10

11

12
13

14
15

16
17

18

19
20

21

22
23
24

TNAEEESREE - BERFLEBTRSEEIMRLFE
NELZERNKBRILENERER. FN4FELEDE
EERF 20REMRBE. £

EREMCFVEETENEZER

221 A RIRBEEBRIR

4f4%E9A16H

AR =2

(%)

BEFEIEFVED Y X V5T (—R)

ANEREE I RAHEM I
AFEHRROFHEN

1, 2—<o00I1T4Y

BAFMEFHEELES 11

C|/\/CI

TMA4FE9RA
E £ 5 @B #




25

26

27
28
29
30
31
32
33
34
35

36
37
38
39
40
41
42

43
44
45
46
47
48
49

50
51
52
53
54
55

56
57
58
59
60
61
62

63
64
65

FEVETM CANEEEEZZR) ettt 1
B EMERIIZ B T 2 E IR DRI .cvceeeeee et 1
I-1. FEFEDRAUREIE ettt 1

(1) BB T ettt ettt ettt en s 1
(2) WEIN ettt ettt 3
12, FEDIAUBEIEE ettt 6
(1) FEDSAMEIIEE oottt 6
(2) I ettt 7
(3) WA ettt 9
1-3. FENOMIES I E DHBEMEZE oo 11
-3 < U 12
2 < RSO 12
G = OO 12
(2) FEBREII oot 12
22, WA ettt 13
(1) B B oottt ettt ettt 13
(2) FEBREII oot 13
a1 L = OO RR 15
T < RO 15
G = ORI 15
(2) FEBRENP oottt 15
3o, TN ettt 16
G T OO 16
(2) FEBREII oot 16
A Y e G = O RPN 17
Bl B R ASDIELEE oo 18
42, ZEBJEVETRBR ..ottt 18
(1) I Vitro FRBR (oot e 18
(2) 10 VIVO FRBR oottt 19
(B) DM oot 21
TETIN AUME ettt ettt ettt 22
T R o USRS 22
[ T = OO 22
(2) FEBREID oottt 22
522, WA ettt ettt ettt ettt 23
G = OO TR T TN 23
(2) FEBRENP oottt 24
Z DDA EVEIZBI T DIE IR oottt s 25
6-1.  AEIRPEM (RPVEIAE) oot 25



66
67
68
69
70
71
72

73

74

75
76
77

78
79
80
81

7.

8.

9.

10.

6-2.

(2
6-3.

Z X

9-1.
9-2.

(2%) BMD fiftr 7 — %

10-1.
10-2.

) FEBREND oo
RN « B R R ORI

[E BRI L AT D BB ICIR U 2 B oo oo e et en e
E BRI S DM EICBIT A —AX T A EDOZMTHERY A B (e,

ROBEIZLDEB ALY X7 BT
WAL DFEBAY A7 YT



82

83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

101

102
103
104
105
106
107
108
109
110

111

112

113
114

BEME (AMEREE)

XL ®IT
1, 2=y Z7un=xZ (CAS &5 107-06-2, 431 98.96) %, AEFIZEET 5 A FMEFE
MOEIEE 2 RS 5729 2010 FEICEBI NI A Y J—=V ZFHlIIB VT, AR
BORENT TR [2), 7 7 A 13) LFHlishZ &0t BEE T5) HES N,
2011 4F 4 A 1 HICELFHMIEE GBLES 1) KHRESNT, £0%, 201943 A 20
AIZFER SN2 ) 275l (—R) Flh 1 OEEIACAT T ORER A B E 2. 35/ ) X 75
flie LCYURZ5HlT (—&) FHMI 2 EfT 52 & &7roTz,
ENA ORI L 5 2022 4E 6 H £ TICAR SN O M ES K OH LWE R %2
FE L. 9B RIS ET B2 MNWT 1, 2—Y 7ok o O EERF N2 EM L7,
B LWE R OFEFHIZ OV TR, AEMEBEHROCUEN L E o —2MThh iz BB DR
iED H B, 2018 FEDOFHE THH TdH - 7= 2002 4D OECD BEF L FME T — # ~<— & SIDS
WIEEG > 2 7 7 1 L (OECD SIDS® (2002) & %) DFFEFEND 2 - 72 2000 F7> 5 2018
F12HETE 20091 A5 20224 6 HE TO 2 [FIZH T TAE L7, &L, PubMed
BOT—HR—=ZAE{ER LT, AR INTSCERE RRIT, RFEMZICBRL TR E A A
L7,
1, 2=y Z7uuaxfrOWANREOBABEEIREIL 1 mg/m?=0.243 ppm, 1 ppm=4.11?
mg/m?® (1 &UE 20°C, 7272 L, 5l HSCERH IS R AR BE D #ARE O R & 2 556 1%. 51 oo
LAk A ESE) A HWTZ,

1. BEMFHEICREI SE RN OEFE

ERNAOKBENERL-1, 2—Y7upcg ot - EYEBEICL DIERNARER
OFED Ase BRI B3 2 @ ERIREN (B F MRS ORI O H 5 1ESE) | FE Ak, BERIR
PEICEE T 2 EMERIRHMEZEIC DWW CHRAE Lz, 260 bEtETr — XY 0afEHL B2 —I2 &
L EsER R E L. T LWIIEIC, KEAEDERERSEROHEE T 27 7 A L (Draft for
Public Comment filt 2022 £ 1 ) (ATSDR®draft (2022) & W) . JE2554 97 UEfm A E 0
INEES ER U A7 FHEE () (B EEFMES) (B8 Y A 7 5 HEiE () 2019 LK) |
F 7 o FEMFEE SRS (DECOS® (2019) L 18) . EU OREEEYIE < IRE R4 2 Rl
ZER) L OE)NE (EUSCOEL® (2016) & %) . OECD BEfF L& 7T — # ~— A SIDS %]
Pt~ 1 7 7 A /L (OECD SIDS® (2002) & Ig) 72 & T -7z,

1-1.  ERIFPAFZE

(1)#n

PO ZRFEIZ X DIERDARBIZ OV TERFHMIZ1T > TWzdlX, & 1 IZ/77 ATSDR
draft (2022), US EPA (T L 2 W EH A A m MR E  (US EPAPPRTVs(™ (2010) &%), BR

@ Organisation for Economic Co-operation and Development Screening Information Data Set
@ W NP D B AR AR S = 40 F & 98.96 / 24.04=4.11 mg/m?

®) Agency for Toxic Substances and Disease Registry

@ Dutch Expert Committee on Occupational Safety

®) Scientific Committee on Occupational Exposure Limits

® Organisation for Economic Co-operation and Development Screening Information Data Set
(™ Provisional Peer-Reviewed Toxicity Values (PPRTVs) Assessments
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132

B E OB U A 7 WIHFEE (2003) (BREE Y A 7 FIHAREAN (2003) &HE) . NESRM
LEFES TERICEKGEME (22 (2008) L 1%) . () RS FEARE AN AR (L2 E

OWHIY A7 FEfE (NITE® (2005) £WE) THhoiz,
£1 1, 2—-2/00T4 0OOBBROFERIPARCEICETIEANOEENFTMER

FRAGBEES -
F
Z v 138 .
ATSDR draft | IRk G | Bigofx ko | SOAEL Intermediate UF 300
(2022) Wk US NTP | A kfd ik osmn | 28 MRL (LOAEL /1 3, iz
(1991) mg/kg/day 0.2 mg/kg/day 10, fE{£7= 10)
lelis-2 1ok
US EPA _—
_ _ ~ £ RfD UF 10,000
fzpo'ig;/s Al £ Al £ AL 0.006 (UF DR ki & LT )
mg/kg/day
UF: 1,000
(LOAEL /M 10, =B
- [ 10, iz 10)
BHHEY A2 R R T PN T
Y AT EhS EhS EhS ooss | (kA - 0.000024
(2003) m Ikalda mg/kg/day A5, HiIFK :
grkgiday 0.00017 mg/kg/day i)
MOE (#1kk) 2,400 #A
(M T 7K) 340 #8
Z > F 90 H | Bl O AR
P [saMlRE R | XPEROHIM, | NOAEL TDI UF 1,000 )
(2008) e - ~NEZBErD | 375 0.0375 (7= 10, fE{A7 10, R
Daniel etal. | J8/>, M Mk#x | mg/kg/day | mg/kg/day BRI 10)
(1994) DN
b MEER OB R
0.000028 mg/kg/day
NITE (2005) | [k AL i BREET UF: 500 (f 7= 10, &7
10, #ABRIIH 5)
MOE 1,300,000

ATSDR draft (2022) Ti%, USNTP (1991) @ v b 13 #HFHEKE GRBRIC BT 2 B

kM OV B B OB N Z F84% & L C LOAEL® % 58 mg/kg/day &

==

AxX e

L. ARk (UFA9)

300 (LOAEL i/ 3, fz= 10, A= 10) Z#H L. # 10 intermediate MRLMD & L T 0.2
mg/kg/day ZHH L T\ 5,

US EPAPPRTVs (2010) Tidk, @M 2% 309~ 2 72 O D1 ) 7o m MRS 035 v /e )

ST, e

RBETHDT v b 13 HEEOKE LGB US NTP (1991) @ LOAEL 58

mg/kg/day ZE:H L. HIEMEOE E RfDID% UF3,000 (b k& ME 10, fiZE 10, 77— R
J& 3. LOAEL fffH 10) TR L7z 0.02 mg/kg/day & L7z, 184 RfD % #{84: RfD @ 1/10 (G
BRI 10) & L TR 72854, UF 30,000 2t v 352 L2 5DM, T ORMEFEEITI
BWEMTHDHZ LMD, UF DRKRETH S 10,000 2 H L TERIEZZEOE E RfD %2 0.006
mg/kg/day & LT\ 5%,

) National Institute of Technology and Evaluation
© Lowest Observed Adverse Effect Level

(0 Uncertainty Factor
(1D Minimal Risk Levels
(12) Reference Dose



133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154

155
156
157
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161

BRET U A 7 WIWIEEAE (2003) TiX. USNTP (1991) @7 » b 13 # MK 5 BR 515
A7z LOAEL 58 mg/kg/day (@D EHEDOHIM) NMEFMEDH 5 IR ETAH LM
RCoh s LWL, UF 1,000 (LOAEL 10, BRI 10, F2 10) TEr L 72 0.058 mg/kg/day
b MBI 2 EEEEF L L THRMA L, ERPAZEZIERE L L 2003 FOFHfE T
X, b hoOEHFEEREEEL L P THIRKEEE (BOBK : 0.000024 mg/kg/day A, HiFAK :
0.00017 mg/kg/day Aii) TER L7z MOE 1%, fCEHK D355 13 2,400 8. # N /K OSE 1% 340 48
ThHhoHIED, RAOBRBICIHREY 2271250 TIE, BFEA TITBERINEICSED 578 EDfE
EFMERNE LTS,

RB4ZE (2008) TiX, Danieletal. (1994) ©Z > K 90 H [ 5R#E 0GB COE - T -
MO EEHME I~ mEy ~~v 87 Uy MEDORED Zf51E & LT NOAEL % 37.5
mg/kg/day & L. UF 1,000 (ff7= 10, fE{AZE 10, sRABRWIK 10) 2@ L CIHERNABmMEEIE
=L LB A DA — BIERE (TDI®) % 0.0375 mg/kg/day & B H L7,

NITE (2005) Ti%, Daniel et al. (1994) ®Z >~ k 90 H [H]5R#E 0 L3k T O B g & ORF
TEFE I EE O, ~E 7 v oD, /MO Mz EE & LT NOAELWW %A 37.5
mg/kg/day & L7z, Z® NOAEL Zt MEHE lkg H7-0 O 1 HHEERDEEE 0.000028
mg/kg/day Tk L 72 MOE % 1,300,000 & % H 41, UF 500 (&7 10, A2 10, 3ERHIHE 5)
I BRENZEDNDIERPAEEZIEEL L, Bt 1 HffEBRETHILE, 1,
2—VZnuxH it MERICERELZ RIZTZ LT R0nE LTS,

(2) WA

W AR X DIERN A OWTEEFHI 21T > TWedid, % 2 12777 US EPA
PPRTVs (2010), BREEA HREBREFHRS AFRKIGEDE IS »0 DL EHME (HBRE 2006
L) . NITE (2005), 82U 2 7 WIHEEAE (2003), K[EpEEAAEFEMNZSHOLFEWE OFF
HIREME EWFNT=42Y > 7 OfRE (ACGIH® 2001 &), WHO FRM His & K&
HA RZA4 > (WHOAQGE®O 2000 &), HAMEER A RS (ERFE 1984 LK) Th-oTz,

£2 1, 2=2/00TI 3 VORABRBOEENAZEICET SEANOEENHER

i i BS
A4l S - mir—y | =vieReoh | NOELT T g s
REA
. 3
it GGT fi VD Lo BMDLisp : 130 mg/m
S
5o k12 A A | (ammagluamyl oo LOAELkec : 22
o transpeptidase) ® 3 : -
AR FBL— o — W RIC mg/m? (Kozik O£
US EPA Spreafico et al. p - u (Kozik 0.007 )
PPRTVs (2010) | (1980) (1957) s UF : 3,000 (F&7% 10,
ERN/PN Y b lpFRE R o | LOAEL 22 g F—HZFE3, kb
Kozik (1957) oy w | mg/md & A 51 10, LOAEL
N FE 1 10, BB
FEAR 72 & 10) ) i’

(3) Tolerable Daily Intake

(1% No Observed Adverse Effect Level

(15 American Conference of Governmental Industrial Hygienists
(16) World Health Organization Air Quality Guidelines
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172
173

RRARISB - . © rems g NOAEL / .
FAE - mur—5 | =viaerr | O  mm %
HRIE
NOAEL
z%‘/ﬁ}}zﬁﬁaﬁ[ﬂﬂ 50 ppm 0.42
. wE (50ppm D 1 | GEliER~DRE | (200 mg/m?3) : UF 100
B (2006) | ) 2l gk | "™ | s 0. HkE 10)
Cheever et al. (1990) B 42 (0.1 ppm)
mg/m?)
_ v MEER AR E
waﬁ MR2DABA N AT NOAEL 0.0011 mg/kg/day
NITE (2005) gp“reaﬁco et al LDH, AST{XT | 10 ppm FERT | UF 100 (FEZ 10, f@A
(1980) ' e (41.1 mg/m3) K7 10)
MOE 5,800
UF 10 (i 10)
NOAEL B MIEB | B b FHRKRERER
- . 40 mg/m® oM | (BRBE : 0.0027
A ICTE L CREEHRILT | fERS% | momd. S0 ;0012
- . 8.3 0.83 mg/md)
mg/m?3) mg/m?3 MOE
(B&5%) 310, (M) 69
v MR &KL MR TLV-
ACGIH Brzozowski et al. HEV, HJIMmEK TWA
(2001) (1954) PoOREME, M | DR L 10 ppm
Kozik (1957) R ~DRE (40
Rosenbaum (1947) JFEE mg/m3)
&Y 6 AL ED
NN NOAEL ,
WHO AQG Spencer etal. (1951) | Pl % ER4LAL | 400 mg/m? (()671?9/ m é; 4;1%(;)9_ B E
(2000) Heppel et al. (1946) | =21k LOAEL ' Y
Hofmann et al. 700 mg/m3 ppm) )
(1971)
. N
bR AR %Fﬁﬁiwm
i %%vg% (1355) i R TR
P LN S =g 10 ppm
(1984) Heppel et al, ?E]g?j ﬁ;‘%iﬁ%g AR L (40
(1946), Spencer et %HH%J:HZ%H}H@’E mg/m?3)
al- (1951) PE, BB

US EPA PPRTVs (2010) Ti%. Spreafico etal. (1980) ™ Z » bk 12 AW ARER2 S | #ED
GGT fii (Gamma Glutamyl Transpeptidase {&M:Al) & H & — s 7 — #1233 T BMDL;5p
130 mg/m?3 % >R b 7=, @i & (A IE L7z & M5 BMDLisp vec®®13 27 mg/m3 & & X7z,
—Ji. ZOfEIE, Kozik (1957) O L=t bR ATRKEZRFE R 54 517z TWA LOAEL
61 mg/m?® (16 ppm) 72> HHE H L7 LOAELnec 22 mg/m® LRI TH D Z &b, REMIC
LOAELwec 22 mg/m® (9ZEH L, UF 3,000 (F— ¥ A& 3. & D4 10, LOAEL
10, FABRHAR 10) TR L7z 0.007 mg/m3 % & RFCAO L L7,

HERSE (2006) Tix. AHFRRIGEME 1D D HEFHEORFHIEEL, 1, 2 —Y 7R
TR OANTAR D IEIN AMELIA D EMIZ OV TIL, Cheever etal. (1990) @7 v b 2 £ AGK
B (0, 50ppm, 7 WEfE/H, 5 HAE) ZHMH LY XA 75l 21T 2 D@4 ThHhH E Lz, T

(7 Benchmark Dose Lower Confidence Limit
(18 Human equivalent concentration
(19 LOAEL#nEc = TWA 61 mg/m® x 10/20 m3(FEW. 5) x 5/7 days = 22 mg/m?
(20) Reference Concentration
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v b DOFEEES ~DRBENFRD BV Do TR 50 ppm (200 mg/m®) % NOAEL & L, 1 Hif
for A iR B~ DOHEAECY 42 mg/m® 12 UF 100 (FfiZ= 10, fE{K7E 10) Z @M LT, B AL
DA EMEIAR D GG 2 0.42 mg/m3 (0.1 ppm) & &R L7z,

NITE (2005) CiX. Spreafico et al. (1980) @7 » |k 12 7> A MW A ZZERBR I 1T 2 IFdEE
ZoRTIE /ST A —% O & FEE & LT NOAEL 10 ppm (41.1 mg/m3) #8H L7z, Z Ok
BRIZ7 BEE/R 5 AAECEMINTHY .7 > M1 HFENE 0.26 ms, 7 v b F¥J{KHE 3509,
WU 100% & L C 1 HIfEEWABIEICHE 35 & 6.4 mg/kg/day®? & 705, Z D NOAEL
B2 v MATE kg 720 O 1 H#EE R AR 0.0011 mg/kg/day TPk L 72 MOE I 5,800
EHEM S, UF100 (FEZ 10, fEAZ210) L0 b REWZ EnD, FERDAFBHEEFRIZEL L
7784, FERl HEERETHNIE, 1, 2—Y7unx & idt MEEICERZELZ KT
T EIE W EEET LTV D,

BRBE U X 7 #JIEEH (2003) Tik. Spreafico et al. (1980) @™ 7 » k 12 7> A R AGRER D 5
35472 NOAEL (ALT L5, LDH K ONASTIR Tl ERA bl H&E) LIERED
EFFEICB T D e h~OFENLE LN NOAEL (PR, MRIEIR 72 A B m
ST ) 1332 40mg/m3 TH o=, B ORI 1950 ERO LD THDHZ END, T
v NORBLAZEFEMED D LW L. FEFE AREED NOAEL 40 mg/m® % 1 H e & i iR LI
B L7- 8.3mg/m? ZMEHEMES L L CHRA L, $Mick i) 2 EEMEED 1/10 TH 5 0.83
mg/m3 &t MIBIFDEHREMERESL LT, b1 HPHRKEAZRER (REBEERKT
0.0027 mg/m3, =|MHNZE4K : 0.012mg/m3) TH#| -7 MOE (%, —#kEEHi K&RIZHOWTIE 310 &
HE, MARBICEDHFEY 27 2O TEHFS TSI M E RN E LTS, — 7,
FENZEZIZOWTO MOE (X 69 EHEHEINZ 06, @EV A 72O TERINEICE
OHMENHDH E LTS,

ACGIH (2001) Tlt, 1, 2~ 7 nnxd L OMEREICH T 10~37 ppm TIEH:, 0t
XQ. HEV, BMEREORY (Brzozowskietal. 1954), F7. FH 16ppm LLF (F4112 30
~50 ppm) THIFEFR~O A EIEM & AFIR% OHRE DR (Kozik 1957), 25 ppm % 2 720) 5
MO BT CTH 2 OMREZR~DEE (Rosenbaum 1947) A b7z & DWE NS, TLV-
TWA®9) 10 ppm (40 mg/m3) Z#)# L T2,

WHO AQG (2000) Tid. & bk DOHAFZE THAARE R K OMFIE~DEEN LN TWDR, T
—ZBERHALTEY LOAEL X° NOAEL 2 b7 E Lz, EhiOafse Tl HEHoRER
At O (Spenceretal. 1951, Heppeletal. 1946, Hofmannetal. 1971)7>6 ., 6 2>H ML Lo EH#]
i D W 5% 85 5B T D BEAR AR 00 2 b (TRRG M 2 £F © ITHIIa IR IEAR  BEFE7R L)
23700mg/m3CL EOHECTHA LN Z &5 LOAEL %#J 700 mg/m3, NOAEL % ) 400 mg/m?
E LTz, BT — 25— THERA~IMET D720 O UF (X, 1,000 A@EYITHDH L L, TDOH
HELT, MBRICE > TREHMMNIETIETHDLZ L, T—FX—2DORH, b MIB
THEOENLV NV RERTERNILZHRT WD, MRkE LT, HEieaiE (FHRFH 24
i) OHA R A & LT LOAEL 700 mg/m3 # i & L72 0.7 mg/im3 2R LT\ 5,

@) 200 mg/m? / (24 K§fE/7 B x 7 A/5 A) = 42 mg/m?

22 NOAEL O#aBHfE=41.1 (mg/m®) x 0.26 (m*/ H FEUE 7)) x 7 (RFfE)) / 24 (e x 5 (H) /7 (H) x 1.0 (WIL=R) /
0.35 (kg {RE)=6.4 (mg/kg/day)

3 Threshold Limit Value - Time Weighted Average : 1EZE BRI RIEE
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PERTEE (1984) Tlk, MBED 1, 2—VY7unx X U E2WALE MC, BREMEA. IF
T, BEMEN A DAL, FEEHI S MG STV D Z & (Browning 1965), FEERENY Tl E e
W AN CHFH IS ORERAZEME, B IRME Bl DM, oA oniz2 b, 4~6 7 H
DRI B Bz Tl ¥r/1 (100 X% 200 ppm) , 7 % (200 X% 400 ppm) |, E/LE > ~ (100
ppm). 7 > bk (100 XI% 200 ppm) . ~ 7 A (100 ppm) ([ZEEITH LN -72Z & (Heppel
et al. 1946, Spencer et al. 1951), RO LHIZL DT v RO~ 2D R AJFHERER (US NCI
1978) TIXEMICE W CTIEIESEESBRE SN2 EE0REEZZE L T, BHEFFEEME 10
ppm (40 mg/m®) ZHELE L T\ 5,

728, ATSDR (2001) Tix, MEOAM L ORI AGER, &% 0% 558k O =g < H
o Tl IBAE % 5 T d idats | 23 BRAR A O b 3 2 L7 v o 72 50 ppm 2 NOAEL & |l
L. UF 90 (Ff7=3, fEl{A72 10, ¥ — & X—Z2DR i 3) T L., WA MRL % 0.6 ppm &
L TW/e2s, ATSDR draft (2022) Tidk, A2 1 HEORBRO 72O MRL & HIZIEA
EHIBT L. MRL 25 H LT\,

1-2. HHIAAFE

(1) F25 APESY K

F 2R PR B K D FE DS A5y HE M OVEMEFEAT OB ZE 22 R 3 1TRT,

1, 2—yZunxZ L, < OBBICBWTE Mot L TRBAED AN S 5 &
M STz, TARCPOTIX 1979 EICT — X B L B o — 41, 1987 FEI2 2B I &7z
(IARC 1987), US NTP (2016) 1%, & MIXT2RBAMENH D L AEMICTHEINIWE
& U7= Il (USNTP 1981) Z#ERF LT\ %, DFG MAK®® (1992, F&23 A0 HA1% 1989 4=(ZFF
fili%Zki), EUSCOEL(2016) T, AME X BB DO 2 WERHER B AMEDE THLH L LT
72o —J7. ACGIH (2001) (%, A& EHIZ LD T v AR~ T ZADFNAMRBREDIR L L2
T—HIEDH LN, BRBEREVELRD e NEEBRARZEIZL DN AN O TIEREMAH |
BENAMEZR TR T RT =N N2 D A4 (B MIHTHRENAMEME & L TiInE
INRN) ITHEL TV,

#®3 ELBEIZLB1, 2—CHO00xTs8 0HERIF|AESE
MRS - FeRAE Ve SS¥EEE

IARC (1987) 2B b MIK L TRNAMEDD D AREMEDNH 5

US NTP (1981) R b RREBAMERD D ESHEMNIC TSN D WE

EPA IRIS (1987) B2 b MR L TRNAMEO AEEMEL &V

DFG MAK (1989) 2 b MIH LTCRBAERD D EZZ N WE,
FEMT RS (1991) 2B ML TERLIERAERS D LT 2WE
ACGIH (2001) Al t MIXET2RBAMEDE & L THEINRN

EU REACH (2011) 1B t MZXF L THAZSIEEZTHEERH D
NICNAS (2013) 2 NAEBIEEZTAREENH 2WE
EU SCOEL (2016) A BED 2 W EERHEERDADE

24 International Agency for Research on Cancer
(25 Deutsche Forschungsgemeinschaft (DFG) maximale Arbeitsplatz-Konzentration (MAK=Maximum Workplace

Concentration)



244 (2)®&%0O
245 EAREICEDENAREBICOVTERNFFMEZIT > T2, £ 4 IR TREE
246 (2008), BREEE(LFE OBRE U X 7 YIIRHE 5 3 & (2004) (BREE U A 7 11T (2004)
247 EWE) . EHEKEEMED RE L (2003), WHO GDWQ® 07z D 5kt (WHO GDWQ
248 (2003) &£ %) . WHO CICAD®@) (1998), CEPA®® (1994), EPA IRIS®? (1987)Tdh » 7=,
249
250 ®4 1, 2—2/00I8 v OROBBOELNAKICET SEMNS O ERF
FHADHES - FEAG - B B
f%,fﬁ *E%; T %]\ﬂf/f N AT - B i lljoxo;

7 v 78

i GiR=| i " . . )

%@Eﬂ ;;gﬁ}fﬂg BB 7 AN R DR A Y A G

#9275 (2008) Fe I8 JME %a:jab‘ 2 1 #& 0 SF 6.3x102 (mg/kg/day)! 0.16
LB US (). 3L URA7 L~UL 104, 105, 100 I2F% 92 | pg/kg/day
;’\ICI Py (m‘) fEHE 1.6, 0.16, 0.016 pg/kg/day
(1978)
é%g;ﬁ;f o 1 A P e EPA IRIS IZ & 5% 1 SF 9.1x10°2
wnms | SF) (mg/kg/day)t Z R, U A2 L~ 100
%ﬁi/\,'ri DYEFEIL 0.11 uglkg/day., 1 X BREEE/

SR (SF) M~ A T | JEAAIC XD TDoos 6.2 mg/kg/day % £7
o fa2s A, MESUE | H

BREE U A HI#F " .

(0o 7B | = 22| BRI - e 0 TR A R85 5 0.16 ou
g | MEY DA A | pglikgiday LI 0.17 gikglday ifiz» £ 5 Ha/kgiaay
et | B MR | H LA BRI A 15 X100, EPI -

- T MRAE . FLIR | 2.6 X105 LA F 2.7 x10°5 i

ET;Doos) RS A FEN | HIT K- O T 15 K &R 4.0

US NCI [ R U — | pg/kg/day 70 B EH L7723 Al I8 4 =R

(1978) 7 - P (TDo.0s) | 3.6 x104, EPI 6.5 x10°

7> h 78 CNF AT =BT NN EHNTERENAY

MK | #rE o/ L Z 27 3 % 0 SF 6.3x1072 (mg/kg/day)?
S 0 2l S g HA&ES | B A, M U A7 L-UL10° Off I 0.16 pg/kg/day

B H Y

gf%{;@gﬁ@ﬁ FRAME | FICBT DM | #OBK UR 2.5x10°5 (pg/L)?t 01/6k i
HERUS | BHIEGRE). 7L | (R AKESOKg, 1 HOfOkR 2L L | HOKOCAY
NCI RS A (ME) 7E)

(1978) KEEHHEEE 0.004 mg/L IZF%E

A A3 WL BT T L

B~ R #& 11 SF 9.9x10-3 (mg/kg/day)!

78 1 [ i@ VA7 L~UL10° OffiE 1.0 pg/kg/day

WHO GDWQ iR A & A RIE (k) OB K UR 3.3x10°7 (ug/L) ™ 1.0

55 AR (2003) B3NN 5 (AT 60kg, 1 HORARE 2L {7 | pg/kg/day
R US )

NCI UR7 LU 104, 105, 108 (2% 2
(1978) FCBRK R B 0.3, 0.03, 0.003 mg/L

(26 WHO Guidelines for drinking-water quality
@1 WHO Concise International Chemical Assessment Documents
(28) Canadian Environmental Protection Act
(9 Environmental Protection Agency Integrated Risk Information System
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&
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NG P N R 105

& - LM - FHH 5k X
Se4E 4 k VR7
Z v b AlE
YRR
AR OILE A
CICAD . ~v A $UIR | CEPA (1994) & Ak 72 k& W T 1.2~6.8
(1998) B2 Ao, A TDo.os % 6.2~34 mg/kg/day & %t ng/kg/day
M, 8
PN B ) R P
Je OVl B0 5
B SR
SERBREC X RIS 0 L 7=t BR D 7
—Z BB, TROEN - ZERED
T2 xRS L, BB TH
CEPA % 104 B TOEROFAERICHIE L | 1.2~59

(ECHC 1994) LT, 5%DERRENAY A7 FOME | pg/kg/day
(TDo.os) % 6.2~297 mg/kg/day & i Hi
HE B R R (0.43~0.70 pg/kg/day) 75
FHH Stz EPLIE, 1.5x10°~1.1x10*

Time-to-death analysis % i\ 7= S~ L

S F AT — D F LT £ B I
%gﬁﬁi SF: 9.1x102 (mg/kg/day)
v r U A7 L-UL 105 Ol 0.11 pg/kg/day | 0.11
N AU =S
EPAIRIS (1987) ift?ﬁﬁ? M B P CHE) K UR (e AR 70 kg, 1 H OAK/KE 2 | pg/kg/day
el L & {0iE) 2.6%10°6 (ug/L)*
2 -4 5 6 )~ FH M4
(1978) URAZ7 L1104, 105, 108 12/% 5 5

B K DR IT 40, 4, 0.4ug /L

B4 (2008) TlX. USNCI(1978) I KD T v b 78 MM Oifl#k 0 &G54 ¥ — 2 ¥

SICERA L. A ORE BRSNS A, MAE RIE R OFLIR DS A DR ABEE O & — RIGT —#
WZEDNWT, BEETNVIZEDEENRAY A7 OEEWTFMAIT T2, TORR., YEMED
M A SF % 6.3x102(mg/kg/day)! & L. 104105, 10 DRNA Y A7 L& ZNEI 1.6,
0.16. 0.016 pg/kg/day L HH L TW5D,

Bi U A7 IR (2004) TIiX, BOAAMEICOWTEBIEZR LERHRE LT ADSF & L
T, EPA IRIS B D 9.1x10? (mg/kg/day)! 8 H L1z, ZDfidS# & LT EPI H I HE
& 725 TDoos (22O T, CEPA } O} CICAD %% USNCI(1978) D~ 7 A % A 7= ik 12
FESERM LN R 2ME2 B LT TDoos 6.2 mg/kg/day ZHH L7, #EIK - B %8
B9 2856 O TRl Z&EE 21X 0.16 ug /kg/day UL E 0.17 pg/kg/day K TdH V. SF 9.1x1072
(mg/kg/day)! 7> B R D 72 AJEO DS Aol IR A H 1T 1.5%10° L7 o7, £72. TDoos 6.2
mg/kg/day MR T2 EPL 1 2.6x10° LLE 2.7x10° Kiif & e o7, HITFK - BRMEEBERT 5

GO TRRKZZEIT 4.0 ug /kg/day TH Y, AFEORABEIFEAEZRIT 3.6x10%, EPI
6.5X104 Elpol, BEIRARKOEPIOMENS, 1, 2—YZ7uenxH 03, [HFRINERD
PR 24T O MBEOH DA E LT D,

E%%KE%@@%@L@M)?@Jmmmwm)@?yk%ﬁﬁﬁmﬂﬁﬁ%%%~
AAT AL, HEORTE TOREMAES A KON, B, Rk, 5. EENCET S
M PEDFAROHEMN, MEOILARD A DFRAEROBINIEL SN T L F 2T — /%Tw%
W38 A0 A7 G5l 2 9406 L, FEBIEZ 0.004mg/L & L7, 72, T OFEMIL, ALE
(2008) 12, [=NFAT—VETNLEANEENALY AZFHMIICE Y, O SF 1% 6.3X102
(mg/kg/day)!t, #EIK UR2.5X10° (ug/L)! (BARE 50kg, 1 HOFOKE 2L &E) . @R



275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311

312

FNAD AT 105 DBEOEEIKT O 0.004 mg/L Z/KEEHAELE L THE] Lii#ls
T,

WHO GDWQ (2003) Tix., USNCI (1978) ® 7 v k 78 HEORE O F G R E X+ — A X5
AR L, A ONTZMEREOT —ZIZES3&, Mg~V T AT —VETLE N,
0 SF % 9.9X 103 (mg/kg/day)!, U A7 L UL 105 OfEIL 1.0 pg/kg/day &R L=, £72,
FICEEK O UR 13 3.3 X107 (ug/L)! (AR AKE 60kg, 1 HOBKE 2L EE), WEIHENA Y
AT LaJL 104, 107, 10 ISAH 297 2 ORPK PRI 0.3, 0.03, 0.003 mg/L IS4 % & L
TWo,

WHO CICAD (1998) Tl&, LLF® CEPA (1994) & [FAEDRER, [ D 7k E W08,
TDoos & 6.2~34 mg/kg/day &HH L7z GREIFHEAAY X7 10° Ok A HEIL 1.2~6.8
ng/kg/day) .

CEPA(1994) Tix. 1, 2—Y7uonx & oo 18 ABOBHKEAFKEGICLY., T F Tl
ATE QR B A ., Fldas O M RIER OFLRIR A ~ 0 A TIXFLRIR DS AL FFRI AR 23
Aoy - PR EE PRI R KONl e /A & S MR 0D 36 A SR 3 AT B (SN U 72k Bl in %, ek BR B
IR Sl L 72 thikBR 07 — & BN L7, iz, T v N RO~ w7 2 0@ H
ETCOREEMIFELY bEho/oZ b, I OEEREN SR LT 5 2 T,
BN ANED E BRI AAT > 7oo XA DIAERZIERER 225803 AUBR I (104 J8) THIE L.
VIVTF AT —UET NEEA L CREI L2 AR ELED 5% E 72 588 0 H &G (TDoes) % 6.2~
297 mg/kg/day & B L7 GEFEPFEAAY 27 10° Of% 0 HECYIX 1.2~59 ng/kg/day), —fi%
TR 1 HH7- 0 OHEERIBEEE (0.43~0.70 pg/kg/day) 75 i8S U7 EPIGDIL 1.5x10-0~
L1104 CTh o722 &b, S%OMROERNAN ITIE~PRE L LT,

EPAIRIS (1987) Tix, 1, 2 —Y 7 mrux X UfROZEIZ K DHMBAITITEMER 720 LK
7E L., US NCI (1978) (2 X % Osborne-Mendel 7 v b 78 [ o s@lRe 0 #5388 (0, 47, 95
mg/kg/day T 5 H) 2% —ZX &7 ¢ \[ZEA L, HEOMIR, T, 8%, W, 5. BN
BUA2MERNBEORAREOHE - NIGT — X2 T, HEET /L (time-to-death
analysis) Z#H L CHBA Y A7 OB ZITV, (KA EREZEICB T 2MEIRRLALY X7
EREOE Lz, TORR, ROAv—77 7 7 Z— (SF®) [ 9.1x102 (mg/kg/day)". fEIAK =
=» FURZ (URGY) |E 2.6x10° (ug/L)"' (FAKEZ 70 kg, 1 HOBKEZ 2 L &{RKE)
LR ZOMEICESE, BEFENAU AT E 104, 105, 10° & L=5E OME K o E
X, ZAEI 40, 4, 04 pg/L EHEH L, 7238, SF 5 10° O Y A7 ZHHT 5 & 0.11
ng/kg/day® L B X5,

(3) WA

WANZRFEIZLDENDAEBIZONWTERIFMZIT> TWeDlX, & 5 2777 DECOS

GO AJED N AMBRIFEA D 5% & 72 D M &

GL RN A Y 27 107 DA H & (ug/kg/day)=TDo.os / 5,000 x 1,000

(32 Exposure/Potency Index, EPI : ZREE & AEJEDO N A BFEIFEAERN 5%E 725 i (TDo.os) THR L7

(3 Slope Factor : {7 B EE2EO(LFEWHE % | HAEEICDT > TEIRLZGEOBEIFENBA Y 2 7 HEEH

(4 Unit Risk: HL B FEE THIEICDI > TRE SN2 & SIS D & Bbh 2 K€ OREFERE O 2 5 R
(3) 105 / SF(2.6x10 x 1,000 = 0.11 pg/kg/day



313 (2019), EU SCOEL (2016), 7 7 » ABREL 57 f# A= 22 2T AFSSET®® (2009), HER%E (2006),
314 WHO CICAD (1998), EPAIRIS (1987)Cdh - 7=,
315
316 £5 1, 2—2/00I 3 VORABBOENALICET SEANOEETH
P At
« -5
M i — 5 = R#A Y b AP - BHB o
RRE
BMDio : 366 ppm (4 x 10
. -3 3)-1 5
DECOS | ~ 7 ABABAMERE | i~ v Aogjp | R LO3X10° (momy" )P Y %
(2019) Nagano (2006)* W (K A) HBC-OCRVs : 3.18 x 104(mg/m?3) 7
g v A0 LERIIEE R LD 22 L | 126
~L 4 x 105 D 1% 0.126 mg/m?® pg/ms3)
BMDpo : 37.§ ppm
EU Sy AN A JEE SR ﬁtﬁ? v M)%L{Hy% V5B 5L L 72 BMDwo 1 3858 | | o
SCOEL Nagano (2006)* NEYEs (FIRNEE + ppm. Lg/m?
(2016) il Ji i) AFEFEERBLIEKOY 27 L
L 10°° O : 0.00386 ppm (16 pg/m®)
AFSSET F v MRABASRIERER | M T » b O F R | BMDiolos : 40 ppm
(2009) Nagano (2006)* 5% i 1IF. BMD1oLosaps= 40x6/24x5/7=7.14
(R 725 A+ BRBE+ | ppm (29.3 mg/md) 3 pg/m?
R R ) TRV = 0.1/29.3=0.0034(mg/m?3) 1
Risk of 10 = 3 pug/m?®
BMDLio : 22.0752 ppm
. S LA A B ﬁlﬁ\z v bk @#Lﬂﬁ M IE BMDLlo_(HED) :232.0752 X4 X 16
(2006) Nagano (1998)* S5 (WA A+ (6/24) x (5/7) =16 mg/m Lg/m?
I -+ HRAERE) | UR : 6.3x10°8 (ug/md3)?
UAZ7 1YL 105 O 1.6 pg/md
GIRER2) R ;3
DS A KON Y
JEHERES » B). | . b e 5 .
Who 5y MRU~ DA T8I | ABaiA (7 | DRSBTS 5% S
. o3 ) i 2 (TDo.os) 6.2~34 mg/kg/day % 3.6~
FﬁﬁgﬁfﬁUﬁD&'ﬂ—*%ﬁﬁ‘hﬁ > ]\\ '7'7})\ =S ol {E ) Jon
CICAD o TP (e~ W A e 8 U EE (T U 20
W) ~ 517 % ~ 3
(1998) US NCI (1978) 2y, W (e~ U /7r\n37 L~UL 105 12K LT 3.6~20 | pg/m
v =), FeEnm | H
(M~ ) OM
A
= . . . & 10 SF 9.1x1072 (mg/kg/day) ™ & W A
EPAIRIS éé%ggfﬁfzfgw‘m MRIBAEIC 1T 2 | AR TORINERE 100%E L THRE | 0.4
(1987) US NCI (1978)” 1.5 A e (1) % A UR 2.6x10° (ug/md3)L pg/md
VA7 L~UL10° Ol 0.4 pg/md
317 * 1 Nagano (2006) 1%, 1998 4E D RERHE# (Nagano 1998) DINE & 2006 I CE LTAELTZHD
318  Ths,
319
320 DECOS (2019) Ti&, Nagano et al. (2006) ® 7 > kT~ 7 ADWAZRE D AL O
321 2B, B FDIMNFEERDH D EBEZ DN OHREL T, IVIEHENO AL~ T 2D
322 JRAS A ZE L, = OFRAEMEIZ BMD £ % H L BMDio366 ppm &K 72, Z DD H R
323 7= UR I3 1.63x107 (mg/m’) ! L FH & du, & hOJBEREICHHTE (1 A 8 Kefl, # 5 A,
324 i 48 WM, 40 4FR5@) L7-EEANZSRIC UEBMERZBICLDIBN/AT A7 HBEC LT
325 HBC-OCRVs®® (X 3.18 x 10*(mg/m’)! LR L7z, ZOFER, 40 FRRERZE L-RD Y X
326 7 UL 4x 105 OfEE 0.126 mg/m? & HH L7z,

(36) Agence frangaise de sécurité sanitaire de 1’environnement et du travail (AFSSET)

20104E 7 H 1 BIZ 7 T v A B MEEL ST (AFSSA) L & 0F L, 7 T v 2 & ML BRES 97 @5 42 22 2 7 (ANSES)
&) HBC-OCRV=1.63x1073x 40/75 year x 48/52 weeks x 5/7 days x 10/18 m3 =3.18 x 10* (mg/m?)’!
(38 Health-Based Calculated Occupational Cancer Risk Values
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327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358

359

360
361
362
363

EU SCOEL (2016) Ti%. Nagano et al. (2006) D 7 > kKN~ 7 A DWW ANZTEMN A JRVERER
DOL, WAt FRAEEEZ R L, BAEBERERT — 2B TWMT v N OFLRES 4
BEL, BBA, BRIED D OITERHEIRIED W < SOl G bR 727 — % % VT BMD &
ZEMH Lz, 2095, f&b/NSV BMDy &7 L7 IRIE + SRAERIE DML & D0 B 15
AUTME 37.8 ppm & VT, F@IEREICHEE (1 B 8 KffH. 4 48 WM. 40 M7 fE) L7
BMDjo @ Z3Rb7-, ZORER, BERBEICELDY A7 LU 105 OfEix 0.00386 ppm (16
pg/m’) EEH I,

AFSSET (2009) /%, Nagano etal. (2006) @7 » FW AZGEN AJFMERER (1 B 6 FefE], &
5H) ZERL, MEOAMMEE (IR A + IRIE -+ BRHEMRIE) ORAEHEORR T —FIT
BMD %% 3 ] L. BMDioLes®0% 40 ppm, #fi1E BMDiolesaps®V% 29.3 mg/m3 & L. #HMS
PR (TRV®©2) 0.0034 (mg/m3) 1 &R, 105 DU R 7 L~ULb % 3ug/md & HH L7-,

HEREE (2006) TiX., 1, 2 —Y 7T X 4850 AN T Nagano et al. (1998)
&b Zv M1 H6KM, 5 H, 104 HEERAZEE L7 AR T 2 o FLR
FESEE (BRAS A+ RIS + SRAEIRIE) DORAMEOFRKET — X I F~—27 F—Z (BMD) ik
ZMA L, BMDLy ®® 22.0752 ppm % :kd7c, 7> hOTF—% %t hOFR%%HE (BMDLio
HED®9) |ZHa% L7-1E 16 mg/m3 2> HH H &7 UR 13 6.3x100 (ug/md)t & 72 1, 2 -7
nuexTHXUORNAMEICERED Y A7 LoUL 10° OfEIE 1.6 ug/m3 L EH STz,

WHO CICAD (1998) TiZ, Ak (BRAOESM) OF ik TR L7z TDoos 6.2~34 mg/kg/day
Mo, VAT EBETX5LEN5 50004501 (VA7 105FY) o MEEJTE 1.2~6.8
ng/kg/day %, ZEX T OREICHE ((KE 60kg, M & 20 m¥/day) L CTHEBAY AT 105D
W NI E & 3.6~20 pg/m3 LR L7z,

EPA IRIS (1987) TlX. Reitzetal. (1982) Dk A5 K OB AR DEERITIWN T, MRk
TEELRTRE O BICED R Dot REINTNDL I e, WAZRETO
WL % 100% EE L7=, US NCI (1978) DT v b & W=k o &5 B A 57 i
EWELZ T RARA > & LZREE SF 9.1x102 (mg/kg/day)! 2 AfH L CRKD7/7= UR %
2.6x10° (ug/m?)t & Lz, E£72, 105 OAFERFIFHESNALY A7 T 51, 2—Y/nr=x
B2 DRKPEEZ 0.4 pg/m’ E3EL TV D,

1-3. BERAOMESICK5BHESE

ENO— B, FEERES BT 5 KRA-SOKOEEE, fEEHE. B EE o 3= 72 il
IZHOWT, X6IZEE DT,

®6 1, 2—o/00x32 OERAOHESICK SRHIE

(39 7B BR BT 12 FHHE L 72 BMDio=37.8 x 6.7 m3/10 m® x 75/40 years x 6/8 h x 52/48 weeks = 38.58 ppm.

@0 =GN &[4k (France ANSES TH W 5412 BMDLio & [FlEFE

@0 ZLFERERTIZ X 2 FH%E © 40 ppm x 6/24 h x 5/7 days = 7.14 ppm = 29.3 mg/m>

(42) Toxicity Reference Value

43 BenchMark Dose Lower confidence limitio : 10% 388 L~ % & 72 5 9 FH E-SUG HRR 0 95%(5 $8 X [E] T [FRAE
(44 Human Equivalent Dose

11



364

365

366
367

368

369

370
371
372

373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394

2.

By HHME
RRGEIE | BERRIGEWERSHE 1.6 pg/m® LUF (FFFHHE)
KEHBMILIE | BEWE. PKIEYE © 0.04 mg/L
YSERFS B FEHE £ 0.004 mg/L LLF
FAKGEE PEAKHEYE :© 0.04 mg/L
FiEefEE | HEIRE 10 ppm
RETHWIT 4R D BrETELAE © 0.004 mg/L
BRELIEAR L N AKOKEIBEICFR S EREEFEME © 0.004 mg/L
THEE YR HBRBTHYE ¢ 0.004 mo/L (¥ AR BRI IR L)

— e
I £

FEINA O FZE R EF ISR T 2 — @O BRIC OV T, FHEEEH ORI & 72> 7% —
AZT 4 ODOWEZLIFIZE LT,

2-1. #0

(1) ek

1, 2=V 7unxZ  ORAZRICELE hO—KHEERICET HERIIFTONRN- T,

(2) EBREY

B (2008) K TOYNITE (2005) 2k 2 &, 7>~ b 90 HRI#E N #5305k (Daniel etal. 1994)
TlE, SD T v b (MEHEAREL06]) 121, 2—Y 7 umx X % 375, 75, 150 mg/kg/day @
MAE B =2—rFA0) T HEBRGIROES Lz, TofE, 5HEPic, &5
IR DCHNER < BARGER, IRMA, PIRK OYHBEMER 7RO A ISR E XA b0 o
7273, 150 mg/kg #E D RECHRE K OB EORD N btz BRARKRA Tk, LU T O#E 7Y
A BRSO b, MEFEIRA CIE, 75 mg/kg LA EBECRE O A2 b (fn/ Mk
DG 5 MEME 150 mglkg BE, ~EZmbE ., ~~ b7 Uy MEDJEA ; K 75 mg/kg UL ERE,
1 150 mg/kg &£, F M ERI O BN K OFR M EREL D) 5 M 150 mglkg #E5%E) DA bV,
RAAL WA TlE, D 75mglkg LLERETAH Y D L0 EFH LT VT I O F, HED 75
mg/kg LA ERET ALP OEINRA A biviz, £7-, lEseE & Tk, Mo 75 mglkg LA ERETHE, &
g B O ige oD #Rc B B O ¥E N3, 150 mg/kg #F T RIIE K& O B O M KT B B O FE O 64
7=, WETIX. 75 mg/kg DL ERECEIROF R EREOEENA . 150 mg/kg #F Tk D FH % E & D
HEMAERD Bz, REMREFHRE TIE. WThoHBERICBW T H G ICER L2k
TR b2 o Tz,

L EDfE RS . AFEM Tld NOAEL % 37.5 mg/kg/day & HIMr L 7=,

ATSDR draft (2022) M OBREL U 2 7 FIHAFEAR (2003) (2K 2 &, F344/IN 7 > k& 7z 13
T EOK P 538 (US NTP 1991) TiX. F344/N 7 v b (MR, 581060 21, 2—
Y/ muxH % 0, 500, 1,000, 2,000, 4,000 ¥ (X 8,000 ppm (I 0, 49, 86, 147, 259 }
U* 515 mg/kg/day A4, 1 0, 58, 102, 182, 320 K% X 601 mg/kg/day fH24) o F & C 13 #H[H
HOKE G LT, £ OfE R, G ICBE L 72 B RAEIR 1TF8 0 b, SETHI S 222> 7273, 4,000
ppm LU BB ORECTIRERMPH 2580 HEIEKF LI BOKEO D 082 57z, Mo

@) F—2 57 4 LiF, BHBEOFEEICS VT, ERFHEORIML L ST bD 2T,

12



395
396
397
398
399
400
401
402

403

404

405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432

433
434
435
436

1mmmmuiﬁfmﬁ®%ﬂ&@mﬂéiwﬁmﬁ fE > 500 ppm B Tk B R O HEMNMN
B Bz, HEo 2,000 ppm LLERE, #Eo 4,000 ppm DL _EEE TR O FE % E E OB MNFERD
DAL, WHEMMRFAIRAEICB W T, BT, SREEZZ D2 ToRER O 9/10 FlIZBEM E
TR O B RS BRI O AN A 67%71@ MECIX, RIPT RS &I A L TR
BN U7 (ot BREE K ) 500 ppm #f 0/10 {4, 1,000 ppm &% 1/10 5. 2,000 ppm & 2/10 i, 4,000
ppm £ 3/10 1, 8,000 ppm 9/10 f1])

VL EDOFER D RFHETIE, #d 500 ppm LLEREIZ 2 B 3L 7= B g xf 8 & o i &S
& . LOAEL % 58 mg/kg/day (500 ppm) & ¥t L 7=,

2-2. WA

(1) & k

JE5E Y A7 FHEE (%) (2019), ACGIH (2001). L OYNIOSH (1992 L 5 &, LITFD 3
ARERMN R STV 5,

Brzozowskietal. (1954) 1, A —7 > ROAMERFTIZBWNT, 1, 2—Y7rRrx# 10
~200 ppm DO &EFH D BREEI LI BRI SN BHE OIEREZRE Lz, 2 AD 556 ANlE, ©
Fu, EER, R, BRAIREFAT, TN B0 2 NE EEHICEA, 3 AT
DIERNR BT, 10~37Tppm D 1, 2 —Vr/mn X VICEBINEHEHEIC LD E W, 1t
TR R, BACRR, AIMERE O BFMHEN A LN LS Lz,

Kozik (1957) 1%, ML LC1, 2— Y/ anx¥ U2 ahlaER 2RV S v v 7 O
1THE T35 CIEER OfEFE A (1951~551F) Z W& Lz, SEIERGiTe 414 I 7 Tl
ESNTAEEREETD 1, 2—Y7onx X U BEEIL5~40 ppm Th o 7=, BEEH O BAE
¥H1T O 5~6 /RIE 22~40ppm TH Y | TDOHIRT HIC L= > TREIZIK T L, 15%
% O TREL 7.56~10 ppm Th o7z, A L7MEES 83 4 D5, 19 NTHFlE K ONEE
DOFE, 13 NTHRIEIR, 11 AT B AR RRAE . 10 A IR IR B RE T HEE S H R IR

(ZEESFEDIER R ENH DAz, FTo B 17 AR O REE 10 Ao Fr@& 1oxt LT,
T T K OSH R IR E B SG (Visual-motor reaction) O 2 3G Lz & 2 A, HHi/a K
JERBR TIXMBRIC B R 28T e o 7oy MR ORI ClE= 7 — 2733 AN %R
BEO 0 NIZx L CRBHETIIRZETHY . & HICHEHMERBOSEER CIE REETIX 4 A E
KIZDHTT —% R LTZOICX L, ZFBERETIE 15 APBEERBIOEAT EHIZZT —%20R
L7z &G Lz, Z ORI S, NIOSH (1976) 1%, JREHE N R L TWHIRET — % LEEHE
FE R B ”ﬁ¢¥¢@$ﬂﬁfizwmuhrﬁilwW1&ﬁu%®¢%ﬁinmm
ThHY. 1 BHOEEITEIT S TWA 25 15 ppm & HEE L7z,

Rosenbaum (1947) i\ 1934~1945 FFE |2 1 o7 TREEICHEF L7297 @& 24 L7z, 25ppm
ZHZRORE (TLV-TWA10ppm (40mg/m3)) ® 1, 2=y 7 munrxZ 26 nHrb 54F
M2 S =573 100 A\ O Mk & ONIRESRERR A IZ 2 RIZ A B le o Tody . — o 57 {8
T BRI, OF AL AR EHIGOE, ER, WK, 2HE. 5. mEtEd 20
AR EnAB T LG LT,

(2) EBREM)

HHERSRE (2006) (2L D &, T v b 24EMWAGRER (Cheever et al. 1990) (23T, SD 7 v
b (MERES 50 B1]) 12 50 ppm (200 mg/m®) D1, 2—YZ7nnox X% 1 H 7 F, @ 5
H, 2 fFfICDOTc o THRARE LT L 2 A, AFROREEM, MEsERICE G ORE T/
<. FREHMRFEOMACTH, BSICERN LB TBobnhofz s Lz,
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437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481

VL EDRAED S . AFHE TIL. NOAEL % 50 ppm (200 mg/m?®) & HJWr L7,

NITE (2005) M OEREE Y A 7 FIHIFFME (2003) 12k 5 & Spreafico et al. (1980) (%, #MED
SD 7 v b (HERES 8~10 BI/EE) (2 3 2AEMND 3, 6, 18 AR, 12 22Alm» 5 12 20AH
fil. 0. 5. 10, 50, 150 ppm (0, 20.6, 41.1, 205.5, 616.5mg/m*> #H34) DL T 7 KEfE]/H .
5 HAEOBEE Tl AZE L, MEF0, MiRAEFRIREZITo72, 3 A 3, 6, 18
DA DT LEERTIIWTNORICB O THREBERA LN o T, —J7. 12 2>A i)
512 20 H R BT L2 EBR Tl 50 ppm BELL EOMEREIZ ALT, JREEO LR, 2 v 2A57m—1
DD M y-GTP @ _E5- 150 ppm BEDHEREZ 7 L 21— 20 EABBE Sz &8 Lz,
FHERR SR X T Ty,

L EO#HENS, ARG TlX, NOAEL % 10 ppm (41.1 mg/m?®) & HEE L7z,

WHO AQG (2000) % NIOSH (1976) ®ft#iz kel L, U TO 3 EBEAHELTWD,
Spencer et al. (1951) IL, 7 v b, EAEy b, PLHLWVEIUHFIZL, 2—Y7mp=x
%100, 200, 400 ppm % 7 WRFfH/H ., W AZ:#E L7z, 400 ppm O & T, #EZ » M2 10
Bl BEZ » NIZ 40 [B], HEEALE > NZ 10 [\, HEE/LE v MZ 24 [BIFEE L7 %ICHR LT,
AR ORA TIX, 7y FEOEAE Y N ORI M % £ 5 T/ iE O 1R B IR
ELE v b OBIRICRME ERHROERS R S5i7c, 400 ppm BED 2 IO Y /LI1E 8 TN 12
[l D F L RO L0 HIR S v, TS BigiCs T 2IEMAE MR CiE 7 = k
7B RO R DR H ATz, 400 ppm BEO T (M 1 F] KE2 B1) 1X 165 [l FEE
BB SN2, WO, IO T OISR FT RIZ R S e o7, 100
TR 200 ppm BEDZ v b (151 [F1£FE) TIEEEEALN LD o7, 100 LT 200 ppm & D
EAE Y b (180 [FIEEEE) TIEAEBEINIH], FFIROFE E & O S MER 723, IFEIC
SR B AR TR I B AR 2y > 72 (NIOSH 1976),

Heppeletal. (1946) I, ~TU A, Ty b, UHF, ELEY M 41X, X2dHdNIEHIC
100, 200, 400, 1,000 ppm DT, 7 KEf/H ., 5 H/AHOW AZFE % FEHi L7, 1,000 ppm £
TIEETHO~T A 224]) N 1EIOEZETHELEL, 1Bl VT 20, H 5 1 HOH LI 32
Bl FFE T LT, HFEMIC 1,000 ppm BEIZBWT, 7 v MiE 2026 Fl, 79X 1% 5/6 1,
TLE v NI 36/41 B, A XL 2/6 B, =% 2/6 BINSETS Uiz, JRELALERZA9IC, B IR A
HERMEOZEN (Fy b, ) BURBImZHES D 5 o1 (Z > 8, JFlED 9 - i,
JFRAR DRI A R OMESE (r =), BRROAIR (f X, ), MIgORIE (7> b)) 2L
NABIVTZ, 400 ppm BETIL 177 BREIBRBE LA, EALEY b, U, 7 v FTEHELTE
23 < R BEARAR RO LI 1,000 ppm B & AR TH o 72, 200 ppm FETIE~ 7 A ELE
M 7y PORTRITED T2, WA FIZE L, DEBIOM 5 - i & OB RHE E
R OREIEZENE (Z > B, RO L Hiin (£E Y F) 2 EIZR LTV, 39 4
DT v b, 16 BIOFENLT Y MIZ 100 ppm & 4 NAMZEE LN, BN T2
(NIOSH 1976),

Hofmann et al. (1971) (%, 100, 500 ppm DT, 6 BifEl/H, 5 H/AEOMEE T 6 WM, *
o 4D, v @f), 7y~ (10F), EALEY b (10 ) IR AZETE L7, 500 ppm
TIXZ7 v b GECEWEGEHEH L), ATy b (910 1), 7HF (3/4 ) IZHTHALN
ToM, R X 30 BOREFER ST TER Lz, SRICBW T, 500ppm 285 Li=T X ToO
F A K OTFFIODIEOILIER A B, 7 v M TIEMOF ML OVFIENFE D Bz, i
WFORAETIE, 7y PEROEAE Y bODFHMAE, DR ORI AR 2 & OESE )
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482
483

484

485

486

487
488
489
490
491
492
493
494
495
496
497

498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520

F B AvTz, 100 ppm D F§E TlE, KFEENY IZIE T HI L R EBITA Lo T
(NIOSH 1976).

3. HEFHESMH
3-1.  #&0
(1)e b

1, 2—Y7Zun=X U BEMOE b ~OfR N ZEFEIC LD ATBAEFEEICET 2B HRIT 0
~7-, Boveetal. (1996) (%, KE==z—Y v — — N TOEFEWIET, 1, 2—Y 7=
& ETIHR I N T ALK BRI X D AR OEIC KT A EEO A~ XA, 1 ppb
iz D BRBHEMICIBWT, RTHEEE (1 ppb LA N OZEBEER) (L 2 DL EEINL 7= &3
L7-, F7-. Bove (1995) i, 1, 2—YrooxX %0 L AH15Yh 5 - 7= NPLUOH X
RO A DN TR E DO RMIZEET D4 > X, BEZEIT R -7 00M (1.7)
L-Edd Lz, LasL. ATSDRdraft(2022) (IC k5 &, 26O SEMNIT, o
< OEIBYEMEIZLE LV TRBINTOWERED, MEOMRICITEENLEL LT
Zaxs

(2) EBHY

18 1 B B8 (2 & 2 B akik T A GBS AL M O A F VR E 0O R 2 AT o 7Rl E 1372 2 o
e, JEE Y A7 FHMEE (%) (2019) 12k bH &, UTFO3RBMAHRE I TND,

MiREZ » b GREEARI, & REMEMES 18 61) (R hiiE 250, 500 ppm (AEIZZhZh
25, 50mg/kg/day I[ZAHYS) D1, 2—Yrmr Xk 2ERIREERE L, 20/, 7TEOR
Bl - HPEZ SR T, pliR. A0 (BRI, k. (FE%) | KT R SIiZ oV THiREL
Too ZOFER, WTHOEGHIZEW T HMEEOS BRI EII ALY, RERE, L)
MoRE (AR LR ORERLER) | SETHR (AR LK OEERLER) (2 BT onkhro T
(Alumot et al. 1976),

VL EDFER S . AR TIE NOAEL % 50 mg/kg/day LA 1 & Il L 7=,

ICR ~ w7 A (It 10 BI/RE, M 30 BI/EE) @ FO & UOVFL1Z 0, 5, 15, 50 mg/kg/day 54 D 1,
2—vrunx o u iR R - ARRHIM A2 E D TR 25 8 (5 EM 2 Blo AR (F1 I
10 JEM +2RHL) | MEER, I, 2 EEORERIFN) | Bok& 5 Lz, BB (FO, F1)
WZOWVWTIEWTNOREGEHICE N THEKE, KE, ZHE, MIRRICAERE(ITA LN
T IR GICBEE LB kb AL oz, BEMW (F1, F2) 220 ThH, FAER
B, MARKE (E%7, 14, 21 H) | EFEE (E#% 4, 21 B) 12281037 <. HEKAFR
IRERRPT L, e RMEDSNER N B DOFETITER D H v o 72 (Lane et al. 1982),

UL EDO#ER NS AFEMETIX. NOAEL % 50 mg/kg/day LA F & Ik L 7=,

HFE SD v hMZ1, 2—Y 7o % 0 (B =— A1) | 120, 160, 200,
240 mg/kg/day @ & Tk 6~20 HIZHEFEOEE Lz, ZORE5%, 200 mg/kg (AELL T
BEEY AR BN 28 2 S 37, 240 mg/kg BECIX 3 PCICHPE (BFMR 20 H) AL, Bk

(46) National Priorities List : = #i 2 b N VLE L SN A EFRFEMHELRIX OV A K
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521
522
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528
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530
531
532

533
534
535
536
537
538
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540
541
542
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545
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548
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550
551
552
553
554
555
556
557
558
559
560
561

HIBIZAETHT L, BREMICL2RZBELZREL, 2L OB OV TOAEFHE/NT X —
ZUEERON U TR % & . 240 molkg BEE THEKRE. AEFREE, RIEOME, RO EE
EICHBREEIIRD bR o7, 200 mglkg LA EORETITIE IR DA B A2 BN A3 7
bivic, EOMOWR,/rREE, BIEOAFTE, FFRIFTRICIE, WToRICkE N T
HEIIRO b o T, AR RIIERICHEIIC A LA, 25 & OFEITFED
Siv7e o 7= (Payan et al. 1995),
UL EDFERN S KRFEETIL, NOAEL % 160 mg/kg/day & Ik L 7=,

3-2.  W®A

(1) e b

b P OWAZRTEIC XD AR AEFEEICET DB RIZ A6 20 o7,

(2) EBHY

WA FZ 2 K 2 BB TR AL O BRI O F H 24T o 7o Rl E IS e o
Tehs, BB Y A7 FHEE (%) (2019) 2k &, IFo 43 BAHRE I T D,

MEME SD Z & CefHERE 30 6, ¢ 5-8E 20 BI/EE) (FO) 121, 2 —Y 7/ mruxX U KR % O,
25, 75, 150 ppm (103, 308, 617 mg/m?®) &L TAZBLAT 60 HfH] (6 IRff#/H . 5 H#NE) Wk
ANBT LI2t%, WEW (Fla) 2455720 CALEZ LM% 1:1 TR L7, SHIic, &
Flth OMEREZ ~ NMCEBEOSME (72720 7 HAE) T 116 AR, WAZE Uiz, REWITITIR
21 B Boiht% 4 HRNIW AR L7eh-72, Fla X 21-25 B Gl L7=, &% D Fla
OEEILEE 7 BB, HEW (Flb) 2527 0OMREF0O 7 v P A HERR L, ST v M
2 [MH D4 % Lz, Flb X Fla & RBRICHE L7z, FO 7 v NI, %D Flb 200 E
wIc A (. B, =, OFE, KR ORIHEMRTRIREZIT o772, £ ORER,
MERE FO 7 v b ORE IR B & 2203 e < FENBER ISR ER I X DWW BRI 21X A b L
T ZBRLOEIEMEIC BTN o T2, £, REWOKRED L0 ITEE. M
b, EEE, WRER, AR NBEROFTRICEEIIRD o, I 5T, I
K OV ik L 2 993 BRARGR 2 BT A2 V72 v > 7= (Rao et al. 1980),

LI EDOFER D AFHETIE, BB & B4 5 NOAEL 1X, & 12 150 ppm &
W L 7=,

4R SD 7~ & (0, 100 ppm A% : 30 %1, 300 ppm &£ : 16 %) (Z 0. 100, 300ppm ® 1, 2
—VrunxzX RS % TRMIB, 4R 6~15 BIZW AR L, 4LIE 21 B IZfEE 5 5 kbR
ZHEMLTe, EOREE. 100 ppm B TIXA BREEEMND A O 07203, 3T < mEETE
b0 7z, 300 ppm B TIEREMW EMEIEE L < BIR, EEIGEH, (RERED . BEERED .
M, FETC (10716 f511) 2338 H iz, 300 ppm BEDAEFEH D 5 HEKRIENE L I NIZ0
X1 EOARTHY, ZOFTXTHWIN SN TV =, 100 ppm BETIE, FEHEIE R, WK
DORAER, RIROKREEEREICHEBREOEIIALNT ., 0L NIRFHOETE D%
ARITHEITRO bR > 7 (Rao et al. 1980),

PLEDOFER . RFHE T, BB R OWRIZR3 5 NOAEL 1%, i+ & 12 100 ppm
& L7,
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562
563
564
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566
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569
570
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581

582
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584
585
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587
588
589
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591
592
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594
595
596
597
598
599
600
601
602
603
604

W SD 7> hMZ1, 2—YZ7mua=x=¥ % 0, 150, 200, 250, 300 ppm (#J 0. 600, 800,
1,000, 1,200 mg/m34H2Y) DEFE T, #HHE 6~20 HiC 1 H 6 WefE W AT L7, 300 ppm Ff
D 2126 FlOREN B BB PSSR T U, AR CIAERE MG A A S au7= 23, 250 ppm LA
TOBTIIREYMOREIZEIZ R o T, BRI GRS WIUIRE, Ak,
PEEE, BEVRIRER Sh3NIE B A& DT R~ D5 %8) fedrBrix, 300ppm fE £ TR O b
727y 7= (Payan et al. 1995),

PLEOFER D ARFEAN Tld, BB I %9 % NOAEL % 250 ppm (1,000 mg/m®) & H]F L |
IRz %95 NOAEL (& 300ppm (1,200 mg/m3) & |l L 7=,

R NZW 7 3% (19~21 fi/#f) 12 0, 100, 300ppm D1, 2 —Yy /T X % 7HF
M/H ., R 6~18 HIZW AZTE L, 4EHR 29 BRI 3 2 R BRMThoivie, WM& CRE)
Y DFETS (100 ppm #f: 4/21 41, 300 ppm #E: 3/19 i, xHREE: 0/20 1) SRS NT=08, BE
KEER 72 <, EREHR TR (LIZA DT, SERIIAHATH 572, £ LBy
NOELITEYRER S, —EH7-0 olglRE, WINEORAESR BIROKRER MEE,
PEEEIT 300ppm BEE THAET Ao T, ARG B O AT EOFE AL 300ppm FE £ Txfl
BELE XA BN )y > 7= (Dow Chemical Company 1979),

LLEORERN G | ARG T, REMIZ %5 LOAEL % 100 ppm, MEJRIZ%3 % NOAEL
% 300 ppm & CHIET L 7=,

ZEFRE (EEMH)

NITE (2005), Bg85 U A 7 H1#3E4 (2004)., ACGIH (2001), WHO AQG (2000), IARC (1999).
DFG MAK (1992), WHO CICAD (1998). FEf74% (1984) 7¢ & D E 727 FMA%RS Tid. MEE,
FXE (EW, B LOWILEmME (v hEE&ET) W22 < O invitro R, KOVT >
b, =0 A, BREZHW invivo BBRIZBWT, 1, 2—Y7unnx X3, BGHEERER
L7z L STV %, NICNAS (2013) TiX. in vitro sBRIZI T DEHHERE R, in vivo TO
Swiss ~ 7 A & Wil kYt 4y (R 25 (SCE) 3Bk & OVEE— DNA $HUIIr gt 2> & B s ik
Btk OREIL I > T D EHE L T\ b, F7-. EUSCOEL(2016) T, invitro CTigls 14
FOREH DNA Gk, MMEEFHRT 20 BEBEEER SV | REHEELY AT AOFET
TINE T ARG EE N LT DNA MIMEEZER T2 B2 005, LrL, YU A%
T2 in vivo /INERBR CIRaMEZ R 2 LD, BRIFMICE L CIRERN 22 HE 72
WA, TR AMEDOFHFRICEB W CIEBEEMEDOERMBRAE R T 200 727 — 2 B30 2 &
5. RTINS L LT BIED R WREBNAME & OIGEZ M L T4, DECOS (2019) T
X, invivo TIXIRER R BLREEZ T T —Z B2 WA invitro TIEBGYE 2 T B s MR
BRHDZENnG, 1, 2—YruonxX g, KIERERFEWE T, BamtEnAmwg
ERERMOIT TS, JEHE Y AZFHMEE (%) (2019) TIEX, 1, 22—y 7ruaxX U, in
vitro FRERR T, HIFZERAE BRI, 85 7228 BRSO AR E ] DNA AR, DNA #
HMERBRE CHIEEZ R L, in vivo BCR TH/IMERBR AR E | PR B3, SCE k.,
a Xy b7 A DNA HHEREBR (—AREHEIHE) KO DNA FEEHBROWTIZEB N TH
PERLTWNWDLZ D, BEHEEEZAET L EHBIL TS,

PLEXv, 1, 2=y 7umuax# 0%, invivo R CIEatE & Bt oSN RET S 2 &
O MR A E T 2 S LV, £ < O in vitro 2 BFEVERBR CIXEMEE R 2 o
5, AFHETIX, 1, 2—Y7uouxX 3R (EEHEE) 2HT20EE LTS
TEBRELEE XTI,
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641

4-1. ErADEE

DECOS (2019) (Z L4uiX. Chengetal. (2000) I%, BE® 2 iDL e =/1% ) ~—filiE
THTEH< 1, 22—y 7Zre=ZrHHWIEIE=1E ) ~—IZ&BE Iz 51 ADFH
L BBEINTNWRN 20 AOF T 4 A5 @& D ORM TR LY 738k % T SCE
BREAZWJE LT, TOMRE, SCEHEDHMT 1, 2—YZunxX0FE (K1 ppm)
B LT ey, ke = ) ~—RBIFHE L T oo i LT,

4-2. KE[FRMEHER

TR B BIFMEERAE D 9 B invitro ilBR A2 £ 7 12, invivo iR AR 812, TDOMAEFE 91T
o L7,

(1) In vitro R

1, 2—v7unxzf  OFliEL DLV E 2 —3HkTHh 5 ATSDR draft (2022), Gwinnetal.
(2011) } O NITE (2005), OECD SIDS (2002), WHO CICAD (1998) (2 L uiE, L Fo X 51z
WEEINLTW5D,

I 2 W R X I F 7 ZAWIC K D ImRRAERBR Tl S9 im0 A EIZE L O T
M:Tdh > 7= (Barberetal. 1981, Brem etal. 1974, Rannug et al. 1978),

Rannug (1978) &% S9 ~DiRITA 7V X F 4 v ORIMMNERIFIEE 2 5095 Z & % [
HL., 2O biciZ IV 42T 4 0-S- v A7=27—EREELTRBY, 1, 2—Y7
BEX DI NETF I ARG ERITENVE RTINS 5 2 & 2WE Lz,

RIGH 2 W72 BRTIE, S9 MU D & C1ToiL 7z DNA EE R T2 (Brem et al.
1974), £7-., a7 7 —VHEERABRTIX S9 ZHRMULEZBESICH VBRSNS A b7
(DeMarini et al. 1992),

BEMaE AWEZR BT, B hRTF v A =— AL A X —FIH (CHO) Miuic X 5 Es
T RRERARPBIRE SN TVDLR, WIRBEBETHY . 2 FEO v Fofldz Huv
B TIE, INETFAL ST AT =T —BIEMEOTRV AHH-1 f#ile TH BB D b
Dy L0 EWEIRE R DFFEFE A BT (Tanetal. 1981, Crespietal. 1985, Ferrerietal. 1983),

b b U BRI K DREBR T, IR T EAHBATEIX . I TWH R0 invitro TO/MMER
B, 3 Ay T vkA Lb SO ERINOLGE T (Tafazolietal. 1998), A& H] DNA A%
AR TIX S9 IRINOSLGA TGRS T b  (Perocco et al. 1981),

DNA & OfEAMEIZ DWW T, Hilk®D DNA L RERENTA o F =2X— b L7-EBR T, DNA

MIERH S TEY . ZOMIMEDRITAT I 7 v Y — 5 ST E A 53 OFINT
¥ L7z (Arfellini et al. 1984),
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642 £71 X4 invitroBESHEHR
5 5 " FER DD HR
RB% R B R ke Jig A& —= 5 (31 7% D B AT )
FAIF T A (uM/plate)
TA98 S ik 31.8-231.8 — — Barber et al. 1981
TA100 - 31.8-231.8 + + (NITE 2005, ATSDR
TA1535 ik - 31.8-231.8 + + draft 2022, WHO
TA1537 . ENE - - CICAD 1998)
TA1538 TH — —
(LR SEoS ARAIFTAHE (M) Brem et al. 1974
75 H ik B TA1530 ARy bTF 10 + ND (NITE 2005, ATSDR
TA1535 PN 10 + ND draft 2022, WHO
TA1538 10 — ND CICAD 1998)
Rannug et al. 1978
FAIFTAW | (UM/plate) (NITE 2005, ATSDR
TA1535 20 - 60 + + draft 2022, WHO
CICAD 1998)
Brem et al. 1974
g/ b + -
DNAE1E | KIBE polA*/A 10 puL + ND (NITE 2005)
(UM)
. —59: 19,736 - -
A= . 37°C, 1 HE ’ DeMarini et al. 1992
KIS TH-008 631,568
R ) -
R v} +59: 19,736 - weak+ | (NITE 2005)
1,263,136
Tan et al. 1981
CHO il -$9: 5 - 50 mM (NITE 2005, ATSDR
5 JL )
(HGPRT) 5 WERIALE | (o0t 3 mM + + draft 2022, WHO
AR 128 CICAD 1998)
NS B . 100 - 1,000 Crespi et al. 1985
# - ‘ :
,EHL-Jl(I/-IgP}IJ;?)E 28 IR LR ug/mL + ND | (NITE 2005, ATSDR
TKE(TK) 20 FERILLEE | 200 - 1,000 + ND draft 2022, WHO
pg/mL CICAD 1998)
Ferreri et al. 1983
e e
fjjﬁ;j‘ btk EUE #if | 24 BRRIALEE | 103-5x102M + ND gT;;nggswﬁEDR
TIN IR )
CICAD 1998)
-S9 : 72 W Tafazoli et al. 1998
% S NDIPAS: S ] 2-20mM + - (NITE 2005, ATSDR
+S9 : 3 M draft 2022)
2%k Tafazoli et al. 1998
s (SR NN 3 W AL 2-6mM + - (NITE 2005, ATSDR
7 draft 2022)
Perocco et al.
AR 0o et B 1981(NITE 2005,
DNA & | EhY /R | ARRAEL | 25-10 pL/mL ¥ ATSDR draft 2022,
WHO CICAD 1998)
, 37°C. 90 %> | 2.5 uCiC- -
AN
/rD%NA A | i DNA A4 v % 2| DCE/LS5mg + + '(A‘,\T;ET”E'”Z'OeOtS"’)"' 1984
—F DNA
643 &) — : [&fE. + : Bk, ND: RBRET
644 b) v aWNIXBIERIGNERER SN & (ug/plate)
645
646  (2) In vivo itk
647 Invivo B TIX, 7 > MIHENEENE %, B8i2 W OME, REERRT 4 iK%
648 HWTDNAHE (2 XAy ) ZRELLEZA, TTICHMEEZ R L7 (Loneetal. 2009) &
649 DHENRD D, Eiz, Swiss v 7 A HFIENENT 5-#% . BT SCEMEZMAE L= & 25,
650 it (Giri & Que Hee 1988) & #is SiL7c, ¥~V ANDEENEERL O N7 v AV ==y /<
651 U ASOREA SRR T, & ORI M/ IME DA BT 4 b /e v > 72 (Sasaki etal.
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652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676

1994, Kingetal. 1979, Armstrongetal. 1993), £7=, F 7 A V::y??‘?xf\@ﬁlﬁﬁ‘xﬂ
o D WITEEEIEIEN R 5% ORI O HIZEBIT 5 lacz ZEFIHHABR Tl Wt
M Cd - 7= (Hachiya et al 2000),

aAy N7 veATIEHE, OB BN . K, B OV TR TW S 23,
ILDOZREIZEB VTS DNA HE 538 H S 417 (Sasaki et al. 1998),

Tz, v AIZL D DNA HERR T, B0 F7I3EENEKRE L2545 13RI DNA ©
1 REUIWBAEIEL I N2 AR TR CIEEEDORE R T - 7= (Storeretal. 1983, 1984,
1985),

N

DNA & OFEAMHICE L TIE, v VAR DT v M X DR EERE ST DH8, W
VBT, FRICHTE, B CEWEAERA LN TNHDIZK L, Wi CTOREEIZHT T
Hole, T2 7Y PL VU ATHEEENZ S A Bz (Banerjee 1988, Arfellinietal. 1984,
Baertsch et al. 1991),

7045, F344/DuCrl 1fZ » M2 1, 2—YrmrxX o #KK% 0 7213 200 ppm (FLIRIEE
EHRRETOHEMEINTODRELD 20%EEEVIEE) ORETLH6KRE, @7AT
28 HIMZTE L. FLARHE (*%B@Hﬁﬁ%%) CFE GRS Toa Ay T w4 L DNA
MR ZRIE Lz, T ORER, 1, vruuxX URgFET v NOFEDO N7-7 7 ==
%wﬁw&%ﬁyHMWVNwi%%ﬁﬁiDﬂM%m<\:%y%7y?41i\ﬂﬁi
Rz DNA HBIEITERO b hotc, 2O EMnD, 1, 2—Y7unx X 0%, #Einwk
PEMER B, FLARFRER ISR 2 B AICBE T 285D DNA fHIigt b Siieno7- & o
WEMNH D (LeBaron et al. 2021),

%8 X4 invivoBEEHRE

RER | REBRE S 2 iR R .
e Sasaki et al. 1994
EE: VALK E@HEHIMQ 45, 90, 180, 360 mg/kg - (NITE 2005)
Morita et al. 1997
e King et al. 1979
2 [FIRE N 1
B (NITE 2005, ATSDR
R NMRI = 7 % %Bg)‘l ) 4 mM/kg draft 2022, WHO
I CICAD 1998)
N . . Armstrong et al. 1993
Ep-PIM-1 14 EFHEJ?Q L0V 100, 200 mgikg (NITE 2005, ATSDR
transgenic | ALBRIEENE | g 150" 300 mgikg N draft 2022, WHO
¥ UARMM | 5 ) CICAD 1998)
N K 59k +
[ORCCRN e (M, Yefa
g | Wi e N | 80.7, 161.4, 242.1 (%) '(‘Sg‘égt;'z'ggge
27 9ok & mo/kg + ATSDR draft 2022)
v | M (DNA ()
Wik e | Swiss ~ v A/ | BEEIEEEN$ | 0,05, 1.0, 2.0, 4.0, + Giri & Que Hee 1988
& oy Ik | B 5. 8.0, 16 mg/kg (>1.0 mg/kg) | (NICNAS 2013, DECOS
R 2019, NITE 2005,
ATSDR draft 2022,
CICAD 1998)
JFRE - HL[EIRE 1 75,
Bin¥ | lacZ transgenic | H[EIRE OS5 | 150 mg/kg., #EEmlfg | HFlE. #EH | Hachiya et al. 2000
ZEIRAE | =~ U R, K | DV JZEPN 20, 40 mg/kg, Eitha (DECOS 2009,
£ B EIREREN S | R EEEIREERN — ATSDR draft 2022)
20, 40 mg/kg,
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677
678

679

680
681
682
683
684
685
686

687

CHR

2 2 S B ) =
BEGR | RBTR | WEE L #R GRS
CD-1~v A/ .
aAy | o m o | " A B Sasaki et al. 1998 (NITE
R E%ﬁ ’j‘ﬂ\;,ﬂ’f i@ﬂgﬂlm{‘h 200 mg/kg £H+ 2005, ATSDR draft
A e i 2022)
Storer et al. 1983 (NITE
BeCsF1 ~ U A | H[EIEIEP 2005, ATSDR draft
I1FF 5 1-3mM/kg * 2022, WHO CICAD
DNA 1998)
o P P P Storer et al. 1984 (NITE
#H15 EAEI oL JuN #1100 - 400 mg/kg mo o+
(1Akg | BOF 77 eyt | Jap 100300 mgkg | Mg + | 2000 ATSDR drat
il ) [OUYN A\ 150 - 500 ppm W — 1998)
o Storer et al. 1985 (NITE
BeCeFs VA Eﬁ'ﬂgﬁim&h 200 mg/kg " 2005, ATSDR draft
2022)
Banerjee, 1988 (NITE
%25%0;155;1 LI Y 1,38 ma/ 1% ~ %+ | 2005, ATSDR draft
% e agiE | F e mg Z v b+ | 2022, WHO CICAD
1998)
BALB/c v .
DNA - O NS s Arfellini et al. 1984
war | \]\)’ngtag; EEHEHIW& 8.7 uM/kg ; 7?‘ i (NITE 2005, WHO
E;X E';‘ : 7 CICAD 1998)
= . Baertsch et al. 1991
5%344%7 > Mo gasE faggr;;;xg@ + (NITE 2005, WHO
: : CICAD 1998)
A
M7 E3aaipuch o 200 ppm -
A 5 o S W N5 6. 7 H /3 LeBaron et al. (2021)
DNA ) _
o

a) — : [tk + BB, ND : BT

(3) Tl
A E iR BB DR R 2R 9 IR T,

(Arthur D. Little, Inc. 1983), [f] Uz

%17 > 7= BALB/c-3T3 Ml L 2 R E RIS R TH 51
L7 SAT T A VA ZHEFE L=/~ b A X — R IRHE

VTR I i O 2 S 7= (Hatch et al. 1983), ~ &7 A C3H/10T1/2 #ifia
2 X 23R T L RO RN 2 5 L7 (Schultz et al. 1992),

RO MEMEERRICET SER

) B " it o @ SCHER
AR R R B SUER SR A& =<5 Teeh B EOIHE)
PR T 24 BER 4 - 250
P KRR pg/mL - ND Arthur D. Little Inc.
BALB/C-3TS3 Al B R 72 e RY 5-50 - ND 1983 (NITE 2005)
AP ug/mL
MR | SAT UA VAR | e Hatch et al. 1983
Bist | ~NAAX IR féff*;g 20 I 0.2-08 + ND (NITE 2005, WHO
Ja (SHE) ARG mL/flask CICAD 1998)
25 - 600 Schultz et al. 1992
C3H/10T1/2 iz 48 IRpfH AL PR mL + ND (NITE 2005, WHO
Mo CICAD 1998)
a) — :REfE. + o EBtE. ND: REBwd
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722

5. FEMNAE
5-1. #&0
(1) &k

RORZREICLDE FTORDAMECHOWT, AERFAMEOR HA21T > 72 il & X 72 o
72o IARC (1999) (ZiX, AT Ot hOEFHEICREHT 2MEN o7, flba & OBEE
BBOWEEND D0, 2E L L CR#i L,

KEFERICIWT, BSAFAR L HOBKTG I E O BFRICoVW T, AR 1,000 725 10,000
ANDOEHIZI T 23 AFERE M T KOAREFREM R OCEBIRE &L OBFEL T~ £
DOFER, BBV T, 1, 2—Y7uoxZ @I (=0.1ppm) &G A (p=0.009) I

WZEG A (p=0.02) (A ERBEM RS B L& Lo (Isacsonetal. 1985), L7~ L
ﬁﬁ?%ﬁﬁ\l,2—?7mui&yu%®%g%ﬁﬂm%@hbfwt_k_W%#M
T 5 (IARC 1999),

(2) EBREY

ﬁﬁ%(m%) B U A 7 IHEHEE (2004), WHO GDWQ (2003), /&9 KERAED H,
L (2003), WHO CICAD (1998), CEPA (1994), EPA IRIS (1987) Ti¥. Lﬂf @ USNCI (1978)
T v MC XD 18 HEEHER OB GRENAMERBREZRE LTS (F4BH) |
USNCI (1978) 1%, Mf#E Osbone-Mendel 7 » K (-HEMERE 50 6, <t FEBEITHERES 20 fi] [&
10 D a). DB 121, 2—Y 7 oo X0 (B a— 241 L) | 47, 95 mg/kg/day
OHE (TWAUHE) T 78 HMMEIRO#&EEG L, 0% 32 WMBE L, sHEREOREX
BHEKRTHOBEWM O 23 HH et L, i 158 H £ Clcepet Lz, T
X, BEICED2AERPARAEROBMMPBFIE QR EESAKOCMERE GEHRS
fige (/v & - 6 B2 i), JIFNE (1/0). &I (0/1). MRER (1/2). 'H (2/0). REMEAN (1/1)) TH
bivlo, METIX. HRMRBAICREROFERBMA A G (R 10ZH) |

®10 v FEOELPAERRICETHEEREME (US NCI 1978)

0 0
Pooled Matched 47 95
mg/kgiday | enicle vehicle | (TWA BI&) | (TwA &) e
control a) control b)
i
ATE - R RS A 0/60 0/20 3/50 9/50% * ) 1"
17 A 1/60 0/20 9/50% * 7/50% m -
il
FLER R A 1/59 0/20 1/50 18/50%# ** an "
a) ARBREFRFCER I, FUEELERES I, tholbEwRBRICK T 55 REET,

R UEECTEFHE S, RUHAFEICL > Tiigh TV 5,
b): AFRBR O RS R EE
# p<0.05, #: p<0.01 Fisher exact test with the pooled vehicle control
*:p<0.05, ** p<0.01 Fisher exact test with the matched vehicle control
M): p<0.05, (11): p <0.01 Cochran-Armitage test with the pooled vehicle control
1:p<0.05, 171 :p<0.01 Cochran-Armitage test with the matched vehicle control

(7 Time Weighted Average :

B [T I0 2 A2 2 i
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724
725
726
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728
729
730
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733
734
735
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737
738
739

740
741

742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758

BrbE U A 7 WIHIREAME (2004), WHO CICAD (1998), CEPA (1994) CiX., Lit7 v b OiBRIC
MZCTUSNCI(1978) I2 L Bp~v A T8 MR b HE L T\ D (K 45H) |

MERE B6C3FL ~ 7 A (B HEMEME 50 1, kf FRERIZMERES 20 5] [3% 11 OE a). b)Z ]
\ZHEIX 0, 97, 195 mg/kg/day, #Eix 0. 149, 299 mg/kg/day (TWA fi&) of&E<T1, 2 -V
suonx Xk 78 HEMHEROKSG L, 0% 13 @M Lz, MosHEFICE VT,
FECHENA BN L7 CofRaEE 20%, (K &/ 31%., @ HER 72%) , EEORA I L
TiE, METHMREA AKX OFEH NERE AE, HETITRIIE2S A MEREIZ 3o Tiia, /il U
YIRIEORAERNGEICHM LT (B 11 53818) |

F11 TOAROENLAERRICETHEERSMWE (US NCI 1978)

0 0
I 97 iE 195
mg/kg/day Seot?ilcfli “C?Ef?.eed s e g 299 frsRE
control a) control b) riARES | (MR

I

JHi R, RAE S - MR 0/59 0/19 1/47 15/48## ** ) M

JIF R 23 A 4/59 1/19 6/47 12/48% ) 1
i

FLIR - R A 0/60 0/20 9/50% * 71487 an -

FE R E AR 0/60 0/20 5/49* 5/47* ) -

Wi AR 3 I 2/60 1/20 7/50% 15/48% * ) 1

a): AR L RRFICER S, R UEEZREG I, obEmRBIC kT 25 REET,
R UE=ECTHE S, FURBEEFICE > TRMIiE LTV 5,

b): AFER O VA Bk IR

# p<0.05, #:p<0.01 Fisher exact test with the pooled vehicle control,

*:p<0.05, ** p<0.01 Fisher exact test with the matched vehicle control,

(1): p<0.05. (11): p <0.01 Cochran-Armitage test with the pooled vehicle control,

1:p<0.05, 71:p<0.01 Cochran-Armitage test with the matched vehicle control

5-2. WA
(1) B K

WARBEIZLDE B TORRBANEIZONT, A EEFME DR M A21T > 72 A E L2205
Too BREE U X 7 FIHIEHAM (2004) 2260 ZREBIHIZ XX, DATFICERE L7z e M oE 7
BT 2MENH LD, WTROREL, tholbEMEDEARBTHHI-D, 35 L LT
LTV 5,

Ay x—7 CHBb=F L UoBGEIC L FRU EREFL, 1, 2—YZanx¥ | Blbx
FLy, =F Lok RYUVEDPER 2-7vaxF i) =—7 VO FEE ST 725 H
FHAS NExtge e LIS A L E Lo, £OMR. 1961 £ 5 1977 FFDI 11T 37 A
T, AV —T > NADNSRDOIAERELIET I (SMR, 95%FHE X FITAB) 1% 1.4, AT
XA TIF 12 AT, SMR X 18 Tho7z, £/, HMHA L 4 A, SMR5.0) . HILHE

(FE1= 3 A, SMR11.1) TIIREROFZERMMERD =N, 1, 2—Yr7mox i Lot
OB FEDOFERFEZZ T TN eD, FERMEOREIXTE ozt @i LT
% (Hogstedt et al. 1979)

KEOAMALFETIHTL, 2 -V unxy 2 ELBO\LFYWEICRE Lol fetko
B DI E\EMMIES I X DT ENRE L EnD . ANBI @ 6,588 A& %5
ELTEFREET o7z, TORE, 1941 05 1977 DI T-H1EL 765 AT, KEHAAS
PEN A2 5RO T HELSE T 3 (SMR) 1% 0.83 (95%fZ#E X[ 0.77~0.89) . NAIZ K AT
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780
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I% 150 A, SMR 1% 0.86 ([f] 0.73~1.01) TH o7z, ZDH b, EIERMEEIC X DL 1I1E 12
A. SMR 16 ([f10.8~2.8) ThV, FHLEHEOHEREMIL/) -7 (Austin 1983),

KEDOZvwb R CHEETHT 1940 4005 1967 FOMICHE TRICEFL, 1, 2 —
vr/mnunxzZ UMb mF L 7ark KUV EDER (2-7erF L) 2—T VD%

a2z - B 278 N CEYEEFEE 5.9 £, SWEORBREREIIAH) 268 L L
7= Bensonetal. (1993) IZ X 2 FHRAEORE R, 11X 147 AT, KEAABHEADNLRD
72 SMR 1% 1.0 ([d] 0.9~1.2) Tho7c, TDHH, BAIZE DT 40 A, SMR1.3 ([[ 0.9
~1.8) THERBHIMIIKST LTETROHEMMA A I, BEAAIZ L D5 1T1L8 A, SMR4.9
(A 1.6~11.4) . U2/ 35% - SEMARONBAICE DX 8 A, SMR 29 ([F] 1.3~5.8) T,
%t#@ﬁ%ﬁﬁM% DT, 1, 2—YruanxZ L USMI EROICFEE O RES

T TV Z e, REWEOREIXTE D> 7 (Benson et al. 1993),

KEOALF T T 1940 £ 5 1992 EO I 30 AL FEM S, AWEZ & HeHEEO
{LFEWE O FFE (BRRBEEIIAY) 22075 %758E 1,361 A&xxtge Lz Olsen et al.
(1997) OFA TIL. 1300 A, SMRO0.9 ([ 0.8~1.0) ThH-o7-, D9 b, BAIZLDHE

i?&kxmmoe(ma%qz)f%t#@ﬁiﬁﬁ%iﬁ< IW\QLI&\@%@
& OBEMESL R, EHIT 25 FROBIRFIMZE L7125 E I bAE T RO AR RN
7273 7= (Olsen et al. 1997),

(2) EBHY

HERSE (2006) &% OY EU SCOEL (2016) TiE. LA F® Nagano etal. (2006) @ 7 » k 104 J#[H
W NZR @25 M AR 2 . DECOS (2019) TiX. Naganoetal. (2006) ™~ 7 A 104 i [ % A 2
BPRVFERBRZ X —AXT 0 L LTHEL TS (E£55H)

Nagano et al. (2006) %, F344 7 v I (MERESS 50 BI/EE) 121, 2—Y 7 mmrxX %0,
10. 40, 160 ppm (45 %% : 0, 40, 160, 640 mg/m3) DT 1 H 6 B, 5 HE O
FEC 104 A ##E LB A i U7, 2 OFE R, HEIZFLAROBRHMERRIE , B T HERR 0O A E
NENEEOD H B2 JiE . MELT B2 AR A OFRAERE . FLAR O MRIE, BRAENRIE, BR2DS A D384 D HINE 7 23
RO BT, KHREE & iR U CREEH PRI A B 2R F8 B O A 7 & 4172 1% 160 ppm ##
DREDFLIROBRAERRIE 0> Bz T AR OSRHENE & FLAROIRIE, BAERIECH 72, £z, R
BRIz ik O m T — & LT 5 &, 160 ppm BEDMEHED iRk AT OfEE & 40 ppm BE O

D FZ T Ak D AR MEME K OV O FLARIE S & 5F (RS A+ IR IE + KRR IE) DR A X w7
— X DR KMEE#BLZ T\ (F1221) |
£125y FRABNARMERERICEH (T SBESZEIME (Nagano et al. 2006)
REBE (ppm) HRT—4

P fEE 0 - " 0 Peto’s A a /=K Db

test (%)

M FLRR RRAMERRAE 0/50 0/50 1/50 5/50* " 13/749 (1.7) 0/50 — 3/50
FEN BRI 6/50 9/50 12/50 15/50 1 55/749 (7.3) 1/50 — 10/50
MR R 1/50 1/50 1/50 5/50 0 16/479 (2.1) 0/50 — 4/50

ME T BRAERE 0/50 0/50 1/50 5/50* 1 8/747 (1.1) 0/50 — 4/50
FLIR  MRAE 3/50 5/50 5/50 11/50* M 28/747 (3.7) 0/50 — 9/50
FLAR AR 4/50 1/50 6/50 13/50* 1" 76/747 (10.2) 0/50 — 8/50
L RS A 1/50 2/50 0/50 5/50 1 5/474 (0.7) 0/50 — 2/50
FLUIRIERE (IR N
Ao+ NRE + R 850 8/50 11/50 25750 il 104/747 (13.9) 2/50 — 10/50
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794
795
796
797

798
799
800
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803
804
805
806
807
808
809
810

811
812
813
814

815

816

817

818
819
820
821
822
823

BT (ppm) HWRT—%

i fEE Peto’s FEEK a /A —H&KNDb
0 10 40 160 test (%)

iR )

*p<0.05, **:p<0.01 Fisher’sexacttest, 1:<0.05, 17:<0.01: Peto’s test
ar WA AVJRME 15 ER DRI HE AR E B L D%

br (W AP A JEME 1 3R ER DRI 5 A BV AR A B B O e/ M & R K fE
TR BB ERMER O BT — ¥ Oig KB & 8 2 7 HIEIC AR

Nagano et al. (2006) |, BDF1 ~ 7 & (ME#ES 50 Bil/fE) (1, 2—Y7mmx X %0,
10, 30, 90ppm (&5 %% : 0, 40, 120, 360mg/m3) OAET1 H 6 FEf, 5 A M oHEE
C 104 JH W N R U 72l A Ehil L 7o, £ ORER. MEIZFLIRD RS A, Jili DAl 5UAE 3 - it
R RIS A & IFRE D R I R K OV O NIRRTV ME AR U — 7 00 8 AR B DN ) 23 38
bz, Fio, RBREREROE &7 — & LT 5 L. D 30 ppm ORFHIFEARIE, HED
90 ppm FED AT ARAE RS 3 Il 52 DO RRAE A3 Ao, FLARBR S A K OV N ISR &
PRV — 7 ORAEMBEIIE FT — X ORKEEZ B2 T\, BED 30 ppm LLEDORETHA B

7= FFlig o 145 PIJE K ONHE D 10, 30 ppm #E T DAL HEEME U O SO FEABEEE 13RI
BRI Th o7, Zb 2 OOMEOIRAEME I TMMRE CITAE CIEel, £k
FIIE =T —XOFANICH -T2 (£ 13BM) ,
K13 IIDRABANARERRICH (T HIEESZHWE (Nagano et al. 2006)
BRI EE (ppm) HRT—¥
it Peto’s A a &/h—&Kb
0 10 30 90 ! %)
e PR A RE 0/50 4/49 6/50* 5/50* - 27/748 (3.6) 0/50 — 5/50
LR IR A 1/49 2/50 1/50 6/50 " 20/749 (2.7) 0/50 — 4/50
fii R - 5/49 1/50 4/50 11/50 1 49/749 (6.5) 0/50 — 6/50
e NRHE B A
FEREC M A A A 1/49 1/50 1/50 6/50 1 33/749 (4.4) 1/50 — 4/50
TE PR 2/49 0/50 1/50 6/50 " 26/748 (3.5) 0/50 — 4/50
RNy —7
U LooSE B 6/49  17/50**  22/50** 12/50 - 241/749 (28.6) 2/50 — 23/50
DINZAY i)

*'p<0.05, **:p<0.01 Fisher’sexacttest, 1:<0.05, 11:<0.01: Peto’s test
ar WA AR 15 BB D IS A BUM AT E = D%

br W ADS ATRME 1 RRBR D FEIEE 38 AR B W 550 ik A BV 4R 0D Fe /MiEL & i KB
TR BB EREMER O BT — ¥ O fe KA & B 2 T BB IR

6. ZTRMOEEHICET 51FHR

6-1. H{AMEdS (KRFHE

(1) ek

b MIBIT D ERPEMIC OV TOIREITL < 130,

BRES U 2 7 MIEEE (2004) Ik B L, 1, 2—Yr7nnx X DWARRZZ T I-95H
FOAMEREFEICOVWTOIEFIRENS, 1, 2—Y7onx X U3 ARER., HL9IIK
INENTIELS ENICHAAT D Z ERREINTND, & hoFEFHTCREHTHD 2-7 a0
TR ) =)V RO/ 7 v a FEgEAD BRI STV S (Nouchi et al. 1984),
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IARC (1999) 2k 5 &, B NI 7Yy —2Z2HW=RBRT1, 2—-YZunz¥o0
bl & LT CYPEL IC K DR SN D Z &3S ST % (Guengerich et al. 1991),

ATSDR draft (2022) % T NITE (2005) 12X 5 &, £ F T 30 o1, 2—Y7un=
2 AR (REARH) L, 20 KRBT Lo, WA ORI X D IERTE
E 15.6 ppm) 2LV KWEDPRIL~BIT 2.8 mg/100 mL) L7z & DO#HEN B - 7= (Urusova
1953).

(2) EBREMW)

NITE (2005) (Z kX, 1, 2—Y7um=Z ORI, 55, G, PRl T DNA & D
fEAMEICBE LT, ZRGIBICEV U TO LI ITHmE L TV D,

WIIZBEAL T, 7y MR EEZHWEE RO, &0, WADOWTILORKEE THMRDH
TN END E L, BOKETIE, 7y MZ1, 2—Y o= 150 mg/kg %
P54 15 45 G ML EE 30~44 ug/mL (2335 = & (Reitz, etal. 1982) . £7-. T k
|2 25~150mg/kg Z#E &G Cb L8546, 50mg/kg ##x 5 & &G M & & mPRE L O
FABEMER A BT, BIBE RN O AR STV L@t X T2 (Spreafico etal, 1980),
W AR TIX, 7> M2 150ppm O & THEET D &, 1~2 R, &5V 2~3 K Tl
HREE TR ICiE L, 6 B EOR®MPIREIL 8~10 pg/mL Tho7z LA L T D
(Reitz et al. 1980, 1982),

1, 2=y 7unxz OB ~OSMZEL T, &0, BALH, HLICMEK, I
B, . Moo L. BERERICZ < o ENTWS, Ty MIl, 2—YZun
TH U R O L7 R TR M ORI e~ b B < (10 ok) | fafnicE LT, R
WAAERE DR EEIE 45-60 & Icfafn L, £ OREIRMmFIRE DK 5 5 Toh - 7= (Spreafico et
al. 1980), W AZFE TIL, 7 v bIT 250 ppm % #i% L 7-35A O Mk O 50 ppm %
T 20-30 5 CTho7-, M coBmOWERENALIL, MTRED 89 FThH-T-
(Spreafico et al. 1980), #F#E T » HIZ 153-1,999 ppm % 5 FRR&TE L /-EBR Tk, BEH oI
FRE CRRIRTPREIAREICHEBELTEML, 1, 2—YZanz ¥ UoREEezERT S 2
EWTREINTWD, JRVE PRI RBM O IR 0.316 % Th o7z (Witheyetal. 1985),

1, 2—v7uuoxX O, P L <, BOo&ETlX, 7 v M2 150mglkg D ik
SRR 2 %5 LT EBR T, IRPICHAL ZFE#E & 2 OB ERR A LN TWD, HEREED
SREHEIEIE 85.7%, MEA T R biRFE & L COHEIL 7.7% T o 7= (Reitz et al. 1980, 1982),
B OEE T~ A2 375, 150mg/kg. 7 » M2 25, 100mg/kg & H#H L72EBR T, WTh
DEZ S SSTHIVRX T ATV AT A il ZHilg., 7 o oo fmiti S cng, i
A TR bRFE L L CoOPENE~ T AT 18.21%., 7 v h T 8.20% T -7 (Mitoma et al.
1985), 7=, Wik — 7V a—nfE, FAZ—T L ERBLERELH D, Z OER TS
BED R PR EAMEH & TlE 62.1% TH 5 DITx L, @& T 7.4%I2HD 325 2 Lo b RH
DTS 5 VI E IE WAL OFIFI RS R STV 5 (Payan et al.1993), W A&#E T H#% 0 #&
B LA A 51,150 ppm 12 6 KEHZER L7228 TR T ICHi L ZFifE & = O R
BAEENAL LN TND, 7o, TNENOHELROKE L ERITALNR)P ST, HSTEE
DO PR PP T 84%, PR —ERfLIRFE & L COHEIE 7% Tdh - 7= (Reitz et al. 1980, 1982),
B OEERTIE 50 ppm #FE Tk 7'V a2 — L igE X O OB A, 7 1 o FEEE S
STV % (Cheever et al. 1990),
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877
878
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880

881

882
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1, 2=/ D7 NVEF I EKIE DNA Lifiia L TAERFMEL OFEMN AN
DIRF L2 ZENRINTHEY , BEVEEBREOR NG R OWARETL, 2—Y 7R
ok DNA L OFESPEN RS TW D (Cheeveretal. 1990, Reitz, 1980,1982) , F7-#%
A5 kO AZRBZOEH O SH BEOREN L, 1, 2—YZurz X lrb 7L
2T F L OMEBEDP RIS TS (Reitz etal. 1982),

PIFIC1, 2—v7noxy o OfEREZ <9 (NITE 2005 XY — %51/ : U.S. DHHS
1999) .

Crodzms P-4 ‘,:/\/ o
% uj"/ | 3-Dxchlorectone \
C"./\/ GsH
SCLbizménl - gmsizae \
a [ TR—
HyC=CH

- = Coludx
Y3l (e
_— o8 2
- F-un ey 1) g SO Ehnd e
L’h—:n.-:\i v\:_,-_.‘,|..n.r—-
/\/T:
BRI R T 3 (‘\
05 Dhum brghaadame

oL

L afontretn) Lo deane Aol S 1 ywd

M1 1, 2—YZuvvnxZ OREEE (NITE2005 &Y Z)k5IH : U.S. DHHS
1999)

6-2 . lI_,\ Ii

(1) ek
b MBI AaMFERICHOVWT T, 2—97mm1&yi%ﬁ’ﬁ¢éﬁ@$%ﬁb\§
BICHPIANATBERCEBRE DN A EB IS IITmOAEREEZ R L, BICEDLSE

éﬁ%éo%%E%ﬁEW%Zﬁﬁuwuﬁﬂ\ﬁr\biw\ﬁﬁ\%b\mﬂﬁﬁﬂ%
B CTmank, BABOR, DR, DIRORERETEL T8, F7/—BhAHbhbd I L
HH Y FETHIOFMR TIEEERE O LM-LPHIL, E72, KRN L DRERD D,
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887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927

928
929
930

INHEDOTF—=Enb, 1, 2—Yr7unx X 3R A XITRAERIC L0 PR, fEBR
TR RIF L, RO KD ESEEIL 15~60 mL L HEE 4D (NITE 2005),

EMIBITA2RRBCCEBRBMNELIROBRTCORERE L TOREFIREEZLLTIZRL
7=,

1, 2—v7uuax=X o 15mL Zff L7- 14 F O/VHETIE, 2 REBLINICIL LUWVEESR., 5
LOENHALIL, ZO%, WP CHIR, EHMBRMEN SV, BRI GIX AST KW
LDH @ b5 PR N, EIR & OVZ IRAE D EAL, WKIE, —RppY72.0 5 k722 EA38ii, 5 H
B3Rt mE, KifnkE23GE L, 6 H BIZFET L7z (Yodaiken et al. 1973),

1, 2—-Y7unm=xX 30-60 mL &Rk L7z 30 7%, 50 mkds L UV 63 B IED 3 F4i T,
10-22 BFfE 4 ISR BR Al 5512 & W JE1C L 722Y (Garrison et al. 1954, Lochhead et al. 1951, Hueper
etal. 1935), 25 KB MEN A HA TS0 Ml Z 8 L7c 7 — A TIi% 87 A#&IZEE L TRPFE L 7=
(Prezdziak etal. 1975), HILL7JEREZ T LD &, HHUE 2 FFREILLNICEATE « KEEIEIR « &
Mo T SR - ST - RRK - REE - F T —F - RIEAKT - ARfkE - m vy w A
JEZR EMB BTV D, FEROTIRAT A T, AT - & - BB OREMIaOESE, fiKER S
DA X TUW % (Yodaiken et al. 1973),

DMEOWENRBER LT, Yo - TERRBELHESND 1, 27X 7K
KR 30 SR L7z 5L i DM B Tl IR SR 5 AL TH S IR R EE L 72 0 | 20 BF
M#%IZIT, TAZE, B EDNH LN, ABRTITMIELRBEL T =72 EOEY
EEAS SR, AFIRIZAREATRE TH - 7228, ML O EREMIZIER Tho71-, T Dk,
FHRRE L 720 . ZOEHIZIZAST, ALTAE L EF L, ABt4 HEH (BFES5H%) 2%
s N2 % A UARREARCHEL Lz, SRk, BEDOH 9 o1« AME, Ok AN Dm AN,
/NEEFULPERF IR EESE . BVEPRAAE BEIE . M O AR DM Ze EA3FR D H417- (Nouchi et
al. 1984),

1, 2—v7rzuaanxZ CIHEINTEMEERT HEEICHEST L CIHT L 3 SEFNITHTFRE
EROBEEN, 95 VIEFNCHiIKER L SN2 LD, EIRE CIIREMER OIF
ENEM - BEEMENAZRT LA L2 (Browning 1965), £7-. &iEED 1, 2—Y/pon=x
B DFERICFRB SN AP EA T, FEXE X RV RBBO LN ERHRESIN
Tw5s (EfF= 1984)

KETHRELE, SA T T nbD 1, 2—Y7uuxf B CHREREICKESR
LT 221 B OME¥EE (ZIIREREDOEMZR L) xR0, A ETA & iRy
BB TN, TOME, NI E, FE). RBEOIFENE, ERHREE, SiEMT
&, SEEMVEG S L OWRZMEINIIR T 2R, 2D OFEH T, [y ECURE
EHHFRO B (Bowler et al. 2003),

(2) EBEY

1, 2—=Y7nunxZr OFRBRBMITET 20K TRARED LD E2 LT (£ 14)
W27k L7z (NITE 2005 LV %5 : Barsoumetal. 1934, Heppel etal. 1945, Munson et al. 1982,
Spencer et al. 1951, Stauffer Chemical Co. 1973, Union Carbide Corp. 1987) ,
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931
932

933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948

949

950

951
952
953
954
955
956
957
958
959
960

961
962
963
964
965
966

R 14 ZRHYIHIT HSEORVRARED LDs fE (NITE 2005)
<~y A Zv b A s ENEY b
#10 LDso | 413-911 mg/kg 794 mg/kg 890 mg/kg —

12,000 ppm (0.53 h)
% A LDso < 3,000 ppm 3,000 ppm (2.75 h) < 3,000 ppm (7h) | < 3,000 ppm (7h)
1,000 ppm (7.2 h)

7 v b OROSMEREMERERICI T D EAER S L THIBEIE T, BITEMRZ L TY
% (Stauffer Chemical Co.1973), £7=. 7 v b DAV ARBTIC L D E/RER & L CHARAHRE
KO, F7 =8, REKT, BHE, BRSO, AFEFIOFRRET RSN T
LOBIREREOEM, v he B UORFHER, SA7 72 —8Ed. HROBERM, 5
S, AR O AR e ONEIGZE M, BIRAE ERGARD 5 ~ i, i %232 6 41T
V% (Spencer et al. 1951),

HA [0 0% A\ #7308 CI%. Fischer344 7 > K2 0, 50, 200, 600, 2,000ppm 1, 2 -7
mmT % 4 W, UZ 0, 50, 100. 150 ppm # 8 BERHMAEIE AR LT, 1. 8, K15
A BB EEER 2 P ICi T2, T ORER. AR R OB & R 3R T8
JEIRAY 600 ppm LA EOPREECHRH- 1 B BIZA B2, PR R IR EIERD 5
Nighnotz, 15 HEDORAIZIB VT 2,000 ppm O F 5 TR, BlgE RO, IFEEE
DI, Bl & AT ZEPEEEFEAS . 200 ppm @ 4 FFRE . 100 ppm 0 8 i 5 T Lz D28
PEEESE, BAENBO LN, ZO/REND, 7 v FTHRK 8 REH O MF R 1T 50 ppm &
FFAH X AL7- (Hotchkiss et al 2010),

6-3.  REME - BRERUVREN

(1) ek

IRICL, 2=y 7nuxZ U0 n3gid s e, @, Wr . WR S EZ 228, BEEk
FERIT, TEIRIC K > TEBICAMEZRE LR Do e BB IO RGO il (US EPA 1979),

PZJE~ Dk - R 72 RERIC KD | EOBE, #lk, OOEIn e ENBIE S (US
EPA 1979),

R—=F FIZB\WT, BAFE L THALZ15-60ppm D1, 2 —Y7pnxH |l EER
118 A3 N ZRiE SAVTCAE R, FEEFE ML (69%). MHEHFEAR (42%). SV SEIR (35%) 72 &8
b Bz (NIOSH 1976),

¥, A LR TR, BEMEICRET 2 A TG o TR,

(2) EBREY

NITE (2005) (Z Lk, vHF2HW=1, 2—Y7anx & o ORIEMEICE L ToER
WG T, BSEREMET 24 WEREPAZEREH CIT PSR ORIE, 4 RERE A CIllE e L
N HEEEORNENEE AT 5 &Gl ST\ 5 (Dupratetal. 1976, Stauffer Chemical Co. 1973),

OECD SIDS (2002) (2 XAuiE, RFNEMEICRE L Tix, v X ofikE 1, 2—Y7nnx
X 01mL OWIME & BTG LB, PEEOFR, AR LR OBEE, B
RO X NEREER DB S e, ABEKIT 7 B EIZIIWA LT L, BIED 7 H
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967
968
969
970
971
972
973

974

975
976
977
978
979
980
981
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986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009

#%IZIHE LTz, Draize A 27137 (5K 110) Todh 7= (Dupratetal. 1976), LA EDFERNG |

1, 2—v7mrnxZ A3REOREMES Y LR s b,

ECHA (T v, MEME CBA ~ 7 2 &2 W TJRATY > EiakB (LLNA % ; OECD TG 429 #E
L, GLP Xbity) %k (A& : 25,50, 100% & (AL : 78 Mo /AU —7 3 (4:1viv) L7
M, T, BREEEE, BB 2 RENKG, KOENEAOBEE LTI b A5
AUT, E o B IESR AR AURE O 580 R TR E & R & 72 o 72 (ECHA/REACH, SCOEL
2016), - T, 1, 2—Y 7 v AIRERIEEEZH SRV EE 2 bz,

ER#F

1, 2—v7unx¥ Uit TOWHORETH 2 @O BLHIME, Z8%E K QLG /225 0B
R X0, BoaEE, HBERFEAE L T, 3R S D fREMERmWL 2 & AR
M I TU 5 (ATSDR draft 2022), APVEIXIEANICA D & %< Ofifigs - #fklcHm L, XLV
BURPED B VAR ICE /T 5, WMINEN-1, 22— 0%, 9y NEOI~w T 2%
FAWTAREHZBE T 2B C©, Mm-S HICHERET 2 RISHRIEZ AR T2 Z L3R Eh
T % (Fabricantetal. 1980, Jeanetal. 1989), 1, 2 —Y 7 rnux X > OAEKRNE(LIZ. &
BT NVETF A DOREICRKE KT L, MAETIXERERD 528, EHETIE P-450
BN T DICON TN EZ F AU EROBENTRHEC LR+ 5L Sh, EFICEHE
TIX GSH R b BT 5, ZOKIZ, BEO EFIZHEW CYP 24 LIZAKRNEL T 1
AN T AL, T0VEVWLLDL, 2—Yr7unox X UoNEPEAER L, B - RE
ENBROVIZ, INETFH LG LI OGERBER AR L, BESRET 5 &
E % HivTW\W% (D'Souza et al. 1987, Reitz et al. 1982),

HRE E TN BT A EOREEMBEST DI NVETF A S- N T AT =T —B1E, I,
RN, B, R, RIB R OMNICFTE L, EIZEN L O FEEMROMIE IZE L1 T (>95%)
FEL T\ % (Parkinson 1996), S— 22—/ mu=xTF)) A EFAH KNS -/ aaxF
W) LT AT A DRI BRMEESIND TNV E TF A ARFHERGED X, BRI L T,
JatEE 0 TS T DI EDRTELREF I ECANKR=T AL T U EZERTDHEEZE LD
AL TV % (Peterson et al. 1988), JiFfila 7 /v & F 4 o @23 2k 18l QN JIF ik DNA K OV o
WNIE~DS- 2-7mauaxF ) FJVEFAEUKRDOS 2-7anxF ) -L-v A7 A »Off
ANVinvitro TEIESNL TS (Jean and Reed 1989), FIAfIC. B REIL. MDA G %
fhIE TR R BT ED SN R F A S-F T AT 25— PG ERHRE SN THY (Lock
1989), S- (2-7 mr=F)V) TN ZFA U AEGERKDNS- Q-7 vrxF)v) -L-v AT A 4
AR, 7y MCBOWTEBEZRTZ ERNbro TnD, BANRSRISZ M55 F 7
1A P450 (FIZ CYP2EL) 1B el W\ TLHUGHURVWEMETH 5720, Bk T 5 1, 2
—vruux ORGP EENEMOEE~L Y 7 FEED 2 0, BIEABREIL
LFTWNEEILNTWVS,

F£7-. invitro T7 v MAFHII (Sano et al. 1990) K OVEHR PN Bz i K OSB8I IR S 78 A7 4l
(Tse et al. 1990) DAFEWE{LAEHET D L HMESNTVWD, ZTDZ &L, Ak REL
CHIOF AT R T, R, B0, D7 SISk E A4 537z (Nouchietal. 1984) = & &
DORI#EPRIBEIND,

1,2 —Y7unxH gL invivo 2 BIFMERBR D SIXIARME 2R 2 H9 2 & 138 L vas,
% < O invitro ZRJFMRBR CHIEEZ R T b, BRFEN (BaEME) 25T 25WELE L
T ZERRYTHD EEZT,

R EOBETIE, 1, 2—Y 7o X% 28 HE T v MR AREZE LR R
(LeBaron et al. 2021) T, FLARK OWFED = A~ N7 vt A LT DNA AR A Ttk % R
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1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021

1022

1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050

L. BEHFEEHS . ILBMEREICK T 2813 A Béi #H9 5FFED DNA ket & Sz
Mol DHENH S, LrL, DNA EDOFEAMIZEI LTIk, in vitro X5 (Cheever et al.
1990, Reitz, 1980, 1982) (23T, invivo 7R (Banerjee 1988, Arfellinietal. 1984, Baertsch
etal. 1991)ICHB W\ ThH . DNAtGM%%iﬁﬁ%éfmw\éo%OT\DNAHﬁMM%ﬁ@Eﬁ
W ERIZB T DHEBAMEICEAG LTV DL ARHENRE R 6D, o, BRAED A =X
LAPIEBEEEEFICE D L OB YT N b, 1, 2—YZunx X X
BUED e WEBLEHERPAME L L TEZLONRRYKTHD LW LT,

ek, FUPED 12-7 v H EFE U A D= AL THEM LS, HONTEPAED
VN E SNTWD, T{bE%% 5 mglkg D& TERENELG L TT v O, Bl TEK
SN DNAMIMAZJE LIZAER, 1, 2 —Y 7oz X3, 12-7 n®x ¥ ik
L T 10~50 5K\ L~/ Tdh - 7= (Watanabe et al. 2007), L7=23-> T, invivo ([ZEIT5H 1,
2—Vrunx U OBGEEEEERT 12-Y 702 CHIBLTHEWEEZOND,

FENFTEEDEH

t NEOEREBMICEBNT, 1, 2—V7aaT X 0T — 2521l ta— L7 LD 5,
— e ORI ATIR,. B, TR RA S Th oo, EREEAFEEICONTE, 1, 2
—vranzZ AL 5W LN EmEEBITRD b oln, BRFEMEREBRTIE, in vive
RBER CIIME SR e T 2 ST LV, < D invitro RBR THMEE R T, F70. %
DAMERBRTIL, BOKOBARKILIZT v b, S UATERIAERBO BN, b0
ARERBAE L OFTE CR LIZERBFICET 2806, 1, 2—Y e 0%, BEED
W EERNAMEE LT Z e LT,

RO T, 1, 2—Y7rnx X CORAREICL D MEFREET -2 136 T
RN EERBR AR EE T D, — . WARRIE Tl DR OBEREIC L 2E Pl
H L2 OMWRBEEN H D, BRKICBNT, F—RAZT 1 ZFIR L, KEMEEE O
fifizBH Lizob, ZemaEE L T b/NS W EA RO, WARKEZZ O
mErzLE L,

PREORREICE LTk, BB oriiiEz 8452 L L, REMRICKFLE
BE7 17 7 AL, NOAEL 3o 7-ilBra il L, #rEEE L ICiHME 2 FH L7z,

O—FEMEIZ DWW TIEL, 7 > b 90 HRHFRHIRE 1 538k (Daniel etal. 1994) Z &R L, &
i ONFIEAR T BB OB, ~Er/ b r&, ~~ 7 Uy MEORED R EOELD R 5
72\ 37.5 mg/kg/day Z NOAEL & L. UF 1,000 (FEz= 10, fE{RZ= 10, BB 10) TERL 7=
37.5 ug/kg/day & A EFEMEFEM & L TR L7z, @QFEBAMEICOWTIE, 7y FEB~T 2D
78 R FREIRE OB 3 A AMERBR (US NCI 1978) fif 26, i BIKHAE O3 Sl
7y bolmERRE (FEE, T, B, B, 5. EEN) 28IRT5 2L NETh L L
Bz, RFv—0 R—RAEOWEMICBET 204 Z 2 AW 2Ht-> T BMD i#ExEH L7, %
DR, BMDLg 1% 9.3 mg/kg/day, Ar—7"7 7 7 & —|% 1.07x 10 (mg/kg/day)', FE1AY
Z 7107 DfEI 0.93 pg/kg/day & FH S,

FBHINEHOEO, @095, LV/AIVWETH Y, HEMED @ BIEO ENIE ) A
BT RRA L e LTEQDORENANMEICHESL 093 pgkg/day ., 1, 2—YZnn=x
5‘/@2&?‘%@?@&!3&% L oEEMIMIE L Lz, (15 KO 10-1 (%) BMD fi#fr
T—% (1) BROBRBIZEDENBALY R fRHT B8,

@) Ny Fwv—r R—2EORMAICEET 5 T A & > A http://drad.nihs.o0.jp/bmd/BMDS guidance.pdf
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1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081

W AREIZBI L CTik, Ok Mk —ikFEICE LT, 1, 2—Y7unux X EmET
BEER T It],%{/ﬁ%%@@a%pﬂﬁ (Koz1k1957) ZER L, MR ~D B FFErEN
54072 TWA 15 ppm (62 mg/m?) % LOAEL & L. 5 Z:FE A #i49 L 7= 3.6 ppm (14.8 mg/m?)
Z UF 1,000 ({8l A7 10, LOAEL /8 10, 28I 23 WM TRz ok 10) TRL-
14.8 pg/m? (0.0036 ppm) ZFFfE E L CHEI L7z, Q&8s 2 —@mrkicE L Tid, 7
v b 12 I H W A ZFERBR (Spreaficoetal. 1980) %3%®IR L, ALT, JREEEDO L&H., 21 27 o
~Mﬁ@ﬁ/yiﬁ EDEALIN R BN - 72 41.1 mg/m3 (10 ppm) % NOAEL & L. iHif 5 2

HOOK O b b &I L B H X7z 160 ng/m? (0.038 ppm) ZEEEE L=, ©
N APEIZIB T, 7 v F R~ T 20 104 38 [H WA #8258 05 APERIER (Nagano et al. 2006)
FERMN D, HECBERI MM T ~ N OFMERE 2RI Uiz, M7 > FOFLRELS (FL
JUR IR | AR AME BRI S OV A A0) 1, WAL b AR F U T AT IRtk E B 2 i,
FLVE IS S MR S AT D A BEME RN B B 72D, B TD X A 7 (DS A+ JRIE + SRHE IR )
OB A I A FLICFHET 2 Z ERBUTHDL EHB X, X TF~v—7 F—REO@EHICE
TOHA X A>T BMD EZEH L7, ZDO#E%E, BMDLyo (X 11.5ppm, #iisiE (1
H 6 WFfE, 5 HRE) ., lE (7> b 026m3/day, & b 20m¥/day). 7 > MMAHE 0.35kg.
bt MARE 50kg 2 L7z & Ml & BMDLgHED X 15.7mg/m?, == kU 27| 6.40
x 10 (ug/m3)', FEA U A7 10° OFEIX 1.6 ug/m? (0.00039 ppm) s HH Iz, 72k, 20
fEIX, & MMAHE 50kg, L& 20 m¥/day & L7z & &0 1 HIEEEE 0.64 pg/kg/day®? (2043
Ay

BHINTEHBEO~@D 9 b, b/NSVWMETH Y, EHEMED & BIE O HNJE S AN
BT RRA VR E LTE@DOREN AMEICESL 1.6 pg/m? (0.00039 ppm) %1, 2 -7
nu X OWARKEIC L D AEEMIMEE L (15 KO 1022 (2%5) BMD @7 —#
(2) WMABRBIZLDRNAY AT fEIT 28),

£o0 1, 2—Yr7uux X AR SR, BREERECERIRG 2D 5
FTRCA D= AL E Y w@E EBAME) BFERINDATBEERENZ &N, ALY
WMAREE DY — R (HQ) AR T 22 LTIV URIHRZITH ZLBREWEERD
no.

£15 1, 2=oHoO00x 2 v0EEHTHEBEDE LD

2 R R S A PR fiE RPT — & J EH 51k

Z v b 78 WREBREIRE O BG5S AMERER (US NCI 1978) #& Fh»
b, 7y NomEAELERL, BMD irnbEbhi

& H 0.93 png/kg/day BMDLi09.3 mg/kg/day #1572, TOREEK, An—F757 7 % —1.07
x 102 (mg/kg/day) !, 328 A ) A7 10° OfEIE 0.93 pg/kg/day & EH
iz,

1.6 pg/m? Z v b 104 @ [HR AR B  AMERER (Nagano et al. 2006) #5572

LN (0.00039 ppm) 5. MET v OFLIRIEE (2N A+ IRIE - SRR IE A ) A RIN L

BMD fi##7 7> 515 5472 BMDL1o 11.5 ppm %> 5 BMDLi HED 15.7

“49) HEE R ¢ 62 x 8/24 ¥R x 5/7 H = 14.8 mg/m?
(50) JEfr R - 41.1 x 7/24 WEF x 5/7 B =8.56 mg/m?
G b AL B ; 8.56 x (0.26/20) x (50/0.35) = 16 mg/m?

(7 v b i K8 0.35kg. UL R 0.26 m¥/day, b b : (KT 50 kg, PEWE & 20 m¥/day)

52 ] BEERE : 1.6 x 20 x LI ER 1.0/ 50 = 0.64 pg/kg/day (& + 1 B FFEE 20 m¥/day, A 50 kg)
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1082

1083

(1 HHEHUER 0.64
ng/kg/day (ZFH )

mg/mé 2 57-, TORR, 2= N RX7 6.40X10°(ug/md)t, ¥
NAY A7 105 OfE X 1.6 pg/m3(0.0039 ppm) & EHH &7z,

33




1084 0. 2 BR > ak
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10.

(£%) BMD i 7— %

USEPA AR LTW2 Y 7 h 7 =7 BMDS (Version 3.1.2) % VT, FF® BMD #2171
ST, BT IVEIREOMN HIEILX, X F~—2 R—REO@EMAICET LA XA

(http://dra4.nihs.go.jp/bmd/BMDS guidance.pdf) (2R &7z FIEICHE- 7=,

Model : Log-Logistic

BMDL1o = 9.3 mg/kg/day
Anv—7"7 5 7 % —=0.1/9.3 = 1.07 x 102 (mg/kg/day)*
FNRAU A7 10° OfE = 0.93 ug/kg/day

BMDS (version 3.1.2, US EPA)IZ L % H F7ik Bt
#x /N BMDLyo (1.16 mg/kg/day) 1.

A B AR E S VT RN HESE I Z VBRI LT,

10-1. BORBICKDIEMNAY RV N
USNCI 1978 HEZ > & I AR B I
Dose
N Incidence
(mg/kg/day)
0 20 0
47 50 9
95 50 7

MR EMBMDLEE N10LLEERD ) ZEmb, A

Model Analysis Type = Restriction  RiskType BMRF BMD BMDL BMDU P Value
Dichotomous Hill frequentist Restricted | Extra Risk | 0.1 2.50379E-06 0 Infinity 0.585378714
Gamma frequentist Restricted | Extra Risk | 0.1 43.06013405 | 29.28842377 Infinity 0.045180938
Log-Logistic frequentist Restricted | Extra Risk | 0.1 40.64748862 | 26.39101107 Infinity 0.173280264
Log-Probit frequentist Restricted | Extra Risk | 0.1 122.5431173 | 45.14081877 Infinity 0.034990095
Multistage Degree 2 frequentist Restricted | Extra Risk | 0.1 43.06003451 | 29.28792121 Infinity 0.134534329
Multistage Degree 1 frequentist Restricted | Extra Risk | 0.1 43.06003451 | 29.28887804 Infinity 0.045180968
Weibull frequentist Restricted | Extra Risk | 0.1 43.05676737 | 29.28848196 Infinity 0.045187668
Dichotomous Hill frequentist | Unrestricted | Extra Risk | 0.1 0 0 Infinity 0.585378718
Gamma frequentist Unrestricted | Extra Risk | 0.1 6.535958187 | 1.160235913 | 52.59448583 | 0.693980454
Logistic frequentist Unrestricted | Extra Risk | 0.1 95.25311229 | 57.43377387 Infinity 0.046303513
Log-Logistic frequentist | Unrestricted | Extra Risk | 0.1 0 0 Infinity 0.861672461
Log-Probit frequentist Unrestricted | Extra Risk | 0.1 0 0 Infinity 0.861623414
Multistage Degree 2 frequentist Unrestricted | Extra Risk | 0.1 18.1458196 | 9.349256569 | 56.30048277 | 0.999556908
Multistage Degree 1 frequentist | Unrestricted | Extra Risk | 0.1 43.06004018 | 29.28874028 Infinity 0.04518097
Probit frequentist Unrestricted | Extra Risk | 0.1 90.43877846 | 54.18259822 Infinity 0.046202877
Quantal Linear frequentist Unrestricted | Extra Risk | 0.1 43.0600385 | 29.28835878 Infinity 0.045180965
Weibull frequentist | Unrestricted | Extra Risk | 0.1 65535 0 Infinity 0.861732446

Frequentist Multistage Degree 2 Model with BMR of 10% Extra Risk for the BMD and
0.95 Lower Confidence Limit for the BMDL
1
09
08
07
y 06 ———Estimated Probability
E_D.E Response at BMD
gcw" 04 ; Data
—B D
03
[ BMDL
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1302

1303
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1306
1307
1308
1309

1310

1311

10-2. MAREICKDBENA) XY 8@

WARER T > hOME

FLER (RS A+ BRIE + FRHEARIE) O 3 S OIEBEOMAE DY,
Nagano etal. (2006) 7 » b MEFLIRIES: (MRS A+ BRAE + SMEIRIE) 523 A B %k

(Bgif) N Incidence
0 50 8
10 50 8
40 50 11
160 50 25

Model : Gamma
BMDLio = 11.5 ppm = 11.5 x 4.11 = 47.3 mg/m?®

BMDLio i BB = 47.3 x (6/24) x (5/7) = 8.45 mg/m?3
Z v b 1 HIEW & 0.26 m¥/day, b K 1 HPFEE & 20 mé/day
7 v MK 0.35kg, b & 50 kg
BMDLio B b2l & = 8.45 x (0.26/20) x (50/0.35) = 15.7 mg/m?
==v F U A7 =0.1/15.7 = 6.40 X 10" (ug/m3)**
FENRAY A7 105 Of = 1.6 pg/m? (0.00039 ppm)

BMDS (version 3.1.2, US EPA)IZ L % Hi F7ik Bt
T A B AZHEV . /)y BMDL1g (11.5 ppm) R LT,

ode Ana pe Re 0 R pe BMR BMD BMD BMD P Value

Dichotomous Hill frequentist Restricted | Extra Risk | 0.1 | 49.73483084 | 14.95601237 | 155.5984431 NA

Gamma frequentist Restricted | Extra Risk| 0.1 50.29382565 | 22.62305128 | 135.1686927 | 0.907775475
Log-Logistic frequentist Restricted | Extra Risk | 0.1 | 49.73960731 | 18.12081933 | 150.1058716 | 0.914517248
Log-Probit frequentist Restricted | ExtraRisk | 0.1 | 55.99924488 | 39.50306683 | 156.6638108 | 0.968764745
Multistage Degree 3 frequentist Restricted | Extra Risk| 0.1 51.70513153 | 22.58753593 | 112.321808 | 0.850391249
Multistage Degree 2 frequentist Restricted | Extra Risk| 0.1 51.70511723 | 22.58722746 | 94.81978097 | 0.850391248
Multistage Degree 1 frequentist Restricted | Extra Risk| 0.1 32.90813446 | 22.07457844 | 56.85249849 | 0.830136236
Weibull frequentist Restricted | Extra Risk | 0.1 | 50.64789081 | 22.61778095 | 150.6190066 | 0.894802389
Dichotomous Hill frequentist | Unrestricted | Extra Risk | 0.1 | 49.41367196 | 12.78409907 | 154.950223 NA

Gamma frequentist | Unrestricted | Extra Risk| 0.1 50.29525994 | 11.52757258 | 135.1690852 | 0.907775564
Logistic frequentist | Unrestricted | Extra Risk| 0.1 51.0174793 | 40.08442153 | 71.14150864 | 0.980107869
Log-Logistic frequentist Unrestricted | Extra Risk | 0.1 49.74354149 | 12.76585808 | 150.1058907 | 0.914491532
Log-Probit frequentist | Unrestricted | Extra Risk | 0.1 | 48.82371512 | 13.61269437 | 158.2721736 | 0.965382192
Multistage Degree 3 frequentist | Unrestricted | Extra Risk | 0.1 | 47.46060848 | 6.886367359 | 151.9338275 NA

Multistage Degree 2 frequentist | Unrestricted | Extra Risk | 0.1 51.70513153 | 16.14567602 | 116.3574517 | 0.850391244
Multistage Degree 1 frequentist | Unrestricted | Extra Risk| 0.1 32.90142059 | 22.07470829 | 56.85295904 | 0.830122995
Probit frequentist | Unrestricted | Extra Risk| 0.1 48.53151542 | 37.95468512 | 69.02441774 | 0.977566225
Quantal Linear frequentist | Unrestricted | Extra Risk | 0.1 32.90823853 | 22.074661 56.84891805 | 0.830136469
Weibull frequentist | Unrestricted | Extra Risk | 0.1 | 50.60279091 | 11.95575357 | 150.6280461 | 0.894797015

Frequentist Gamma Model with BMR of 10% Extra Risk for the BMD and 0.95 Lower

Confidence Limit for the BMDL
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