTLENT T LMEEMIZEET % CICAD JiZZ, IPCS & R RS2 INEERS & dlig &
Lol BETOT72® IPCS MR8 L7 FERE &L flik, 72 b ONCHMZEICE LN, LT D
BN D a2 PO,

M. Ball, Health and Safety Executive, Bootle, Merseyside, United Kingdom

M. Baril, International Programme on Chemical Safety/ Institut de Recherche en Santé

et en Sécurité du Travail du Québec, Montreal, Quebec, Canada

D. Bayliss, National Center for Environmental Assessment, US Environmental
Protection Agency, Washington, DC, USA

R. Benson, US Environmental Protection Agency, Denver, CO, USA

T. Berzins, National Chemicals Inspectorate, Solna, Sweden

R. Chhabra, Department of Health and Human Services, National Institute of
Environmental Health Sciences, Research Triangle Park, NC, USA

P. Edwards, Protection of Health Division, Department of Health, London, United
Kingdom

L. Hall, Pharmacokinetics Branch, Environmental Toxicology Division, National Health
and Environmental Effects Research Laboratory, US Environmental Protection Agency,
Research Triangle Park, NC, USA

H. Nagy, National Institute for Occupational Safety and Health, Washington, DC, USA

E. Ohanian, Office of Water, US Environmental Protection Agency, Washington, DC,
USA

B. Sjégren, Toxicology and Risk Assessment, Swedish National Institute for Working
Life, Stockholm, Sweden

61



S. Soliman, Department of Pesticide Chemistry, Faculty of Agriculture, Alexandria

University, Alexandria, Egypt

M. Vojtisek, National Institute of Public Health, Srobarova, Prague, Czech Republic

P. Yao, Ministry of Health, Institute of Occupational Medicine, Chinese Academy of
Preventive Medicine, Beijing, People’s Republic of China

K. Ziegler-Skylakakis, GSF -National Research Center for Environment and Health,

Neuherberg, Oberschleissheim, Germany

A. Zitting, Unit of Risk Assessment, Department of Toxicology and Industrial Hygiene,
Finnish Institute of Occupational Health, Helsinki, Finland

62



BMTEE 3—CICAD M RAERR

TAVTV R~ UF, 2000456 A 26~29 H

A R—

Mr H. Ahlers, Education and Information Division, National Institute for Occupational
Safety and Health, Cincinnati, OH, USA

Dr T. Berzins, National Chemicals Inspectorate (KEMI), Solna, Sweden

Dr R.M. Bruce, Office of Research and Development, National Center for
Environmental Assessment, US Environmental Protection Agency, Cincinnati, OH,
USA

Mr R. Cary, Health and Safety Executive, Liverpool, United Kingdom G535

Dr R.S. Chhabra, General Toxicology Group, National Institute of Environmental
Health Sciences, Research Triangle Park, NC, USA

Dr H. Choudhury, National Center for Environmental Assessment, US Environmental

Protection Agency, Cincinnati, OH, USA

Dr S. Dobson, Centre for Ecology and Hydrology, Monks Wood, Abbots Ripton, United
Kingdom ()

Dr H. Gibb, National Center for Environmental Assessment, US Environmental

Protection Agency, Washington, DC, USA

Dr R.F. Hertel, Federal Institute for Health Protection of Consumers and Veterinary

Medicine, Berlin, Germany

Ms K. Hughes, Priority Substances Section, Environmental Health Directorate, Health

Canada, Ottawa, Ontario, Canada

Dr G. Koennecker, Chemical Risk Assessment, Fraunhofer Institute for Toxicology and

Aerosol Research, Hanover, Germany

63



Ms M. Meek, Existing Substances Division, Environmental Health Directorate, Health

Canada, Ottawa, Ontario, Canada

Dr A. Nishikawa, Division of Pathology, Biological Safety Research Centre, National
Institute of Health Sciences, Tokyo, Japan

Dr V. Rithiméki, Finnish Institute of Occupational Health, Helsinki, Finland

Dr J. Risher, Agency for Toxic Substances and Disease Registry, Division of Toxicology,

US Department of Health and Human Services, Atlanta, GA, USA

Professor K. Savolainen, Finnish Institute of Occupational Health, Helsinki, Finland

(Rl )

Dr J. Sekizawa, Division of Chem-Bio Informatics, National Institute of Health Sciences,

Tokyo, Japan

Dr S. Soliman, Department of Pesticide Chemistry, Faculty of Agriculture, Alexandria
University, Alexandria, Egypt

Ms D. Willcocks, National Industrial Chemicals Notification and Assessment Scheme,

Sydney, NSW, Australia
FTP—r—

Dr R.J. Lewis (representative of European Centre for Ecotoxicology and Toxicology of
Chemicals), Epidemiology and Health Surveillance, ExxonMobil Biomedical Sciences,
Inc., Annandale, NdJ, USA

EER

Dr A. Aitio, International Programme on Chemical Safety, World Health Organization,
Geneva, Switzerland (F#% F5&)

Dr P.G. Jenkins, International Programme on Chemical Safety, World Health

Organization, Geneva, Switzerland

Dr M. Younes, International Programme on Chemical Safety, World Health

Organization, Geneva, Switzerland

64



ERRILFMEREED—F

RULYFN ICSCES 1052
AU FN
BARIUM
Ba
FFEN73
CASERREE7440-39-0
RTECEEHEE-COS370000
ICSCE=S1052
[EEES:1400
BE/ —REES B eyt -y
REQR1T SHAEIR THAEER
Ksts B LA B DET LY KR ERAE DD S0 RATLE . KTEZEL. 2. s OBREEL . ﬁﬁ‘l*ﬁ%i%‘k%ﬁ\ls BEIRED, A AR AL T
e TP TH BB TREEDRESREEE MEOHRELC ENFR. HERLESELUR
g BESA .
BiENDRTE EHEEQEIERAC | (FER N EITEREIC |
A 7. IEER. AR T3 (T FRReEE . TR, TR . EREEAE B T .
B i, BT, AREN RS D, 550)71{?5\./?9 —THE
FEEA AT . EFEREOEETE
R . BH. Zed 5. B ‘Fﬁ%ﬂwrﬁ‘(ﬁt\»\Lb(‘fﬁnléjjﬂﬁbb DAE
1F LT ETEN TT<.
EORR TEEDRITER R UIEH 7l OFFFC. EREEEETS.
Pk Lk BT E-FT
CIEN I EEERR FarllcREANDIESETOLNARE - N AT TR, WEE (LR B SRl THC - ELEERE T HBUN Haz Class):4 3
\; HESR T O ES R T REANS. ?I% - ELEREEERUM Pack Group): T
RN EIERCESD, TSR . TEIH 2. e EESSE LR R,
- BRI R,
- FKICHRL TIRZE5%0.
BET LR S
Ic SC%%;] 052 Prepared in the context of cooperaticn between the Intematicnal Programme on Chemical Safiety & the Commission of the European Communities ® IPCS CEC 1333
L L] —
ERtEEMEREEH—F
AULYFN 1CSC#5:1052
HIPAIREE; MR EEOEN:
# 2 ARROFREE~O RO ROB & EP o OIRUREERE : FEOHTET
= MIPRIERRE: i WA DRI
= PR TESRS RS T8, HERFEDREETHD.,
{ESPRfERRTE: EHRROEE:
5 HFROIRS, 5| (N S BIAFATE AN ®S, MVLEHITHL. By R EE. SIEERRTS.,
BRI AT S, 0T TR LTS, KRR, 51
| JRF MO SFREICSCES 00 IZEERE ML NS BRORIE AT RIAF I RERROEE:
= B -#
TLY:05 medmd(TWA) Ad (ACGH 2001)
s iher 1184070
BIRAIER . 2*1‘? 36 g/cmd
A DFRRE YD
BHIcHTS
F—a
b3
-7k, CEREEIE. 5. 3, CBRLEEE QIEAERIE BRI E S,
- EREN AR DR R B0, SRR TS TR H T B
Transport Emergency Card 2B 2 AIEH—F1: TECIR) — 42612
FHintEiR
ICSCHES 1052 AU FN

FiffiH:1099.10

@ IPOS, CEC, 1993

FRIE: $8#D ICSC H AGEMUIA CICAD H AFERIEMEFD & D TI L ICSCITEHSND Z L3d D £,
http://www.nihs.go.jp/ICSC/ =&ML T 7ZEW,

65



L, [ ¥
B LFMER2EH—F
i 4 JAU L N ICSCES:0613
o TN
BARIUM CHLORATE
Chloric acid, barium salt
BaCl0g / BalClog),
SrFER042
CASEIRERE 1 3477-00-4
RTECSESFNIT70000
ICSCES 0613
EEE 1445
ECES017-003-00-8
e —RFEES =t IEEE
BROR1T SRR JHAER
e TR O WEOREEE TS, SR A OB RO B P R R T 5.
v FCOEEICL) AR BEREL DL RS, ﬁﬁﬁu EBBE, IO AR FUED L
Exﬂﬂ&ﬂ)i&ﬁiz—io
MEZaybaE S0 mEs Bl ol L RELT 21”;“13@&%5 oL EB OCHETEL T FEIRETHIT S,
1B BREOBREESDD, ([E20EkRIE 288 *g&%giﬁﬁﬁm .EEEE% HERMBRESHLUE  RefER OB fEREETD.
CE
HEQHERLC |
S~ ORE TR A |
WA 0z, OFEEm . BAEFTELIES). BAHE. Z/03RRARE WIS, T, ATRRSEELL LB R
T2 ORE 282, E. R LR T,
BE Eoi wEEFLE, ZBOKTHEL T, ,ﬁ%&éh?&?ﬁﬁmbﬂ B
EER T . R SR T S
R T B T2T I EIFRRREELRRREEOH ”si)? ‘Fﬁ%EO)rK‘CﬁL\,mb(‘(afhletj/§7H//:{DE
=N LT EBSEN T
B, 2EF7/ DL, EBFF/ 0 FEREPIIIRE. WBH 7, D%@‘Tﬂ Dtﬁ\té(%ﬁb‘ﬁéiﬁﬁ'mb s Tk
#OH g, %‘*EL =g TR, O, B LES. BEE EFMEEICEETD
&, m0t, B HE.
bk kL By wE-ET
-FBICREN S, BPTRICIRA TR, TR, R tbinE, PUTI VLS ENE. SBHE B -ﬁ%bﬁﬂ*%—&%\:iﬁiﬁbﬂ;7.;'5fxt\.,
- CIENFAEEREAICIRE AN 2 ES BT AL ESI. nn“ﬁﬁ‘lﬂb’b%bf&(q
Emltéf_sb\L,lbﬂfﬁ\bﬁé’kn% Es 0, ¥, M
2N BOR T T . R :§-20/22-51/53
bﬂ\(?’ﬂ“[#[‘;t“&llﬂfmﬁl WIS BT 57500 5 (2-)13-27-61
cOMEERRPI BB TI>R45%0. - EEEFEMAEBIN Haz Clasg):5
(flﬁl)\ﬁﬁf%‘gﬁ BEHFRPZIILA—FT20, BN REERE I C LB ‘:E(UN Subsidiary Risks) 6.1
- EEREEZFRIUN Pack Group): I
BES AL RN TEE
Ic Scﬁ%;(]ﬁ] 3 Frepared in the contesxt of cooperation between the Intemational Froeramme on Chermical Safety & the Commission of the Eurcoean Communities © IFCS CEC 1333
[ (o] .
ER{EEMEZEEIL—F
EBERBNYIL 10SCES 0613
IPETHIE, S REOLH:
EEOERIEHE (P~ OURITHERE R A, ORI
HIBAIfEBE 1 B A OfepEit:
® QO“OT\alit/\,tﬂtbmt\ Lk, ECHFEDRES, THT LR T AR
ECRTEEIETR ENED,
= 1LFEIfERRIL:
Hikikat, Eahl Py 287l ﬁEHﬁE\ LU EEICEEYES Y EEREOEE:
= FELD. Huiﬂ?étmm ﬁ? BEEOHE o —LBEL LAELER B EE SOETRIN TS, M PIRER DRSS 2 A4 A E IO
DTS o BB e L, T)?*Ii#ﬁﬁb)&x!&%ﬁ&}ir?éo BFBI et D, D L I%ES (FECL. LIRS, FRREEELLSE
| _ 3. NEOEET BN THON 215N S. I:—T-EUM B T A,
SFERE: HICELIED B D,
S i, i ¥ET by
E %.;ug;%b;}gjg)s e/ r(TWA), A4LAICH I TBFESA BN DETE TN EHE T R R £
Mak: (Bas L T) (TAMEET) 05 me/m® B —2RBRENTS ) —12); (OFG
2004)(ER;E 55403 DFG O List of MAK and BAT values EEE)
RS T T HRE T B 250T
HIRariEE -G 2 gfem?
CAADIFRRE 1274 &/ 100 mIl £ CFTE)
ﬁﬁl:ﬂgi%: HEERICHL TEESBD.
¥—
i
- oASES10204-30-21 3 1R FREL 1 2 . —RFMDICDLWT THS,
-T{kEPayfaRa ) Eiﬁ A Bk, élﬁwjﬁl 5, (efeils =50
FREOEEICLLTIE, EH HETH D,
. WEODHKIJ &B#Fﬁlﬁu@?éx ‘(ﬁbn?‘a
- COMEICE SRR L IR ﬁEIJfDMEfJ LB THD S T@E&I A FEESN DEANLTH
BRI AR DD B S, SBON IR TS
Trarsport Emergency Card EX G S MIEL—F): TECR) —5151445
WFPAGKERRL TR0 —F HIEEEERR T PR R R )0 ; RUBL G FERR T s ox
hntFiR
ICSCHES 0613 EREg Vo L
F3fiH:2000.10
B IFCS, CEC, 1933

SR HEH 0 ICSC H AR

http://www.nihs.go.jp/ICSC/ Z#ZHL T 7Z&W,

66

fiIZA CICAD HAZEMEREEO S DT, ICSCITEHR NI Z E1nH Y £1°,




] N
EREERERZEEIA—F
=L (AU NN ICSCE 20614
il S 4
BARIUM CHLORIDE
BaCl,
AFE20827
CASEREE10361-372
RTECSE=CQ8750000
ICSCER 0614
EEEE 1564
ECEE056-004-00-8
®E/ —REE/ 265 SRS/
BEDIAT 2HHEIR FHAEEH
e THEE, Bhnmk S e E O ER TR T .
K MR R 3B T — b e H AR T
R
HEQ BN |
BENORE fEER SRR |
BA 0%, VHEEE, BEHFTUES). BAIR. 3B 0RARE TR T8 AIRRSLETC LB BER
I3 01007 88, =2, P8 Do o
o ED O RETGE. ERAN R PR, SR ¢ TR
BER T,
" ED - TR, £ R RS EARELOHA. EONFROKTRNAL (T T 40 A
I3 FLT). BBl BN T
Z0AN BEE, EE FHMR. THEE B, TEEDF BRE, VR A0 BBRICFEAD. %%gg(ﬁﬁﬁ‘ﬁéi%ﬁﬂ)a L) TR ARSI
pips Rl B 25T
- CIENMEFERRREAICRE AN ESETHEVES B ERDSEEL TS - Edn Bk —HE CEoEL T3 70570,
13, WEER T AT ISR S E T SRE AN D, -EURTE
-HEAEIRFRRD, EeUIRPN Y. 25T
- COEAREPICREL TIHEH%. R 20-25
-HEA AFEE ST AP 2— 117250, 5 (1/2-)45
- ELERRE M S EEIUN Haz Class)i6.1
- ELEREEF AR Pack Group)t1I
HET Al kR ERE
IC SC§-F;';06 14 Prepared in the context of cocperation between the Intemational Proeramme on Chemicsl Safety & the Commission of the Eurcpean Communities @ 1POS CEC 1993
s ] —
EiRtEMELLEL—F
it [ FAULYFN ICSCEB 0614
IPHIRAE: SHE: REOEH: .
EE BEOES PP~ OIRURERE : T AL O A $E015ER,
& IPIRRRIE: %A OREBEIE: . . o
20 0T [FEAE R A Ll BT DE TR T 2R CHEREI T E
= TR BB,
TESrihrebR i
= BNEROEE: i
. B, B2, SUBERIR Y B tHERICRAERS R 5O E DB E. (B0 L MRS
| SFERREL: FECL. UIHEE. GRREEEL D 005, HICED & HD.
: 5 me/mATWAY, A4AIZE SANSTETE TV
o Tﬁ})\d’(:ggtwb;)gﬁf me/mA(TWa); AdLA I CHITRFDSAMED DETE TV ML FE RO D
Wtk s (B L) (R A PEEIS) 05 medm® ' —DRBIREOT I —12): (OFG
2004) (3] :E¥iBI OFG M List of MAK and BAT valuss FE0E)
BROIEH . %E:s G elom?
A iERRE 138 /100 ml
ﬁiﬁ_l_cﬂg@% AL THEN B
=
it
- OB C L PSFED LTSRS IE. BRI RESLETH S e T O ba ET I F RN LT T B
Transport Emergency Gard % IC2 MIED — ) TEGIR) —6131564- £ 723 61GT5-I
kR
ICsCHER 0614 ek i 4
FifH:1999.10
® PO, CEC, 1992

AR H# D ICSC H ARFEMIEA CICAD HARFEMAERREDO & DT, ICSCITEFHINDZ ENHV £,

http://www.nihs.go.jp/ICSC/ Z#ZHL T 7Z&W,

67



i =] >
ERR{LFhERTHEI—F
L (AU Ly W b & ;1| ICSCES 0615
F AR o I N 5 1]
BARIUM CHLORIDE, DIHYDRATE
BaCl,. 2H0
AFEra43
CASEEREE10026-27-9
RTECSES COSTS1000
ICSCER 0615
EEFEE:1564
ECE=056-002-00-7
Feg —R¥EES - HEE/
BREORAT SHER HErE 3.1
e T . REhOM: X S BN EREHER T 5.
K %ﬁiﬂﬁ\:ﬁﬂﬁ!li&bﬂ;ﬁéﬁjnﬂ.\bt:{%ﬁiﬁ?
B
FHEEDIL B |
BE~OES TEER e EREC |
BA oz, OREETE. BIAFIFETHELES). BFHER. T3P0 RRE I Tm, EE%AI@%#J‘*%EU:&?J%&E}E
Mg O1RER 08, 2. R
B FEFL. .ﬁﬁ‘eEHRME%ﬂRﬁ\E& HRBOKD ¢TI —THE
. BRI T
) e TLRH. £ RAREECRARBEOHA. HAMSEORTENFLTENE 20 %
13T (=8I TEN TIT.
SOER EE‘ WS, THL IR0, BOhEE RUHSIR. SaE [{ERdLEnE. uBA AL, OFddC. A B ERNBEBE0A | . 55,
i e iy RS
- JIFENFEESRE FREACREANDIESET UL ES - ERTERDSHELTHG B B~ CEEL T I3RS
I, HEER S RS BT REAN S, -EURiE
ERERT TR S, RS iR T, 305
OMEERBPICHEL TR 5%, R 20/22
(flEIMﬂf%ﬁE HERFRPZ OL A7), s (2 )28
-I:iﬂﬁw EEUM Haz Class) 6.1
- EREEEFMHUN Pack Group): T
BFEF NI s
IC SC§%;061 ] Prepared in the contest of cocperstion between the Intemational Programme on Chemical Safety & the Commission of the Eurcoean Communities @ IPDS CEC 1993

EREFMEREMELI—F

L AU L VR ¢ it IcSCHER 0615
TR R S RROEN: ]
s A T RN P~ OISR T LD A, 0T
% R A QR
SUTTE AL B SO, TGk PR
= HTEERE ETHED
fespnrehgis:
- DT 55 SR, HET 2 — LD, EMEROLE:
: IF R ST 5 T SRS R () L
| R FH L. DEE, BAREEAL S LT B, T Eb LD
TLY : (B 05 me/mP(TWAY A4UAIZHI FET 73l
. ILVS B 1) 05 mu/m(TWA), AT TRREAET AITETIINS L oo

mak: (Bad L T) (A B 7)) 05 me/m?; W —2BFTIREHT T ) —m2); (DF G
2004) (FRSF 545013 DFG O List of MAK and BAT values F888)

- R TR EEE)

HITrEE B8 e/omt
RADIERRRE 137 5 /100 mllE T RN26°T)
ﬁﬁl_:ﬂg@‘%» SREEMICHL THEIEY S,
T

b3
. %naﬁﬁﬁ')ga ChaRMT EORaESH T

B R P LTRSS %E'J@%Eﬂ*ﬁ%‘(@% FEmObs T FAE N AL L TE G
18k LlCSCES e 41bHIED L,

Transport Emergency Card ERXEFIE R MIEN—F): TECIR)—6181564-M £ 713 61GT5-II
ot

ICSCEB-0615 Bk D A ZAKEHY
F3H:1999.10

@ IFOS, CEC, 1883

AR $B# D ICSC HAFEMITIA CICAD HAGEMIERFREDO & DT, ICSCITEH INDZ ENH Y £7°,
http://www.nihs.go.jp/ICSC/ Z#ZHL T 7Z&W,

68



Y FAULFFA

Bk U 4
BARIUM OXIDE
Barium monoxds
Barium protoxide
Calcined baryta

FRET AR

EREFMER2MEL—F

Bal
HFE1533
CASEHER1304-28-5
RTECSEB.COBL00000
ICSCES0778
EhEE= 1884
ECES056-002-00-7
xS —REES 55 EERE/
B2E0217 StHEIR SRR
KSE THEE, BT 5B K el
1R
THEED WRCRRAS |
BENORTE RS EIT RS |
BA 7. W PRI - PR RS . WEEER, T, R R T B,
o . B, RETE. RN R . yscwmuw —TE
LR o B RS B o
" T WA, TR, £/ WFDIBAICI FRAREE A z;ﬁ Fﬁ%mmfmwuﬁmg:/ptw/7;%
RS D HH. 3+ FU T BB N T
SR I, T WbES, B0, AR, TN, fEL (Rt ERE. BB, u@w PR BBAOS ). BB
= NN DAEERE £, B BT s
;‘E‘EWA&E BPER EIE 5T
3 IR R A, - B ARG S EEL T =,
ﬁ”;;%%gg@mi%%ﬁiﬁl&??u %%“ -gﬁ’%ﬂﬂt I CHRRL TR
BiE, 2rle . Ei)
T T AL - g
R20/22
S-(Q—)Qa

IC5CHAS 0778

-l:iﬁiﬁ#m 5338(UN Haz Class):6.1
- EE RN Pack Group): D

I1C SC%%;OTJ‘S Prepared in the contexd of cooperation between the Intemational Frogramme on Cherrical Safety & the Commission of the Eurcpean Gommunities @ IPCS CEG 1933
[ ] N
EREFhERERH—F
L | VAU FN ICSCEHES 0778
HIPETIREE: S REOEN: R
B BROFEE~H RO HF. AP OIEER: T O )LD A, FEOER
HIPaIFERRTE: B ADFEREE: - s . .
T 20CTIR | TEAERIELAL L L. BT BEER T 2R CHERE E
FRIEHHD.
= 1EFafEpEE: _
ACEEL PEEOBSOIERTHE. f, MEHE—E&. LFOLvIL7ri = SHARROEE:
Ed BefbrA7 . SifboR s ML CREL. NS B RO R EDIS T, BB, B2, SUBERLET 5, MEERICREES 2 A0 A0 BB, (BT L %S |F
—— EECL. LIEPEE. BRPRE LA LD B, WIEDLED BB,
! TLV:(BadLT) 05 me/mi(TWAL AJAICB I BRAAMDHETE T RAE K RIERROEE:
El ) (ACGGH 2004)
MaK:(Ba) (Ihakble fraction@® A B 05 medm® Peak limitation catssoryt”
—ORFRENT U —M2) (DFG 2004) (SRE:EFHIIT DFG D List of MAK and
BAT values F218)
R S 5T efom?
AeDERRE 138 24100 mI20°C)
B Bg@'b SREEH THL TS B 5.
==
s 3
SR E DM BRI R R TS
- COMEL F P E R L S 1. BRI RS E TR T ObE SRR N AL LTS
- COMBAPICKREIN TSR0 TR RN T BT L TRO PICCOHE R Y I TR DS,
Transport Emergency Card SRiXEFES MIBH—1): TEGIR) —81GT5-I
iR
IcsCEH/ 50778 B ) L
E3iH:1999.10
@ IPCS, OEC, 1983

SR HEH 0 ICSC H AR

http://www.nihs.go.jp/ICSC/ Z#ZHL T 7Z&W,

69

fiIZA CICAD HAZEMEREEO S DT, ICSCITEHR NI Z E1nH Y £1°,



ERELFMEREMEI—F

bal: A JAULF NN 1csCcEB-0381

BEEE ST b
BARIUM PEROXIDE
Barium dioxide
EBarium superoxide

BaO2
HFE 1693
CASETRES:1004-20-6
RTECSE-ECRO175000
ICSCES 0331
EhEE 21449
ECTE S 056-001-00-1
KxEs =S Fh IS/
REDRA1T SHEIR SHAER
e sgs TR, OB EEEIE T 5, STEEH. Echl, B OIEMIL. DI A KR 2T RN ERIDERE,
SIS, BRI AT Bk KRR TERRIE
L 555,
HEEQ LIRS
HENORTE HEREE L |
WA EEL B BELE SN, . RFRHES foI1 OF IR FIRERE RIS T, #@:uozimﬁ&l 13 AT
TEE01RRR 2T, 0, EAARN DB TR
. EEHA B FREETLE. BT, yEG}?K‘C?ELMuL;M& BREN IR, &
] ER0ET.
" . e hd AR, e =5, I —ILF. ETLI;HHFFCD%AI._I; BB BOR TR RLCENF I A0, L A%E
O3 FFEES SR RER D 12 HLT). BRI BN T T
#0OIEA 1%, B0, THi. PRSI TR, YA, O%FTC, B, B TEETE.,
bk Tk BTER BE-FT
CENEEREAICRE AN, REBMITET., SIS, BIE. BB S TH -ﬁ&bﬁam—ﬁ\::ﬁizw\;r;%rmo
- SHC SRETE RN E] WIRS B T 050, (B, -
—DMEFREDIC m.'f.bflztfdbfal.\o E’Evs 0 ®n
“BAEL RS PrREST R o Bt B-20/22

R
S :9-13-27
- EEERE 57 $B(UN Haz Class):5.1

- E@DELErEEEH T £ 25 TEUN Subsidiary Risks) 6.1
- EETEFRUN Pack Group):I

EET AR ER

ICSCEHES 0381 Frepared in the oontext of cocpersticn between the Intematicnal Programme on Chemical Safety & the Commissicn of the Eurcpesn Gommunities @ IPCS OEC 1383

EER{LEDEREEL—F
bl 2 [ AUL A GG B.0381

BIBAIRAE S RROEN:
Bt Ll R~ RO, HPIA DR IHERS : T 0L OB A, EOHRE,
BRI BAQRIIE: o o
DT AL, LA, ST R ST H S B AE e

TeSafebsit:

DI, B2 A B AT D AT, B, BEOIGEEELT, AKOR ENRROLE:

FRitHE 2o, WAUBERITSY. sTEERE SR EhEL L JRLY . BE, S0 S e C RS 2 22 M 5. IBDUD L lERE
= L. UHERRE, BRI EEEC LIRS,

PR R REREOBS:
TLY:H Bk LTI 05 me/m® (TWAL A (AICBIFBREE AN SETE T

H) (ACGH 2008),

MAK)(Baab‘O 05 mg/m? (A EES); 2 REREDT I —:02) OFG

2008
(RS :5¥HAIT OFG O List of MAK and BAT values #Z8E)

HL

N —

- ﬁuTsoo“‘C‘E SETE
iRATITE FEian:s
- ADITRRE: /ﬁ\:ﬂ <y

ki ?‘6 SREEMITHL TR R .
=

bE
CCDE CLUhEREC LIRS BAIOMEN L ETHE. 18 T@Btlciﬁtﬂfx%ﬁﬁ*éthé;ﬂcbfﬁ<a
SERENLRRBII OO RSB B0 FROKTITEHTE
Transport Emereency Card@RAEFT 2NN — 1) TEGR) —51G12
NFPACREIRSA RE)T —F tHIER ERERR 1)1 s FOPEHRTERE 1410 RUFITARA1E)0; ox

HHhofER

ICSCES-0381 BEE{L )2 L
FfA:1999.10

@ IFOS, OEG, 1393

AR $B# D ICSC HAFEMITIA CICAD HAGEMIERFREDO & DT, ICSCITEH INDZ ENH Y £7°,
http://www.nihs.go.jp/ICSC/ Z#ZHL T 7Z&W,

70



MK (TR A BT 4 me/m?; (FIR TS 15 me/m?; (DFG 2004)

- B AR 18000
IR SEEEIAS gfomt
- IRADIERRE SR

BHICETS
TR
b5 4
- RT3 ER Dlmineral barite)d L T FT T Bo barytes, heavy spard LT HFAT T 5.

IC5CHES 0827
FifiH:1999.10

fHhotR

@ IFGS, GED, 1933

= N
EFREFEBEREED—F
BER/ N9 L ICSCH S 0827
Rl A L
BARIUM SULFATE
Barium sulphate
Blanc fixe
Artificial barite
Bas50,
SFE23343
CASBIRER TIT-43-7
RTECSE2:CROE00000
ICSCEE 027
sz / —KieE/ . I SE
EROR1T SHEIR FRAER
e by E . DTk S B B EA BRIHER T 2.
KK 2 B CRURNECL I BB 72 — A A T
B3
BENDOES QLB |
BA ERHERE fo 3 FR A RER . BTEITER. A,
BEE FEEFE. B iR R D, BB ¢ T
R .
R THR. 33 ‘Fﬁ%ﬁ@?ﬁfﬁiMmb(fé’h\i:l/&‘f’H/ A
13 FL 7). I EN T,
E0iRR TERPITRRE. BUFR A, OFFF¢,
Pk ol [ Bk - Fon
CCIENICEER G CREANS HESBTREL MBS, 1
B DI B E T o mE AN D,
-(EA AR TER T AP D72 )
FEF A R—ERE
1C SC§%;082? Prepared in the contest of cocperation between the Intemational Programme on Chemicsl Safety & the Commizsion of the Eurcpesn Communities © IPCS CEC 1993
] [ | —
B EFMEREEH—F
i JAUAF I ICSCEHS0827
HiPeTinE: SHR: EREOHER: .
EL ER QErEREOHEERSHDLILHEF PR DEUEER : T—-O AL QWA
= HIPaEbETE: A DEPRE: o s : . .
= 20 CTFFEAE TGS TR TR T TR DET AN B .
5 o= PPty BB EZE:
FLEZU LIRS BLEE T D,
! STHREE: B LI REREOE
-] TLY 10 me/mTWA): (AGGH 2004) Erii L\;E%ﬁ@#ﬁ@#ﬁ-f\@%ﬁ SLEE RN 30 L Bl RO EERE

— LD

[ TRV I

AL 4B D ICSC A AGEUZIA CICAD HAGEMIERIE D & DT, ICSCITERH SND Z ENH Y 7,

http://www.nihs.go.jp/ICSC/ %#ZBML T ZSWy,

71




