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AITER A e e (L E J R 7 WHIEHEHE)
SRR RS T s

REFERT X v 2 a8 AT D FEER dh OB AR 5 A

Feorfid OMEM MRS ESZERAGRmEAENERT  AEEALTER =R
ﬁn’%%ﬁ% b s ESZEEG RS EEERT AR LR TS
WHoEt 0 IR Wz ESLERGRSATENEET  RertEYRERI it /5’ —

waRHii= =Rk

MAEES  HERL e O NS BRI R o 7 Vet sk OB FESE —7 I %8 (Primary
Aromatic Amines: PAAs) (22T, #kHERLE 31 B (41 Fafk) . g 23 B h (23
iR) DOEEFELIT 72, EU THEGR L > TS 22 O PAAs D 5 B ik
MESLEL 2 D1 12 FidE, LT O 1% 11 ARV E & FIRELL E et Shiz, 20l
EAEIT 10 pg/g LT EIRIRECTH o 7208, MEMERLT CIEfmidah (> R 7

(8 Hif&) 75 benzidine 7% EU JEYEfE (30 pglg) LA LETHHE S, TONRIZY 9 —
VIR LB o= NSNS 6 U (T RK) Th oz, —F, B T
TH YA 5 o-toluidine, benzidine 33 & T 3,3 -dimethylbenzidine 23 Z#LZ 41 1 ki
K92 EU JEYEMELL E TR S 7z, EU OFEYEE 2 L 724 PAAs ORI, filik
B B B S 3072 benzidine 28 45~593 pg/g. HE 8L 2> B g H X U7= o-toluidine 7 430
ug/g. benzidine 7% 31 ug/g ¥ & UF 3,3’-dimethylbenzidine 75 40 ug/lg ThH -7, > 2 —/b
R — V7 EIX G ICHEEAN D RN H 0 L S OB D O benzidine DI EE
BRI AME L FZ X BT,

A WFIEERY Ji& 2 TSP 5 N O Al s L OYIT g 72 & T

7RI R R CIE H BT BICHINC RSV, BRAMEE AT 5
WHYERIDO—D>Th 0 | MlHERL T, AR L TgbN D EEFEBEE—7 IV
fnds K OVE R e PR & R O YLt (Primary Aromatic Amines: PAAs) % 4
WCHWHRTWD, Zo7 vV Ykt 19 T 5 2, o7 YRR DR D A
il X T ANOHEHIND L HITR P& H 3% PAAs DF A, —RIICHE
o7, LT, ZOMENEE TLAMhT FEWET I LN, B AMEEAR LT
b2 &b, BUETIEHSAF T 3000 W2V PAAs EIXBITL TV D, ZHLET
L EoT Y YLEI M ER S TR, WZERENT=T VYRt N U453 D— L
B 2RI 5D 2 FNEITEIC 65% 2oV TR AN PAAS NG F 0,
ICET D ESbNLTND Y, T bR D E PAAS D—DThH

— 5T, 60T VYRt —E TR % benzidine # EEAE M &3 5 YkHE



250 FEMH A B A2 TWDH E SR TND
FD=H, RA YT 1994 FICF e
KIS R WE S, FFED TV Ykt
B EOFRHZ D THikAE LS 70 & R
ZEHE, RHIMEEALT 2 "~ O A
HlEInl, ZOHELY, ZAbHDT
YV YLRE D BB TR AR T D RS AME
DRI, b LTV OHD 20
FEXH D PAAs 2381 THIMI S 417z (30
Hg/g LLF) 9, EU T% 2002 4£ 9 H1Z EU
Council Directive 76/769/EEC (fGf#¥'E
K OFRA D B & A OFIFRIZE S 5
HHEIES) OLERES LT (EU
Directive 2002/61/EC), = ® EU 845 1C
V. 7 YVYEHIHRT D PAAs & L TR

A THIBI STz 20 FEFHICINZ T,

o-anisidine  ( 2-methoxyaniline ) &
4-aminoazobenzene @ 2 fEFH &N 2 72 22
FEEDS B G (30 pglg BAT) E72o
=0, d, AL BT D KA
Td % REACH (Registration, Evaluation,
Authorization and Restriction of
Chemicals) ZF#hZtfEv, BIfETIXZ N
© PAAs [X REACH [ TH#Hl s T\ b

8)

F7o, T =y T HER S O
ZaME R F AL LT Oeko-Tex
Standard 100 23 W\ B AL, 2L H 22 FEA
2Nz TS BT 2 fifE (2,4-xylidine,
2,6-xylidine) %Nz 7= 24 FEFEIZ SV T
HEREZRIT TS AL TH2RND
Z L. ERFERME : 20 pglg) 9, HET
HIE U< 24 FXEO PAAs 28 &,
g NREMEEFE® (GBIT
17592-2006) T & > THOMERHE S
TW% (20 uglg A F) 9, F7-mE KO

N R FATYH PAAS ITIERHI S TERD |
S A TIHEERENEH S TS Y,
A3 ETIEL. 2008 1 B FHAEL LT,
A, FHERHE R L de DOV 26 T ke

I oW T m a~— 7 JEHEDE AN
&tz (30 uglg BLF) 2,

EU Tl3&khin, EanE X OERE
CCANOREE &ip IS VNGNS Fa [72Vi |
SR 7> & D3 SCFB O R A BB
VA7 2 13 (Rapid Alert System for
non-food consumer products: RAPEX)
WCCHEBALTHEE L TARL TV,
20104 0f 2011 412 RAPEX TH#i iy &
iz PAAs &SRBV T, B3 4E
RGO RE R 1, ECN
DEFEEZFR 2, &K 5L %*ﬁﬂjéﬂ
7= PAAs OFfHZ R 3ITENEIR LT,

dih & U CER RGN L V013K
X7 7o varBLOA 7 ) 7R
mCH Y | FEHCA T — 7 RE VM 2R
LTWe, AEEBTIZHREE A >~ B2
% <. PAAs |3 ERE T3k~ 7e B i
OIS, A RETIZEIZAT—T
MO I TWD, £z, EREGSF
® PAAs FEEH B o & AE X
benzidine . 4-aminoazobenzene .
3,3’-dimethoxybenzidine DJETH v |
Z DY L TS EME AT T2 5 /R R T
T pglg Tholo, Fle, 4 FED
B TlX benzidine N EIZBH S,
E pE @ 5 ClX benzidine B L O
4-aminoazobenzene H3ILITHEH ST
W5,

o X9z, EU BN TIIZEEHAF
D PAAs OBURAMUE STV 523, &
MENZ ST D2 AER S F IR T 5



PAAs DEBEII R TH 7= &b,
a1 T TR ENC I E T 2D e RS o
PAAS [Z- DT D SEREFR A 4 2009 4F- 1 H
~3 BlZoMT T, 86 B 121 BiRiZoW
TiTo T, ZORER, MO 7 v Fa v
~v k(2 FR) o—#H»rs, EU %
DI A 2 25 mIRE D benzidine %
Rt U, Fend ENC Wi 9 5 il B it
ZHBRENDAMEPAAS DIFEL TWVWDH Z
RIS LE W,

EU TITHBS S ORI 1T, S
WCEEMN D A REMEO H H AL & S
THY, FvFar~y MNIEEREIC
ik d = L ABER L8 TIERy, £
D=, XV ZIEIZfibi 2 FTREME D E
KEB IOV — VR Elz oW TEF
PICTREZIT O LERH DH, £, EU
TR DWW T b | MR [FIRR L
PAAS [Z DWW THIHI L TR v, LT
b PAAs ORHBINHRE ST D B,
Loy U, B ENCHEE LT B Foil d
<DWMs@£%iK%f%é Z T,

OEEMAERG R A B E 2 T, B
Kﬁ%y—/ 0D B2 RE I B HE il B AT
RE M 0D i Ol SR T OV L L2 o
WTCEEFAEZIT> =D THRET 5,

A RIFAA RS & LT PAAS 133 4 (2R
L7z 26 FEFECTH D,

B. ik
B.1 Uk}

2011 AFEFERL T — RO 72/ NTE TG TR
FE ST HifE R KOV 2 | U
I L O E RN OB EE S THEA
L7, BEAL-BLLOREE, B, MHE,
AEREE e PIT oW T, kRS IR 5,

FRLIER 6 ITENE IR LT, fkifER
B DWW T, EE OB TR STV
L ABHZ DWW TATRE R BR V) AR5y
FL. ERENE TR E Lz, &
FERI IR A B B TR HE L 2 31

(41 BfA) | BB 28 23 B (23 ffk)
Tholz, 7ok, EU EHEEZEZ T
PAAs 23 S LRI OV TR, &
XD IEMICERBLT 5 %12 Munsell
color system |Z L DA T - T2,

B.2

*G & LTz 26 T D PAAs DA
HERATR LI, £, WEBEEDE
& LT, B# b4 naphthalene-dg
F L O anthracene-dyo M N Fi Gl T
484> 2,4,5-trichloroaniline % v 7=,
Methyl tert-butyl ether (MTBE), A % /
— VB X OAF Y TR SRR o
FREA I 2 e, 7 = i 1
% (pH6.0, 7 = kL L C 0.06 mol/L)
M7 =W BT DONA Fa
74 FRBXOKEELT P T AITT T
~ TV Ry FRO R Z F iz,
WALFT NV T LNETFTATAT A BO
Feilak B 2 T, ARSI 14 PAAS
231000 H L <1100 pg/ml 725 K 91
A K ) — )L CTHREE L%, 10 ug/ml & 72
% £ 912 MTBE THAIR L TERAIRMER
e Lz,

B.3 AALER 715

koM BLO5 12 o v T X . EN
14362-1:2003 (FERMAERLE) 1 (2 HEfL
LTiTo72, Fio, ERFIZHOWTIEL,
%H%@%ﬁ%ﬁé&:ovv(ﬁ\



1S02418:2002'"(=, PAAs Z3HT D723 D
ATALER T EN 17234-1:2010"| 2 #EHL L T
1T-7=, 728, 4-aminoazobenzne (Z-D\>
Tid, EN 17234-2:2011" N W4T 24T
> 72, BIALER T VE O Fid 2 R X
11z, EREIX 2 icEREhoR LT,

B.3.1 {HEREL D RTALEE J7 A

XU OIT, Y 70 K& JITHIED L 7= ik
MEslR Lg ZHEFE L7, LT, RBke
HHMMLT D T0CITMEAL T\ =
VIEAEETR 17 ml & ROSAEIZ AL, 70
+2°C, 30 pMfRIE L=, £, BT
FELT3m oS FathLrr Ak
VAR (200 mg/ml) Nz 7-t%., S 5T
70£2°CC 30 A3 fRIE L 7=, 30 /it |
B DN S T OSSR % 2 53 LANIZE
liETmA LT, mAk., ROSEIRZ %
51 U CHkKE & 40 HBE L 100 ml 23k =
— kB LT, £D%.20ml O MTBE
ZMz., 30 SR s >t L, —
ERFH R ER I Z IR LTz, 9
— EERER IR U EEAR &2 0 B L 72 1%
A OERBEAR & Ao Bk ~ Y
U AT LT, BAKE., G E»
CUTFTOHRMETE—F Y —= K
— X —ZTHI L ml o CEENE L7z, IR
#%.10ml 7 F A2 =2 MTBE Z W\ T
BLEARLE, ZORREKIS 1 ml
DELL . 2 pg/ml O NI EYEY) S & & e
MTBE &% % 50 pl iz 7= & O & 1l E
e Liz,

B.3.2 HEE O FiALEE 7
B A L CHBEE 4mm O &
B S 72 O &GN R E U, Fi

B L7350k 1 g 2 KRR L TR RIS
AT, £, ~FH o 20ml #x
T 40°C T 20 oy E A 21T - 72,
TO% . A~XY U ET T3 v
WCTRELZE, o —E~FH 20
ml &N Z CRARICHEE S I LR U 7= 12
~NXVUMMET T — v a3 VIR
KL, B L L=, D%, RT7 7
NPy NN TRICE D H Z BT
ToIRREC—WRHGE L, R LT\ iz
W EERIIRE LT,

WIZ, EREEH LT 70°CITN
B TR = U BRREENR 17 ml & X
JEBRERIZ AN, 70£2°C, 25 Sy HERIE L
Too RIT, BILAIE LTLEM OANA R
nY T 7 A MNERE A 10 53 PRIE L
oo 0%, b9~ 15ml DA K
P77 A NEIRAE I Z T 10 Sy TR
L7t |EETHAIL, mE%, %
HMERLEL SRR & [FIRRIC MTBE i L
TEWHR 2 e U7z,

4-aminoazobenzene (2D CILRATER D
KO ITHARLEE 24T > 72% . 9 ml @ 2%

(FEE%) KE{LT R U o AKIEKZ M
2 TR BINENL D ETIRE O L,
ZDH%. Iml DA Ratvry» A Kk
WiRE Mz 0 e 5 Lictk, 40£2C
T 30 PRI L7z, 30 kg, ik
FHOWTHEAE 1 2UNICEIRE TN
H LTz, I, OSEZET OFEHT, 10
Hg/ml D NERIEHEME 3t MTBE I
Z50ul & 5ml o MTBE R L7 g Dif
b NV T LEINZT2t%, 45 R &
D Lz, WHD SHHBRLAE T 5 4
DINTREE L 72, #IRE 5 %%, 3000 rpm T
10 LB L=, & LT, @5y



BEf2 1 MTBE FHZ 0B L. KRS
FU T ATHKLZZBICHERKE L
7=,

B4 WAV a~ 7T 7 &SR
(GCIMS) IZkrER
PAAs OE®IL GCIMS (2 TITo 7,
GC/MS % Focus GC/DSQ II (Thermo
Fisher Scientific #1:#) Z M, ¥y &7
U—0 7 XNiTH stk Z 2 DB-35MS
(£ & 30 mx PN£E 0.25 mm X [EE 0.25
pum, Agilent #£8) ZHW/, ¥ U 7T
— 7 A% He & F W it &L 1.0 ml/min
(CRE LTz, EAR, P T RAT77—F
A BIXOA A Yy —RBEIXENE
U250, 250 I3 LN 230CIZRRE L., A
7Yy FLRAE— NTHIERKZ 1
HEALZ, BT bA—T T a7 T A
HIWNREE 55°CC 5 AR S ¥ 7214,
230CE T 15C/Hr THIR S ¥ =, £ D%,
290°C &£ TiL 5C/57 T, 310°C £ Tix 20C
177 CHIBR L, HEIRET 5 oRfREFL
720 A A k1T Electron lonization (EI)
B, A A ALELEF70eV & Lz, HIE
I% Selected lon Monitoring (SIM) E— K
(CTT 2 Tz, FWENRWEOE R - &
PEA AT DN TIER 7 ICEEH L 72,
HAC B E A 0.01 pg/ml (fH L
1,4-phenylenediamine, 2,4-diaminotoluene,
2,4-diaminoanisole (Z->\ T 0.1 ug/ml)
DIRAIERERHR 2 0 L 3 BIHIE L
7= BR OB YR 7 0 3.3 1% & M H FRRAE 20,
10 f % EE FHRE 0L L TRRBHO#H
RUMEE £ 7128 Lz, EU TIIRH
TRRMEA 5pglg L% E L TWAHN, 4l
O E WRF O # T BRAEIT Z L& 4312

TlEl>TEY | FEEIZ OV TRIEITE
77,

AR D T, EN14362-1:2003'
(CHEL U CLART O WL RERIC R,
8 5L D 4-aminoazobenzene 1 |
EN17234-2:201190 LI HE > 7=, AR
FakBh (FREISE 5 ug/g: n=5) OfEFR%
# 71Z/R L7z, 2,4-diaminoanisole (Z-D\»
T ENLEED 19% & BARETdH 5 20%
W EERE S 24% & B KX
Moz, F7z. 1,4-phenylenediamine |3 H
PR E AL TV BICEIE 10%
EAE o T2, —T5. 4,4 -oxydianiline 35 X
N 4,4’-methylenedianiline 1 Z[A]Y 273 171
BLO136% L m< e o7y, ZEMRIK
NS rotz, TS DILEBIZ O
T, B ER X 70~120% D FHIZ A - T
B, EERED 10N E B TH-
72, FELE > 4-aminoazobenzne D[]
F(FRCIEE 5ug/g: n=5) 1% 99%. ZH
FREIT 14% & BiF CTh o7z,

C.1 kiR

MR 29 B (39 WifAk) B LU r
7 B 2 B (2 BE) 12OV T PAAs
ZHIE LTz, TNZEND PAAs IZOW\W T,
LB ORI o HEE B X O
EHiPH AR IR LTZ, £7-. S
7= PAAs 2O\ Tl & ORI E %
FK9ITR LTz, MERSRE LTz 26 FEEH
®D PAAs © 5 b, 12 FE)N E & FIRAE
UET 1AL B Sz, 20955,
EU THifl & T\ 5 PAAs I3 10 Fi¥H
ThoT-, AL O EWIAIZ, aniline

(& TRRMELL Lok $: 29/41) .



4-chloroaniline ([7l: 15/41) | o-toluidine

([A: 11/41) . 4-aminobiphenyl ([F]:
11/41) . benzidine ([F: 11/41) Th -
7= (¥ 8), Aniline (ZD2W T, R&EL
25T FRYELS D YL E DAL A W)
DIEERICE S EENTND D, 2D
R - B & b T I UHHICH
RTCELRolebDEER BN,
4-chloroaniline (Z- DV TIdkE & 7 FH%H
DO FER MmO SN, —T7,
o-toluidine, 4-aminobiphenyl ¥ X O}
benzidine |2 2OWTlX, A — 7B X
By =Y - DARJHR L b Z &
o AN DITIFE A E BB SR o
7

AL 22 B S 72 PAAS DR E
IZOWTIL, ZDIF & A ET1E 1.0 pg/g LA
T To 7275, benzidine (IZ >\ TiX EU
FEYEME (30 pglg) B A% DIRENHRELD
Va— BRI AN—EHINO R
A, FEVEEREE I 7 85 (8 Fuik)
Tholz (9, TNHIEA L RIS

Ui, AEPEEN A b O 2 | TH
- 7=, Benzidine 2% ft H & 472 3R

(T-B3.0) 7 u~< 7 F5BL0
Scan ML/ LT AANRT FL
DO A X 4 12~ LT-, Benzidine IZ[EFS
W AMFZERT (IARC) O 7 Y —T
Groupl IZ/E L. R AMENHER ST
WB B ZLT, va— R —Y - b
NI E I E AN D ATREME D B
0. DOMEYEE I % 72 benzidine
ITIEF IS E IR (45~593 uglg) TH D
Z b, T OREEMLR & 21T O 4
EnbhoHEEZBND,

PAHTCFR & 3T o To ke S i 12 B3 5

LI TIX, 1A v RS (Z
¥ F ar~v ) 5 benzidine .
3,3’-dimethoxybenzidine & X O
2,4-diaminotoluene 73 EUEMELL b oD
THRItEN T D Y, SFEOHRE T,
2,4-diaminotoluene (IR H S 720> 72,
FYEELLUT O PAAs &30 TR & 47z
PAAs % LRI O FEREF A DG G 19 & ik
3% & benzidine 23 H S L7 E BN S
L. B 5705 % 4-aminobiphenyl .
3,3’-dimethylbenzidine ¥ X O
3,3’-dimethoxybenzidine 23 fH &L T
%o AT, benzidine & FEAEAL &5
YRR ERH SN TS Z EERELT
WHHLDEEZBND, £, AHFHAE
L7z CiE, ALy, 2, &K, #if
BB L OFAOFE) S EU EEE A8
2% PAAs 3 S 722y o ETT
REETHR 2 N 2 To B BE T2 & O FEL D
Yuta BRI ME S | RBIEE DT Db
DBRZT BTz, 2D &9 BT,
LIRTIZ benzidine 73 E TRt S 7z
FJryFarvy FTHEOLNLTEY
W 2B OREHT T Y B R DR
EEEYLEEME ] S AU TU B ATREME DY &
WD EIRIB ST,

T-B3 B L O T-E7 (UhEIE A), T-E1~
E4 3 J O T-E5 (/5E)k B) . T-E6. T-E8.
T-E9 (/h5EJE C) IXZNnZhjl & D/NiE
JEMBAFLIEZLDOTHD, ZDH 5,
/NFENE CIZ DWW TIE, LR O FEREHA T
benzidine 23 @R E CRIHS =T T
ar~y NEBALRL/NREEFR—T
HD, TDOEIIZ, Blx D3 HODINEIE
DO AF L2825 EU SLHELL o
benzidine 23R SN TV 5 Z &0,



RAPEX TOHETHA v RO Z N —
7 75 benzidine 3 ST D B2
EPD, ZNHOREIZONWTIE, HD
FEEE OBEEC benzidine Z4EKT 257
RtV TW D ATfEMES E D &
ERONBREEFMPALETH D,
RAPEX Tl 4-aminoazobenzene D & Hi =
73 benzidine [RIERIZEZ & A &
TD O, é\@@%ﬁz%ﬁ;@ﬁu@%ﬁéé)ﬁﬁ

TIL, ST ETIT - TV Do
F£IZ 3T, 4-aminoazobenzene 1 aniline
& 1,4-phenylenediamine |23 R 5 7=
BETEARN, 7272 L, #liERLE
1,4-phenylenediamine 73 & H S AL T /g
W LD AR U 72 e R
4-aminoazobenzene [IfEH LT e
HLDOEEZ BT,

C.2 Halk}

FARLSL 23 BEL (23 BEK) 12DV T
PAAs #JIE LTz, £NED PAAs IZ
SNT, B K URA T O R RS
FOBERIEEZ#R 10 1R L, £72,
B &7z PAAs 12OV T~ DRk
HIRE AR 11 IR L, JIEXSE L
72 26 FiFHD PAAs 5 b, 11 FEENE
& FIRMELL BT 1 MR B &7z,
ZD o5, EU THHl SN T2 PAAs
T ORIATH - 7o, BB O @ WIEIC,
aniline (& & F R LL b o (K $c:
23/23) . 4-chloroaniline ([F]: 10/23) .
3,3-dimethylbenzidine ([dl: 7/23) .,
4-aminobiphenyl ([Fl: 4/23) . benzidine

(M 423 ) B X O 14
phenylenediamine ([F]: 3/23) TH Y |
aniline [T 25 0E) B H S 47z (3R 10),

% 7~. 4-aminoazobenzne (2D Tl
WD X HIZHIOFETRE LTeh, F
TOREIL LRI SN2 o7, B S
7= PAAs ® 5 6, EU HEUEfE 2 2 7=
D 1%, o-toluidine. benzidine ¥ X O
3,3 -dimethylbenzidine TH Y, T <+
N LRET O B &7z, o-toluidine
MR E =3k (L-C4) o m~ h o
7 LB XD Scan b fEbilo~ A
AT MV ER5IZR LT,

RS EU SRR 2 2 TR S
A7z PAAs DI2JEIX, o-toluidine 23 430
Ho/g & FEH 12 & < | benzidine 1% 31 pg/g.
3,3’-dimethylbenzidine |3 40 pg/g ToH -
Too FEYEMELL B PAAS DN H S 7- 3

LTV s E/M CHOmEINTH
O, RE—/NEIENPBAF LIRS TH-
7o £7-. FNOOEEINIIETE A BT
ST E DB T o D XNy 7 ALER A
L7c 8L, BN E ChREa I LTV,

R DR STz PAAs OFEER A
i SO = TR e S NN
1,4-phenylenediamine 73 &% 5L 7> & |
RE TR S UAMNEL, IZIEFRERTH
-7z, 1,4-phenylenediamine (-2 Tl,
LT Tl 4-aminoazobenzene (2O T,
MOGETHH LEH S TWARN D
& 7» B . 14-phenylenediamine X
4-aminoazobenzene HIR TiE72W\H D &
Bz b,

D.£&®

AR 22 D NS E R R o 7 Y G
BHE SR D PAAS [2OWT, fikkERLS 31
Bk (41 Bfp) . g 23 Bdan (23 B
K) OEREREZIT->7-, EU THIHI*



RLlpoTND 2HHDPAAS D 5 b
ARAERL S 2 DI 12 R, R B
11 FEA E & N IRMELL BT S vz,
ZOIFEAEIT10uglg LT EAKIEE T
o Te N, FHER IR (AR
) 7 i (8 FifK) 225 benzidine 73
EU ALYE(H (30 po/g) & H 2 TR S 4,
FONGRIZY g — RN 18, o—> .
A N—HED 6 B (7 BiK) ThoTe,
— 5 RS TR T osEa s o
o-toluidine . benzidine ¥ X O
3,3’-dimethylbenzidine 25 1L E 4 1 # A
90 EU AV E 2 L TR S,
EU OJEYE(E Z Bl L TV 724 PAAS
DO, BRSO S
benzidine 7% 45~593 pg/g. HHLE A5 R
Hf X 41 7= o-toluidine 7% 430 pg/g .
benzidine 728 31 pg/g B X O
3,3’-dimethylbenzidine 7% 40 pg/g ThH -
oo ¥a — RO — Y 7 IS
fiu D AIREMED N H D L E O DRGNS
@ benzidine DOIERFE EFFEN LT L E %
bz,

EMFIERFR
E.Lw 30085
L

E2. 725K
7L
F. FIRIFT A HE D B IR
F1. FFaFiUS
7L
F2. RT3k
7L
F3. ZDith

10

L
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1. RAPEXIZE T2 H R B DPAAsE R 4 31°

wEFE B 59 $E (Category)

&l 24 (Products)

HHEEH°

2010

Clothing, textiles and fashion items

Scarf

Socks

Men’'s shoes
T-shirt

Baby sling

Baseball cup

Bed linen
Children’s pyjamas
Children’s outfit
Children’s sweatshirt
Children’s track suit
Cushion cover
Dress

Fleece blanket
Gloves

Jeans

Ladies’ boots
Pullover

Purse

Sweatshirt for boys
Trousers

Women'’s blouse
Women'’s boots

8(10)
2(4)
2
1(2)

Toys

Children’s costume

Children’s pirate costume

Finger puppet

Childcare articles and children’s equipment

Baby shoes

Decorative articles

Christmas socks

Hobby, sports equipment

Sleeping bag

N el el e el P ek ek el ek ek el ek ek ek e ek ek el ek ek e ek

w
oo
D
w
—

2011

Clothing, textiles and fashion items

Scarf

T-shirt

Dress

Hand bag

Boys’ underwear
Blouse

Bed spreads, and cushion cover

Pashmina—style scarf
Baby shoes

Bag

Bed linen

Children’s cardigan
Children’s Jacket

Children’s sweat shirts

Denim dress with belt
Jeans

Men’s shorts

Sports shoes

Towel

Trilby hat

Women's Jacket
Women'’s Top

NN WWO

N

1(3)
1(2)

Toys

Fancy dress costume
Finger puppets

O G G G G G QU U T (U (T G Gy

&t

35(38)

® 5 5448 (Category) B KUV EL T4 (Products) DN

P1DDREDHIEROBRDTHN H D=5

RIJEEILEXDFEF



2. RAPEXIZ & 115 4 EE R DPAAsE R 43K

BEF HEE WEHH(RLRE°

2010 China 20(22)
India 8(10)
Philippins 2
Bangladesh 1
Bulgaria 1
Guatemara 1
France 1
Unknown 4(5)

2011 China 17
India 9(12)
Bangladesh 3
Greece 1
Syria 1
Unknown 4

C1DDHMEDPICEBOERDEE L H D=0

3. RAPEXTHERHEARE SN F-PAASDIEERIREHHE LUV FDEESE"

WEE  BHIEEY WEHE REEE(ug/g)

2010 Benzidine 12 77 - 1571
4-Aminoazobenzene 12 43 - 150
3,3'-Dimethoxybenzidine 8 53 - 516
3,3'-Dimethylbenzidine 5 110 - 640
2,4-Diaminotoluene 3 48.0 - 530
4—-Chloro—o-toluidine 1 1471
4.4'-Methylenedi—o—toluidine 1 64.1
4 4'-Methylene—bis—(2—chloro—aniline) 1 924
4,4'-Oxydianiline 1 210.8
Azo dyeb 5 34.1-1100

2011 Benzidine 20 48 - 4118
4-Aminoazobenzene 15 66.3 — 1701
3,3'-Dimethoxybenzidine 6 8.7 - 615
4—-Aminobiphenyl 5 6.14 - 83
2,4-Diaminotoluene 3 51-160
3,3'-Dimethylbenzidine 2 5.16 — 60
4-Chloroaniline 1 33
4. 4'-Methylenedianiline 1 734
o—Toluidine 1 5.02

P REORHNBEOLOEERI: P

B30 RN

13



T4 ARILEYDBIE, CASES, EFEERE

REACH IARC
No. Name CAS No. Chemical structure ) by SupplierC)
Annex XVII* Group
1 4~Aminobiphenyl 92-67-1 NHz + 1 A
2 Benzidine 92-87-5 HZNNHZ ¥ 1 A
H,C cl
3 4-Chloro—o—toluidine 95-69-2 + 2A B
H,N
NH,
4 2—-Naphthylamine 91-59-8 + 1 A
5 o—Aminoazotoluene 97-56-3 + 2B B
(Solvent Yellow 3) HC H,C
NH,
6 5-Nitro—o—toluidine 99-55-8 o @% + 3 B
7 4-Chloroaniline 106-47-8 HZN@CI + 2B C
H,N
8 2,4-Diaminoanisole 615-05—-4 H3C70@NHZ + 2B D
9 4 4'-methylenedianiline 101-77-9 + 2B D
H,N NH,
a cl
10 3,3-Dichlorobenzidne ~ 91-94-1 + 2B C
H,N NH,
H,C—O O—CH,
11 3,3’ -Dimethoxybenzidine 119-90-4 HzNNHz + 2B D
H,C CH,
12 3,3'-Dimethylbenzidine 119-93-7 HZNNHZ + 2B C
- o H,C CH,
13 44-Methylenedi-o 838-88-0 ’ , 2B B
toluidine
H,N NH,

2 REACH Annex XVIIIZ&->THESNTLSEE Y

® IARC clasification groups: 1 = Carcinogenic to humans, 2A = Probably carcinogenic to humans,

2B = Possibly carcinogenic to humans, 3 = Not classifiable as to carcinogenic to humans

15)

 A: SUPELCO, B: Sigma—Aldrich, C: AccuStandard Inc., D: FIAHME T % E: Fulka, F: EERA T2



T4 ANFILEYDAETH. CASES. LFEELE (FHiF)

REACH IARC
No. Name CAS No. Chemical structure . b SupplierC)
Annex XVII* Group
H,N
14 p—Cresidine 120-71-8 Haco@cw + 2B D
, ) cl cl
. 44'-Methylene—bis=(2= 0. ./ . 1 o
chloro-aniline) H,N NH,
o
16 4,4'-Oxydianiline 101-80-4 /©/ \©\ + 2B B
H,N NH,
s
17 4,4'-Thiodianiline 139-65-1 /©/ \©\ + 2B D
H,N NH,
CH,
18 o-Toluidine 95-53-4 i:r“”z + 1 D
H,N
19 2,4-Diaminotoluene 95-80-7 H&@NHZ + 2B C
H.C
20 2,4,5-Trimethylaniline 137-17-17 HzNQCHa + 3 C
CH,
NH,
H,C—0
21 o—Anisidine 90-04-0 + 2B D
22 4-Aminoazobenzene 60-09-3 HzN@N:NQ + 2B E
(Solvent Yellow 1)
H,C
23 2,4-Xylidine 95-68-1 HZN@% _ 3 F
NH,
24 2,6-Xylidine 87-62-7 “3°\©/CH3 - 2B F
25 Aniline 62-53-3 HZN@ - 3 D
26 1,4-Phenylenediamine ~ 106-50-3 HZN@NHZ - 3 F

2 REACH Annex XVIIZ&->THESNTLVSILE Y

Y IARC clasification groups: 1 = Carcinogenic to humans, 2A = Probably carcinogenic to humans,

2B = Possibly carcinogenic to humans, 3 = Not classifiable as to carcinogenic to humans

' A: SUPELCO, B: Sigma-Aldrich, C: AccuStandard Inc., D: FIHE T E: Fulka, F: EEER T %

15
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&8 MM MALFETRIEL L TRESA-HFLEYDOELH. BAERE S VEEEHE

HRIEEY A S

i
N |lo

B BAER =R (1 eg/e)
29 0.037 - 631
11 0.071 - 0.64

2 tr® - 0.95

c

tr — 0.59

tr—- 5.5

14-1.9
0.18

_Lﬂn

Aniline

o—Toluidine
2,4—Xylidine
2,6—Xylidine
o—Anisidine

ju—y
mmo

4—-Chloroaniline
p—Cresidine
2,4,5-Trimethylaniline
1,4-Phenylenediamine
4-Chloro—o—toluidine
2.4-Diaminotoluene
2,4-Diaminoanisole
2—Naphthylamine

cCwoooo =N
|

5-Nitro—o—toluidine

4-Aminobiphenyl

4-Aminoazobenzene

4,4'-Oxydianiline
4.4'-Methylenedianiline

Benzidine 9
o—Aminoazotoluene

4 4'-Methylenedi—o—toluidine
3,3'-Dimethylbenzidine

4 4'-Thiodianiline

4 4'-Methylene—bis—(2—chloro—aniline)
3,3'-Dichlorobenzidine

3,3'-Dimethoxybenzidine

NOOOCHOO’:‘OOOQOOCOOOOO—‘N@J}O—‘OO
—
—
o
N
—
|

N OO Ol OO0 ~0 oo
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" tr B TRIELLLE 2 TRIER °—: FHH
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R0 ZFHENFETRIEULETRESNW - XNRILEVDOR SR BEBE S VREEHHE"

SR AW e

LT iR EEEE (ug/g)
Aniline 23 0.12 - 587
o—Toluidine 2(1) 0.064 - 430
2,4—Xylidine 0 —b
2,6—Xylidine 0 —
o—Anisidine 0 —
4—Chloroaniline 10 0.10 - 3.9
p—Cresidine 1 0.21
2,4,5-Trimethylaniline 0 —
1,4-Phenylenediamine 3 3.6 - 21
4—-Chloro—o—toluidine 0 —
2 4-Diaminotoluene 0 —
2,4-Diaminoanisole 0 —
2—Naphthylamine 1 044
5-Nitro—o—toluidine 0 —
4-Aminobiphenyl 4 081 -20
4-Aminoazobenzene 0 —
4.4'-Oxydianiline 0 —
4.4'-Methylenedianiline 0 —
Benzidine 4(1) 0.38 - 31
o—Aminoazotoluene 0 —
4,4'-Methylenedi—o—toluidine 0 —
3,3'-Dimethylbenzidine 7(1) 0.15 - 40
4 4'-Thiodianiline 1 0.66
4. 4'-Methylene—bis—(2—chloro—aniline) 0 —
3,3'-Dichlorobenzidine 0 —
3,3'-Dimethoxybenzidine 1 15

FEAMMFEUEHE(E (30 pe/e) #BA-HRBBLUREE °— TR
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Analysis of primary aromatic amines originated from azo
dyes in commercial textile products in Japan

TSUYOSHI KAWAKAMI'?, KAZUO ISAMA'?}, HARUNOBU NAKASHIMA?, TOSHIE TSUCHIYA'

and ATSUKO MATSUOKA'

! Division of Medical Devices, National Institute of Health Sciences, Tokyo, Japan
2 Life and Hygiene Division, Department of Environmental Health, Osaka Prefectural Institute of Public Health, Osaka, Japan
3 Present address: Division of Environmental Chemistry, National Institute of Health Sciences, Tokyo, Japan

The purpose of this study was to clarify the actual condition of 26 types of carcinogenic primary aromatic amines (PAAs) originated
from azo dyes in commercial textile products in Japan. In the case of textiles made of various fibers of various colors, the fibers
were separated by color and analyzed. A total of 86 textile products (117 samples) were analyzed. Twenty-one kinds of PAAs were
detected in the samples and almost all the PAAs were detected at low concentrations. However, the concentrations of benzidine,
3,3-dimethoxybenzidine, and 2,4-diaminotoluene (56-440 g g~') in placemats made of cotton were found to exceed EU regulation
limits of 30 ug g~!. Although such placemats do not always come into contact with the user’s skin, it is thought that they should be
handled more carefully. Finally, 7 products (8 samples) contained PAAs at concentrations that exceeded the regulation limits. Two
sample preparation methods (with and without solvent extraction) were performed on the same sample in order to compare the PAAs
in samples in which it is difficult to separate the component materials, such as a cotton fabric that contained polyester fibers. In a
comparison of the results obtained from the two methods, it was observed that the concentrations and/or kinds of PAAs detected in
the samples were different. It was therefore thought that textile products that present this particular challenge should be analyzed by

both methods.

Keywords: Aromatic amine, azo dye, textile products, solvent extraction, reduction.

Introduction

Azo dyes have been widely used in many industrial prod-
ucts since the second half of the 19th century on account
of their wide variety of available colors and low cost. At
present, three thousand azo dyes are used worldwide and
they constitute more than 65% of the global commercial
dye market.'l As one of the most popular dye groups in
the world, azo dyes are used as colorants for a variety of
consumable products such as papers, textiles, toys, leather
goods, food items, and cosmetics, among others.[!
However, certain types of azo dyes are degraded by the
liver, microorganisms on the skin and intestinal bacteria
under reductive conditions. On account of these reductive
reactions, carcinogenic primary aromatic amines (PAAs)
are generated.’~#! For these reasons, in 1994, the German
Government enacted a second amendment to the German

Address correspondence to Tsuyoshi Kawakami, Division of En-
vironmental Chemistry, National Institute of Health Sciences,
1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan. E-mail:
tkawa@nihs.go.jp

Received February 23, 2010.

Consumer Goods Ordinance that banned the use of cer-
tain azo dyes in consumer goods that can potentially come
into direct, long-term contact with human skin. Accord-
ing to this amendment, the azo dyes that are degraded by
reduction and that generate the 20 kinds of PAAs listed
in the Ordinance were banned for the first time (regula-
tion limit: below 30 ug g=").b Since 1999, the European
Union (EU) has explored the restriction of azo dye us-
age, and in 2002, it published the 19th amendment to the
Council Directive 76/69/EEC (related to restrictions on
the marketing and use of certain dangerous substances and
preparations).[®]

This EU Directive banned the 20 kinds of PAAs listed
in the German Ordinance that are found in textile prod-
ucts that can potentially come into direct contact with hu-
man skin. Two specific kinds of PAAs (o-anisidine and
4-aminoazobenzene) were also banned at the same time
(thus, 22 kinds of PAAs were ultimately banned), and the
regulation limit of these amines was established below at
30 ug g1 In addition to the 22 kinds of PAAs listed by
the EU, 2 kinds of PAAs (2,4- and 2,6-xylidine) were pro-
hibited in China by the National Standard for the People’s
Republic of China (GB/T 17592-2006: below 20 g g~1).l"]
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The Ocko-Tex® Standard 100 and Eco Mark schemes have
voluntary regulations for textile products, and they have
also limited the use of these 24 kinds of amines.!®*! How-
ever, few investigations into the amounts of PAAs in actual
commercial products have been carried out!'’~1?I although
the amounts of PAAs in migration solution from paper
products,'% plastic laminates, and cooking utensilst!!-!%
have been investigated. An investigation into the use of
these PAAs in commercial textile products is therefore nec-
essary.

The purpose of this study is to clarify the amount of
PAAs generated from the reduction of azo dyes in com-
mercial textile products in Japan. In this study, the above-
mentioned 24 kinds of PAAs that are used in commercial
textile products were investigated. In addition, 2 kinds of
PAAs (aniline and 1,4-phenylenediamine) were analyzed
because their analysis is recommended in the EU. Thus, a
total of 26 kinds of PAAs were investigated (Table 1).

Materials and methods

Samples

Commercial textile products were purchased from several
retail stores in Japan between January and March 2009.
They were divided into classes on the basis of usage, color,
material, and country of manufacture (Table 2). In the case
of textiles made of fibers of various colors, these fibers were
separated as much as possible. However, these fibers could
not be separated in the case of textiles composed of dif-
ferent materials of the same color, e.g., a densely woven
textile composed of cotton and polyester. Therefore, such
samples were analyzed by two sample preparation meth-
ods (the details of these extraction methods are provided
below). Thus, a total of 86 textile products (117 samples)
were analyzed.

Materials

The details of the 26 kinds of PAAs investigated in this
study are listed in Table 1. Naphthalene-dg and anthracene-
djo, which were obtained from Kanto Chemical Co.,
Inc., and 2,4,5-trichloroaniline, which was obtained from
Wako Pure Chemical Industries Ltd., were used as inter-
nal standards for gas-chromatography/mass-spectrometry
(GC/MS) analysis. The pesticide residue-grade methyl zerz-
butyl ether (MTBE) and methanol were obtained from
Wako Pure Chemical Industries Ltd. Chlorobenzene, cit-
rate acid, and sodium dithionite were obtained from Sigma-
Aldrich. The diatomaceous column (Chemelute, 20 mL)
were obtained from Varian. The citrate buffer solution used
for sample processing was adjusted to pH 6.0 (0.06 mol
L~! as citrate acid). A sodium dithionite solution (200 mg
mL~") was prepared immediately before use.

Kawakami et al.

Sample processing

The samples were processed using the following two stan-
dard European methods with minor modifications: EN
14362-1 (without solvent extraction, particularly for tex-
tiles made of cellulose and protein fibers)!!*l and EN 14362-
2 (with solvent extraction, particularly for textiles made of
synthetic fibers such as polyester).['*! Fifteen samples were
analyzed by these two methods to compare the different ef-
fects of sample preparation. During the processing of these
samples, o-aminoazotoluene and 5-nitro-o-toluidine were
further reduced to o-toluidine and 2,4-diaminotoluene,
respectively.l'* 13 In addition, 4-aminoazobenzene gener-
ated aniline and 1,4-phenylenediamine under the reaction
conditions used in these methods.[* 1]

In accordance with EN 14362-1, each textile sample was
cut in an appropriate manner and 1.00 g of the sample was
weighed and placed in a reaction tube. To this tube, 17 mL
of citrate buffer solution preheated to 70 + 2°C was added.
After being shaken by hand, the reaction tube was kept for
30 min at 70 & 2°C. Subsequently, 3 mL of aqueous sodium
dithionite solution was added to bring about the reductive
cleavage of the azo group. The reaction tube was shaken
vigorously by hand and immediately kept again for 30 min
at 70 + 2°C. After 30 min, the reaction tube was cooled to
room temperature within 2 min. After cooling, this sample
solution was filtered and transferred to a separating funnel.

Then, 20 mL of MTBE was added to the sample solution,
the mixture was shaken by hand for 5 min, and the MTBE
layer was separated from the aqueous phase. This extrac-
tion procedure was performed twice and the MTBE layer
was combined and filtered through anhydrous sodium sul-
fate. The filtrate was concentrated to approximately 1 mL
with a rotary evaporator keeping the temperature of the
water bath below 30°C. Next, the volume of the sample
solution was adjusted to 5 mL with MTBE. Then, 50 uL
of MTBE solution containing 2 ug mL~! of internal stan-
dard was added to 1 mL of the sample solution, and this
solution was then analyzed by GC/MS.

In accordance with EN 14362-2, the textile sample was
cut in an appropriate manner. Then, 1.00 g of the sample
was weighed and hung by inert material in the extractor to
soak the condensed extraction solvent, which was not in
direct contact with the boiling solvent. For reflux extrac-
tion, 70 mL of chlorobenzene was used, and the extraction
procedure was performed for 25 min. In the case of insuf-
ficient decolorization, the extraction time was increased.
After this extraction procedure, the extracted solution was
cooled to room temperature and concentrated to approxi-
mately 1 mL with a rotary evaporator, with the temperature
of the water bath kept below 45°C.

The sample was transferred to a reaction tube with
methanol using an ultrasonic bath to disperse the sample
as required. The solvent in the reaction tube was removed
by a gentle stream of N, with the temperature of the water
bath kept below 65°C. The residue was dissolved in 2 mL
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Table 1. Physical and chemical properties and some characteristics of the investigated PAAs.

EU IARC
No. Name CAS No. Chemical structure Properties Directive”  Group®  Supplier®
1 4-Aminobiphenyl 92-67-1 M.W. 169.22 m.p.: + 1 A
53°C, b.p.: 302°C
pKa4.3
2 Benzidine 92-87-5 M.W. 184.24 m.p.: + 1 A
128°C, b.p.: 401°C
pKa 4.7
3 4-Chloro-o-toluidine 95-69-2 M.W. 141.60 m.p.:240— + 2A B
270°C,b.p.:241°C
pKa 3.8
4 2-Naphthylamine 91-59-8 M.W. 143.20 pKa4.2 + 1 A
5 o-Aminoazotoluene 97-56-3 M.W. 22529 m.p.: + 2B B
(Solvent Yellow 3) 101-102°C pKa3.0
6 5-Nitro-o-toluidine 99-55-8 M.W. 152.15 m.p.: + 3 B
107.5°C pKa2.3
7 4-Chloroaniline 106-47-8 M.W. 127.57 m.p.: + 2B C
72.5°C, b.p.: 232°¢
pKa4.0
8 2,4-Diaminoanisole 615-05-4 M.W. 138.19 m.p.: 67°C + 2B D
pKas.3
9 4,4 -methylenedianiline 101-77-9 M.W. 198.26 m.p.: + 2B D
93°C, b.p.: 398-399°C
pKas.3
10 3,3'-Dichlorobenzidine 91-94-1 M.W. 253.13 m.p.: + 2B C
133°C, b.p.: 368°C
pKa2.7
11 3,3-Dimethoxybenzidine  119-90-4 M.W. 244.29 m.p.: + 2B D
171.5-174.5°C
pKa4.7
12 3,3-Dimethylbenzidine 119-93-7 M.W. 212.29 m.p.: + 2B C
129°C, b.p.: 200°C
pKa4.6
13 4,4-Methylenedi-o- 838-88-0 M.W. 226.32 m.p.: + 2B B
toluidine 149°C pKa5.2
14 p-Cresidine 120-71-8 M.W. 137.18 m.p.: + 2B D
53°C, b.p.: 235°C
pKa4.7
15 4,4-Methylene-bis-(2- 101-14-4 M.W. 267.16 m.p.: + 1 B
chloro-aniline) 110°C pKa3.3
16 4,4-Oxydianiline 101-80-4 M.W. 200.24 m.p.: + 2B B
188-190°C,b.p.:
190°C pKa5.5
17  4,4-Thiodianiline 139-65-1 M.W. 216.30 m.p.: + 2B D

108°C pKad.6

( Continued on next page)
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Table 1. Physical and chemical properties and some characteristics of the investigated PAAs. ( Continued)

EU IARC

No. Name CAS No.  Chemical structure Properties Directive”  Group”  Supplier®/

18  o-Toluidine 95-53-4 M.W. 107.15 m.p.: + 2A D
-14.7°C, b.p.: 200.2°C
pKa4.5

19 2,4-Diaminotoluene 95-80-7 M.W. 122.17 m.p.: 99°C, + 2B C
b.p.: 292°C pKa5.1

20 2,4,5-Trimethylaniline 137-17-7 M.W. 135.21 m.p.: 68°C, + 3 C
b.p.: 234°C pKa5.0

21 o-Anisidine 90-04-0 M.W. 123.15 m.p.: 6.2°C, + 2B D
b.p.: 225°C pKa4.5

22 4-Aminoazobenzene 60-09-3 M.W. 197.24 m.p.: 12.4°C + 2B E

(Solvent Yellow 1) pKa3.1

23 2,4-Xylidine 95-68-1 M.W. 121.18 m.p.: — 3 F
—26°C, b.p.: 226°C

24 2,6-Xylidine 87-62-7 M.W. 121.18 m.p.: 10°C, — 2B F
b.p.: 216°C

25  Aniline 62-53-3 M.W. 93.13 — 3 D

26  1,4-Phenylenediamine 106-50-3 M.W. 108.14 m.p.: 145°C, — 3 F
b.p.: 267°C

@List of primary aromatic amines in the Directive 2002/61/EC.

MIARC clasification groups: 1 = Carcinogenic to humans, 2A = Probably carcinogenic to humans, 2B = Possibly carcinogenic to humans, 3 = Not

classifiable as to carcinogenic to humans.

9A: SUPELCO, B: Sigma-Aldrich, C: AccuStandard Inc., D: Wako Pure Chemical Industiries, Ltd., E: Fulka, F: Tokyo Kasei Kogyo Co., Ltd.

of methanol using an ultrasonic bath as required. Next, 15
mL of citrate buffer preheated to 70°C was added to this
tube. The reaction tube was ultrasonicated for 30 min at
70°C. Subsequently, 3 mL of aqueous sodium dithionite
solution was added to the reaction tube, which was then
vigorously shaken by hand and immediately kept again for
30 min at 70 & 2°C without ultrasonication. After 30 min,
the reaction tube was cooled to room temperature within
2 min. Then, the sample solution was extracted by MTBE
in the same manner as in the case of EN14362-1.

GC/ MS analysis

All samples in this study were analyzed by a Focus GC
equipped with a DSQII MS (Thermo Fisher Scientific). A
DB-35MS fused silica capillary column (length: 30 m, in-
ternal diameter: 0.25 mm, film thickness: 0.25 um, Agilent)
was used for analysis in this study. A DB-5MS fused silica
(length: 30 m, internal diameter: 0.25 mm, film thickness:
0.25 um, Agilent) was also used in a preliminary test. The
carrier gas used was He gas, with the gas flow rate being
set to a constant value of 1.0 mL min~'. The tempera-

tures of the injector, transfer line and ion source were 230,
250, and 230°C, respectively. The sample was injected in
the splitless mode and the injected volume was 1 uL. The
GC oven temperature was initially maintained at 55°C for
5 min and programmed to undergo temperature increases
in three steps. In the first step, the temperature increased to
230°C at a rate of 15°C min~!; in the second step, to 290°C
at 5°C min~'; and in the final step, to 310°C at 20°C min~".
The oven temperature was then maintained at 310°C for 5
min. The MS was operated in the electron ionization mode
at 70 eV and the analysis was performed using the selected
ion monitoring (SIM) mode. The retention times and the
quantifying and qualifying ions are listed in Table 3.

The limits of detection and quantification (LOD and
LOQ, respectively) were calculated using the computer soft-
ware named Total Optimization of Chemical Operations
(TOCO), version 2.0, the operation of which is based on
the function of mutual information (FUMI) theory.'® The
concentrations obtained from relative standard deviation
of 33% and 10% on the basis of mass chromatograms of
standard and blank solutions were used to define the in-
strumental LOD and LOQ, respectively (Table 3).'”) No
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interfering peaks were observed in the sample mass chro-
matogram obtained from the SIM scan. Thus, in this study,
it was considered that the experimental LOD valued could
be used to calculate the volume of the final sample solution
and the instrumental LOD. The LODs calculated for this
study were lower than the values mandated by EN14362-1
and —2 (below 5 pug g~ 1).1413]

Results and discussion

Examination of GC/ MS determination

First, a preliminary experiment was carried out to investi-
gate the condition of target PAAs that were separated by
the DB-5MS fused silica capillary column because this col-
umn was used in GB/T 17592-20061 and Mutsuga et al.
(2009).11% The polarity of this column was different to DB-
35MS used in EN14362.[14151 DB-35MS and DB-5MS cor-
respond to the mid-polarity stationary phase and non-polar
stationary phase, respectively. On the mass chromatograms

Kawakami et al.

Fig. 1. Total ion chromatogram (SIM) of standard solution (1.0
pug mL~!, IS: 0.1 ug mL~"). The peak numbers correspond to
Table 1.

Table 4. Detection frequencies and concentration ranges of investigated PAAs.9)

Sample (n=117)

Products (n=386)

Without solvent extraction (n=77)

With solvent extraction (n=40)

Above  Above  above Range Above Above  Range Above
Chemical LOQ LOD® LOQ (ugg') LODY LOO (ngg™!) LODY
4-Aminobiphenyl 21 3 20 0.031-29 3 5 0.051-2.9 0
Benzidine 19(6) 0 16(7) 0.12-440 0 7 0.25-6.7 0
4-Chloro-o-toluidine 0 0 0 -©) 0 0 — 0
2-Naphthylamine 2 0 2 0.071-0.19 0 0 - 0
o-Aminoazotoluene 0 0 0 - 0 0 - 0
5-Nitro-o-toluidine 1 0 1 0.83 0 0 - 0
4-Chloroaniline 35 0 25 0.041-2.7 0 15 0.037-0.73 1
2,4-Diaminoanisole 1 0 1 17 0 0 — 0
4,4 -Methylenedianiline 7 0 2 0.26-0.92 0 7 0.23-2.2 0
3,3’-Dichlorobenzidine 2 0 2 0.28-0.40 0 1 0.29 0
3,3’-Dimethoxybenzidine 12(3) 2 16(3) 0.045-390 2 0 - 0
3,3’-Dimethylbenzidine 4 0 4 0.072-2.4 1 0 - 0
4.4'-Methylenedi-o-toluidine 2 0 1 0.52 0 1 2.8 0
p-Cresidine 8 0 9 0.013-14 0 0 - 0
4,4 -Methylene-bis-(2-chloro-aniline) 0 0 0 - 0 0 - 0
4,4'-Oxydianiline 2 0 1 2.5 0 1 4.7 0
4,4 -Thiodianiline 2 0 2 0.045-0.10 0 0 - 0
o-Toluidine 7 1 11 0.019-6.8 3 0 - 0
2,4-Diaminotoluene 1(1) 0 1(1) 92 0 0 - 0
2,4,5-Trimethylaniline 0 0 0 - 0 0 — 0
o-Anisidine 15 4 10 0.017-0.60 4 7 0.022-0.73 2
4-Aminoazobenzene 0 0 0 - 0 0 — 0
2,4-Xylidine 6 1 6  0.019-0.93 1 0 - 0
2,6-Xylidine 5 0 5 0.016-0.022 0 0 - 0
Aniline 62 21 46  0.018-210 25 29 0.025-880 9
1,4-Phenylenediamine 19 1 3 0.13-1.5 0 18 0.17-22 1

“The numbers in parentheses denote the number of samples in which the PAAs concentrations exceeded the regulation limit of 30 ug g~!.

b Between LOD and LOQ. 9Not detected.
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thus obtained, the peaks of some PAAs separated by DB-
35MS were observed to be sharper than those separated
by DB-5MS, and the sensitivities of these compounds an-
alyzed by DB-35MS were also higher than those analyzed
by DB-5MS (data not shown). In general, adsorption and
degradation of the compounds, which have the same polar-
ity as the PAAs investigated in this study, occur in the GC
column with a non-polar stationary phase; in addition, a
tailing peak and a decrease in sensitivity are observed.!!®!
However, both columns can be used to detect excess quan-
tities of these amines with reference to the regulation limits.

Because 2,4- and 2,6-xylidine are isomers and their mass
fragment patterns are similar, it is necessary to separate
them completely on the GC column. This necessary degree
of separation could be obtained using DB-35MS for the
GC/MS analysis (Fig. 1), although it was not obtained
using DB-5MS. Although 3,3-dichlrobenzidine and 3,3-
dimethoxybenzidine could not be separated and analyzed
by GC/MS using DB-5MS,!'% good separation of these
compounds on the GC column using DB-35MS was ob-
served (Fig. 1). Thus, DB-35MS was used for GC/MS de-
termination in this study.

1289

Examination of sample preparation

In accordance with approved EU methods (EN14362-1
and -2), target PAAs were extracted by a diatomaceous
earth column after the reductive cleavage of the azo dye
had taken place.l'*!5 In these methods, the recovery test
was performed for PAAs, except for 3 kinds whose chem-
ical structures changed during the reduction process. In
addition, the minimum requirements with regard to the
recovery rates of these PAAs are described in EN14362
(Table 3).[1%15] In the EN143621415] recovery test, the stan-
dard solution was spiked with the citrate buffer solution,
and the PAAs were extracted by a diatomaceous column.
On the other hand, liquid-liquid extraction using MTBE[')
and dichloromethanel'” was performed in previous stud-
ies. Therefore, in this study, the results of the recovery test
involving extraction by a diatomaceous earth column were
compared with the results of liquid-liquid extraction by
MTBE. The results of the recovery test are described in
Table 2.

In the results of the diatomaceous earth recovery
test, the recovery values of 24-diaminotoluene, 2,4-

Table 5. Concentrations of the PAAs in placemat samples in which the PAAs concentrations exceeded the regulation limit (unit: ug

g ho
Store A Store C

DI2-R DR2-vV DI7-V DII0-B DIlI-V DII3 DI14 DI5
Chemical (Red) (Violet)  (Violet) (Blue) (Violet)  (Blue) (Deepred) (Red)
4-Aminobiphenyl 3.5 3.3 29 7.2 12 5.6 14 0.062
Benzidine 230 180 360 200 440 210 440 0.46
4-Chloro-o-toluidine — — — - — _ _ _
2-Naphthylamine — — — — _ _ - _
o-Aminoazotoluene — — — — — _ _ _
5-Nitro-o-toluidine — — — — — - — 0.83
4-Chloroaniline 0.030 — — — _ _ _ _
2,4-Diaminoanisole — — — — . — — 17
4,4’ -Methylenedianiline — — — _ _ _ _ -
3,3’-Dichlorobenzidine — — — — — _ _ _
3,3’-Dimethoxybenzidine 0.054 0.17 56 280 0.69 390 1.2 0.047
3,3’-Dimethylbenzidine — — — 0.072 0.89 — 2.4 —
4,4’ -Methylenedi-o-toluidine — — — — — — — -
p-Cresidine — 14 3.9 0.041 1.1 4.2 0.44 —
4,4'-Methylene-bis-(2-chloro-aniline) — — — — — - — -
4,4 -Oxydianiline — 2.5 — — — - — _
4,4'-Thiodianiline — — - — _ _ _ o
o-Toluidine — — — — - — _ 6.8
2.4-Diaminotoluene — — — _ _ _ _ 9
2,4,5-Trimethylaniline — — - — _ _ _ o
o-Anisidine 0.056 0.074 0.017 0.41 — 0.60 — 0.031
4-Aminoazobenzene — — — — — — _ _
2,4-Xylidine — 0.93 0.41 — t. 0.060 — —
2,6-Xylidine — — — - — _ _ -
Aniline 210 140 19 31 50 3.6 34 5.2
1,4-Phenylenediamine — — — — — — — 1.5

% Not detected, tr.: trace amount.
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diaminoanisole, 4,4'-methylene-bis-(2-chloro-aniline), 3,3'-
dichlorobenzidine, and 3,3’-dimethoxybenzidine were be-
low the minimum requirement; in particular, the coeffi-
cient of variation (C.V.) of 2,4-diaminotoluene was over
10%. On the other hand, the recovery values of these com-
pounds in the case of liquid-liquid extraction by MTBE
exceeded the minimum requirement, except in the case
of 2,4-diaminotoluene. In this case, the recovery of 2,4-
diaminotoluene was also below the minimum require-
ment (50%), although the value increased from 21.5%
to 41.6%, and the C.V. was sufficiently small. Mutsuga
et al. performed extraction experiments using diatoma-
ceous earth and dichloromethane and concluded that
the recovery values obtained by diatomaceous earth were
lower than those obtained by liquid-liquid extraction us-
ing dichloromethane.['” Thus, it was suitable to use liquid-
liquid extraction by MTBE as the extraction method. How-
ever, both methods yielded relatively high recovery values
for 4,4'-methylenedianiline, benzidine, 4,4-methylenedi-o-
toluidine, and 3,3’-dimethylbenzidine. These phenomena
might be caused by the matrix effect (which prevents de-
composition and adsorption of the compound in the GC in-
jector) that is generally observed in polar compound analy-
sis by GC, e.g., residual pesticide analysis;!!®l this is because
these PAAs were polar compounds. However, there is still
no detailed explanation for these high recovery rates. In the
present study, because exceeding the value of the minimum
requirement was considered to be greater importance, the
method involving liquid-liquid extraction by MTBE was
employed. The data obtained by this method were not cor-
rected by the obtained recovery results.

Concentrations of PAASs in textile samples without solvent
extraction

Seventy-seven textile samples made of cotton and protein
fibers were analyzed without solvent extraction. The fre-
quency of detection and the concentration ranges of each
PAA in the samples are listed in Table 4. Twenty-one kinds
of PAAs were detected at concentrations over the LOD in
these samples. In particular, the following compounds were
detected at a high frequency (expressed as the number of
samples detected over the quantification limit vs. the num-
ber of samples analyzed): aniline (46/77), 4-chloroaniline
(25/77), 4-aminobiphenyl (20/77), benzidine (16/77), and
3,3'-dimethoxybenzidine (16/77) (Table 4). The chemical
structures of many kinds of dyes and compounds contain
aniline, which can explain why the frequency of detection
and the concentration of aniline might be higher than those
observed in the other aromatic amines in this study. Al-
though 4-chloroaniline was detected in various samples (for
example, handkerchiefs, towels, socks, and under shorts),
4-aminobiphenyl, benzidine, and 3,3’-dimethoxybenzidine
were mostly detected in placemat samples that were manu-
factured in India (Table 4).

Kawakami et al.

Most of the samples contained target PAAs at very
low concentrations that were below the regulation limit
(30 ng g7 1. It has been reported that certain kinds of
these PAAs are formed as impurities during the syn-
thesis of a dye that has not been banned.’”! Further-
more, 4,4-methylenedianiline, 2,4-diaminotoluene, and
2,6-diaminotoluene were detected as migrates in aque-
ous food simulants obtained from multi-layered plastic
laminates and food packaging materials; this is because
the residues of the aromatic isocyanate monomers in
polyurethane products reacted with water to form PAAs
such as 2,4-diaminotoluene and 2,6-diaminotoluene.['!-1?]
In this study, 4,4’ -methylenedianiline was also detected in
the samples that consisted of polyurethane and other fibers
(CC3 and FC6). Thus, the PAAs at concentrations below
the regulation limit that were detected in this study might
have originated as impurities in the dye and other materials.

Benzidine, 3,3’-dimethoxybenzidine, and 2,4-
diaminotoluene were observed at high concentrations in
several placemat samples manufactured in India, with
values exceeding the regulation limit (30 ug g~!). The
concentrations of these three PAAs in the samples were
very high (56-440 g g=!) (Table 4). The textile products
regulated in the EU are those could potentially come into
direct contact with human skin.’! Although a placemat
does not always come into contact with human skin,

Fig. 2. Total ion chromatogram (full-scan mode: m/z =
60-300) of DI7-V and DI5 (a: 4-aminobiphenyl, b: benzi-
dine, c¢: 3,3'-dimethoxybenzidine, d: 2,4-diaminotoluene, e: 2,4-
diaminoanisole).
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Fig. 3. Mass spectra of PAAs obtained by full-scan analysis (m/z = 60-300) of DI7-V and DI5 in Fig. 2 (a: 4-aminobiphenyl,
b: benzidine, c: 3,3’-dimethoxybenzidine, d: 2,4-diaminotoluene, e: 2,4-diaminoanisole).

it is thought that these placemats should be used more
carefully. In particular, benzidine is classified as groupl
(carcinogenic to humans) by the International Agency for
Research on Cancer (IARC) (Table 1).[3]

In this study, the placemats manufactured in India were
purchased from three retail stores. DI1, DI2 and DI7 - DI15
were purchased from Store A; DI3 and DI4, from Store B;
DI5 and DI6, from Store C. The placemats with PAAs
at concentrations that exceeded the regulation limit were
purchased from Store A and Store C (Table 5). Benzidine
and 3,3’-dimethoxybenzidine were detected at concentra-
tions of 180 to 440 and 56 to 390 ug g~! in the samples
purchased from Store A, respectively (Table 5). Relatively
high concentrations of 4-aminobiphenyl (3.3-29 ug g~ !)
and p-cresidine (0.041-14 g g~') were also detected in the
same samples. The samples with PAAs at concentrations
exceeding the regulation values were analyzed in the full
scan mode, and mass spectra were obtained by GC/MS to
definitively confirm the presence of these PAAs. The total
ion chromatogram of DI7-V (full-scan mode; m/z = 60-

300) and mass spectra of these PAAs are shown in Figures
2, 3a, 3b, and 3c, as examples.

High concentrations of benzidine and 4-aminobiphenyl
were observed in samples that were colored red, deep red,
violet, and blue (Table 5). A high concentration of 3,3'-
dimethoxybenzidine was also detected in the blue and vi-
olet samples, although a low concentration of the same
compound was detected in the red samples (Table 5).
Certain dyestuffs are often used to obtain not just a sin-
gle color but also a mixture of various colors. Therefore,
the azo dyes that generated benzidine and 4-aminobipheny]
might have been used for obtaining various colors, and
the azo dyes that generated 3,3’-dimethoxybenzidine might
have been used for obtaining blue. In the case of some blue
samples such as DI10-B, the color of the buffer solution im-
mediately changed from clear to blue when the sample was
placed in a buffer solution. This finding can be attributed
to the very low degree of color fastness of the dye used in
these samples. Because the investigated samples were cot-
ton products and had a low degree of color fastness, the azo
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dye used for these blue-colored products might be a direct
dye (for example, CI. Direct Red 28, CI. Direct Blue 15,
CI. Direct Blue 1, etc.).?! To ascertain the kind of azo dye
used for these products, it is necessary to perform extraction
without a reduction process and to perform analysis using
LC/MS, because direct dyes are polar compounds.

On the other hand, 2,4-diaminotoluene was detected in
DIS5, which was purchased from Store C (92 g g~!) (Table
5). In addition, 2,4-diaminoanisole and 5-nitro-o-toluidine
were detected (17 and 0.83 g g~ !, respectively) (Table 5).
A total ion chromatogram of DI5 (full-scan mode; m/z
= 60-300) and mass spectra of 2,4-diaminotoluene and
2,4-diaminoanisole are shown in Figures 2, 3d, and 3e,
respectively. Because 2,4-diaminotoluene might have been
generated from 5-nitro-o-toluidine during the reduction
process,!!* 13 2 4-diaminotoluene detected in DI5 might
have been generated not only from the azo dye but also
from 5-nitro-o-toluidine in the reduction process. The types
of the PAAs in DI5 were different from those in the other
red-colored samples such as DI2-R and DI9-R, which in-
dicates the use of different manufacturing and distributing
processes for these textile products.

Concentrations of PAASs in textile samples with solvent
extraction

Forty samples made of synthetic fibers such as polyester
were analyzed by means of solvent extraction using
chlorobenzene. The frequencies of detection and concen-
tration ranges of each aromatic amine in the samples are
listed in Table 4. Ten kinds of PAAs were detected at
concentrations that exceeded the LOD in these samples.
In particular, the following compounds were detected at
a high frequency: aniline (29/44), 1,4-phenylenediamine
(18/44), and 4-chloroaniline (15/44). Low concentrations
of benzidine, 4,4'-methylenedianiline, o-anisidine, and 4-
aminobiphenyl were also detected. In KCI1, benzidine
(6.7 nug g~'), 4-aminobiphenyl (2.9 ug g7!), and 4,4'-
oxydianiline (4.7 ng g~') were detected at relatively high
concentrations. 4,4’ -Methylenedianiline was detected in the
samples made of polyurethane fiber (CC3, FC6, and OC1)
and other fibers (GC1, KC5, LC4-BLA, and ZC5-BLA).
It was considered that 4,4’-methylenedianiline detected in
CC3, FC6,and OC1 was an impurity found in polyurethane
products and that detected in other samples was a contam-
inant from different materials. In none of the samples did
the concentration of PAAs exceed the regulation value.
Although a trace amount of 1,4-phenylanediamine was
detected in the textile samples made of cellulose and pro-
tein fiber, it was detected at a relatively high frequency
and in high concentrations in the textile samples made
of polyesters (Table 4). Aniline and 1,4-phenylendiamine
are generated from 4-aminoazobenzene by azo cleavage
during the reduction process.'*!3] 4-Aminoazobenzene
is an azo dye known as “Solvent Yellow 1”. Since this
type of dye is soluble in organic solvents, it is gener-

Kawakami et al.

ally used for the dyeing of textile products made of syn-
thetic fibers such as polyesters. For this reason, it was
thought that 4-aminoazobenzene was used in the sample
in which 1,4-phenylendiamine was detected. However, ani-
line and 1,4-phenylenediamine also originated from an-
other type of dye that has not been banned.['*"/Further
investigation is therefore needed to confirm the presence
of 4-aminoazobenzene, using, for example, an extraction
method involving no reduction process.

Comparison of sample preparation methods with and
without solvent extraction

In this study, two sample preparation methods were em-
ployed for 11 samples made of mixed fibers, including
cotton, nylon, acryl, polyurethane, and polyester fibers.
The results obtained for these 11 samples are summa-
rized in Table 6. 4,4’-Methylenedianiline (CC3 and FC6)
and 4,4'-methylenedi-o-toluidine (IC3) were detected by
each method. Their concentrations as analyzed by the
method with solvent extraction were higher than those an-
alyzed by the method without solvent extraction. In addi-
tion, 4,4’ -methylenedianiline in OC1 was detected only by
means of solvent extraction. The samples that contained
4,4'-methylenedianiline were mixtures of polyurethane
and other fibers. Thus, it may be considered that the
method with solvent extraction was more efficient than
the method without solvent extraction at detecting 4,4'-
methylenedianiline present in polyurethane fiber as an im-
purity. In the results of the two methods, the decolorized
parts of FC4 and OC1, which were products made of mix-
tures of cotton, polyester, and polyurethane, were different
from one another. For this reason, textile products in which
it is difficult to separate the component materials should be
analyzed by both methods.

Conclusion

Twenty-six kinds of carcinogenic primary aromatic amines
(PAAs) originated from azo dyes in commercial textile
products (86 textile products; 117 samples)that are used in
Japan were analyzed. Twenty-one kinds of PAAs were de-
tected in the samples and almost all the PAAs were detected
at low concentrations. However, the concentrations of ben-
zidine, 3,3’-dimethoxybenzidine, and 2,4-diaminotoluene
(56-440 ug g~') in placemats made of cotton were found to
exceed EU regulation limits (30 g g~!). Finally, 7 placemat
products (8 samples) contained PAAs at concentrations
that exceeded the regulation limits. Two sample prepara-
tion methods (with and without solvent extraction) were
performed on the same sample in order to compare the
PAAs in samples in which it is difficult to separate the com-
ponent materials. In a comparison of the results obtained
from the two methods, it was observed that the concentra-
tions and/or kinds of PAAs detected in the samples were
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different. Therefore, it was thought that textile products
that present this particular challenge should be analyzed
by both methods.
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(1) EXRMLIER

W'E 4 4-7 I /)7 x=)L (4-aminobiphenyl)
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53+ CizH11N

=G
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flis FHRATHRES | —
L B —
TR &
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ACGIH — (L) *2 A1%38

X1 1 AT L TRBAMED S 29E
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M3 AL : b MK L TENAMEDHERSNT-WE

IARC 1 (Vol.100F)

(2) A=
PEHIT, = L DEACRS IEA] Gk AR, BRI O HEEE & L O &7z (TARC, 2010).,
AWEIE, YeRtORLEICHHSIND 227 2/ BT 2= VORI L 72 L REMEN S D, F
7o  KWEIET =V v KA ALRER 0 &k (D&C Yellow No.1) | B D &tk (FD&C
Yellow No.6) . ZHn bl En-Z &R % (TARC, 2012) .
KWEIZY 7 == 1T (V7 EORER) OAMY) & @ i Tuv b (TARC, 2010),
BHRFERBR IR PARBR T, ETVRERPAME L LTSNS (TARC, 2010) .
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TR L7-EPH I, RIS oo Tz,

(4) £EE/HEAZ/HH - BEE
TR LML CTRIEEN R ESN T HIWE (EE>1%) Tho,
KB NIFED ANED B 5 728 KIETIE 1950 BRI & TG RNIT OAEFEIL STV RN,
KB, AL DB THD D &C Yellow No.1 IZEEN TV, ZDEG
BHE 1970 AR I 1k =7z (TARC, 2010) .
RYE OB OAEFER S LR EIT> T D EIE, FE, N>, FHERRITT
X, A1 F, A4 X, KETHS (IARC, 2010) .

SE W -

IARC (2010) IARC monographs on the evaluation of the carcinogenic risks to humans. Vol. 99.

IARC (2012) IARC monographs on the evaluation of the carcinogenic risks to humans. Vol.
100F.
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(1) EXRMLIER
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CAS 92-87-5
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b iL BHHRAREHE S« —
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ACGIH — (L) *2 A1%3
X1 1 AT L TRBAMED S 2WE
%2 (L) : Exposure by all routes should be carefully controlled to levels
as low as possible.
M3 Al : b M L THEDAMEDHR SN WE
IARC 1 (Vol.100F)




(2) A=
RUTV U0, 1850 F D YeBHEENE LTER S 4L, Ty — i REDTZOD
7Ykt LTHW B (TARC, 2010) .
Ry vv U ERIOYEE LTiX, Direct Black38, Direct Blue 6. Direct Brown 95 72 &
300 fELL E23dH 5 (TARC, 2012)
Bk (FIM) ORIE, TLOEEH. TTAT 4 v 7T A INVT OMEER KSR
DR, =aFr OERST,
BRIV YRt o RS (TIARC, 2010)

(8) =%, ®iE
A L7 #EPH T IS b e o T,

(4) £EE/HEAZE/HH - BEE
TR LML CTRIEEN R EIN T AIWE (HEE >1%) Thd,
NV ofEIL, AA, BE, T H, AL AR EU OEETEIES TV (TARC,
2010) ,
KIETIX, 1976 FFLARE, f3E B O KRB 2 BE L e o 7o hy, T 2 MEOFI A D7
DY ENEEI TS (IARC, 2010) . RA>Y, HEEXHTEX, (>, FEH,
AA A CKETIE, XYY O ERBRORER O L IR 2 ST s (TARC,
2010) ,
GuptLE D= D DR VY v O R OE RIS E EEo—Hcfrhbh Ty, 3—n
Y/ GEEN D REAET KO TR 7w EEICAEENB - T2 & D (TARC, 2010),

SEXHR
TIARC(2010). IARC monographs on the evaluation of the carcinogenic risks to humans. Vol.

99.
TARC(2012). IARC monographs on the evaluation of the carcinogenic risks to humans. Vol.

100F.
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as low as possible.
M3 Al : b M L THEDAMEDHR SNIZWE
IARC 1 (Vol.100F)
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AEIXYR O PR, 2 LD IEA] 2-7 nu) 7 Z L (CAS No.91-58-7; B4+
JLoroA Ve T7x—R) OFEE LTERIATHEZ (TARC, 2012) , 2-7vRrf 7 X
LUAZ, RV oLy 27 A hv—, KU T LEZEE R U L& HEHIEDRE

(FHERF AV TLRI~—E260%) Thd ((LFETEAHRML, FLF
A>T v 7 A 2008 M)

(3) RH. &K

TR L7-FPH I, RIS oo Tz,

(4) £EE/RHEAZ/HH - BEE
APE %, EU Tl 1998 A2 8lik - 3281k &z, KIE T, BOAWE & LT OSHA
WX o THHI SN TS, BARTIIAMELZ GH T Y4Bt - 13 1972 FICEE IR X
- (IARC, 2012) .
AWE ZFRARTHEEL S LB L TWDEIZ, ~AX— R Y, BFHEERITT
B, HE, AA A, KETHSHTARC, 2010),
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(1) EXRMLIER

a4 33 -Yrmnu-44 -OT7I )TV T =N RAE Y
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2 A2 b NI L TEPAMEN DN DYE
IARC 1 (Vol.100F)

(2) F=&
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Ak LA oA hT~— BAKAl - KM - ERERIEEM RS0 7 L& BRI,
TR F UBHIEEALA, Yekkh A
MESeE . A NT I AT, FIRUE(L T3, DIC
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RV LE LT A My—X, K SN0 (FRE A7) | BERREINLDLHD
(RS A 7 BRI 2 A7) I ST 6 dn, BIESCHIEFEZR ENG, 2l
P2 A T LRIV A I, Killsind, R LE X NI ~—I3RERY F
—, RVAYITR— b, $HIERFZ LSS ETHELIL, N—FEZ7 A b (O EIE
RY~—8#5) KUY 7 b7 A b (GFRRWERY ~—&5) »okd 7 my 7R
V=—ThU, FEOBRIZLVRF Y ~—0 0 =ZocfBERR Y ~—F TH L, £
7. WKEN O £ TOMa OWE % b -8 NSO 5,
MBOCA i, HR= T X b~ —SFDFIERH L L THEH SN D, ik, $HERANT,
DEBERRILEHTHY ., A VT x—F (R LZUOFER) LS LT, Mk, o1
B BBEEZREL, R vy B bR 525,
WA (BvE) 2 A TORYV U LH 2T A M —OFAFEEHITRRO LB Th D,
AT Fx— b

Ny LY Ag 7 %x—hk (TDID)

Iz =V AR A YT 32— (MDI)

TV A4 YT x— bk (NDI)

U YA YT 32— FTODI))
F#HAY A—1

AU x=—7 )b

RY ATV

AU H—HRF—

) R e S
BRERA - ZAEH -




1,4-7 % F—

MU XAFu—7m/

1,3-7 % G —
3,3-7unu-44-U7 )TV 7 x=)LA% 2 (MBOCA)

A WA e — L, SEEA e —L, YUy KA, AT~V v, A —T L —
K (T A —DREY 2 2% . OABEZH o —1

MBOCA 23 H5EEHA - 28GRI & L THW SN A ER (Bviifk) ¥ A 7OR) oL H oo
A h—iL, BERABROBRELLKA]. KM, >— VU T, AR—YEEEM 72 S0k -
FEL TS,

BEK# DBLE - ik

BE
BiAM I, —iRE(LR (BBt oA v o7 32— FERZELRFCa 7 Y — Mok b
BOG LT3 5 2 A4 ) & A - il LA S 70 5 RN & 5, MBOCA Al S
b DIE, ZIRBEEROBIKM Th 5,

TR OB KM I T Y T, 207 U — MROENAHIVEORGENEEY) IS T 5,
RITTIE, BEHO JRRAEA T L—<v T 2RO &R ICEIEELEL, AT L—H D
AL TIREA - RBET XA 7D bDH T,

FANT, BEHARY A= & ZNICBREIO VA V2T 32— N2 a ST A V7 F— b
KT VRY ~—Th 5, WAL, WU A—nr, KU T I (MBOCA &) 72ED
ZRRGFIC, BIEA (EEREFRETR), wrdA) TERERG A, JHvEA], AR &) ZRAIRBEL
bDOThD, EAEEAEFIORSHIT, —HIZ1:1H50EL1:2THD,

TR EENL, ERIP oA T 3 — MEEFA AT ORY A= RUT I OB L
TiEfb L. BiKEZEERT 5,

BAE: v, ~rvarEoRE, XTI UK BAIE T DK

R#t - EMSHEMOBE - A&

B
I ZRZINI U 1 7 RS Y o e IR 4 ) 8 | 4 11 93 % e ¥ N O [l [ R G S R
RFFI, R, SN SR S b2, BikMIZHAT, FAlOT L& VR <
—HDA T F— MNEEERENEL . TRERELTN— BT A k&7 DA
HORI T I DRELEL 25, BT, A : wkAl=1:1Ths,
BRMESHAEAS 1T, RS 2R R & N EEREME 2 35 - - KM OIS ARG Th Y | BiAkM &M o
I 2 M & R,




PR PRAFIE. SRR, b TEST. (LY - R T OMROR T4
BESIEHIE . KT, 7= 2 a— b, BRSO A K — ik

(3) R, &&

{LF W E ORI T — 4% > — ~ (NEDO) (2 XX, MBOCA OJFEHE, o/ mrmr T =1
CTh D,

BYEIX, AVLAT AT E RlZoZurr =) rasstTiliEd 2 (IARC, 2010),

(4) E=/HHAZE/HH - BEH=
H£FESE T 6,000t (BFTEHRI 16112 DALFERESLFHLFA 7 v 7 % (2012) )

IEBEERILEMERE : FAak 19 45 2,696 t ; Ak 20 2B 2,477 t ; Rk 21 4R 2,062 t

HBEH - BEE (bEEX) (FR21 £E) : B#&E 33,169keg ; HEHBEIE 9,600 kg

L2 EOHHBEERT—2 > — b~ (NEDO, FrE 15 EE) 2L 288 - HAESE
JFEE)Y 5 MBOCA OfliE £ T
oznnu7 =Y Ol AE (4,000 t)
=HE - AR (4,000 t)
SENEHE (BAEAUEAREL © 4,000 t)
= k¥ I
> T8 (MOCA, 714 T hJ~— LAl

MBOCA 7585 % T -
MBOCA D #iE & (4,000 t)
=HE - AR (4,000 t)
=SENMERE (VL2 o RIEmELA : 4,000 t)
UT LA EMEFLE, N T LRGBS - 7T 2T v 7 L RGEE
=S TEME (T LZ UPikAlL U LX UM, 2REREER (5 B2 ) )

MBOCA Z G HTHLBZEZ6NLRY UL AAGoHnaE (7 L& B LEES (2010) TR
Vo La R LEOMEL. 5 4] )



MBOCA LD T LR T —DEMEEE (t/F)

Py 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003
& & & & & e e & & &

PPG % 1,156 | 1,172 | 1,277 | 1,219 | 1,068 | 1,043 | 1,207 | 1,162 | 1,171 | 1,235

PTMG % 1,364 | 1,532 | 1,602 | 1,659 | 1,512 | 1,531 | 1,522 | 1,396 | 1,441 | 1,592

PPG/PTMG 90 100 107 106 114 111 81 87 96 91

HY = AT LFH 763 871 934 833 822 873 940 913 973 | 1,031

& 3,373 | 3,675 | 3,920 | 3,817 | 3,516 | 3,558 | 3,750 | 3,558 | 3,681 | 3,949

BE-TXKAVLEVOHBE (t/4)

&1 2000 4 2001 4 2002 4 2003 4

RN 39,613 38,742 36,795 38,580

REF 6,570 5,211 5,321 5,029

=Y Tk 11,726 10,910 10,914 12,262

SIIEHE 122 136 143 107

Z DAt 7,276 7,050 7,798 7,451

dEgLm # 65,307 62,049 60,971 63,429

F R 5,011 5,057 4,670 4,002

ToRmET F 5,011 5,057 4,670 4,002

At 70,318 67,106 65,641 67,431

SE XA

Oph) B4 BEAM BT S, (L E R AT BRI X7 A,
b5 T 3% B #41(2012). 16112 OfL2EFEH (2012 4EE)
TARC(2010). IARC monographs on the evaluation of the carcinogenic risks to humans. Vol.

99.

UL X UFERNTES(2010). RV v L URENIEOME, F 4. CER17TH7H) .
(LB O T — Z > — F ERR 15 42 NEDO (b WE o U 2 7 3 L OV 2 7 3 F
HEORE Tados
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2.

1. 5 o-biLAoY
(1) EXRMLIER
WE 4 o- bV A T (o—toluidine)
CAS 95-53-4
53+ C7HoN
=G CH,
NH2
b iL HHRAREHES  3-186
LEE BAE G 0 1-299
PRI &
PR TR FEDN AAEREAT
A A PE M AT 1 ppm 2A%1
ACGTH TWA 2 ppm A3

1 2A: AT L TRZE LS ERAMNRH D EEZ LN LWE GEL
BNED i E)

X2 A3 EIWICH L TEBAMDHER SNTEWETH 53, & b~D
G ER NS

IARC 1 (Vol.100F)

(2) A&

o MvA 2D 9 FIHGeEL - BURIO REEER L LTS TV D, ZOMICIT=RF
BRI LA OFEE LTHEH S T D (R B AT RS, 2004)

o MATUNLRIEI N DY - ERtO FEPREE LT FRZET b5 (TARC,
2010) .

7 N7 & bortho NvA Y

3-t Kafv-2-F7 hA b= ortho b VA ¥V

2- bV A VU =-5- ALK R

ortho7 X/ « 7Vl

ZDHH, T FTE hortho kA P> (4 o7& E 7 K hA PR (AAOT) ;
CAS 93-68-5) IZOWTIEHARIZEBWTHAFE SN TV, AEEIE, 2001 45Tl 1,000
~1,500 t(OECD SIDS), 2007 4 Ci% 700 t (HERE ; {b7 T3 H ik, 15509 D AL7Fps b (2009
FERR)) Thotz, HEEE L L TRIMEZT¥, Kb T¥E BT ENET N
TW5 (BT EAHA, 15509 OLZpEash (2009 4EhR) ).,
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AAOT X, o " A T DT X ) ERT MM SN TALFEEEZ A L, oo "MLV eV
TUMBEREN, NoFra— Revvrma—RE0T YV EOEGREEE LTH

WHINLOWME L Svd (BFRIET —# ~—2R), £72, OECD SIDS(2003)(Z L 411, Pigment
Yellow 9. 14, 16, 174, Orange 1 DEEEHIEH SN TR, T HDOEEHIA > 7, B
B B R, AEA GBE. e, RE, K 2272 8) CLTERINGEDZLETH

%,

o MA T UPBIEEIN D TRFVHIEOMEAIE LT, AF L -ER-2-AF N7 nm
~F LT 2 v (methylene-bis-2-methylcyclohexylamine) 232 1F 5 415 (IARC, 2010)

BEBLEBRT IVEO—2THD 4,4V T /3,3 VAFNTT7x=/LA% > (CAS No.
838-88-0) &, o hMA VU ZFEE T OWE T, =R UBIR. 7 L2 B AL
AR REA L LTER SRS (BT #tE, 15509 OLFREs) o LU b,
EFERZEOFERIIE SN T2,

o MvA YL, BRERIOTEE, FL0EBFIEANER S5 (TARC, 2010),

(3) [FE#., &k
=bha bl ZFEE LT, ShEERICEZETLTEOND (BT EHHMAE, 15509 @
{E2PE 5 (2009 4ERR) ) o

(4) EE=/HHAZE/HH - BEH=
LTFEERIEEMERE - 80& - AR 509t PRk 21 4F)

EZI%AHE (16112 DILEER) /FLFEA 2T VI X 2012)
2010 £ #hH 320,342 kg ; #iA 5,132,332 kg
#EHAL L Mg VU BLOZOFHERLR L NI DOH)
RyEEE R
A¥EE =X 2 X - — (=¥ 3 (SNPE 7 /L—7) | BASF ¥ v /< (BASF) .
“HWE, TR (T IRR) JTVT U RN R (2T UT V)

e - BEE (L% (ER2EE) : BE&E 370,313kg ; HEHE 5,084 kg

LEMEDBRRRT—4>— b~ (NEDO, TR 16 £E) 2L S8 - MAZE .
o by O - AR (557 t)
=G REE (557 t)
=7 T
= TR Yokl - BRI, =K% IR RA)

12



SEXHR
(i) SR REALE I B, (L E R AT IRt 2T A

BB AT A A (2004) L FME DY X 7 FHIi L VY A 7 S FEORIE 7T 1Y = 7 R
R 15 Rl & G L ¥ — - FEEHATR A PN ZRts3).

TARC(2010). IARC monographs on the evaluation of the carcinogenic risks to humans. Vol.
99.

OECD(2003). SIDS Initial Assessment Report For SIAM 16, o-Acetoacetotoluidide.

b3 1ET — % ~—2 (J-Check)

LW EOPE R T — % o — F PR 16 42 NEDO e WE O Y 2 7 5Hli R V) A 7 G-l
OB 7uy=s b

LT3 AL (2009) 15509 OfLFREH (2009 4R .

LT A (2012) 16112 DfbFpEd (2012 4FhR) .

L TR AL (2012) H{L¥A > 7 v 7 A 2012.
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2. 2 A=y MIKIEEFROAETKER

2. 1 OXMAEEREBEZ, A ¥ —F v FTABEN TV DHENS 5 WE L ETEE
HERT IV EE AT 2 (FENTHERSN D TREOH D H0) ORFHEIE - BB L
72, oM TEEDOMREEDND LOIFTH L RN -T2, MRIIUTO LB Th D,

2. 2. 1 9L UBEEOELEHR (HERHF. EEHR) OBEEFR
(1) 2REBEILAUHAM (B7—L#101 h5—; AR : BR=1:1)
URL : http!//www.hct.zaq.ne.jp/cpaho608/msds101kara.pdf
B - RETEE - MM RS
& : - X7 U X KRUNT Xy hOhK
- B _EBGK
< BAMER T K ONE
- AR EHRENC K D PR 1 D 7 8 DRPEIR
BMMETE : AWK : Bit=8kg : 8 kg TH 8 m2 7/
HRL. BB
AR (FVRY ~—FDRERAEY)
- NCO fRir L FLRY ~— 92%LL E
s RV LY A YT ER—b (TDI) 2%LLF
R T K 2%
T UEVBEAQ- =T X ) (DOP) K 4%

Btk (REALAIEDIRE )
+3,3-V/nu-44-U7 )V 7 2= A% (MBOCA) 3~7%
cARUTNAFL AT RARY A —v (PPG) 10~20%

- VA4 Y ) =)L7%L—} (DINP) 10~20%
XLy 1~5%
- IREEH VT I 50~60%

(2) 2HEBEILE VKM (B70—I)L#2000 % ; A : BE=1:2)
URL: http://www.takebayashi-ci.com/msds/msds2000kuro.pdf
®E - REEE - MMEF LEKRASH
R&: - BR, BL, _XTU¥ Nva=— iRE M L, BEZREDIK

GESTHIEBM , v 2 — LD L X KM O A EFHIZ L D BB 3 03E)
EEZME : 2.0 kg/m?2

AYE - Bitk=1:2
HRL. BB
AR (FLRY ~—%FDREW)
- NCO KT L X7 LARY ~— 95~99%
chU LA YT R—F (TDD  1~56%

14



BiR (BELAIEDRE)
+33-Urnu-44-Y7 )V 7 2= AKX (MBOCA) 1~5%
cAHRUT XL ATV RRY A—v (PPG) 10~20%

« THNRE A(Q2-=F L~F L) (DOP)  10~20%
XL U 1~5%

c REEF LT A 50~60%

s =R T T 1~5%

(3) 2FBEHILE VKM (R/—ILHAZ—o L2 Y Fi5H)
URL : http://www.manol.co.jp/pdf/bousui03.pdf

®E - REEE - kst~ —

& : BL. X704 b L BEORIK

BERE : FH . wifk=1:2

BREZHE
1mm/E 1.4 kg/m?
2mm/JE 2.8 kg/m2
3mm/E 4.3 kg/m?2

AL, BOITER
FH LA TR~ —EEREAY
LAl : MBOCA % & elRE

(4) LB UBEKM (ARZT YD TUoR—X HEILED
URL : http://www.uplex.jp/member/doc-new/pro/c-onebase-kouka.pdf
BE - REEE  — 7L v s AKEHE
Rs& « BB H 8 v Bk
HARL. ELDIERR
v L2 A (REW)
c4,4-VT R /-33-vr/uny T o=LAxr (MOCA) 18%
C V2T TFNAAFUILTHL— | 15%
ARV =T NRY A= 26%LL T
- MEREFRIEHF 40%LL 1
b=l 1~5%

2. 2. 2 M- EHOEERR
ARG b WE S LRESTBRET I 2B e T 4BHT S W T, =B b P TERAS
th (BhEStEZETe) O HP T o MbA Uy ke 32 Yul - BRI OFE #1315l
DHThHoTe, TOMIZIX, FERH LI TWAERZREREZ R LI A MIRYSZ5
otz
=R TSRS (Bt (BF) =B b #arstiT) @ HP (http//www.mitsuboshi-

15



chem.co.jp/023j-1.htm) Tit, HFEKRT I VD N-7T LX)t (C=1~4) (2L > TYkth
A ZET 5 2 LRI STV D, (EFEEMO—EITRORD LB THLR, 2055
o MvA Y rnbiE SNSRI, 3) 7 MER#E-o LA XA K (CAS NO.93-68-5) T
bbb, E£lo. BYEERO p bA P UENBIT 4) T8 NEEE-p NV A 2 A4 R (CAS
NO.2415-85-2) M#LE STV D,

2. 2. 3 HERMA (EICHIERMEE)

FREFIMIC 50 2EIGDREN & B2 DN DHHE « FEREICOW T, ERFIRO B EBHLA
A LT, T ORR, HAHREE R K O AR ST 2~ — 7 FERO B B2 (8)
TEED) ICHET2ERAE LN,

(1) BAREMHESRER (ww. jtf-net.com)

Rk 22 4F 1 H 25 BIC AARMHEEE L, S BEURICK L TRIEFFET I v 22 FSHIC
DT, MRHEER & LCTHERHZIT S L ORASEITo7c, 144 O I 2 3 T
THEOZETHY, MHERMICRESEFRT I 22 BEMEH STV i, R
AEAESUI RN AR O REAESEICI VAT 52 L L &N T 5, (fh) RS
e (WRELWD) 13, MkHERESE
ZIIFEICAT 5 2 & DFkHESE R ) 22
FAHERE WG 2B L., #ABk
S LT,

7R¥, TRk 24 4 3 H 29 BT AAMRMERESE R 1T, FEFEET I T OW T OMGEREREIC
BIFH2BEEELZAHTETHD,

(2) BABREREITaT—SFEHR (www. ecomark. jp/)

AARREHETa~—7 FERICLY ., ke gl GRERLRE) PRESNTWD, Z
DL, fHE, O A7 FoRGORREL LT, 12U o7 Y EORTYIRIZ L - T
FEESEET I VAEERTAARREND D7 VR 2D L AR EREMEIZTY A
NTWBREMERNZERTCEN TS, ZOX ) RENER Y X Moo TiE, %k (2
4) OBy, fEMSWEEZE, BLITBLEZZXONLIFEMGMY A N &R 2B
WZIEH LTz,

2. 2. 4 BHOBEERHR (EHFEFHREE)

KM ZE2 (EC) 12X, RAPEX (&MU OERZR B IZ DWW T OBREEL v 27 A« the
Community Rapid Information System for non-food dangerous products) 23& %, Z DI A
7 A%, EU M E R O EC BRON TG OGOz h L, HEE~EREY X7 &
LM DN T OIEHR &2 B DO RINARET H 72D D AT 5 Th H, RAPEX @ 2010 4
w5 ZE (httpi/ec.europa.eu/consumers/safety/rapex/docs/2010_rapex_report_en.pdf) (Z kL
T, RAPEX Z 1t U CfabR7e BT R 24T - 7o 0] of T, 2009 423 1,993 (725 7=
(ZxF L. 2010 4RI 2,244 R L 13%IIN LTZ, b 2o B ITAAR, iR, 77 v v
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g RO 32% T . IRWVTESL B2 26%7- > 7- pEHL & U I EEDN 58% % 57~ &K,
PHERLSL D ) 27 L LTid, KEBS DT V9T X Bk 27 Th o7z,
BRAEIL S 2T LDV A MILLTDOEEBY ThHD,

http://ec.europa.eu/consumers/dyna/rapex/create_rapex_search.cfm

25

Fio, AV A D THRE LRER. 2005 4F005 2012 45 % Tl MR ICE TN D T Yk
AN ﬁﬁﬁ(%mm)%ﬁif@ﬁéﬂk%*%*%Ti/iukakDT%D\K%E
DREWETHH 4TI /)T x2=)b, XUV bR EnTW5,

4TI/ BTz RV 4T I)TIRB 24 ML TUT I

4ATFN-mr 7 2= VT I, 3,3 TVARF IRV 44 AT LT =Y

2. 3 MHEERE-HAEAOEZTIMYHFEERR

2. 1KO2. 20OFEMELEE X, FENGHEOEELRARTHHOY L ¥ U HHE.
TARX MR (BEEAD oK. QU - BEIOMERRR (AT REOFE, 5675
B4 - MR OEA R, WKEkRE) 2HRETLZEARME LT, BERE - FiR~0H
THY A (BEE - BT AL - k) ZITV, MREZLTICE DT,

2. 3. 1 9LEUBRE. TREFIBEE (EEED OELH

BIERIORERXE
BRAEIE MOBCA Z iUkt & L7277 X 2 RBEEA] (4T F 27 I %) OR@IIRGERICD
ANS

MElMULKE | BAE, Ly, IR hw—itfHEN TS, BIEEITHEL bR,
[Web fE#ic L, EELR RO T L& B SHEA]

BiEFIDFAEXE (VLEY)

BRIEIE BRENEHET I EAE A E LTER LR (L ay) ofE, 58358
. " oEHE, l]FEkiconT

HEHRYKER ALFdR L LT, FEFERT I L4 -AFLrvT =) ZEEHE T 5 R

ZHLEL TV,

«MDA AR AZ AT HE ML (GRU 7 LZ DR 12785, MDA X, —f%ic
X UBIEOREALAIToH 223, BEEEMITHEH LT 5 203 A,

- BRIBSEITE R BV,

c EFEWET I ML LT, ortho- kb 27 3 o (0TD) OHE ST > T\ 5, 4
FERD 9 FNIBESHHICIERFERIE L, Y rE L AF YA N =F LA F
A REMANMLUTRY A— 2 8E LT3,

CHE T LZ AL, BIOFEEE UTHEEY S v E2IRINL, FEET I UHBIT
REMRTH D,

s LA U TOEAIOEERIZONTIE, BMEERICL > TRRD, <10
72y (3%, SWFEEETIX 72V

BEE BrEBFET I VEAEAE L TER L8 (T L2 o RoBE, KM% o
e, G704, MathogHE, WkekizonT
HEmMYHER LA URY) = ICEBRT I 2 5% RM LT DR B L0, HEKRT 20
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FXE (L5298 13z 67z,
- BITBEARBE T, BAMER T TH D, [Web [ « BWEHAMIIECTH 2
Ta— b Ete, a—T 4V THBORBRA Y VT F— MIOEINTWS, ]

BREE ARV UL HUFERTESO R o LZ UFRF IO (25X, LAl L
LTETLONTWESZF L ML 7 2 . MOBCA O AR
HEMYHER ARV L E VR TIZESD [RY 7L x UREHIEOREE ) [T X, ekl L

LTETOLNTWYZT N b V7 22 MOBCA O AR A EM Lz & 2
AL VTR TUT I AT I0FLL ERNZIE Y L Z N =T LT
T3, BEEIEHERA L T RnEDZ & Tho7e, MOBCA DWW TIE, =T A h~—
WHERALTWDEDZ EThotz,

BiLKIOFIRAEE (TRXF VB GEFHRD)

BERH%EE

FrE R ERT I e meAl e UM Lz (BEA) ofFE, 549 210
A, Wi oA R, ]S, FHCEENTHEM S /A 22 B/,

HEMYHER

c HFEWBET I UROEEFNIBECEIEEN TN D,

s BUEO TSI OBLANT, BT I, BEAMETH D,

BT I UISEIMENTEEERN S, TOFFRET I VENTDLZ EiFRn e A
Do

C BEET I VBEEZIRINL TEDEERIHIRO =R ¥ U BIRITEWE L & 50T
(150C) . FETHIDIIWE L EZ DND, ZOXA TOBEERIX, BREML
RECIFELEREND,

il J2 15
BERNITEDZA T L T2 D ; 1IRFA T R EDOEFEBRDL B
D, 2WEFAT ARE BIREZIRETHEHT 20 (B - ARP=HRX 5. B
WEHRTEEF & LTT S U RMBE) . AL BRIGLEE D2 ETHESSED,
[BEHET I Iz T
FERT I VB, =R UREEAIOBLR E LTHERISNLTWD r— A0 d 5,
1., 2R E HITHEHCE 2 EAIOFE CTIER VA, Rk (AR, fEHH)
T L, G (L) BIIHIRICHAAEND -0, [HE->TLEZIEHH
THZELIEFETEZIICD, EEREITIEREEICH L TIZR D7D, =ARF EIC
MISTHEERAETDONEANREZ T THD, RIFFRIIERE LS LA
I, WA LTZBORJIHETFEL TWVDOREBETITRWNER S,
FOSTEITHIR E MBS A4 T3 5, K, IREIXZDOEERCL VLY TH D,
LA AR Z RS L CWDEELH D,

ESPEABILE

etk

AR

B%EE

FrERERT I U HaemfeAl e LTER LS (vrxy) ofE 54758
md . Wi oEa R, e

HERYKER

s TESTITIFREL TOHARVWO T, FeEITHWEbETE LY,
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BEtk TARFBIE LS

BRFE FrERERT I VEEZEEAIE LCTERA L72REOFE, ST 2804, ®"Hh
DEA R, JiB%E

FEmYKBR s HIBICHOWTIE, —RICTARF UBIIEZ T HRT I Tk d 5 & EWE it
HAnEZe £ Eﬂé@k%# biLoT=h, BR - BRI HECEAEMEIC
EONTNWL LI THD, b, HTERL, THRFUHIEOTRETHY |
AEAIRR Z 2RI LB FRIVEE OGS TH D72, BIFETE vy,

BEE%t BEAITES

BMFE FrERERT IV EEZEEAIE LTERA L2REOFE, ST 2804, ®"Hp
25 ﬁ%\ Eﬁ/uf‘ﬁ

FEmYKER - BEANCIRIN S LD Al CFEET X ) IOV TIE, HITESTIHERL

TWRWeH, BEEICHNVEDETHRLNEDZ EThoTe,

2. 3. 2 ZH-EH
M- BHOBERS S UVBARSE

BfER FRER BT I e Lo (Bekt - BED ofF M, 232/ a4,
hoEA R, RoEE
HEMYHER CHIADHBEIToTEY | ALFROBEILL TV, BEFEKRT I VEEET

NA=3TN0) YN ETAA A E S BT S YA
'ﬁ%ﬁT\/ﬁ%ﬁ%bfwéﬁﬁ%%ékﬁi%ﬂéﬁ\%%%%%%%%K
DNWTIE, REDOT —Z ThHDHIDRETER,
c HFEBETIVEEEAL TV AR H DD, WEAICONWTHIETE 2
a8

M - EMFREE

BfER FrE i BT X A Lo iin (Bekt - BB ofF %, ST/ nA, i
hoEA R, RO, RS, FEATHEA SN~V FHICOW TOFRIZ 2K
T

HEmYKER * FREMNT BRI OIRTE L7200,

s TARFUBIIEREA CEFRTIVEEELEE I LND) B LB
BE L TWVWD DN, FRERNT OB TIX e,
s TV EREPEDYRI OB ILI L TWA D, SENITIEABTH B,
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2. 4 PEXNEVMEZEEIHSIRERR HEESNIARTED)

2. 176 2. 3OWEMRLEER, WENERSWEZEAT L. bLTEAT LR
HERDHDLEBZZONDIFEMMDOY A MR LT, 7ed, BMFEOREMAS (A2E, LR
MOILRESE) LSk L Lz,

FPHESREMEORROMEAE L DL ZA (241D . LUTFTOLEY Lirolz,
« ALOEAPIEH] - A
- JuBHECRE - Gkl - EREA
- BIAKH « BM RSO 7 v 2 s LA

INHOMED S B, TLOEMPIIEA, BEANZHOWTIE, "anFoFReitEdo2 L
INT&EIehote, Zod, FEMABOY A NE L TIE, et - ErHcBE T 2 /G0y L &
RIIREEAL A 2 & ToBAKA - IRM B IZBERICOWT Y R T v 752 L b LT,

Gl - EEHCEE T 2R 2 M7 v FICEE L T, (M) BAREHETa~—7 FER
ICL DT a~—2 it 8RO T, 11O EOT Y EOBTNRICE > THRESEET 2 v
HEAERT D AREND D T Y RYE 2 b2 & 2REREICRY ATV H0ES
BIZL, £24-212Y A MER LT, UL UBIBEAGHZ ETePiAKH - PRA A2 BEEE T
SWTIE, FiZ2. 2OPAERMBRICHESE, £2.4-31TRLT,

R 241 RERREEENDHD/BHENHLEZZONOIARDHE
(@IFHMPEARENEETE D)

WE 4 i kS
4-73I )7 ==L | LOEP A - S Ak CRLE AR (E
Yukrh ik - KB DARE - HERE (AR
fOYekFE (2-7 2 /e 7= | HE., KAV, FEFITTEX, 1
. T=V ) O YR AL AL KERETOND,
RV =2 ADOFEHA - S Ak CRLESE (E
YuBkEURE (e, BBl gh) - KB DARE - HEEE (AR

HE, A, HEFIITEX, 1
VRL AL R, CKE

2-FT7FNLT I = L DEALR; LA - e A AR TR CRLE AR (R
kA - KYVE OAPE - HHGE (WFERE) -
2-7auaF 72 LUOFEE (7L | NAX— RV FREERRTEX
g, ZTAIT—=DT LR HE, A4 R, KE
~—)

3,3-vr/uu-4.4-7 | KA - IRMEZEO T L& g
7 )P T7r=—,L | Em{rH@

ALY SN
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Gekt - BB O PRHEF@
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3. BEFBER7 I VEOSHBERAVEETFMIET SRMOUE - EIE

FEFEET I 24ME) OO 5, FHERNEZO 5 WE TARCOET 1 &Sl bn)
[ZDOWT, BTk, (RNEDRE - ARG, BIEIE RO - BHEZITWV, UTFICE & DT,
ZDOL, REERICEET HERIC OV TIRETMICET 20D TH L7, FRIZHEEL
=TT o T2, THMOIE « FHEICER LT, TARC %5 o [E B R K OVE P AL 00 551 B8 o0 314 SC
HEFATEA LT,

ST, BEFFET IV 24 WE) 12OV T, BRART o —DiED =512, TDso
ZIRMERH2 1ZR LT,
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3. 1 4732/E27x=)L (CASESE :92-67-1)
3. 1. 1 ¥YEZEMHIR (IARC,2010)

sy 169.22

HMBL : ME~BEORE T, ZXITiin D L HAIIED D,

Whas : 302°C Bl 53°C
AT — it Ok) bt 5,

F B =K ERE (log P) @ 2.81

S 3k
IARC (2010). IARC monographs on the evaluation of the carcinogenic risks to humans. Vol.99.

3. 1. 2 KNENRE - KB L
BEERS

e~ 212, 4-ABP % 21 [ (2 [F/H) &G L, g, B, &, %@DNAWJH
RO L~V 2 JE LRI, I, BEbt. BOiE 21 8 ClesifiE (PRfi) (2L, 2hE
AL 55, 82, 58 Th o7z, Ml Tk, 3 CHmE (FIE) IZ#EL, 3.5 Th-o7- (Underwood
5,1997), 728, BEEGIZ L DBIRIZ OV TIIRE STV,

Z Dt DRFERE IR

AR K OGEMUHE DRI D 4-7 2/ E7 = =)L (4-ABP) K OZOfth 3FEEO B EFHRT 2
Y (I FT7FAT IV, 2T TFAT IV, 22T/ 7 2=)) BRE LSRR, WL D
\ZAFRIHDOGERT I OHRMD B o 7273, WY O R OPREEIIIFEER DK 2 5 Th -
72(736 ng/24h vs 327 ng/24h), 7. 47X/ ET7 2=V KN 2-F 7 F T 2 v OHEIEIX
TR LETH -7 (Grimmer ©,2000),

EREOYTy hOFI 7 v Y —AI28F %5 4ABP ® N-t KX ufbid, £ CYP1A2 I
kX220 ThHD, FFIMEE T b7 v A P450 (CYP1A1, CYP1B1, CYP2A13%) I2X»Th
R s s, CYPIA2 OiEMEIZ, B P TIEHEGEENKE < (60 FRREDEN) . BERIEED L
~ULIREVE RTIEL BV RS BEMEREOR AT LTSN EW EE X BT
% (Makena and Chung, 2007),

b b ORERE &l CTHREE X 72 72 DNA A1, N-(deoxyguanosin-8-yl)-4-ABP T& %
(Lin ©,1994), M K& OFERLERE O Lo O FURAARRIZ BV T H DNA MIE i ST
v (Lin 5, 1994; Faraglia 5, 2003), 2D Z & 225, 4-ABP OHFRCHEDI N EH 0T 5,
Mol LR, BEDOZEMN 4-ABP 72132 DM A2 TG0 2 LN TE 5 2 L AVRE
Shi- (IARC,2010), 4-ABP O~ 7 v B2 & OAHINA S BEE TR S fu, WIS ISR
LCZEDOLLD EFRBRA LT (Bryant ©,1988),

FEETZIVEORBIZOVWT (BAAAD=XLEDEER)
4-ABP Z &L 5 E/GT I VEORBOMEIC OV TIL, IARC (2012) I2ENFLLTo B
D Thd,
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FHEHET I UEIX, b N CEEME, EREMWY TR A R IR A BAE ST D Z R bR
TW5, BEET I HEORBHINFIR CRAE X, p4b0 BIHEERIZ L 5 N-fE{k, N-7k&F /L
FFUART 2T —F 2 (NAT2) 1255 N-TEF /LR E s, N-k Faxs - 77U L7 I
O N-E&{bIZEIC CYPIA2 IZ K- T S 1528, CYP1A1, CYP4B1 b [AEkO@ & 29 % A
BEMERH DL EEZ LN TS, NAT2 (2L D N- 72 F/ubix, $imE (CYPICk% N-t Ko
XL ULEZT D AR B D b D) B Lizho, FEKRT I VEOMERK L Z2 50
Tn5,

N-t Fe XY (N-Bhic kb)) 1L, REFENEFICE Y, 47 /7 -=1
(4-ABP) Ot TdH o N-&E Fufx - 72/ « B 7 x=/uF, fFifo DNA & & HIcAHn
WEERT 5, 7 v FORFIKD DNA TliX, 74X 77 )V ROTAXVTT /2D C8
MM Lz, £72, Nk Fexy - 73/ - ©7 ==/ W, WL 2B TIITICA D D,
I a B GT 5, VT a rBEARITRIEREHE CHEE S D 08, BEBRE R TNk o fiE
S, HON-t Fex I REAMNERIND, 7V e M BEGIKIIRBICANLZE TH DT,
JRO pH (FetE) SRz ssib U, HEET I V8 & BT DM@ oMo U 2 7 K+
L5,

NAT1 2t % o- 7B FAbiZ, N-b Fax - TUAT I 0 Ok RE 0BT
b, ZORIEHBEN LR TEZ S TN-7E M2 - TIUATIVNTEDL, N7 FFT -
TINT IVEIREERMETHY . TRBRRET L L ROSEDOEWT U b= =0 LA
FrHEELD, TINV= R =0 A A%, REFEOESWHRREIEE LTE &, DNA Nk
RNEIEFAEDA = m—3 5 NG T L REMERH 5,

RS ORERE L LT, Bt T 24 STV HYy v A —8, it Iz a
NAFXTE—BIZLDRERH Y . T OFERE OE N 2SRRIl (236 1T DS D &
BEIFRT 5 ATREME VR STV D,

SEXH

Underwood PM, Zhou Q, Jaeger M, Reilman R, Pinney S, Warshawsky D, Talaska G. (1997) .
Chronic, topical administration of 4-aminobiphenyl induces tissue-specific DNA
adducts in mice. Toxicol Appl Pharmacol. 144(2): 325-331.

Grimmer G, Dettbarn G, Seidel A, Jacob J (2000). Detection of carcinogenic aromatic amines
in the urine of non-smokers. Sci Total Environ. 247:81-90.

Makena PS, Chung KT (2007). Evidence that 4-aminobiphenyl, benzidine, and benzidine
congeners produce genotoxicity through reactive oxygen species. Environ Mol Mutagen.
48:404-413.

Lin D, Lay JO Jr, Bryant MS et al. (1994). Analysis of 4-aminobiphenyl-DNA adducts in
human urinary bladder and lung by alkaline hydrolysis and negative ion gas
chromatography-mass spectrometry. Environ Health Perspect. 102 Suppl 6;11-16.

Faraglia B, Chen SY, Gammon MD et al. (2003). Evaluation of 4-aminobiphenyl-DNA adducts

in human breast cancer: the influence of tobacco smoke. Carcinogenesis. 24:719-725.
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Bryant MS, Vineis P, Skipper PL, Tannenbaum SR (1988). Hemoglobin adducts of aromatic
amines: associations with smoking status and type of tobacco. Proc Natl Acad Sci USA,
85:9788-9791.

IARC (2010). IARC monographs on the evaluation of the carcinogenic risks to humans. Vol.99.

IARC (2012). IARC monographs on the evaluation of the carcinogenic risks to humans.
Vol.100F.

3. 1. 3 HHiER
3. 1. 3. 1 E+tOHR
(1) 2sH
TR L 7-#iH I, RIS oTe,

(2) HEZHE

KETI955 247 2 /B 7 = =) (4-ABP) O TRAEENFIESNT-%., AWEICERE
U7EE B 2 g & Ue KRBV 2Nl S iz, 55— KA T, 285 A BHEMEEB OJRIE
WEATSToAER, 31 ADOREI T LMD REN LIV, 095 H 10 NMTEHEMER ANRD 5
7z(Melamed 5, 1960), % KA TIL, —KFAETEHERDADTEBD S2ho 7208, RIE
E T OISR 5 2200, 12013358 LWAT R Th - 72 22 A& x5 & L= (Koss b,
1965), ZOFEFR., 18 NIZOWTT =2 BUIUETE, 95 11 A TERSANRD i/ (Koss
5, 1965), # KA TlE, AR E 4-7 2 ) B 7 = =)LIZIRETE L2 503 AD BHEEEEIC
PER U CEh L7 R, %Aﬁ%%#h#mw%ntmmsgl%m %@% XfRE A 541

MNIIER L, &E 14 FHICOE 0 | JRICEZFE LR, MlsREnEbhs, &L IER
%T%OKSGA®O%4&Au%%ﬁhﬂmbgﬂtﬁhbmm1%@

KET = 2 b=V =TT A Fu Db FE TGO EZ SR E LT, 22XV T hy

F7 =L (MBT) ~DBREE L EREAD Y 27 QBN HE SNz, Z 0T8Tk, 1935
~1955%F % T, 4-ABPZfEM L T L OHIMEME L RE L TWizizd, Z OHIFIZMBTIZ
WREE L7278 1 34-ABPIC b IRER L7-FTEEMEDN B 5 E HEE S 4170, 195564E 1 B 19TTH- £ TIZ
THAZEB L TWE1089AND 7 B2 A4 LOANBHEORHE LA D 9 5, 600 AAXMTBIZ R L
Tz, 19554E 519964 £ TOMNASE L ZiA L, R LG O¥E20~ A VAN D4R D A A
BYEDFE T HZ AV TS AL DOSMRZ B H L5 R, 22k — h T, E16 A, SMR6.3
(95%CI: 3.6—10.3) . 4-ABPIZHEFE L7=V 7 24— b Tid, L8 A, SMR27.1 (95%CI: 11.7
—53.8) THY ., BB AD Y AT OEEMZETBDT=, Wi, FINRN A, EDOMOTHALO )
AD U A7 IIHIFHE & [RIFEE Td > 72 (Collins &, 1999),

SE M
Melamed MR, Koss LG, Ricci A, Whitmore WF (1960). Cytohistological observations on

developing carcinoma of the urinary bladder in man. Cancer. 13:67-74.
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Koss LG, Melamed MR, Ricci A et al. (1965). Carcinogenesis in the human urinary bladder:
observations after exposure to para-aminodiphenyl. N Engl J Med. 272:767-770.

Koss LG, Melamed MR, Kelly E (1969). Further cytologic and histologic studies of bladder
lesions in workers exposed to para-aminodiphenyl: progress report. J Natl Cancer
Inst. 43:233-243.

Melamed MR (1972). Diagnostic cytology of urinary tract carcinoma. A review of experience
with spontaneous and carcinogen induced tumors in man. Eur J Cancer. 8:287-292.

Collins JJ, Strauss ME, Riordan SG (1999). Mortalities of workers at the Nitro plant with
exposure to 2-mercaptobenzothialzole. Occup Environ Med. 56:667-671.

3. 1. 3. 2 ZBRFYOMER
(1) 2=t (RTECS)

Ty W 58 R Buta, hHEREE
7 v b A LDso 500 mg/kg
~ A #r LDso 205 mg/kg
~ A 35 TDLo 16.9 mg/kg (gD L, A h~EZ 1B
B ILE)
~ 2 e TDLo 120 mg/kg (FFlEDZEAL)
S & XA

US National Institute for Occupational Safety and Health, Registry of Toxic Effects of
Chemical Substances (RTECS) Database.

(2) RERSEE CGERASAM)
A ORI TIX, 2 AMRRBR LIS O AR I 5B O RITGE bR o T,

(8) 4ERAEE
A OFPH TIX, FHRITEShRroTz,

(4) EAAM
BRES
A OFH TIX, FHRIIESheroTz,

#O%s

BALB/cStCrIfC3Hf/Netr~ & A (HfERER-12000/8) 12, 4-ABPHEERHE (WiE >99.5%) %/
20, 7. 14, 28, 55, 110, 220 ppm, MEIZ0, 7. 19, 38, 75, 150, 300 ppm® & TI6IH
MK LTz, 10220 ppmE M QWD 300 ppmBED LA & 72 0 O 5-81%, MEZnZh
DOLD50IZAEY LTz, KI45D A 2 A L7 R, M PIE (EA0) . TR AL BEBEDS A
3BT AFE L CHEN L 7= (Schieferstein &, 1985), SN ADIAERIIUTOLEEBY TH D,
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M ARE (2ERAL)
KE 1/118, 1/117, 1/118, 2/119, 4/115, 5/119, 14/118* (p<5x103, HE/L FL > K)
ME 1/119. 4/120. 4/120. 2/120, 14/120, 26/118, 11/117* (p<5x105, HE 7z hL > K)
R
¥ 0/116, 1/117, 1/118, 0/118, 6/115, 15/118, 23/118*% (p<5x103, FE/2 b L > K)
Mt 0/118, 0/118, 0/119. 1/118, 0/118, 5/117. 1/117
JHE A A g
HE 2/118, 1/117, 0/118, 0/117, 0/114, 3/118, 2/117
M 0/117, 0/120, 2/120, 4/119, 10/119, 14/118, 7/117* (p<5x105, HE/ML LK)

C57 x IF F1~ 7 ADHE21VE } QME28PEIZ, 25% IR D4-ABP (ML) OFFiH2 mL% 50
T (20148) s ORE Lz, 1084720 ORBREIINTS mgTh o7, ~ 7 A TIRFEM
I T # OFI2038 2 1230 RR S v, ERE C IR ITIRIEE . s s 23 7 & 4172 (Clayson &, 1967),
BHEPAVORERERIILUTOLEY TH D,

VPO (400r)

I 0/19, 4/21

it 0/31, 13/28*% (p<0.0001)
o5 g

HE 0/19, 1/21

i 0/31, 0/28

SEXR

Schieferstein GdJ, Littlefield NA, Gaylor DW et al. (1985). Carcinogenesis of 4-aminobiphenyl
in BALB/cStCrlfC3Hf/Nctr mice. Eur J Cancer Clin Oncol. 21:865-873.
Clayson DB, Lawson TA, Pringle JA (1967). The carcinogenic action of 2-aminodiphenylene

oxide and 4-aminodiphenyl on the bladder and liver of the C57 X IF mouse. Br J Cancer.
21:755-762.
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3.
3.

2 RUUTY (CASES : 92-87-5)
2. 1 YEFrERR

SyH: 184.24

SMBL KRBT, B RORBD Do T2 KD E DR A

BB 401°C milS : 120°C
FRAJE © 7.0x10" mmHg (25°C) M (k) ;276 mL (20°C)

7 B2 7 =K EARE (log Kow) : 1.34

S 3k
ATSDR(2001): Toxicological Profile For Benzidine.

3.

2. 2 FARENE - RS E
BEBE - BEHRS

RV OEEEIL, E NOBEOREZEo TEHLIZWININD Z LR FITRD 5
NTW% (ATSDR,2001), v ¥ ¥ v OHIFIHE I AER L CAE T, AMEEAF TED
MK SR L C, SRR REIC & BRI N CT& 5, ZOMEDOA 7 % 7 — K53 ERE (log
10) 1% 1.36 LA SN TS (Lu 5,1977),

Meigs & (1951 ; 1954), Sciarini and Meigs (1961) 1%, {EEHICR UV TIREE LT
FHE DIRFICAR DT R OEORBI PRSI D Z L2 L TR Y RARED I§E
HELHHM, ERBEREIIRERETHDL ELTND, BEFETIE, BERORTIRE DT
X, R PP UR0.28mg/L. N-7EF ARV U0 027 mg/L, NN-OT7 £ F L~y o
2 0.52 mg/L, KOMIAERD 3-8 R _u YUY UM 3.9 mg/Ll TH-7- (Sciarini and
Meigs, 1961), HZF (&<, BEREWVRE) TiX, 0 OHUER 1.5~5 5L, KE
~OHEI & OB OISR B iLT= T2 L HER X iz, EA~OPEINTREIE ST e,

JIHEAER, LRy VY v E 7213 O] me/kgx, F3447 v b OFEE R - T FFIZ1,
8, 24 AT L, AT L7 %2 7 > ROV E DI E L-HEBRTIE, B LT-HED
H125% 75 SHEFILANIC B2 i 2 7518 U 7=, % 514 245 C, B ED49% S G2 - 7243, e
L7ZHEOR¥ZR T v hOREZHE L, B LI HEOKB0%BNRIN S/ Z LAREN
Tz, WAitR1. 8. 24K DN TOS RO A (B L7TEHED %) 1TRO LB Tho
7= (Shah and Guthrie, 1983) ., 7235, e SN 7=ME DORIEIZITHOIL TRV,

BAi
1 IRffH 8 MRFfH] 24 IFfH
1R73 0.2 % 0.3 % 0.7 %
Ji g 1.5 % 1.0 % 0.7 %
Jiti 0.09 % 0.2 % 0.2 %
1 1.0 % 14.0 % 1.3 %
H 0.5 % 0.4 % 0.08 %
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JE22EN 1.9 % 4.1 % 6.9 %

IR 0.08 % 4.1 % 22.8 %
# 0.01 % 0.7 % 18.7 %

HEDF3447 v PR N=a—V—F 2 RUBFOEZ B > 7275 i KRR L7
Direct Black 38% &4 L, @A L7 &2 FRD 72 K 9 ITALE L 72iBR C, YRl @Ak 24~
144N IR R OFEF O S E 2 JE LTz, ZOFEER, 7 v b CIIHEERED & 2 WE Okt x
ILAET, JRPTEBAT LT HED0.06%, #HT0.16% Tho7=, UH ¥ TiE, 144FFH#IZ,
PRECE®BAT LI HEOKIZ%, #HPTh% A M =417z (Aldrich$,1986) ., O Z &b, X
VUV EIRE T DY S &R T D ATREME IR . v R TI, PRIl S 7o U RE
D& DWEIL YLD T VOB L - TR L 7= PP v EHEE &7z (ATSDR,2001) .

Baynes 5 (1996)1%, N> v vy Al (7& o £721ZDMS0) | HEiEEAl (0% % 721%
10%D 7 7 U EREET R U L) | VLIRS (0 pgE 7213180 pgd A F L =aFx—h) |
B OSETEH (0% F 72122%DSnCle) 7B DIRGW & 7 X DR FEIZEA L, BIUZ DUV TR
Too TORER, < D —ATT7 & b EDMSONRY PV DR [EHIE % E DT, SnClald,
BHl (7' o, DMSO) OIFEICHEDL T, N PP ORINZRE L7z, £72. SnClld,
Z 7V EREET N U ADOHREEFT HDMSOIREM T OX Y OFmERE LN, T
T R RAEMTOR UV OFBBIIME L oT, AFA=aFx— T v UEEET b
U7 bL & DM OACFEAED TR BEAERN . RN Uy ORI E & D ATREMEAVRIZ S
776

BORE - BOKRS

L4 mgkgD Ry PV EILcE F TR, BERC VYV 2/ TRETFARC TV K
WO T BTNy R X7z (Engelbertz and Babel, 1953), 72, 2.9 mg/kghD~<>
VU EBIRLIZ6ATIEN-E FeX -T2 F -7 I 2 baWni gt iz (Troll 5, 1963)
LOWENRD D,

T MOBEMIERR U720 ¥ 2 0.5~50 mglkg & BA[AIRE %5 L7245 5, T2 PR R X
#HPCThotz (Lynnb, 1984) , 0.5 mgkgD 5Tk, #5%3H F TITHHTEEHRD74%
DEEPICHR Sdu, 1T% 28 RPICHRE S e, G REZEINT 5 & B PEERR O~ dk
WD L, R ~OYHUAIN L2, 0.5, 5.0 mg/kgD# 5281 2 FHEER S - e
WX, 3-8 FuX Iy -NN-UT7TEF AR PV 77 a il (39, 37%). NN-U 7 F /L
NPV (18, 17%), N-bB FrF o -NN-UT7 v FAR DD 7y a i (4, 5%). N-
THFNAR PV (3, 4%). KOWERER YV 2%) Th -T2, 50 mgkgD# 5 Tlx, N-t
Re % -NN-UTEF AT a B, 24%IZHML, NN-OTEBF AP 134%
W2 LTe, FERUCIE, BB S e o 7,
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AR

SPIREEA 0.005~17.6 mg/m3 DX PV IR L2 9B Tk, fEETICRPORU Y
CUDFHREN 4 5@ < o7 (0.01 265 0.04 mL)  (Zavon 5, 1973) .

Direct Black 38 O3 EE DR % 2 1 7= 58 FH DR NS, NPy (2.4~362.5 pg/ll)
E)TETFARVV (6~1,1720g/l) . T EBETFAR TV (4.2~160 ng/L) 23 kH
S, WARREIC K2 WINA VR S iz (Dewan H, 1988 NIOSH, 1980) ., 72d. Z D4
FRIZHOWTIE, BEPDORINOAREMES H 5 (ATSDR, 2001) & =ivd,

K (IARC, 2012)

ROV NEB LT BB DRNS, XV N-TEFAR DV KOINN-Y
TRFNARDT PR Sz, HIBE L 7o BEBEO M T A S A7 T 72 DNA MK N-(7
TR TT )-8 A N)N-TEF IRV ThDHRothman 5, 1996a), Z D X 51z, X
VYYD N-E T 2T AL DNAICKISED & 2 PR O Z REES, v h7 oA
P450 242 N-t R o -N-7 2 F AR OV OIBRRNCE Z 5/l fettndH 5, N-7
BFNAR DYV AIETIEN-Z VT v UBE RIS ETEN-E R e b &5 ATREMED
b5, BEETIE, NAT BMEN T2 oo 7 BT /UbIZ L > TR &S N8 e X Lb-N-7t&F
AR RN-TE FFT-N-TEF LNV, DNA &G LT, AREAAIMEE
BT D AREMEN 5, NN'-U T & FIALIT RIS Th D WREMEN & 5,

RUPVVURN-TEF AR DV D N-T 2 F AL OMELIC BT, NATL X0 & NAT2
DIV RV NRN I (Zenser H, 1996) , KIRFE L~V TiX, XYY D N-TEF
EN-TEFAR DV L0 TS,

t FOHFFERTIE, I =~ A XX —BIC X AMBSINC LD N-TEF AT
5. N-(TAXTITT ) -8AN)N-TEF AR DT ERT D AlREMEN R S LD
(Lakshmi &, 2000), N-t Fax I -N-7THF AR PV T, Fur2 7500 HY X
—BIZL o T, IR b GIEM LA B L TR EN S TS 2 (Zenser H, 1999) .

Wi 2 52T T2 T BT OHIBE U 7RI B MERIRIC 31T X0 U U IC B L 72 DNA Pk
D L)UE T ' FALEEE D R B (Rothman 5, 1996a) . £ 7213 GSTM1 i&/x 7 (Rothman
5, 1996b) T X2 BT o Tz,

RUPVVRDNL DIDT YV YEHIONWTIE, XY LA O R OV 1 DB
FH 5Tz, T, Direct Black 38, Direct Blue 6. Direct Brown 95 725X L ~D1X;
LA 7 5 472 (Rinde and Troll, 1975),

AEPNATEE 2 OIS 1 D 7 VB iR R TR OO VR YE N D R DV~ DB & ik
192 (Cerniglia ©, 1982 ; Bos &, 1986).,

SEXHR
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Lu P-Y, Metcalf RL, Plummer N, et al.(1977). The environmental fate of three carcinogens:
Benzo-(a)-pyrene, benzidine, and vinyl chloride evaluated in laboratory model

ecosystems. Arch Environ Contam Toxicol. 6:129-142.
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3. 2. 3 HHIER
3. 2. 3. 1 etOxR
(1) 2HsH
A L7 #HE TIEL ISR LR o T,
(2) HEZHE
EhAM
Zavonn (1973) 1%, KET VT T 4 OR UV UBEETO BMAEEB25 N B35 E L
T, BFEMAE L, BMEEBDRU UV UVITIRELTEBY . ) b3AB2-FTT7FAT IV, a
FLA DT HIRGE L TV e, LHNOML RGFT TR UV REZHIE LR R. 0.005
mg/m3AREN SR TL7.6 mg/m3 (R PV % R MMIFEED D O#HICH 7=, X
DUV OE R, EERROKD D T0.04 mg/LIZE LT, 13BADEXE (52%) 12
BAT ER R 2SR DAL, 2D OIFEE CIT MR GEELL13.645, FRERBIF 16.64
(FIEMREN O OFH) Tholo, Fio, SANTBHENFEO v,

U.S.EPA (IRIS) I, fEEEDRTEE (0.04 mg/L) . 1HDREL2L, )5 DOAME
DI HE1.45% , FEIREFHIL46F, FEHERETO kgl KDSW T, FHIREE &% 0.0063
mg/kg/day & FH L, 240 & B O R AR (183/25 ) %D T — % [Zone-hitE 7 /L & L C,
WABRFED A0 —77 7 7 Z— 2.3x102(mg/kg/day)? (= s U 27 TlE 3.7x102(ng/m3)1)
ZRDTND,

723, RIVM (2000) TiX. Gold and Zeiger (1997) OIF - DT — #1285 < TDso (1.7
mg/kg/day) 225, AU A7 106G T D HE %88 ng/kg/day & HH LT\ 5,

Case H(1950)1%, EE D21 » FrOYB THOEEBEZRE LT, XUV rOh, 7=V
1T 7FNANTIVDR, 22T T7FATIVOHR, vB X, =T IV BIWNREY~DRE
BOte, BRATIRBEEET I U ~OBREN LI LE15EN D20 ZITEMA B RAE L, 127TA
DICZMECER N A O H 5 Z & 2RO (WIFFE4.09N) , NPV DORITIERE
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L72AEEBIZOWTIE, MDA A XD ENRHER I LT DIX10AN TH - 72 GAFFEO0.T2N) .
T, RUTVV U ORITERE LTAEEB OB A OMRERBIXSYES TH -7,

19824 ZRubino H %, A # V7 O F = U o OYepiE T OE(EB 2358 L Lizadk— Nl
BEITV, ROV UCREE LEEEICB W T, B AD Y 27 Oz #RE L7 GET
%5, SMR 83.3) . Decarli ©(1985)1%, Z O 2 ik L CTHEME L, 41 ADFE T Z#E L7 (SMR
46.1, 95%CI: 33.9—62.6) , Piolatto 5 (19911, & HIZEBHIHIM 4 S HFRMERE L Cili& L7,
AR R ITIE, 19224E7° B 19704 £ TOHIRMIC, VFEBOHIFENG L 72664 A BHAEEE N
GENTZ, BRI TEOFRENOAFTL, XoPV 0 2 Gt E ~DOREBEO S ENEE S
Nice ZORER, B ADIET Y R 7 3 IEFIZE D> T2 (BEL%49, SMR 30.4, 95%CI: 23.0
—40.2) . FEEEE R OKEDONADSMRD EFH B b,

Meigs 5(1986)1%, 2 %F I v MNORL PP U BE T84 NDIEEEICHOW T, FEbE
BEORERBRIEAENBOONDL Z E2WE Lz, XU P U ~OBRFEIRIIT, B, i,
WRFERLERD DHEE STz, SIEBIOBEER AN A B (SIR 8.4, 95%CIL: 1.5—6.8) , fix b
BLANABREWNEGHINTAFEERED Y 27 BN KTh -7 (SIR13.0, 95%CI: 4.8—28.4) .
F 7o, BRI Lz VU A7 OEIME 378 S, VAR CTSIRA0 (WF#E1.15, 95%CI:
0—3.2) . 1~54ETSIR 3.4 (95%CI: 0.4—12.4) . B4 TSIR 10.0 (95%CI: 0.6—21.7) T
bolz, FHOIX, 1950FLURICE M SN AFEBIZRIT DEMS A DFAERN | /EEB DR
BOTVHROERMEFINALT L7z Z EZ2BXTWEN, 2TV EDEFICIESS LD TH-
77

Wu (1988)1%, HET197247> 519814 £ TOMIMIC, FERILL BV VP TR L 722525
ANDIEEE D ak— FAEICOWVWTHE LT\ D, REORER, SELEHI2A & B2 A SOEH]
MDA, O ND & BT S & S A OBREIF AN L (SIR 26.1, 95%CI: 18.8
—35.4) . BERERSA DY ZAZIZOWTITRE L OMEDHR LA LN, XUV UTRERE L
ToIMYEFEDOEEB DY 2713634 TH VY | IR L7ZHHEEOEEE DY X7 731523 Th o7,
T, BEL TORWEYEZR OMEEB OB A O ) A7 136.2ThHh o7z, N TP U
B LTAFEE TR D AR OB R ANRRREL b 2 & bl Sl BEAEFREIIAY),
B, NV VORE AN IITTREICFIE SN Z EBRBRRH TN D,

Naito 5(1995)1%, HAD N P2 U ARE R OYepHUE THICB W T, BEOEWE (FIC
RV 2FTTFAT IV, 1T TFT IV oV T =VY) IR LT-442 N\OIEER
(BHEA3TAN, ZetEb N) XktGe L Lic 2k — Mllf 2 520 L 7o, 1B OgEZEHIR OHEEIZIX

[F LY DRERM AT — 2 3 pino ol it FRAMER Sz, THNTIE, 2EEENE
¥R, TR, FLAEMEON@m~Y A7 25 L, 2FMICEWERD T, BkBsADY 27
[ZOWTIE, NPV ORIEIHEFT H21F2EE TSMR 63.6 (95%CI: 30.56—117.0) , N
U ERMHT HIE¥EE TSMR 27.0 (95%CI: 8.8—63.0) TH V., U A7 RNE-T-, MOl
DONMZEDIHTEY AT B LN, AEREMX b7z, 2B, U HE MR A AR
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T LG0T,

HESMH

KER U ANR=T T, AWE, beta-T 7 FNT 2, RUBATTEYR S TN D MK TR
DIERZxIG L L, 1973~1978 EDHAERIZ OV TR RIERE OFAERELFTE LR, AF
¥z R 727> 72 (Budnick &, 1984) . 7236, AWE~OBREEITIRE S THRY,

SEXHR
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3. 2. 3. 2 ERFYOMR
(1) 2=t (RTECS)

i TE iR R R I Bt R, TEEF
7 v b A LDso 309 mg/kg
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~ A A LDso 214 mg/kg

SEH -
US National Institute for Occupational Safety and Health, Registry of Toxic Effects of
Chemical Substances (RTECS) Database.

(2) RERESHMH

F1 (BALB/cStCr1fC3Hf/Nctr xC57BL/6Jf C3Hf/Nctr #ff) S O monohybrid cross (—
B THEAE ; MC) OMEfED~ 7 A (eSS 72~120 PL/EE) (2, XY o “Hbk#HE
Yy GWERBA) &£l 0. 30, 40, 60. 80. 120, 160 ppm. iz 0. 20, 30, 40. 60, 80.
120 ppm ORET 33 » A (EIE) #okEEL Lic, ZORE, HED 30 ppm 2L EXOMED
20 ppm LA EORBECHEIEKAF L2 REIEMN O M OEFERDIR T RA LT, 7o, HED
40 ppm LA ER OO 30 ppm BL EORE TR O ZE R kD, #Eo> 30 ppm LA EO#E Tl
OEMEOHI, M 60 ppm LA KL OHED 120 ppm LLEORECEBEEAZER OB, D
120 ppm LA _E R OMED 120 ppm BECTHIRO~E DT U kB O8N, HD 160 ppm BEL O
o> 60 ppm LI EORE TR OB AL O MDA B vz (Littlefield ©, 1983, 1984) .

U.S.EPA (IRIS) IZ. ZDOfE%E2 5 LOAEL % 0.002% (K¥EH#H : 2.7 mg/kg/day) &
LT, FHEFELRE 1000 (FiZ= 10, fE{A7Z 10, LOAEL 2> NOAEL ~DO4MED 7= D 10)
Zi# A L. RfD 3x103 mg/kg/day % & L T\ 5,

T RCAR TV O ALK FE S Z 0, 20, 30, 40, 60, 80, 120, 160 ppm DIEEE
THEME, MOkEE LR, 20~60 ppm BEOMND B CTZEfft GERRRDOENE) OFRAER
WA BEARAFR 72BN 23 B 4072753, 80 ppm LA EDORETIL 60 ppm AEL D HHAERDMMEN- T2,
Fro, WO AEOZE R & ITEES (RIE, BB, MlaZsiEia ) & oA RET L7223,
M OFRAEIZEE XA LIy > 7 (Morgan &, 1981)

SE XA

Littlefield NA., Nelson CJ, Frith CH. (1983). Benzidine dihydrochloride: Toxicological
assessments in mice during chronic exposures. J. Toxicol. Environ. Health. 12: 671-685.

Littlefield NA, Nelson CJ,Gaylor DW (1984). Benzidine dihydrochloride risk assessment.
Fund. Appl. Toxicol. 4: 69-80.

Morgan KT, Crowder DM, Frith CH, Littlefield N, Coleman G. (1981). Spongiform
leukoencephalopathy induced in mice by oral benzidine administration. Toxicol. Pathol.

9: 4-8.

(3) £ERASM
A OHIPATIX, HHRIIFT N7,
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(4) ENAMK

F1 (BALB/cStCrLfC3H{/Nctr #xC57BL/6Jf C3Hf/Netr #ff) % UF monohybrid cross (—i&
IFHERE ; MC) DMffED~ v 2 GRERBIMGIF OBMWIEGEHE2 L) 12, XYY otfifb/kFE b

Yy (MEABH) % 0, 30. 60, 120. 200, 400 ppm D2 T 40, 60, 80 ¥

F R 5, & D

ﬁ%\ Fl ~ ?Xlﬂf&tﬁ&@ MC ~ ]7XMK@@%E@H@Hﬁ:HmTHi%@%i%wu 27571:_ (Nelson E

1982) . BARIFLLTO LB THD,

JHF ot e R e OV

Fi 1 40 E[ 0/49, 0/98, 0/72, 0/51, 3/50, 1/28
F1 M 40 #M 0/48, 2/98. 1/72, 0/49, 5/50, 13/29
F1 #E 60 B 1/48. 0/73, 4/49. 9/48, 9/47, 12/23
Fi M 60 B 1/48, 3/74, 4/52, 24/58, 54/61, 41/41
Fi 1 80 MM 0/46, 5/44. 6/47. 13/45, 8/21, 16/20
F1 i 80 @M 0/47, 9/43, 23/43, 34/37, 9/9. 0/1
MC #t 40 38R 0/50. 1/101, 0/71, 1/48, 0/52, 1/27
MC 4 40 8 0/48, 0/97, 0/72, 3/51, 6/50, 10/26
MC #t 60 #fE 0/48, 3/69. 3/46, 8/50, 8/43. 7/26
MC i 60 HfE 1/48, 7/72, 12/54, 26/56, 47/60, 33/38
MC X 80 Hf# 2/45, 2/41. 7/43. 14/44, 7/19, 11/17
MC i 80 ] 0/48, 12/43, 20/42, 31/32, 17/8, 5/6

@@’

F1 (BALB/cStCr1fC3Hf/Nctr #xC57BL/6Jf C3Hf/Nctr #ff) % U8 monohybrid cross (—i&
IGFHERE ; MC) DM~ 7 2 (MERESS 72~120 VT/EE) (2, X220 o “Hbk#EY (i
FERW) ZH#EZ 0, 30, 40, 60, 80, 120, 160 ppm, ME(Z 0, 20, 30, 40, 60, 80, 120 ppm
DIRET 33 » AR (VEE) fUk#Eb Lz, O, Fi~ v AMEREL O MC ~ 7 AMERET,

FHEIRAT LI Pl CREE O R E 2588 7= (Littlefield &, 1983, 1984)
BHTH D,
JHE R e g
F1 i 14/125, 24/119, 30/96, 23/71, 35/71, 51/71, 49/71
F1 M 3/124, 51/120, 52/95, 45/72, 55/71, 60/69, 64/72
MC # 17/123, 20/118, 20/95, 23/72, 24/71, 37/71, 32/71
MC M 10/125, 54/119, 43/95, 31/71, 37/72, 51/69. 56/72

BB

o FAERITILITFD L

Nelson CJ, Baetcke KP, Frith CH et al. (1982). The influence of sex, dose, time, and cross on
neoplasia in mice given benzidine dihydrochloride. Toxicol Appl Pharmacol. 64: 171-186.
Littlefield NA, Nelson CJ, Frith CH (1983). Benzidine dihydrochloride: Toxicological

assessments in mice during chronic exposures. J. Toxicol. Environ. Health. 12: 671-685.
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Littlefield NA, Nelson CJ, Gaylor DW (1984). Benzidine dihydrochloride risk assessment.
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2-FI7FILTF7 2 (CASES : 91-59-8)

3. 3
3. 3. 1 YEZFa9MIK

syfH : 143.19

AMBL B~ REOR G

WhsS : 306°C mis . 111—113°C

HKEE - — WREE OK)  : AT

F o B =ik ERE (log P) @ 2.25

S 3k
TIARC (2010) IARC monographs on the evaluation of the carcinogenic risks to humans. Vol.99.

3. 3. zwmﬁu-ﬁﬁua

s

In vivosRIZI1T 5 TR FC g% O Fn [ix Ef%iﬂfotﬁ)o 72723, in vitrosk ClXiEfcE L& v T2-7
TFNLT IR Vo AT DO SOREFBZRSTZFAN D 5, 2WE & bR EE L
(77%@1%%%%@LMLOBM\%Wiﬁ(%ﬁﬁuw@ﬁﬁg@%h%ﬂM%EW%)
T& o 7= (Litersen &, 2006),

Z Dith D IR FER B

t FOHRE LTUTBRELN TN D,
MED2-FTTFNT IV ERGENIZBEANOBEORFIZ, N-@2-F7F )-8 Rr¥xiT
VEOER- (2T I 177 FN) U U ER ST % (Troll and Nelson, 1961; Troll &,
1963),

2T TFNT I IF AR EENTEY  BIER KT D2 ~E 7 1 B AR D&ITFE

WU L0 %5 7= (Bryant, 1988),

WS & OFEBYER DR D 2-F 7 F )T I U K OEOM S FEEOFEFHR T I 4TI /8
Tz 1-FITFAT I, T TFAT I, 2T I T 2=)L) ZHELTRER., WikEs
BICATEDOIFEFBRT I OPRIN & o 7223, BRI O IR o O YRt &I ZFEEUEE O 2 5 Th -
72(736 ng/24h vs 327 ng/24h), £7=, 2-F7F AT I KN4-T 2/ 7 2 =/LOPetEIT, W
TR UETH-72 (Grimmer ©,2000),

&

DB FHET I ERERIZ, 22T 7 F AT I U0, B ReXx vV EORmEBEE, Z7vra gl
DG, FE7 7 EON-TEF UL, g, Jvr v e OREIZEFEE . CYP1A2(C
Ko TN Kb &5 aleEMED H % (Butler s, 1989),

I, 22T 7FAT I VIEBRNO T a2 % 75 0D CHEEESE O X 5 el bt bR
(Wise b, 1984 ; Yamazoe®, 1985) 12k - UN-figfb. EHFEERBLIN. 7LV — i@k
TERCT 2 ATREMED 8 % o

N-KEBBERIZZEL LT, 2-7 2 /-1-F7 7 b= VR ORI 7 v 7 v Uk & O EG IR A TR E

40




721X, DNAfHIE (N- (FTAX2 7T )2 -8AN) 2F7FAT IV, 1- (TAXTT )
VN2 AN) 2FTFNNT I 1 (TAXFTTT )N A ) 2FTTFT IR E)
BT D AIREMER H 2D (Beland B, 1983), Z4UDHOfIIKIX, T a R & 7T 0¥ U HE MR
RICE-TLEIF2 A /-1 7 b R (BIZIENG-T A X 7T ) 2 -N2-A L) -2-
T 14T 7 oAb bR ENS (TARC, 2012),

ZE R -
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their role in bacterial mutagenesis and urinary bladder carcinogenesis. Environ Health
Perspect. 49:125-134.

TARC(2012). IARC monographs on the evaluation of the carcinogenic risks to humans.
Vol.100F.

3. 3. 3 HHiER
3. 3. 3. 1 E+tOHR
(1) B2a4EH
A O TIX, HHRIIH ORI oT,
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(2) HEZHE

CaseD (1954) 13, HEOLFTEIZBWT2F 7 F AT IV ORITIEE LIEEBICAD
TR AU455BID 5 5| 341 & FHA Uiz, BB ADRERIZ, A 7T RO = —
VAT D RN DO.3%FREME & HEE I DD, FETZBIEICIR & LTS ADTHE S 1
TWeDiE266ld v, SFERRBIMIZ1I6FE TH > 7,

Veys (1969, 2004) 1%, F[EO I A TEICEFT D BIEEEB O A DOREEFRE LU
CEROREEIT o7, BHEEEB O 9 B 194540 5 19494F O W JE F S 41TV 722090 A (GF
1HE) D27 F T I NCER LT wREER H 5 LB 2 iz, —JF, 19504 LIRICEM S
723038 N (FHE2RE) IZoWTIE, 22T 7F AT I VICRE L TN E X LTz,

FIRECTIIBEME D A DREBEDB8ANTH Y . EEA A DGR - HIFHEIL33.9 (SIR1.7,
95%CI: 1.83—2.2) Th-olo, FH2HETIX, BB AORBENIINTHY | EEAONLRD
7o HIFEIE1X38.8 (SIR1.0, 95%CI: 0.7—1.4) Th-oT-, BHAAIZ L DFETITHONTIE, U A
7 O¥EIME 720 > 7= (SMR1.0, 95%CI: 0.60—1.6) , BEBESAMIER & LT LA DIL,
W46 NF 16N TH -T2,

Delzell > (1989) (X, KED =2 —V % — TV — O YR O 0 fliE THicks W<, T8
D3BAE) L 721952427 5 1988 £ COWIMIZEH S 41722,642 N\OBHAFEB x5 L L Tak
— FREZIT o7, MFEEED Y b, WLGICEE T 2LHIC2-FT 7 F AT IV ROV
ORGE TIHZEHE L TV Z8IAN TR AN L HIBREBEC3G80 Hiv, 208 A THLTE1TA, SMR
1.99 (95%CIL: 1.16-3.18) Th o7, BN AD & BEESA DT ES AN HFHE 0.25,
SMR 12, 95%CI: 3.9-37.2), Bl A DL H2 AN (HIFFHE 0.21, SMR 9.52, 95%CI: 2.4-38.1)
Je OVPARARRR R OEZOFE T E2 A (WIFHE 0.22, SMR 9.1, 95%CIL: 2.3-36.3) Th o7z,

Cassidy» (2003) 1%, KERV I NAR=TMIZEVTI940EN B 19624F £ TEIZ2-F 7 F
NT U EEGE L, 198 VR TG A L 7= OT/EEB400 N (BME3T4 N, P26 N) %
MR E Lz adk— MREE T Lz, 58 IC 20 T19604E2 5 19984E £ TOE T 24 L,
KIEA A 72 BN E RO AN 02 DR EOMFEEZHEH L-, ZOE, 228 AID
WTIFSE T 28 A, SMR 3.1 (95%CIL: 2.1-4.5) | BEREAS AN DWW TIFSE T4 A, SMR16.8
(95%Cl: 4.6-43.1) . MERZARD R ANT DN T, SETE12 A, SMR 3.9 (95%CI: 2.0-6.8)
Tholo, [ LEGOEDMEZ SR E U ARRFRIGEY . £ IZBudnick» (1984) (ZX -
TITONTEY . AR, MR AT OFEED LT RO GHTHRER DO BN DB A DFH
B EARHES LTS,

BB

Case RAM, Hosker ME, McDONALD DB, Pearson JT (1954). Tumours of the urinary bladder

in workmen engaged in the manufacture and use of certain dyestuff intermediates in
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the British chemical industry. I. The role of aniline, benzidine, alpha-naphthylamine,
and betanaphthylamine.Br J Ind Med, 11:75-104.

Veys CA (1969). Two epidemiological inquiries into the incidence of bladder tumors in
industrial workers. J Natl Cancer Inst, 43:219-226.

Veys CA (2004). Bladder tumours in rubber workers: a factory study 1946-1995. Occup Med
(Lond), 54:322-329.

Delzell E, Macaluso M, Cole P (1989). A follow-up study of workers at a dye and resin
manufacturing plant. J Occup Med, 31:273-278.

Cassidy LD, Youk AO, Marsh GM (2003). The Drake Health Registry Study: cause-specific
mortality experience of workers potentially exposed to beta-naphthylamine. Am J Ind
Med, 44:282-290.

Budnick LD, Logue JN, Sokal DC et al. (1984). Cancer and birth defects near the Drake
Superfund site, Pennsylvania. Arch Environ Health, 39:409-413.

3. 3. 3. 2 EBREWomA
(1) 2%&E% (RTECS)

Bl iR 5 R I Bt E, FEES
7 v b A LDso 727 mg/kg
SEH -

US National Institute for Occupational Safety and Health, Registry of Toxic Effects of
Chemical Substances (RTECS) Database.

(2) RERESMH
A U7 #iPH T, RN AREIER LB RIIE R 5T,

(3) kEXRESH
AL L7, BB onrotz,

(4) LA
> BALB/c ~ 7 A (20 JL/EE) 12, 2-F7F A7 2> (WEAR) % 0. 2000 ppm D

T 40 AR G- L, T 0%, EEATE 2 55 B 5 x 7= FE 5%, 2000 ppm B CTHREEOBAT L
FEOMFERAS 6/16 T (37%) ([CAH Bz, F7o, T, fEirEmm (14/16 I, 87%) .
fRdE (10/16 PE, 62%) . fF¥#E (hepatomas) (3/16 /T, 19%) D¥4E%F8D7- (Yoshida &,
1979) .

BEE AT LR oERL 0 017, 6/16

g e 0/17, 10/16

JFigk s (hepatomas) : 0/17. 3/16
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Al <=7 % (MERES 16 TT/BE) 12, 2-F 7 F 7 2 v % 3RO T 8 MR O &5
L. ¥ET1PEY72Y 600 mgkg Z#45 L7, %@%*S'E 24 38 THMEREIZ IR O F A4 A2 7R
HETIIFIER O 240 (Tumour multiplicity) 73 WZHIIM U 7e (RPHREETC 0.27+0.59, W%
#£7C 0.93+1.00) (Stoner ©,1986) . xfﬁﬁﬁi&m% EREDO MRS ORARIILL TO L EBY
Th b,

Jiti e 95
Mt 3/15, 8/14
M 2/14, 4/13

MED> Wistar 7 v b (25 PU/EF) (2 2-F7F 7 2> (MEARB) 300 mg/kg/#H % 1 4515
OG- L, T0%, BENRORENEAT D E CTEE L=, XTIREFIIMgE 50 CE L=, 57
THRAIDOIEESBIZE S -, BEREEE DS 5/17 It (29%) TRH 517~ (Hicks and Chowaniec,
1977) .

> Wistar 7 > k(20 VL/BE) 12 2-F 7 F AT I (%@ﬁ?ﬂﬁ) 0. 300 mg/kg % 1 [al/#E D
AEPEC 5T EMMEHRE &S L, 100 B CHMR Lz, ZOfER, BER CRE LEOB@PR L)
fE b D FE A 2 7R 7= (Hicks B, 1982), JEK| iU\T@&%@T“&%éo

PRE&E ERZ DR : 0/20, 8/18
e 0/20. 4/18

SEXHR

Yoshida M, Numoto S, Otsuka H (1979). Histopathological changes induced in the urinary
bladder and liver of female BALB/c mice treated simultaneously with
2-naph-thylamine and cyclophosphamide. Gann. 70:645-652.

Stoner GD, Conran PB, Greisiger EA et al. (1986). Comparison of two routes of chemical
administration on the lung adenoma response in strain A/J mice. Toxicol Appl
Pharmacol. 82:19-31.

Hicks RM, Chowaniec J (1977). The importance of synergy between weak carcinogens in the
induction of bladder cancer in experimental animals and humans. Cancer Res.
37:2943-2949.

Hicks RM, Wright R, Wakefield JS (1982). The induction of rat bladder cancer by
2-naphthylamine. Br J Cancer, 46:646-661.
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3. 4 3,3-4900-4,4-OF73/)TT7x=)LARY (CASES : 101-14-4)
3. 4. 1 YEFHMIR

. 267.15

SMEL BEEAORSIEE T IIREADO L Y b

Whai : 378.9C Al 2 110°C, 99—107C

KAJE : 3.9x106 mmHg (MPBPWIN (2 L 55t | &f#ME (k) : 13.9 mg/L (24°C)
B, 25°C)

F 7 & =K ERE (log P) @ —

SECH
BRIEA (2009) bFWEOBRE Y A 7 745 7 &

3. 4. 2 KNEIRE - KB L
BRBE - BRES
HiCARYE ORI 2 LS O B E oA Tix, 4 K% IR+ T 1,700 ppb D
AKYEOE — 7 RENRA LIV, EEIE 23 KT, 94% 2% 4 ALURIZIRFICHRE S iz, &
7o B QR PP EOK) 35% DM AR TH o 7o, HIBEREE EEGMIETN-B e % {£0 DNA
FEIMAERFE S Bz (Osorio &, 1990)

Z v NOBEEIC 4C TIE#R LAY E % 0.8 mg/em? 2840 L7AE R, 72 R CHUNEED
2.54% DRHUT, 6.835% M FEHITHEME Z 41, R O HEH PR S 72 9'E D 0.008% 23 K2 bR
T o7 (Groth &, 1984) ,

A SATHEH SRR L 72 AW 10 mg 284 (25 cm2) L7-fE5s, i CHROEREITMH S h 7
Mo TZA, 24 FERECHETEED 1.83% AR FIT, 0.62% 25 HIc PRt S, BATER OIS, A5
Wi, SHPIZZEETL 90, 0.66, 0.11%235%8 L, 24 FEf4 IR OB RRITREC O 72 HEInE
miZdH-7- (Manis H, 1984) ,

#Oo%s

7 v M UC THE#R L7 AYE 12 mg/kg 2 FREIFE OB G L7o 58, 24 REEICHEG L7 i
RED 14.8% A3 RHIUT, 53.5% M FHIZHRME 4, 72 W TIXENZ L 16.5%. 69.7%IZiZE L,
PRI DO RZEACRITIR FEEED 0.84% & DT T, WIS NIZAMEDIEE A EBPRBI SN T
W7z (Groth &, 1984) .

Z v MBS AR L 7= A E 5.5~5.6 mg Z iR AO#&E L2 BT 48 FRH T 64~
87% D HEHRENHIR FUCHRHIE S 7223, 2D 9 HDIFE AN 24 BEEINICHE S 72 DT,
FHITITRFP LD B 1.56~3 (52 < . RTEDOREMRITESGED 0.2%LLFTh->72 (Morton
5, 1988) .
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7 v MZ MO THEGR L7 AE 75 mglkg Z iRk 0 g b L7z 24 Weff$ O BUHREIZATFI#R T
RbmE<, RIZEIERTH 7228, BIRO S REIRFIROK 5 Uonze < o i > i > sk > ks
B>V o NEROIETHEE . BEREDOINT 7 v 7 U >0 4, iFlE. If DNA TZh %
A 14.3, 16.7. 4.4, 11.1 HTH 7= (Cheever ©, 1988) ., 7.5 mg/kg/day % 28 HIE&KE-
L7 aiZid, W CHESRE DO mWERE (I o) 12 £5) 2335, 75 mglkg & BRI E L
tﬁi@%@umh@<\w%b®#@%iﬁm7)/\7»7\/\£m\ﬁw1%h%n
16.1, 4.6, 13.3, 5.5 A TH -7 (Cheever 5, 1991) .

% A B
b NI, FEEGRE 0.2~8.9 ng/m3 (ZIEER L 72 9783 O R CARME B S L, FHO
BEMBORPIREICHERRZN e, WROKA (2 BHE) ZHATZIRPIRE S [FRRE OfE
ThoteZ &, RPBEITRTRENOHE LZEEZKEL ERl> T2 &b, AWED
PRI IR < . WAL DIRERKE L H -7 EZ 5N TW5D (Ichikawa ©, 1990) .

iy

Z Dt DIRTIRER

7 v MIBOERE#R LT ARAWE 21 mglkg & IEPENE S L7-86121%, 0~4, 4~7 KE#E O
PRAFEEFHREIT B G- B D ZNZI 3.2%. 1.8% TH - 7223, fit i ~D e X 0~4 FE 23 28% .,
4~7 BN 12.7% CTH -7~ (Morton », 1988) .

Z v MIBHERGR L7 ARYE 0.49 mglkg & HARNE G L7256 1 % O i RE 1M
> [Tl > g ke > it > B s> B > B DIECTrE <, 1~4 H#F’ﬁ?& B — 7 OHr bz,
NEAkERE. R 2B < TEMMHETIX 10 HRICITE—27ICELTEBY ., Z0%iT 2 Mok
DT 12, 24, 48 FEMTHRG-ED 35.4, 79.4, 94.6% 23R I HEME S dv, FER T U RE
D 73.4%NFEFZdH ~7= (Tobes &, 1983) ,

(A U 72 AL 10 mg & SR EE G U 7o RE R Tl P o RZ bR, HdithEl 2
FAMEZ R LTI L ORZE(BIRIT 4~6 RERITRISRII & 722 > THEHENEEE 1 /623 0.09 e,
525825 0.7 FEH T o723, BEREDFRENIT 2 £ 1.05, 24.5 FFf T, 24 KT, R
HIZ 46% ., MBI HIC 32% 3k a7z, MRS & & ISR AR IT TN, g, AENG. Micm<,
PRI BEDR) 0.5% BNARZEETH D | FARNE G ORRH HCRE RIS e h o7z

(Manis 5, 1984) .

Al

AEOMRBI IO T ~ 7 15— 24 P-450 2/ L CH#47 L (Butler & 1989;Yun 5
1992) . ON-K#E{L & Z D% O N-iRfl, @ON-7EF b, @FEE (ofin) OKEL, @A
F L B DKERIE & D% O K ORFHEIWTIZ L 2R EEAHEE 41 TR Y (Morton b,
1988;Cheever ©, 1991;Kuslikis 5, 1991) . 7 v hS0E/E Y b, B R Tl N-KER L, A
X TIE oKD ENE < (Morton &, 1988;Chen &, 1989) . b hTN-7E&F /(KX
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FEREE TRV (Ducos b, 1985;Cocker &, 1988) . Fio. RPREMDZL DAl
TN a RO ERTH D0, 7 v b TIEmRIAEAR (Farmer 5 1981) |\ A X Tit okt F
7 % UAROREEIE AR (Manis and Braseltonl, 1984) | & N TIEN-Z V7 v U BiaAK

(Cocker &, 1990) NFETH o7,

7RE ., FMCCAWE 2 O 978 O RBEIREE RGN T N-B R e % KD DNA KN
BOHILTEY (Osorio B, 1990) . DA I =ALEL LT, K TAEK SN N-& Fa ¥
ARDNEERED £ EBEME I TAL 20, BERE O 55ERYE T T N-27 v 7 v AR DSINK i S
TR ZE T b0 EEX LN TWS (Kaderlik 5, 1993) , £72. 7 v N O3 ANMERER
T, BEORELLET v FORPAWEIREIZEREORE LR 27T v NI THEID
Emolz @I TS (Kommineni 5, 1979) .

SEXHR

Groth DH., Weigel WW, Tolos WP, Brewer DE, Cheever KL, Burg JR (1984).
4,4'-methylene-bis-ortho-chloro-aniline (MBOCA): absorption and excretion after skin
application and gavage. Environ. Res. 34: 38-54.

Morton KC, Lee MS, Siedlik P, Chapman R(1988). Metabolism of
4,4'-methylene-bis-2-chloroaniline (MOCA) by rats in vivo and formation of N-hydroxy
MOCA by rat and human liver microsomes. Carcinogenesis. 9: 731-739.

Cheever KL, Richards DE, Weigel WW, Begley KB, Savage, Jr. RE, Daniel FB (1988).
Macromolecular adduct formation by 4,4'-methylene-bis(2-chloroaniline) in adult male
rat. Scand. J. Work Environ. Health. 14 (Suppl 1): 57-59.

Cheever KL., DeBord DG, Swearengin TF (1991). 4,4'-Methylenebis(2-chloroaniline) (MOCA):
the effect of multiple oral administration, route, and phenobarbital induction on
macromolecular adduct formation in the rat. Fundam. Appl. Toxicol. 16: 71-80.

Tobes MC, Brown LE, Chin B, Marsh DD (1983). Kinetics of tissue distribution and
elimination of 4,4'-methylene bis(2-chloroaniline) in rats. Toxicol. Lett. 17: 69-75.

Manis MO, Williams DE, McCormack KM, Schock Rd, Lepper LF, Ng YC, Braselton WE
(1984). Percutaneous absorption, disposition, and excretion of
4,4'-methylenebis(2-chloroaniline) in dogs. Environ. Res. 33: 234-245.

Ichikawa Y, Yoshida M, Okayama A, Hara I, Morimoto K(1990). Biological monitoring for
workers exposed to 4,4'-methylenebis(2-chloroaniline). Am. Ind. Hyg. Assoc. J. 51: 5-7.

Osorio AM., Clapp D, Ward E, Wilson HK, Cocker J (1990). Biological monitoring of a worker
acutely exposed to MBOCA. Am. J. Ind. Med. 18: 577-589.

Butler MA., Guengerich FP, Kadlubar FF (1989). Metabolic oxidation of the carcinogens
4-aminobiphenyl and 4,4'-methylene-bis(2-chloroaniline) by human hepatic microsomes
and by purified rat hepatic cytochrome P-450 monooxygenases. Cancer Res. 49: 25-31.

Yun CH, Shimada T, Guengerich FP (1992). Contributions of human liver cytochrome P450

enzymes to the N-oxidation of 4,4'-methylene-bis(2-chloroaniline). Carcinogenesis. 13:
217-222.

47



Kuslikis BI, Trosko JE, Braselton WE (1991). Mutagenicity and effect on gap-junctional
intercellular communication of 4,4'-methylenebis(2-chloroaniline) and its oxidized
metabolites. Mutagenesis. 6: 19-24.

Chen TH, Kuslikis BI, Braselton, Jr. WE (1989). Hydroxylation of
4,4'-methylenebis(2-chloroaniline) by canine, guinea pig, and rat liver microsomes.
Drug Metab. Dispos. 17: 406-413.

Ducos P., Maire C, Gaudin R. (1985). Assessment of occupational exposure to
4,4'-methylene-bis-(2-chloroaniline) "MOCA" by a new sensitive method for biological
monitoring. Int. Arch. Occup. Environ. Health. 55: 159-167.

Cocker J, Boobis AR, Davies DS (1988). Determination of the N-acetyl metabolites of
4,4'-methylene dianiline and 4,4'-methylene-bis(2-chloroaniline) in urine. Biomed.
Environ. Mass Spectrom. 17: 161-167.

Farmer PB, Rickard J, Robertson S (1981). The metabolism and distribution of

4,4'-methylene-bis(2-chloroaniline) MBOCA) in rats. J. Appl. Toxicol. 1: 317-322.

Manis MO, Braselton, Jr. WE (1984). Structure elucidation and in vitro reactivity of the
major metabolite of 4,4-methylenebis(2-chloroaniline) (MBOCA) in canine urine.
Fundam. Appl. Toxicol. 4: 1000-1008.

Cocker J, Boobis AR, Wilson HK, Gompertz D (1990). Evidence that a beta-N-glucuronide of
4,4'-methylenebis (2-chloroaniline) (MbOCA) is a major urinary metabolite in man:
implications for biological monitoring. Br. J. Ind. Med. 47: 154-161.

Kaderlik KR., Talaska G, DeBord DG, Osorio AM, Kadlubar FF (1993).
4,4'-Methylene-bis(2-chloroaniline)-DNA adduct analysis in human exfoliated urothelial
cells by 32P-postlabeling. Cancer Epidemiol. Biomarkers Prev. 2: 63-69.

Kommineni C, Groth DH, Frockt IJ, Voelker RW, Stanovick RP (1979). Determination of the
tumorigenic potential of methylene-bis-orthochloroaniline. J. Environ. Pathol. Toxicol.

2:149-171.

3. 4. 3 EMHER
3. 4. 3. 1 EtOHR
(1) 2HsH
AYE 2T oo T\ F78#F 6 A 2 N CREEOBIR K ONMIR A B v, 1 B LANIZTE
RUTED, FEHEI LT P YT 32— MR EOMPEOBRZELZ T TRBY . AWHEICL
HEBLIIME TERVWE SN TWS (Mastromatteo, 1965) .

KB DR BITIR Z D020 | —H A A T2 G783 T, bt CORLE R I AR D

FERR S L2l S, IRSCE OBV, BIEROFRZRCIREA LA LNT=N, Z0%MFEH <,
IR < [H1E L7= (Hosein and Van Roosmalen, 1978) .
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11 L ORWEIRRIE 2 EH IO Tk, 4 BB OZZRIEO B BET &
FRAMB -T2 b DODORBEILA BT, BEEECHEREIC R IT /<, A P~EZ v B U MESR
iR, EAROHBE L o7zt ESIN TS (Osorio H, 1990)

ZE R -

Mastromatteo E. (1965). Recent occupational health experiences in Ontario. J. Occup. Med. 7:
502-511.

Hosein HR, Van Roosmalen PB (1978). Acute exposure to methylene-bis-ortho chloroaniline
(MOCA). Am. Ind. Hyg. Assoc. J. 39: 496-497.

Osorio AM., Clapp D, Ward E, Wilson HK,Cocker J (1990). Biological monitoring of a worker
acutely exposed to MBOCA. Am. J. Ind. Med. 18: 577-589.

(2) HEZHE

KEOLF LT 1969 HFh0 5 1979 FITAMEITRETE S 77 # 540 A& x5z Lok
PENADA T ) —=> FREREREEZ D L2, 200 AMTHOWTHERSEREZITo72E2 2 A, 3 A
WZERE S Vi3 Bro Do Te, 3 NTEIRERE A= T 28 C 1.6 » A~1 FERE Tz 28
F. 29 F. 44 FOBWHBET, 205 H 20 R 2 NItMOLFE T TOEBEIEEDO /0
HWUEE T o 7, BEMEDS A OWRIIFNIT ) 20 4ELL B & BV s, 25~29 F B TR
AT 1/100,000 L OTNTHDLZ LD, AWEORERIZCLDbDEBEZ b, B, Z
O OFEE TIX, RILEOHIRZCRIE MS DEFRIZ R 1720 > 72 (Ward &, 1988,
1990) .

BT 2R B IAEEBM IR OFERS H 0 (2 7 ARG MR % - 72 BSER (K9 5 8]
M) BHHID K DI o72 52 F AT T8 58 HOkEE Lol R R & e A
ATl & 2A, BIATED 0% SO DR N i, BERAOR R,  EoOIREY
BAT BRI BT, BFIIERESE T 7 v 7 7y ME (B FBREOR L) R4
HIRAMZ B L TR0 . RTREE CRIEAERATIREThH o228, KBEATO 14 FHIEAR
WEOBLE TR TH O TEY , (BRI~ 27 RFRED#EEEZEHN L W ihotz, =
DIz R L35 %2 A Lok R A E OK T IREITEFEPMEE L TV TR T 0.23~0.41
mg/m? EHbEm <, WO THE LR (<0.02~0.08 mg/m3) . FF LT (<0.05~0.06 mg/m3)
DIETH Y, B TEOKTREILT AV I OFEREZ Ela> Tz, £, THZEE 10
ANDRFPRIE S 267.9~15,701.1 pg/g-cer & @<, 10 AEENKEOEHRE % LAl T,
TNHD I ENE  ARYE DWW AT I X 5 B O R4 &2 S iz (Liu 5, 2005) ,

ERES A Ete e FORENA T BT ZAD—DIZ DNA O LIBENEZ SN TWD Z &2
5. AWEERET HBED 4 TIHOEHE 158 NExGHUC, i & M) b AW E O
HARE BT N L IFNEERRE 101 A 2 BRI, UIAME OIRPIREE 20 pg/g-cre & FEUEIZ L T aEiR
FERE 45 N (OF#) 278 pglg-cre) L XIRERE 108 A (4 1.86 pg/g-cre) @ 2 #2417, DNA
INERLHIIEG 22 CTAREND 8- FeX T4 77 /v (8-OHAG) i
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BB LTz, TOME, WTFHOEA WO 8-OHAG BEICHERZET 2L, T LAMERE
i, RIS D ZSHE BEIR 2 K L 72 D 8-OHAG R L 1T B A ST R R TR EERED 7 ME D > 72
N (HEZERL) | AFl-om:, BYE L 8-OHAG BE L OFICITAEREOREENH V| B
® 8-OHAG REIFFEMYER L b @mWERICH -T2, D7, AYEIZ X 5503 /01X DNA
DOEALHIREIC L 2 H DO TRV L AURE S (Chen 5, 2007) .

bt N OB EEMEICE LT 1999~2001 FFlICHE SNz 71 fE L Ea—T25 &, FED
FERIFARE 2 6 81 L2 b D2 14% FEAGERE L BIERH 5 L EX 5N H O 18% ThHh o712,
KWE TR ADRRWE L LD TS Z b, AMEEEHTHRY 71L&
W TIHOFEE 12 A, *HREE 18 A2 HERE L 7= JRILHE o> FIBEIR % - Rz il & kR M U >
INERIZOW T MERZ AT AR, & BICEBEIEO T EHE TE < Abiv/e (Murray and
Edwards, 2005) .

SEXHR

Ward E, HalperinW, Thun M, Grossman HG, Fink B, Koss L, Osorio AM, Schulte P (1988).
Bladder tumors in two young males occupationally exposed to MBOCA. Am. dJ. Ind.
Med. 14: 267-272.

Ward E, Halperin W, Thun M, Grossman HB, Fink B, Koss L, Osorio AM, Schulte P (1990).
Screening workers exposed to 4,4'-methylenebis(2-chloroaniline) for bladder cancer by
cystoscopy. J. Occup. Med. 32: 865-868.

Liu CS, Liou SH, Loh CH, Yu YC, Uang SN, Shih TS, Chen HI (2005). Occupational bladder
cancer in a 4,4-methylenebis(2-chloroaniline) (MBOCA)-exposed worker. Environ.
Health Perspect. 113: 771-774.

Chen HI, Liou SH, Ho SF, Wu KY, Sun CW, Chen MF, Cheng L.C, Shih TS, Loh CH (2007).
Oxidative DNA damage estimated by plasma 8-hydroxydeoxyguanosine
(8-OHdG):influence of 4,4'-methylenebis (2-chloroaniline) exposure and smoking. J.
Occup. Health. 49: 389-398.

Murray EB, Edwards JW (2005). Differential induction of micronuclei in peripheral
lymphocytes and exfoliated urothelial cells of workers exposed to
4,4'-methylenebis-(2-chloroaniline) (MOCA) and bitumen fumes. Rev. Environ. Health.
20: 163-176.
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3. 4. 3. 2 EBREYOMERE
(1) 2sEm

iy I 52 10K B, hEREE
7 v b A LDso 1,140 mg/kg (RTECS)
7w b &1 LD 2,000 mg/kg ({4 B e G g =)
~ A #r LDso 640 mg/kg (RTECS)
AV 535 LDso > 5,000 mg/kg (RTECS)
SE XA

US National Institute for Occupational Safety and Health Registry of Toxic Effects of
Chemical Substances (RTECS) Database.

b5 St E S g (2005). 4,4~ A F LU ER@Q-7ru T =0 )07 v FE AN
2 HAlg A& G aE R, b E RS 12 8

(2) RiEHRESEMN
BREHEEICOWTORRITE LN -T2,
BOEGomEE LT, UTFE2RLT,

Sprague-Dawley 7 > MMEMES 12 LA 1 FEE L, 0, 0.4, 2, 10, 50 mg/kg/day % 4K
14 AR O RFEHIM A8 L CRET 42 AR, METAER, Hifa @ L CfE 4 HETO 42~55
H R5EHRE 085 L7 AE R, 10 mg/kg/day VL EOBEORED g CHEED~ETT U L IEED
BEM, MECHIER X X0 ROT VT X 2 ORrd, BB EREROBINCA BEEEZRD, HED
PRAE I IR ME DR B 038 A8 SR ITHE I 7 28 7 B 472, 50 mg/kg/day i C I <%
HA%IRIER A B, HERET A h~E 7 m e O, RO, ET~ET iR
B ~~ k2 Uy Ml IERZ o7 TAT I oo, AN, ik, Barx
T —/LOEEIN, HETA Y MEEAFRIER, LDH, y-GTP O, A/G o7 &l
HEEZROTZ, £7-. 50 mg/kg/day FEOMERED P, K, MO FARIR CHATEEOAE 2R
N, HEREO FFIR CRER, ARIFZME DR AERICA BRI Z 7R, MM i CREsh i o
ﬁﬁ NEUT U kA, HECHFRIIREESE O R A SRIC HIEIME R N 2 S ivTe (LR st

B #ES, 2005) , BEE (2009) TiX, ZO#iH, 5 NOAEL % 2 mg/kg/day & LT,

)X7ﬂﬁ%%%bfwé

Mo — 27NV RK6 La1REE L, 0. 100 mg/H (8~15 mg/kg/day) % 3 H T 6
HlFR S L, 20%ITE 5 AICAE LT FMEL LRR., 58O 4 ICORE CHLIAE
WBAT LR, 1 VD FRIE CTRAT LR R O 458 80 . BRI IS5 L Tz as,
FLEIRBAT b RO LB IERE 0 5 P & | 2 3R, %%L&motoﬁ%ﬁ®6ﬂfﬁ%ﬁﬁm
FAENX IR o T, TRFNVIERNESZE TR0 A X TS ARZEA L2 &k, @il
TFIUEBBEWVRE OB N TRBADMBERENKE N k%i%ﬁék%z%ht@mm%
1976) . ATSDR (1994) 1%, FlEOEEE L= KK A b & LT, LOAEL 10 mg/kg/day %
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RRE L, L% 3,000 (FfZE 10, fH{K7E 10, LOAEL 55 NOAEL ~0O4M&F 10, 7—#
N—ZOMRFT 3) @M LT, ROEEOENM MRL % 3x10-3 mg/kg/day L i%EL TV 2,

ZE R -

(L R HE S %S (2005): 4,4 A F LU ER(Q2- 7107 =0 )07 v A5 K

e A e Gtk - A A E O AR, (LW E w120 188-202.

BREEE (2009) (L FEOBREL Y A 7 5. 7 5.

Stula EF, Barnes JR, Sherman H, Reinhardt CF, Zapp Jr. JA (1978). Urinary bladder tumors
in dogs from 4,4'-methylene-bis (2-chloroaniline) (MOCA). J. Environ. Pathol. Toxicol. 1:
31-50.

ATSDR(1994). Toxicological Profile for 4,4-Methylenebis(2-chloroaniline), MBOCA.

(3) HEFHLESM
BERGOMAIIEONR o7, RAOKEOMRZLLI IR L,

Sprague-Dawley 7 > MRS 12 LA 1 #£& L, 0, 0.4, 2. 10. 50 mg/kg/day % 7Hd
14 HET O ABWIM 28 U C/ElX 42 BHIE, ME3AEIR, oA B L TfE 4 HET (42~55
HIHD) SRIRE 045 L7, 50 mglkg/day #EOME TR 14 H225 20 HOREITAFIZIK
oo MEEE () SRR, SR, MR, AR ERE, HESR, SR, o
e e O BARRBIZ BT 2R o T F7o. MHPEEFECORT S, PR, AR (KE, JBRE
KOWEHE 4 BAGFRIZOLEEII o7, ZOEENS . NOAEL 13 50 mg/kg/day ToH - 7=
UL E e s, 2005)

SEXHL
(LR SRR HE B 3523 (2005). 4,4 A F Lo ER@Q-7ua 7= )0 T v M RWAKE
B OGFE - AR AEEMOFERER. (LW E R BRI S, 12 188-202.

(4) ELAME
BREEOHRIIE LN -7,
OGOV T, LFOmREZR LT,

Sprague-Dawley 7 v Mt 25 i, HaM/ICR ~ 7 AMERESR 25 JLa 1 BEE L. 7 v MZiE
0. 0.05, 0.1% (0. 25, 50 mg/kg/day ) . ¥ Z{Z1% 0, 0.1, 0.2% (0. 130, 260 mg/kg/day
FEY) OREET 18 » ARG LRSI HIZ6 » AMEE LR, 7y NCTIIEER
FAEROEINZ R LT ESRIL R0 272 b DD, 0.06%LL EOBEDAT 3/22, 4/19 PLIZ BRIESE,
1/22, 1/19 VCITHYE, IFIEC 1/22, 4/19 PRIZiFMlagE e EAA LT, ~ 7 AT, 0.1%24
L OREOME TR DR AESRITE B RBEN (9/21, 7/14 PU) %278, 0.2%FEDORFETIL 4/14
PRI E i, 2/14 PCIZIERIES A Hiviz, M~ v 2 TliE 0.1%Lh EORE TRl (i i< i
BANE, 0.2%8E C B g O EMA 57 (Russfield, 1975) .
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<A
MAENE - M RIE (D784 =R)
IE 0/18, 3/13. 8/20
i 1/20, 0/21, 6/14
JH R e
I 3/18, 3/13. 4/20
Mt 0/20. 9/21*, 7/14*  (p <0.01)

Z v b FFMbEREE 0/22, 1/22. 4/19

Sprague-Dawley 7 » RERER 50 CA4 1 #EE L, 0, 0.1% (0. 50 mg/kg/day F2E) DR
T2 FEHNRAHR G LIRS, 0.1%REOHERED it TR IENE (14/44. 11/44 PB) ROV (21/44,
27/44 JT) ORERIZHEBREMER DT, ZHLITMREZLONRO BRI AR, £
HODPERAE & OO L, BRRICHEIT L2 b oo & b, IRIEIEIL 1 45 & ) BB b F8 4
LTWe, ZOMIZH 0.1%REOMERED % 2~4 PCIZMaffEg; (A7) | FAaBRAE-C s .+
BOMEMEIRIEDR A/ ERHbiviz, —F, ME21 IBa 1 fEE L TRZ U7 BICRA T
[FRRICIRAE 5 LT & 2 A, 0.1%RED R EF I A3 EME S 41T 16 H TEBREK T LA,
0.1%FEDMERED I CTUIEAE (8/21, 14/21 PT) | s (5/21, 6/21 PT) | KED AT C AT HEfE bR
fE (5/21 PT) | AFHEREyE (11/21 PU) | MEOFLARTRYE (6/21 VB OIRERICHERBMNER
Wi, ek, MEOFLIARMENE DI AT 0.1%FETHEICED > 7~ (Stula 5, 1975) .

Jit ol
1 0/44, 21/44* (P <0.05)
ME 0/44, 27/44*% (P <0.05)
it JE e
1 1/44, 14/44* (P <0.05)
ME 1/44, 11/44* (P <0.05)
JH R A g
HE 0/44, 3/44
e 0/44, 3/44
JFF 400 e e
HE 0/44, 3/44
e 0/44, 2/44
MamsiidEss; (Mafsirb B2iE ; TARC (2012) 12X %)
1 0/44, 4/44
M 0/44, 2/44

Sprague-Dawley 7 v M 50~100 Pt% 1 #& L, 0, 0.025, 0.05, 0.1% (0, 13, 25, 50
mg/kg/day FLE) OIRE T2 MBS L 72 5E.0.025% L EOREThifio i (14/100., 20/75.
31/50 PT) M OMiESES (23/100, 28/75, 35/50 PL) | 0.05% LA EORECTHARREE (8/75, 14/50 JT) |
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0.1%BE CHFHEIRHE (18/50 PT) | P> 7 URIEE: (11/50 PB) OFRAERICH B RENEZRD T,
Fro, ARZ 7 BITR AT 0, 0.0125, 0.025. 0.05% DHLSE TRIBEICIRAFR G- L= & 2 5,

0.0125% L EOBECRiOIEE; (6/100, 11/75, 13/50) | 0.025%LL EORETHiDOME (7/75. 8/50
JC) | P U VRIESS (4/75, 6/50 L) | 005%%%@%%&}1@3&% (9/50 VT) | FLARARE (3/50 PT) |

I AL (4/50 P8) (24 B2 BN 2 580 | i A 12 b~ C i oD s e S OO 56 AE 3R 13 L 72 23
e X U7 (Kommineni 5 1979) o
i i gees
B EOFRLTWDEE 0/100,  14/100%,  20/75%,  31/50%
A/ s 0/100,  3/100, 775%* . 8/50%
e I
BRI EOFR L TWDHEE 1/100,  23/100%,  28/75%,  35/50%
A s 0/100, 6/100%*, 11/75%,  13/50*
FLIR N
BRI EOFRLTWDEE 1/100,  5/100,  8/75%*,  14/50%
Ay i 0/100, 1/100, 3/75, 3/50%**
U VR
BT EOFELTWDEE 1/100,  8/100%%*  5/75, 11/50*
A s 0/100, 0/100, 4/75%**  6/50*
JHE A A g
SR EOFRELTWDEE 0/100,  3/100,  3/75, 18/50*
Ayt 0/100, 0/100, 0/75. 9/50*
15 P i
BRI EOFR L TWDHEE 2/100,  4/100,  3/75.  0/50
A i 1/100. 2/100.  4/75. 4/50%**

*P<0.001; **P<0.01 ;***P<0.05

v — 7 VR 6 IT_E%I #EE L. 0. 100 mg/H (8~15 mg/kg/day) % 3 H T 6 M[E5@RH#E
A&E L, Z0O%ITHE 5 BICEAE LTI FlkE LR, RGO 4 Lo CHLERBAT
ERHE, 1 VEOJRIE CTRBAT ERE K O 278, RIS L T aas, LRk
1T E R R EE O A B LSRR T, 5B Le o7, XHREED 6 IET“H%H%H@%@%%E@&%P
Sty THRFNMIGNEERZ L7220 A X TS ANBELZZ & BN T 2 TF AL B
WAEDOE N TEPADREBRERRENZ LE2ERT D k%z%ﬂt (Stula &, 1978) .

BEeEE - 0/6,  4/5

U.S.EPA (1997) (X7 v MC 2 4EMIRAEE 5 L7 %8R (Stula &, 1975 ; Kommineni 5 1979)
NH, An—77 7 7 X —% 1.3x10(mg/kg/day)-1 L HHL, ZNERACHRE L CT2=v
A7 % 3.7x10% (ug/m3)1 & L T35

—J. AV 74 =7 M EPA (1992,2005) 1%, A XDFEERTITEMWE LD 720D AWEIC
Lo NTORBAMEEFTHOT 27-DIITT o LD A XOFNRLVELTWDHE LT, A
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X DEBECA LN HIRRBAIT LR ORERE L LICEE LI Ae—TF 7 7 7 X —
1.5(mg/kg/day)! ZEHHA L, ZHERANICHE L C2=y b U A7 % 4.3x104 (ug/ms)1 EHH L
776

&M

Russfield AB, Homburger F, Boger E, Van Dongen CG, Weisburger EK, Weisburger JH
(1975). The carcinogenic effect of 4,4'-methylene-bis-(2-chloroaniline) in mice and rats.
Toxicol. Appl. Pharmacol. 31:47-54.

Stula, EF, Sherman H, Zapp, Jr. JA, Clayton, Jr. JW (1975). Experimental neoplasia in rats
from oral administration of 3,3'-dichlorobenzidine,
4,4'-methylene-bis-bis(2-chloroaniline), and 4,4'-methylene-bis(2-methylaniline). Toxicol.
Appl. Pharmacol. 31: 159-176.

Kommineni C, Groth DH, Frockt IJ, Voelker RW, Stanovick RP (1979). Determination of the
tumorigenic potential of methylene-bis-orthochloroaniline. J. Environ. Pathol. Toxicol.
20 149-171.

Stula EF., Barnes JR, Sherman H, Reinhardt CF, Zapp, Jr. JA (1978). Urinary bladder
tumors in dogs from 4,4'-methylene-bis (2-chloroaniline) (MOCA). J. Environ. Pathol.
Toxicol. 1: 31-50.

U.S.EPA (1997). Health effect assessment summary tables. FY 1997 update. NTIS/
PB97-921199.

California Environmental Protection Agency (1992). Expected Cancer Potency Values and
Proposed Regulatory Levels for Certain Proposition 65 Carcinogens.

California Environmental Protection Agency (2005). Air toxics hot spots program risk
assessment guidelines. Part II. Technical support document for describing available

cancer potency factors. B333-336.
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3. 5 0-hJILA4P Y (CASES : 95-53-4)
3. 5. 1 YEFa9MIK

sy : 107.15

SMBL A L I A OHRIK

#B5 : 200—201°C mls . —14.41°C
ZKKJE ¢ 0.2 kPa (20°C) wRrE OK) - b aiE

I & =K EAREC (logP) @ 1.29—1.32

S 3k
ARG AL mamm (1985) AR YRR, FERA.
TIARC (2010) TARC monographs on the evaluation of the carcinogenic risks to humans. Vol.99.

3. 5. 2 KNEIRE - KB L
t%ﬂkwfokw%//i%ﬁ B a—2HDWEERE L TR DLWRA, WIS
CEENSBRINEND EEDbI TS (ILO, 1971),
%%@%_owfi REIRTE D BTG SN o 7208, B DBREE K O O OBRE R I
DOWTITLLFDOEEY Th D,

#Oo%s

D SD T v M o-[HFEBR-UKC] LA 22 500 mglkg % MHlIFR O # 5 L-RBr©, MmiE
T ORSTREI 24 FEEZIC R EIRE (oo LA //%ﬁ& TH 85pg/ml) IZEE L, D% 12~15
IRE R OO e CRiD L7o, 72 RIS B RE i e OV IR Z LI ) v i B T oA L
e, WIERSHIMHPRE XD b0 o7o, £, W%EBODj:#: TIRFIZHE S 72 (Brock
5,1990),

KD SD 7 v MZ o [ A F/L-14C] LA ¥ U BRI 50 mglkg /0% 5 L= BT, & 5%
6. 12, 24 KON72 KL £ Tlo, R, B BIEED 54.82%, 85.55%., 92.12% K% Y
94.73% R HPIC M S T, 6 H#F'ﬁ?&if@ﬁé'# X, G ERE D 29.16% & 1N 17.66%FH 4
INFNENREMER N 4T 2 ) -5-AF VT = ) —LORAEERE LTHES L, RE(BIENR S
Moz, ZOBRITIEEROYRIOEIA A REITHEIM L, 72 K% E TORP TiX, RELEHR
37.40% THLDIZH L, 4T /-5 AF )T = /) —LORERIT 51.66% & %0 >T-, o hL
4 ¥V 500mglkg ZFR OG5 L= CiE, 24 KM% £ TICTREED 21.2% 08 RE(LIK L L
TRPIZHEM &3 7= (Cheever 5, 1980),

ETiE
K> F344 T v M o[ A F-14C] b LA ¥ U HaFRHE 400 mg/kg % B2 F#5 L7=#kBR T, 48
RFE % O U RE DO IR, BNk, Aifi, Blg, KNG K O~ D 5L, Eh i, #5580 0.33%.
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0.06%. 0.02%. 0.04%. 0.005%. 0.02% CT& YV, fed TIKA o7, 5% 24 FERLINICER S
FEHRED 56%. 2.3% K% N 1%53, ZiEiv, JRF, #EHEROMRH (CRMbRFR) TPt
7o 48 HFMILIN TITH 83.9%., 3.3% KN 1.4% Th -7z, He5#% 24 BEFLINO R O
K¥ (F190%) 1. 4TI )5 AFNLTx /) — )b N-TEFNATI)-5AFNLTx)—LK
W27 X /-3 AFNT = ) — VORBERAEE (2, 5 HEEED 27.8%. 8.5% K& 1Y 2.1%
M), 472 -5 AFNT 2 )=V EOEN-TEFN-4-T )5 AFNVNT =) — VDI )VT 0
VIERAIR (BTN, BEEEED 2.6% K TN 2.8%FHY) 7 EORAIRTH 7=, RPIZIE,
Fo, m—T UIHERGEY (B G IRETREDR) 6.9% %) & LT, RELAE (5.1%), 2,2-Y 2
FILT VXL RP L (0.2%), o= b Y by (01%LLTF), N-7 & F/b-0- bAoA P
0.2%). N-TEFL-2-T I ) R_RUIALTLa—L (0.8%), 4T I /-5 AF LTz /) —)L
(0.06%), N-T2FI-4-AF)N-5-7 2 ) 7= /=L (0.3%), o7 2/ LZEFHKHE (0.3%) KO
N-7 & F/L-0-7 2/ ZEEEE (0.3%) 2\Hit Sz (Son 5, 1980),

&

o "NV A T TR SN TS FR KL, N, N-7'F b EORIGE %
I, B AR E AT S, REHAD KEIIREE L N7 v7 v CERA IR L L TR PIC R S
o, (O REFEMBAN AR - (W) (P ERHEATJEHERE, 2008)

FARRBERIRIE, ML TONT EF MBI ONE P b Th -7, EETITARVERE
ELTIE, B TOE Kurx b, AFLVETORL, 7/ A TombrEngdEhi, i
BIEER 7N v B X 0 ESRCTh -7 (TARC, 2010)

ZE R -
(i) B FEAR S SR - (M) (L2 E AT JEREE (2008) - AL E O U X 7 5

fli¥. Ver.1.0. No.202. o= /b A 2.

ILO(International Labour Office) (1971). Encyclopaedia of Occupational Health and Safety,
Vol. 1,McGraw-Hill, New York, p. 96.

Brock WJ, Hundley SG, Lieder PH (1990). Hepatic macromolecular binding and tissue
distribution of ortho- and para-toluidine in rats. Toxicol. Lett. 54: 317-325.

Cheever KL, Richards DE, Plotnick HB (1980). Metabolism of ortho-, meta-, and
para-toluidine in the adult male rat. Toxicol. Appl. Pharmacol. 56: 361-369.

Son OS, Everett DW, Fiala ES. (1980). Metabolism of o-[methyl-14Cltoluidine in the F344 rat.
Xenobiotica. 10: 457-468.

TIARC (2010) TARC monographs on the evaluation of the carcinogenic risks to humans. Vol.99.

3. 5. 3 =H1ER
3. 5. 3. 1 E+tOHR
(1) 2sH
A O TIE, HRIIE SRR T,
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(2) HEZHE

Ward 5(1991) % OWard & (1996) %, K[ED 2 2b2E 5 H5E T To- A Vv, 7=
VREE LTAFEB ARG L Lo i — MAEZ I35 L7z, FRA 5131946457 5 19884 H]
MM SN TV 217490 (B1E1643 A, 106 N) & L, 2D 9 HT08 AAH] 523 Zo- hL
AV, T2V ARE LI LZ LN, (FEEZ, 22 AT T IR FTY—1 B R
a¥ v, bvxy THEBRE, XUV FT YV R ORERRETTH D EEWE (Rlic=
n_XUB L HER) OWREGELZT CTWERREERH D LB X bz, 19730251988 £ TD
AEIEIRILEOTFEOFE R, FHENREETI3F O A N B (SIR3.6, 95%CI, 1.9—
6.2) . 2D LTEINH SN L7-RETHRAE L (SIR 6.5, 95%CI: 2.6—13.3) . £7-,
Wk FE D ATREMED & 5 B CT441 (SIR37 95%CI: 1.0—9.4) | FEBRERE 26 (SIR1.4, 95%CI:
0.2— 50) Tholz, BUEEEIZ LA RAMEET S —MICWME R0 e S,

Prince® (2000) | ﬁﬁﬁ%@(ﬁ%g 2DV, 194640 519944 £ TOIR L FE 5T 217 -
ToRER, BRI L DT 2B TH Y (SMR2.1, 95%CL: 0.2—7.4), Z D9 H1flL, B
INCHREE 2 Z T T2 REDO L O Th 7= (SMR3.8, 95%CI: 0.1—21.1), B 5272 BREREIC
BWTIE, U o NEMROB AT R0 672 (SMR1.2, 95%CI: 0.1—4.2), 51T, B
D NRMEREREIZ I T, B AV 19BI DI AE DR S AL, £ D 5 H18611L 198945 & 20034F £

T2 SNz o THh - 7-(Markowitz and Levin, 2004; Markowitz, 2005),

Sorahan ©(2000) /3 5 [E D = A b7 il 5E T35 CHREB O G ER T I ITRE L7 BIEEE
B2160 N & x5 & LTt 21T o 7o, BHEEERIT195547 5 19844E O HIHIZ 6 » H LU &M
STV, 2160 ADIEEB D H 6, 605N (o- b A ¥ U ZHEFE L7253 N & & Tr) Dlo- b A
Do T2V 2 ANH T IR F TS T2 )BT TFLT DS O IELL
FIZBEL TV, 2O A—TIZHB 0T, BERS AL D EFINA LTz (SMR15.9,
95%CI: 3.3—46.4) ,

AR R H R TIEBEES A ORAEITIOF TH Y . BTV EYRSHTORER, BEES A DY
27 Lo bvA P OB ORI E 2 Bl R S - (BB 1— 448, n= 2 RR,
6.7. 95%CI: 1.6—28.4, >5 4, n=1;RR, 7.7. 95%CI: 1.0—56.9),

SEXHR

Ward E, Carpenter A, Markowitz S et al. (1991). Excess number of bladder cancers in workers
exposed to ortho-toluidine and aniline. J Natl Cancer Inst. 83:501-506.

Markowitz SB ,Levin K (2004). Continued epidemic of bladder cancer in workers exposed to
orthotoluidine in a chemical factory. Journal of Occupational and Environmental
Medicine. 46: 154-160.

Sorahan T, Hamilton L, Jackson JR (2000). A further cohort study of workers employed at a
factory manufacturing chemicals for the rubber industry, with special reference to the
chemicals 2-mercaptobenzothiazole (MBT), aniline, phenyl-beta-naphthylamine and
otoluidine. Occup Environ Med. 57:106-115.
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3. 5. 3. 2 ERFYWOHMER
(1) ausEH

iy fE g 21O I B, hEEE

7wk . LDso 670~940 mg/kg ( (i) B 5HFFAH T EAZHEHS -
() AL ERTATRRRSCHERE (2008) )

<A o LDso 515 mg/kg ( (i) S5 FEAGHIR MRS - (U)
1L ERTAGBEJe MR (2008) )

A &1 LDso 843 mg/kg ( (Mh) S5 FEAGHIN MRS - (U)
L2 R RTATRF 52k (2008) )

AV (5353 LDso 3,250 mg/kg ( i) LS ST AR FoAsbists - ()
L2 R AT RS2 kERE (2008) )

SEH
Ol) BLEFEAMEL I AR - (M) (LW E R ZERE (2008) (LW E OHIH U 2 7 3
fliZ. Ver.1.0. No.202. oo b LA ¥

(2) RERESM

MEED F344 7 > b (%% 5 UL/EE) 12 o hVA 2 U HEERKE 0. 1,000, 2,000, 3,000, 4,000,
6,000, 6,200, 12,500, 25,000, 50,000 ppm (o- h/Lf 2> & LT 0, 74.6, 149, 224, 298,
448, 463, 933, 1,865, 3,730 mg/kg/mﬁ‘é’l) Z 7 EMRAE G LR T HRIRFEOR
FHINENEI, 12,500 ppm D MERE TR ik K OVERRC (2 38 RS 2338 H A7z, 50,000 ppm Tid,
HED 4/5 B, D 3/5 FIAIT Liz (NCI, 1979), Z OFERMNG,  Ol) BELFEAR T AR
% - (W) LZFWERHEArZea#E (2008) 1% LOAEL 1,000 ppm (o bV > & LT 74.6
mg/kg/day F824) ZEEL., U A ZFHIHIZHN TV S,

MERED F344 7 > b (5% 5 PL/BE) 12, 0, 500, 3,000, 6,000 ppm DT 14 A MIEAFE 5
(121X 0, 40.4. 238, 449 mg/kg/day. MEIZ1X 0, 43.5, 251, 481 mg/kg/day) L 7=#BR T,
500 ppm LA EOFEDOMEMET A h~F 2/ 7 BV MAE, 6,000 ppm FEOMEME CAREOIKAE, 6,000
ppm FEDHEK O 500 ppm BL_EOREDME TARERINOMAE], 3,000 ppm LA _EOEEDHE R ) 6,000
ppm BEOIETIREE b Bz fflifa D 4%, 6,000 ppm ﬁi@lﬂﬁf’é“@?ﬁﬂhﬁﬂ B A% & 72 > 72 (DuPont,
1994) . 72¥., FELIER0 - 7=, OECD SIDS (2004) %, Z OfE%E)5 LOAEL % 500 ppm
(HETH 23.7 mg/kg/day, M TH) 25.5 mg/kg/day) & L7z,

SEW -

DuPont (1994). Urinary bladder toxicity - 14-day feeding study with o-tuluidine in rats.
Report DuPont HLR 699-93, NTIS/OTS0557449.

OECD(2004). SIDS Initial Assessment Report for SIAM 19. o-Toluidine.Cas No0:95-53-4.
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(3) HEFRLESM
TR L 7-EPH I, RIS oo T,

(4) LA

k> B6C3F1~ 7 A (% 50 PU/#E, *FHREEIZA 20 L) 12 o- hLA ¥ U HERENE 0, 1,000,
3,000 ppm (o- b/LA ¥ & LT 0, 112, 336 mg/kg/ HHH4) % 102~103 #EEAT# 5 L 7=
BT, MECIX AT IRAE K OSF I . JEC I RE RPN 28 oD 1 & il K DN IR AR R DA B
7REEIA RS bz (NCI, 1979).

T
A N NS AIE (fRE 72384 K)  : 1/19, 2/50, 12/50*
fiiEgeS)iE 1/19, 1/50, 10/50*
iiia
FFAIRR IR 2 OV (PR 72 382E3R) ¢ 0/20, 4/49, 13/50**
AT pE s 0/20, 2/49, 7/50***

*p<0.005 (FL > R) ; *p<0.007 (Fisher DfiE)
p<0.001 (AL K) ;***p=0.015(kL > F)

HERED ICR ~ 1w A (% 25 DL/RE) 2 o bAoA ¥ U HEEHE 0. 16,000, 32,000 ppm (o /LA
Y &1L TO0, 1,790, 3,580 mg/kg/day #H24) % 3 M AT, Fil ) THK 4 OEEZ 0, 8,000, 16,000
ppm (o- bAoA 22 & LT, 895, 1,790 mg/kg//day F124) % 15 7> A MRS L 7= Bk C.
NI % C I I e DML I OB B R B0 38 8 iz (Weisburger &, 1978),

L5 A e OV A PR (P 72 36 A 3R)
1t 0/14 (concurrent control), 5/99 (pooled control), 5/14*, 9/11*
it 0/15, 9/102, 5/18%*  9/21*
*p < 0.025 (vs all controls) ; **p < 0.05 (vs all controls)

MR F344 Z v N (% 50 VL/RE, XHRREEIZA 20 ) 2 o hLA ¥ U HEERHE 0, 3,000, 6,000
ppm(o- F/LA P2 & LTO0, 112, 224 mg/kg//day F124) % 101~104 HREEEFE G L 7=k
T, MERED Sl CAINE, SRMEPINE, A IE & OVE AR A RO A B AN 2580 b vz,
S HIT, MECITMR CRNE, M AR OVE PIE, B CRAT RO, FLAR CRRHERRIE, KT
(TR T HERR CHREAERE, RN A2 502 < O CH BT AR OF B AR il
(NCI, 1979),

i3
PIFE (NOS) | #RAEAE, I PIER OVE IIE (&880 % D 7 384 2R)
0/20, 15/50%*, 37/49*%

WIE (NOS. BEDENL) - 0/20, 3/50, 11/49%**
PRHERINE (EEDERNAL) - 0/20, 8/50, 20/49*
F2 T LA O RHERE 0/20, 28/50%, 27/49*
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HRIE CHEREEIE 2 & 8O ML) 0/20, 17/50%,  9/49***

AIE (NOS) | MrEPINE, A AN OVE IR (B HROL 2 OF B 7o 38 42 5R)
0/20, 3/50,  21/49*

BRIE (EEOEAL) :© 0/20,0/50, 18/49%%**
I . 7 PR 0/20, 7/49,  9/49%**
BEMEREAT Rk 0/20, 9/45%**  22/47*

FLIRHRALEIRIE - 6/20, 20/50, 35/49%*¥**

*p <0.001 ; **p =0.003 ; ***p < 0.05 ; ****p =0.001 ; *****p = 0.002

NSF Intl (2010) 1%, NCI (1979) OMEOREBEOME (81T ERGR. BAT LECFLEE) D%
ERIZHES . BMD %% T BMDL10 13 mg/kg/day % K&, [AMEZ HIFE A E U TR A B
ZHEAIME L, BROBBEREO AT —T 7 7 7 X —7.7X103(mg/kg/day) ZRKdT-, Tz

early-life exposures % % L C life-stage adjusted L7-fE% 1.1 X102(mg/kg/day)! & L7,
728, RIVM (2000) T, Gold and Zeiger (1997) OF > HIHDO T — X 1ZH-5< TDso (1.7
mg/kg/day) 725, FHRAY A7 106 1ZkHT 5 HE% 3.4 nglkg/day & B LTV 5,

[NSF o« > & —F v a F ik, AREE[EDSE CEBEMICRD b5 = H i Ik

ERHERTH D, NSFITEE 50 FEMICH720 . FFER. BUFBIRE K OBIREIAZ & & 7]
T, DRZEFEIBROLIHREHIEL, 20K E b LICTRGFRIEEEZ1T> TV D

IE0, ARV AL DNV AT DA - BER, BH - I RESSIRER E2ITo T D, HZ,
AR OB K E ORI L TS Z &nh, NSF A v ¥ —F v a g, fiRR
fEegts (WHO) o®afiidm it 2 —& LTUE#EhEZ L Tno,
NSF AEA—2L—  http//www.nsf.org/ (J&5E
Hi# : http://www.jia-page.or.jp/certification/other/nsf/index.html]

KD SD 7 25 TL/EDIZ o bV A ¥ U HEREIE 0, 8,000, 16,000 ppm (o- h/LA & LT
0. 298, 597 mg/kg//day FH4) % 3 /A, KW TH %~ OFEZ 0, 4,000, 8,000 ppm (o /L
AT LT, 149, 298 mg/kg//day fH24) % 15 A MRS L7 C, BHRECR T
KR D BRHERE K OVRAE AR O B AR iz, £72, Heta BT o208, B
ERAT LR DR AEZR DM MFE D BT, 7eds, BEMERAT LRk & BRMERE 2o vy U I AHE P i
OO, BT & TEEZWD ISR OMRIE L OOFER AL, mHERCIEERT —4
123 L CORFEENDBD Hive (Weisburger ©, 1978),

B2 T AR DO BRHENE S OBRHERIE (DR 7o 38 A=)
0/16 (concurrent control), 18/111 (pooled control), 18/23*, 21/24*
EMERAT ERGEE - 0/16, 5/111, 3/23, 4/24
*p < 0.025 (vs all controls)
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NCI(1979). Bioassay of o-toluidine hydrochloride for possible carcinogenicity. Natl Cancer
Inst Carcinog Tech Rep Ser, 153: 1-147.

RIVM(2000). Cancer risk assessment of azo dyes and aromatic amines from tattoo bands,
folders of paper, toys, bed cloths, watch straps and ink. RIVM report 601503019.

Gold LS, Zeiger E (1997). Handbook of Caricinogenicity potency and Genotoxic databases.
CRC Press, Boca Raton, Florida, USA.

Weisburger EK, Russfield AB, Homburger F et al. (1978). Testing of twenty-one
environmental aromatic amines or derivatives for long-term toxicity or carcinogenicity.

J Environ Pathol Toxicol. 2: 325-356.

3. 6 HEXNEMEOERINAMEORO—TI77H%48—
AR EMEICHONT, BN MDA —T T 7 7 2 —%FE 3611 LT,
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#3.6.1

Eﬁﬁﬂ%%fg':a(fé%bf&'lio)x o—>2 7O __:Eﬁ.’:

= S —— — B
e | W | a | mmEr " aghann - i e
4-7I /7 =) — — — — — — —
RV WA (= 1 ot e One-hit €5 /L 2.3x102(mg/kg/day) ! Zavon & (1973) U.S.EPA
[=> FURZ: (IRIS,1993)
3.7x102(ng/m?)1]
2-FT7FNAT I — — — — — -
3,3-Uruu-44"-C7 3/ | &A 7w b | RS B 1.3X 10 (mg/kg/day) Stula %(1975) ; U.S.EPA
DAEN=Y V5 (Fi#i7z L) Kommineni 5 (HEAST,1997) *1
(1979)
Y I I PEREDFLIE | B L BT T L 1.5(mg/kg/day)! Stula %(1977) Y7 F =T
WRRAT L2 EPA (1992, 2005)
&
o AV & H F v b | BEROBIT | BMD % (#3ET | 7.7X103(mg/kg/day)! 2K | NCI (1979) NSF Intl (2010)
ERE, B | VCRE L. &&EY | . early-life exposures &5
17 EFe$LEE | IZ Quantal linear | & L T, life-stage adjusted
JiE ETFNAOFEMEREE | L, 1.1X102(mg/kg/day)?
) L L7z,

*1 U.S.EPA (1997): Health effect assessment summary tables. (HEAST)
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4. BBETIVIZTOVWTOERINE - BERUBRBETIVICESHE
4. 1 REFHEDEH
AT T, ALTFE DR REE O RS-0 2 IR U 7z, IR U 72 BR @A o F1)13, LR oFk
HThHD,
(1) HERA(2004) : Human and Environmental Risk Assessment) - Targeted Risk Assessment of
FWA-1. October 2004.
(2) NITE(2008) : [GHS F/RD7= b OIHBEFERGHD Y X 7 FHlFIED T A 2 A ) Sk 20 4 4 A
MATBOEN S SEEAR BT B (B Bt o 2 —
(3) RIVM(1999) : Cancer risk assessment of azo dyes and aromatic amines from garment and
footwear RIVM report 601503014
(4) RIVM(2000) : Cancer risk assessment of azo dyes and aromatic amines from tattoo bands,
folders of paper, toys, bed cloths, watch straps and ink. RIVM report 601503019
(5) U.S. Consumer Product Safety Commission Directorate for Health Sciences (2001) : Chronic
hazard advisory panel on Diisononyl Phthalate (DINP). June 2001.
(6) JRC(2006) : European Information System on “Risks from chemicals released from consumer
products/articles” “EIS-ChemRisks”

http://ec.europa.eu/consumers/cons_safe/news/presentations_chemrisk/papameletiou.pdf

4. 2 EFHEEFIOMES
WL U 7= A5 MR GRS Bl OBEZE R TR 4.1 1R T LBV Th D,
Eio, BUEETFROWIKIIANE LR LB0 Th o,

4. 2. 1 ZBH - EBEFIPICEEFNSLEMEDORKLIRE
BEL - BEEAITICE ENHFWE O IEE OB R & LT, NITEQR008) D FENRED b
77
AEOT LI NI TOLEREY Th D,

(FRRERERARK] x (1HE-YOERE] = (FHEGAERE)
(FRMAERAE] x (EAX] x (REMEERO0.5%) = (BREEE

OFMBMERER (7740 1) @ 12 [A4FE

O 1472 ofEERE (7740 ) @ B35 5g/lal, BEF 600g/[E]l, 7 > 7 A 200g/[R]%

O (AMHE) : WEHFT — 24 EH

ORJEMNFER (F74/08) 1 05% (EU TORHMEFFIZ5IH L THY, FBEMEIEV O L ED
n5s)
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4. 2. 2 K (BRFEZED) ITEFNLHLEZPEDODRKRIES

(1) KEIZEFLEZAFIRS ORERE

PN TR AF U T2 Aoy DR RREE 122\ Clk, HERA(2004) & NITE(2008) D 2 FE¥EDE T /LA
e Iz,

W& EBFHAEOT LTI XLNIFELTHH, LLFD 28 TRR-TN D,

NITE &5 /L CHE L T2 B EEEMEEO0. 1 mm)IZEROAEMDIE L2 ZE 5 & RIES
2 1mm O ZFHET 5 & HERA OFHAFEF T NITE OFHEHRO 10 512729 JEX 0.1lmm T
R CIC AR R T, BECITTNEERE RHETE LRV,

—J7. b RERERIIREBITRTH Y, HERA 5 /L L NITE £5 /L Cld, FHER R 4 H0
MENEL D Z EITh 5,

(HERA)  (HEHEFE (g/cm)] x (EMEE) x [(RERITE100M] = (BEREBRES)

(NITE) (HEHEFS(g/cm’)]) x (RIEHEMERE 0.01cm)]
x (fEmmEiE) x (KEBTEO0.019] = (BREREE)

<FHER >

O Ff§lzHfitd 2y &2\
HERA(2004) Tl glem2 O Z % 53, NITE(2008) TI3L L oOBEE (g/em3)|Z F G Hfih
E (0.0lem)ZF U CHMYS 72 OEREE LTWD,

O KFEBATE
HERA(2004) CTi% 100%. NITE(2008)Ci% 0.01%% FHWT\ 5,

I

(2) RBEIZEASINEZHIIKEBICEEZFNIEEYEOREEE
KIANAEH SN TG TR E N AL FWE O gEE & L Tid RIVM(1999, 2000) &
U.S.(2001) D 2 FE¥E D FHH S MR X 7=,

O U.S.200DIZ & Bz HA (7 # V™ A7 /L3 : Diisononyl Phthalate (DINP))

U.S.(2001)1%. CF(Contact-Flux)i% & . AC(Aqueous-Clearance)i: ™ 2 Fi¥E D FHH 71L& Mt L C
BY., o TWIWEIX., 7 XN AT LHED Diisononyl Phthalate (DINP) T& %,

FEOT ALY ZANFUTICRT LB THHA, WP ORSE, AOKE7 7 v o7 X EHFE
WHERD . BB ER R & W72 OONTER OFERT —Z 2B LT 5,

FriZ AC k1%, ARNEEEN 1.0 ROFAEET T v 7 A={T~OHRRKIERIZ/R 573, 1.0 R
il CThiux Gr~DRKER] > (ARRET 7 v 7 A L7220 WmKFHEIZ 72 > T 5 ATREMEA
HHrbDLBbid,

<U.S.Q00D)DFHET LT X L>
O CF (Contact-Flux) &>
(RE@EME) x (EMEEZS vV R] x (BREHME) ~ (KAE) =BE=E

65



O AC(Aqueous—-Clearance) &>
(REEE] x CF~NDRXAAE] x (REBHFE) ~ (KE) =>RE=
CF~DOXRAIBE]) > (BHEEIS VI R] / (AHERE]

@ RIVM(1999, 2000)iZ & D% st R (7 Ykt QYRR < v 8H)
RIVM(1999, 2000) CIXEBDO T Ykt OB FEFHE 2 Ll L T\ 5 2 &5, RIVM(1999,
2000) DEE DRI HOWTEL FIZEERT 5,

TR DIEART TV M 411" FT B0 T, EANZILUTOLEY TH S,

(7VEHZETHADER) x (HREE) x (HAHMLDAHE] x EMEE] = (AFE)
(BR8] x (REEMEHx RIIE])] = (FHBEE

Probability of having amine or
azo dye in product

Product
| — !
AZC DYE FREE" AMINE I
EII + [CE=ET] I
Leaching by : Contact freguency
sweat/saliva | gin contact factor
simulant w
-
A derm,x
AZO DYE FREE" AMINE
I j—II + -
Absorption

Absorption

(dermal exp.) { tdermal exp)

Reduction of

azo dye Swallowing
arnd abs. | Swallowing
orai exp.l arnd abs.

. - | loral exp.l)
v AwE
| \

Absorption l

Eeftotal amne - Amount of amine taken up

4.1 RIVM(1999,2000) TDHO 7 VYl /7 I VFEDOREBRBE DO F ) A4

RIVM(1999) Tl 7 YUkt 7 I VHHE 7 U —0O 7 I VE T, IR0 flE . IR
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THRELARMEEZ 52 TEHEL, R LT 7V —07 I VHOREIRZEEOHEEENEHTX 5 L
L <. RIVM(2000) Cix7 Y'Yt O T I VHHOT — 2 N BHEE L T 5,
HEXALOHNWNON TWAET XTI TFTO LB TH D,

Eeff =) P xiFcontx AaminexW x pFskin xiFabs

zam o oy %ﬁﬁ%/ﬁ%%ﬁ
Eeff BRI DR ERTGEE g I
8% (Mt LL A FE 2 D fF
P T YYD LR TV DR OEIS | — WO FHH)
10%(#t)
L BRI BEE (T Yl o8 HELUSH © B, O R
1Feont | 7 X EADEHIIKI T HME T, Yoil | 4 | BEAEE<10 (% 1)
DK% E i) it - 365
N . =
iy | FLEC ) =0T S mowcHT | ﬁﬁgﬁim@ﬁﬁ
DHAEFE T, BEARL 1Bl &H) %'rm
NG OT VYRR O T I VD .
14 Wi (sweat simulant) g8 x2
NSO 7 ) —D7 I UHEOUH & .
24 (sweat simulant) g8 x2
w R g SIS & B
THE: 1
4 :0.19 (3%3)
pFskin | FEREHEAGREL (BAMIC L - TR D) — 77 A% 0.55
B 0.1 =Yvar i
0.01)
1Fabs WL AR SR (T 7 Yk DR ) — 0.1
2Fabs WA (7 ) — DT 2 L HH) — 1

¥ 1 TRIBIC K DIRHBEN RO ISR L TR 5% T LT &) g ko &,
R OPERIE A 20 Bl & L7505 HE (2 (1-0.05k) (k=1~20) =10.5=10),

¥ 2 AREBREERICK D (100mL @ NaCL/V “ /N 77—, pH6.8, 37°C. 16 ),
flx OWE ., f5LT<0.056 ~231 (FEZH)

33 EREEEREALER(0.1) X R EHARER (1.0)+ FEE R 2R (0.9) ¥ B =R (0.1) =0.19,
FIREIZ 0.5%1.0+0.5%0.1=0.55

HE/ AT A—HIZDNT, HOTEORIEEIEL FO L 50 Th 5,
O 7Y EHRHNL N TV REOEIE
EBSO T OHMER TSN T, BRAMED B 2T VYRR OSEERET S S FUCBT 2 5Hris

B L LT, 7%(100 FE(200 f14)). 11%(792 M A), 7% HRIAEARIH), 6%(116 B{K) & v o 7= 1FH
IZHES X | SEBIRINC 8% & W D EfiE A V=,
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© Wi OEEMEE  (Contact frequency)
R OREA A S — R BE S A H,
B2, FAEBEITFEMC3BAEAT 2 LBEL 13 L35,
7V —O7 I VBITIROVHERFZ 80% N ST 5 Z b IONER LT & I THIK
HEns LBEL, RO TFEOHATHEMIIC 11 L35,
—J5. TV YR OREHITIHE S L ICEHED 5% T oo L L, BEEOWRE (22T
20 [A] L AHE) % ORIRHEITRVOEHED 10 £ L 8E (TR,

20
VA H B = TR VA H > (3 (1- 0.05K))
k=1

*
(20 19»:20—95:1Q5i;10

20
> (1- 0.05k)}=20—0.05x
k=1

(JANUS =2 A > ] JF3CT contact frequency & & D72, [HEMBEL | & L7223, 5 HKREH
@%ﬁilifiaiﬂfwﬁwo%ﬁ%ui\Eﬁu%@ﬂﬁﬂgkﬁﬁﬁ@@ﬁﬁﬁﬁ
EFNDITONT, ROBEHERT —Z OEOMEMEIZAH YT 5,

@ 7 I VHEOWEHE

7 X UBOE R 2 L7238 (100mL @ NaCL/V » g\ 77—, pH6.8, 37°C,
16 BFH) TOBEHEYORHIZ L > T 5,

o X oiz, RIVMA999) Tk, 7V —DO7 IV E T VR oORT L VEOZREn %
HIE L, EREIUTOWTERZR H MK (RIS X2 HOEY) AW TRl IZEHEL, 7
U—DO7 I VHOEFEEN/NEZNZ ED . RIVM(2000) Tl 7 UV —07 I VHHOFHE ZEM LT
W5,

@ FziEBEfta% (Skin contact factor)
R B AR & X, T OB EICEEICMN DN EORED 50 EHETHHDTH
%, BIZIE, THEOETITE COHEEE E%#é@f10&bfw . —F. a— hO¥E
TIXE O OB EF AT 50T 0.1 LEL, KD D 0.9 OEFITHSL L7225 DR
JEHEA~ DT HRE 10% S HE L THRIHEN TV D,
BARRIZIE, FA&1X 1.0(1.0X1.0+0.0X0.1), =— FF0.19 (0.1X1.0+0.9%X0.1), 77 7 A
1£0.55 (0.5X1.0+0.5X0.1), EEHIF0.19 (0.1X1.0+0.9X0.1) & INTW\5,

® WVtR# (Fraction absorbed)
Fe g \CHEfih U7 7 > Y Bh i B BRI R NICI D IAE N2 7 R VAR T 2 120 D4R T
H5,
HARMICIE, BB SO T Ykt ORISR E 30%, (KN TT Y Yk 6T 2 U HHICA T 5
EA& % 30%, FEETHK 10% (0.3X0.3=0.09=0.1) & LTW5,
725, B ONEEE CIEWRIUR I 1.0 & LT 5 (100% %I 4, 100% 237 X I E#T D),
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(JANUS A ) B ECT VYRR GRS TELET I VEHORIE WD v F U A
HE AT,

4. 2. 3 A=y b ELTBSFEHADRKESE
J1—Xy b ECEESFHEA~ORRZIEEZIOFFNLZ LD, BIN TOMFHER & LT, RC(2006)
DIEWMNAFTET,
HERITFIOLBY T, B~y NIOBROEOESERA T 740 MEE LTEHEZTNDDT.,
B O Ry B & WINER A AT AUTEH RN FTRECTH D,

(H—Ry FDEDOE (500mg/m?)] x URADILEMERE] = (H—Rv b LOLEYNEE)
(H—Ry bEDEEHER] x ESEE (10m*/day)] x _(RIRE] ~ (KE) >REREE
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F4.1 FBEMBHOTESEZFOHME
ERERD o e .
No.|  His i BEEOHEHES RIREA%
KEBTHEBEUSERIE | o e o , . J. e HETILIZELLTLS,
1 | HERA(2004) ﬁ?ﬁéj‘ﬁﬁﬂ)d),ﬁ&ﬂ%ﬁg (HGEPEHE(g/ecm?)] x (EAEIR] x (REBITERO00%]=>(RKRBEE] - BB R TR 1
. - FAEABEFECHL,
o | nreoos | FEICERELE | (MBhEHSE/on’)) x (RISHMEEO0 om) x EMER) x (RIEBAEON) | % g isAEEmsc
HARS ORRBE |- (BRBER) 4 HOWED B 5.
" - BB {78 3(0.5%) (% EU
3 | NTEQoog) | | ERCERFTO | pes o mme) x (5% x (REMHEE0S)S(EREES) SR T, S
It EORRKRIRES LY
BIROEAECBITE
4 RIVM(1999) KEICFERAINT= (7VEHZECETOEEI X (ARPOEPE] x GAHE] x (FEMMEE (1/F)IX (K | [2OWT, &R-Balelc
RIVM(2000) | AZO ¥ DREIFE | EEMEBRE) x (RINEK])=>(FEMHRERE SO T—EEEHBLTL
éo
< CF(Contact-Flux)ix >
KEICFERINT= (REERIX [(EMEEISVIR] X (BRELE])(KRE)=>BRES RIEEMISZVIR. B
5 | US.(2001) | ZHILEETATILED | <AC(Aqueous—Clearance)ik > BBREEZ(ZODNTOERT
BERRE (REEREIXCF~ADRXABRE] X (BRELHM)(KE]I=BRES —ADNHE
CFANDBRARABEI > (HHEEISVIR]/(BHERER]
ot s (H—RYrDED E (500mg/m?) ) X RFRDILEYEIRE] x (EESER) X (RIRE]
6 | JrRcoos) | PTYNTESTH | g,

DR IREFE

~BEE

(FEIFIANT—R2ELTRELZLD,
FOMOBIEIETT IHILMENEZ SN TS,
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4. 3 BREBEEDHRE
4. 3. 1 KENLDRKRBEZICHT IBESZTEOHE

FROBERICESNT, RAIZ1) OHERAETT/VE4) O RIVM EFT /L ELN2)
® NITE €7 /v & AW T2 ) b OFRRBIEEE I B 2 sARE B 2 B 2 1R LT,

7272 L. HERA E7 /VTIEKBEICATE LA O TOREET 5 LBEL T
LI, WHEL WS TBEENEWZ S, EHEE LT RIVM £7 VOfE (0.056%)
i LAY

FEMEILUTO LR TH D,

<RIVM@Q999IZ L 235451 (F8&) (7Y Yekho7 I ) >

BRBRRE=

(TYEHEZETCHADESI X (RREZI X UAHESE] x (MR E]) x (REEME
) x (IRURE)

= 8% X 18(g) X 0.63(uglg) X 30( /4F) X 1.0
X 0.1

=2.72 (ug/F) = 7.5(ng/H)

<HERAQOODIZ L 53& G (F4&) (7Y Ykhor I 4 >

BRBEE=

(TVEMEECHMOES)I X (RRARE) x (RAEIE) x (HEAEE] x (BTEIE]) x
QI ES)

= 8% X 0.00064(pg/cm?2) X 17600(cm2) X 30( /4£) X 1.0
X 0.1

=2.7 (ug/F) = 7.4 (ng/H)

<NITE@2008)\Z L 5% H (T4) (7Y Yktho7 I U8H) >

BRBRRE=

(HAOAAE) < (HRARE) < (EHERE) < (EHKEERE) x (HEAEE) x (B1TE&)
x (IR UREE)

= 8% X0.064(ng/cm?32x 17600(cm2) X 0.01(cm) X 30( /4£) X  0.0001
X 0.1

=0.00027 (ng//) = 0.00074 (ng/H)

11, ([CH#ET, 18g ORLE TR &% 0.63(ng/g) & L= otk mE & (11.34mg)
PN G TG 17,600cm2 [ ZHEfild~ % & L= A DEE (18X0.63+17600=0.00064)

2 [ARRIC, 18g OELE TIAH A% 0.63(ngl/g) & L2 A DR bW E R (11.34mg) 2
B G THAE 17,600em2 [ZHEfil 32 & L7-GEORE T, THEDOESIXEEEZ 0.1g/cm3 & LT
0.0lecm & L7,

(18X0.63+(17600%0.01)=0.064),
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4.

HERA £ 7 /L~ TOREL D OFFEHFEE T4 T RIVMA99IZ G E S w772
D, W OFEMAERITFE IR D,
— 75 NITE &7 /L CIIREBATROREMEOHEIC LV AKHROFE RGBT,
(7233, FEREHAREIRIZ OV TR, RIS R T X 9 ICEEE 0.1g/em3 & L6
(21X 0.01em T, FERAVNCFIEF RITITIZ L A EREBEL TWH2R0,)

3. 2 REEICOBRRBREZICHT 2BREFTHORE

AARIZEBIT S ﬁ&%ﬁ T DT Y YRHCE N D T R VHEHO TR T, K
DREN GG EFRET I VEMRIH S TEY | RS (&2 TA v FR) (2o T
%, 78RS MR H EU %ﬁf (30pg/g)LL . Benzidine 23 S iz, #GL & L
TOWNRIZTY a—/VHE 1 VU VETRETHo T,

TOZEMND, FC iﬁﬁ A& B U 7o iR B R A AT 2 31 T L 72,

& R MR EE R TAME <1k, RIVM(2000) THE EE) B O BRFE IO\ T RHE & [ O R
PATON TS Z e GIRL 4. 2H) . RIVM(2000)DFiEEZ BB LT,

IR OFEMITBIR3ITRT &BD TH D, i, RIVM £E7 L THWDH /AT A—X
OFEMFA L 4. 3. 1 &—HEEHT LD, FTEHEBEICOWTORLZIREROREH L
BT 3 I TR LTz,

W

v

Benzidine 73 & H & 7= 2 BIH A 42 E LT, RIVM(2000) D FHE GIEICHE L | BT,
WEZF I 2EAETOSNHERZRA L, GEORMBOFIE IOV TIIA RS
HrCom Rz VTR L72#5 2. Benzidine T 2.8~280ng/H Th > 7=,

F7-. o 3WE (o-Toluidine, 2-Naphthylamine, 4-Aminobiphenyl) (22T
HIAERORBE 2T o IR, BREBFEEIIZTNLD b 2~4HT/hSWVETH L DL X
iz,

(JANUS = x> b Bl 2 12T X912, B173 (0.0056~0.5) 1THCTIX
[Fraction migrated] &72-> Tk, HHZHE (0.0005~0.05) % 10 FL7= b
DTH D,

Z D 10 51X RIVM(1999) T3 #Zfi#EE (Contact frequency) & &L TV b D
T, AT (22T 1R 1220 [EEER ATV, TREROMHZ LI

WO ED 5% 3w T 5 L BEL TR SN-HETH 5,

AN RIVM(2000)753‘%7}’|E L 72 % DAt OB D% e FE 5l Tl Tattoo band
(Bt L7o > RTEIZIZO D EHIIFZ L2 L IR 2D D) 122501 T,
BT Aeﬁ@/}i%ﬁ BIEICBATT 2 (BATHRENZ1) L LTnaD,

=6

VA H R = IR DV H ik (Z (1-0.05k))
k=1

*
(20*19) =20-9.5=10.5=10

20
" (1-0.05k)=20—0.05x
k=1
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£4.2 TUVRHEESUCREEEN - ORKBEETMSER (WERD

. o | 7Y YRR B0 5 Lo T | ] DOBATR | K SR %
- 1% g w~ 1| 0= L I i /r‘
‘“l@ﬁ %ﬁ’rﬁ% (ng/ El ) ﬁzﬁﬁﬂﬁ%kﬁ IIIDEI m%u/a\ &%Dﬂii(g) @é\ﬁ%( L g/g) (X) ;& &”R{‘f\;k
. U 2.80 1 0.060 1,000 181.0 0.005 0.19 0.1
Benzidine -
=A 280 1 0.060 1,000 181.0 05 0.19 0.1
. =/ 0.002 1 0.042 1,000 0.189 0.005 0.19 0.1
o-Toluidine
=A 0.20 1 0.042 1,000 0.189 0.5 0.19 0.1
. UM 0.0002 1 0.0060 1,000 0.130 0.005 0.19 0.1
2-Naphthylamine —
=A 0.020 1 0.0060 1,000 0.130 05 0.19 0.1
. U 0.0466 1 0.054 1,000 3.34 0.005 0.19 0.1
4-Aminobiphenyl
=A 4.66 1 0.054 1,000 3.34 05 0.19 0.1

SCOIRHE (0.0005~0.05) X10 (20 [EIOPEE Z IR EN 5% T O35 & L72GE O & RFER)

Benzidine

o—Toluidine

2—Naphthylamine

4—Aminobiphenyl

0.0001

0.001

0.01

0.1 1

IRFE=(ng/H)

10 100

1000

4.2 7IEMEESCEEEN o OREBETMER WME)
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4. 3. 3 HMNAYRVEFHE (3F)
RIVM(2000) TliZ, FNA U A7 3l 2 FhE L TR Y . TDso (Gold and Zeiger, 1997)
(CHASE, BBRAY A7 106010 T 2 HEE LTUTOEZTRLTND,
ZOHEE MW TEREED O OREGEFERFERPOREPALY AT ZFHE LI E Z
4. Benzidine IZ X AH N AU A7 1.7X106 Nig KL~V ThDH & ST,
BB T IVEEGUORB N L T DEEF IR TR, IR R 16.7 15 (47
~4,700 ng/day) & 72 ¥ | Benzidine (Z L D KD NRA Y A 715 2.8X105 (27405 L &

iz,
e TDso(Gold and | R AU A7 10612 | MR PR ASE R A AT
Zeiger, 1997) XIS % (1K 50kg)
Benzidine 1.7 mg/kg/day 3.4 ng/kg/day 2.8~280 ng/day 1.7X108~1.7X106
o -Toluidine 44 mg/kg/day 88 ng/kg/day 0.002~0.2 ng/day | 4.6 X1013~4.6 X101

B 3 I TAEEKRHORKIRFEEORERM I %2R L7 4-chloroaniline {22\ TliX

TD50 oA 0 —F 7 7 74—
Too ULSL723 B, FERN

T T,

BELNRo T2, BBV A7 OREILZTE 2o

W (7 v FOMfE~DE) ([ZESIROREED RID
(IRIS ; U.S.EPA (1995)) m&HDHZ b, &5 F TIZ RfD 2 HWTHRERE & DLk

RERLEL O FEENS ORIRETEE 0.105 ng/H %, FHEOKE 3Tkg (VNP E AR
BA DI  pEEFITRAIIGERT, MBRE N K7 v 7 k) TEL, 2.8X103 ng/kg/
HLE3 %, Ffiiz RfD 4X 103 mg/kg/day & [b#Ed 25 & RfD 3 1000 520 EEVWMETH

>77,
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[H7 1]

1. HERA(2004) ¥E&lH o E a5y

(2005 FEDOEEHL Y 2 7 FHIiE T, £ ® Appendix D (ZHELOFENTEHE, 72721, 2005

FEERIOIF D il E L L CIEFELWYY)
(BT URERL E LU CTIE NITE &5 L & 582D

HERA (Human and Environmental Risk Assessment)

FWA-1. October 2004.
( Id—0u v Ay

(1) RO ORI & Hefil
(b E AR = (EEHZY AfTE]

BT 2 FK R YAl DA RRRITIC

BT D N K OBREE U R 7 51

- Targeted Risk Assessment of

(FfEH 7=V AfE]) X [BflmfE) X (BEBITHEO00%)) = [FRAREER)
Expsys = (F1x C'xSder x nx F2x F3x F4) +bw
. MxF'
W1l+-FD
. e e AR R
L W& L=<Kiva i P B
Expsys %m O O M2 R R ek mg/kg /H | 0.0005
F1 i W DY) Gy ] 0D FE B bR 1
(0 nuﬁfﬂ% mg/cm?2 1
Sder iR A OFREFE (T & EILERSN) cm? 17600
n 1 H %70 AR TR L igER a5k /H 0.57 (=4/7)
F2 BEAR D & B2 J& ~DFEA T4y 1] O FE B bR 0.17
F3 B & DFAT B OB IR (BEBITH) 1
Py R 2240 U TR S AL 7= 4 ) oD F & bh 0.01
(i D ZH451]) )
bw (GNEE kg 60
M fili I U 7 Ao B o B mg
F AT IR U 72 0B 5y 1 D B R bR
FD M ORHR B OVE BGRRE DR A mg/cm?
Wi B EE (HEE) mg
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2. NITE &5/ (2008)

[GHS RO 7= DM E AL DY A7 FFIEDO T A # A

BAEAOWEL, KBRRWE

TR 20 4 4 AMSZATBOE N B FHIl BN AR (L EE v 2 —

(1) BEEA - BEORJEFEIC X DR R
O RREgFEE) = BEOMBHE] X RE~OFMEFE (0.5%)]

Ap xWr x Md x nx a(derm)

EHE(derm) =
BW
. e . AR AR
Eik=2 N ==XV i PR R
EHE(derm) | % B VR & mg/kg /H | 0.006
Ap fild AR A mg 5
Wr R GAL W E A 5 0.35
Md FEfTAESR (X) 0.005(0.5%)
- i I B /| 12/365
” R A | () 1)
a(derm) ENALINES 1 (100%)
BW LG kg 50

2% European Union Risk Assessment Report. TOLUENE.

2003)

(2) FIFNTIRAFT DX B E DOk B kER
ORE (HREHZY)] X (BE#EMBIE) = (EEHY AE]
(EFEH 7 AT E) X [HEfRERE] X BEBITHR0.01%)) = (FRERE )

Csx Lsx Spxnxa(derm)

(European Commission

EHE(derm) =
BW

o e o G B
e il AL R
EHE(derm) | % F W% & mg/kg /H | 8.8%X104
Cs X Ls RE (mfEH7 D) mg/cm? 0.025
Sp PEfih A cm? 17600
n 1 HH7-0 ol 1

. N 0.0001
alderm) FEN D ER I ~DOBITEIS (0.01%)
BW KEE kg 50

HERA (ZHAML, 72720, [P EAR) X (BE#EER)] 2, GRE (EfEHY))

ICEHLL TV 5,

F7-. BITEIAIZHERA D 100% X v & 4 HT{EKU,

76




3. RIVM@1999) : 7. Ex&. 77 v A, W5

RIVM 1999 Cancer risk assessment of azo dyes and aromatic amines from garment and

footwear RIVM report 601503014

AAXILTOLEY
(AP oRsyE] X URHER) X WMEE (1/4)]) = (AR
(R ) X (BEEARE] X (INER] = (R B ERER &)

(bR X7 Ykt 7 —DT7 I VTR LTV FE LT 5D)

Eeff =) P xiFcontx AaminexW x pFskin xiFabs

. 7 Hifer Zﬁﬁ%/ﬁ%%ﬁ
Eeff BRSO g I
8% (it LLANFl 2 D 1
P TYYRIA ST WA RLE OEE | — WO E)
10%(¥)

LA S 2 B (7 > Gk o
1Fcont |7 I VHOWHIIT DT, Vil | /4
DRNR A& Ts)

HELAAt - B O [
[ A [E 5 X 10 (3% 1)
- 365

B E(ZU—7 I U HOBHITT

BLLIAY - B 0D 4 ]

pFskin | FEHAMES (BRIC K-> TR D) -

o 1/ } %
ZFeont | zympec. WA 1 EDOL) F ﬁz\?fﬁ
WD DT Y YRt O T I U FED .
14 Wit (sweat simulant) g8 w2
NSO T7 ) —DT7 I VOB .
24 (sweat simulant) g8 *2
W A g SHZ L b
&1

& :0.19 %3)
77 A% :0.55
e 0.1GK =Yvar X
0.01)

1Fabs WA (7 7 Yet DR H W) — 0.1
2Fabs WA E(Z UV — DT I %) — 1

1 UHEIC L AEHEDRIIOWHEIZ WD L TR 5% TR LT By i
TS E | FEMOWRERE A 20 M & LA oEEME (2 (1-0.06k) (k=1

~20) =10.5=10),

2 RS RIC LS (100mL @ NaCL/V » /N v 77—, pH6.8, 37°C, 16 i),

T2 OWE., 8L T<0.056 ~231 (FTESH)

X3 EHEEEARENALER(0.1) X SRR (1.0) + FREEEEAERALHR(0.9)* Bl (0.1) =

0.19,
[E4RIZ 0.5%1.0+0.5%0.1=0.55
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Table 1. Calculated daily uptake of aromatic amines resulting from consumer
exposure to azo dyes in garment (“‘free” aromatic amines included)

Product\ Amine” Amount® Leachable Eotftotal amnine
Material\ Que/s) amount * (mg/day)
Route of exposure (uesz/s=)
(%% leached)
Underwear benzidine 1368 0.63 7.5
unknown\dermal (0.05)
Blousc o-tolidine 2796 3.8 119
silk\dermal (0.14)
Children’s legging benzidine 1112 1.8 59
cotton-elastine (0.16)
dermal
Swring of children’s o-dianisidine 337 0.49 6.4
sweater (0.15)
cotton\oral
TInderwear benzidine 3138 5.7 28RS
silk\dermal €0.18)
Lining of o-dianisidine 110 3.50 i.0
a children’™s coat (0.45)
polyamide\dermal o-tolidine 35 .18 0.36
0.51)
benzidine 17 0.63 1.3
3.7

* Detected amine
# Total amine, i.c. the sum of the amounts of “free” amine and amine as part of an

arzo dye
& Total leachable amount, i.e. the sum of the amounts of “free”amine and amine as

part of an azo dye which leaches from the product with a sweat simulant

Table 2. Calculated daily uptake of aromatic amines resulting from consumer
exposure to ‘““free’ aromatic amines in garment

Produacth Amine” Agnount Leachable Eort. " froe™ amins
Materialy Cgl/ed” armount (ng/day)
Route of exposure (prgz/E)™
Underwear benzidine unknown 0.09 1.8
Blousc o-tolidine unknown = 0.05 = 1.6
Children’™s benzidine unknown 0.055 1.8
lcgging
Swring of children’s o-dianisidine unknowrn = 0.05 = 0.07
sSwenter
Underwear benzidine unknown 0.16 5.0
Lining of a o-dianisidine unknown = 0.05 = 0.1
children’s coat o-tolidine unknown = .05 = 0.1
benzidine unknown = 0.05 = 0.1

* as in Table 1# Amount of “frec” amince & Amount of “free” amine which leaches with sweat
simulant

Table 3. Calculated daily uptake of aromatic amines resulting from consumer
exposure to azo dyes in footwear (““free” aromatic amines included)

Product\ Amine” Aumount Leachable Eertiotal amine
Material\ Que/g)” amount mg/day)
Route of exposurc Qum/Ed=
(% leached)
Children’s slipper benzidine 381 3.8 3.0
textile\dermal €1.0)
Children’s slipper 2, 4-roluenc 210 0.17 041
textilevdermal diamine CO.09)
Shoe (upper side) benzidine 161 24 13.2
leathervdermal (14.9)
Sportsshoe (upper
side) o-dimnisidine 589 231 4.8
leatherdermal (39

* as in Table 1 # as in Table 1& as in Tabile 1

Table 4. Calculated daily uptake of aromatic amines resulting from consu
exposure to “free” aromatic amines in footwear

Produact\ Amine” Arnount Leachable Eeorr,~free amina
Materialy Qug/zd" AITNOUNL (mgEiday)
Route of cxposure Qug/eys
Children”s slipper benzidine unknown 0.06 O.O0049-
textilevdermal 0.049
Children s slipper 2.4- unknown = 0.1 = 0.076
textileMdermal toluenediamine -
Shoc (upper side) L= icli & WL 0.22 0.18-1.8
leather\dermal
Sportsshoe e-dianisidine unknown 0.35 0.03-0.3
(upper side)
leather\dermal

+ as in Table 2 # as in Table 2& as in Table 2



4 . RIVM(2000) : Tattoo band., #&7 /14—, BEHMEH, WHFoOA T o7

RIVM 2000 Cancer risk assessment of azo dyes and aromatic amines from tattoo bands,

folders of paper, toys, bed cloths, watch straps and ink. RIVM report 601503019

BBERRELE L, 7YERBAKE 7TV —T7 I VHED 2 fEZEEL TWAHR.,
RIVM(1999) D EHE RS, 7V —D7 I VHOBRBERIZEH TX 5260006, LT TIX

AR I TW5,
VA SN

EARXIFIUTOEEBY
(R EE] X (EHRDE] X BEAWEE (14F)) = (AffE)
(HfEd 7= 0 AfTE] X (BJEEMMRE) X (IR = UEFRREE)
(Bt 1 X7 VYRt R O 7 I VHEE 7V —DO T I VETRR DL VT U AL LTHDED,
TV —DT I VEOBRBENDRN ENE, I TIHEREATVWD))

Eeff = Px Ppx Feont xW x Fmigr x ¢ x Fabs
EYN ' K

s - B (i gﬁﬁ%/ﬁ%%@
Eeff BRI O R g IfF

=]
P HERRE (RIS 5 B0 % il R s (%1)
Pp T YRR AN SN TW DR OES | — LT D (X2)
Feont FZ G BEfR K — TR D (% 3)
w wSOER g AT X D

TN iR HH =R (R P 7
Ko 0T VYRR O T I O .

¢ WIsHE (sweat simulant) glg AFTE &%
Fabs W AR % (T > ekt O YR ) —

3% 1 :Tattoo band:1EJEIZ 1 [A]), #E 7 4 /L4 —:48-208(4 =[] H . 4 H[MHH).
M TOGBAEREN), it 2 ~ 7 v 7:70/3(3 £/ 1 fHEEA)
¥ 2 : Tattoo band:0.8, #~7 + /L& —:0.17. fAH:0.1, B2 ~F » 710.13

% 3 : Tattoo band:1.
% 4 : Tattoo band:1,

79

W7 L F—i1, Ai[:0.19, BEox hT v 7
M7 v H—:1, 4i[:0.005-0.5, HFtD R FF v 711




5. KET ¥ Vg 2T VO N

CFE5 /1L AC &5 /L CHE

Chronic hazard advisory panel on Diisononyl Phthalate (DINP). June 2001. U.S.

Consumer Product Safety Commission Directorate for Health Sciences Bethesda, MD

20814.
(ROFEAMTFOR DN EEN =0 L OFHE KL O STV D HUED S OHEE)
O CF method
(&) X (A&7 o v 7 A) x (REBEHE) / KE) =BG
Ederma| — M
e % By g SRR
RERERE (ZZ2TiXL A ra—h) 3.2(19-36months)
Hdermal | (epmspy < 1 B ibie 0 OBRGER) g HIRE 0 45050
Sskin Bt 2 REOmEME(Z Z Tl A v a— k) | ecm? 400
Fd HNERG 7 7 v~ 7 A (effective dermal flux) | pg/lem2/h | 0.24
T PEfREf] (FER O EAAHT) H 4%30/365 (3%1)
10(19-36months)
L kg 7005 N)
¥ 1 4FFfE/H. 30 HIEOMEHZER O 1 H Y720 offi HRFF A
O AC method

(B RgHEfE) X GF~DR KA

] X (REHIFD 7 UKE) SREE

UF~OfFKagE) > (BREE7 7 v o7 )/ (BahGinE)
Edermal — Sskinx C maxxV x T
w
Cmax > Fd/Kd
. " " e
AL N BANT (o
FEgERE (ZZTldLA v a—1h) 79(19-36months)
Edermal | gy s 1 0 btz ) OBER) g /R | 1y )
Sskin Pefih 9 5 B O mAE(Z Z Tl LA a2 — 1) | em? 400
Cmax B K A HE IR R 7)%);? (maximum possible pg/mlL 50
aqueous concentration)
V TFo& mL/cm? 0.12
T PRI (FEE O BEAATT) H 4X30/365 (3%1)
10(19-36months)
w Ik kg 70( )
Kd hiZ it (effective permeability constant) | cm/h 0.12
Fd HihF &~ 7 >~ 7 A (effective dermal flux) | pg/em?h 6

x1
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6. EUSUS 71—y b EOHRA~DRRZIRE

[European Information System on “Risks from chemicals released from consumer

products/articles” “EIS-ChemRisks” |

UT TR E AW THAEFEDOEHZIT-o>TEY, —HMOBMXTRILEITE LD

N D)

O H—~_y b ETHESHIEIZKTT D permethrin O 2 g E% O SR S5
(—_y b EolbFYEE] X WESmE] X WINE) /7 ((KE) SBREE

E (derm) = AxBxSxa
BW

e - e FHERE R
A g AL R
E(derm) o H W iR mg/kg /H | 0.87X103

A H—_Xy FDIZTZ Y D& mg/m?2 500

B EZVICEENLFWEORE mg/mg 0129.1X 106
S ESmE (1 HH720) m?/day 10

a (%) IR (1 HdH7=0) 0.02 (2%)
BW GNGE kg 15

2 : dermal bioavailability
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[BIF 2]

s

. RIVM (1999) TOTF# (7YYp+7 Y —D7 2 L HH)

Fia=a N BAANT FHRAE R R
Eeff BRI DR JERTEE ng/H 7.5
p RNAMED S DT Yty il i | 0.08
& EN D AHEME )
LA S B 2 B EE (77 YRk O v .
Feont R AT, WROMEE G | VT |80 OK1)
. NS OT VYR Benzidine .
Aamine D ugle 0.63 (3%2)
w L g 18
pFskin R gt s (Aiz X-> TR D) |1
Fabs WA AR (T ekt ¥ ) — 0.1 (3%3)

X1 AT 3 RIAE, BEVE CORFBEREIII = 5% T 20 IO FEHE T 0%I27/2 5 2 &0y

5, RAMOFEEZ 1 & LT,

1+0.95+0.90+0.85+ - -

+ +0.056=10.5=10

& L. HPOFBERDOK 10 (2N BN AN S FBET 2 LHEEL TV 5,
¥ 2 BRAERIC X 5 (100mL @ NaCL/ VU “ g\ 77—, pH6.8, 37°C. 16 F§f),
¥ 3 FJEDOWINER(30%) X (KN TT 2 HEIZAHH80%) =9%=0.1

. HERA(2004) il (JANUS #H)

k=g N B FHRLAE S AR
EHE(derm) | #% P0G % & ng/ H 7.4
p HNAMED B D azo YA FIZ | 0.08
aEND AHENE ’
Cs X Ls IREE ng/cm? | 0.00064 (3% 1)
Sp P ik e P cm? 17600
n BEFE 14 30 (3%1)
a(derm) IHEN S R R ~DBITE S 0.1

1. |[ZHEL, 18g DL TIRHA S &% 0.63g/g) & L= A DA b E &
(11.34mg) NBfSHEMA 17,600cm? (242 & L2 A OMRE (18X0.63
+17600=0.00064) ,

X2 1.

& [RlkR & AHE
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3. NITE008) i (JANUS )

FHix=a N HAAT SRS S AR
Expsys HEAD D OFR 2GR & ng/H |0.0074
p BN AMEDH D azo YRR RGTITEE | 0.08
L5 AlReE :
C A pg/em3 | 0.064
Sder WkiE g DR EFE (F & SHIEERAN) cm? 17600
B & P fih e )5 cm 0.01
n 1 B 472 0 A TR L2 BRER R /4 30
F3 Fe g OFAF oy B O BRI (F2JEBATH) 0.0001
F4 UINES 0.1
M1 1. IZHEU, 18g oL (YuklE A3 1.368mgl/g) THIBEEA 0.06% & L4
B OFBHLFWE R (0.0123mg) 23 KJEHEAE 17,600cm2 (ZHEfihd 5 & L745
B OWRET, BEE 0.1g/em3 L FE LT, ®/GHEE 18g & HfE 17600cm? /H»
HRME X A% 0.0lem & L7,
2 1. LERREEE
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[HIR 3] BHBELA O FAICET 2@EHmORE

RIVM(2000)3 |2HS &, EHHEICH A ST VYl oREBRERREN 2 £9R L, &
NETHE SN T VYRt oG HBICET 202 Y IO 58 ORI IRERICS
WTHRE L7,

B BIME LT, KRICFEHIZOWTOREBRZEEOREER L RT,

1. RIVM(2000)\Z351F 28 HE M & ORR IR O R TIEIZ DN T
(1) FEAK

EARAXIZLTOLEBY T, KELOLORKREFNE FETH L, 2720, KB
WTCIIgRERRELE LT, 7YERBAKE 7Y —DT7 I UEO 2 BEAEEL TW R
RIVM(1999), A#HETIZZ Y —D7 I VHEOBBERITER T 5L LTEKREIN TN,

(5 R D RSy ) (LR OGFEME] X (BITER] > (Afra)
[ﬁﬁ%lx[&E&%EEJXE@%EE(Wﬁ]XEwwﬁlé[Eﬁﬁgﬁﬁ
&)
Fcont .
Eeff = Px Ppx xW x Fmigr x ¢ x Fabs
365
£1 RIVMQ000D)IZEF2L—IYNoDT7VEHOBREBEHAEHKE
k=2 N BANT FHERE R AR
Eeft EEED S O R SRS B ng /H 27-2,700
P ERNICHEA T B R RUAE |1
Pp T Gk e e Bl O R ER — 0.1
w AL O HEE g 1,000
c HanPogktoHE ng/g 1,020 (3%1)
Fmigr HLEL N B DY R — 0.005-0.5
Feont U SRR 2 A 1/4 0.19 (3x2)
Fabs W25 (7 > Yt D ¥R ) — 0.1

%1 : 4-4’ — Diamino difenyl methane

X2 EHEREARALFR(0.1) X B AR (1.0) + FEEEERE AL 3(0.9) X H2fil(0.1)
=0.19,
[F££IZ 0.5 X 1.0+0.5X0.1=0.55

(2) FHINTND /T A —FEOH 2OV T
1) FRICEEAT 2855
RIVM(1999) & O RIVM(2000) T, 45 B 5k oo 48 R AL 5 M OVETE DOl A% % LA
TOXIITHERELTND,
ERIEA SR ORIz DV T, RIVM(1999) Tl MEHR B0, 8Tl 1~

3 Cancer risk assessment of azo dyes and aromatic amines from tattoo bands, folders of
paper, toys, bed cloths, watch straps and ink. RIVM report 601503019
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JFEEZME L, L&D, RIVM(2000) TIZMRILI R =3, TOOELMEEL, « » -
LI T3,
i AR IS L S AEVERE A [B1%L HH
T 3 T0(E4F) RIVM(1999)
A A 2 70(f54) RIVM(1999)
THEDO L X 2 2 70(f54) RIVM(1999)
FHEFH OV R () 2 70(454) RIVM(1999)
T () 3 T0(f54F) RIVM(1999)
Tk — o EH 1 T0(E4F) RIVM(1999)
N A AV — 1 (B 1) RIVM(2000)
L (v %) — 48-208 RIVM(2000)
WHEOBHH = — 1 (AEJEIC 1) RIVM(2000)
EHEIA 1 70(f54) RIVM(2000)
Al AN 1/3 70/3 (34T LIzl | RIVM(2000)
A)

—  BEORHIZ LA LW S ARE

2) T VYRR G TR OffsR

RIVM(1999)CliE, T4&. 77 VA, Tfkor X2 7o VR FE (Lv7)
FHHa— FOEMOFTRTIZONT0.08 LW ENEHEINTEY, ZOMIMITA
T X OMGEGREICET LU T 4 SOREEOFEHEIhTnWD, 2L, HEE
TLLT, ETIET VYIE2EATHD EEbR 2R Z R Thiiz-0, i
KMz 72> T 5 | EDOFEHEHNH 5,

O Luijk(1996) (CREM(1997)CHIH) 4: 7% (100 F¥EO RS T 7 I KT (R
&% 200) )

O TNO(1997) D 11% (FiA%%=1792)

O TuV-Rheinland(1997) D% (BRARECAREA)

O Keuringsdienst van Waren Alkmaar(1997) : 6% (#i{A% 116)

7235, RIVM(2000) Tld, fEx ORLELICHOWTEEEORET — Z T HESW = B B
EEAL TS,

— & hy =N R 0.8 (10 85 8 B4 TR )

—H#r VAL 0.17 (6 8A T 1 RLG TR

—fFHEOB L B 1 0.71 (7 B 5 RS TR

—E HJH : 0.1 (Mensink et.al.(1997) D5 )

— R OWFFF/N R 0.12 (Mensink et.al.(1997) D 5] )

3) WHOER

4 HEA REN A O
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W OEREE LTX, T4 :30g. 777 A :130g, o Lr¥F o 2 : 70g, 1o
YRy :3g., T (Wvr) :16g, Ffia— FoHEM : 50g (LI RIVM(1999), #
hy—RU R:lg, TV : 0.8g, Mt H B 2-8g, FHIH : 1000g, FFit/ >
R :3-10g (BAE RIVM(2000)) &fMAWELENH D03, 215 ORI SV Tiitd
DNEE N

IR VD WEMEDR R E SN TNDZ EnG, RALDPOREREEZHNTND
D EEbND,

4) W FOYRtOER, WHESE

RIVM(1999) & O RIVM(2000) CiZ, i bEHT 2Bt oE&EIZOWT, 85 2

ICRRER D BEEZ L TWND,

B, FTAEE, 7702, EREEHICOV T, Bt oEsaE L EERBROME %
AWTEHEHREZEHB L TWDER, ¥ by — N0 RO, et Fenosfzb o

X, AT ORBEEEORTHREIIBITT D2 EHAEL TWD, ZOREOHEM
SEEELCOZLLEBDNS,

B, WEMLOBWHEIZOW T, EARMICIETF 284 L7238 (Sweat
Simulant : 16 [, 37°C. 100mL ® NaCl/V v/ X 77—, pH6.8, &L D) T
FarzklantTky,, brAriz, BEEHIIOWTOEH=E (0.0006~0.05) I
Zeilmaker et.al.(1999) D EEZ H W\ 2 & T b,

7%, RIVM OUEFE AT TR R & W D5 N T A =& Tk, Rl om R
N OBRPIOEHTH Y | g2 ENRD Z L ICEHEN R4 (5% T D) BT 5
& LT, 20 MO TREMICU IO EEZ 105725 Z & TRIFHEICHEE LT
% (#ik),

5) il (Contact Frequency)

RIVM(1999) }x 18 RIVM(2000) T i . Mg & 3 AM 12 5 W ClI#E B (Contact
Frequency) &9 /37 A —& 3 EH éﬂ“(b‘éo

RIVM(1999) Ci%., Z OfEIXFEM OB ARSI 10 #F L7z b D% Contact
Frequency & LT\ % (FFERIEEARGEEIZOWTIE EFLEZ S /),

—77. RIVM(2000) TiZ, RO GHPCHEHELZZBR L-bD (BEH) 251 T
%, EREOBEHE (0.0005~0.05) (210 #F LHEEZHWD Z & T, Z ORAEE
(10 ) EKMIETEY, ZOMOFEMFEEZZBE Lol (®WRICEENDIYEO

EENEEICBITT 5 LAE) T, BERIZBEIRL WY, b, R KOETH
% 0.05 Tix, 10f5L72 0.5 (RICEHEENLIYRIOEDYE) NEHT LD L S
TWDHZ ichksd,

2B, ZORT A=K IR K E %% (Skin Contact Factor, f&ilk) &5,
SELLTUHRFA LA GR T A= R/ EHINTWDER, 26 IR EICE ERE
THRMBMNEDREH L0 EEEBLIZbDT, Whid [ EHEMERERE & THIF
SEONRWEL RO E Livy (1Rik),
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2B, ERROVHEIC X DIRHRORAD ZEEB LR 10135, UTFTO X2 L THI
ENHLOTHD, ZIT, EHED 5% T T 5 Z & ik ETDA(1997) O IC
K3 LanTnag,

20
T B =B OW HEx (Y] (1-0.05k)  =5%T D9 2 ¥ 4 20 R 5L L 74 B
k=1

(20x19) 5 95-105= 10

20
" (1-0.05k)=20—0.05%

k=1

6) FfEHEflte%% (Skin Contact Factor)

iRk ki, REREMZEE (Skin Contact Factor) %, JEJE I \CE L9 2 mifk
MEDRRES DN EBE LI-bOT, BEICKEICEMT 255X 1 2R 0, BHEIC
B LW AIZ 01 2R U CERET LV HDOTH S,

BRIZIE, BT Lo icEehTnd,

O TA&H:1x1=1

O 777 :0.5X1+0.5X0.1=0.55

O z—bFDHEH :0.1X1+0.9X0.1=0.19

O FHHM :0.1X14+0.9X0.1=0.19 CCHTIE, NT ¥ I KD EEEMOIT2)

AT I TND)

B, ZOmEBEERSS, BEEAMOLEE D 0.1 & W ORI OV TOMRIML, &<
HEIN TV,

7) WIEREK

MR AR KT, RIVM(1999) & O RIVM(2000) Tk, 7/ Y B 2> B RN O B 3A
Fi, TOBRENTT I VHICEBRT 2ROGROEE L TEX BN TWD,

BARAIZIE, ADREGn vitro)2» b 24 BEILINICE D IAE N5 7V 4k (ANSC,
Sudan I, Solvent Yellow7) @t (ZiE41, 5. 30, 35%) . K OHL Y A F 4172 Sudan
I @ 30%K O Solvent Yellow7 @ 27% 7237 I VHEICEH I 7= & v 5 Collier
et.al.(1993) DA IS, 0.3X0.3=0.09=0.1 & LTHHEEINZ 0.1 XAV T
W5,

72%. RIVM(1999) % Ot RIVM(2000) THFT L TIT 4L TV 588 FIE < #E3Ef T,
ZOfEF 1.0 HVWSR TV S,
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2. HPEOBEBICET 57 VYt ORE R RER ORE
EFEo RIVM ORFEF 25512, T EOMHMERS T o7 Y Yt o ok s %2 M
W BAENCERT 27 Y a2 S AT DR AL D ORE R R B A LT,
FREO AR TONREFR TIL, MR 31 B HOW T, 7 Ytk O 5 B —
T IV (PAAS)Z T LTZAER. A & B A Sl 7 i (3 —11

1] H
JDD\

W5,

= e FoN=HEE BN oW T EU U EA Al 5 Benzidine 23 H & 41T

O EMNDL, = s AINHERE LERRBREEZRE L,
FERIZLTORIIRTLBY Th D, ok, BEFMICLELRN DNDNRT A—X
TAFREE ¢ D x RIVM(2000) Dff L TV D EZ AV 7=,

MR BT 5 OBATHR (BEHFRE) OBMRT 2 HiDWE1R&H 5 H DD, Benzidine
(2B L CIEAY 2.8-280ng/ A DBREE & & HERI S 4L, o SHEICHOWTH, Tk 4,
M1IRTRORBERETHLOD L ST,

x2 HHAETOEBEEERABADTVEH (Benzidine) ORRBZIFHENDARERLR

Fikza Ipa BT FHELRE R AR S5
Eeft BEEENS O R ERE & ng /A 2.80-280
P ERICHEA T 2 2K M 4R 1 RIVM(2000)
LT YRR E END %1
P — )
D et 0.060
w B0 R g 1,000 RIVM(2000)
e dho7 Il (22T ) 180 %2
¢ Benzidine) O EE negg
. B D OBATREE R XE | RIVM(2000)
Fmigr B FEE 1) 0.005-0.5
Ui T 2 miEZ B RE L RIVM(2000)
. 1/ )
Feont AR A 0.19
Fabs | WIRERH(T RHORI) | — 0.1 RIVM(2000)
¥ 1 12007 BT DHEHERL T O ENEEIC G 0 Sl AN EI5(86.6%) X 2007 4EDEHERLT D
FIAFIZHD DA > ROEE (1.1%) X oW gflih cEnetno 7T I VEP RIS
T~k % fekiiA%k (Benzidine TIX 10/16) =6.0% (#5. 6 &)
X2 BB IRhAERE (7 85) o Benzidine @ ¥ E (Benzidine TIX
141,351,2.5,413,0.23,100,45,30,134,593 ng/g = 181ng/g (ave.)) (& 3 M)
% 3 : RIVM(2000) Ti, #EJEIZ SOV TI 4-4 — Diamino difenyl methane x5 & L, %+

OWINHRL LT 01 ZAHWVWTWDED, 22 THE LT 5 Benzidine % & defh R,
(Tattoo Band, Watch strap Z)IZ 2V TH 0.1 BMfEHENTWHAD Z EnD, 0.1 2 H
77

S RENERT I v EHT D RN ORI R D PAA. TSR TN BRI
W e (LEWE Y 27 WFJEE3E) Sy Rmtes B T s &
IFTFRERITHGEPICEENLD T I VEHORRETHD EHESND,
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£3 BAETORRERRTOFERE—T I VEOSAENERE
(BEFBHET IV EAHT IRERASORFILEITRD
&8 i R

HE

SRR FERT ]

FEEE—TIVE(ueg/e)

S ) =Y. N—%
7 (’fj“/jlg%%ﬂl;ﬁ HaAESE o—Toluidine 2-Naphthylamine 4-Aminobiphenyl Benzidine
T-E1 0.29 1.2 141
N T-E2 0.071 9.8 351
NLFHR= L gy 0.35 0.21 25
T-E4 0.19 2.8 413
T-E50
T-E5V 0.23
s T-E6B
HAN T-E6G
T-E6V
T-E6Y
T-E7B 0.078 2.1 100
T-E7DB 0.26 1.1 45
Sy T-E7SB
T-E7ST 0.76 30
T-E8 0.082 1.1 134
T-E9 0.13 11 593
BRHIEDTEHIE 0.19 0.13 3.34 180.97
[EXES 0.44 0.06 0.56 0.63
x4 TIVRHNEECEEENCORKBETMER WER)
e o | 7Y Yl Aol 5 U DTV | B LOBAITR | K EHEA{R "
73 i TR z WIS
%E g(ng/ E) ﬁifﬁq/ﬁ]\@'( L:ﬁ]@%'] %Duii(g) O)Eﬂ\ﬁi(u g/g) (>.<) & ﬁ”ﬂ{'{";&
L &=/ 2.80 1 0.060 1,000 181.0 0.005 0.19 0.1
Benzidine =
=K 280 1 0.060 1,000 181.0 05 0.19 0.1
o =/ 0.002 1 0.042 1,000 0.189 0.005 0.19 0.1
o-Toluidine —
A 0.20 1 0.042 1,000 0.189 05 0.19 0.1
. =/ 0.0002 1 0.0060 1,000 0.130 0.005 0.19 0.1
2-Naphthylamine -
=X 0.020 1 0.0060 1,000 0.130 05 0.19 0.1
Lo &=/ 0.0466 1 0.054 1,000 3.34 0.005 0.19 0.1
4-Aminobipheny! =
=K 4.66 1 0.054 1,000 3.34 05 0.19 0.1

PRR2BEE JEA TR E A (BFE Y X 7 )
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Benzidine

o—Toluidine

2—Naphthylamine

4—Aminobiphenyl

0.0001

0.001

0.01

0.1 1

iREEE(ng/H)

10

100

1000

1 7VEHMESTCEERN - OREBETMIER WMEA)
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£5 MRS OENAEER, A RS

A PE(T ;) >)(2007 i A
HERE 68.3
(EPE+HIR I 5D HE14
[TIPN 187 73.2%
W 5D HEIE : 86.6%
i 41.4
o 216
KH&(2009)7 /55| H
6 HRHERLL o A EHEEE (2007 )
A7 10 HE SH(E M) %)
1 i 2,661,345 77.6
2 AT 144,612 42
3 NpFa 100,092 2.9
4 i 63,722 1.9
5 | AVNRVT 59,021 1.7
6 a2 A 49,628 1.4
7 K 49,127 14
8 =R 45,050 1.3
9| A F 37,422 1.1
10| 790% 25,062 0.7
Z DO EEE 196,507 5.7
AR 3,431,588 100.0

HAKRHER ARG 2007 4F  REAERLS - TRHUEEDR AR5 51

T RHKE(2009) TSI T A 7o il o 3 OMEIE b, B H #2009 4 7-8 A&
8 http://www.jtia.or.jp/toukei/toukei.htm
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3. HAEO FTEHICET ST VYO R ORE

R TIZEPEOTHICH D FTEBICEAT 2 E5EFEFE -7 IV EHOIR R ER~T, T
ERLOBIRT Y —T7 RO KRR TGO R T > 7 A2 4-Chloroaniline 723 Hi &
nNTEY, ZNDIZOVWTREEEEZ AT L2, &ARGOHBRENE L - T
BIxBl-0, HEEAS V FR T OZENZENIH T CREE1T- 7=,

FHRRERIIR S I RT LB T, FEEM L A R T BEOGFHRE RN
0.1lng/H & &Nz, 7o, BEREITPEELS A FROTHRG IV S 3Hm0s, 2
AU ARG 50 %), MR GY 10 %), BHEEQ ) BNEAENEWNTZDTH D,

K7 HHNETOTEERGPOFERE—7 I VEOESHREAERR
(REFEER7 S VEEFI IXRERAMORFEEICRIAE HEAREERTH
EHEY M ER)

FERE—TIVFE(Ug/e)
4—

<FE HNOBEE Aniline Chloroaniline p—Cresidine

BIRD)—2 T-D1 1.1 5.5
(RE) T-D2,BL 30

T-D2,R 0.32 0.48 14

cSUOR T-D3

(AR TF) |T-D4 0.21

thE 40 5 BREEDTHIE 0.71 2.30 1.40

AL 1t 0.67 1.00 0.33

R &, o [REEDFIE 0.00 0.21 0.00

AR TR e 0.00 0.50 0.00

£8 IENMNETOHOTEHEBZEHRODOT7 VLK (4-Chloroaniline) OBEEBHEITMOAEHLR

- e - FHEAE IR BRSSO RHERS R RS s
Hikza N AL (., (fo R st SIS
TAEENOO KL JERE | ng /4F 38.4 0.0384
Eeff S
e ng/ A 0.105 0.000105
ERNIEAT 2R | 30 30
P | e x e /1 (3 B 5/4F X 10) (3 Mg X1y | RYM(000)
B ST YRS |
Pp P 0.672 0.00736 %1
W B O R g 18.0 18.0 RIVM(2000)
c P OYLEOEE | pg/g 2.30 0.21 *2
| RS ORATR _ RIVM(2000)
Fmigr (s 152 IR 0.00046 0.00046 %3
LT DA |
Fcont N 1.00 1.00 RIVM(2000)
Fabs | WRUAREL — 0.10 0.10 RIVM(2000)

3 1:2007 A2V DREHERL S O EI N TR ELZ 5 b D A E 5 (86.6%) X 2007 AE O flffk FL b s AKEIZ 5 2 [E
IEA RS T OEIE (T7.6%, 1.7%) X 594 %F G284 5, T 4-Chloroaniline 23 H S AU/ A% ki %5 (rh (= 5
ST 3/3=1.0, AR THEIE TGl 1/2=0.5) (5.6, 72H)

#2: ZNTNOREE T oM HE -8 0 4-Chloroaniline O - (36 7 2 H)

%3 ML F O YLD 5:(1368pg/g) LV HH #:(0.63pg/ 90 BEH (0.63/136840.00046)

O SRR EANBEIEN B4 (LW Y 2 2 )
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At EH

. RERRUSNOBFEFEERT S VRORAR - FRREFOHNE

. Chemical of the Carcinogenicic Potency Database (CPDB) [Z &k % TD;,—&
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ARAEH-1 AENRLUSNOBERERY 2 VEORAR - FRKEFOHRE

FHER BN DOREEFEFRT I VI OW T, LUFICH@E - (RIS o 2 4%
L7z, 2EHE LTUTE W,
() S EEAM B AT A, (PR A E IR X T A,
AT HAL (2012) 16112 OfLZFRGH (2012 4EAR) .
AL TR AL (2012) FikF A o7 v 7 A 2012,
Ak LR WAL Bk A Ty 7 X 2012,
s v A—HL T 7 A U X VRS 2011.

(1) 4-7a-2-2AFL7=1

WE 4 4-7mua-2-2AF)L7 =V > (4-Chloro-o-toluidine)
CAS 95-69-2
53 C7HsCIN
f i NH,
lZ:H:E|
Cl
o375 WA TEHE S 3-265
L&k o T —
g -
JERk -
EPERMRINR | FRPEE EREFH AR ¢ 101~102 AR
Pt - BE=
G- 3
PRI F DS A REAT
A APE R E R - 2A
ACGIH — —
IARC 2A (Vol.99)
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(2) o7 /7Y b

WE 4 o7 X7 bz (o-Aminoazotoluene)
CAS 97-56-3

53+ C14H15N3

X HoN

i 355 HROAREHES —

{bAE A BhEs —

ERERMMARE | —

Petl - BEhE | —

PR e S 5

PR S DS A AT
A APEREH RS — 2B
ACGIH — —
IARC 2B (Sup.7)

(3) 44 -AFL o vT=Yv

WE 4 4,8-2AF 1>V T7 =1 (4,4-Methylenedianiline)

CAS 101-77-9

PARSRE=Y C13H14N2

g H,N l l NH.

ek BRATRERE S © 4-40

L ik B 0 1-446

& 44" 2AF LV ER (Fz=A YT F—1) (MDI) -#U 2V w2 MDI

DERTE, =R UG - AU v v 2 IR OBEA] (NITE #)5EH &)
Qe AR, =% UBIE LA (L2135 H #ih)

JECRH -
A pE R/ LB E a - B - f AR 1,121t (H21)
oy HH A

BLEFER . b, ERIEFE, BARY L2 T REMEF T3
BIANEE A T - TA D%y (R T g7 T oh— I
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AAaNy b (=aAf v/ 7IHh1) . BASF v /% (BASF)

Pet - BEhE

B (H21 )  HEHEAEE 677 kg ; BEIE 7,929 kg

R

Gy 3E T ANERHAM
A APEREMAE TS 0.4 mg/m3 2B
ACGIH TWA 0.1 ppm A3

IARC 2B (Sup.7)

(4) 3,3-Yr7unuX o

WE 4 3,3-V7unu~XrYY (3,3-Dichlorobenzidine)
CAS 91-94-1
s C12H10CI2N2
=
HoN NH,

ol &
b5k BHARIEHEE B 4-800
fbAEE B3 % 1-180
s AR OEERIK (oA =e—G-GR, "WV AT 7 A A= —

G, N=~Xr brxa—HR R EFDODIAT YT u—BLUORV OV L Y,
vo7varly KBREOHIRIMAA 7)) (BT A W)

JEUEE, RGE D5
i%

oo=hmrrmuaN B EIEY —FTELLTE FIVEmE L, HilgT
NV NI D, B Do S BREE AL, S bICHERE A
HRRIZ &0 B R 21T 5,

AP/
s A

(bR 2 - Bl - AR 4,851t (H21)
AEPER 6,000t (H22 AP, #EE) (b5 13 H k)

(7 74 2 2 VERE 2011 —T A3 —HRRE Y

AEPER AFE#] 4000 ko

FESEE LR E T (B4 BT —)

FIR%ES  AMEZFEEE LIV AT Y A =u— () X TFie&En% < ol
EEETHEEINTND,
BIEA U F, KRAKRA %, KAME, b7 —. KAk, BARE S
A b

BAMICOWT : FE, A2 F2LOBHAMLH L, WEICMERS S,

PEH - BEE

L& (H21 ) PEHESEH 0kg ; Blh&E 8,600 kg
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PR I
R R H S AAERTAR
H AR PE M A s - 2B
ACGIH — (L) A3

IARC 2B (Sup.7)

(5) 3,3-V A RFI Ry Iovv

WE 4 3,3V A FF IR VY (3,3-Dimethoxybenzidine)
CAS 119-90-4
GARSRE=Y C14H16N202
i H,B = O O~ CH,
HN O Q NH,
b iE BRI S  —
L& L BnEe —
i EIE - Yupt (77— T —B~—2X) [LFTEHH (LFPEn)
ROEFER - TR L3
Jk oo=hnr=y—1
AEPERMAIA | EPER K 200t (HEE) (H224R[E) (L ILZEAH)
Pei - BEE | —
PR IR
AR TR A FEDS ANMERHAT
BN e — 2B
ACGIH — -

IARC 2B (Sup.7)

(6) 38,3-VAFNR IV

WE4 8,3-TUAF NV (8,3-dimethylbenzidine)
CAS 119-93-7
53+ C14H16N2
&=
H.N O O NH,
H,C CH,
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L3 IE

B REEEE S 9-882

fbAE A B & 1-231

i Mg QMRS Au, WBIAOS) o Yekbh s

JEURE -

ERERMN AR | LIS E G - B - AR 524t (H21 )
Pe - BEhE | (bEE (H21 95 HrESE 1kg; BiE 4kg
FAR IR

IR 5605 ANEREA
FARE L 2 — 2B
ACGIH - A3

IARC 2B (Sup.7)

(7) 4,4-7 3

88 TVAFNT T 2=V A K

WE 4 4,4-VT X )83 VAFNTYT 2=V A F (4,4 methylenedi-o-toluidine)
CAS 838-88-0
7 F C15H1sNe
X He cH,
H‘.HNHE
i 3E5 BT S  4-863
LA BAES  —
JEPES TARFUBIR. U L2 IR EE LA, B RS T A
MEAE ORI, TV, TSEA M, ERURRMEICEL, FERIZT LR LE
o DT/ F v Tl EOk N TSR R 2R, (b T2 Btk (b
R )
JUBE, Bk o M A DV NTHRN~ ) EOESE TG 21TV, T2,
AFERMRI AR | —
Petl - BEhE | —
PR T 5
PR S DS A REAT
HARPEER = — 2B
ACGIH — —
IARC 2B (Sup.7)
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(8) 6-A ¥ m-h/LA Py

WE 4 6-A FF¥T-m- bl A ¥V (6-methoxy-m-toluidine)
CAS 120-71-8
53+ CsH11NO
& H, T’Ha
0

H,C
bRk BT S 0 3-614
L&A B 1 1-451
JEpES YektE e (NITE #i4)
JiUAk —
ERERMMMARE | —
PEH - BEE | EE (H21 ) HFH=EAHEF Okg ; BEIE 0kg
PR e S 5

AR FED AAEREA
A APEREH RS — 2B
ACGIH — —
IARC 2B (Sup.7)

(9) 44 FFxFV7=0

WE 4 4,4- X%V 7 =Y (4,4-oxydianiline)

CAS 101-80-4

53+ C12H12N=20

1 H.N : : NH_

b 1E AT - 3-854

LEIE e 0 1-143

bRz AHA R, AU A I NGB
RVAIR, RUTIRAIR, AUV T RHFEE, Zofioiyry, vLX
VIR @ ARG DR B NI ZRE A

JEUR p7uau=ra~xr¥r (PNCB) . pp=hbur7=/—/L Nalfi

AEERMRIAGE | ApER HEE 3,000t (2010 4F) (kP TZEH® 16112 O FpEMm] / Db

AT w7 A 2012) )
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BEREE - TR bR L2, kLR (b T2
AR . e

Pet - BEhE

bEE (H22 )

PEHESFE 0kg ; BEhE 101,823 kg

R

REA LI

FEDN AAERTAT

HAPERM LSS

2B

ACGIH

IARC 2B (Sup.7)

(10) 44 -7 )T z2=)LALT 4 R

WE 4 44T I ) VT 2=V ANVT 4 K (4,4 -thiodianiline)
CAS 139-65-1

Sy C12H12N2S

& HN : : NH,
L3Rk HHRAREHES : 3-1110
L& —

i RN A X NEREE

JUAk —

ERERMMM AR | —

PEH - BENE | —

FFA U

AR L

FE S AMEREAT

HAPER AR

2B

ACGIH

IARC 2B (Sup.7)
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(11) 4 AF L m 7 z=L T I

WE 4 4-AFN-m-7 =1L >T7T IV (4-methyl-m-phenylenediamine)
CAS 95-80-7
53+ C7H10N2
SRV CH,
NH,

NH,
o375 BRI 3-126
=2FS B 5 ¢ 1-301
JEpES WYL ORIRIEE YRR (b 2 At
JEUBH L 5 15 V=hr b oA AR T KB TR Lo, K - R
e B A EFEEA B R - R - AR 31,759t (H21 /%)
et - BEE et (H214FE)  PEHEG R 2,005 kg ; BEIRE 94,447 kg
PR e S 5

R

FED AR

ARPER M2 -

2B

ACGIH —

IARC 2B (Sup.7)

(12) 47 )7/ R_RoB

W'E 4 47 )T/ R¥Y (4-Aminoazobenzene)
CAS 60-09-3
53 F- C12H11N3
&0

H_N 4©7 r-f\:\

N —-—<: :}

ek BRI RE 5 ¢ 3-363
L& L -
bRz Gkt
JAk -
A P B N R
Pe - BEhE | —
PRI 5
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PRI N ANEREA
H AR PE M A s - 2B
ACGIH — _
IARC 2B (Sup.7)
(13) prurr=yr
WE 4 p-Zuu7 =Y (p-Chloroaniline)
CAS 106-47-8
s CsHsCIN
g NH,
Cl
L% BHHRARIEPER B © 3-194
L&A 1-89
Fig Guptrh iR, EFEERE, RERURE, BIIEZEMEA] (NITE #J#1 U 2 7 3HE)
JEE -
AERERMRHCRE | B - AR (RRPER FEREMA) © 100~102 A% (H19 4E)
PRTR #Ei& 20kg ; BE)& 1,800kg (H21 4FFE)
HEH - BB
FFA IR
PR IR EE H S AAERTAR
H AR PE T A P - 2B
ACGIH — -
IARC 2B (Vol.57)
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(14) o7 =

WE 4 0-7 =Y (o-Anisidine)

CAS 90-04-0

712 C7H9NO

1 NH,  CH,

:

o375 B AR S  3-682

%=275 A& 1-17

ik YRR (77 A MLy RBBR—RLLTHMOLNTEY, Z7alh7y AL
JBahT 7y AR, —2G, A=K R, 7P A AH—L v b 10B, A
TIVvT7 7 AR T —4G, 77 b=V AS-OL, 7R h—4~ L v RR7Z2Y)

b TR W 1161120 DL )

JEORE Do=ru7=y—, X
Q@o=turzoaX ¥ A& J)—NL GV —F

AEPERRIH AR | —

PEH - BEvE | (LEE (H21 ) PeEAE 1 kg ; BEha 125 kg

FFA R

FFARIREE DN AR
H ARpE¥ER AT 0.1ppm (0.5mg/m3) 2B
ACGIH TWA 0.5 mg/m3 A3

IARC 2B (Vol.73)

(15) 247/ T7=Y—)

WE 4 2,47 X /) 7 =Y—/V (4-methoxy-m-phenylenediamine)
CAS 615-05-4
PARSRE=V C7H10N20
1 20 HyC

0

NH,

NH,
ek BRATRIERE S ¢ 3-730
L ik B 0 1-142
& Fld7e L (NITE) ; YuBbiiR (b T3 Btk Tk A 7 v 7 X 2012) )
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EFERMAR | FodkZe L (NITE) ; @A TR E (b TR THe®Es o7 v 7 A
2012] )

Peth - BEhE | —

AR A

IR P AAERFA

HAPERM LSS

- 2B

ACGIH

IARC 2B (Vol79)

(16) 245-F)AFALT =1

WE4 2,4,5- U AFNLT =V v (2,4,5-Trimethylaniline)
CAS 137-17-7
Fans a2V CoH1sN
fi 2 NH,
HSC
CH3

CH3
(3R BEATREEES - —
L&k BnE o —
Fig Yupl, ERTREN A PRIA (NITE #i4)
JEEE -
HEPERMIAR | —
Pt - BEhE | —
AR

R IR FEM AR

HAPE R AR

- 2B

ACGIH

IARC 3 (Sup.7)
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(17) b-=hnm-o- hJLA T

WE 4 5-= h t-o- h/lA ¥ (5-Nitro-o-toluidine)
CAS 99-55-8
7 C7HsN202
f g 2C CH,

H, N

O¢N+*- o-

i 355 BT S ¢ 3-401
L&k 2-92
JEpES gupl - ERPEA (b T2E R WA, Fbs A o7 v 7 % 2012)
J Bk —
ERERRM AR | B AZERE : BASF U v N (b LEHMAL, Hilbs A o7 v 7 % 2012)
Petl - BEhE | —
PR e S 5

REARIEE 5618 AR
FARE L2 - -
ACGIH TWA 1 mg/m3 (I) A3

IARC 3 (Vol.48)

(18) 2,4-F2 VP

WE 4 2,4-% Y U (2,4-Dimethylaniline)
CAS 95-68-1
AR SN CsHi11N
i S -
CHj

CH,
=305 3-129
bk 1-214
g Yuph - R RIA (b5 T3 3 HiAh)
JOE —
AR AR | (LFREREA L E R - 512t (H21 )
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et - BEE

ek (H21 ) JFHEARS — ke, BEIE — kg

R

PRI 5678 AR

HAPERR R - -

ACGIH — —

IARC 3 (Sup.7)

(19) 26-F2 YT

WE 4 2,6-F U Vv (2,6-Dimethylaniline)
CAS 87-62-7
773 CsHuN
g
{bFRE 3-129
fbAEVE 1-215
gk ukt, BB, BEXE - BEIERA (b3 B AL
JEURE —
A E R/ PRPER FEREFAAR « & - I AR 103~104 K0 (H19 4EE)
i N
(7 7 A 0 2 TV 2006] > — AL —HIRE Y
A AALIEAS 2000 AEENSEEEZ IR Lz720, BNORIEER (ML | A X
@ SFF #E2> BHAE[ 20~30 F U A STV 5,
TAEE R - BIKADE T 20~30 FRRE
FIHEES
FEPGESL (RPTRIE OERE 7 &\l A %)
P b U — (REJRIGHFA SDN-1165)
k7 ¥~ OKHEHARREH NKS-850)
Per - BEhE | fbEE (H22 4F%) P EEEF 6kg ; BlhE 602 kg
AR

IR P ANERFA
HARTER L2 - 2B
ACGIH — —

IARC 2B (Vol.57)

107




F{TEH-2. Chemical of the Carcinogenicic Potency Database (CPDB)
(&3 TD,—&

&5 MEA CASE S | samo- | TPe (Mykg/day) Rat tar get sites M ouse tar get sites
nella Rat Mouse Male Female Male Female
1 +~7I/ETIZL 92-67-1 + * oqM * * liv ubl liv ubl
2 NUTDY 92-87-5 + 173 199 hmo(B) hmo(B) liv *
liv(B) liv(B)
mgl(B) mgl(B)
3 2-FIFILT IV 91-59-8 + 61.6 394" B- ubl liv liv
4 3,3 -S/no-44 -O73/2101-14-4 + m * ezy livlun [livlun mgl [* *
_ N 19.3
TIZIARY mgl vsc
5 o-kLADY 95-53-4
(o= LA D - HCl) (95-53-5) + [436™ gag™ mgl per spl |bonmgl  |vsc liv vsc
sub ubl vsc [ubl vsc
6 A-o00-2-AFILTFZ) 95-69-2
7 0-7X/F7VLIY 97-56-3 +  a04™ — liv liv - *
8 44 -AFLOOST=)Y 101-77-9
9 3.3 ->HopaRuTTy 91-94-1 + 28.1™ * ezy hmo mgl * *
mgl
10 33 -DARFIRUDDY 119-90-4
11 33 -DAFIRUDODY 119-93-7
12 4,4 -7 37 -3,3-T 4 F)L[838-88-0 + |73g™ * liv mgl sub [liv * *
TIZILABRY ’
13 6-A RF-m-bLADY 120-71-8 + og™ 543" livnasubl [nasubl ubl liv ubl
14 44 -Fxoo7=9)v 101-80-4 + 951" 336" liv thy liv thy hag liv hag liv thy
15 [44 -O75/SJ1=LRILT (|139-65-1 + m m ezy Igi liv_|ezy thy ute |liv thy liv thy
£ 371 33.2 h
y
16 FAFL-m-T7z=ZLUPTIY (95807 + o™ 26.7 liv liv mgl - liv
17 A7) TIRUIEY 60-09-3
18 |[p-7Ba7=0Y 106-47-8 + |- - - - - -
19 0-T=LTv 90-04-0
20 24-SF2/F7=V—) 615-05-4
21 2,4 5-F)AFLTZ Y 137-17-7 + 336" 6.13 liv livlun - liv
2 [p=fFOoFLADY 99-55-8 + |- o77™ - - livvse  livvse
23 24-%20)Dy 95-68-1
24 2,6-x2 )Ty 87-62-7 + _ * _ * * *

Higl : http://potency.berkeley.edu/index.html (—#BekZ)
LB

m : OB R D 5,

— ¢ BB AT OWN TR R

* 1 NCIUNTP OEMNARBRFERDB D D03, A HmEasnlbo
B WiHEZ PR TG DR

FARROREHR -

hmo:& M -% ; LvifFle ; lgit Kl ; ezy:B/P 2 7VR ; hagi—&—fIf
lun:fili ; nas'@fE ; vsc il 5% ; sub Bz AL ;
ute; 7= thy: FURIR per:iEHE ; splli ; bonvl ; ublEk
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