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1 AEHFME (AR

XL ®Iiz

t N0 NERIZEET 2/ EETHMI OB LE 2T 5720, 227 V—=" 73
MEMES NI, A7 V==V TRl BW T e RT U OFEES T A%, —RFEE2),
ArERR AT 3], BRFME 2], BOAM 2] LFHhEN, ZOMEEZT, AR
WEOBENOE N7V UVITBETME W EICIRE S, S OICH EEFE 1 217>
TeRE R, AEMEFE U 21T O LERHLIWE TH D Ll Sh iz,

ERTZVDY AT TIZET 2 WE L, WELFRIMIROBRFHT X 0 BLFICR
TOMHE L SNz, Fo, MEEIZHT 2HEFEROBAICBNTH, ZThbDe KT U»
AW, K, KROMEIE, RN S N7 RICFERROZETZ R~ T EHEESh D, X
ST, KFEETEI CIZohnd 6 WEICOWTEHELNT-AEMERICESE, e KTV
V& LT OREMEFAMNMEZ S L,

<FHlie e 'E >

o B RTTUU(HEAKY) CAS 302-01-2

o b RTTVU—/KF¥ CAS 7803-57-8
o B RT VU - HEEEHT CAS 2644-70-4

e b RTVV - 2EMIE CAS5341-61-7
e BRIV - HilAHL CAS 10034-93-2
e 2t RTTVV - WML CAS 13464-80-7

27 V== TR BT 28 EMET — ZINERREHRIE Y A~ OEIENAN 1 T2 12
DOWTHELZEZA, TRICRTIHMEEENG O, ZRHDOFERFENGE RT UV
DOEEMFREZIE L, BEFOAEEERE L TR OEEEIT- 7, SHEIZIE U Tk
BB ZATV, Bl R OBNEIToT2, ZOHNLF—RAET 0 238 E L., A EMIHE
fEAEH LT,

<BEFFOFEMERBHROEHMIR & U CINE U7kl F5 >

e Environmental Health Criteria (EHC) 68 (1987 )

o CKEEREERFE)T (EPA) IRIS Summary (1991 4F)

o CKEFMME R B (ATSDR) Toxicological Profile (1997 4F)

o BAREEHETES TRRERZHOAZTROFREEFOEE (1998 4F)

e  WHO [EEENAMIEHE] (JARC)  TARC Monographs Programme on the Evaluation of
Carcinogenic Risk to humans (IARC Monographs) vol.71 (1999 )

o CKEFEEMAFMFELHE (ACGIH) ACGIH Documentation of the threshold limit values
for chemical substances ({b“F4)'EFF AR EE3CE) (2001 42)

o ALFWEOBREY X7 YIWIEHE (2002 )

o NITE #1#] U 2 7 §¥ffi & (2005 %)

o WA ZAT (EFSA) BHPRyERE (2010 42)

*  ECSCOEL MEZREEIREICET 2R b2 O#) 5 (2010 4F)

o HPEOWNMNEMLZ SRS RAMERZEM (2013 4£)
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AFHHETIE, & BT 20 OW AR O BAL A% & LT 1.33 mg/m’/ppm
Y HW-, $7-. HFEIZE RF20 3204, B KT 20 —KMW 50.06, fifte K5
> 130.12 & 7=,

1-1 BEMFEEICET 2ERNNOEE
1-1-1 —B=H%
(1) #&no

® ATSDR (1997)

ATSDR %, Hydrazines OFFiE (FHHFH T a7 7 A L) IZBWT, ke RV
LRIV, LD AFALE KTV KN 12-VAF Ve RT VU Zalixtg & LT
7o ALTIEITIR D ARFHE TEHE SR & LTV D e BT 2 OKFnM K OG0 FEARF 13 5 H
STV, AFHl TIERRAOWEICE T 22 & FH Tldd 525, ATSDR (X 1,2-2 4
Fb RV UHHIEBEORND MRL 25 LTV, Visek etal. 1991 (252 12-V AT
e RTTV v 5 AR GIZEBWT, v RAZHA LR TEREDIFRIZESL
LOAEL0.75 mg/kgday % . 34454k 1,000 (LOAEL i 10, F 2 10, {E{A2 10) TER L.
PR OO MRL=8X 10" mg/kg/day & L7z, 1L1-VAF /b BTV otk dEt
BT L0 MRLIZG LN holc b LT,

® fihfEFETREAHE (RinkBEER,2013)
B ZAEFZERL, IIARY v=renl FrogmfEFEEFE MBS NT, B KT
DU EAMME LTI LTZ, B R YIS EEEE R ORBAMERRBO NS & L,
HEFE D A 5 D E BRTAIIEAT > TV 720,

® U.S. EPA Integrated Risk Information System (IRIS) 1991
Oral RID 28X E SN TR LT FD AMED K E 'L 23T od TV e,

(2) %A

®  [HRPEFEMAF23(1998)
HAREEMELEOTFFBREREESIT, £ FIV U RV R 2P0 —KW O % 47
ST, BERTIL 1 ppm TT v b SPERRICIEE 24U 5 Z &, 0.25 ppm ClI M EME
ITRE STV W Z 2238, FRBEEIXZOMEMU FICHRESINDIN& & L, EEH
LCTOEFHEREID, 0.1 ppm TIXEFEITEE L 7@ HEE 28T acetyltransferase D FR LI IZ
EOTREHENR -2 e b, BFFERE L LTO0.1 ppm (HAkE KT 0.13 mgm’,
b RV —KR 021 mgm®) 8RR LI,

® ATSDR (1997)
ATSDR (%, & RT VU OFHIZFTEICETS MRL & L CHRD 2 >OEEFIL TW5,
Haun and Kinkead 1973 12X 52t RT U0 6 A MW AZZE Clfi~ v 2T I H5%
& D FFRE WiPEZEALIT %3 % LOAEC 0.2 ppm (23 < MRL % 4X 107 ppm & L7z, F7-.

'20°C, 1 REE UCHE Lz AL RS =0 7 & 32.0+24.04=1.33 [mg/m’/ppm]

2
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AR TR SRAWE CTH 573, Haunet al. 1984 (121D 1,1- AF ke KTV 0D 6 A
W AR T~ ™7 212 ST Tl 2
ICES< MRL & 2X10%ppm & L7z, 228, b R TV 02 3B EE ICBE T 2 WA
MRL 3§ b iv7enoiz & L,

(IBZE DR 7-251%) 12xF9 % LOAEC 0.05 ppm

® U.S. EPA Integrated Risk Information System (IRIS)
REINTELT ., ERAMDHE M ITHON TV,

Inhalaiton RfC 1%

® NITE #1#1V 27 3FffiE (2005)
AR DR AETENMED MOE B HHICH WA MM E LT 7 v b 12 2 HHBRAZER

B% (MacEwen et al., 1981; Vernot et al., 1985) (Z31F B KB #EHE D RIE & i B ABEZED
18 B 28 1k & FE A & L 72 LOAEC 0.05 ppm (0.066 mg/m®) ZE:H L T\ 5, 6 R/ H .,

5 H/HO WA REE

T i LOAEC ThHbH7d,

24 BRE/A. 7 BARDOBEBEICHIE L,

7 v FOEREE 0.35 kg, FEE &4 0.26mY B & RE LT 1 B HEEWATERE % 0.0088 mg/kg/

HE L7, Zofide o1 BHEEW AR 0.0040 pgkg/day ¢ & 12,

EHEH L,

1-1-2 SBERES

3

MOE % 2,200

A L7z #H I W T, AR AFEMICET o8 FHFHMhEO WS X200 T,

1-1-3 EHAAM

IARC (1999) |X. B RF IO T, B R ~DEEN AN O W T2 3EHL T 72 0

b§\

Nz TRT) ATALEST TV %,

EBREWICE L X o725 0 H 5 Z E D, Group 2A (B MR LTEZES <%

&1 EFSPUVORNPAMSE

APl B BE 4

Al E A4

=

67\

IARC (4, Sup 7, 71,
115 in prep)

tERIT»

2A: B MIZX L TBELLSBRAME RT

U.S. EPA, 1986 E N7V v/e TV |B2: B COF5 725 K-S0 T, B%
il M H5< e RN AEYE
NTP ERZVU KO R |Ribe MEPAMERS L EAEICTHISR
DSR2 L8
EU [ N AV IB: B ML TBELSBBAMERND D
e
EC SCOEL, 2010 ERTVv B: a2 WBEHEERESADE

genotoxic carcinogen, for which a threshold is
not sufficiently supported.

PERME P2

WAL KT VUKL
R Vv —Kfn (MK
ERZVV)

2B: B MICHLTRBEOL LS EBAMERD D
LHWTE OME
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® U.S. EPA Integrated Risk Information System (IRIS), 1988 (Last revised 1991)
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U.S. EPA IRIS /&, Biancifiori (1970) 23#i%5 L7 b KT ¥ UHiEgE O~ © & 25 i [ 5@
O BERBRICBT 2O RFIEE (hepatoma) DRAEMEICHOWT, ME~LTF AT —
B L B9MEEITV, RO A —F 757 7 % — (SF) % 3.0 (mgkgday) ', fklk=>=>
FU 227 (UR) % 85%10° (ngL) ' @REEERAED 227 L~UL 104 107, 10° ITFY
THEEKF O RT VU BEEZZNE 1.0, 0.1, 0.01 pg/L & FH L7z, ARSI
W B MEM RIS HIH 175 B, BRI 607 B (K 58 OFHRBEYIME) b
HTZERZBEL .~V ADKEL 0.03kg, FIEAXZ 730 HERE LTSN TWD, 272 L,
EMARI O DHBEIRBEOBRIE N NETH - -,

F7-. US. EPA IRIS i1 & K7 ¥ U HilgH 0.012% (0.74 mg/day)D— & D A& KA R
(Toth, 1969) (ZF51F HHED Swiss ~ 7 A DOfififEEE D SF % 9.01 X107 (mg/kg/day) ' & FiH
L., 2B 2 BRIZBWTE RI VU ZEBERORREHE L TWD, LLARE D,
E RV et RTUURMBBE CIIWINEN R 2 @EERH Y, HEEZE N7 U UHEE
WhDe RTZDUNIEBRLIZELTYH, B RTVURBEIZE SO THE I SF 1Tt
N7 LTIHEY CTRWATREMEDN H D EBLZ L TnhH, Swiss YU ADE KTV 4
TEHOKRER (Toth, 1972) 1XRREENFR E ST W2V SF OFHFRIZIIAEY) & Lz,

® FEFSA, 2010

EFSA (X, W04 TPolyvinylpyrrolidone-vinyl acetate] (B N7 ¥ > % | mgkg A T 5

myy) OFHIZI VT, Biancifiori (1970) (2L 2fifite KT 2o o~ 7 A 25 M fl#E
A& 5B E AW B AMEDO EEFMZIToTW\5D, ZORBRICEKIT fike K72
DO 5-EIT 0, 0.14, 028, 0.56, 1.13 mg@E/A (6 A) Th-o7-, EFSA |L, v U X
DREZ25g LREL BT HORBICHMEL T .~V ADIKE 1 kg4720 ORFEREE 0,
4.8, 9.4, 18.9, 38.6 mgkg/day L W L7z, ZORFEELH ., M~ 7 XD PSR A
FE (FF AR AR I A OV R i & & 85) 122\ "C BMD f#HT 21T 572, Weibull €7 /L2 &
STHEHBEINMEEE FT YD BMDL, % 2.3 mgkg/day (B K7 & LT 057
mg/kg/day) & L. Z® BMDLyjy & AR OVNEO ZFE & (Z41E4 0.024, 0.016 pgkg &
H/H) Z#g L7z, MOE (B~ — V) il K7 2 2Tl 96,000 (B} A) K& T 140,000
UhIE), B RZ YTk 23,000 (BEA) &U836,000 (/M) & Wi hud 10,000 88 % C
WHZ EMD, B RTUVUOEREIBE 1 mgkg LT &V )BT E R~ SIT
RS, FIREZRFR D ORI A MRS 2 X & LRl L7,

BN EO RN LEETES, 2013

E RV, IR Y = n ) RUoRMMEREEMICBW\T, fme L
TiHMlis iz, BWEZEEERIT. B RTVUVITIIRNAMEL B IGEEHERRED HND
END,. TORNIMMEF~DBIGEMEA W= X LDOBEEORENEZ EE TE RN EHE X,
NOAEL ZFHli42 Z LixTERWEHB Lz, Wiy RV e=1rErY Fr] 23N
EOHETEEEE (480 mg/ A/H) FTERLZLAEEZMELCE TP roROBRTRICK
LIBFIRE DAV A7 Z Rt L, BFSA W HH L7= BMDL;g=2.3 mg/kg/day (B RZ > &L
T 0.57 mg/kg/day) 7> HRKD7= UR=0.18 (mg/kg/day) ' X0 . HBNEICH T HEREY 27
Z9.0X107 (] 110 FoHo 1) EREH L, ZORMAD A7 OfEIE, —fRICEERER
DAWEDEIEL 5D LU &5 100 HHD 1 Loybz FlaloTEY 20U 271X

4
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D TIRWEBZ GNDZ 00, Y Ry e=rvrl N ITEENDHE FTY
YOFBEUZOWTIL, ZEMITEREN 2 &l LT,

(2) %A

® U.S. EPA Integrated Risk Information System (IRIS), 1988 (Last revised 1991)

U.S. EPA IRIS /%, MacEwen et al. 1981 @ F344 7 v 1 4B ANRRBRIZ 31T 5 D B e
JIEE SV I D R AESERE 12 DWW T, BB~ AT AT — DIk AAMEEITV. A UR=
4.9x10° (pg/m’) . WRIEERAEY 27 UL 1074, 1075, 10° ITHY 5%k hoe B
TV UME R N ER0.02, 0.002, 0.0002 pg/m® EHEH L, b MEMmET, HESHEN
365 H, ABRHIMN 910 HCHDH Z L ABE L., 7 v NOERESE 350 g, EJEE 910 H &K
EL-E STV,

® FEuropean Commission, SCOEL, 2010
EC SCOEL |3t N7 ¥ v % BEDEWBEEMEFR A AWE L5 L . 8-hour TWA D fE
ERELRNST,

&2 EFSOUVOERMNCET DR

HH SLYEE - FREMA
BRETILYE R E
55 1l 2 i ARk BRI ORRE

(EYEREE L L C 0.3 mgm® (B R L LT) . 2006 4F)

s obihEALY A VO RET — X — F XD
http://anzeninfo.mhlw.go.jp/anzen pg/GHS MSD DET.aspx

PE AR 2009 ERR | FFAIREE ¢ 0.1 ppm™!

(Kbt FF22 013 mgm’, & BT Y2 —K# 0.21 mg/m?)

ACGIH, 2010 kit TLV-TWA : 0.01 ppm
(1 B 24 W58 7 B ORZEICHIET D L 0.0032 mg/m*™ 2 [TFIY)
EC/SCOEL, 2010 8-hour TWA, STEL (15 min): not assigned

X1 4-1-1 (2) —RFHEDOWADIHE S
2 0 AR X D5 0.01[ppm] X 1.33[mg/m*/ppm] X 8[h}/24[h]X 5[day]/7[day]= 0.0032[mg/m’]

1-2 —fg&%

1-2-1 #ORSE

ERNSOFHIERIC L 28 KT 20 O OO — B ICB 3 2 E & il Ofs R4 &
3T, AELZEHAICBWN T, KFEHE TS E LTWDHE RZ DU KONEOEIZET
BEE 2 F LTV DR R IX 22 o 72, ATSDR 1TV A F e KT UV E®HTE R
TV VDR AT o TWA D, FHMIER T 12-PAFILE RTDUDRT, B RTV
KFY R O O FHHAEIE R S Tune v, FEMBE N T1-1 AEMFHMEMEICET 2 EN
SAOFHM ) 12 HFRE L 72,
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K3 EFSPUVORORBRO—RBEICEIIERNNOEEFTRGERNAZE)

R AR RY R —# T KR A R Al i S5 PR R T - RS
VL

NITE 2005 Z v NAEJEROK | IR — LOAEL : 0.08 mg/kgday (B KZ ¥ & L
MY s | EERER (v F | (HD) <)
FEAL Z U —KHn

W)

Steinhoff and

Mohr, 1988

(1) & b~

b RTVORAREICK DM ENRE STV 5, ATSDR (1997) OFHfiEIC X
HE. BRI VUITEERFEOMFFIECHNONTWD A, it K7V & LT 0.2~
0.7 mg/kg/day Dt K7 P r 2l G I mEF RIS E LT ErglaanT
WD, KDL Of R B Th o 7223, 2 DDOWFSE (Gershanovich et al. 1976 and
1981' Ochoaetal. 1975) TV EHELMREEL L CHMRRE ., BOCEE) R, ZRMmh

BREPHRESNTEY, EELRZEOHBUIZRBENBOR I & B3 5 ArgetEn H - 72,
%Mtb7//ﬁ7tw®1asﬁ 1~6 A MOELIZBWT, B, EH:, DFE,
BLAE  RHER, 258 PERE 2 O LOAEL 78 0.6 mg/kg/day C & - 7= (Gershanovich et al., 1981),

1 H 3 EL 1~47 AL 30 AR O G L2 TIE, LD £ o LOAEL 78 0.6 X

1% 0.7 mg/kg/day T 7= (Spremulli et al., 1979; Chlebowski et al.,1984) , ATSDR (1997) X

ZIVH DI TH LN TR EIZ ON T, HRENE N7V REL T DRI D @R

RS TWIZEWIRARH U | EEEEBIERT L A6EELH 208, ROBRELTZA
TIEHFARREDRE RT VU DENTHD Z & ZmRmBT 5L LTS,
AMRESTRIZOVWTX1-6-2 (1) 22,

(2) By~

VT A, Ty MERONLAZ—IZEBWT, ROKRGIC X DA, B B~ 2R
WS I Tz, E£7-, ATSDR (1997) OFHliEIC LD &, B M TIEROZHEREIC LD MR

HEDNREINTWDD, i TOREITH L TH RN,

F—AZ T 4 EME L TR LERTH AR &RAORBIL, v 72 3 'R

(Biancifiori, 1970; Steinhoff et al., 1990; Matsumoto et al., 2016) . 7 k 2 5% (Steinhoff and
Mohr, 1988; Matsumoto et al., 2016) Toh 7=, Z ® 5 &, Biancifiori, 1970 O A fifitt K7
TV DEETH TN, @@ﬁ%i%fﬂ%tF?VV—*%%@%%T%OKO

Biancifiori, 1970 ®iBki%L. EPA. EFSA. M OVEBMZEETE ST LD 30N AN E &S O
X—AXT 4 L7725 T\ D, CBA/Cb/Aw ~ 7 A (% BEMEMES 24~30 JT) |[ZHiftE KT
> (0, 4.8, 9.4, 18.9, 38.6 mg/kg/day ; EFSA | X 2 7 H BFBAHIEME) Zi 6 HT25
MgRERE OG5 L, AEICD o THEE LI 2 A, MM CHIER O AR NN A6
AT ML, 4.8 mg/kg /day LA OHEIZEIE OB EENMER S S, —ik D LOAEL=4.8 mg/kg
/day (B K7 & LT 118 mgkg/day) ThHo7z,

Steinhoff et al., 1990 M #BE TiX, NMRI <7 A (50 JL/%/RE) Ik KTV —K % 2
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MoK (M0, 2, 10, 50 ppm) L7 & Z A, 50 ppm CHEREIZ B o 1A EH N
AR DAV T2 D (RFRREE & b7 B R EAR T IR 10% A0 ) . FERE IS K OVIEE 355 P e 2
BRSO IV TV, R EREIZES< LOAEL=50 ppm ((AE 7=V O &HE &R
) Thoiz,

Steinhoff and Mohr, 1988 Mk CTix, Wister 7 v b (50 IC/4/EE) (2 KT ¥ —Kf#¥)
DMEJEROKEE 5 (MERE 0. 2, 10, 50 mgL) &#v7z, NITE F1#1 VU R 7 FEq0E (2005) T
® 2 mg/L Lh ETH G JBE A OFAFIEN (0/50, 4/50, 5/50, 7/50) ZFEHEIC —f%
#MED LOAEL=2mg/L (& K7 & LT 0.08 mgkg/day) & LTW5, LnL., #at
B ENITHONTE LT, HEEFELIZ-ZV LAVWED, RUFv—r R—REIC K
LT AT o728 2 A, HEDOHEH D BMDLg=0.676 mg/kg/day (B K7 & L)
Th otz (F4), KFEETIL NITE @ LOAEL I3 KEEAH & % %2 . BMDL,, D /5 % AR Er D

FHEMEE L, £, ARBRCIEFEEENIAALNL T RN OO, X EHEE T
5177 v OBk (Matsumoto et al., 2016) TIXAFIEEZFA BN RSN TEBY . FFNTAL
TN AR I RS AL & BT 2 RTREMER B 2 BT,

% 4 Steinhoff and Mohr, 1988 WSy FRERICHITHEEREDREHE
(EFSPU—KINY. £EESRKES)

OKHFIRE [mg/L] 0 2 10 50 BMDL,, [mg/kg/day]
[HEZ > ]
Rk [mL/kg/day] 60 60 60 60
EHRE [mgkg/day]* 0 0.12 0.60 3.00
0) 0.08)  (0.38)  (1.92)
JE A& HY AR 0/50 4/50 5/50 7/50 1.06 (0.676)
LogLogistic model, restrict
[HEZ ~ ]
Rk [mL/kg/day] 100 100 80 75
ERE [mykg/day]®! 0 0.20 0.80 3.75
0) 0.12)  (0.51)  (2.40)
JIE 4% 1 A 2/50 1/50 7/50 6/50 WAEET ML

TN ORIy FRMBEIC LY e FT UVHBTRLIZ D
X1 AT BT D A

Matsumoto et al., 2016 OFERIL, i b #H L <AFEME O @ WIS A MERER (GLP & T OECD
TG 451) ToH 5, Crj:BDF;~ 7 A KN F344 7 » b (50 VC/4/BE) I8 KT 2 v —Kfn
2 HEMEOKE 5 (7 A - T v NMERE : 0, 20, 40, 80 ppm ; ~ 7 AW : 0. 40, 80, 160
ppm) A7z,

7> N TCIIAFIER O AR (4-5-1 (2) ZH) Oz, 40 ppm LA CHEREOIKREIE N
I (AR EEARAE) 2 OFI oD FERE IS AR AR 25 M (AFme A B aF 2R MR L) | 20
ppm LA CHEREDOBOK ERA . BEEERD . KOBREEN O, MO BRI S
FERRZEA L (B PLBAESE, B & ERGRER) (I2ES5< T v O LOAEL=20 ppm (B KT
v & UTHE 0.97 mgkg/day, Hff 1.28 mg/kg/day) T -7z,

~ U ATl AR, SOKERAD . B RIS <D NOAEL=20 ppm (t
RZ v & LT 1.44 mg/kg/day) D LOAEL=40 ppm(t K7 2> & LT 3.54 mgkg/day)
ThoT,

KRR TILT v NORIBHENGEENAGIL, 7 v F® NOAEL »345 %niﬁzﬁxott

BASRE, BEE, BIEEE, Bh LRIV TR Fv—7 R—RIEIC
A BRSRNT 21T T2, ZTORER, 7 v %ﬂﬁt@@%%@%i&@%*ﬁﬁi%a:ou\fciiﬁ
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BETANRL, BMDL#HHT 22 ENTERnol, 7 v hOBIEIEEMEE/LIZ O
TBMDL  ZEHTAHZENTE T > FOB & FREIE D BMDL,(=0.114 mg/kg/day>
(e R0 L0Q) BN/ ThHoTz (F5),

% 5 Matsumoto 5(2016) ICkDRERMPAMRBDOSYIEIEEBEEE LD AE KGR
(ERSSy—Ki 2 ERIRKIRE)

K R 0 ppm 20 ppm 40 ppm 80 ppm BMDL,, [mg/kg/day]*"
[#Z > ]
EIE [mgkgday] 0.00 0.97 1.84 3.86
(0.00) (0.62) (1.18) (2.47)
T FLIHEESE 0/50 0/50 1/50 20/50%*
LA T 0/50 6/50% 8/50%*  29/50%*
T H2E 0/50 1/50 5/50% 11/50%*
T d LR FE R 6/50 16/50%*  27/50%*  28/50** 0.178 (0.114)
Maltistage model (poly=2), unrestrict
[HEZ ~ ]
EIRE [mgkgday] 0.00 1.28 2.50 5.35
(0.00) (0.82) (1.60) (3.42)
T PO S 0/50 1/50 35/50%%  42/50%*
B ALEE LA 0/50 13/50%*  36/50%*  47/50%* 0.253 (0.162)
Maltistage model (poly=3), restrict
Y HgE 0/50 3/50 35/50%%  29/50%*
i FRGEERK 19/50 22/50 42/50%*  45/50%*

*:p<0.05; **: p<0.01 by Fisher’s exact test
X RN OEIEIE D FR-FEICEVE RIVVERTRLEL O

Pl kX, EE Steinhoff and Mohr, 1988 } T} Matsumoto et al., 2016 @ 2 R % Hb R 5
L7z, K0 IRWEMEME (BMDL=0.114 mg/kg/day) 734% 5 417= Matsumoto et al., 2016
DT v hORBREFT—2AZT 4 ITRA LT,

1-2-2 RARE

EPNAOFHMERI I & D 8 R T 22 O AR O — I 9% € BRI O R &
K6 T, HHGEZREOFMIT -1 AFEMRHEICE T 2 ERNS 0N 2 5],

&6 EFSOUVORAERO—REEICETIENNOEETEGERISATCE)

AT B BT — & Ty RRA AT fE 45 AEAMmE S T - S
VN
HARPESM | (FEBGTO | R TR 0.25 ppm TITMEIEEME ITRER S 3R
A58 1989 | E G R 0.1ppm, 0.21 | FEIZZ OfELL FIZERESNH & &L, 1E
mg/m’ HIFTOE N TORPHRIC T,

0.1ppm TITZF I B L7 R 1T
acetyltransferase DX EEIZ L LT FEH &
Mo Te 2L ZBHIZ 0.1 ppm & 1R EE,

ATSDR 1997 | ~ 72 6 0 | L ORF | MRL: LOAEC : 0.2 ppm (EfE5#%) =0.266 mg/m’
R A 3R WERGPEZEAE | 4% 107 ppm

b NEMRE (HEC) : 1.154 ppm

PN 3
(e 7Y (H) 0.0053 mg/m™ | ) 2 oI 0,043 mi/day. HEE 0.026

? Mstistage model (poly=2), unrestrict




w

O 0 9 N K~

10

12
13
14
15
16
17
18
19
20
21
22

23
24
25
26
27
28
29
30
31

)
Haun and

Kinkead 1973

kg, b b OEYLE 20 m¥/day, KT 70kg &
1 TE)

UF : 300 (LOAEL fE/ 10, fliz= 3, fE{fz
10)

NITE 2005 Tv 120 A | KIEREED LOAEC : 0.066 mg/m® (6 B§fE/H, 5 H/R)
WY 2s | BRARR | KELRT 1 AR GE A ¢ 0.0088
A (e F5Y | b
mg/kg/day
N @;%; 13
¥) A A (5 v FOEEE 035 kg, I R4 0.26mY
MacEwen et AL (1)
A &ARE)
al., 1981;

Vernot et al.,

1985

(1) & b~

bt R VAIEBMEMICEFE L2 FOEHRE LT, BETRERORE 14 & BEWFHA 114
B LT,

b RTP UK AT 1 BT 6 M H B -7 59 mk O TAET L, Hlk Cifide, HE
RO, RAE EESE, SRERIKRE . BRBMERFMANEE LS 2 &7z, (EERBEO SRR X
0.071 mg/m’ & H#EE &7z (Sotaniemi et al. 1971),

b RV — KRG IEICHEE LWz B 172 4 GElS 18~60 1%, “F-#J) 39.6 %,
FB I 0.5~35 /) L xRBEO B 125 £l >V TCH A THBTREN T, #HE
KR CORFE L~V OFHE & LT, (EERREOMBIROZESH e BT 2 — KW & O
HE.RFEe TP EORTEFLE RTPU (N-TEFILET A7 2T —F 2(NAT2)
2 X 2 FEERBHY) OWPED TOIL, ZENOFEIEIX 0.0109 ppm (ND~0.2003 ppm) .
0.8660 pmol/gCre (ND~14.20 pmol/gCre) . 2.80 ppm-years (0.003~19 ppm-years) T > 7=,
RSB ORI & L Cik, ERMGRA, MkRRE, 853 FEHOBEEORENTOI
7o Ee-BUGBIFR DFENTIZIZ NAT2 B+ 2ANC X 2 L iThbn-, TORE, BHET
DEEZDOFFRZ N BTV — /K2 L A EICEE L2y, 2 USMIHHA R 5 OV
e N7 2 oKy 2R L BT DB EIIA LR o T,

A A pEZE R AE S22 (1989) DFFRIRE ORIl CIX /EEBIL o MO MEEHEMEEZ 0.1 ppm
(=0.13 mg/m’) & LT3,

(2) By~ 2

ke TP OFHEOEM O ARTIC LD —REE GERBARE) LT, 7
> N ORI F o, A X ROV ORI, AL A Z—DT Iu A R— R,
A X O BENREI N TV,

X —RAXT sl & U CTRETD BB 72 R ORI AR BRIE, ~ 7 2 1 3Bk (Haun and
Kinkead, 1973). T v b~ 1 &8k (MacEwen et al., 1981/Vernot et al., 1985) Th -7, T b
DFERIZ DUV T NOAEC XUE LOAEC ICHHY 32 Wi i | A i L, ikt Lz,

Haun and Kinkead, 1973 O~ ZADRER L, ATSDR N F—RAX T 4 L L72bDTHD,
ICR =~ A (M, 40 PE/BE) 12k KT 0, 0.2, 1ppm (0, 0.26, 1.33 mg/m’) % 6 H§f)/
H., 5 HAHT6 AWM ASHEZ L Z A, 026 mg/m’ LLE T~ ™7 22 % 8 o B itk
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AL I B T- 2 & )36  ATSDR 1% LOAEC =0.266 mg/m’ GELfE 55 (24 1E % 0.0475 mg/m’

3 L L7, Z® LOAEC ML, ~ 7 A DIEWL & K OMAE % 0.05 m’/day, 0.03 kg &
RET 5 &N RER 0.0792 mgkg/day iS5, LU, AFABNGVEZE (L oo A 5 8
FHTH D70, HERSEBEAFMTER2Y, £2, ARBRIIEFICHLS ., v 720K
H N O AR E & HIE STV,

MacEwen et al., 1981/Vernot et al., 1985 ® 7 v s OBk X, NITE N EFMEDO F— A X 7
4&L\USH%ﬁ%ﬁhﬁ@EEﬁﬁT%wx&74kbt%@f%é F344 7 v ~Z
E RF200, 005, 025, 1, 5ppm (0, 0.066, 0.33. 1.33, 6.65 mg/m’) % 6 FEfil/H. 5
AAECI120 AMMARE LI L 25 GEBRIF 18 72 H) . 0.066 mg/m’ LA L4 58T
KD REIEMINE] GEMARI) A Hav, S VEREE O F A H0 ot | FE R IR AR A b &
L T 1.33 mg/m’ Pl L OiC ﬁ%ﬁ&oﬁW®ﬁ£ﬁﬂ@% 6.65 mg/m> O MEME = Ehlpe
e BRARA . ERGEERL., WHEE N OY5UE DR ERACAE . RIEDH B 7238 A RN 03 2
Hiv7c, ATSDR IFMEHEIZ A DAL EXGEDRIE, B, & OMLAIZEED < R a2 220
NOAEC=1.33 mg/m’ & L, Mfi>Z BAFAII I IS < Rl 20 NOAEC=0.33 mg/m’ &
L7z, —JF . NITE 3#OXGER DO RIE & /- _ERAL A o= R TE 20 2 FR iR
LOAEC=0.066 mg/m® & L7, LU, HEOWHIE K OVEE ORIED FEA 21T 0.066 mg/m® T
LA BICHEM L T2, ARKFEMS a0, ARG T, M OKERAE K OV
FRTHII B D R RN S X . ARBRICKB T 5 —EE GERMDAEE) @ NOAEC
=0.33 mgm® CGEFEZITH TR 0.0589 mg/m®) & HWr L7=, = NOAEC #iEMEIZT v
~ O W B K OMAE A 0.26 mP/day, 0.35 kg ERET S & NERZETE & 0.0438 mg/kg/day®t2HH
Y95,

2 Haun and Kinkead, 1973 K O MacEwen et al., 1981/Vernot et al., 1985 @ 2 ikl % Lh g
Fadt L7 %% %, Haun and Kinkead, 1973 O~ 7 2D 6 7> H Mk AZKER D 523KV LOAEL 3
Wl SN TWER, T—Z OFEMPARHTH -2, KMl Tk, 2EMHAELS. L%
< DOFERE 2374 L Ty % MacEwen et al., 1981/Vernot et al., 1985 D 7 » ~ 12 7> A 5 A ikl
X —RAET 4 ITI®RE LT,

1-2-3 BEHMENEL

ORI IZ DUV TIL, Steinhoff and Mohr, 1988 } OY Matsumoto et al., 2016 @ 2 B % Lt
AT L 72fE 5. /N BMDL,o 2345 5 2172 Matsumoto et al., 2016 @ v K& HW\Wi= kb K
ZF =KW 2 FRIOKER R 2 X — R 2T (10RE Lz, KRBRICKB T 21T ~ b
D B RGETER O BMDL,=0.114 mg/kg/day’ (& KT & LT) 24MED H % 5 (POD)
L L. UF=100 %l i L T 0 R OFFME %4 1.1X10° mg/kg/day® (B K7 ¥
vELT) EEMLE,

W AR IZ DU T X, Haun and Kinkead, 1973 & " MacEwen et al., 1981/Vernot et al., 1985
7 2 PR A PR L 2R R BB R < i@%<®hﬁ%%ﬁbf%éMMﬁm
etal, 1981/Vernotetal., 1985 ® 7 v hZH\ek RZ 20 12 M ARRARRZ X — 2 %5

M IE A1 = 0.266[ mg/m’] X 6[h]/24[ h] X 5[day]/7[day] =0.0475[mg/m’]
H=0.0475[mg/m’] X 0.05[m*/day]/0.03[kg] = 0.0792[ mg/k g/day]
PR A EE= ossmgm ] X 6[h]/24[h] X 5[day]/7[day] = 0.0589[ mg/m’]
%%ﬁ%i 00%%ﬁgMﬂX02ﬂ m’/day]/0.35[kg] = 0.0438[ mg/kg/day]
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SIWCEE LT, ARBRICK T AT v b OE AT < Tl 2D NOAEC=
0.0589 mg/m® CH#FRBICHIE) (e FFT P L LT) T, T v FOIKEMOIL &% 0.35
kg, 0.26 m*/day & {RET 5 & NIRRT EIT 0.0438 mg/kg/day’ t FHH SN 5, Zh% POD &
LTCTUF=100 Z@ M L., & FOKEKROMRE% 50 kg, 20 m/day &{RET 5 & WA
13 11X10%° mgm®? (B FZ7 Y2 LTC) EHAETE, 2Oz —REEO AR O
ffifE & L7z,

1-3 4%E - RESMH

A L2 #PR ISR W T AT AT IEICE T 28 FMEAHME O HE 3 o T,

1-3-1 #ORSE

(1) &k~

FELZ#SMEICBWT, E RT VUV EZROBR L FOASE - BAFMICET A5 #®
SRSy A WAl

(2) B~ F

Biancifiori 1970 @ 15-25 i #0538 CiX, 9.3 XX 5.3 mg/kgday Dt K7 V%
G ST~ TR KON AL —OIRBIIR B A B L - DAL TV,
Matsumoto et al., 2016 ® 7 v k 24FEHRABR TIX, & N7 ¥ —I/K¥A 40~180 mg/kg/day
THOKE G-I o, MERE O AR ~OIRBARRR PR B I A b v Ty, L, 2
B D 2 BB TIXEFEFERE ~D BN TR STV,
mmD®$%/%iﬂ$27)~:y7ﬁ%ﬁ4F?4VT@uuﬂmﬁszﬁ%ﬁ
B/oniz, ARBRCIIHBYIC RBEERAZON D HETRAFRESBDO LN TS,
%CDSDKB%?/F(UEQE#) Ik RT Vv —Kf¥ 2, 6, 18 mgkg/day % %2
BlAl 14 A E R OSEHIE 14 B 28 U Ol n& 5 L, & DICHECIEREMIFE T#%
maﬁ W CITAR I 208 L Tt oOmE 3 B £ CHlkiit s Lz, TR, By
DB L LT, 6 mgkg/day LA CHEREDFRRE, 1D it Mo OeLfigk o> B B34, 1D 1 i
@%%M(%V)&U%M@@%@%(¢ FE) NROLIZ, RERREMKPZBRE~DY
BIIRO N o7z, HEW O —EMED NOAEL IJMERE L £ 12 2 mg/kg/day ThH 7=,
EIERE~ DL LT, HETIX 181ngﬂkgktg/7fﬂf R A~OBFEAER RO DAL, AEYRHE
FFNARFRETH o Tohy, HEDOAETERE~D BT O b N nroTlz, Ko T, BB O AN
%i%ﬁ@N@ﬂmemmmww K 18 mg/kg/day T o7z, 7. REWOIA - 5
BA~OEL LT, B HEITR O SN0 - 7223, 6 mgkg/day THE 4 H OREDMEAHE
fHZ R L, WE 4 HOAEFRKT LR b, HAEFMED NOAEL 1 2 mgkg/day (b R
Z Yk LT 1.28 mgkg/day') Thotz (EATEE 2003),
ARFHATClix EREOJRAE A 2003 O LRI AFERBR 2 X — A X7 4 IC®E LT,

? PN B B =0.0589[ mg/m’] X 0.26[m*/day]/0.35[kg] = 0.0438[ mg/kg/day]

10t A FAM 1 = 0.0438[ mg/k g/day]/UF100 X 50[kg]/20[m*/day] =0.001 1[mg/m’]
437 B EE =2[ mg/kg/day] X 32.04,750.06= 1.28[ mg/kg/day] (& KT & LT)
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1

-3-2 RARE

(1) & b~

FEL-#EHEICBWT, E FI VUV EWRARZE L FOESE - BAEFMHICEHT 2 H
=AY A WAl

(2) By~ 2

W NZTE I L 2O EdE - BAFBERBROBERIIG SN2 -T2, KEHRGRBRIZE
W, LFICRTASO BN mE I TV,

Vernot et al., 1985 OFERTIX, T v FENLRAZ —IZE R TV 2 BIRMIC 1 EBEA
B LI 2 A (FRBELEBIIIR 12-18 22 H) . 7 > FTlX 5 ppm OW A TIRERZFEM, =
WIS, R OURER NI BT, /N AKX —"TIX 1 ppm O WA THIEREAE & Z2 /G0 8152
AL, 025 ppm TIEZ D &L 9D BRZEIE A LN/ D> T2, S5ppm THEE LT/ LA X — T
WP EADR LN o], FHEOIL, EFRRECME & BE#ET o RE{r e KTV
VNEoTREST EfGim LT,

R AR CIT AR EE ~ DB LT T, S ST AT O IT & 5-Bilih 14
FI2ERBLE-ZHOBY TBEINTZLOTH Y, AFHEES ~D BT/ &l S
LDl KRBT — % WM AT LD ATEBAEBEOF — A 2T ¢ L35 O30 T2
AR

1-3-3 FEUFTMENEH

ERIPUEROUIWMARTE L=t b OAGE - BAFEICHET A HERITE SN o
Too BMFEBROT —Z HIEFITRER T, WA CIIEEBEFELZITMAECE 27 —4
NELNhoTo, Ma— AT TXIOITEETBE (2003) NEfL-E KT 22—k
YomHRAERGICE DT v F oA A TR (OECD TG421) THY ., Tz F—
ABT 4 L Uiz, ZORBRT — & % JuiZfk 0 R & O AR Ot 5 O A E RN E 2 5H
HT+szZ&& L,

WHE 4 HOREAMFEG R OAAFERE TICES < JE4EFHENED NOAEL=1.28 mg/kg/day
(B RZYL1LT) #POD & L. ZHIC UFI00 ZiH LT, & 0RE o AN A R,
DOFMEZ 1.3X 102 mg/kg/day” (B KTV & LT) EHH LA, ZRiEe FOEKERD
FEOR B % 50 kg, 20 m¥/day EET D & 3.2X102 mgm’? (v RT P L LT) L#ET
&, ZOfEE W AR OEFEAFEO MM E L,

12
13

& 1 34 i = 1.28[ mg/kg/day] ~ UF100 X 50[kg] =0.013[ mg/kg/day]
W AN = 1.28[ mg/kg/day],” UF100 X 50[kg] /20[m’/day] X WL 1.0=0.032[ mg/m’]
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1-4 ZERME EEEMN
1-4-1 EF~ADEE

HEL-#EHIZBWT, B b~OZERFHICEHETIEEBIRES AL T 20
(ATSDR1997; IARC 1999; EC SCOEL 2010).,

1-4-2 ZERMEICEAT 53R

ATSDR (1997). IARC (1999). EC SCOEL (2010). EFSA (2010). NITE (2005). KX
BMEEEES (2013) OFHEICEHEINTZT —F & KHBICB W THZICAFELE
F—=HIZONWT L Ea—%1T, E72 invitro XV in vivo BB O 23 7, # 8
IZFE &7,

(1) In vitro AR

R TIR LT &9 IS MR 2 A T2 18 I 28 IRAS SRR I RE 2 T 72 it 28 2R 28 S kg |
MR LRI I 22 O 7B A7 22 28 S R | B (R S RBR 55 D 23U D i vitro BARFRIERUBR
(ZRBWT, RENEMAL RO AFAE T M OIAFE T THMER R A B E S TWD,

*&71 E4in vitroB I EEHBROER

. . JiB=S R STk
RBATR RERA R i
K IR pg/plate S9— S9+ (51 H L OFFALE)
ke F7 Vv
FRIFTAE 12-1,200
TA 98, 1538 ND Herbold, 1978 (NITE 2005)
TA100, 1535 ND  +
FAIFT A .
TA1535 ND  + 1999 ( >
G46 ND -+ )
* A3 AH 1-
0 77 0.1-1,000 McMahon et al., 1979
TA 100 - F (NITE 2005)
) TA 1535, 98, 1538 —
1 IR IR AR BBk S
R FT A 0.0763-5,000 e |
- A - WD & bt
TA1535 + + A L
TA100, 98, 1537 — :
KIGH 0.1-1,000 McMabhon et al., 1979
WP2 / WP2uvrA ™~ — + | (NITE 2005)
PN 0-365 Noda et al., 1986 (NITE
B/r / WP2uvrA + + | 2005, ATSDR 1997)
N JEAT B B O B A
WE2uviA 0.0763-5,000 | + + A L
[lz35:
S. cerevisiae .
BT 22 SR 25 31 34 XY726-7C(RAD),-7D 6,400 + ND Lljﬁoélgogg;a“’ 1982
(RAD),-7a(rad6-1),78 ( )
42-(RAD)

13




U oS A
~ 7 A N ER 3.2-160 4+ Np | Rogers & back, 1981 (NITE
o ] ) L5178Y 2005, ATSDR 1997)
AR 5e R 28 Fa R
_ . . Kumari et al., 1992 (NITE
VRN i ) 40 + umari et al., 1992 (
2005)
. FxA == ANLAY —
B . .86-3. +
IR V79 M 1.86-3.84 ND | Onfelt, 1987 (NITE 2005)
HEZ > N IH) A2 M + Robbiano et al., 2006
IAy N7 vEA et 0.5—4 mM ’
s b RIS 2 m + (EFSA 2010)
v R Dvkiny
X RXIFT7AHE 50-500
De Flora, 1981 (NITE
TA 98, 100, 1537, 1538 -+ 25’05)0“1’ 981 (
TA1535 - (1)
X AXIFTAH 62.5-100 Parodi et al., 1981 (NITE
TA98, 100, 1537, 1538 — — | 2005, ATSDR 1997, IARC
TA1535 + + | 1999)
XRXIFT7AHE 10-500 .
TA100 . . Fraunhofer Institute,
TAL535 n 4| 1990a (NITE 2005)
I IR B BR . -
= FRIFTA 6-384
TA100 — ND | Bayer, 1989 (NITE 2005)
TA1535 + ND
RAIFTAH
TA98 9.77-313 — —
TA100 9.77-625 + + | BT B4 2003%
TA1535 4.88-156 + +
TA1537 9.77-313 + —
NI .
K 4 20033%
WP2 uvrA/pKM101 9.77-156 4 | AT 2003
s F ¥ A = A NDBAK — 62.5-500 + + o
SNSRI N j e JE A 55 181748 2003 3%
REERTHR CHLAUKI wgmL | (g | TEBE
o F o f =—RINKA N — 2.5-400 + + | EAEGEE - BSOH A
o £ A B . T
REERTHR CHL# A pgml | HEERE) | A9 A bx
e PN DeFlora et al., 1984 (NITE
DNAE {575 5-800 + — ’
REHR WP2, WP67, CM871 7 2005)
T U — kB 2 .
N - Mori et al., 1988 (NITE
REHDNAGHRAR | 7~ b (ACUN) — ’
0.005-50 2005, ATSDR 1
~ 7 A (C3H/HeN) + S 997)
v KT DU ihgf
i3 S. cerevisiae
. § - 10.5- Lemontt & Lair, 1982
HiT 58 SR8 FEERBR XY5054-18C, XY-222- 1A, ’
XY491.4B 21,000 + ND | (NITE 2005)
?%/E:EX/\AX H— 6.6-105 L ND MacRae & Sitch, 1979
o CHO fffi ey (NITE 2005)
IR B AT F v A KININA K Spei 1., 1984 (NITE
YA =—AN — peit et al.,
. 5- +
V79 Hiia 68.5-137 ND 2005)
b RT P UHiERE

14



spgt tests :
H e 2.0 N
HTs pmol,
R Wright and Tikkanen, 1980
WP2, WP2uwrA, liquid-incubati (B %22 B 22013)
CM871 uvrA, recA. lexA on tests : n o
R ELO
pmol/mL
75 |2 78 GRR E
(CREER R Tt PNT 500-4.000 ND 4 | Mohnetal, 1981 (NITE
343/113/uvrB o 2005)
===
K 5-2.000 n 4 | Mohnetal., 1981 (NITE
WP2 2005)
38 Mehta & von Borstel,
S. cerevisiae 1981 (NITE 2005, IARC
- - +
XV185-14C (f%i8) 133-266 ND 1999)
XA F T AH Skopek et al., 1981 (NITE
i A ELAR TM677 1,000 ND % 12005, 1ARC 1999)
RS NAS I
[Za8s Loprieno, 1981 (NITE
Schizosaccharomyces pombe 0.05-5 + + ] 2005, TARC 1999)
PN ND n | Green, 1981 (NITE 2005,
ONAJR SR WP2, WP67, CM871 IARC 1999)
H 125 B\
K 2.834 4 _ | Hellmer & Bolesfoldi,
343/636, -/591/ ’ 1992 (NITE 2005)
F v f == ANDAH — 0.04-500 B | Hsie etal.,, 1981 (NITE
CHO 2 ' 2005, IARC 1999)
2 Y A
:5]17783() XA AR 35.1.851 (+) ND ZA(;gz;cher et al, 1980 (NITE
B JEIRE SR )
B TN Foen
F v f == ANDAH — 8002000 - | Carveretal,, 1981 (NITE
CHO #fifid AT3-2 - 2005, IARC 1999)
b N SHRHE 2R R Gupta & Goldstein, 1981
HSC172 200-1,000 + (NITE 2005)
b S AR 0.1-100 n | Martin & McDermid,
R HIDNAS B LB HeLa ' 1981 (NITE 2005)
N AEF [EWE) A
b RBRHESF A 63-1.000 | Robinson & Mitchell,
WI-38 ’ 1981 (NITE 2005)
15 FA% i E NN | 150 mg/kg n Braun et al., 1976 (NITE
BARF 2R HAER | TA1950 KT 2005)
FRAIFTA 101;2/51;;0 n Rohrborn et al., 1972
e A G 46 Jhage: (NITE 2005)
AR T ZERZE TR
HRARAIF TR 420 mg/kg n Simmon et al., 1979 (NITE
TA1535 [EEN 5 | 2005)
DON i fia 0.13-3 + + | Baker et al., 1983
Fovf Em KNI RS — Natarajan & van
Ik Y € 45K A S B . - Kesteren-van Leuwen,
IT PR 2B CHO#I i 32-1,667 — = | 1981 (NITE 200)
F A =—ANLAH— Perry & Thomson, 1981
0.1-100 +) (+ ’
CHO #tfa ) ) (NITE 2005)

ND: 7 —%7a L, +: BBtE, —: Bt (4): WV, X ORFHE ISR W CGBINL 727 — 4

15




N N R W

(2) Invivo 38R

F8ITRLIZ LI,
S>HEEZ AV in vivo
L7y L. Muta™Mouse % FV 7238 {5 T 229K 25

LRIV T a Y a NS RN AR B LT, T
BRI M OVifi% 0 DNA #85 f O'DNA A F b s Shviz,
AR TH - 7,

B, BEEMED A D =X LCHONTT [4-6-5 BT OEABRO = &,

*& 8 EH invivo BEIEEMABROER

AR Ampe | ez | R | TR GUAE0FES)
ke KT Vv
o Epstein et al., 1972; Epstein
T ~ A RN, HiE] -
EVER LR BR ICR-Ha Swiss K 5 . 52 melke & Shafner, 1968 (NITE
2005)
e | REOGRED .
miET R | 727727 o i + | Jin & Shukla, 1972 (NITE
regon mE /L/ND )
~ 7 A FEARN £ 5- +
! ! TN =N N = ¢ (B FHt) | Sasakiet al, 1998 (EFSA
TAYET A ke wp KW, | BOES + 2010)
ik (i)
. . 7 v h RS, HiE Robbiano et al., 2006 (EFSA
TAYRT YAy 1/2LDs, * 2010)
v R Dv ki
2K b B ~ A ??EHZ)%EV;JEI )ﬁlﬁl&“ﬁ n Fraunhofer-Institute, 1989
C57BL-6J I 40 mg/kg (NITE 2005)
FEREN, HEIEE .
DNAZE (575 ~ A 78. 156 mg/kg + Zpgg’sdl g jl:ﬁg% ngo 3
(777 Y B Swiss i BEHD | AR 19‘;”9) e
52 mg/kg, 5 [Al
b KT DU iaReiE
REREN, HEIEE
. e ~ 7 A Neuhauser-Klaus &
ARy FRER (FEHRS-10H) +
C57BL M 40. 60 . 80 mgke Chauhan, 1987 (NITE 2005)
- PN ~ A FEREN, HREIEE B Sotomayor et al., 1982 (NITE]
RIERIDNAS FL AR (101xC3H)F1 #f | 10-120 mg/kg 2005)
b R P UHERE
& O (8 L
Lam g mAT ND I Na;?;&zcol\(;lslgham, 1972
] AR ST B ™ :
PN PMESIE SR o
vayYa AT iiloo(ﬂ;;m) B Yoon et al., 1985 (NITE
Canton-S- V£ 542,500 ppm/3 H 2005)
e | EOGAED .
weetkima s | 27737 g0 160 mlL (+) | Yogel& Nivard, 1993 (NITE
diverse M . 2005)
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~ A RERZEN
ICR 11, 22, 44 (=1/2 LDyy) -
HHE mg/kg

Kirkhart, 1981 (NITE 2005,
IARC 1999)

fERERN, 2 [\

vUA 24 Wf[#t4 Sal tal., 1981 (NITE
N *%it,‘e B6C3F1 f: SHLE] + alamone et al.,
MR E,,,Sﬁ " 70 mg/kgfA T /day CF) 1 2005, 1ARC 1999)
M (LDy, 980%)
~ A R 1N .
Tsuchimoto & Matter, 1981
ICR MK 11, 22, 44(=1/2LDs) - ’
ITE 2005, IARC 1
G mg/kg N € 1999)

U T N AR —| U ROk R

o JF. B WiON7- WY 170, 340, 510 mg/L + Bosan et al., 1987 (EC
IZ N o NN N
DNAA F /AL N6-AFNTT7 =2 | (B RTV 46, 83, (& 5H/E) | SCOEL 2010, IARC 1999)
% JE 10.3 mg/kg/day)
™
Muta “Mouse FOHE G, HE Douglas et al., 1995 (EFSA

BR T 2R S 40.6:R %8 —
" ~400 /k H 2010
WL NI, A mg/kgfk )

w

O 0 9 N L K~

ND: 7 =X/ L, +: BBtk —: B (4): 5505k

1-4-3 ZERMEOF

b FI VU ROZDEICE L TEE < ORBRBMT O TW 5, In vitro EBGRIZEN T,
RENEMALR OB IZ DL T, BE RTVUIEFFHAY ORI F 7 AHE, KGE % HW\W-
IR 22N R AR (R E A2 RN T D R . KON~ T R Y 7 ¢ —< iz v
AR T IR FRR CHitE 2~ Lo, F7o, WFLEE ML DNA 85, KOGk
BEEFRTHIENRINTWD, £, invivo REBRIZEWTE, E RTZ U UET -
BFE DN AL T o DTN L O DNA HBEZAE LS5 Z BRI TnDH—,
JE L FHIIZSZ 1T AR S 0TV B/ BR° Muta™Mouse % V72 85 - 229828 Bk BRIC
BWTEETH - 7=, KMl CIX, BED in vitro Rk TEAR T 2R E BFRMEN RS 4L,
in vivo iRBR TH DNA GBI FRALEF RPN RINTNDHZ &b, BRI
VIERFME AT D &AWL,

—H. B T VN K DBEEFEMERBMF & LT, BRI W TR~ 7ok <&
CH7Y =TT, WIEARLV AT VT v REDRINAERRM TH D A F LAY T >
AX NS T 5 EHESINTEYD ., DNA ~OERIZMEN 2L O TH DL N H 5,
Muta™Mouse T ifi<° IS E AR T 2R BB OFFHENRD HLNRMN T Z L1k, AR e -
THERBEFBETIEN EZ2RRTH550THLH0N, MEOFEICET L +okT —4
FHEONTELT, BEORWELEFEERNAME THDL LML,

—

-5 EMAM

IARC (1999) 1Z. B KT NZONT, b h DI AN DN TIL 4 2R ZEHL S A2 0
2, EBREMWICBE L I+ R A H 5 Z L, Group 2A (B MIxLTEBE S <%
DAMEERT) ITALE S T\ 5, US.EPA, NTP, EU, EC SCOEL, 2010, FE¥f4AETFS
THREOF M TH S,
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11

12
13
14
15
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17
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20
21
22
23
24
25

1-5-1 BORE

ERNSOFHIERIC L D8 KT 20 O DR ORMN AN 3 2 & & il O R4 &
9 |Z777, U.S. EPA.EFSA., B Z A2 ZEB A D 3 AN [F— D~ 7 2 3Bk (Biancifiori, 1970)
O T % FEAE (O 8 Bl 21T - Tz, FHIFEZR E oM 14-1 50k Am A 2 B
T 5 ENANOFEN ] & S

&9 EFSOUVOEOXZBOREMSAEICETSERNN O EE M

FF AR RY R —# T RFA VR FEAMAE - SRH A 100
Y =zl

U.S. EPA ~ U R 25 A GREIRE | AR (4 Linearized multistage % (2 & 2 4 & 3.3x10°

Integrated M #h- iR (ZLTES SF : 3.0 (mg/kg/day) mg/kg/day

Risk %) (it K72 0) UR: 8.5X 107 (ug/L)"!

Information | Biancifiori, 1970 WERESFEAE Y 227 107, 107, 10° 12

System YT HEEKF DO BT 2 RE

(IRIS) 1991 X, FHEH 10, 0.1, 0.01 pgL

(B MM B BB S NI KSR, 3
IR 0 7280 358 FR 0O Bk 23 )

EFSA, ~ w225 AR | IEE (RER | BMDL,=2.3 mgkgday (b K520 & | 5.7x107°
2010 (Fifge K7 20) O iRes)  (BE) L T 0.57 mg/kg/day) mg/kg/day
Biancifiori, 1970 OB 7 HOHEGITHIEL 22, &E5H

R OMIEIZ L TU7R W)

~ oA 25 EEHE | FFESE (REE | MR Y e=real RroRk | 5.7x107
(Fifge K7 20) O iRes)  (BE) & U CREAl, EFSA 23% HH L 7= BMDL,, | mg/kg/day

2013 Biancifiori, 1970 =0.57 mg/kg/day % £,

UR: 0.18 (mg/kg/day)™

W
M So
DY

t>

v
,

X1 AFHEIZ 1T 25

(1) & b~

A LCHHICBWT, E RZVUVORAFZRRIZLDE N TORENAMEOFHITSE LN
ot

b RV UNIRRIBIRICEDN DA V=TV R (A Y =aF it KTV FR) OREY
ThHDHN, AV =7Y RO THiEGOKRER 2 ko7 —% (KRBT 25,000 A % 9~
14 G5B H8) 2 H W BT Tl AR OHMNAA Hiv/edy -7 (Glassroth et al., 1977)

(2) By~

BrHmAERIIC K AR EA L E 2 — LR, ke I, v RI Vv —Kfy,
XiFHilg e B Vv aikn &b ok sl n) Lo~ A 5 38R (Biancifiori, 1970; Maru
and Bhide, 1982; Bhide et al., 1976; Toth, 1969, 1972; Steinhoff et al., 1990). 7 v k 2 Bk

(Steinhoff & Mohr, 1988; Biancifiori et al., 1966) . />~ A % —1 ik (Bosan et al., 1987) 2%
BT, IS 3FOT S HEICK T 2B AEN RN T W, BEGHIMIX 25 B 5
1 FREE, HOWIE—ERIETH- 7=, BOZEFEIC LD ERMEERAEDA I (Biancifiori,
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24
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29
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32
33
34
35
36
37
38
39

1970; Steinhoff & Mohr, 1988; Bosan et al., 1987) }& OVifi (Maru and Bhide, 1982; Bhide et al.,
1976; Toth, 1969 and 1972; Biancifiori et al., 1966) T. Z OMIZFL AR (Bhide et al., 1976) &
OFE (Steinhoff & Mohr, 1988) TOREEFHEA S Wi Sh T,

ZFD%, H LT —H L LT Matsumoto & (2016) 28t K7 > —Kf¥)% 2 4 RIEK
BehH LT AKROT v hOFENAMERER (GLP, OECD TG 451) Z#t&E L7z,

F— AL T 4 DML L THRFDHLERRYIEBR T, LU TR Biancifiori, 1970 (w7
A) J O Matsumoto et al., 2016 (v 7 A, T v k) Tholz, ZNHORERIZHOWNWT, &
HIEZ OB WATIEE 2351 L L TR F~v—2 R—2EYS 7= &R SR 21T -
776

Biancifiori, 1970 ®~ 7 2% H\W /=it K7 2 25 W RER 0 #5388 1%, EPA.
EFSA, ROOLNEOENWEZEZEEED 3 SDOEBEMEE N T — A X5 ¢ ([CE8H L, B
DT —H AW BRI AT O T2, KBRIZ OV TLLFIZRT,

8 MR CBA/Cb/AwW ~ 7 A (K BEMERES 24~30 L) IZfiifike K 2 (0, 0.14, 0.28,
0.56, 1.13 mg/@i#/H) % 6 H T 25 HEEHEORE L, EEICHI> THE LT,
Z ORGSR MERECHFIEE; ORI A Bl (£ 10), EFSA 1%, v~V ADKEL
25g LIRGELE 7T BORERBRIHMIEL T~V ADKE 1 kg 4720 OB GEEZZNZEN O,
4.8, 9.4, 18.9, 38.6 mg/kg /day & LT %, EPA I, fiifgt FT U DEEEIZOWNT,
b NMIHFE T D &2 E 0, 0.044, 0.103, 0.222, 0.403 mgkg {KE/HTHDH L LTS,

% 10 Biancifori(1970) [C&ATIARNAMRBOESHREHEE
(HRBERSYY 25 Bff#HEQNRS)

fEED PR B h & [mg/kg/day] ™ BMDL,, [mg/kg/day]*®
FE¥H 0 48 9.4 18.9 38.6

EFSA: 230 (0.570) Weibull model*
AKFEAN : 2.39 (0.588) Weibull model, Unrestrict™"

e 129 0/25 2/25 16/24 1524 AR W AET V2L

S R i 3/30 1/26 7/25 12/25 15/25

M 1: #5813 EFSAIC & 2 HUR{E T, STkl [mg/animal/day)% ~ 7 2 DA % 0.025 kg L IRE L, 7 H O GITHIE,

X RN OEEIX Y T RHAEICE W e KT UV EE TR L BMDL, (4 7&IEfifte K720 13012, B KTV
32.04)

%3 : BMDS version 2.1.2. software

4 : BMDS version 2.6.0.1 software

3 10 ® Biancifiori, 1970 (2351 M~ v Z T3 BMDL,=0.588 mg/kg/day (B
FYrELT) LR S, EFSA 235 L7 BMDLy & IZER L Th -7z,

Matsumoto et al., 2016 DFE 2 AMERERTIL, F344/DuCrj 7 » k& O Crj:BDF, ¥ 7 A D ff
FESHE SO PBIT, & RV r—/K% 2 FRESOKE S L, Sk or R7 20 —Kiy
BEIL, MHED T » R OED~ 7 A0, 20, 40, 80 ppm T, MD~T7 ZDH 0, 40,
80, 160 ppm TH 7=, DGR, MHED T » NS O EER AN A b,
WD~ 7 A B RIS OBIMA ALz, £ 11 KON 12187 v RO~ 7 2 DOFES D%

4 RIS B 5 E F ORI, B A L2 A ver 1.0 ICHSE, RuFv—s F—RIEO@EA T
%574 & A (httpi//drad.nihs.go.jp/bmd/BMDS_guidance.pdf) 27k &7z FEIZHE- T,
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# 11 Matsumoto 5(2016) IZ X2 EMNALRBOSYMNDIEBZRERE
(ERSSy—K 2 ERMRKEZS)

RO R 0 ppm 20ppm 40 ppm 80 ppm BMDL,, [mg/kg/day]!
HE
EHE (mg/kg/day) 0.00 0.97 1.84 3.86
JH ot e i e 0/50 0/50 0/50 3/50 7"
JH A g 0/50 0/50 0/50 1/50
JH 0t e JURNEE S 1 0/50 0/50 0/50 4/50 M
i
EHE (mg/kg/day) 0.00 1.28 2.50 5.35
JH ot e i e 1/50 0/50 3/50 4/50 1
JH A g 0/50 0/50 0/50 4/50 M
JH 0t e U EE S 1 1/50 0/50 3/50 6/50 7" 3.33 (2.13)

Quantal-linear model

1=p<0.05; 17=p<0.01 by Peto’s test
X1 : FEIMNOEIE Ty T ERFEICEVE RIDVERTORLELO (T EIFHEE K7 013012, B KT
32.04)

Ed3E 11 ® Matsumoto et al., 2016 (2351 DMt T ~ N RFAIARERIE X 1398 1< BMDL,;=2.13
mg/kg/day (B RZ V& LT) LHE Hjéﬁ/bf:o

U

= 12 Matsumoto 5 (2016) ICKBZENAMBBROTIADEZREHE
(ERSSy—K 2 ERMRKES)

RO R Oppm  20ppm 40 ppm 80 ppm 160 ppm BMDL,, [mg/kg/day]!

HE

EHE [mykgday] 0.00 1.44 2.65 4.93

JH St e i e 17/50 12/50 8/50%* 6/50%*

T g 21/50 14/50 9/50%%* 4/50%*

JH 0t e IR EE S s 34/50 24/50% 15/50%*  10/50%*

Jiiiki=gina 0/50 0/50 4/50 0/50

1fn. & P 3/50 1/50 2/50 0/50

mEETmEAE  3/50 1/50 6/50 0/50

FELRRERME P 3/50 4/50 0/50 3/50

i

EEE [mykgday] 0.00 3.54 6.80 11.45

JH St e i e 5/50 6/50 2/50 14/50% 11

T g 2/50 2/50 1/50 4/50 "

S 0 e AR S 1 7/50 8/50 3/50 17/50% 11 8.18 (5.23)
Gamma model, Restrict and
Unrestrict

Jiukegiin 0/50 0/50 1/50 3/50 "

1fn. & P 1/50 2/50 0/50 1/50

mEETmEARE  1/50 2/50 1/50 4/50 1

FELRRERME P 0/50 1/50 2/50 1/50

*: p<0.05; **: p<0.01 by Fisher’s exact test
1: p<0.05; 11: p<0.01 by Peto’s test
X1 FEIN OIS FERFICIVE RIPUVERTRLEDL D,

# 12 @ Matsumoto et al., 2016 (ZI51F B M~ o AFFHAEARIE X 13988 X BMDL,y=5.23
mg/kg/day (B RZ7 V& LTC) EHEH ST,

U

NS OB A LR LR R, i HIEV BMDL, o 235 5 17z @D iE Biancifiori, 1970 &
’\7‘77%;?@&“11 N7 v 25 BERHIR D& 5RO T Th o7, Lo L2 6, AFEmIE b
TYOEORERBOBRHEERERZEOV AVFHMEEZHNE LD THDZ b, 25
ZHE & L CIE Matsumoto et al., 2016 Dt KT v —/KFn¥y 2 FE kx5 RO 0358 L
TRy, RBRoOGEEb®E -T2, Lo T, AFHETIX 2 % BT/ BMDL 235 b7
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Matsumoto et al., 2016 D7 v FDORERZ X — A X T ¢ |TIRE LT,

1-5-2 RARE

FRHHHBIIC L D8 KT O O ARRBROFE N AT T 2 & BT OB R AR 13
IR T, BNAT —H &L Ea— L TOWARIEITEES o p, FHIE 28 M L CTwn
LD US. EPA DB TH o1z, FHHITER EOFEMT [1-1 A EMEHbEIC B4 2 E N5k
DF ] S,

& 13 ERSOUVORAZRBOFENAEICET SERNN OE E T

T Al B BT — % T RARA > b FEAMAE - SRH A 107D
U2z

U.S. EPA Z v b 1ER | SFERIESIR | Linearized multistage 12 & 5 4M& | EPA HHIH :
Integrated | Wk AFRER s (KE) UR: 4.9X 107 (ng/m®)’! 2.0 x 10" mg/m’
Risk MacEwen et BREEIAE Y 27 LoUL 1074,
Information | al., 1981 10°, 10° 2S5 Z=5P o K
System T UREIXZENE T 0.02, 0.002,
(IRIS) 1991 0.0002 pg/m’

(1) & b~

Bh oy MREHIG Eh b R DU ICRBET 2 KREOFHMEEL DT BHE 2RISR E L
7~ Al & 2 d— MFSE 2 4 (Ritz et al., 2006, Boice et al., 2006) 735 HAV7=23, FERIZ—
FHLTWHR,

Ritz et al., 2006 (2 X 5 BIEIFEIER 6,107 4 OFRNT Tl EHENRFEIESHTe FT ¥
VERBLAUVER W KO 3 BEHCOT . BORERKORCRERHRIZEZA, B RT
U BT VI L ORI ORI L OB R & BN S, R RO MR R 1T
5 RR=2.49 (95%fZ#HIX[#] 1.28-4.86, P for trend=0.003) . KJFH#E RR=2.16 (95%1#H X ]
1.02-4.59, P for trend=0.041) TdH ~>7-, LRI HE TRNH- T2,

Boice et al., 2006 DfEHT CTlx. 07y b= P T A M6 H UL EREHE L 297 i## 8,372
ZIZBN T, WTNORIZT DN T HIEAELIEL I (SMR) ODFEZR EFITAL TV,

F7o. LAY NRBLRER OB TIEd 20, HEO KTV o RET O BH: 97
BE 427 NExtH L Uiz ak— MIEMTO TR Y S0 4ERBHEAA L 72 Morris & (2015)
DOEFOPETIIRNAY 27 O EFITH LTV,

ZOfh, v NIV URMIEE LGN L OB A R L SEFIHE (Aigner et al., 2010)
PREbTc, AK]FEEHTE FI VU230 ARKUT 10 FLL 2R L7z 68 ik BYEDE & i
DRJEIZ, RBEBMGE 4 F0 D ZRMEEREMPEA AN E LT, L, BRIV O5kRE
LA Th o 72,

Fio ko, B RIDUVOMERBICLDMBEEAOREEO Y 27O FH-Z2 /B 1L 7=
aR— ML H T2, BRBENRATHY, FEMTELEBERERNSELNTED
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P, BEAICBONTE FT U0 0E MR 5% 88 A% BRI 58 SRS b
TR,

(2) By~ 2

BRMAERIIC LRI EAL L E 2 — L7efR, K R VU % | FERRARE ST
<7 A 1 7Bk (MacEwen et al., 1981/Vernot et al., 1985). 7 v b 2 &k (MacEwen et al.,
1981/Vernot et al., 1985; Latendresse et al., 1995), &N A A K —2 &l (MacEwen et al.,
1981/Vernot et al., 1985; Latendresse et al., 1995) 2315541, TS DT - WEEIT KT 5 3N
APERR STz, WABRBEIC K 2 B2 BEO R AT IIFREHRERTHY , Kke R7
DD EMBARZEICEY, Ty FPEOANLREZ —TIEZNLEI 1 ppm LTS5 ppm T
WERE 23 B8N L 7= (MacEwen et al., 1981/Vernot et al., 1985), Z O#BR TiX~ 7 A T% 1 ppm
TOT DRl IE O IE M A3 A L7223, BFEPTR & s Sz, v ORBRDLRE,
B e BRI AGGRBR L S Tunzn,

F—RAET 4 & L CTRFID 72 BRIT. 1 ppm LA E CRPEIEE O H &K A7 0
NHLNT=T v FD 1 RBk (MacEwen et al., 1981/Vernot et al., 1985) DA Tdh o717,

AGRBRCIL, HEMEREE 100 PEO F344 Z > HIZ 0.05, 0.25, 1.0, 5.0ppm Db KT UK
KM 97%) % 6 FffEl/A . 5 B/ T 1 AFERMBRARBEIE, £0% 18 A MBI LT,
ZORER . HED 1.0 ppm LA E X ONMED 5.0 ppm CTEIENEE O H B /2B INMA A 5317, Vernot
etal., 1985 [ZRid# SN fET » N OEER/AEME L TOR 1S ITRT, BT v b O SPEEE
DS, BEMERY —703 1ppm BLE, #KEBMERY —7 2 5ppm THE TH 72,

U.S. EPA (1991) 1%, ARBROFABRMEFETH S MacEwenetal., 1981 #F— XX 7 ¢ &
LTHIHLTWS, #EZ v b Os el IE I3 A2 FEEE & L, 0.05 ppm & 0.25 ppm % R <
3REOREABE (RHRAE, 1.0 ppm, 5.0 ppm ; 0/149, 11/98, 72/99) ZHWT==v» kU X
7 (UR) % 4.9%10° (ugm))' LHH L7, ZOF—F&HN TR F~—7 F— R
EiTol2 2 A, BT —2 W iroZBHITEAET ARG NR T2k
HER SN T2 AR &R DT — & 2R 2 BHFR0E BRIE £ 72 13 PRI RIENRZ LUy,

—7J7. Vernot et al., 1985 O &3 I1% 7 MacEwen et al., 1981 ORIk EE & [F—R B TH
D05, ISR ASEE OE N E THEIE STV D72 ARG Tl h HFEE I 72 Vernot et
al., 1985 X —AXT 4 OT—X L LTEHALE,

% 14 Vernot etal., 1985 28113 F344 itSYLDESZRERE

fE B O FEIE i FRE 0.05 ppm 0.25 ppm 1.0 ppm 5.0 ppm BMCL,,
(0.0665 mg/m®) (0.333 mg/m’) (1.33 mg/m’) (6.65 mg/m’) (RFEMC 1 2 B
a2z

ISR Y — 7 0/146 2/96 1/94 9/97%* 58/98%* 0.553 ppm (0.736 mg/m?)
Quantal-linear model

WMEMERY —7 0/146 0/96 0/94 1/97 12/98** 3.04 ppm (4.05 mg/m®)
Log-Probit model,
unrestrict

e 0/146 1/96 0/94 0/97 0/98

@ LR L IERE  0/146 0/96 0/94 0/97 3/98
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Ji - b Bz A e 0/146 0/96 0/94 1/97 2/98

1

**:p=0.01;*:0.01<p=0.05

FREF IR THET v FoREEGAEE S LT RN F~v—27 F—REZ W&
FOSRENT 24T o 700 BRIEVER U — 7 O R A BE 2 W 72356 12 /N> BMCL0=0.553 ppm

(0.736 mg/m®) (Quantal-linear model) #31% 5 4172, 7=, U.S. EPA %% UR & i A 7= &
WERRRE ST O & 2 BEA BRI LT 7T — X2 DWW T BMCLy 2B L7 &L 2 A, Ei
ENRIEFE CE2 S bivT,

-5-3 FEMFMENEH

ERTZUUDE N TORDANMEIZH LN > TWRW, B TIEfk O 28 CHFiE &
OV, Wy AZR 58 T a eSOl 2 O MR 23R (BN 36 4R Uy B IS )T 35 3808 AMEIZET & )
Th-oT,

BRFEWEIDRINTHNDZ D, AFHliTIXe KT VU 2BIEmERPAME, T/
DOLBEORVENAWE & L CRHML, AEMEMEES LTY 227 L-UL 10° 0FEER
& (VSD) R+ 5 &L L,

& ORI DU TIE, U.S. EPA, EFSA, K OB & 4% B2 238 H L 7= Biancifiori, 1970
WL D~ AWEEL K722 25 BHEBBRGIRE O & Gk & #rolc i 72 Matsumoto
5 (2016) O~ AKRUT v hEHWZE KTV —Kl 2 FEREOKE 5385 (GLP,
OECD TG 451) (2 DOWTHIBMF 21T -7, £ ORFR. AFHMIXBR 5ER% i O R &8k &
BOVRIFMEERNE LD THD Z EME, Matsumoto et al., 2016 D FER D7 23 5%
BREELCGEHLTRY, BROBHEMELE N T2, ARBRE X — 22X T 1 ITREL
7o RERBRIZIS 1 5 e/ D BMDLyo 13T~ N OFF AR MRIE X 13912 25 < BMDLp=2.13
mg/kg/day (B K & LTC) (Quantal-linear model) “Td -7z, Z DA SE D H FE 4

(POD) & L CHUSE CHEMIMET D &, SF=0.0469 (mg/kg/day)y''®L 720 VSD=2.1X
10 mg/kg/day' & B H S, ARFEMCIE Z O A 8 DRI IZ 8 1T B 30 AME O EE R
e Lz,

W ARRBEIZ DWW TIE, US. EPA BRA LT v bk TV 1| FEMWAZEAR

(MacEwen et al., 1981/ Vernot et al., 1985) % ¥ — A X 7 ¢ |T®RE L=, AFEMTIX, %0
DR F I T2 Vernot et al., 1985 O LIZiedHfl ST — 4 28T L & Lz, Kbz
WCBW TR bBIEZHEOEWEE TH 21T » b ORPEEERIZ O\ T HE&-GFHm 217
ST & T A F/ND BMCL g [ZIRIENER Y — 7 OF A FE 12 H5 < BMCL;=0.553 ppm (0.736
mg/m’) (Quantal-linear model) *Cdb o7z, BFESMICOWT, 6 KERH/A . 5 B/, B
M 910 HOH>HD 365 HORFETHDHZ LE2EET 5L, BMCL,, DA IEMIT 0.0527
mg/m*’ L 722 %, M EK OMKEE T v b 0.26 mYday, 0.35kg, B k20 m’/day, 50 kg &{%

AL 49 (%) BMD AT —4% ] 2#&W

&1 SF=0.1/BMDL,,=0.1/2.13[mg/kg/day] =0.0469[ (mg/kg/day) ']

&1 VSD=BMDL;(X 107#=2.13 X 10 [ mg/kg/day] =2.1 X 10 mg/kg/day]

AL 49 (%) BMD AT —4% ] 2#&W

ek S A IEAR = 0.736[ mg/m] X 6[ ¢ 5/ H 1/24[ e/ B 1 X 5[ B AR]/7[ B /] X 365[H ]

/910[ H]%0.0527[ mg/m’]
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ET 5 &, NERRFE R 0.0392 mgkg/day® L /20 . ZHiTE h O AR 0.979 mg/m*HiC
Y425, ZOWARESZ POD & L CHUAE CEBMET S &, UR=1.02X107 (ug/m’)!
2L720, VSD=9.8X10° mg/m® P & B H &, ARG TIE 2 O 2 W ARRKIZ BT 5% 58
AMEDEEEFHMEME L2, Zhix, & Fo 1 BRI E 20 m’/day, A& 50 kg L{RET
HE, b b1 BEREE LTIE3.9%10° mg/kg/day *ICH Y4 5,

1-6 ZOMOEEZTHICET 51FHR
1-6-1 H£APRES (KRNENRE

LIS R TIRNENREIZ BT A 81 RIS DWW TiE. ATSDR (1997) ORNAEZEY £ Lo~
DThbD, 277 L. ARBEHRIEK (K1) 2o\ TlE, NITE 918 U 2 7 2E6E (2005) LY
SlA L,

R, BO, BEIZEY & RT YV ICERE LESEOBRYEIRETHT — 21356
Niehote, BaEHWTERA, B0, BEICKD2RBRICETLHFERTIL, B F7VU10F
MR IWINEND Z EWNRENTWD, Fi2, b BT VU 3R B 2802 S
T5Z & MBRICESOICHM TS ZE bEMERTRINTWS, FET I X%
AT o5 RTUU0F, AR o-7 FIBERUGT 2 2 & N TE, ffx REF~DERE L 5|
X 27, mvivo KW invitro TORFRIZE T, B BTV 3R L OFERERE 72 85K
ORBE TR INDZ ENREINTWVD, B RTIPUNRRENDIBEIZ TV —F P h VK
CANR=g A F e o TmRREDB ARSI, ZAbbE RIVUVRRICL-THE
B SN DREFE~DEZEBICEG L TW DL HRENENH 5, BOROWEMERNL DT —~7
. E RTVUREW D EIZIRP EERPICHt SN S Z 2R L T D,

(1) WY

W N 255

t hDb R DU RAZRBEROBRIUZET 2R 135 bk oT-,

iz 2 7 Uy ORPUZ DWW TR ER 1 RS0, —RE8ILDT v
Z 10,60, 500 ppm D& KT 2 & @& ET v > 3—I12TC 1 KefH]# 5 S ¥ 72 (Llewellyn
et al., 1986), 48 BEfLINICR PRS- RIP U R OZFOREW DOBEEICESL &,
E RTDUOWNEFT D/ LD 8.4~29.5% L HEE S Lz, L, B EDOKED K
PIZRR LT e, #EEPCHEIE S L <3l b SN mTREEN B D 7=, ifiicks
BRI HRIE 8.4~29.5% L W /e 0 mWV EHEE Xz,

20 PR R B = R S IE A mg/m®] X 0.26[ m’/day] X WU R 1.0 +0.35[kg] =

0.0392[ mg/kg/day]

2V b WA R EE = PN 5 7 B me/kg/day] X 50[kg] < 20[m*/day] =0.0979[ mg/m’]

2 WA UR=0.1/t N AHRE[mg/m’]=1.02 X 10”°[(ng/m’) ']

B g A VSD=t kA E [ mg/m’] X 1045 0.979 X 107°9.8 X 10 [mg/m’]

2y AFEAME O 1 AR = 9.8 X 10" [mg/m¥ X 20[m¥ A ] X 1.0 UL R),~ 50[kg] = 3.9 ¥
10°[mg/kg/day]
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&0 #iE

tEhOE R DUROZBHRORIUCEAT HHEITEONLRNr T, LIrLEND, fH
BIBRICHER SN DAL V=7 Y FiZfl# s Ce FZ UV died, A V=TT K
ARG INZEETCITWE e R VREN EA T2 LICHETRETHS (Blairet
al., 1985) ,

BT RV ORORIIIZ SOV TR L7231 03B oni, —#E15ED T » b
12, B N7 U0 2.9~81 mgkg ZHi[Al 5 L7 (Preece etal., 1992a), 24 W[ AN IR R4
iz RIV U EOEDORFPOREIZE S & BEEDODR LD 19~46% 13K
WEnTz, L, KRB CTEASINTZOM FIETIE, B R7 DU OREORBZ i
THZENTET, T2, RTPORGHYE T X CUUET 2 121F 24 BT+ CTlrIzz vl
MRS DL Z L0, B RV OEIBERIIIE 19~46% £ 0 @ WATREMEDRN D 72, [F
—EHEE SN HRBRD L0 FEIZRFRRIC LD & Preece © (1992b) 1d. JRH PR K OV A
OB RTUUVREICEL T, B EICHT MBS s #E Lz, mife N7 O RE
DO K7 O U REICHT 281G, KORFPICH Sz RIVEET7EFLE T
PUOEIRITVTRLRGRELE L BIE T L, £, FEE DI, &K AE (81 mgkg)
TORENAT, FFIgREER MAEORD N 6N 5 Z & 2 Wis L,

g

t bt N7V UREERBEROWIICET 2813 6ol
A X LUTEEREBRS 1 G 67z, B T Y0 96~480 mg/kg % K IZHLEIRAR L 72
A XTI, BEHH% 30 BDLNICE RIVrnmf TS, he K7 UV EEEE (1
70 ng/L) (XEFEH 3 FFFICHH Sz (Smith and Clark, 1972), ZOF—Z 2L, B F
FZV%, BEN G HPICESR DTN END Z ENRRSNTWS, LrL, ZOFERT
X, B RTZVUNREORERIN SNIZONEHE TE 50 ERERM L Ty, B
MEBR CRERKER G DITOI e hoT-Di, BZLL NI VU OB RN & R ERAEME
DIz EHEH =7,

(2) oA

W\ 252
bt MEZEFEYMOE BTV UMAZRRER OSMICBET 2RBRIIG O o T,

&0 # &

Ehob FIVURABREBERODMICET 28 BRIIG bR oT,

YRR 1 RV T, B RT V0 O AZRBER DS IICOW TIRER 22 1F @ s
Nice 7v Mk RZ VY 29~81 mgkg ZHEIROKE Lz & 2 A, EH &K OIS
B DT 30 0 LINICE — 27 12 L7z (Preece et al., 1992a), I T3 0.0003~0.01
mg/mL, Tl TIEA 0.0006~0.006 mgkg D HiPH T - 7=, MOfEMKICIHBITHoE KTV R
B Snholz f—EHE SN RBRO L U EEMZFERIZ L 5 & Preece © (1992b)
X, B’G% 24 OB O RV RER, MEFREL VS SEGHVWZEEZ AL
oo ZOBRCIET BF e RV UidRi S zrolz, Mgt ore RTZVURE (Lo
iges ClIRE S e o) 13, B EICHAIL T EFET, fAMBRISRBR I NI, [
Rz, IRPPEIZHEERGTEETHY . BHEOFNEHEIV e RT VLT 8T L E
R Vv OPMENR L > T,
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8 iR
b NELITEOE KTV UREEBEROOMICET 2REBRIIGEO o T,

O RREE T K 2 B

b RO TE RV UNCERE LTeHE O MIZET 2RI E LR o T,

E RT3V 99 mgkg K FERICTHER G LT v N T, B R VU300
FMFR o+ 5 2 LB S NT- (Kaneo et al., 1984) , FLAR A I, AFlg. A, I8,
KRB C 30 D LAINICE — 2 ICE#E LT- B R T 20 5.1 mgkg 2 #REN L7 v b Tl
0.5~1 pgg DIREDO L RT T UMRMTHIE S 7. (Matsuyama et al., 1983), 7 > hDkEx
MBI D BT VU REONEEIIE, 2.3~3.3 BF o & & <72 (Kaneo et al.,
1984)

IOTF—=HXIZLY, B R VUEHEEAL, BIROERE A DT, T X CTOMMICHE
RMIIHAAT D Z RSN,

(3) flt

R AR ORI BEEOREN e RT7 VU ORBHCEE L T b, T F LN E
WEBETREAETHE TR, BE RV UERE LRI 288710345 2 & b iEFIc
IV Z< D KT TUNEMT LN D 5 (Blairetal., 1985) , SR EE 2R 21K
IR L CEDOREZRE LTS 0NE, SRERKIC I B RN 0ixdH 208 (BlE
LCiE, O REFE I 20 EHEEZNF) | B 53 2 R S O FifE K OVERR S 5 G
ORI ZRBREIKFELRNWE ) Tholz, LoT, KHETIE, BERKKICELETIC
TR EELR LT,

7 v MIE 7Y 10~500 ppm %z 1 BFHEIZEE T 5 & WAREDK 2~10% 3R Z(LH
ELT, 1.74%1F78F v RT3V E LT, 45~114%1FZ¥VT7EFVE RTTV LT
PRACHEME S 4172 (Llewellyn et al., 1986), &t K7 16~64 mgkg % HE&H Iz T
v M T, I 20%ITRFFEDO E R 7V UFFEARLE LT, 30%ITRE MK L L TRTITHE
SN ERTVUVICEENDIERD 25%ITEFZ T A L L TR & 417 (Springer et al.,
1981), & K7 ¥ 2~81 mg/kg ZHi[EHE G INT=T v T, EEODLT M eE (1~
19%) 1X, 7EF L RTIPU R/ EREPTvF e RT VUL L THRER 2448 B
BILLNIZENY S #uv7- (Kaneo et al., 1984 ; Llewellyn et al., 1986 ; Preece et al., 1992a), £
BEENZ, B FT U0 427 mgkg D#EFEHRTIE, 7EFLEeE RTV V7 ®F e
RoZVv, ErEViEe RTY o RFE BIRILEY Q-AF VY IV EZIVEELEERTY
VEDRIGERM THD 1,456-7 T Ru-6-4F Y 3-B VXU HLRUEE) S
BN IRFIZHEM S 17 (Preece et al., 1991), T HDT—ZIZ LV | in vivo TIX
bt RTZUNET7T T b EZIT T, MlaDg eI LY 52 LRI TVND,

ERI 0T invitro TIET y MFIZ g Yy —AI2 L D EeITRET SN D (Timbrell et
al., 1982), R, BE M=o F 7T IRTT=0UX 7 LAF RY U (NADPH), KO
TSR DR KIS E L ESND, 7y MFRIZ LS e RT U UREHE. 7> hav
7B APASOFHERIE (7= /) AL EX — VRN 77 ) CRALES 2 L8 L.,
TR a A P4SO THESK (AF IRV KO Xn= LT ¥ R) 2BEMNT5EETLE
(Noda etal.,1987), & KT TV BMEIZOWNWT, ¥ b7 m A P4S0 BHESRKICE ML,
FIICL VKT T2 LbdEINTE Y, R &EFEHEOBE R T % (Timbrell et
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al., 1982), & KTV &M NADPH-> 7 1A P450 Bl & & HIA o F 23—
avT5L, TV—=TUHANEREINDZ ENHE SN (Noda et al., 1988), NADPH
CMFBENLTELTDHIOMKSIE, FAD ICE DI S, A—/"—FF T RURLAX—FIZ
FOEINLZN, —BILRFBIZEDEBIZ T R ole, 7V —F3THVE, BRIV
YIRT oy METRIFICE W TR SN 72BRIC B 388 b7z (Sinha, 1987), ZnH0 7Y —F
CANMIET BEFAT AL E Raxi LTI KOKET D IANEENTEY.,
IR T 2GR (BEV VLA X —8 . 31 4 2) OB FE
DHDHFRETH T2, TEFIATIDONNLOREIL, © RTDUNT PNV ERORININCT
tFMbENDZEEREBLTWVWS, ZNHDOT—XIZLY, B RTI VATV I r A
P450 IZ KXo TIREF S D, MhofEFRR (LA X v x—8) CIEMBOS i1 45
EME) 2R LAl NREZ 2 REE LRI L CnDd, B RIVUREHRRED 7Y —F V%
VAT, B RZVUBHEOIERAEFICBWTEETH D AlReElnd 5,

(4) Pt

W N 255

thDot N7 VR AZFEZROYRIICET 2 BRIIG O o7,

7> MZE RZY 2 10~500 ppm % 1 FFEREE L721% 48 I DR Cld, WMAEDHK)
8.4~29.5% M R IZHEME S 7u7= (Llewellyn et al., 1986), [HIUREDIT & A E1X, OO 24
R TR S -, REMMKDO e RTV v TEFALRERTZ VY, T EFLE RT DV
D3 OOV IRF PO FE STz, BB RAIZED & R7 U UCEE LEGE Ok
M2 BT 2t ORERIIF S N o T,

& 0 # iR

t hOE N7 VUM EBEEZOYEIICET 23 BIXG bR o T,

b RTUUACRORE Lz & & O W T L -8B s 1 5o 07,

7w MZE RT3 2.9~81 mgkg & H[aRE O£ 5 L7721k 24 FE OB TlE, 58O
F119~46% NR P THEIN Zi7= (Preece et al., 1992a) , RE/LIEDOE KT & T7EBF L
t KT 0 2 SORBBIRF N HFRIE S, FEPE &R O~ Iz 20T
AR CIIMF S Nz o7,

1% e AR

ERPRZICEY B R TV UATRE Lo HE ORI BT 2 BUIE S o T,

b R T2 OPCBE 3 2 B aER 2 3G b7, 1,1-V A FL e K722 300~1,800
mg/kg & FRFIZHLEIRA S 7oA X Tk, 5 FFLINIZIR TR K 600 pgL D 1,1-3 X F
e RT VU S 7z (Smith and Clark, 1971), FERIZ, B KT 22 96~480 mg/kg
Ze B2 R HAE AT S A XTI 3RERI LANIZ IR F Tl K 70 pg/mL 258 ) S 4172 (Smith and
Clark, 1972), L22L, WO FERS R PRIIHRE S &5 &I L TRPIZHRE
SNTEOHIGEZHET D HofERiZRit ST,

o> i
b MZERUANADREKE T T U UICERE LG AOPEICEE T 23 BRI 00 672 )
77,

bt RIP0 16~64 mgkg ZREHN T —TF A THRESNEZT v FTIE L E RO
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BT MR T L. T 0.74 FFRI L WY 269 R CTh o 72 2 L BHE S
(Springeret al., 1981), & RZ7 22 16~64 mgkg Z#HE N =2 — L CHEE G I 721 X
Tl BEEDK) 25% DR T, £ 50% 23R 1 7C 48 IRefE] LINIZENX S #u72 (Springer et
al, 1981), & N7 2~12 mgkg & HEFHRNREG S 727 v b T, &5% 48 FFfH o
FrR T, &G EDORK 13.8~37.3% MR TIZHRM 7z (Llewellynet al., 1986), 7 v MiZt
RZ 9.9 mgkg & BRI F#E5 L7256 TiE, 5 29.2% 1% 48 It 2R Iz gk < 4
72 (Kaneoetal., 1984), ZN5H DT —# %, #FEPHEMICET A HEMA KM L TV DHZ DR
ESNTZRNETH LN, WS- RT VO R¥EIFRPICH SN D28, H5ED
B Y 72 BIE RIS S5 ATREME &2 Rie LTV 5,

e)
NH
N, €«— HN—NH, — Ni; —» 03/ ?

NH
2 | / l+ G)\
d)
>~N W, HoOC

¢ >:N—NH2
b N

|
N

0 0
>\—N—N—/<
COOH

B 1-1Preece et al., 1991 IZ&KDEFSPU O REE (NITE, 2005)
a) TEFILE KT b) VTEFAERFIVL, ¢)1456-7 F Tk Fr6-4FV3-°5
KONV UEE, d) BB UEEE KTV 0 e) RFE. 4G)2-AF Y TV H — LR

2

1-6-2 2A4EH
(1) & MZBET 515 H®

DTSR ho2aMEMEICE 4 4 813 EC SCOEL (2010) ONAEEZFE O H DT
H5,

E R VUVAKIIRNT VE=T EREETH D, RABMMITK 3-4 ppm TH Y . Ak
FEOMBRITD 72V, BERENE X TV (DFG, 1991),

BRLIZEROe K7 U IRPHgE A L S8, BiErEs:25 &9, & hToE
PRAEMRIE . AR RO MRS, EEIR, BRI AL, WIEEEE, RRERE Th D,
ERICE > TIN O ORERITE A LINICE T 2, — ik O REREs & OLO IR F & X
EEHED L 5 THD (Drews et al., 1960; Reid, 1965)

b RTVURROREZE L., BEEOBRMO%, B, IR RBATRE Rk |
W IR 2 1 5 b KGE RSO, e OVERER 50 0 B R A 5] & 2 9 (Byrkit, 1950;
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Sutton, 1963),

EAEME R B OS] 1 HI 58S S0, Z A 6 7 H LU RIZb Tz » R — B (FERI%CR )
ERIVV (B RIVKIW) ZHo TWTERBMEOIEFTH 7=, ¥ Ialb—ra L
AR BWT, B R TV UBEIXD T 0.071 mg hydrazine/m® Th - 7223, L5 < L
JEREDREE TWD, BHEITRBRICHER, B, BREE R L TW\We, R%EICHR
L7cth, BHEFREL . TH, WM L=, 6 Bk, ABEH ISR, BR, FEIK, g
IR . PEEEAR . PEYE. RO R K OViE, BefE, SKEERE. ZIREVoTZEL DR
RO bz, XAMRE CIEMK EMICERA LI, P E VAL ES KN LT F =
Lo B R FICEA L OFRMERD RS Sz, IBEITMEET A Oe X 2 B &5
T, ZHUC KO —FFRIZRER DR L7y, BRI EZ OB 21 BRI T Lz, #
BCIImA, EELRMEENX, B, BEOITMIOEENE D 57~ (Sotaniemi et al.,
1971)

Qe R TV URREIC LD 2o mROER (B 0 B X, B R T2 ARG
DFERA CTem7 e =7 MIEICEK T 2 (Zelnick et al., 2003)

(2) B BT 5 15

EC SCOEL (2010) ORFfiEIC L 2 &, B KT Uy 0RaMRmERBRIC BT 5 F 22l
BB OMERART , JRE MRS KT, Mg OB oE: (B
BEOFRIZ L 2) T, WA FOZEAC TR ORI & B o2&k Thd -7 (DFG,
1991), 7 v F RO~ AD 4 Bl ARBRIZIS 1T D LCs (X ZH 570 KO 252 ppm T
& o> 7= (Jacobsenetal., 1955),

BMZETES (2013) OFMEEICED L, B RTIVUOHRBIEEIZE D LDy fEiX, ~
A (RO, BIRW. EENEYS) T 57~82 mgkg KE., T v b (A, BN, EKE
W) T55~64 mghkg (A#H, E/LE> b (F8A) T26mgkg KE, vH X (&A) T
35 mglkg RE ThH o7,

Z DOz, OECD OR2MER O BB A 7 A > TG401 1293 > 7= GLP iRERMB15 5 1
72. CD (SD) IGS &M= ~ FiZ 0, 100, 130, 169, 220 X" 286 mgkg {AED L KT ¥
v KFN W % BRI SRR O G U2, SEC B 1 B HIZ 169 mgkg O MERES 2 f4i],220 mg/kg
(REORE 1 B, WS B, 285 mgkg (KEOME 3 B, M S G T, 5% 24 BEELINICHET L
7o BESEBNME T, SATERE ., W, EEML, MBI, #8805, HEAEIEZE S, 100
mg/kg RELL EOMEE TR 5% 7 B OFREMEMEE R L, FIR CIIECHI Ao R s,/
Xk d» 5 VMEE DD O il L OVRE O REAEE KIRNRD Hiviz, LDsy 1L#ETIE 262
mg/kg (KE Th 0 M TIL 169~220 mgkg KREORIZH 5 L HEE S vz (E4£E55 @4 2003),

1-6-3 RIHERVERME

bt R ROEWICRT D BT 20 ORISR OVE & PEIZ >\ T, EC SCOEL (2010) @
T 2 LU IR T,

(1) & b~

bt RV UOBEBENEMICE 2REFHREICEL T, FICEERRWOIZE FT7 U0 X
XZ OFEROEFEINRTTEANDEERIEORETHD, & RT UV B(LKERIEEZE
TANL AT TP RO S TE - TWRWEENEI DD, H D WIEZ OWRETITA TS
JENT-EIRE 2T B O B L. e O RBIALIC RS &K & 2 Z L7- (DFG, 1991),
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LR DREFHZE 70— 718, KA TR IS % | i e RT3 @Rt
NV, b 7V ARIE N OIS &R A T 5 &f5im L7- (Jakobsen & Jensen,
1985) ,

(2) By~ 2

PFATIE 1 ppm O KT 22 B AR O i #]OHOE BB 72 IR O RIFLS A 5Tz
(Haun & Kinkead, 1973), Z DX, 02ppm Dt KTV BT L2/, 1 ppm D
b RT VAW R 1 EMRE L~ 7 A TIIBIE Sh e ) - 72 (Haun & Kinkead, 1973,
Vernot et al., 1985) ,

1-6-4 B4EM

(1) & b~

bt M358 RT7 V0 OREEIEENHE SN TWS, EC SCOEL (2010) DI %
150 N A

T L X — ORI N TED R DG DL < O LHEKIZFEIH S LTV D,

1 ED VAR — F3 1959 05 1983 D b KT VN2 X5 7 LIV —MEEEARIE O g
HIKS 150 1% % L7z (Pevny and Peter 1983) , S ~& JlL, Ny F 7 A & LB
EREIESEDL DI —AT A4 PR TV URBREORED 0.08 mmol/L & IEF I
RWRETH D Z & & (Lepoittevin et al. 1995) . #'E OFEBMEIZ K - THE U 72EZ O i
2o BAENR E 2%, FAODLPhAE FTVUVBEBRLERERLAT E KT Y0138
EHIEEITOICHSTHDLZ ENWNL DO TR S T\ 5 (Brandt 1960,
Wheeler et al. 1965, Wrangsjo and Martensson 1986) ,

t RTPUVDRBIEERIZOWT, RO XS 72@ERH 5,

b RT Y UM 2 IET 5 TIHICBW T, 5 NDOREEENE OWEIZRT D87
LALF—ZE I L, 205 b4 NPRGEB ) WHE iR ChiBEEIcH#A L Tz, —A
DOREBIFRE T 2EO R TNERO RS- DICBES N L) THY, e FTY
B A 7T ATy 7 R ORI T ERICIB 24V K L7z (Brandt, 1960) .

THEREHER 34 ADOIXATETEITHIE T 8 KT Vv —KEEBE L OHERORS
EETH LWDITATEMITENEAS %, 12 NOLKWIZBE N ¥EAELT, 20556 A
DT 1%DEe RT VU EE2ETeAkE W= T 2 b THMREENS L, 30 AD%H
HCIBEEERThHo T, BEDOI LD 1 NI RIVVFERTHDLERT TV, 7
=)k RTVV AY=aF e RZY RIZHXIEG L7z (Frost and Hjorth, 1959)

AT 2—FT UV DARFETETH, 4.5%~60%D b K7 ¥ —BALKBBEE 2 F il &
THH LUINT AT AT I OB ASEOAR T 22 At 8 ADOEEEN KR ZH L= (Misfeldt
and Thormann, 1984) .

kB a2 ]G T 5 TH TIREALMT 2475 70 AHF 35 NIZBW T, B RT VU5
LUWMEA AT AN D THEfih L7, 3 M2 B0 H DN EZbR ATz, o
e ChbME SN L HIC, B FRICIRKE) LR TE DI TV 7ZRh o 7255y Ol iE
BRFEAE L7 (Wheeler et al. 1965)
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KRIERGETIIZB W T, SO O TP D0 12 AO I B# T - 723, ke 7z
P FE A5 L T2 b 2o b7, 25 SERI DIRIZ )3 Fidk S 4172 (Querangal des Essarts,
1955)

E RTVUNTRDBOVEEER D, BEERE LT AD/N— M —IZAE L 728 LWIRBE
BNZ Ko RSNz, 30 WOLHEN, O THBET 7 U —2A (EMEWE : dibenzalazine)
A L7-BRICEE CAFBEIC A SEMBZAEZ L, ZORINTIARBET Z U —AI2H
ENTWIZE RT DV, HLEWVERYTATE RE R 7Y U OREBRNKIRIZ LD
BRECTELZE RIVVICEsTERZINEZLO LIS N, T A ML THHLE
EAEZ ORI L DO ROIEZHEE ThHoT- NEEEITLET A N TRIGZEFIXEZ L,
T BEIAEE R DV AT > T\ e, RITRA T AR Thorzlo, EHICE KZ

NZEEfR L T (Ippen 1962)

12.5% & R 7 2 K /K HRIZ K 5 TNE BEE OV T A7z, 6 72H MG« 3% 72
87 NDEFIZHBWT, M HITTURIZRE S NIZ T Tho 7o, WBHRE A bZ 2 LT
7 NORERFIHHAE LTz (Chenetal. 1991),

E RV T DRERINE, e RZUR Bl . f VY=aF KB RIJY KN, BT
TV, TERTZIVV) ITX o TEIESLZIER] (Hovding, 1967) DM, FHDEAE
Ne RT UL DIEMICEBITSE FT7 Y R~ Kt~ (Bandmann and Dohn, 1967;
Schultheiss, 1959) £V &FAEMEN @K D 72,

BREABRICBN T, b RV UM oRERANCe2GE ) 7T~ =T AL HL L
7- B BN L X v/~ (Durant and Harris, 1980), [ERE E L TCHWSONAE RT Y
VBER, FFICHIERIE KTV (B RTV I TETVY) KW ERT T VY (PER
TV TETV) T HEDR I BRBEERT LALF LA LIT LIRSS TS

(Malten, 1962) .

KT A FAKEONA 23 A TEMES L7z (Kligman, 1966) , ISiHEFHED T2, i
B S X T RED 7 A NEALDS 5% N7 3 /Uit BRHE KV ik C 24 Ipfe] PHZEMEALBE S, = D4 5%
b KTV UUIRT 48 RFRHIPAZEME LB S v GEIRER) . 2o FIEA R v K I3, 10
AZICEFIZ 0.5% T 2 EiKD 48 IRFfE R i 3R 23T o7z, 23 N O#ERE 5~
THRBIESN 0, B R TV U3 THROVBEER & e Shi-,

LERTIXE R U ickt 3 2 KERIM G % R T 28 OFLR D & 2 1 (Brooks et al.,
1985; Keller, 1988; Malo and Bernstein, 1993; Vernot et al., 1985). & K ¥ NI &5
X = GEBIE R I3 &V 9 G220,

k. BAPERM/ASES (1998) (ZEERAEEMEOF 2 FIZ O L TV D,

(2) By~ 2

EC SCOEL (2010) OFFffiEIc LB L, B KTIY ., B RI VUK, £k FI
UUMIC XD BRI T 2 EM EBR OREIZI AT TE o2 (DFG, 1999),
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1-6-5 FA#E

ATSDR (1997) OFHEiE L W& LB HE DL FIZRT,

P FEBRTIL, & RV TR R D HONIWIN S D Z & AR S (Smith and
Clark 1971, 1972), Wik ONE{EE CHWIRE LD Z BRSNS, B RT DU RIHIC
W S D A T = X AFRFT S TR WA RALE O RIER 72 R 2> b B AR &
DL Z D E13E 2,

bt RTDUNEREADEEZEL KIFT A D= AL ONTIFE L ODFETHRE ST
Do TNHOT—XIZEY, b RT D TIIRERDEMAKFEDN 2 DLLEFET S Z &R
BENTW5, 1 DIFEMET R VEE2ETHe R0 (ERIFVUVED LI-PAF L
N7 DY) OFBERMROSF~OEHMEICETL2H0THY, b9 1 203 LD
TV =T UHNVHRERETNIA TN T V=0 A A F 70 EO UGS FREO AR BT
HHDTHD, THNOHDAH=RLDIFEE KT D582 L F Tk 5,

tE RIVUT o7 MEERISELTE RT Y U ALEWAE AR T D Z &Y in vitro TOWESE
TRINLTWD (O’Leary and Oikemus, 1956), Invitro TlL, 7 M LFEAL T KTV v
EERTHZ LI, e RT VI ha vy RUTHE L EQICREOEEZHE L
(Fortney, 1967), Z ™D A 51 =X A%, invivo TliLt b (Ochoa etal., 1975) 2 T’ X (Fortney,
1967) TR LTt NIV OAMRMEEZ EH I E5/EH & HEZ KT 2 /EHOE
RRKRTHD EHHEND, E RTIPVUER 1L1-VAFLE KTV UE, BEX I B6 ik
BRE L HICE RTY U EAERTDHZENTED (Comish, 1969), B ¥ I 2 B6 ifE kL
EATHIEICED BRIV ELI-UATF Ve RIVUIHMBKRT L TEX IV B6
EVBEETHRISERETHZ ENTE D, ZNOOKISIZIE, 7 X EEBIG, PR
BRI, 7 2 RO ORI, JEE K OB ONRH, 2NN 7Y a—F7 2 U U EBERE
NEEND (NRC, 1989), B4 2 B6 DRZIL, &, FERLOEMOFN L7252
ERDHDH, TNHDOT—FITXY, BWER TRD b EE L OREMIZ, B4 B6
Db RT7 Y UFERERDERICE DD THD ZEIRBEIN TS, &HIZ, B RT
VUKD L-UATFNAE RTVUTHALNDEERET X 2 BEIE, B KT Y UAERKICHKETH
HERBLTVWDLERE B WD (Comish, 1969), Ziuid, R L RT VU KN 1,1-V AF
NE RTPU~DRBIZEIBLDTHY, 1,22V AF e RTIVEI O TIHARWEL
HaEdilHLY %, U RS (EXI0B6O—H) 1, B FIPUERIT LI-VAF
e RTZUICERBLIEE FAOIBRIEH SN Z ENRZVRICHEETRETH S,

E R7 Y OMRHEE CRICHMENER I ND Z & NLHD in viro WL THE S
TWb, AFNTIHN, TEHEFNLITTAN, B Rax T ohnN, KEZIINGRE
DT ANDERICET I T A, B F 7V REHERE (Tto et al., 1992 ; Noda et al.,
1988, Runge-Morris et al., 1988 ; Sinha, 1987), 1,1-¥ A F /L & K Z 2 RHHEFE (Albano et
al., 1989 ; Tomasi et al., 1987) , 1,2- X F/L & K7 2 U REHEFE (Albano et al., 1989 ; Augusto
et al, 1985 ; Netto et al., 1987 ; Tomasi et al., 1987) 2BV TERD LTV 5, BEEM K OFE
PRI R 2 B OO N 7 )V —F DA NVAERICEEE L TnD EEX LTV,
7V = HME, B FORIMERTIZ, B RTIVUICHEIER (v y) HEICH
HLTHY (Runge-Morris etal., 1988), 7 U —F TV I /L% invivo IZTEM) TROLNLT-E
RZ VOB MIERAIZEES L2 et R T2 (Haun and Kinkead, 1973 ;
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Rinehart et al., 1960), 12- AF /Lt FZ P ORFHZBWTH, KIMEDAF LT V=
TAATUNERIND T EPEBEIN TS (Feinberg and Zedeck, 1980 ; Sohn et al.,
1991), F£7-, & KTV RFHAROIEFEDOAERKIZE V| in vivo TO DNA FHINE KL
RNA fHIMED A 72 & OBARFEHEIERIZOW TR S AlREMED & 5 (Becker et al.,
1981 ; Beranek et al., 1983 ; Bolognesi et al., 1988 ; Bosan et al., 1986 ; Netto et al., 1992 ;
Pozharisski et al., 1975 ; Quintero-Ruiz et al., 1981) , DNA fFII{A K O RNA 1K IL, £ < D
in vitro IR TRO LN B FERDORN TH 5 & HHl 4 (DeFlora and Mugnoli, 1981 ;
Hawks and Magee, 1974 ; Kang, 1994 ; Kerklaan et al., 1983 ; Levi et al., 1986 ; Malaveille et al.,
1983 ;Noda et al., 1986; Oravec et al., 1986 ;Parodi et al., 1981 ; Rogers and Back, 1981 ; Sedgwick,
1992 ; Wilpartetal., 1983) . £7=. invivo TOt KT UiFEREOEA XV N 2B EE5
wE > TWD RN B 5,

EC SCOEL (2010) DFEffiE L v B 6 - EHw 2 LI FIZRT,

FotlE~Dt KTV EEICLY I DNA I NT-AF LT T =2 KINN6-A F V7
T = UNEREN D, LA F/-14C] A F A= IFH[14C) ¥R L lce RI Vv 5
THEATFNTT =V PEH S, A TFLRED 1-RFE T — L ~DB 5 Z2/RE L
TV % (Quintero-Ruiz et al., 1981) ,

AF AKX, 58172 A TFNALBIO T T A 2 AR SN ) DRV AT VT E R
RIV o Z24HETHE RTDUENEMRLLAT LT REDORIGNEEGT 5 &0 9 i 2
XN TW5 (Bosan & Shank, 1983; Bosan et al., 1986; X X /),

Barrows © (1983) (2L b &, BE RTUUVEELEZT v FTIEA T A= O EHKEER
AFNID 5-AF -2 b U ~OEFE R IAZITEEM L )r> 7, In vitro TZ > b
FFlE B 5K @ postmitochondrial (S9), X7 1Y —A, HA MY, I b KU T OH
Ha 3 1 2 -V 72 REBRICE W T, DNA 77 =0 DA F AN Z D | S9 2k bIGME EW
MY T o7, P4SO £ /) A X FF—B RN T T T ) XU F—EB AT LD
Wb e RV RV AT VT b RFFEME DNA A F /UKICEBWTEE TRV LD
7Zo7,

L LS, 7T MU T A, 7 K, KO BILRFEO T TR S9 (VK
— R &h72 DNA AFIALEIRE LT, UV Offns 7—8, ~aEGRY by r sk, &
RIS RNVET AT e N AFIALANCR G AR LT, ZOT—=XiF, e FT T
BRIV LT VT e ROFEERM THDHENLT LT R—t KTV Unkkx 7 (FF)
AR 53 E T DNA A F ALK~ &I S VD & D @A FF L 72 (Lambert &
Shank, 1988), Z OfEIMESIZX 2 IZE LD HN TV D,
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H-N-NH, + HCHO Reaction with endogenous
= = formaldehyde

Y
II(|‘I INH-NH,

OH

Y
H,C=N-NH,

Y,

H 1(_-‘ W =N Diazomethane

Y
|DNA methylation |

K2 EFSPUREBICKDBIHEMNLDNA AF)L{E DA B S (EC SCOEL 2010 KY3|A)
E RS URERT B E RTOUERNTERFLAT LT E RO, BEE ST 72 A FAALEID
T AR 7%, (Bosan & Shank, 1983)

Z D, van Delft 5 (1997) A& 52 DNA A F /LT — 2O WTHRRT, fix 7
HEOE FRT VU 2# 5 1T 16 K##IZ, 7 v kN OflE DNA @ N7-K W 06-2 F/v 7T
=V &7, DNA HEE%, bk O e b 725 T DNA 1D N7-A F L 77T
=2 %Z#M~]- (HPLC BARALZAIRH), 202 SO HEZBEH L= %, (KAH kg 24720
0175 10mgDt IV ZRAKEINTZT v N TIE T T =2 NT-A FAALD HEKSF
FIFBEMNMFIER U SF — &80 106 X7 LAF RYTZ D DONT-AF LT T =M 1.1-1.3
D 39-45 ([ZHIIN U7z, F R & TR IR L~ Lis —E T, RRLE T v b (R L)
ERIETH -T2, 06-AF VT T =2 Lo~ULy HPLC 438t & 55t A& B0 B So g lE 2 OF I L
T ENTZ, RLET » FTIEHER LV Th-o 7278, 0.2 mgkg £ TOHREGRETITHN
WIH B ST, 02775 10 mgkg Dt RT VU FHEHZ 06-ATF VT T =23 109 X7
VAT RYE72D 029 05 134 [T LT, ZDOT —Z 1%, B0 A BN EBRIZ LR S
TW AWKt E (0.6 mg/kg/day) K VKW & TéH > TH A F /L DNA AR TERK S
Nz Lapmd iR ENnz, FEOLLEL, ZOMRITAEOE KT U UFFEME DNA
AF AL S (K2) & —FT 2 LEmL T,

Zheng and Shank (1996) %, HIRMr F EZHROENEZHL NI TLE 2 EI2L D, FFsR
JE N OV RAE 23 A 235895 21 2> HEIZH 1T 5 I DNA S4RUE(E 1 D DNA A F L L HERF
DEALZ BEN T D5 2 T oT-, HEDOT VT o I— N T U NAAZ =2, ZE TICHE
RIFHORF IS AR AR STV 5 3 HE (170, 340, 510 mg/L) Tt KT ¥ U ifaE Ak
KEGEENTZ, @IEET6, 12, 16, 20, 21 HMEBEI T &, KEE U ThEE
T21 MHREERZE I N8 5455 7= F DNA (%, #I[RE%3 EcoRI. Mspl., HindIIl X |
BamHI, 25 W I NHDOT 2 KX 7 LT —ED 1 D& A F AT IREESE Hpall X
I% Hhal DA AL THL Sz, BRI Sz DNA X 7w Mg’ fTboh
7o ZOFRMTIZIZIDNA A F NV 8T A7 = F—+8, c-Ha-ras, c-jun, c-fos, XU c-myc ¥#
FRAA T, pS3 EIHER . XLy -V FIN T AT FHX—BEBETDOIHO 1
DD ¢-DNA 7r—7 BHWL Tz, A T /UHbEZET Y R X7 L7 —BIck > Tk &
72 DNA Wi 25 kiE, OGN 7T @8I FD 5> B0 4 i+ DNAAFILET AT =
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7 —%®., c-Ha-ras, p53. c-jun) TSN/, KmREDOL T D URBERE TIXHT 6
MHMEORE, TRIREOE T VU RERHE Tl 21 7> HE D %85 T, c-Ha-ras OBk HL
WZEALN B DT, RO MM ZE kX, DNA AF )WV T A7 =7 —F c-Ha-ras,
cjun @ ¢-DNA 7' —7ThH BTz, P53 FEHNHIEIS T DR O 280 3T Ml Je OF
FERI RS Au D HHELIZ BEIE U 72 e R L Tdh o 72, P53 KT c-jun BB FDOKA F ke
c-Ha-ras XO'DNA A F )V F T U AT =7 =B8R F D m A FIALDFEL IR 4, Z OfF
FEEE BT VU KD N BRI T 5 EBALHRF LAV A F AL OV A F VAL O 5 D
I FFT D LIRS LT,

1-7 AEMHFTMENE EH

R0 R O ARG O — kg, AGH - RAET M, KOS AMEICEE T 5 A 5 R E 2
ToOF 16 I2F LD, B KTV ide b TORBAMETIMEIZ /2 > TR0, FEERE)
WNZKET DIHENBAEITAL N Th o7z, B RT VI ERFERE CHEORKRENE O
TWAHZ D, R CIXEED RV BREERDAMEWE & L CRHMi L 72, & &)
WAZBEDONTNIZB N TS, b EZEOBWEEERIEIIRNAMETH 572,

FEN A OB ORRIEIZ DT, Matsumoto et al., 2016 DF v FE HAWEZE RV —
IKFNY 2 AR EROK B 5 3RBR 2 36 1 2 WD I B i ek S 13088 o0 58 AR SR NS 5 < B EMERE
7S 2.1 X 10 mg/kg/day TH -7, ZOMHEEZARFMICHE TS KTV ORORKOA
EVERHmAE & L7,

FEN A DO AR BEIZ DUWNTIL, Vernot et al., 1985 D7~ &2 AWzt FZ7 U0 1 4£EH
W AN BB BRI T D oD BLPERIENE AR U — 7 D 38 A SR B INT HeS < AEMEFERE S 9.8
X10° mgm® TH 72, ZOEEARFTMICE TS & KT 20 OWARRK DA B AR &
L7,

ZO X, BAKLORARIEICI T 2L, ARILE U7 o 8 oI55 A AL
NEBRIEICL Y B> TRY, MEABERKICBITD VA7 MEART D200 FEFN
RILNZ LN &G, KeHMIEICB T 2 NAMEICLED U A 7 #EFHIT, ZEREIICAT
IZEMNFYTHDLEEZ DN, REHEICOWVWTH, EHIRERNRRD Z &b 2T
RREEANZATD ZeBRY B Tz, —F, B - BAEFBEICOW TR O KO AR
ECH—7T —Z%BME L TNDT D, MREO HQ #/AH LY A7 HE 2175 2
EMEBLEZ LN,

& 16 EFSOUVOREHFTMEDELED
RERKE AEMH A E A
— kM 1.1X 107 mg/kg/day
& AGE - S8 AEFEME 1.3X 10 mg/kg/day
R0 A 2.1X10™* mg/kg/day’
LN — 1.1X 107 mg/m’
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3.2X 107 mg/m’
(% DV REARAE 20> © O L)
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(1 BEHEE: 3.9 X 10° mg/kg/day FH4)

9.8X 10 mg/m*”
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