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FESFERT X v 2 E AT D FEER dh OB AR 5 A

Feorfid OMEM MRS ESZERGRMEANIEET AREALTER =R
b}?n’%%jj% b s ESZERG R S AT élz(%ﬁéﬂ:”‘iﬁ ESERTIE
WHoEt s IR W ESLERMRSATENIEET R ert YRR 5 “E/&—

t* LA TE-G=E 2

MRES : MHERLE 2 o NCER SO 7 VYRt RO FHFHEF —7 I 8 (Primary
Aromatic Amines: PAAs) (22O C, #RMERLAL 31 B0 (41 MfA) | B, 23 45, (23
FRIA) @%ﬁé;ﬂﬁ%ﬁof:o EU THIBIRSR & 72> T % 22 FEHOD PAAs D O B ik
MERLEL 2 &1 12 FRBE, G 513 1 FEVE & TR E TR S L7z, £l
EAEIE 1.0 pglg AT EIREETH 7228, MRS Tliamsld (f > R 7

(8 f{K) 7> benzidine 7% EU JEYEE (30 ug/g) UL E TR S, TOWRIZY a2 —
VIS LB = NN 6 B (T RRIK) Tholo, —J7, FEHRLE T
TH YA S o-toluidine, benzidine 33 & T 3,3’-dimethylbenzidine 23 Z#LZ 41 1 K&
K92 BU JEHEELL ETRH &7, EU OJLHEE 2 i U 724 PAAs ORI, MiHE
B2 B R & 4072 benzidine 723 45~593 pg/g. B ) B iR H S 4172 o-toluidine 7% 430
ug/g. benzidine 73 31 ug/g ¥ & UF 3,3’ -dimethylbenzidine 75 40 pg/g ThHh-7-, >3 —/b
RV =Y EIXREICEERN S FREMER H Y | Z 5 OBLL DS O benzidine DIREEE
EAHm A ME L FE X b,

A. WFIEER JERECEN OME B X O & T

7Y GEHI R P TR W BT BSOS, BORAMEZETHH
WAYELD—D>Th Y | flHERLG, AR L IFRRObNDFHRE—7 I
pn s L OVE B gL 7p DRk 4 L o e th (Primary Aromatic Amines: PAAs) % 4
ICHAWLNTWD, 27 Yk 19 5 Y, 207 VYR ROFRED A
X T ARSI D X HITR PeZ2A9 5 PAAs DFE %, — A E
STz, £ LT, EOMENEE CTLT FTERET IV EFER, BRAMEZA LT
b5 NG, BUETIEHFRHT 3000 WU PAAS EXBIL TS, ZHET
FEELL o7 VLB MER S TR Y WA INTT YRt O, U5 D—LA
Yekl i &I 5o 2B & 1XEIC 65% 2OV THEN AN PAAs 3G FH, FF
ICETHEEbhTns Y, 2 B FED ANEDFE N PAAs D—DTH

— T, ZNHDOT VYRt — T % benzidine # ARG &3 5 Yk



250 A BA TVDEESh TGS Y
FDIH, A Y TIX 1994 HFICHEE

BRI D UOE S AL, FrED T Y YLk
B K OBEEHZ DWW Tk B L 7 & R
(CIEER, RIS R~ O
Hibshl, TOBELY, ZhbD0T
Y YEEE N BB TCHIZ AT D D AME
DRI, b LITRVWOH D 20
FEEHD PAAs 23910 THRIMI Sz (30
ug/g LLF) 9, EU T% 2002 4£ 9 A EU
Council Directive 76/769/EEC (fGIR4'E
K OVRAN o L & Al ol RICEE 4 %
HESED) OWENFEZ L (EU
Directive 2002/61/EC), Z ® EU 812 &
V. TV YEEHIHkT D PAAs & L TR
A TH STz 20 FEEICIZ T,
o-anisidine  ( 2-methoxyaniline ) &
4-aminoazobenzene ? 2 fE¥H% Iz 7= 22
DSBS (30 pg/g LAT) Lo
=P 7pd. AL FWEEEIZBE T S HAI
Td 5 REACH (Registration, Evaluation,
Authorization and
Chemicals) JEZNIZFEV, BIETIIZ
5 PAAs I3 REACH 2 THIfl ST %

8)

o

Restriction of

Fio, I — v NEHLITHHER S O
e E FERXE L L T Oeko-Tex"
Standard 100 25 VN B 4L, 2L b 22 FiA
2Nz TS BT 2 fifA (2,4-xylidine,
2,6-xylidine) Z Nz 7= 24 FEFEIZ SV T
BEREELZRIT TS AL TR
Z L. ERETRME 20 pglg) V. PET
HIFR UL 24 FEFHD PAAs D3RI &4,
o NRIEMEEREFRESE (GBT
17592-2006) (= X » CTHOMENHEE S
T2 20 pg/g BLF) ' E-mEE Y

NPT ATH PAAs ITEHH SN TEDY
B A TIREFRENEA S TS 1,
A ETIL 2008 FHICH ERHEL LT,
P, FRE AHE R L de DOV 26 P kit

Iz DWW T = a~— 7 EHEOE AN
mENT (30pg/g L) 12,

EU Tidfkhin, BB X OERE
FRLISN DIE B B DUW T N o
WRE 7 & O 3E FG D Wi 2 B
VA7 2 13 (Rapid Alert System for
non-food consumer products: RAPEX)
WCCHEBNLTHEE L TAR LTS,
20104 &% 0f 2011 42 RAPEX TH#i iy &
7z PAAs &N DT, A5
LRGSR OSSR 1, ECRE
DAEFEEZFR 2, &5 %*ﬁﬂjéﬂ
72 PAAs DFfHEAZ R 3ITENE IR LT,
Lt & U CER RGN L V013K
X7 7w varBLOA 7Y TR
CH Y | FRZ AT — T B MER 2R
LT, BEERITEPEE A > B2
% <. PAAs [T [EPE TI3hE < 72857
DR S, A RETILEIZAT—T
MO I TS, £z, EREMLF
® PAAs & JH Bl O Fr AR B X
benzidine .
3,3 -dimethoxybenzidine DJETH V) |
Z O BRI B EE AT B /R T
BT nwglg ThoTo, £le, 4 FED
L5 Tl benzidine A E M H S 4,
[E PE @ # 5 Tl benzidine ¥ L O
4-aminoazobenzene 73ILITHRH ST
W5,

ZoO X9z, EU BN TIEFEEMMF
D PAAs @ﬁﬁiﬁ’?lﬂﬁéﬂ“(b\éﬁ) ‘ﬁi
25 [ENZ it 8 9 2 e B S LT

4-aminoazobenzene .



PAAs DEREIFIAHATH S22 &0 b,
P 2 (X TS ENT A T D e L R o
PAAs |22\ T D FEREFHA % 2009 4 1 A
~3 AIZHF T, 86 B 121 FRRIZ DOV
TiToTe, ZORR, MO 7 v Fa v
~v b (S M) o—H»rb, EU %
DEEMEE A HE 2 D =R D benzidine %
U S ENC @3 B ke B
ZIUBHED A ‘fiPAAs#Z?T‘LTb\é\_
EEBLMTLE Y,

EU TI3HH S oME LI, g
ICEBEfN D TREME O H DR E S
TBO, 7y Far~y MNIE#EEEIC
ik d = A BEXR L8 TIERy, £
DTz, £V ZEIfilidL 5 rTEEMED FE
KEB IOV —VHEHR EIZOWTHEF
PICTAEZITHO LERH D, £72. EU
TIEFR IOV T b | R [FRR LS
PAAs IZOWTHIHI L Ty, HEHRIGELT
b PAAs ORHBINHRE S LTS P,
Lo L, BOENCHEE LT s fh
®D PAAs DFEREIFIAHTHDH, £ T,
wEOFERERERR LB E 2 T B
KEAL v — Y H O R E I E N 5 ]

RE M 0D i Ol HE SR B T OV L S 2 o
wf%%ﬁﬁ%ﬁot@fﬁ%?éo

ARl RS L LTz PAAs 133 4 (TR
L7z 26 FHTH %,

B. 5
B.1 #8}

2011 EEERL T — MR 7o/ N GE JE TR
FE Z TV Dk s L OV, & | U
s L O £ RN OB HUE &I THEA
L7, AL o/E, 6, ME,
AEPEIE 7R BT oW T, MRHERLS IR 5.

FRLIEER 6 ITENE IR LT, iR
A OV TE, OB THERR ST

LREHZ DWW TR REZR R Y Bz 5y
J L, ERENESHTRBIE L L/to
FERII AR A B ifﬂzfﬁﬁ%ﬁui)) 31

(41 BiA) . HEBLAL A8 23 Bdh (23 *ﬁﬁi)
ThoT-, 788, EU %E1L%%i’(
PAAs 3R SHIZBRIRIC OV TR, &
Z XD IEMEICEKI T 5 % IC Munsell
color system |Z L 2 (a3 FE AT > 72,

B.2 &3

xfG & LTz 26 FEFHD PAAs DOl
HELERAITR LT, £, NEEED'E
L LT, BH b8 naphthalene-dg
5 L OV anthracene-d;o W QN FIYEHSE T
LR 2.4,5-trichloroaniline % V7=,
Methyl tert-butyl ether (MTBE), % % /
— LB LTV TR L FAE R D
PRI 2 Ao, 7 o g
i’ (pH6.0, 7 =& LT 0.06 mol/L)
Mo 7 W EiHloA4 Radi>
74 PBLOKEIT M) U LTS
<7V R U FROEREE 2 -,
AT NV O BIEX T I TAT AT HD
Frlak B 2 Flu o, AEYEAIR T4 PAAS
231000 % L < 1Z 100 pg/ml & 725 K 91
A K ) — )L THRE LT, 10 pg/ml & 72
% X 91T MTBE TR L CIRGAR MR
weE L,

B.3 AL 1k

Wk oME ®LO5 1 > v T X . EN
14362-1:2003 (CRIAHRHERLS) 10 |2 HEHL
LTiTo72, Fio, ERFIZHOWTIEL,
AW R Tk o » T,



1S02418:2002'712, PAAs AT D7D
ATALER T EN 17234-1:2010"™(2 #EfiL L T
1T-o72, 723, 4-aminoazobenzne (2D
TIZ. EN 1723422011020 W04 24T
> 77, BIALVER G IE ORI % i X
12, R R 2 IcEREFRoR L,

B.3.1 #h#ERCE O AT ALEE T v

XU I, 1Y 70 K& JITHIED L 7= ik
MR 1 g ZHEFE L7, LT, ke
HHPC® T0CITMEAL ThWi=r =
VIEAEETR 17 ml & BOSAEIZ AL, 70
+2°C, 30 pffRIE L7z, D%, &L
FE LT3 mloAAS Rad L7y A K
AR (200 mg/ml) &Nz 721k, S HIT
702°CC 30 43 PRIE L 72, 30 Sk 4
AW D N S T OSSR 2 2 53 LINIZE
iE WA LT, AL, ISR %
5 1EE U CHkKE & 43 BE L 100 ml 23K =
— h~EB LT, £D%.20ml © MTBE
A, 30 IR S Sfi L, —
TERFHFFER (S 2 0 i LT, b 9
—EERARICHIH LR IEAR 2 0 B L 72 1%
A DORBEAR & Ao MoKMEES ~ Y
UATHAK LT, WK, G »
30CULFOE&METtr—42 ) —= R L
—Z—ZTHRI 1 ml F TN L7, e
#%. 10ml ®~7 F A= MTBE % i C
BLEALE, ZORBRAEK)S 1 ml
SYEL., 2 pg/ml ONEIEHEYE # &t
MTBE &8 % 50 pl Iz 7= 6 O % JER
we Lz,

B.3.2 Bl O R LE T 5
HER 2 ) L CHBE X 4 mm Ofifi &
Wil 7= oo HREE Uiz, i

AU T HEEE 1 g 2R L TR RRIC
ATz, 2T, ~FH 2 20ml ZhNZ
T 40°CT 20 SR E NI AT > 7=,
EDH% AKXV T AT —a v
IZTRRELZE, o —E~FHr 20
ml %00z CRBEICHE S IR L= 10
ANFYUMET T = a TR
FL, BB LTz, 2Dk, N7 7

FF v U= N TRICE D A Z BT
ToIRREC—WRAGE L, 7R LT\ ok
YU EEEIRE L,

Wiz, HFRELEHE M T 70°CITiN
B TR\ = U ERRENR 17 ml & X
IS ERZ AL, 70£2°C, 25/ MFRIE L
7o WIT, EILAlE LT 1LSml O/ ~A R
YT 7 A MEREZINZ 10 Z00RIE L
oo 0%, b —E 1.5ml DA K
P77 A4 MERZIN AT 10 SRR
L7, |IEETHAIL, mE%,
HERI S BUE & [FARIC MTBE CfhiH, LA
EWR 2 LTz,

4-aminoazobenzene (Z -2V TRk D
KON AT > 72, 9 ml D 2%
(&%) KEE{LT N o LK Z N
2 TR BIRNEN D ETIRE O Ls,
ZD%, Iml DA Rat L7 7oA kK
WiRE Mzt e 5 Licth, 40£27C
T30 S3fIPRIE L7z, 30 Znfkalfk ., itk
ZHWTREE 1 2UINIZEIRE TN
L7, WIZ, BUSE#RTOREHT, 10
png/ml O NEEHEYE % & 1 MTBE %k
Z50ul & Smld® MTBE B X7 g D
b+ RNY T LEINZT-th, 45 SRR E
I L7, A S HIHBREE T 5
DIN T L7, #ik& 9 1%, 3000 rppm T
10 Zyfim Ol L7z, £ LT, @m0y



BEf2 12 MTBE FHZ 0B L. KRS T
FU T ATHKLZZBICHERKRE L
7=,

B4 A v~ N7 T7E &G
(GCMS) 2 X2 ER
PAAs DERIL GC/MS IZTIT o7,
GC/MS % Focus GC/DSQ II (Thermo
Fisher Scientific ) # A, ¥+ &7
U—77 LiZdh it Z 2 DB-35MS
(K 30 mX N 0.25 mm X /= 0.25
um, Agilent f£8) ZHW/, ¥ U7
—H A1Z1E He & AV it &1L 1.0 ml/min
IZRRE LTz, AR, N AT 7—F
AVBLOA A Y —REEITENE
AU 250, 250 BE 230CITRRE L, A
7V vy ML AE— RCHIERKZ 1 u
HEANLTe, BT LA —T 7 s T AMX
IR 55°CT 5 Sy MPRFr S 72,
230C £ T 15C/p TR S 7z, £ D1k,
290°C £ TIE 5°C/4r T 310°C £ TIE 20°C
/53 CHRIR L, RARET 5 /fREr L
72 A A > {biEIX Electron Ionization (EI)
B, A A ACEEILT0eV & Lz, JIE
IZ Selected Ion Monitoring (SIM) E— K
[ZTAT 2 Tce FHERGHWE DER - E
PEA A Az TIEFR 7T IR LT,
HAL B IR E D 0.01 pg/ml (fH L
1,4-phenylenediamine, 2,4-diaminotoluene,
2,4-diaminoanisole (Z-OVTi% 0.1 pg/ml)
DIREIEMERIR 2/ IR L 3 [\IHIE L
7= BROFEREAR 75 D 3.3 1% & Wt T PRAE >,
10 % & & FRRME 20 L L CHBHIH
BL7-ffi& % 7128 LTz, BU Tl
TRRMEA 5 pg/g LFXE L TWAHN, 4l
ORE R O T IRMEIZE %2 71

TlESTEY | JREIZ DV CRBEITED
-7,

A RIZ DU T, EN14362-1:2003'
(CHEPL L CLLRTOFRE & FRRIZR D,
8 5L D 4-aminoazobenzene X |
EN17234-2:2011" 0D LI e > 7=, [AIIL
Flr GXEWREE 5 ug/g: n=5) Of5R%
#* 72~ LT, 2,4-diaminoanisole (Z-DUY
T B 19% & BEEETH D 20%
(R TEIRED 24% BT HBRE
Mo Tz, £72. 1,4-phenylenediamine |3 H
R E STV W03 BRI 10%
LKMo T2, —JF . 4,4 -oxydianiline 33 X
N 4,4’-methylenedianiline | Z[AIIX R A3 171
BLO 136% & m< moTeids, KEfREK
TN E Do Te, ZRUSADILEDIZ O
T, BRI 70~120% D EEFH 12 A - T
BOEEIRE D 10%UN E BIFTH -
77, Lt D 4-aminoazobenzne D [A]IY
F(RTIEE 5 ng/g:n=5) 1% 99%. A
BRI 14% L BRI CTho T2,

CAERKOELE
C.1 otk

fRALAL 29 BLEL (39 R) BL OV v
7 80 2 B (2 BR) 122V T PAASs
ZRE LT, ZNEID PAAs IZOW T,
B R X ORI oo B B S L OV
E#iHZFR IR LT, £7-. &N
7= PAAs 1T DWW TE % DR IEFIRE %
FKOITR LTz, HIERSRE LT 26 FEEH
® PAAs ® 5 5, 12 T E & T IRE
PLET 1ML Bt sz, 2o 9 b,
EU THHl &N T\ % PAAs 1% 10 fiHH
Tholz, BHEHEEDEWIAIZ, aniline

(& & NIRMELL EofiE%: 29/41) |



4-chloroaniline ([F]: 15/41) | o-toluidine

([A: 11/41) . 4-aminobiphenyl ([F]:
11/41). benzidine ([F: 11/41) THh -
7= (3 8), Aniline (Z2W\WCiL, MEE
725 7T FRYLE LIS D YL E DAL A W)
OREEFIZZ S EENTNDIZH, D
FR R - B & I T I FEIC
RTEHLS RoTbDEFZ 2 BN,
4-chloroaniline (22Tt & 722 FE%A
DfFER MmO SN, — .
o-toluidine, 4-aminobiphenyl I X O
benzidine |2 DWW T, AT —T7HHEB X
B =Y - DR—FARENPLZ R &
AL IRITEA RSN 0o
7

AL RS 7> DI S 4072 PAAs DR FE
IZHNTIEL, ZOIEE A Y1 1.0 ugle U
T T&H o727, benzidine (-2 TiX EU
FEUEME (30 pg/g) %R 2 DIRED LD
va—LBLOR—Y  AN—FEN DR
A, ZEVEEEE I 7 8 (8 /ik)
Tholz (9, TNBHIFA L RN S

Ui, AEPEEN AR b 0N 2 L TH
- 72, Benzidine 725 f& H & 472 3B

(T-B30) 7/ u~ 77 5B LN
Scan GHTINOELITEY A AT L
DB % M 4 |27 L7z, Benzidine |3 [FEER
N AMFZERT (IARC) A7 T Y —T
Groupl (2@ L., BN AMEDLHER SN T
WBH P, ZLT, va— ARy —Y -
NI E I E AN D FTREME D &
V. DOREUEE A 2 72 benzidine I
IXIEFITEIRE (45~593 pg/g) THD
Z b T ORERERHNR & 21T O K
ERbhoHEEZBND,

PARTICF & 3T o To ke 5 12 B3 5

HFEEFATIE, 1 v FROMME (7
¥F ar~v ) 5 benzidine |
3,3’-dimethoxybenzidine ¥ KL O
2,4-diaminotoluene 73 JEYEME DL | oD &
THRESNATHD Y, ARIOFA T,
2,4-diaminotoluene [3fR 1 S L7 o7,
FYEELLT O PAAs b & O TRl & 47z
PAAs % LARTO EREF A DGR ¥ & bk
9% & benzidine 23E H S U723k B
L. £H5 5705 % 4-aminobiphenyl
3,3’-dimethylbenzidine B X
3,3’-dimethoxybenzidine 23 H LT\
%, Z AU, benzidine & AT & T 5
PRRER SN TWD Z L& REBLT
WHHLDEEZLND, £, ARIFHAE
L7z Cid, AL, R, A, #if
BB LOHFAOREN S EU AEHE % #
%% PAAs M@ S 72y T ERET
REAER 22 0N 2 T BEPE T2 b DK
GetaBRPEME S B EE LT 5
DRRZT bivlz, Z0 &5 2BI5IE,
LLRIZ benzidine 23 i Tt S 47z
TJryFarvy b Th@ROHLNATEY
W2 b ORBHI IS B A DK
EEEYLREME ] S 4T B ATREM: 23 &
WD EIRIB ST,

T-B3 B3 L' T-E7 UNGESE A) . T-E1~
E4 35 XU T-E5 (/viE)E B) | T-E6, T-E8,
T-E9 (/IN7EJE C) 1ZZnEinlx D/NgE
JEMBAFLIELDTHD, 2055,
/NFENE CIZ DWW TIE, LT SEREHA T
benzidine 2N FEIRE TR SN T v F
arv~y bEEAL/NGREER—T
HD, ZOXIIZ, Blx D3 HODNGENL
NHAF LD BU R EELL Eo
benzidine AR S TWVWDH Z &K,



RAPEX TOHETH A v KD R I —
76 benzidine A ST P2
EPD, ZNHOREIZONTIE, HD
FREE OBEE T benzidine Z4EKT 27
GBS WS TV D ATREME 2 v &
EZONIGREEFMALETH D,
RAPEX "Cl 4-aminoazobenzene D Hi
23 benzidine FIERIZEWVZ & 23V ERE S
T2 I, ARl O L 0 S RE &
TIX, T ERAETIT - TV DR e LB
F£IZ 3\ T, 4-aminoazobenzene | aniline
& 1,4-phenylenediamine (2533 25 729
HIECTE RN, 7272 L, fikHERL S 20 5
1,4-phenylenediamine 723 Hi S AL Tu 7
W e D AR U7 RS )
4-aminoazobenzene (Ffilfi H S LT 720
HLOLEEZ BT,

C.2 HHalk}

g 23 B4 (23 MiE) 12O T
PAAs ZJIE L7z, Z£NZED PAAs IZ
DONT, fliB L ORE T O HEE R
FONRERFAZ R 10 1R Lz, £,
B S 7= PAAs I2OW T % Ok
FIREZ R 11 IR LTz, JERSE L
7= 26 FHFED PAAs © 9 H | 11 FENE
& FREU BT 1 AL Bt Sz,
ZDoH 5, EU THAl SN TV % PAAs
XTI TH o 7o, BHBE DO EWIIEIZ,
& FRRAE LA b oo ke ik Hkc
23/23) . 4-chloroaniline ([F]: 10/23) .
3,3-dimethylbenzidine ([&: 7/23) .
4-aminobiphenyl ([F]: 4/23) . benzidine

(A 423 ) B X O 14
phenylenediamine ([f]: 3/23) THY |
aniline [T 4230k B H S 4072 (3% 10).,

aniline (&

%72, 4-aminoazobenzne (Z-2V T iH(
WD XD ITHIOFETHE LA, T
TORENLBRH SN Do T, B S
N7 PAAs 56, EU EREELE X T2
D%, o-toluidine, benzidine ¥ L
3,3 -dimethylbenzidine TH Y, T <%
AU T D7 B S 472, o-toluidine
P S RE (L-c4) o/ e~ 7
7 LB L Scan T BELRIZ~ A
AT MV EH SR LT,

FELL NG BEU BB E 28 2 TR &
7z PAAs DIREIT, o-toluidine 7% 430
ug/g & FEHITE < | benzidine [ 31 pg/g.
3,3’-dimethylbenzidine |% 40 pg/g T -
7z, FEVEMELL B0 PAAs 2SR S 7z

Al E W TIL S i L s Pl T H
D, FE—/NEIENDAF LIRS TH -
7o 72, TNOOEYIIVILERZ F P
ST DHBE T D XNy 7 AL A 5
L7- 80 C, BN E T ST,

LG DI S 72 PAAs DTS &
i LT = R e IS W
1,4-phenylenediamine 73 #8457 & & U
RO SN2 LAMNE, IZIEREETH
<72, 1,4-phenylenediamine {Z-DVN T,
HHLELClX 4-aminoazobenzene [ ZOVNT
MO FETHH LR S TnRn
Lt 2 b . 14-phenylenediamine L
4-aminoazobenzene HIR TIERWNH D &
Ez b,

D.£&®

A B 72 & DN LY thaﬁ/«fh
BHE R D PAAs 12OWT, fkHESRLY 3
R (41 BiR) . FEEL 23 B (23 *ﬁ
1K) OEEREEZIT-72, EU THIHI%



RLIpoTND 2FHEDPAAs DO b
ARAERL S 2 DI 12 R, R B
11 Fi¥ES E & FRRELL E TR S 7,
ZOIFEAEIT1.0 ng/g LT EAKIEE T
oo, FHER IR (R
B 7 Wi (8 MifK) 25 benzidine 73
EU A HE(H (30 pg/g) 288 2 TR S,
ZORNRITY 3 = 1 ]G — -
A N—HED 6 WL (7 BiK) Thoiz,
—J7 SRS T D O ssEIaL N B
x X W
3,3’-dimethylbenzidine 734141 1 ik
90 EU A E2 L TRt S,

EU AL 4 0l L TV 7245 PAAs
DRI, BAERL AR S
benzidine 7% 45~593 pg/g. HHIEL D DR
H & 4L 72 o-toluidine 7% 430 pg/g .
benzidine 72 31 pg/g B L WO
3,3’-dimethylbenzidine 7% 40 pg/g Toh >
Too ¥a — AR — 7 Bl RS T B
it D ATREMED N H D | O OGN D
@ benzidine DIRFEEwFEATNSMLE L E %
bz,

o-toluidine . benzidine

EAF9E8 5%
E.1.5 3 F
L

E2. P38
7L

F. IR PTG M O AR
Fl. Frariss

7L
F2. EFIHT a8 6%

7L
F3. Z At

10

L
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1. RAPEXIZE 15 H R B DPAAsE R 4 31°

HEE B H 558 (Category) # &4 (Products) TR (R
2010 Clothing, textiles and fashion items Scarf 8(10)
Socks 2(4)
Men’s shoes 2
T-shirt 1(2)
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

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

o
—

2011 Clothing, textiles and fashion items Scarf
T-shirt
Dress
Hand bag
Boys’ underwear
Blouse
Bed spreads, and cushion cover 1(3)
Pashmina—style scarf 1(2)
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

w

o
'\)NNwwmg—A—L—k_L_L_L—L—L—k—k—k—k—k—k—k—k—k—k—k—L—L—L—L—L—L

w

Toys Fancy dress costume
Finger puppets

—_ ek el ek ek el el ek ek e ek e el ek e

it 35(38)

® Bl 5448 (Category) B KUV EL T4 (Products) DINEREBERIIBEXDFEE
1 DDMEDRICERDRBZ DT HNHZ1=5

12



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

BREF 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

C1DDHMEDPICEBOERZDEELH D=0

3. RAPEXTHERHEARE SN F-PAASDIEERIREHHE LUV FDEESE"

WEE  BHIEEY WEHE REEE(ug/)

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 REORHENBEOLDOEER: P

T e

13



R4 ARILEYDBIE, CASES  LFBEERE

REACH IARC
No. Name CAS No. Chemical structure ) by SupplierC)
Annex XVII" _Group

1 4—Aminobiphenyl 92-67-1

2 Benzidine 92-87-5 H2NNH2 + 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

H,N N=N
5 o—Aminoazotoluene 97-56-3 + 2B B

(Solvent Yellow 3) HC e
NH,
6 5-Nitro—o—toluidine 99-55-8 NO @ cH, + 3 B
7 4—-Chloroaniline 106-47-8 HZN@CI + 2B C
HN
8 2,4-Diaminoanisole 615-05-4 H3070@NH2 + 2B D
9 4,4'-methylenedianiline 101-77-9 + 2B D
H,N NH,
cl cl
10 3,3-Dichlorobenzidine ~ 91-94-1 HZNNHZ + 2B C
H,C—O O—CH,
11 3,3’ -Dimethoxybenzidine 119-90-4 HzNNHz + 2B D
H,C CH

o3

I

12 3,3'-Dimethylbenzidine ~ 119-93-7 NNH + 2B c

(@]

4.4'-Methylenedi—o—

13 toluidine

H
838-88-0
H

C H,
O + 2B B
N

NH,

3
2

2 REACH Annex XVIIIZ&k->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 19

 A: SUPELCO, B: Sigma—Aldrich, C: AccuStandard Inc., D: FIAHE T % E: Fulka, F: HE{ER T2



T4 AFILEYDAETH. CASES. LFEELE (FHiF)

REACH IARC
No. Name CAS No. Chemical structure . by SupplierC)
Annex XVII* _ Group
H,N
14 p—Cresidine 120-71-8 HSCO@CHS + 2B D
, . cl cl
5 44-Methylene-bis=(2~ ., . 1 5
chloro-aniline) HN NH,
(0]
16 4,4'-Oxydianiline 101-80-4 /©/ \©\ + 2B B
H,N NH,
s
17 4,4~Thiodianiline 139-65-1 /©/ \©\ + 28 D
H,N NH,
CH,
. NH
18 o—Toluidine 95-53-4 ©/ 2 + 1 D
H,N
19 2,4-Diaminotoluene 95-80-7 H@@NHZ + 2B C
HC
20 2,4, 5-Trimethylaniline 137-17-7 HZNQCW + 3 (¢}
CH3
NH,
H,C—0
21 o—Anisidine 90-04-0 + 2B D
22 4-Aminoazobenzene  60-09-3 HZN@N:NQ + 28 E
(Solvent Yellow 1)
H,C
23 2,4-Xylidine 95-68-1 HZN@% - 3 F
NH,
24 2,6-Xylidine 87-62-7 “SC\(j/CHa - 2B F
25 Aniline 62-53-3 HZNO - 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: FIAHE T E: Fulka, F: EEER T %

15
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&8 MM MALFETRIEL L TRESA-HFLEYDOELH. BRAEBE S VEEEEHE

TR
SR AY
g 5 BN EERE (1)
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
CJ'IC»O

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

Owoooo =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

NOOOO’IOOQOOOQOOOOOOOO—‘N@-&O—‘OO
—
—
o
N
—
|

N O OO ol OO0 ~0 O o

RN IXEUE B (30 pe/e) EHEA HBME LURAH
" tr B TRIELLLE 2 TRIER °—: FH&H
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R0 ZFHENFETRIEULTRESN - XNRILEVDOR SR BEBESVREEHHE"

SR A e

P 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 0.44
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

FEAMMFEURHENE (30 pg/e) #BA-HRBB LUREE °— TR
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AN EMR. 1 AR

AMERLBERICAND

V

710+2°CHHUITUBEEER1T mZERICASRIZIMNA , 70£2°CIZTI0R ERE

V

NROYILT7A KA (200 mg/ml) %3 mIfilZ . 70+=2°CIZ T30 RHIEE

V

25 LIAICERETHE]

V

5| iEaE

V

20 mIOMTBE G304 4@ (2[m])

V

BHBEEZ S RUEKEREE ) LIZTHK

V

A—41)—I/\RL—4—TH#1 miETRMEGHARE3CLT)

v

10mMIDARISRAAIZHBEZBLES

V

1mDEELERESTL . NEPIZEYEEZSTMTBEARKS0 112 ug/m)EMASD

V

GC/MSIE

1. #EHERLEL B D PAAs OHTEE
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20 mINFHUENZ | 40°CT20 M8 E K LEL .
ANXHUHET AU T3V TlRE(R)

V

BRBAXYUERGBHDOAZHITTFSIFAT—BREL THRE

y

10E£2°CH YT UBEIEERIT miERIGESFICIA , 70£2°CIZT2557 BRE

v

NAROYILI7A KA (200 mg/ml) Z1.5mIfiNZ . 70+=2°CIZTI0 R
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J
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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 ng 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 g~ .19 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.['413]

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.

1283

EU IARC
No. Name CAS No. Chemical structure Properties Directive”  Group®  Supplier®
1 4-Aminobiphenyl 92-67-1 ._._NHZ M.W. 169.22 m.p.: + 1 A
O O 53°C, b.p.: 302°C
pKa4.3
2 Benzidine 92-87-5 NHZ 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 H,C cl M.W. 141.60 m.p.:240— + 2A B
:©/ 270°C,b.p.:241°C
bt pKa3.8
4 2-Naphthylamine 91-59-8 GG NH, M.W. 143.20 pKa4.2 + 1 A
5 o-Aminoazotoluene 97-56-3 s M.W. 22529 m.p.: + 2B B
(Solvent Yellow 3) o D 101-102°C pKa3.0
HC HC
6 5-Nitro-o-toluidine 99-55-8 NH, M.W. 152.15 m.p.: + 3 B
. {&CH’ 107.5°C pKa2.3
7 4-Chloroaniline 106-47-8 M.W. 127.57 m.p.: + 2B C
Hz"_Q_C' 72.5°C, b.p.: 232°¢
pKa4.0
8 2,4-Diaminoanisole 615-05-4 o M.W. 138.19 m.p.: 67°C + 2B D
H,C— NH, pKa5.3
9  4,4-methylenedianiline 101-77-9 M.W. 198.26 m.p.: + 2B D
y NH, 93°C, b.p.: 398-399°C
pKas.3
10 3,3'-Dichlorobenzidine 91-94-1 a = M.W. 253.13 m.p.: + 2B C
H!NHNHZ 1330(:, bp 368°C
Q O pKa2.7
11 3,3-Dimethoxybenzidine  119-90-4 "7 P MLW. 244.29 m.p.: + 2B D
w4 ) 171.5-174.5°C
pKa4.7
12 3,3-Dimethylbenzidine 119-93-7 hG Ak M.W. 212.29 m.p.: + 2B C
el )—Chw 129°C bp: 200°C
pKa4.6
13 4,4-Methylenedi-o- 838-88-0 HC O 0 CH, M.W. 226.32 m.p.: + 2B B
toluidine m”w 149°C pKa5.2
14 p-Cresidine 120-71-8 HN M.W. 137.18 m.p.: + 2B D
o @C 53°C, bip.: 235°C
s & pKad.7
15  4,4-Methylene-bis-(2- 101-14-4 o cl M.W. 267.16 m.p.: + 1 B
chloro-aniline) H!NNH_. 110°C pKa3.3
16 4,4-Oxydianiline 101-80-4 o M.W. 200.24 m.p.: + 2B B
,©/ D\ 188-190°C,b.p.
HN M 190°C pKa5s.5
17  4,4-Thiodianiline 139-65-1 M.W. 216.30 m.p.: + 2B D

q
z

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 H, .t 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 H M.W. 122.17 m.p.: 99°C, + 2B C
He " b.p.: 292°C pKa5.1
20  2,4,5-Trimethylaniline 137-17-7 = M.W. 135.21 m.p.: 68°C, + 3 C
“-"Q‘C“u b.p.: 234°C pKa5.0
CH,
21 o-Anisidine 90-04-0 T 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) H’NAQN_N@ pKa3.1
23 2,4-Xylidine 95-68-1 HLC M.W. 121.18 m.p.: — 3 F
m@a—g ~26°C, bp.: 226°C
24 2,6-Xylidine 87-62-7 N M.W. 121.18 m.p.: 10°C, — 2B F
WK@”“J b.p.: 216°C
25  Aniline 62-53-3 i /\’ > M.W. 93.13 — 3 D
2
26 1,4-Phenylenediamine 106-50-3 i NQ M.W. 108.14 m.p.: 145°C, — 3 F
2 M 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
(Iength: 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



(23pd jxau 1o panuiuo)) )

g 19159404 i) €04
(0)e8ue1Q “(g)onig REIRCIN(A jutie) (0'9)0d
anyg 19189KT0d ueder erd
Py 19150K104 ueder el 119 YJeIdIpueHy
Juid WR[OIA Py () onig (%6001) U010 BIATIOq (@ega
(44) umorg ‘(D) uvarD (%6001) u0n0D viAlog (4g'o)cda
umorg “(g) onig (%001) U010 vIAlog (@1ga
Jorrg (%6001) U010D eIpuy S1Ia
pardoaq (%6001) uon0) BIpUL 11a
anjg (%001) U010 BIpUf c1a
Joelg (%6001) u0n0D 'Ipuy Ia
(A) 1R[01A “(V'14) ¥orId (%001) U0ROD BIpUL (A'VIDI111a
(og) a310g “(4) on[g (%001) u0NOD 'IpU] (eg'g)011a
(0) d8ueIQ ‘(M) pod (%6001) u0n0) eIpuy (o™1a yewoor[d
(A) MO[[oX (D) udaID (%001) U010 eIpuy (AD)81a
(A) 19]01A “(3IS) @n[q £3S (%6001) uon0) eIpuy (AIS)LIA
umorg (%001) U010 BIpUL 91
POy (%6001) uon0) BIpuj s1a
pardoaq (%001) U010 BIpUL 4(el
a3ueIQ (%6001) u0NOD 'IpU] €1a
(A) 19[01A () P (%6001) u0n0D eIpuy (AWzIa
MOT[X (%6001) U010 'IpU] 1a
yuid 33 SI9U10 ‘[AI0 ‘U0110D) soe] 710
oS1og sI9Y0 ‘[AI10® ‘U0110D) soeT 110
yoerqg aueaInAjod 19)sek[od ‘U010 rUIYD 500 SY00S
yorlqg sueyainAjod ‘uojAu ‘uol0) rUIYD 700
MOT[A JySIT suepaInAjod 19)sakjod ‘U010 RUIYD jlo)e)
onig (%001) U010 jutie) 804
19[0IA (%6001) uono) Lutte} LO4
Soelg (%6001) U010 eury) 904
yuid 1ysry (%6001) u0n0D iite) S04
Surd 1ysry (%001) U0ROD eury) yOd
anyq 1ysry (%6001) uon0D ite) €04 [omoL,
agueIQ (4001) w010 Leitie) g
syurd Jysry (%001) u010D uttie) 109
(D)usa13 “(3) par (A)MO[PA (%4001) uONOD uede( (DA erd
y1010901] 2dA) asourder par doog (°%4001) U010 ueder ud
yurd 1ysry (%6001) oM ueder g
aniq &g (%001) 19159K[0d BAI0Y v
Joelg (%6001) uon0) utte} SOV
Soerg (%001) U010 eury) OV
poYd (%6001) uon0) Lutte} €OV
MO[[OX (%4001) uon0D iite) 0V JoryorpueH
a3ueIQ (%6001) u0NOD Luttie} 10V
yuid 1ysry (%6001) uon0) ueder uv
anyq 1ysry (%4001) u0nOD ueder vy
SYADUUDY 540]0D) (SIPL2ID A1juno)) (WD ojdung 23vsn

‘parednsaaut syonpoid 9[13xa) Jo ISIT *T dqel

1285



ased K1085900y (DPY “(ATdd) Pa1 3Ly (v 1d) Joeld 101594104 Buyy TG 'vVId) $OZ
1915800 umoIq USIppRY  (945) 12159410d *(%%,6) UOKRI (%06) UONOD utte) vOZ SO
JOA0D 18IS 1[I0, yoerqg aueaInAjod 19ysajod ‘[K1oy rUIYD €07
yoesdeusy U215 MO[[OX “(V1d) Yo’ 19159K]04 uitie) (V19107
£o1 payymg Yourd ‘() oy umowyu LELe) (1) 2od
(rew 1S yim) 30p pajymis (g)enid “(v1d) ovid umouyun) BuIgD (@'v18)10d for
(%)
yoerg aueyjarnAjod ‘(o,64) 103s9410d “(9/,7S) 10110D) rUIYD 100 sjued
anjq AaeN uonoy BUD ON
umorg uono) rUIYD) DN I0A0D UOIYsSN)
(@) onig
“(N) @niq £aeN (D) usa1D (D) U213 e u0310D uedef (E'N'DDDIN
pearyy Sunimg an[q KxeN (%89) 19189£[0d “(%€) UONOD v'sn V1
pueq ireg onjg umouun BUID 901
pea1y) Suimag yoerg 19180K104 rUIYD) SO1
g (D) L1 “(v14) YorId 191594104 o) (IO VIDPOT
urek ua[oop umorg 1o0M RUIYD €1 J19q ‘Surns ‘peary
urek us[oop an[q AaeN [OOM rUIYD) 01
Suinseoysg yoerqg 19150K10d rUIYD 101
19)10ddns 2ouy| ORIV yoerg (ot 1) euojAdordAjod “(0/,98) 101s9K[0g BUIYD <o) |
19110ddns ISLIpN yorlqg 191S0K10d rUIYD O
Jourrem 307 yoerqg auepaInAod 19ysakjod ‘[K1oy rUIYD [50) |
pueq IS yoerg umouyun) rUIYD) 7O I1eyioddns pue pueq IS
J9A0D WY an[q AaeN uoJAu ‘U0110D) RUIYD 103
EICEN Foerg 11504104 BumgD yor
9[01S umolrg Huumu\m_om rumg) €or
9[01S Joerg Hoﬁmo\ﬁem rUIY)D w0r Q[03S puk NN
TN (49) £a19 “(v19) Yorld 1£10y Lute) (4Ov19) 101
yoelg sueyjainijod ‘uojfu ‘[K1oy BUIYD [50) 1
SIAO[S JIOM yoerg 19189A10d rUIYD) 01 JA0[D)
uonuaadxd urjuns 9dA)-guog yorlg 19150K10d rUIYD 101
yoerg u0110D) SeINPUOH IHH
Aoerd uonon BUID YOH
Joelg uonoH 'UD €OH SMIYS-1
UMOIQ [STUAAIN) u0110D) BUTYD OH
Joeld uonoH Bumgy IDH
Jorrg 19159404 o) €00
Joerg 191594104 i) 0D oL,
Jorlg 191594104 iitie) 10D
rlg (%) dueramAlod “(%£6) UOIAN utte) 904
(AMRIOIA (U] “(F)3orIg (%6001) UMD o) (Ad'DsOd
REL| (%5€) 10109 *(%/,69) 11s2k[0d o) ¥Od spioysIapu
SHADUIIY §10]0D) (SIPL2ID A1yuno) (DN 2jduing 23psN]

(panuijuoy) ) “paryesnsaaut syonpoid 9[13xa) Jo ISIT * IqeL

1286



“(SuIprZuaqAXOyJaWIp- £°¢ 03 AUIPN[0}-0-01)IU-G $0TP-oua00IYIUR dUIURIAYIYdRU-T :QUIIUBOIO[YOLI}-G H*T “SUSN[O[OUWIRIP-Z O dUI[IUE 8p-aud[eliydeu) pIepue)s [BUIU]

“T9SPINE Ul PAQLIOSIP JUSWAIMbaI wnwrurpy
"uonn[os Pajodfur Ay} Ul UOHEBITUIOUOD Ay} 03 puodsariod sanfea ay L "(£109y1 [N ) 0T UOISIA ODOL £q PATR[NO[ED) q
"C9EVING Ul PaqLIOSIp POYIOW Y L e

881 68°L1 (pP-oURIBIYIUY

Sol 19°¢1 (pPUITUBOIO[YOLIL -G p'T

o€l P81 (pP-ouereyIydeN

%0L 9¢ 00T s €9 'l ¢e 10C 1444 LT'LT urprzuagAxoylowI(- £ ¢
%0L 9°¢ 88 6’1 9 060 6C 1204 (44 00°LC aUIPIZUdQOIO[YII(- £°¢
%0L 6'¢ 06 81 79 0¢ 99 89¢ 99¢ 66'9C  (SUI[IUE-OIO[YD-7)-SIq-OUSAYIRIA-- '
%0L 8¢ 8 £ CL 09°0 6’1 ¥81 91¢C 0v'9¢ QUI[IUBIPOIY - ¥}
%0L £C U4 18°0 OTT 08°0 ¢C 961 (414 16v¢C ourprzuaqAyRWI(- £ ¢
%0L [ 081 01 091 060 I'e 11¢ 9¢C 6v'vC UIPIN|0)-O-IPAUSAYIN - '
- 80 OTT 01 6L 6V 91 901 §cc ov'ec Junjojozeourury-o
%0L LY0 091 LSO 0<l 0€0 4! L91 P81 8¥'CC SuIpIzusgq
%0L 01 0LT vl orl vl 9Y L61 861 9¢7CC QUIIUBIPIUSAYIIN- 't
%0L €T 0¢l 6’1 0TI 09°0 81 IL1 00T e aulIueIpAxo- 4y
- 99°0 OTT L80 66 09 0¢ 0CI L6l Iv'1¢ JUdZULqOZBOUIY -
%0L 9¢ 01T 0°¢ 88 0€0 060 43! 691 99°LI1 [Auaydiqourury -4,
- 9¢ 66 99°0 ¢8 14 L'L 901 Sl [ QUIpPIM[03}-0-0NIN-S
%0L 8y 6 81 6L v'T 1'8 vl S11 €091 sutwreyiydeN-¢
%0¢C 8 IC vl S'L 9¢ 88 8¢l eCl 8e°Cl dostuBOUIWRI(-7°C
%08 ge [4% 14! C £ IT 44! Il (44! aUAN[OIOUTWRI(T-HT
%0L L1 001 81 L6 0L0 [ el vl yeel QUIpIN|0}-0-0I0[YD-f
- 080 Sl 0C0 0°¢ 09°0 6'l 08 801 Ieel QUIUBIPIUI[AUY -]
%60L Sl 6 I'e 98 Tl Iy sel 0zl 66°Cl QUIIUBIAYINWILL -G T
%0L [ OTT 4! 001 060 0¢ 14! LET €6°Cl aurpisar)-d
%0L 9Y 001 Le 96 060 8°¢C 6C1 LTI cecl SUIIUBOIOIYD-
%0L 1Y €6 I'e €8 0€0 060 801 €Cl L6'TI QUIPISITY -0
- 9Y L8 93 6L 010 0v°0 0CI Il €L’ Tl QUIPIIAX-9°T
- Ve 001 I'C 001 010 0€0 0C1 IC1 8911 QUIPIAX T
%08 8 78 <9 78 [ 0y LOT 901 €9°01 QUIpIM[O] -0
- ¥9 I8 I'9 YL 0s°0 L'l 99 €6 €e’o UMy
1200021 (95) AD (o) dda002y  (95) AD (%) dda0ddy (,_quidu) (,_quisu) (zjw)uor (zjut)uor (uiut) audl} [po1udYy)

paanbayy

(E£=u) uo11on.13x2

pmbij-pmbry

PP (qdOT q00T  surdfiipng Surfiyuvng uorusIY

SN022DUOIDIP \QN UOJODLIXH]

"UONBLIBA JO JUSIOYJI0D PUR *(,SILIIA003I “((JOT) UOonoa1ap pue (OOT) uoneoynuenb jo sy ‘suor Sulkjirenb pue Surfjnuenb ‘sawrn uonualay “¢ AqeL,

1287



1288

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.
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Fig. 1. Total ion chromatogram (SIM) of standard solution (1.0
ug 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.'#!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 2,4-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 DIII-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 g 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,
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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 DIS 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
DIS, which was purchased from Store C (92 ug 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 PAAs 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-
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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 g 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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L T2 R 116112 OB FREML) IC KT, 3,8 -7 rB-44 -U T /Y7 x=—)
A% (MBOCA) OMBEMOHLEREFIILLTO LB TH D,

Mig: v L Z oA~ T ~— PkHF - R - ERGEEEM SO D L 2 R,
TR IR LA, Gk A
BUERE - AT IV, FRILEIE 36, DIC



APEIX, =ARFUBIROBALAIE LTHER SRS, YA YT 33— MEMEOT LAY
~—BRICIRED &, W, BHEOHLRY v L2 BRI s, RIvLZ o7
RNV ~—i%, BRHOy V& T A0 (FRERINH, a2y —0~ L MR d) (2ff
Aans (IARC, 2010) .

b E OB KT — % v— b (NEDO) (2 Liuf, i &7z MBOCA DIF & A ER
b TECHEA &, TERBE LT, WLE AR, 7L ¥ UEH, SREREEM
(F E#iteh7n &) BNilgEIh T,

PLEDS, MBOCA @ E2HEIZ. WL E A ~T~— BhAKE] « K - DRI GRLER
Ao L& R {LFI THLEELZ, LTI LZ VEE TS (2010) [RU L ZUH
BELZEOBEE. 5H 4R IZESX, APERRNEN T L& VR OER OHEE &0
77

RUDILEVIRSII—DOHE - A&
B

RV LH LTI A ~—k, TLETTRAF 7 L ORFEGEEZ D 58T, SO
PE, MHEEREME, BEARCTRES . MHMPE, WEEESE, WHEMEZR & OFREE R o TV D,
RV LE 2T A M~—iE, KBS D (FRIX A7) | EEREESNDLEHD
(RIRZ A 7, BNR[EPE S A7) 7o T3 T 6003, RGO TFE e U n | Bvil{b
PEZ A 7 LENRIHAME X A Il KilEid, RV UL Z oA NI ~v—[ZRERY &
=, RIA YT x— b, $HIERAZRKESETHROIL, ~"—REZ A b (BEVREE
RV ~—8E) KOV 7 e A b GRRRAER Y ~—#53) noiRb 7wy 7R
U~—Th1, FEOBRIZEVIRA Y ~—00 Z R BERFR Y ~—FTHLh, &
7. WKENOHE £ TOMa OWEE b > NSO D,
MBOCA /%, HHT= I A h~—%OHIEEM & LEAIN D, 7o, BUEEAIL, HH
DEBERRILEHTHY . A VT F—F (R L& UOFER) ERELT, Mk, o1
B, BBEBEAHEL, RV v ke b5 25,
WA (BUEl) 2 A TORY U LH 2T A M —OFEAFEEHI FRRO LB Th D,
AT F— b

FUL YA YT x—k (TDID)

VI 2=V AR A YT F— bk (MDI)

TV A YT F— K (NDI)

KUY A T F— MMTODD)
F#HAY A—

R x=—7 )b

KUY XTIV

RY B—RFx— b

RYTHxZ
BRERA - ZAEH -




1,4-7 % G —v

MU AFa—rm/

1,3-7 %G —
3,3-V/mun-44-U73 )V 7 =LA % (MBOCA)

A WA e — L, SEEA e —L, YUy KA, AT~V A —T L —
K (T A —DREY 2 4% . OABEZH o —L

MBOCA 23 H5EEHA « Z2EAI & L THW SN A ER (Bvifk) ¥ A 7OR) oL H oo
A h~—iL, BERABROBRELLKA KM, >— U T8, AR—YEEM 72 EI20UR
FEL TS,

BEK# DBLE - ik

B
BiARM I, —REE(LR (BBt oA v o7 32— FERZELRFCa 7 U — Mok b
BOG LT3 5 2 A4 ) & FA] - il LA D70 5 (LRI & 5, MBOCA 2l S
D DIE, IR LRI OB TH 5,

TR LRI OB AKMIE T Y T, a7 U — hRENAZ VEOREREY LSBT 5,
RIECIE, EHO KRG A T L —~ v T2MO e 2 ICEEEELEL, AT L—H 0
AL CIRA « RNBET XA 7D b0H TE Iz,

FHNE, BRIV A= E ZNCBRIO DA Vo T 3 — MRS SEA VT 32— b
KT VRY ~—Th 5, WAL, WU A—nr, KU T I (MBOCA &) 72 ED
ZAEANC, RIS (BERSFELEA], moEs, ERERH LA, TEvEAl, fibiiZe &) ZEGIRME L
bDOThD, EAEEAAIORSHIT, —HIZ1:1H50L1:2THD,

TR L, FAITOA Y T = MR LEAAITORY F— RY T IR L
T L. BiKEZT %,

BAE: v, ~rvarvEoRbE, XTI UK BAE T DK

R#t - EMSHEMOBE - A&

B
PRBA . BRVESEEA I R 2 FEHE, IR L KR & EEARIICIF U Th B,
RFFI, R, SRR SR S A 720, BikMIZHAT, FAloT L& VR <
—HDA T F— MNEEERENEL . TRERELTN— BT A k&7 DA
FTORYT IV OELEL 2D, AT RIZ, £4 : #{LF=1:1Tbs,
BEAMESHLERA 13, L AR B & TN EEREME 2 o TR M OIS HRaS TH 0 . BhAKM & A o
I 2 M & R,




R IREHIL, CER b BT, (L - R THRORSE T
BPESRIS I, KBRS, T Ao b, B LB A K i

(3) RE#, &

L E OPEHRE T — 2 v — k (NEDO) 2 XX, MBOCA OJ5kEHE, o/ mrT =1
YThD,

BHET, AVAT AT E RliZozmraT =) UERSETET 2 (TARC, 2010),

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

IEBEERIEEMERE : FAk 19 45 2,696 t ; Ak 20 428 2,477 t ; Rk 21 42 2,062 t

B - BEE (bER) (FR21 £F) : B#&E 33,169 kg ; HEHBEIE 9,600 kg

2B OHHREERT—42 > — b+ (NEDO, FrL 15 EE) 2L 288 - MAESE
5By 5 MBOCA OfliE £ T
oznnu7 =Y O AR (4,000 t)
=HE - AR (4,000 t)
=EPMEHE (BIEZEEAEUE © 4,000 t)
= fbF 1T
= T2ME (MOCA, 71L& T hT~— LA

MBOCA 7 585 % T
MBOCA D #iE& (4,000 t)
=HE - AR (4,000 t)
=SENMERE (7L RIEmELA : 4,000 t)
2NF L A EMEFLE, —HN T L BRNESE - 7T 2Ty 7RG G
= TEME (T LZUPiKEL U LZ UM, 2RISR (5 iR ) )

MBOCA Z G HT5LBZE206NLR) UL GolnaE (7 L& B LES (2010) TR
VoL & R TEOBEE. 5 4 )] )



MBOCA LD T LR T —DEMEEE (t/F)

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

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 | 1,631 | 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-TKAVLEIVOHBE (t/4)

&1 2000 4 2001 4 2002 4 2003 4

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

KA 6,570 5,211 5,321 5,029

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

SRS 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

(i) S AP B T SRR . (L P ERR B TR AL S 2 T A

b2t T2 B #4(2012). 16112 OfLFPE 5

2012 £ i)

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

99.

UL X UFERNTES(2010). RV v L UFEFIEOME, F 4. CER1TH7H) .
(LB O T — Z > — B 15 42 NEDO (b WE o U 2 7 3 L OV 2 7 3
EORR Tuvz b
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2.

1. 5 o-hbiLATY
(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 T 0 1-299
PRI &
PR R FEDY AR
A A PE M AT 1 ppm 2A%1
ACGIH TWA 2 ppm A3

M1 2A: ABICH L THZ L EBAMNRS S L E2 LNLWE GEL
M E D53 72 E)

M2 A3 MK L CRBSAMNHER SHEME ThHHA, £ b~
UAEEN

IARC 1 (Vol.100F)

(2) A&

o MvA D 9 FIHGLEL - BRI O REEER L LTS TV D, £ OMIZIT=RF
BRI LA OFEE LTHEEA ST D (R B AT RS, 2004)

o PA DUnHRIES D YR - BURO BB L LTUTA%F 505 (IARC,
2010) .

7' b7 & bortho bvA T

3-t Kafv-2-F7 hA - ortho b VA ¥V

2- F VA T =5-R VR R

ortho7 X/ « 7V Lz

ZOHH, T FTE hortho kA P2 (4 o7& 7 R hbA PR (AAOT) ;
CAS 93-68-5) IZOWTIEHARIZEBWTHAFE SN TV, AEEIE, 2001 4T 1,000
~1,500 t(OECD SIDS), 2007 4 Ci% 700 t (HERE ; {b7 T3 H ik, 15509 D AL7Fps b (2009
FER)) Thot-, JEEE L L TRIMEZT¥, KT ZBRTENET N
TW5 ((BFT AR, 15509 OLZFFE s (2009 4EhR) ).,

11



AAOT X, o " A T DT X ) ERT MM SNTALFEEEEZ AL, oo MUV D)
TUMBEREN, NoFra— RXeUvrma—RE0T VEOEREEE LTH

WHINLOWME L SvD (B3RIET — & ~—2R), £72, OECD SIDS(2003)(Z L #11%, Pigment
Yellow 9, 14, 16, 174, Orange 1 OFEEHIFEH SN TE Y, IO OERNIA > 7, &
B OB R, AEA BHE. e, RE K 278 CLTERINSGEDZLETH

%,

o MNADUNBRESND TRF VBIIEOMLAILE LT, AF L -ER-2-2F L7 n
~F LT 2 v (methylene-bis-2-methylcyclohexylamine) 23 21F 5 415 (IARC, 2010)

BEBEEBRT IVEO—2THD 4,4V T /3,3 VAFINTT7x=/LAx% > (CAS No.
838-88-0) &, o MA VU ZFEE T OWE T, =R UBIR. 7 L2 B B AL
AR A L LTER SRS (B LA #tE, 15509 DTS o Lo LA b,
EFERZEOFERIIE SN T2,

o "MvA YL, BRERIOTEIE, FL0EBFIEANER S5 (TARC, 2010),

(3) [FE#, &k
=ha bl LT, ShEERICEZETLTEOND (BT EH®MA, 15509 @
{E2#PE 50 (2009 4ERR) ) o

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

eI %AHmE (16112 DILEER) /FLFEA 2T v I X 2012)
2010 £  #hM) 320,342 kg ; #iiA 5,132,332 kg
#HAL S Mg VB LOZOFER L LRI 6 0H)
RyEEE - R
BA¥EE AT X - — (=¥ (SNPE 7 /L—7) | BASF ¥ v /< (BASF) .
“HWE, TR (FUIRR) ITVT R R (2T VT )

B - BEE (LEZR) (FR22EE) : B#E&E 370,313 kg ; HEHE 5,084 kg

tEZMEOHERET—2>—F (NEDO, TR 16 EE) 2L H8E - MIAZE
o by O - AR (557 t)
=GRk (557 t)
=7 T
= TR (Gubl - ERTPRR, =R RER)

12



SEXHR
(i) S REANE I AR, (L E R AT IRt 2T A

BT A AR A (2004) (L FWE DY A7 FHER N R 7 FHETFIEOBRFKE T v Y = 7 N
R 15 FEFH A E (L ¥ — - FEEHITR A PN ZRtE3).

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 LT — % ~—2 (J-Check)

L7 E DY T — % > — N AL 16 42 NEDO [EFE D Y 2 7 5Hii L OV R 7 3T
OB 7uy=s B

LT3 B Al (2009) 15509 OfLFREH (2009 4R .

BT AW (2012) 16112 OAL2ERE M (2012 4R .

LT R HA (2012) B{E¥A > 7 v 7 % 2012.

13



2. 2 A=y MIKIEEFROAETKER

2. 1OLHTAEBRABEL, A2 ¥ —%y FCABISN TV AHENSE 5 WE % &0 E
HERT I VEE AT 2 (FENTHERSN S TEREDH 2 H0) ORFHEIE - BB L
72, AOMCTESEOMBREEDND LOIFTEH LN -7, MRIIUTO LB ThD,

2. 2. 1 DL UBEEFOELEHR (HERH. EER) OBEEFR
(1) 2REBEILAUHAM (B7—L#101 h5—; AR : BR=1:1)
URL : http!//www.hct.zaq.ne.jp/cpaho608/msds101kara.pdf
8IE - REEE - M LERAS
A& : - XTI HROIT Xy hOBhK

- B _EBAK
< BAMER T K ONA B
- F AR AR L DRI 1L D72 D D BMEIR
FMETE . A : Bit=8kg : 8kg TH 8 m2 )
. BB
A (VR Y ~—FDIREW)
«NCO HEKuiv L ¥ o7 LR ~— 92%LL E
s MU LY A YT ER—b (TDD) 2%LLF
c XL K 2%
TV VBERAQ- =T AAFH ) (DOP) 4%
B itk (REALAIEDIRS )
<33 rnu-44-Y7 )7 2= AKX (MBOCA) 3~7%
cAHRUT XL ATV RRY A—L (PPG) 10~20%
VA4 Y ) =7 X L—} (DINP) 10~20%
XLy 1~5%
C REETI VT T N 50~60%

(2) 2REBEILAUHAM (27— I)L#2000 2 ; AR : BiE=1:
URL: http://www.takebayashi-ci.com/msds/msds2000kuro.pdf
®E - REEEE - MMEF LEKRASH
R&: -BiR, BL, _"TU¥, Nra=— 8E M L, BEZREDRIK
GEATH, BB, & — o L E VB DT AL BITHMIZ LD BB Y D3 063E)
BERME : 2.0 kg/m?
A¥E : BiR=1:2
. BB
A (FLRY) ~—FDEEY)
- NCO HEEKio L Z 7 LR ~— 95~99%
- MLy 7Tr—F (TDD) 1~5%

14



BiR (BELAIEDIRE)
+3,3-Yrnu-44-Y7 )V 7 2= AKX (MBOCA) 1~5%
cAHRUT XL ATV RRY A —L (PPG) 10~20%

« THNARE A(@2-=FL~F L) (DOP)  10~20%
c XL UE 1~5%

< REESI VYT A 50~60%

=R T T 7 1~5%

(3) 2REBEILAUHAM (R/—ILHF—IL 22 FiHH)
URL : http://www.manol.co.jp/pdf/bousui03.pdf

®E - REEE - klatt~/—

A& : BE RXZ70%0 b L BEORK

BERE : A wfk=1:2

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

K. B EER -
FH oL AT LR ~—ZELIRAEY
kA : MBOCA % & RS

(4) 9LAUHKM (ARZIYY TUoR—X WELA)
URL : http://www.uplex.jp/member/doc-new/pro/c-onebase-kouka.pdf
B - BRSTEE  2— 7L v 7 AR S
R - BEEGR KR F % v Bk
. D ER
v L& EAAl GREW)
c4,4-CT2/-33-Vr7uny 7= A% (MOCA) 18%
VT TFNAFUINLTHL—K 15%
R =T VR F—)b 25%LLF
- EEREFEEA] 40% 2L 1
s M= E 1~5%

2. 2. 2 #¥H - EHOBEFR
ARG b WE A GUORFESERT X 2R E T 29N YW TiE, 2 b5 TEKRAS
t (BhEStEA2ETe) O HP T o hvA U roZ ikt 329wk - EEF A DIE®R IS Bz

DHTH -T2, ZOMIZIE, JFERHONMISNTWAEHREREZ R LA MIAYNTL
2ot

=2 TEERASH (BES . () =2 205881 @ HP (http!//www.mitsuboshi-

15



chem.co.jp/023j-1.htm) Ti%, FHFEBET I VDO N-T X4k (C=1~4) 2L > TYEH
A ZET 5 2 LRI STV D, (EFEMO—EITROKRD LB THLR, 2055
o M P rnbiE SN S HEEIE, 3) 7 MER#E-o LA XA K (CAS NO.93-68-5) T
bbb, E£lo, BYEERD p bA P UENBIT 4) TR NEEE-p MV A XA R (CAS
NO.2415-85-2) M#LEI LTS,

2. 2. 3 HEDMA (EICHEERMEE)

FREFIMIC 50 2EIGDREN & B2 DN DHHE « FAEREIC OV T, ERFRO B EBHLA
AR Lo, T ORER, BAMGHEE R N O AR R T 2~— 7 FHRO A EBHA ()
TEED) T 2ERAE LN,

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

Rk 22 4F 1 A 25 BIC BARMRHEPEE L, S BEURICK L CTRIEFFET I v 22 FHHIC
DT, MRHEER L LTAHFEREZITS L ORASEITo7z, 14 O I %2 35 C
THEDOZETHY, MRS E S ERT v 22 FEMEA STV RN X, RABk
AEESUIRN AR O REHESEHICL VAT 5 2 L L &N Tn5, (fh) iRl
i (WRELD) 13, MkHERESE
ERIMEZAT 9 2 & DS HEHEE R 22
FAHEREBR WG 2B L. 3B
%5 hE L7,

7B, Tk 24 4 3 A 29 BIC AAHEEESERIT, FREFERT I T oW T OMMEEEIC
BT EEELZAHTETHD,

(2) BABRERSITaT—SEHR (www. ecomark. jp/)

HAREHETa~— 27 FBHERICEL D, a il GEERME) NRESNI WD, Z
DO L, MEME, K A7 FOREOEREL LT, N DL EOT YV EOBRETOIWIZ L > T
FEES BT I VAEERTAARRENRS D7 VR D2 b | AR EHEMEICTY A
NTWBFEMERNLEER T EN TS, ZOX ) RENER Y X Moo TiE, %k (2
4) OBy, HEMNSWEEL G, BLITELEBZZXONLIFEMGMNY A N &R 2B
WZIEM LTz,

2. 2. 4 BHOBEERHR (EHFEFHREE)

MMNZE2 (EC) 1Zi%. RAPEX (RS DOAEBRARBIZONWTOREBEE 27 A the
Community Rapid Information System for non-food dangerous products) 23& %, Z DI A
7 2%, EU MR ER O EC ARON TG OaRe oz th L, HEE~ERY 27 &
LAV O W T OFHR A RE D ORANARZET 572D DT AT LTl %, RAPEX @ 2010 4
w5 ZE (httpi/ec.europa.eu/consumers/safety/rapex/docs/2010_rapex_report_en.pdf) (Z k&
MiE. RAPEX Z 4 U CfabR7e BT R 24T - 72 F 0] 08T, 2009 423 1,993 {725 7=
(ZXF L. 2010 4213 2,244 7 & 13%HEM L7, b E oo T8Ik, iR, 77 v
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aV%%®3%Hiﬁwfﬁ%%%ﬁ2WM&ﬁ;E%kLTH*EE%&%%E@kJ@&
WHERLE D ) 27 L UTiE, KEB0D 7T VYN L AL ) 27 Th o7z,
%%%/XTA@%4%iuT®kkwf%é

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

@

Fio, AV A hTHRHE LRER. 2005 £ 5 2012 45 % Tl MR ICE TN D T Ykt
#%\ﬁﬁﬁ(%pmﬂ%%if@ﬁéﬂk%i%é%?i/1uT®kkDT%D\K%E
DRIBMETHD 4TI /7 2=/, XUV SR TW5,

4TI ET 2= RV 4TI TIRB | 24- ML TUT I

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

2. 3 MEERE-HAEAOEZTIMYFEERR

2. 1KO2. 20OFEMELEE X, FENGHEOEELRARTHHOY L ¥ U HHE.
TARX MR (BEAD oA, QYK - BEIOMERR (AT RLOFE, S6T5
B4 - MR OEHE R, WKEkRE) ZHEETLZEAHME LT, BERE - FiR~0H
SV FA (FEE - B AL -l 21TV, ERELUTICE LD,

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

BIERIORERXE
BRAEIE MOBCA Z iUkt & L7277 X 2 REEEA] (AT F 27 I %) ORIk
ANS

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

BEHIDFARE (VLEY)

BRIEIE BEHEHET I EAE A E LTERLZRS (L xy) ofE, 56458
. " oEARE, l]FEkizonT

HEHRYKER ALFAR L LT, FEFERT I L4 -AF LT =0r) ZEEHE T 5 R

ZFHELE LTV 5,

*MDA AR A AT HE ML GRU 7 LZ DR 12725, MDA X, —f%IZ
x UBIEOREALAI T 223, BEEEMITHE T LT 52034,

- BRFBSEITE R BV,

CEEHRBET I B E LTI, ortho- R 27 2 2 (0TD) OBLE 1T - T\ b, 4
FEREO 9 ENIRESIC]ELRFRTE L, YrE L AR A N, = F Lo AF
A REMANMLTRY A— 2 8E LT3,

CHE T LH AL, IO E UTHEEY S v E2IRIML, ST I BT
REHATH D,

s LA U TOMEAIOEARIZONTIE, MEERICI > TR, 2<%
720y (3%, BYWRREETIZ/RVDY) o

BEE BrEBFET L VEAEA S LTTER L8 (L2 o RoBE, KM% o
FiE, &A1+ 5004 ., fGToEHEE, BEEkiconT
FEMYHER LA URY) = ICEBRT 22 5% RM LT DORB L0, HEKRT 20
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FXE (b)) I3z bz,
- BITEBEABE T, BAMEA T TH D, [Web [ « BWEHAMIIETH 2
T a— b Ete, a—T 4V THEBORBRA Y VT F— MIOEINTWS, ]

BREE ARV UL HUFERTESO R o LZ UFRF IO (25X, LAl L
LTETLNTWESZF L Ml 7 2 . MOBCA O AR
HEMYHER ARV L E VB TIZESD [RY 7L x U FENTEOREE) ([T X, ekl L

LTHETFONTWEYZF L bl V7 2 2 MOBCA ORI ZERI L7z & =
A, VEFIV R DT AT 10 L ERNTIZ T L Z R U= LT
e, BUEIXER LT iane D Z & Tho7z, MOBCA IZOWTiE, =T A h~v—
WHEAL TS EDZEThoT,

BiLKIOFIRAEE (TRXF VB GEFHRD)

BERH%EE

FrE R ERT I O HaemeAl e UM Lz (BEAD) ofFE, 549 210
A, Wi oA R, ]RGS, FHCEENTHEM S - 2 n a2 8/,

HEMYHER

c BEET I UROBEANIEEICELES TN D,

c BIEOE S ORELANL, BT I v BEKDETH D,

BT I UBEIMENTEERNS, STOFFRT I VENRTHZ Liden e A
Do

c BHERET I VBEETNINL TEDBEE R RO =R X VBRI S 2D T
(150°C) . FEETHES OITWELL B HbNDH, ZOX A 7TOEFANT, BREM,
RTINS,

il S 155
PBAERNITRDO XA T L C 2D D 1IRXZ AT R bTDEERDL L
D, 2MRZA T ARE BIRZIRE THEHT2HD (Fl : AP =ARF 85, B
WEHRFEEF & LTT S U RMBHE) . AL BRIGLEE D2 HETHESSED,
[HFEHET I HHIZHW T
FERT I VB, =R UREEAIOBLR L LTHERHISLTWD T — A0 d 5,
1, 2R E HITHEHCE 2 EAIOEFE TIER VA, Rk (BEHFT, EHF)
TIEFEL, MG (k) BIIHIRICHAAEND -0, [HFE->TLEIEHH
THZEITETEZICL Y, BAEITXEREICK L TR0, =ARF UHEIC
KISTHDEERAETDONEANREZ T TH D, RFFRIIERE LD LR
I, A LTZBEORBIRTFEL TOVDOREBETITRWNER S,
FOSTEITHIR E MBS A4 T3 5, K], IREIXZDEERCL VLY TH D,
ELFIEARZRE L CVWDEELH D,

ESPEABILE

etk

LSRR

B%EE

FrERERT I B meAl e LTER LS (vrxy) ofE G407 08
. Wi oEh R, WE%E

HERYKER

c TESTITIFREL TOHARVWO T, FeEITHWEbETE LY,
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MatE TARF URIIE LR
BEMEE BEGERT I VA LAl LCER LRG0 E, 5A 75804, "
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RIIREEL A 2 & ToBAKA « IRMSEIZBE I OWT Y R T v 7552 L L LT,

Yokl - EAHCBIE T 2B O U X M7 v FICE L TE. (M) BARERHRT=a~v—7 FER
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3. BEFBER7 I VEOSHBERAVEETFMIET SRMOUE - EIE

FEFEFET I 24ME) OO 5, FHENEO 5 WE TARCOBET 1 &Sl bn)
[ZDOWT, B MR, (RNEDRE - ARG, BrEIE RO - BHEZITV, UTFICE & DT,
ZDOL, REERICEET HERICOVTIBRETMICET 200 TH L7, FRIZHEEL
T=TTHT o T2, TEHROUNEE « BT L T, TARC %5 0 [E FEHE RS K OVE PN A o 78R B o0 34T ST
EFATEA LT,
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3. 1 473I/E27x=)L (CASESE :92-67-1)
3. 1. 1 ¥YE{ZEs9MHIR (IARC,2010)

sy 169.22

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

Whas : 302°C Bl 53°C
AT — e Ok) b EncEiT 5,

F o B — KGR E (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
i~ 212, 4-ABP % 21 [ (2 |I/H) &G L, T, Bk, F&. %@DNAWJH
KO L~V ERE UT-RBRCid, P, BEbt. R 21 @ ChmfE (FRfE) 2L, 2h?
AL 55, 82, 58 Th o7z, M Tk, 3 ChmfE (FIE) IZ#E L, 3.5 Th-7- (Underwood
5,1997), 723, BEFEGIZ X DWIERIZOWTIEHE STV RN,

Z Dith D IR FELR B

MRRE R N OB E DR D 4-7 2 ) 7 ==/ (4-ABP) KOO 3 FRE DS FRET 2
Y (T T7IFAT I, 2FTFAT I, 22T T =) FRIE LR, WL D
\ZAFRIDOGERT I O B o 7273, WY O R OPR &I IIFEER DK 2 5 Th -
72(736 ng/24h vs 327 ng/24h), £7-, 47 I ) ET7 2= VKR 2-F 7 F LT I L OPEMREIT
M CHI L& TH -7 (Grimmer ©,2000),

E REROTy FOFFIZ7m Y —AIZBIT5 4-ABP @ N-t Fu X ufkid, FiZ CYP1A2 12
L2560 ThHD, MAMEZRS F 7 =4 P450 (CYP1A1, CYP1B1, CYP2A13%%) (k- TH
RIS D, CYPIA2 OFEMEIL, & FTIHEEENRE < (60 FFRREDEYY) . BERIEMED L
ANDENE TR R FRD b BERERG ORI L TURZERENEEZ BT
% (Makena and Chung, 2007),

t N ORERE & i CREE &7z 3272 DNA 1K1, N-(deoxyguanosin-8-yl)-4-ABP T& %
(Lin ©,1994), MEE K OFEMUERE O 2 VED AR I T DNA A R S T
v (Lin 5, 1994; Faraglia ©, 2003), 2D Z &2 6, 4-ABP O FH RN EF AT 5,
220l h L IX, BEEOIWED 4ABP 72132 OMREMEIEH LT Z N TEX 5 2 L3RR
&hi- (IARC,2010), 4-ABP O~FZ 1 b & OAHINA S BUEH CHRH S i, WS EICIKTT
LTEDOL_LO EHNA LT (Bryant ©,1988),

FEETZIVEORBIZOVWT (BAAAD=XLEDEER)
4-ABP Z &L 5 E/GET I VEORBOMEIC SOV TIL, IARC (2012) 2L T B
nThd,
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HEBET I UBEIX, b N CEEME, EBREMY CRA RIS A BAESE D Z ERabR
TW5, HHEET I HEORBNINTI TR S, p4b0 BIEREFRIC L 5 Nk, N-7EF /L
7oA77 —E2 (NAT2) I2X25 N-7TEF B EEXS, N-B kaxs - 7Y L7 I
O N-BR{biZEIC CYPIA2 IZ L - T S 528, CYP1A1, CYP4B1 b [AIERO@ & 29 % Af
MRS D EEZ LN TS, NAT2 2L D N-7EF/ubid, #EWE (CYPIZX% N-E R
XFUbEZ T HAREMERH DL D) DD LicthD, BHEET I VHEOMBEKK EEZ B
TWn5,

N-t Fex A3 (N-Bbic Xk 2) 1%, REFERIEFIZE . 447 /87 ==L
(4-ABP) Ot THD N-E Rexs - 73/ « B 7 ==L, iffio DNA & & b I2fH
KERKT 5, 7 v FOIFED DNA TlX, 74X 77 ) kT XV TT /D C8
MLCHMUTz, 72, NreE RaFy 73/ - B 7 ==/ W%, L 72 RE CMIRIZ A S D,
Iy a BEAeT 5, VT a o BREA R IERE B CHEE S D 03, BERE S Tk oy fiE
S, HON-t Fax U REMBREREND, 77 a  BIEAERITBICARLE TH H 2D
RO pH (k) 3K fg4A s U, SEET I 8 & B #é%%ﬁ®LM®)x7l%
L5,

NAT1 2% o- 7 v F ki, N-b FaFk « 7 U LT I v OERARRE OB
HY ., ZORISHEM ERZTEZ > TN-T7E R - TIUATIVNRTED, N-TE M -
TIUNT IVEIRLERWETHY . TUBRET L L. FOEOEWT U= b =0 LAt
A EELD, TUN= b =UAg A, RETHEOEOHRIAR S L TE &, DNA A1
RNEFIHRAEDA =T —3 3 G T 5N H D,

RIS OMRERIE E LT, Bt coTe x4 sV Hy v X —8, itoIza
NFAFTHZ—BIZEDRERDH Y . 2 b OREROME N EPERIBIRIC BT 2B EDEN &
BRI D AfHEtE D R STV D,

SEW

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) 2sEH
A L-FiPH CIx, RIS o ienol,

(2) HEZHE

KETI955 41247 2/ B 7 = =) (4-ABP) O TRAEENFIESNT-%., AWEICHERE
LR 255 & Ui REIBRAE N £ Sz, K& T, 285 A BHIEEEDRIE
WEEAT - TofER, 31 AOBEC LMD BEFERHA LI, Z£D 55 10 NITEERRSADFED 6
N7-(Melamed 5, 1960), % KA CTlx. — R T ADTRD L7z 7205, JRIL
E T OISR 5 2200, 213358 LWAT R Th - 72 22 A& x5 & L7-(Koss b,
1965), ZOFEFR., 18 NIZ W TT =2 BUIUETE, 95 11 A TEMRS ANRD b7z (Koss
5, 1965), & KA TlX, NS E 4-7 2 ) B 7 = =)LIZIRTE L7z 503 AD BHEEEEIC
PER LTS L7ofE R, 35 N THEMEDS A paR wantm%sa1%m %@% X RE A 541

MNIHER L, &E 14 FHICHI0 | JRICEZFAE LR, MlREnEbhs, & LIER
%T%ot86k®9%43kLM%#h#M@BﬂtWHmmd1%2

KET 2 A SAN=V =TT A e bF TGO EE Z xR E LT, 22-A VT kX
F7 Y —/b (MBT) ~Digiz & BEMA A DV 27 OREHMERNTIE SN-, ZOTH T, 1935
~1955F £ T, 4-ABPZEMH L T L OHMEME L2 RE L TWizizd, Z OHIFIZMBTIC
WREE L7 @& 134-ABPIC b IRER LIZ AlREMEN & 5 EHEE STz, 19554 H 19774 F TIZ
THZEB L TWE1059AND 7 B A4 LOANBHEORHE TE D 9 5, 600 AAXMTBIZHEEE L
Tz, 1955519964 F TONASEL A4 L, Al L D820~ A VAN D4R D | A
BUEDOFTCHF 2 HO TR A OSMRZ B L7cfE R, &2k — K TiL, 816 A, SMR6.3
(95%CI: 3.6—10.3) . 4-ABPIZHEFE L7-% 7 24— bk Tid, JE1-8 A, SMR27.1 (95%CI: 11.7
—53.8) THY ., BEHARAD Y AT OEEMZEFBD T, MM, FINRN A, EDOMOTALO )
AD U A7 IIHIFHE & [RIFEE Td - 72(Collins &, 1999),

SE 3
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 XERFYMOHMER
(1) 2=t (RTECS)

Ty Wk S R B, hEREE
7 v b = LDso 500 mg/kg
~ A #En LDso 205 mg/kg
~ A 18 B TDLo 16.9 mg/kg (IFlEDOZE L, A h~EZ 1B
B IfLE)
~ 2 e TDLo 120 mg/kg (FFlEDZE (L)
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, B2 AR O AR B 5B O RITE b o7,

(8) 4EREEME
A OFPH TIX, FHRITEShRroTz,

(4) ENAME
BRES
A OFPH TIX, FHRITESheroTz,

#OEs

BALB/cStCrlfC3Hf/Netr~ 7 A (MEMEA-12000/8F) 12, 4-ABPHEERHE (FiEE >99.5%) %k
120, 7. 14, 28, 55, 110, 220 ppm, MEIZ0, 7. 19, 38, 75, 150, 300 ppm DL TI6IH
MK G LTz, BED220 ppmBt & OMED 300 ppmBt O LM H7- 0 O 5 8%, MEZL T
DOLD50IZAHY Lz, KIABDOERNL 2 MAs L7, A WIE (i) . FMAR 2 A, IEAS A
DN B RTE L CHEIN L 7= (Schieferstein &, 1985), FFNADFERIFILITOLEEBY TH D,
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MmAEPRE (EEAL)
KE 1/118, 1/117, 1/118, 2/119, 4/115, 5/119, 14/118* (p<5x103, HE/L hL > K)
Mt 1/119, 4/120, 4/120, 2/120, 14/120, 26/118, 11/117* (p<5x105, HE/R2 kL > R)
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 R e g
HE 2/118, 1/117, 0/118, 0/117, 0/114, 3/118, 2/117
ME 0/117, 0/120, 2/120, 4/119, 10/119, 14/118, 7/117% (p<5x105, HE/ML LK)

C57 x IF F1~ 7 AD[E21PE } OME28PEIZ, 25% IR D4-ABP (MEAH]) OFFiH2 mL%50
W (2[E68) RERE ARG L, 184720 ORIEREITNTS mgTh o712, ~ 7 X |TIREHY
B T # DK 2038 02 12300 RR S v, R C I PRI . o el 3 7 & 417= (Clayson &, 1967),
BN AVORERIZILUTOLEY TH D,

T PRI (4T

I 0/19, 4/21

Mt 0/31, 13/28* (p<0.0001)
R

HE 0/19, 1/21

it 0/31, 0/28

SE X

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 RvoTy (CAS &S : 92-87-5)
2. 1 YEFHER

Syf& : 184.24

SMBL : RGBS o Tedi . B RORBD - T2 JRE O EE ORIk

W s 401°C milS : 120°C

REJE : 7.0x107 mmHg (25°C) wErE OK) ;276 mL (20°C)

F B 7 — K5 ERE (log Kow) : 1.34

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

3.

2. 2 FARENE - RS E
BEIRE - SRS

NV OEREREIT, v NOBEOKREEZE > TEHIZRIREND Z k#*&_mwg
T 5 (ATSDR,2001), X ¥Y v OIEFHIELC 9@@&75%’#@ LCTAL, AR CE

ARG R L C SEERIRREIC & 2 BB SN T 5, Z OO A7 X ) — VKo EFRER (log
10) 1% 1.36 LA SN TS (Lu 5,1977),

Meigs & (1951 ; 1954), Sciarini and Meigs (1961) 1%, 1EETIC_ UV TREE LT
FEDRFPICR VU R OIE OB AP S S Z & %%&i LTHY . WAREEORE
ML H DN, ERBERREIIRERETHL L LTND, HF . WREETE DR PR DY
X, R UYPUR0.28mg/L. N-7EF ARV U0 027 mg/L, NN-OT7 £ F AR D0

VN 0.52 mg/L, KMOWEAMD 3-8 R XUV r 3.9 mg/Ll TH -7 (Sciarini and
Meigs, 1961), HZF (F< ., WBEREWVEEE) TiE, O OFMEA 1.5~5 ML, KiE
~OH & OB OISR BT 7o L HE X vtz EAOPEIIRIE ST ey,

TSR R L7e_o VV  E 32 OFER]L mglkg% . F3447 v NOEEH| - T-FIEIZL,
8, 24IFfEEAT L, BAF LT72E0L % 7 v ROV 70V K 9 1AL L7=3BR Tk, B L7-HED
#925% 73 SRR LANIC B2 2 5t L 7=, 6 5-14 2405 C. SHRE DA% N FIZd » 1= 23, B Af
LIZHEOKESNT v bOREZER L, B L7z HEOKB0% BRI S i 2 LRSS
7z BAIKL. 8. 24WEEBZDOEKNTORFRRO A (B LIZHED%) 1EKkDELEBY Th-o
7= (Shah and Guthrie, 1983) ., 7235, HElt SN 7=WEOFRIEIFITHOIN TV 720,

BATR
1 IRffH 8 MR 24 IFfH
1R73 0.2 % 0.3 % 0.7 %
Ji g 1.5 % 1.0 % 0.7 %
Jiti 0.09 % 0.2 % 0.2 %
15 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 NE DV =a—Y—F » RO XOFZ B - 7215 i RIS b L 7=
Direct Black 38% &4 L, @A L7 &2 KD 72 L 9 ITALE L7-iBR C, YRl &A% 24~
144N IR R OFEF O S HE 2 JE Lz, ZOFEHR, 7 v b CTIIHEERED & 2 WE Okt x
TLKAET, JRPTEBAT LI HED0.06%, #HT0.16% Th o7z, UHF Tl 144R¢fH#IC
JRECEBAT LIZHEDOKIZ%, R T% 1 M &7z (Aldrich,1986) . 2O Z &b,
YUV EIFN LT YR AT D ATREMEIR S . v ORI, PRt S s o EE
DHDHWEIL GBI DT VORI L » Tl L 7= X v v EHfEE S vz (ATSDR,2001)

Baynes 5(1996)1%, NPV WAl (7& Fr£7/21ZDMS0) | FmiEMEAl (0% 721X
10%D 7 7 U AEREET R U U A) | fEYLES (0 pgE 7213180 pgd A F L =aFx—h) |
K ONETCAI (0% FE 72122%DSnCle) MO DIRAW Z 7 % OEEIZEAR L, WU DUV THA
oo TOFER, 2L DIr—ATT ¥ b EDMSONRRU VY DR JEHIR % D=, SnClald,
BAl (77 b, DMSO) OIFEIC R LT, XY Ol A LE Lz, 72, SnClli,
Z 7 UNEREET MY U ADOHREEHT HDMSOREMF DNV OFEmERE LN, 7
T N AREMIT O U OFBEIIHE Lo, ATFN=aFRx— T U U AR N
U oL ERREOM O A F A BEAER D, R Py OWI A & 8D 2 Al REE D R S
77

EORE - BOKRS

L4 mgkgD Ry PV EIRLCE P TR, BERC UV 2/ T RETFAR TV K
WO T BF ARV A X7z (Engelbertz and Babel, 1953), 72, 2.9 mg/kgdD~<>
VU EBILIZ6ATIEN-E FeX -T2 F -7 I 2 {bEWni gt iz (Troll 5, 1963)
LOWEND D,

7 v M PERRRR L7222 20.6~50 mglkg Z BLRIRE O #¢ 5- L7zl A, 7 PEtig I3
#PCThHolz (Lynnbd, 1984) , 0.5 mgkgD 5 Tlid, HH%3H F TITHSPEREH D T4%
DEEPICHR Sh, 17T% 08 RHPICHRE S, BGEIINT 2 & B TEERR O~ dk
M2 U, R A~OPEEA I L7z, 0.5, 5.0 mg/kgD# 5 \2551) D AR, < v £72
WEIX, 3-8 Fax I -NN-UTEvFAR P07 7o (39, 37%). NNN-U7&F /L
NPV (138, 17%). N-B Ra o -NN-UT7vF AP0 77 n g (4, 5%), N-
THFILR VD3, 4%). KOS PV 2%) Th - 72, 50 mgkgD#5-Tlix, N-t
FeX-NN-UT7EvF LT NT e R, 24%I28EML, NN-UT7E2F X0y i3i4%
I LTz, PERUCIE, HURRB IR S e o7z,
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U3

SPIREEA 0.005~17.6 mg/m3 DX PV U THEFE L7298 Tk, fEETICRPORU Y
U DOFEREN 4 f5E< fe o7 (0.01705 0.04 mL)  (Zavon b, 1973) .

Direct Black 38 Dy EEDIREE 45 T 72578 EH ORF NS, NovPy (2.4~362.5 pg/l) |
T/ TREFNARTVY (61,172 pg/l) | VT REF AR TV (4.2~160 pg/ll) 23R
S, WAREEIC L AW R Sz (Dewan 5, 1988 NIOSH, 1980) . 7833, Z D4
RAIZHOWTIE, BENLOWINOFRENE S H 5 (ATSDR, 2001) & &hd,

K (IARC, 2012)

ROV NEB LT BB DRNS, XV N-TEFAR DV KOINN-Y
TEREFNAR UV S Vs, RIBE L 72N OMIIE T A BT F 72 DNA AL N-(7
FXTT )8 AN)N-T TN VY ThDHRothman 5, 1996a), =D L H 1z, X
YYD N-E T EF ML DNA IZKEPED & 2 PR O ZREE T, v b7 a A
P450 2342 N'-t Ro & o-N-7 B F AR OV ORISR Z 5/l fettndH 5, N-7
TFNAR DY AT TIZN-Z V7 v U BRA RIS ETIE N-B Ra o b &5 AlaefEn
B 5, BEETIE. NAT MENT 5 oo 7T B F /ML L » TSNS N-E Re$ I -N-T&F
NRDDRN-TE FFI-N-TEF LNV, DNA &G LT, AR EIE%
T D AREME N & 5, NN-U 7 B F TR TH D RN dH 5,

RUDPPURN-TEHEF AR DD N-T 2 F /LD T, NAT1 £V & NAT2
DHNE VRPN L (Zenser 5, 1996) , KERFE L~/ Tl XY O N-TEF /1L
EN-TEF AR DV L0 b TS,

t hOHFFERTIE, S =~ A XX —BIC K AMBINC LD N-TEF Aoy
5. N-(TAXTITT )-8, N)N-TEHF AR VYU BT D AREMEN R S D
(Lakshmi &, 2000), N-t R F I -N-THFARUDOVNE, TRrAF STV HY U
— BRI Lo T, Wb 5IEME LA @ L TR S D Rt b & 5 (Zenser ©H, 1999) .

Wi 52T T2 90 B OFIBE U7 R IE ERMERIRRIC 31T X0 U I B L 72 DNA ANk
D LU T B F AERE D HAL (Rothman &, 1996a) | % 72 1% GSTM1 i#/{5 7% (Rothman
5, 1996b) 2 XD o Tz,

RV URDNL ONDT S YEEHZ DN TIE, Ry PV LRl OH R OV 1 D2
ATz, T, Direct Black 38, Direct Blue 6. Direct Brown 95 /256X 2 L ~D1X
Ftts A 7 5 472 (Rinde and Troll, 1975),

AEPNATE 2 OIS 1 D 7 VB e R TR IT R OO VR YE N D R UV~ DB & fil
9~ % (Cerniglia ©, 1982 ; Bos ©, 1986).,

SEXR

ATSDR(2001): Toxicological Profile for Benzidine.

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 e+tOHR
(1) 2HSH
A L7 #E I, ISR LR o T,
(2) EZHE
EhAM
Zavonn (1973) 1%, KET Vv F T 4 OR VU UCBEET O BMAEEB2 N B SR E L
T, 13FEMFHE L, BMEEBDRU UV UVITIRELTEBY . ) B3AB2-FTTIFAT IV, a
FLA DT HIRGE L TV e, LHNOML RGFT TR UV REZHIE LR R. 0.005
mg/m3ARI# 2> H K TL7.6 mg/m3 (NP V% BT AIZEED D501 O#HICH T, N>
UV OB SRR X, MEERMOKD Y T0.04 mg/LIZE L, 1BADIEEER (52%) 12
BAT ER RS GR O DAL, 2D OIFEE CITFEMBRGEELR13.64E, FRERBIF16.64
(WIEMREN O OFH) Tholo, Fio, SANTHMENFED v,

U.S.EPA (IRIS) i, fEEEDRTIEE (0.04 mg/L) . 1HDOREEL2L, RTEOAYWE
DO HE1.45% , FHIREFHIL46F ., FEHERETO kgl KO\ T, FHIRE &% 0.0063
mg/kg/day & FH L, 21 & EBGE O R AR (183/25 ) %D T — # [Zone-hitE 7 /L & H L C,
WABRFED A0 —77 7 7 Z— 2.3x102(mg/kg/day)? (= U 27 TlE 3.7x102(ng/m3)1)
ZRDTND,

723, RIVM (2000) TlX. Gold and Zeiger (1997) DI > DT — #1285 < TDso (1.7
mg/kg/day) 725, AU A7 106G T D HE %88 ng/kg/day & HiH L T\ 5,

Case H(1950)1%, EE D21 % FrOYB THOEEBEZRE LT, XUV rOh, 7T=Y
1T 7FANT I DR, 22T T7FAT I DR, v B F, =T IV BIWNEEY~DEE
EEte, BEATREERT I U ~OIFEE) B X Z15F0 6205 IS AN AL, 127TA
DI ZREIBERN A OTLEHL I H D Z L 25807 (HIFFHE4.09N) . XUV ORITIRE
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L7ZAEEBIZOWTIE, B A XD ENRHER I L= DIX10AN TH - 72 AFHE0.T2N) .
Flo, RUTVTV U DOIRITRETGE UTAEEB OB A DO REEILS4AER TH - 72,

19824E|ZRubino 1%, A # U 7 OF = U o OYeptiliE THOEE(B 2 %4 L Lizadr— i
BEITV, ROV U NRETR LIEERICBW T, BIERAD Y 27 O#NZ®E Lz BB
%5, SMR 83.3) . Decarli ©(1985)1%, Z O 2 ik L CTHEME L, 41 ADFE T 2@ L= (SMR
46.1, 95%CI: 33.9—62.6) , Piolatto 5 (19911, & HIZEHIM 4 SHFEMERE L Cill& L7,
AR R ITIE, 19224E 0 519704 £ TOHIMIC, 1EE OB EIE L 72664 N BHAEEE N
GENTZ, BRI THOEENOATL, XUV A2 EaT bW E ~DORBE O AN EE S
iz, ZORER, MR ADIET Y 27 BRIFFITEm N -7 BET#49, SMR 30.4, 95%CI: 23.0
—40.2) . EEWEALE R OEGEDONADSMRD LR B 57,

Meigs ©(1986)1%, 2% FH v MNORL DV U BE T DI NDIEREICHWT, EHE
HEORERBRIBENROOND Z E2WE LTz, XU PV ~ORERNIT, EH, ik,
HRFERLER D DHEE Sz, SIEBIOREES A3 A BTz (SIR 3.4, 95%CI: 1.5—6.8) . A bhig

BLANAMEWE S ISNTAERED Y 27 N K Th -7 (SIR13.0, 95%CI: 4.8—28.4) .
Fio, BAMMICEF L2 U 27 OBEIME 2R S F, TR CSIR2Y0 (WiF#iE1.15, 95%ClL:
0—3.2) . 1~54ETSIR 3.4 (95%CI: 0.4—12.4) . 54 F#ATSIR 10.0 (95%CI: 0.6—21.7) T
bole, FEEDIL, 1950FLIEICEN SNTAFEBICIIT DIEMS A DR EEB DB
BOTHROERMEFINALT L7z Z 2B TWEN, 2TV EOEFICESS LD TH-
77

Wu (1988)1%, H[E T197247> 5 19814 £ TOMIMIC, TFERMILL BV VP T L 722525
ANDOIEEE D 2R — FHEICOVTHEL TWD, REORER, SLE12A & BB A 30%EH]
MNAHBIL, O AND L ET D & A A OEEFENS LI (SIR 26.1, 95%CI: 18.8
—35.4) . %%ﬁh@Ux&KOwTi%ﬁ&@m%@%%&%mko&yyyyy*%ﬁb
ToIEBYEZR OIEZER DY A 713634 TH V| lgEE LI-BIEE OEEB DY X7 731523 Th o7,
F7o, IREE waﬁwﬁﬁﬁ®ﬁiﬁ®%%#h®mﬁ)17NMT%otoA//// |2

B LIEEER TR AR DEBABRRRL S AT 2 & b iiE Sz GBAREITAR)
B, NV OREE AN IITTREICHIEINTZZ ERBRH TN D,

Naito 5(1995)1%, HAD N P9 U ARE K OYepHUE THHT B W T, BEOEwE (FiC
ROV QT TFAT IV, I FTFAT IV, oPT=V0) ([CRELTZ442 NOEEE
(BHEA3TN, ZetEBN) XktGe L Lic 2k — Mlld 2 530 L 7o, 1EEB O HIR oHEE 121X

[Fl LY DRERM AT — 2 3 ipino ol it FRAMER Sz, THNTIE, 2EEENRE
¥R, TR, FLAEMEONRHm~ A7 25A L, 2FMICEWERD T, BERADY 27
[ZOWNWTIE, NPV ORIEIHEET H1F3EE TSMR 63.6 (95%CI: 30.56—117.0) , N
U EMHAT HIE¥EE TSMR 27.0 (95%CIL: 8.8—63.0) TH V., U A7 RE-T-, MOk
DPIZE DY AT HLNTEN, BEREINI 0 o7, 7ok, U &R A
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T HHEIT 0o T,

HESMH

KER U ANR=T T, AWE, beta- T 7 FNT 2, RUBATTEYR S TN D MK TR
DIERZxG L L, 1973~1978 EDHAERIZ OV TR RIERE OFARELFTE LR, AF
RNz R 727> 72 (Budnick &, 1984) . 7236, AWE~OBRE EITIRE S THRY,
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U.S.EPA (1993) Integrated Risk Information System (IRIS) Benzidine (CASRN 92-87-5).

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

Case RA, 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 the
British chemical industry. I. The role of aniline, benzidine, alpha-naphthylamine, and
betanaphthylamine. Br J Ind Med. 11:75-104.

Rubino GF, Scansetti G, Piolatto G, Pira E (1982). The carcinogenic effect of aromatic amines:
an epidemiological study on the role of o-toluidine and 4,4’-methylene bis
(2-methylaniline) in inducing bladder cancer in man. Environ Res. 27:241-254.

Decarli A, Peto J, Piolatto G, La Vecchia C (1985). Bladder cancer mortality of workers
exposed to aromatic amines: analysis of models of carcinogenesis. Br J Cancer.
51:707-712.

Meigs JW, Marrett LD, Ulrich FU, Flannery JT (1986). Bladder tumor incidence among
workers exposed to benzidine: a thirty-year follow-up. J Natl Cancer Inst. 76:1-8.

Meigs JW, Brown RM, Sciarini LJ (1951). A study of exposure to benzidine and substitute Wu
W (1988). Occupational cancer epidemiology in the People’s Republic of China. J Occup
Med. 30:968-974.

Naito S, Tanaka K, Koga H et al. (1995). Cancer occurrence among dyestuff workers exposed
to aromatic amines. A long term follow-up study. Cancer. 76:1445-1452.

Budnick, L.D., J.N. Logue, D.C. Sokal, J.M. Fox and H. Falk. (1984): Cancer and birth defects
near the Drake Superfund site, Pennsylvannia. Arch. Environ. Health. 39: 409-413.

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

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

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

(2) REXREGSHM

F1 (BALB/cStCr1fC3Hf/Nctr xC57BL/6Jf C3Hf/Nctr #ff) S O monohybrid cross (—
IS FHERE ; MC) OMEgED~ 7 2 (MEES 72~120 PL/EE) 12, XYY 0 A bkFEAL
Yy GRERBA) %Kl 0. 30, 40, 60. 80, 120, 160 ppm. iz 0. 20, 30, 40, 60, 80.
120 ppm ORFET 33 » A () kG L, ZofE5, Ko 30 ppm L ER UMD
20 ppm LA _EORETHEITIKTE L2 KRB OME L OV EGFROIE TR A b, £, HED
40 ppm 2L E K& OMED 30 ppm VL EORE TR O ZE b DN, #ED 30 ppm LA O#E T
DOIEPEDREIN, #MED 60 ppm LA K OHED 120 ppm LA EORECTEBIEAZERIL OB, D
120 ppm LA _EROMED 120 ppm BE THEERO~E T U L LE OB, D 160 ppm ALK Y
D> 60 ppm LL_EDOFETIHE OB OEMN A B (Littlefield &, 1983, 1984) .
U.S.EPA (IRIS) 1Z. Z DOfi%E7>5 LOAEL % 0.002% (KWEH#H : 2.7 mg/kg/day) &
LC. RHeFEBRE 1000 (FEzE 10, {E{K2 10, LOAEL 25 NOAEL ~DO4MFED 728 ? 10)
Z# M L. RfD 3x103 mg/kg/day 7% € L T\ 5,

T RCAR VO LK FE S E 0, 20, 30, 40, 60, 80, 120, 160 ppm DIEE
THE, MOKFE L-#E 5. 20~60 ppm FEOMD FE T2t (R OZEME) oFsd4R
WA BEARAFR 72BN 253 B 4072753, 80 ppm LA EDORETIL 60 ppm AEL D HHAERDMMEN -T2,
Fio, Mo EOZERE L FIIEE (RE, B, MLt L) & ORE L MEt L2,
WA ORAEICBEE LA SR~ 72 (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
P OHIPATIX, fHHRIIFT N7,
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(4) LA
F1 (BALB/cStCrLfC3Hf/Nctr #xC57BL/6Jf C3Hf/Netr M) & U8 monohybrid cross (—i&

f5FHEfE ; MC) OlffffiD~ v 2 GRERBAMGIRF OB EGLHEZ L) 12, N oY oififbkFE b
Y (WEERBH) % 0. 30, 60, 120, 200, 400 ppm OEFE T 40, 60, 80 HENE# 5, T D
fid, Fi~ 0 AMEREKR OY MC ~ 7 AMEREORRERRE O PR CIES O F 42 4R 7= (Nelson b,
1982) . FBARIIUFTOLEBY THD,

JHE I e e e OV

F1 4 403#M 0/49, 0/98, 0/72, 0/51, 3/50, 1/28

F1 M 40 38R 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

F1 M 60 @M 1/48, 3/74, 4/52, 24/58, 54/61, 41/41

F1 K 80 MM 0/46. 5/44, 6/47, 13/45, 8/21, 16/20

F1 M 80 MM 0/47, 9/43, 23/43, 34/37, 9/9, 0/1

MC 7 40 #R 0/50, 1/101, 0/71, 1/48, 0/52, 1/27

MC i 40 R 0/48, 0/97. 0/72, 3/51, 6/50, 10/26

0
0
MC #t 60 K] 0/48, 3/69, 3/46, 8/50, 8/43, 7/26
0
0
0

=

MC M 60 #[E 1/48. 7/72. 12/54, 26/56, 47/60. 33/38
MC 7t 80 MR 2/45. 2/41. 7/43. 14/44. 7/19. 11/17
MC Mt 80 iE[ 0/48. 12/43. 20/42. 31/32. 17/8. 5/6

F1 (BALB/cStCr1fC3Hf/Nctr #xC57BL/6Jf C3Hf/Nctr ) } 8 monohybrid cross (—i&
[RTFHERE ; MC) OMERED~ 7 2 (MERESS 72~120 DL/EE) 12, R_o Y0 oMbk #E W (il
FERM) ZHEZ 0, 30, 40, 60, 80, 120, 160 ppm, M= 0, 20, 30, 40, 60, 80, 120 ppm
DIREET 33 » AR (VEE) fUk#&Eb Lz, TORHR, Fi~ v AMEREL OV MC ~ 7 AMERET,
FAEIHAF LI G oA 23807 (Littlefield 5, 1983, 1984) , FBARIILI T D &
BHTH D,

JHE A e g

F1 i 14/125, 24/119, 30/96, 23/71, 35/71, 51/71, 49/71
Fi 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

SEXR

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.
Fund. Appl. Toxicol. 4: 69-80.
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3. 3 2-F7FI7FIIL7ZI> (CASES :91-59-8)
3. 3. 1 YEFaHIK

syfH : 143.19

AMBL B~ REOR G

WhsS : 306°C s s 111—113°C
REJE  — wEdE K)o AR

7 & ) — KRS (log P) @ 2.25

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

3. 3. 2 KWENRE - RBIGE

1 RIREE

In vivoRIZE T DR ERFEDO M ZIIE LN~ 7223, in vitrog TldikE v & v C2-7
TFNLT IR Vo hA YD SORERFRBZRSTZFAN D 5, 2WE & bR EH L
(7 7RHIEENZ141.2h, 0.8h), @V (4RI O F G- 8D Z 1L 4154% & 50%)
TdH 7= (Litersen &, 2006),

Z Dt DIEZ IR

t FOHRE L TUTBRELNTWND,

VED2-FTFNT I ERGEINTEBEANOEEFEDORFIC, N-@2-F7F L)k ey
VRO R (2-7 X 1T F) U BB ERR ST % (Troll and Nelson, 1961; Troll &,
1963),

2T TFNAT I FF RO EENTEY, BIEZICRIT 5 ~E 7 v B AR O&ITIE
B L0 %5 > 7= (Bryant, 1988),

MRS K OGEMUHE DR D 2-F 7 FAT 2 U OEOM 3 FEO G EFERET I (47 /8
Tz, 1P TFAT I 2FTFAT I, 2T )T 2=)b) BRIE LR, mREE
HICATEEO G ERT I OB & o 7223, BUEE O JR i O P& XFEREE 0K 2 5 Th -
7-2(736 ng/24h vs 327 ng/24h), F7-. 2-FT 7 FAT IV K R4A-T I ) BT ==L ORI,
BECRHIULETH -7 (Grimmer 5,2000),

o
DB FHET I ERERIZ, 2277 F LT I U0, B Rex vV EoORmBEE, Z7v s il
DA, EET I EON-TvTF b, B, 7 v v Uikl ofeIlslkix . CYPLA2IC
Ko TN-KBIL SN A FEEM N H D (Butler, 1989),

I, 22T 7 FAT IVIEBRNO T a2 % 75 0D CHEEESE O X ) el bt bR
(Wise 5, 1984 ; Yamazoe®, 1985) 12X » TUN-ffk, HEKERBRILSHh, 7L — bW
TR % FEEED & 5,

N-AKBARIZZ LT, 227 2 /-1-F 7 h— A R OFBEC 7V 7 a Vg & ORSIR AT
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721X, DNAfHIE (N- (FAXT 7T )-8 A0N) 2FT7FATIV, 1- (TAFVIT )
VN2 AN) 2FTTFNNT I 1 (TAXTTT )N AN) 2FTTFNT IR E)
BT D AIREMER H 25 (Beland B, 1983), ZAUDHOfIIKIX, T a R & 7T v U HE KR
RICEoT, E2IF2 A4 /-1-FT7 b WK (BIZIENG-T A X 7T ) 2 -N2-A L) -2-
T/ 14T 7 oAb bR ENS (TARC, 2012),

ZE R -

Litersen L, Wellner T, Koch HM et al. (2006). Penetration of beta-naphthylamine and
o-toluidine through human skin in vitro. Arch Toxicol. 80:644-646.

Troll W, Nelson N (1961). N-hydroxy-2-naphthylamine, a urinary metabolite of
2-naphthylamine in man and dog. Fed Proc. 20:41.
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3. 3. 3 HHiER
3. 3. 3. 1 E+tOHR
(1) 2a4EH
A O TIX, HHRIIH O T,
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(2) HEZHE

CaseD (1954) 13, HEOLFTEIZBWT2F7F LT IV ORITIREE LIEEBICAD
AT EWEDS AvabbBI D 5 5 34161 2 A& LTz, B ADFAERIT, A 77 FEOD = —
SV AHST DN T D0.8%FRE & HEE SALD A8, SEEBMrEICIER & LTS AN I
TWediE266ld 0 | EHERBIFIZ164FETh - 72,

Veys (1969, 2004) 1%, F[EO I A THEICEFET D BIEEEB O A DOREFRE LU
CROREEIT o7, BHEEEB O 9 B 194540 5 19494F O W JE ] S 41TV 722090 A (GF
1BE) M2-F 7 F T I TR LI REMER S D LB 2 b, — . 1950FELIRRICER S
723038 N (FB28E) 1o\ T, 2277 F AT I VITIREE L T RN EB 2 b7,

FIRECTIIEME D A DREBEDB8ANTH Y . EEA A2 GRD - HIFHEIZ33.9 (SIR1.7,
95%CI: 1.3—2.2) Th-olo, FH2ETIX, MDA DREBENIINTH Y, EEAONLRD
7o HIFFE1X38.3 (SIR1.0, 95%CI: 0.7—1.4) Tho7o, BB AIZ L DETIZTHONTIE, U A
7 OEINE 72y > 72 (SMR1.0, 95%CI: 0.60—1.6) . FEBEASAMIER & L TR LT DIX,
W46 NF16 N TH - T,

Delzell 5 (1989) 1%, KED =2 — ¥ —V—IN DYk OBHIE 0 flE T\ T, T8
D3BME) L 721952472 5 1988 £ COWIMIZFEH S41722,642 N\OBHAFEB x5 L L Tak
— MNR&EEITo7, (EEBD S H, ALGBICHET DURNC2- T 7 F AT IV ROR PP
ORGE TIHHZEHE L TV Z8IAN TR AN L HIBREIE TG0 Hiv, 208 A THLTE1TA, SMR
1.99 (95%CIL: 1.16-3.18) Th o7z, BN HD & BEEDS A DI TEB AN (HFHE 0.25,
SMR 12, 95%CI: 3.9-37.2), Bl A DL H2 N (HIFFHE 0.21, SMR 9.52, 95%CI: 2.4-38.1)
Je OVPARARRR R OIESE O T E2 A (WIFHE 0.22, SMR 9.1, 95%CI: 2.3-36.3) Th o7z,

Cassidy® (2003) 1%, KENR T AR=TINTIBT19404E7) 519624 F TEIZ2-F 7 F
VT R aBEE L, 1981 T2 M LI E O u/EE£B400 N (BHE3T4N, LetH26N) %
KB L Lizak— MR 2 ER L7z, SRE IOV TI60HEN 519984 £ TOIT ZFHA L,
KEAN A7 5N Y RO N0 2 WO EEROMIFHELZ B L, ZO/R. 2P
WCTIISE T #28 A, SMR 8.1 (95%CI: 2.1-4.5) | BEREAS AW TIFSE T H4 A, SMR16.8
(95%CI: 4.6-43.1) | FELERRD N AT OWNTIL, SETH12 A, SMR 3.9 (95%CI: 2.0-6.8)
Tholz, [RLGOEIMEEE x5 & U-ARSFERMIE. i85 IZBudnick S (1984) 12Xk -
TATOILTE Y, FRE, MR, AFEBIOFRIED AT RO GHTHRE RS B ANDBERR A DF
B EAPMHRES TN D,

SEXR

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

i TE iR R R I Bt E, hEES
7 v b = 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 RITE R 5T,

(3) kEXRESH
AL L72 &P, BFHiEsE oo tz,

(4) HMLAHE
> BALB/c <~ 7 A (20 JL/EE) 12, 2-F7F A7 2> (WEARH) % 0. 2000 ppm O

T 40 HMRAE G L, 0%, LR 2 55 5 2 7255, 2000 ppm B CTEEMEOBIT
FEOMFERCAS 6/16 T (37%) ([ZH BTz, F7o, g TlE, fEitEmamR (14/16 T, 87%)
PRdE (10/16 PT, 62%) . IT¥#E (hepatomas) (3/16 UL, 19%) D3A%iRD 7= (Yoshida b,
1979) .

BEe AT LR O © 0/17, 6/16

JFg e 0/17, 10/16

ithg HFE (hepatomas) : 0/17. 3/16
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Al <7 % (MERES 16 PT/EE) 12, 2-F 7 F 7 2 v % 3EIAOMEE T 8 ME TR O 5
L. @Ef1@ét@&mm%g%&ﬁbto%®ﬁ%24 i CHERENZ RIS DA 2 780
HETIIFIER O 240 (Tumour multiplicity) 73 WZHIM U7z (RPEREEC 0.27+0.59, Wi
#ET 0.93+1.00) Smmr%w%)oﬁ%ﬁﬁo% ZRED MRS DR ARIZLL T O LB Y
Th b,

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

gD Wistar 7 v b (25 PU/EE) (2 2-F7F 7 2> (MEARB) 300 mg/kg/#H % 1 415
BOEG L, TO%, BENRORENEAET D E T LT, XTIRERIIMgE 50 CE L=, 57
THRAIDOIEESSBIZE S -, BEREEE DS 5/17 It (29%) TR 57~ (Hicks and Chowaniec,
1977) .

> Wistar 7 > & (20 PL/Bf) (2 2-F7F LT I (%@WK@%) 0. 300 mg/kg % 1 [Al/{ED
BEPEC 57 EMMEHRE &S L, 100 B CHMR Lz, ZOfER, BER CRE L OB L)
o Db D F A= % 58D 72 (Hicks B, 1982)0 AR iU\T@&%@T“&%éo
PRE& ERZ DM ERL : 0/20, 8/18
e 0/20, 4/18

SEXH
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administration on the lung adenoma response in strain A/J mice. Toxicol Appl
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Hicks RM, Chowaniec J (1977). The importance of synergy between weak carcinogens in the
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37:2943-2949.

Hicks RM, Wright R, Wakefield JS (1982). The induction of rat bladder cancer by
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3. 4 3,3-490M0-4,4-OF73/)TT7x=)LARY (CASES : 101-14-4)
3. 4. 1 YEEFHMIR

sy . 267.15

SMEL BEEAORSIEE T IIREADO L Y b

Whai : 378.9C Al 2 110C, 99—107°C

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

F 7 & =K ERE (log P) @ —

SECHK
BRIEA (2009) bFWEOBRE Y A 7 345 7 &

3. 4. 2 KNEIRE - KB L
BRBE - BRES
FiCARYE ORI 72 FEH O BE oA Tix, 4 R IZRH T 1,700 ppb D
AKYEOE — 7 RENA LIV, EEIE 23 KT, 94%2% 4 ALURIZIRFICHRE Sz, &
7o 3 H ORI EOK) 35% DM AR TH o 7o, HIBEREE EEGMIECN-B Fa % {£o DNA
FIMERFE S Bz (Osorio &, 1990) ,

Z v NOBEEIC U4C TIE#R LAY E % 0.8 mg/em? 284 L7AE R, 72 R CHUNEED
2.54% DRHUT, 6.35% M FEHITHEME Z 41, R O PEERR S 7298 D 0.008% A3 AKZE bR
T o7 (Groth &, 1984) ,

A AR L 72 A 10 mg 284 (25 cm2) L7-fE5L, o CHREFREITMH Sh7p
Mo TZA, 24 B CHETEED 1.83% AR FIT, 0.62% 2N FIC PRt S, BATERO LS, A5
i, AN ZNZH 90, 0.66, 0.11%73F%8 L, 24 BRI & R O U BEITARo 2 7o B e
miZdH-7- (Manis H, 1984) ,

#O%s

7w MZ 1UC THEGR L2 AYE 12 mglkg & il O b L7ofE 5, 24 R C& 5 L 7o ik
RED 14.8% A3 RHIUT, 53.5% M FHUZHRME Z4v, 72 W TIXZENZ 4 16.5%. 69.7%IZiZE L |
JRA DO RZEACRITIR P HEEED 0.84% & DT T, WIS NIZAMEDIEE A EBRRBIEN T
W7z (Groth &, 1984)

Z v MR U 7= AM'E 5.5~5.6 mg & 3Rl 05 L7-iABR T 48 KT 64~
87% DJESHRENFEIR I PRI S 7228, 2D 9 HDIF & A EN 24 FEENIZHEIF S 7= D T,
FHIIIRFT LY H 1.56~3 5%2< . RTPOREAKITEREGED 0.2%LL FTH-72 (Morton
5, 1988) .
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Z v MZ UC THEk L 72 AWE 75 mglkg Z TRHIFE O b Uiz 24 R4 O B R IZAFIR <
RbmE<, RIZEIERTH 7228, BIRO S REIRFIROK 5 Lonze < o i > i > sk > ks
B>V N EROIETHEE . BERREDOINT 7 v 7Y o0 4, iFlE. If DNA TZh %
143, 16.7. 4.4, 11.1 HTH 7= (Cheever ©, 1988) ., 7.5 mg/kg/day % 28 HIE&KE-
L5 aicid, W TSRO mWERE (I o) 12 £5) 23A 6, 75 mgkg BRI E L
f:H?fJ: 0 %f’] 100 5@ < . BREED BEENE 7 v U o, TAT Iy 2, iR TERER
16.1, 4.6, 13.3, 5.5 HTd 7= (Cheever 5, 1991) ,

PN

b NI, FEEGREE 0.2~8.9 ng/m3 (TIEER L 72 978 O R CARME B S L, FHO
BEMBORPIREICHERERZN e, WAROKA (2 HHE) ZHAZZIRIPIRE G [FRRE OfE
Thol-Z b, RTPBREZTKPBENOHETE LIZEEREL ER>TWWZ b, APED
PRI AR < . MADSAOIBRERE b H -T2 B2 5T 5 (Ichikawa H, 1990) .

4w

Z D DIRFERER

Z v MO ER#R L7 ARWE 21 mglkg & IEPENEE S L7-86121%, 0~4, 4~7 KO
PR REIT B 5B DO ZNZEI 3.2%. 1.8% T o 7228, [ ~D Pt 1T 0~4 FE# 23 28% .
4~7 BN 12.7% TH -7 (Morton 5, 1988)

Z v MIBHERGR U7 ARYE 0.49 mglkg & F RN L7256 1 % O S RE 13 M
> [Pl > F G RELARE > fiti > P ik > R > B DR TR < . 1~4 H#Fﬁﬁé E— 7 OB BTG,
NEMAkERE. R R 2B < TEMMHETIX 10 HRICITE—27ITELTEBY . Z0%IiT 2 Mok
DT 12, 24, 48 FEE TR G 8D 35.4, 79.4, 94.6% 23R I HEME S v, FER T U RE
D 73.4%NFFIZH >7- (Tobes &, 1983) .

(TSR U 72 AL 10 mg & SR EE 5 U 72 fE R Tl P o R bR, Hditbei 2
FAPEZ R LTI U RGN 4~6 IR ISR & 722> THEMNEE 1 A28 0.09 KR,
2 FM 0.7 R TH o2, BURREO ERMIEZ NI 1.05, 24.5 BT, 24 FEHEIT, R
HZ 46% ., NEHIZ 32% 3k 47z, MRS & & IS RB T TN, g, AEN. Micm<,
PRI BEDR) 0.5% BNARZERTH D | FARNE G ORRH HCRE IR S e h o7z

(Manis 5, 1984) .

Al

AEONRBNI IO T 7 52— 24 P-450 2/ L CH#47 L (Butler & 1989;Yun 5
1992) . ON-KEE{L & Z D% O Nk, @ON-7EF ik, @FFFER (ofin) DKL, @A
F L B DKERIE & D% ORI K DR FHEIWTIC L 2R EEAHEE 41 TR Y (Morton b,
1988;Cheever ©, 1991;Kuslikis 5, 1991) . 7 v h0E/E Y b, B h Tl N-KER L, A
XTI ofEAKBAL DO E M m < (Morton 5, 1988;Chen 5, 1989) . t kT N-7 & F ki
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FHERRREE TIE722v (Ducos B, 1985;Cocker B, 1988) . F7=. RFMREHMHD L  3HiEES
I aBORERTH LN, 7y M TIEEBEAR (Farmer H 1981) | 4 X Tliko-b R
o X RO AR (Manis and Braseltonl, 1984) . B FTIZI N-Z V7 o Vg &k
(Cocker &, 1990) NETH-7-,

7RE, B CAYE 2 n O 5@ OFIFER I ERNE T N-B R % 2R DNA AR
OB TED (Osorio H, 1990) . TDAH=ALEL LT, IFETEK SN N-t Fa¥x
RDNIERED £ EREMUE X BERE O N C N-7 V7 v UG IR DIIK R S
THEBAZE LD EEZ LN TS (Kaderlik &, 1993) , 72, 7 v b OFNANERER
T, BEBEORE LT v NORTFARWEREIZEREORAE L 20 o727 v MR THEIS
ol EHmEIN TS (Kommineni 6, 1979) .
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3. 4. 3 EMHI1ER
3. 4. 3. 1 e+tOHR
(1) sk
AYE 2T P> TWG78#F 6 A 2 N CTRREEOBIR K IR A A B v, 1 B ELANIZTE
RKUTEn, FEHEIT IV DA YT R— N EOMMEDOREHZ T TEY . KAWEICX
HEBLIME T Ve SN TS (Mastromatteo, 1965) .

KYVE DEREBBUTIR E DD | —F P A - 729787 T, bt COLE R IR D

FERRZE L2l S, IRSCEE O IEVER, BIEROFRZRCIREB LA LNT=N, Z0%MEFEL <,
X< [M{E L7~ (Hosein and Van Roosmalen, 1978) .
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11 L ORWEIRRE Z EEH IO #E Tk, 4 BB OZZERIIHO B FET &
FRAMB -T2 b DDORBEILA BT, BREEECHEREIC R IT <, A b~EZ v B UMESR
iR, EAROHBE L o7zt SIN TS (Osorio ©, 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

KEOAF T T 1969 206 1979 FITAWE IR S L7277 540 NZ X5 L2
PERADZ 7 ) —=2 FRERERE S L2, 200 NIZOWTERSEREEZI T2 25, 3 A
WZEME RS Ao o Te, 3 NTmIRERE %< T 2% T 1.5 » H~1 FFEEV Tz 28
F. 29 F. 44 FOBHEFHEHE T, ZDHH 20 KD 2 NI T TOEBEED /20
HEWUEE T o7, BEMEDS A OWRIIFNIT ) 20 4EL0L B & BV s, 25~29 F Bk T
AT 1/100,000 L OTINTHDLZ D, AMEDREIZLDbDEBEZ bV, v, 2
O OFEE TIE, JRILE ORI IRIE MRS DRFRIZ R 720 > 72 (Ward &, 1988,
1990) .

BT 2R B IAEMEBM IR OFERS H 0 (2 ARG MR Z - 7 BSER (K9 5 (8]
) WBHHND K DTl o72 52 FOIF TG BE KB LTo7od . RERIRMER B A
ATl & 2A, BFIMAETED 0% O D IERBE A i, BFEERAOR R, DR OIRERY
BAT BRI BN e o7, BFIIHERESE T 7 v 7 7y ME (e FBREORLR) R4
HIRAMZ B L TR0 . RTREE CRIEAEAT ARETh o723, KBEATO 14 FMIEAR
WEORLE TR TEH O TEY , (BRI~ 2 7 RFRED#EEZEN L T\ ihotz, &
DI [ L2 A U7k R A E OKTIRE BB PMEE L TORER TR T 0.23~0.41
mg/m? EfHbmEm <, WO THE LR (<0.02~0.08 mg/m3) . FF LT (<0.05~0.06 mg/m3)
DIETHY | R TROKPRELT AV AOEHRRE A ERl> T\, 2, TH7EHE 10
ANDRFPRE S 267.9~15,701.1 pg/g-cer & @<, 10 AEENKEOEHRE % LAl > T/,
INHDZ LD ARKYE ORI X 2B O3 4&E L2 S vz (Lia 5, 2005)

ERES A Ete e FORENA T BT ZAD—DIZ DNA O LIHBENEZ 5N TWD Z &2
b, AWEERET HBED 4 TIHOEE 158 NExGUc, i & M) b AYE O
HARE BT N L IENREERE 101 A 2 BRI, SUIAME OIRPIREE 20 pg/g-cre & FEHEIZ LT aEik
FERE 45 N (¥ 278 nglg-cre) & IRJEFERE 108 A (5 1.86 ng/g-cre) @ 2 EEIZ4y1). DNA
PR REZZ I CTEREND 8- RaxFA4%y /7 /v (8-0HAG) o i
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B LTz, TOME, WTFHOEA LEEEO 8-OHAG BEICHERZEIT R L, T LAMERE
it | BRI S D ZSHE BEIR 2 S L 72 D 8-OHAG R EE 1IN B A ST R R TR EERED 5 MR o 72
N (HEZERL) | Fl-or:, BYE L 8-OHAG BE L OFICITAEREORENH V| BYHEE
® 8-OHAG REIFFEMYER L0 @mWERICH o7z, D72, AYEIZ X 5503 /01X DNA
DOEALHIBEEIC L 52 DTNV Z L AURE S (Chen 5, 2007) .

b N OB TEEMEICE LT 1999~2001 FFlICfE Sz 71 Ez L Ea—T25 &, FFED
FEAIFARE 2 6 81 L2 b D2 14% FEAERE L BIE R H 5 L EX 5N H DN 18% ThHh o712,
KWE IR ADIRRWE & LT TS Z b, AWEEEHTHRY 71L&
W TIHOGEE 12 A, *HREE 18 A2 HERE L 7= JRILHE o> FIBEIR 1% - Rz Ml & KR M U >
INERICOWT/IMER AT RER, & BICREH O EE T < Abhlz (Murray and
Edwards, 2005) .
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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

iyt I 55 1O B, hEEE
AN = LDso 1,140 mg/kg (RTECS)
7w b &0 LD 2,000 mg/kg ({4 B e G g =)
~ A e LDso 640 mg/kg (RTECS)
AV 35 LDso > 5,000 mg/kg (RTECS)
S & 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 b &N
2 HAlg A &Gtk b E RS 12 8

(2) RiEHRESEMN
BREHEEICOWTORRITE LN -T2,
BOE5omE e 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 CREE 42 AR, METAER, Sifa @ L CWE 4 HETO 42~55
H IR 0385 L7245 5, 10 mg/kg/day LA EOBEDIED g THRREDO~NETT U L IEED
N, MECmIER Y R ROT VT I O, BB E RO EEEZRD, D
PRABAE C U3 Ha F M 28 1 O FR O R A RIS HE MBI 23 7 & 4172, 50 mg/kg/day B C Il < £
HAZREER A B, HEHET A h~E 7 m e O, RO, ET~ET iR
B, ~~ 27Uy ME, ERZ 37 TAT I oD, MARMEREL /MR, B R
T —/LOENN, HETA Y MERAIRIMER, LDH, y-GTP O, A/G o7 £z
AREAEERDT-, F7-. 50 mglkg/day FEOMEREO TR, WU, HEo FRIR CHMEROAER
N, MEREO AL CTHER, ABRIZMEDFARICH E RN Z 78D | MEMED g ChE s o
T, ~NEUT Y U, MECTFMIREEE DR A SR S EIME A A DT (LR
A S, 2005) . BREEE (2009) Tk, ZO#EHE) S NOAEL % 2 mg/kg/day & LT,
U 27 52 i LT\ %

Mo — 27K 6 La1EEE L, 0. 100 mg/H (8~15 mg/kg/day) % 3 H T 6
R OEE L, ZO%ITA 5 AICEE LT FMERES LR, #5800 4 EoREb cHLiT
WBAT LR, 1 VRO JRIE TRAT LR K O 2380 . JRIEMEG I IIFIRIZEER L iz d,
LI AT b RO X DERE o 15 A JB L %@L&moto%%ﬁ@6@ﬁ%%ﬁﬁm
AR NS Tn, TR FNEENNEEFEZ G720 A X TEMRAANTA L Lid, B
T F AL BVVMEE OB N TEPAVDERENRE N L2 EW®T D B 2 517 (Stula b,
1976) . ATSDR (1994) 1%, gD EE4% = AR A > & LT, LOAEL 10 mg/kg/day %
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RE L, AREELEE 3,000 (FZE 10, fE{k7E 10, LOAEL 75 NOAEL ~0O4M#E 10, 7 —4
N—2ZADRRT3) ZH#A LT, RAREOEN MRL 4 3x10-3 mg/kg/day & EL TV 5,

235 SCHk

L2V R HEE S a2 (2005): 4,4 A F L ER Q-7 uuT7 =Y )DT v hEHWDIK
W OB 5l - ARG AR RMEDFGRBR. (LB R . 120 188-202.

BREEE (2009) (LB OBREE Y A 7 G 7 .

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 - MEfER 12 LA 1 #£& L, 0, 0.4, 2. 10, 50 mg/kg/day % AHd
14 HAET O ABHIM 28 U CRElT 42 BIE, ME3AEIR, oA B L CfE 4 HE T (42~55
HIHD) sRI#E A 455 L7, 50 mglkg/day #EOME TR 14 H225 20 HOREITAFIZIK
Moo MEEET () SRR, MR, IR, PR, EIRE, MESR, SR,
PR OVHEARRBIC BT R Do T, ETo, BIMEFEO A, MhEL, AR, (KE, Pk
KOWEE 4 HAGFRIZOLEEI ) o7, ZOEENS . NOAEL 13 50 mg/kg/day ToH - 7=
(b E s s, 2005)

SEHL -
(LB SRR HE S B 3522 (2005). 4,4- A F Lo B X(©Q2-7 a7 =Y ) DT v N HAWAKE
B O 53N - AR A FEIFERER. (LY E FME BRI S . 12: 188-202.

(4) BEHLAMKE
BREEOHRIIELNR T,
ROz T, LFOmREZR LT,

Sprague-Dawley 7 v Mt 25 L, HaM/ICR ~ 7 AMERESR 25 PLa 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
FRY) OREET 18 » ARG LRSI D26 » AMEE LR, 7y N TIIEER
FAEROWEINZ R LT ESRIL R0 272 b DD, 0.06%LL EOBEDAT 3/22, 4/19 PLIZ JRIESE,
1/22, 1/19 VCIZHME, IFIEC 1/22, 4/19 PCIiFMlagE e EAA b, ~ 7 AT, 0.1%24
EDOREOME TN DI AERICAE BN (9/21, 7/14 JU) %38, 0.2%FEDORFiE TIL 4/14
PRI fE, 2/14 PCIZIERIES A Hiviz, M~ v 2Tl 0.1%2h EORE TRl O ifi & fE<C i
ENE, 0.2%HE C B g O EMA 57z (Russfield, 1975) .
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<A
MAENE - M RIE (D734 =R)
I 0/18, 3/13. 8/20
i 1/20, 0/21, 6/14
JHF I e e
I 3/18, 3/13. 4/20
Mt 0/20. 9/21*, 7/14*  (p <0.01)

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

Sprague-Dawley 7 v NEMER 50 LA 1 #£ & L, 0, 0.1% (0. 50 mg/kg/day F2HEE) DOIRJE
T2 FHIRAER G LIS R, 0.1%REOHERED it CIIERE (14/44. 11/44 P8 R OVEE (21/44,
27/44 ) OFARICHBERBEMNZROT, 2 DITMAE XK OO ERICE b, £
ORI & L CRA L, IEICEIT L2 b o & Bbin, IRIEIEIL 1 4F &0 ) BUDERI b 34
LT e, 2Oz d 0.1%BEOMERED % 2~4 PLIC g (AR | FFRIaRRIE-C IS,
BOMEMIIREDR LR ENA BT, —F, MEME21 Itx 1 BEE LTRY o7 BIRA T
FERICIRAER G- L7z & 2 A, 0.1%FF O AN ST 16 » H CTEREZKE T L7,
0.1%FEDMERED I CTUMEAE (8/21, 14/21 PT) | s (5/21, 6/21 PT) | HED I CFHEfE R
B (5/21 PT) | PRy (11/21 PB) | MEOFLR TR (6/21 VL) OFRAERITH B RN E R
Wiz, 725, MEOFLIMRHERRE DAL 0.1% THEICE2 » 72 (Stula B, 1975) .

Jiti Rl
1 0/44, 21/44* (P <0.05)
e 0/44, 27/44*% (P <0.05)
Jii B FEE S
1 1/44, 14/44* (P <0.05)
ME 1/44, 11/44* (P <0.05)
JH A R e
HE 0/44, 3/44
e 0/44, 3/44
I8 e e
HE 0/44, 3/44
e 0/44, 2/44
MaRsiidiss; (Mafsirb B2 E ; TARC (2012) 12X %)
1 0/44, 4/44
Wt 0/44, 2/44

Sprague-Dawley 7 » Mk 50~100 PE% 1 #£& L. 0, 0.025. 0.05. 0.1% (0. 13, 25, 50
mg/kg/day FEEE) DR T 2 FHTRATR 5 L7-/5 5%, 0.025% UL O #EThli ol (14/100, 20/75,
31/50 T) K OVEE; (23/100, 28/75, 35/50 L) | 0.05% LA EORETHLARMREE (8/75, 14/50 L) |

53



0.1%#E CHFAIIERE (18/50 PT) | Y2 7 UREE; (11/50 L) ORARICAH B RBEMNEZRBD T,
Fo ARZ 7 BITR AT 0, 0.0125, 0.025. 0.05% DS TRIBEICIRAFR G- L= & 2 5,

0.0125% L EOBECHiOMEE; (6/100, 11/75, 13/50) | 0.025%LL EORETHiDIE (7/75, 8/50
JC) | U VARESS (4/75, 6/50 L) | 005%%1‘@%%&5@%5 (9/50 PT) | FLARMEE (8/50 PT) |

1 PIAE (4/50 PE) (2 B 72 B0 2 78D | el 12 e~ T D JiR g oI5 00 38 A SR I3 L7278,
e X m U7 (Kommineni 5 1979) o
it i gees
2RO RE L TWDEE 0/100,  14/100%,  20/75*,  31/50%*
A 0/100,  3/100, T175%*,  8/50%
2 fiti g
BRI BEOFRE L TWDHEE 1/100,  23/100%,  28/75%,  35/50%
i A s 0/100, 6/100**, 11/75%,  13/50*
FLIR
BRI EOFRE L TWDHEE 1/100,  5/100,  8/75%%,  14/50%
Ay 0/100, 1/100, 3/75, 3/50%**
U VR
B EOFRELTWDEE 1/100,  8/100%%*  5/75, 11/50*
A s 0/100, 0/100, 4/75%**  6/50*
JHE A e g
SR EOFELTWDEE 0/100,  3/100,  3/75, 18/50*
Ay i 0/100, 0/100, 0/75. 9/50*
155 P
BRI EOFRE L TWDHEE 2/100,  4/100,  3/75,  0/50
Ay 1/100, 2/100.  4/75. 4/50%**

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

v — 7V RIHE 6 ILE%1 BEE L. 0. 100 mg/H (8~15 mg/kg/day) %l 3 HT 6 I MR
Nfeh- L, 20O%ITE 5 BIZEE LTI FREE LR, B5H0 4 ICoOREM CHLIRBAT
A, 1 VCOJRIE CBAT LR K OME 2 78 8, JRIBIES IINTIRICER L T ey, ILERIRE
1T E R T EBE D B IR, #5 Lo 7o, xHIREED 6 @fﬂ%ﬁ%ﬁi%@%ﬁ@ifmx
STz, TRFNEBNESRZ 7700 A XTHERBANREAELZZ & BRI T BT AL
WIREDOE N THEBADBERIENRRE N L2 E®T S k%z%im‘_ (Stula &, 1978) .

BEMEE - 0/6,  4/5

U.S.EPA (1997) 127 v MZ 2 IR S L7258 (Stula 5, 1975 ; Kommineni » 1979)
NH, An—77 7 7 #—% 1.3x10(mg/kg/day)-1 L FHHL, ZNERAICHERE L C2=v
A7 % 3.7x10% (ug/m3)1 & LTW5

—J. 1V 74 =7J EPA (1992 2005) 1. A XOEERTIXEMENS D720 REIZ
Lo NTORBAMELFTHT 2 72DIITT oL A XOFNRLVELTWDHE LT, A
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X DEMETH SN T-ILERIRBAT LR DR AR E S LB LA —T T 7 7 X —
1.5(mg/kg/day)! #EMA L., ZNEBRAICHERE L Tx=y U 27 % 4.3x104 (ug/m3)1 LHHL
77

SEW -

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.
2:149-171.

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 o-hbJILA4P > (CAS HES : 95-53-4)
3. 5. 1 YEZFa9MIK

sy : 107.15

SMBL A L I A OHRIK

Wi 0 200—201°C flS : —14.41C
ARSJE : 0.2 kPa (20°C) BRRPE OK) - b g

I & 72— K EAREC (logP) @ 1.29—1.32

S 3k
Aa b mamm (1985) AR YRR, GERA.
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 LTHERERN DLW, WIS
CEENSBRINEND EEDbILTnS (ILO, 1971),
%%@%_owfi RRRTE DO BTG SN o T208, #E DBRTEE M O O OBRFERR I
OWTIHLLTFD LB Th D,

#Oo%s

D SD T v M o-[HEBR-UKC] LA ¥ 500 mglkg % MHlFR 0 # 5 L-RBr <, MmiE
HOREREIT 24 R IR EIRE (oo ML A ¥ U AR T 85pg/mL) (ICiEL, £ D% 12~15
IRF [ D TR LTz, 72 W2 ISR RB I, R, B Mt M VIR B e i i i B C 40 A L
7208, Wb MmHPRE XY 180 -o72, £, BEEED R EFIRFICHEE X7z (Brock
5,1990),

KD SD 7 v MZ o [ A F/L-14C] h LA ¥ U MR 50 mglkg # O 5 L7-i B <, & 5%
6. 12, 24 KON72 KL E Tlo, R, B BIEED 54.82%, 85.55%., 92.12% K% O}
94.73% 3R I S LT, 6 H#F'ﬁi?&if@)?qﬂ X, G EHRE D 29.16% & 1 17.66%FH 4
INFENENREMER N 4T 2 ) -5-AF LT = ) —LORAEE LTHES L, RE(BIENR S
Moz, ZOBITIEEROPRIOEIA A REITHIM L, 72 K% E TORF TiX, RELEHR
37.40% THHDICK L, 4T 2/ -5-AF N7 = ) —LORIAIKIE 51.66% L Lhn~>7-, o bl
A V2 500mglkg R OEE LB ClE. 24 K% E TICREGED 21.2% 0" KRB E L
TRPIZPEI X3 7= (Cheever &, 1980),

ETiE
B> F344 T v M o[ A F-14C] b LA ¥ U HaFRHE 400 mg/kg % F7 F#5 L7=#ABR T, 48
RFE % O FUHRE D TR, BN, A, Bls, KRG K O~ D 5L, i, #5580 0.33%.
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0.06%. 0.02%. 0.04%. 0.005%. 0.02% T& V., fed TIEA o7, 5% 24 FEFRLINICER S
EHRED 56%. 2.3% K% N 1%03, ZiEiv, JRF. #HROMRH (CRMbRFR) TPt Sh
7o 48 HFMILIN TITH 83.9%., 3.3% KN 1.4% Th -7z, Be5#% 24 BEFLINO R O
K¥ (F190%) 1. 4TI -5 AF LTz /) — ) N-TEFNATI)-5AFNLTx)—LK
W27 X /-3 AFNT = ) — VORBERAEE (2, 5 HEREED 27.8%. 8.5% K& 1Y 2.1%
M), 472 )5 AFNT 2 )=V EON-TEFN4-T )5 AFNVNT =) — VDI )VT 0
VIBRAER (RN, BEIEED 2.6% K TN 2.8%FHY) 7 EORAIRTH 7=, RPIZIE,
Fo, =T UIHEERGEY (B G IRETREDR) 6.9% %) & LT, REE (5.1%), 2,2-F 2
FILT XL _Pr (0.2%), o= b Y bz (01%LLTF), N-7E&F/L-0- hLA Vv
0.2%). N-TEFL-2-T I ) R_RUIATAa—L (0.8%), 4T I )-5-AF LT x ) —)L
(0.06%), N-7T2FIL-4-AF)N-5-7 2 ) 7= /=)L (0.3%), o7 2/ LZEFKMHE (0.3%) KO
N-7 & F/L-0-7 2/ ZEEEE (0.3%) 2\Hit Sh7= (Son 5, 1980),

&

o FVA VAT S N T %N T FRAKER L. N-Bgfk, N-7 2 F ks EDOR G A%
. B e REHAZ AT D, REHAD K CEIIME K OV V7 v U AR L UCRIC RS
o, (O REFEMBN AR - (W) (P ERHEATJEHERE, 2008)

FERRHRE L, MM TONT BT LB L O Rexi b Tho7o, EETIHRWVRRRE
ELTIE, B TOE Kuax b, AFLVETORL, 7 /7 A TombrEngEhni, i
BIEEN s v B E X v ESRch -7 (TARC, 2010)

ZE R -
(i) LS EEAL S SR - (M) AL E AT IEREE (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.

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

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

Ward 5(1991) % OWard & (1996) %, K[ED 2 2b2E 5L E5E T To- A Vv, 7=
VTR LIAFEB 23 b Lic adh— N2 50 Lz, A XIG319464E0> 5 19884 D
MR SN TV 17490 (BPE1643 A, ZctE106 N) & L, £D 9 HT08 A3 5230 b b
AV, T2V RE LI EZZ N, (FEEZ, 22 AT T IR FTY—1 B R
Xy, My THEIRFE. RV FT = VR ORRFG TH D ALFEWE (FRI
AR L) DOWREE ST TV 2 AT ﬁ@%é&%z%ﬂkowmmwamwﬁifm
AAPRIFE O EORER., ARG 2R TL3B OB AR A B (SIR3.6. 95%CL, 1.9—
62)\:®5%ﬁ@ﬁ%6ﬁ CHRFE L7ZRECHAE LT (SIR 6.5, 95%CL: 2.6—13.3) . F7=.
WEiE O ATRENEN & HRET4H] (SIR 3.7, 95%CIL: 1.0—9.4) | FEBREE#EC261 (SIR1.4, 95%CI:
a%%n)?%oko%iﬁﬁ’iéﬁﬁ ITK T ERWE Ihi,

Prince & (2000) IFRASHROIEEEICT OV T, 19464E 5 5 19944F £ TO I RS 24T -
tﬁ% JEMES Al K D AETTIE2H TH Y (SMR2.1, 95%CL: 0.2—7.4), Z® 5 H1fliE, B

IIEB A T BB REO L O TH 7= (SMR3.8, 95%CIL: 0.1—21.1), B & 27 ﬁ

BT, U o EEMROBASER26A Lz (SMR1.2, 95%CIL: 0.1—4.2), & 5Hi2,
O NRIEFBREIC BT, B AV 19BI DI A DT S 4L, £ D 5 H18HI1IX 1989471 5 20034F F

IZZ2Wr &= b D Tdh o 7= (Markowitz and Levin, 2004; Markowitz, 2005).

Sorahan ©(2000) /3 5 [E D = A b7 il 3E T35 CHREB O G ER T I IRE L7 BIEEE
H2160 N Z x5 & L TIAE LT o 72, BHEEEBIT19554) b 1984FE O WM 6 » H UL FJEH]
STz, 2160 A\OEEEBED 9 6, 605N (o hbA VU ICHRFEE L7563 NEETe) o hbA
TN AN T IR FT =) T2 B F T FAT I DO HDOUWELL

TR L CWe, 2O NM—TIZBWT, BRI K DT A Bz (SMR15.9,
95%CL33—464)

PRI RE R TITERED A DFAIZ30FTH Y | KT YV U ERSHTOREFR., B A DY
AT Lo hMvA ¥ U ~OIRBEHIM OMIITA B A BEMEN R Sz (REWIM 11— 44, 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 EBHYOME
(1) 2sEm

iy fE g 21O I B, hEREE

7 vk & LDso 670~940 mg/kg ( (i) H5HFFAH T EAZHEHS -
() AL ERTATRRRSCHERE (2008) )

<A o LDso 515 mg/kg ( (i) S5 FEAGHIR MRS - (U)
LR RTATRF Se kRS (2008) )

A &1 LDso 843 mg/kg ( (Mh) 5 FEAGHAN AR - (U)
LR RTATRR e kRS (2008) )

AV (2353 LDso 3,250 mg/kg ( i) LSS4T AR EeAbists - ()
L2 RS2 KRS (2008) )

S & XA

O B REM B SRR - (W) (LR IeRERS (2008) - ALFEWE OWIEA Y A 7 GE
i3, Ver.1.0. No.202. oo kLA 2

(2) REEXRESM

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/L 2> & LT 0, 74.6, 149, 224, 298,
448, 463, 933, 1,865, 3,730 mg/kg/ HAHM) % 7 HFNREE G L7235 <, HEKFEORK
FHINANHI, 12,500 ppm D MERE TR M OV G 3R TEAE 2338 BTz, 50,000 ppm Tl
WD 4/5 Fl, WD 8/5 FIAMIE L7z (NCI, 1979), ZOFEENH, () B EEAMGH I AR %
1 - (1) LW 7eRRE (2008) 1X LOAEL 1,000 ppm (o h/bA ¥ & LT 74.6
mg/kg/day FHY4) ZEEL., U A ZFHIIZHN TV S,

MErED F344 7 > b (5% 5 PL/BE) (2. 0. 500, 3,000, 6,000 ppm DT 14 HHIEAT# G-
(121X 0, 40.4, 238, 449 mg/kg/day. MEIZ1X 0, 43.5, 251, 481 mg/kg/day) L 7=#BRC.
500 ppm LA EDOFEDOMEMET A h~F 2/ v B MAE, 6,000 ppm FEOMERE CAREDIKAE, 6,000
ppm FEDHEK N 500 ppm BL_EOREDME TIRERINOHMHE], 3,000 ppm LA _EOEEDHE R ) 6,000
ppm BEDOIETIREE - 2 AfE D45, 6,000 ppm #E O MERE TR EE R O % 788 7= (DuPont,
1994) . ¥, FHTIEARM) -7z, OECD SIDS (2004) %, Z DOf5%E25 LOAEL % 500 ppm

(TR 23.7 mg/kg/day, M TH) 25.5 mg/kg/day) & L7z,

SEXGR

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) HEFHLESM
TR L 7-EPH I, RIS oo T,

(4) LA

R 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# G L 7=k
BT, MEC IR AT IR K ORI . C I RE RPN R 25 oD 1 /2 fil K N IR AR R DA B
7REEMAFRS bz (NCI, 1979).

T
MERE K OIS AR (PR 7-384R) @ 1/19, 2/50, 12/50*
I P i 1/19, 1/50, 10/50*
ki3
RFHAMPR AR ) O (DR 7=382E38)  © 0/20, 4/49, 13/50%*
R 0/20, 2/49, T/50%**

*p <0.005 (ML R) ; **p<0.007 (Fisher D)
p<0.001 (FL>K) ;***p=0.015(FL > F)

MikED ICR ~ 7 A (% 25 JE/EE) 1T o bAoA U HilRHE 0. 16,000, 32,000 ppm (o- kLA
Y &L TO0, 1,790, 3,580 mg/kg/day #H24) % 3 M AT, Hil ) THK 4 OEEZ 0, 8,000, 16,000
ppm (o- h/bA ¥ & LTO0, 895, 1,790 mg/kg//day F124) % 15 7> A MRS L 7= Bk T,
FEE PN i 2 C I B S OV LI O A 7R BN 2338 8 H 7= (Weisburger 5, 1978),

I I K OV PR (DR 7o 3842 3R)
1 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)

WD F344 Z v N (%% 50 VL/RE, HREEIZA 20 ) (2 o bV A ¥ U HEERHE 0, 3,000, 6,000
ppm(o- F/LA ¥ L LT 0, 112, 224 mg/kg//day tH24) % 101~104 #EBRATH S5 L 7= BR
T, ﬁtﬁﬁEOD%’?H““TPﬁH% RRMEPINE, 178 PR K OVE RIS A2 3R D A I e AN G BTz,

(2, MECIRMRR CPIRE, M AR OVE IIE, B CRAT B, LR CRRHERRIE, KT
&i&?ﬁ’tﬂ%’rﬁ%“@ﬁﬁ%’éﬂi\ R BRI 2 5 10 % < ORI B IR AR O A B IR Hiviz
(NCI, 1979),

1
WIE (NOS) | #RAEAE, M4 PIIE R OVE IE (55801 % PR 7o 38 A2 3R)
0/20, 15/50%*, 37/49*%

WE (NOS. B DENL) - 0/20, 3/50, 11/49%**
PRHERINE (BEEDEBNAL) - 0/20, 8/50, 20/49*
FZ T R DO REHENE - 0/20, 28/50%, 27/49*
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HRIE (KSR 2 & 8O EMAL)  : 0/20, 17/50%,  9/49%**

AIE (NOS) | MHEPIIE, i/ AL OV PR (FH0L 2 fF 72 3842 R)
0/20, 3/50,  21/49*

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

FLIRBRALE IRIE - 6/20, 20/50, 35/49%*¥**

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

NSF Intl (2010) %, NCI (1979) OMEDOBEMOMEEE (B1T Lk, BAT EACFLEEE) D%
RIS, BMD %% T BMDL1o0 13 mg/kg/day % K&, [RAMEZ HIFE A E U TR A B
ZHEAMIMFE L, BROBBEREO AT —T 7 7 7 X —7.7X103(mg/kg/day) ZRKd7-, ZhzE

early-life exposures % % L C life-stage adjusted L7-fE% 1.1 X102(mg/kg/day)! & L7,
723, RIVM (2000) TiZ. Gold and Zeiger (1997) D F > @D T — #1255 < TDso (1.7
mg/kg/day) 725, FHRAY A7 106 1ZkIHT 5 HE% 3.4 nglkg/day & B LTV 5,

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

ERFUATH %, NSFIFIEZE 50 FERICH72 0 . BFER. BUMEIRE L OBREIARZ & & )
T, DRZEFHEIBROLIHREHIE L, 20K E b LICRGFRIEEEZ1T> TV D

IZ0>, v RV AL DN RAT LFA - B B I RESHIREAR EETo T D,
A E R OB K E DR EMEITREM L TS Z &nh, NSF A v ¥ —F v = g, fitRR
ks (WHO) ofMfFEEH It 2 —L LTUEHE LTWn5,
NSF AfA—2L~—  http//www.nsf.org/ (J&5E
i . http://www .jia-page.or.jp/certification/other/nsf/index.html]

KD SD 7 25 TL/EDIZ o bV A ¥ U HEREME 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 MIRAEE G L7 C, BHRECR T
FERR DORAHERE X O MER IR DA B2 MM FR D bivie, F7o, HEtAEBEITR -T2, B
AT R DI OHMNTRD BTz, i, BEMERBAT LR & BRHENE 7o U U I3RE P il
EOPFFE, B TIES & PRV LSRR ORIEE ORI, MBIy RT —#
123 L COHRFEENDBD e (Weisburger 5, 1978),

B2 T AR DO BRHENE S OBRHERIE (DR 7o 384 2R)
0/16 (concurrent control), 18/111 (pooled control), 18/23%, 21/24*
BEMERAT ERCEE ¢ 0/16, 5/111, 3/23, 4/24
*p < 0.025 (vs all controls)
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SEW

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 HEXNEMEORINAMEORO—TI77H48—
AR EME I HONT, BN AT —F T 7 7 2 —%FE 3611 LT,
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#3.6.1

%Eﬂ%%ﬁl:ﬁ(f%%ﬁ/"ﬁmx o—>72 7O __:Eﬁ.’:

= R _—— — S 2
| M| g | mmer " aghann - i N
4-7I /7 =) — — — — — — —
RV A E b 1 ot e One-hit 5 /v 2.3x102(mg/kg/day) ! Zavon & (1973) U.S.EPA
[=> FVRZ: (IRIS,1993)
3.7x102(ng/m?)1]
2-FT7FNAT I — — — — — -
3,3-YUrum-44"-C7 3/ | &A Z v b | RS B 1.3X 10 (mg/kg/day) Stula %(1975) ; U.S.EPA
A=YV I (Fe#Z2 L) Kommineni & (HEAST,1997) *1
(1979)
= I BEbEOFLER | SELBREET L | 1.5(mg/kg/day) ! Stula »(1977) Y7 H =T M
WRAT L2 EPA (1992, 2005)
S
o hA T & H Z v b | EMOBIT | BMD ¥ (8%E5 | 7.7X103(mg/kg/day)! #5K | NCI (1979) NSF Intl (2010)
ERE. B | VTHRE L. &EHY | ©, early-life exposures & %
17 EFe$L8E | IZ Quantal linear | & L T, life-stage adjusted
JiE ETFNAOFEMEREE | L, 1.1X102(mg/kg/day)?
M) L LTz,

*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 FRD71= b OHBFERGH DY X 7 FHlFIED T A 2 A ) Sk 20 4 4 A
NATBEN S EEATL BT B (B B 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 ZFHEEFIOMES
WL U 7= A5 MR AT Bl OBEZE R TR 4.1 1R T L B0 Th D,
Eio, BUEETROWIKITIANE LR E80 Th o,

4. 2. 1 ZBH - EBEFIPICEEFNSLEMEDORKLIRE
BEL - BEERITICE EN DT WE O EE OB R & LT, NITEQ008) D FENRED b
77
AEOT LI X NI TOLEREY Th D,

(FRERERARK] x (1HEYOERE] = (FHEGKERE)
(FRMAERAE] x (EAX] x (REMEERO0.5%) = (BREEE

OFMBMEMER (7740 1) @ 12 B4R

O1EY72 oRGEEHE (7740 ) - 8K bg/lEl, A 600g/E]l, 7 > 7 2 200g/I5]%

O (AMHE) : WEHFT — 2 F4 M

ORJEMNER (F74/v8) 1 05% (EU TORHMEFFIZ5IH L TRY, FBEMEIEVLO L ED
n5s)

64



4. 2. 2 K (BRFEZED) ITEFNLHLEZPEDODRKRIES

(1) KEIZEFLEZAFIRS ORERE

PAENFRAF U T2 PRk sy DR R EE 122\ Clk, HERA(2004) & NITE(2008) D 2 FE¥EDE T /LA
e Iz,

MEEbHEOT LI XML TH L, LTFD 2 TR ->TWND,

NITE &7 /L THE LTV 5 B SR 0. 1mm) 1T EEO A MO E S &2 ZE T 5 L. RIDES
25 1mm ORG24 ET 2 & HERA OFHRFE 1L NITE OFFHFE RO 10 4127420 JEE 0.1lmm T
IR I DT, BLREIIEZ T ERE RHEEITA TR,

— . b REARERIINEBITRTHY, HERA 5 /L & NITE ©5 /L Cld, AR 4 K0
FIENELD Z L2722 D,

(HERA)  (HEHEFSE (g/cm)] x (EMEE) x [(REBITEN00M)] = (BEREBRES)

(NITE) (REHEFS (g/cm’)]) x (KRIEHEMERE (0.01cm)]
x (fEmmEiE) x (KEBTEO0.01D] = (BREREE)

<FHER >

O gz ifitd 2 ply &2\
HERA(2004) Tl glem2 O Z % 53, NITE(2008) TI3L L OBEE (g/em3)|Z F G Hfih
E (0.0lem)%ZF U CHMY 72D OEREE LTWD,

O BIEBATE
HERA(2004) Tl 100%. NITE(2008)Ti% 0.01%% AV T\ 5,

I

(2) KEBIZEASN-2HXEIKEIZEFNSILEMEOREIRS
KN SN Yebt WIT RIS S EN AL WE OB ZEE & LTid RIVM(1999, 2000) &
U.S.(2001) D 2 FE¥E DO HHI DS MR S 7=,

O U.S.200DIC kL H gt (7 X Vi~ A7 )LJH : Diisononyl Phthalate (DINP))

U.S.(2001)1%. CF(Contact-Flux)¥%: & . AC(Aqueous-Clearance)i: D 2 FEIEDFHE 715 & Mgt L €
BY., o TWBWEIL, 7 XNV A7 VO Diisononyl Phthalate (DINP) T®% 5,

FHEOT ALY ZANILUTICRT LB THDLA, WP ORSE, AOKE7 7 v o7 2 EHHE
WZHRD . REERER L W T2 OGHTER WERT — 2 203 LT 5,

FriZ AC I, A2hEREDN 1.0 ROIXEREE T 7 v 7 A=1F~OHRKAEEIZR D, 1.0 K
i ChiE UF~ORRKIERE) > AORET 7 v 7 2] L2 @RKEHIIZ 72 > T % alEefEss
bHHrboLBbhd,

<U.S.200D)DFEHET /LT Y XL >
O CF (Contact-Flux) &>
(FE@EE] x (EMREZ7S vV R] x (BELHRE)  (AE) >BE=
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O AC (Aqueous—Clearance) i >
(EEERE) x CF~NO&XAAE=E] x (RELHHE) ~ (KE) =>RE=
CF~DOXAIBE]) > (BRREIS VI R] / (AHERE]

@ RIVM(1999, 2000)iZ & D% st R (7 Ykt QYRR < 2 8H)
RIVM(1999, 2000) CIZEEDO 7 Ykt OB EFHE 2 Ll L T\ 5 2 &5, RIVM(1999,
2000)DEEDONFIZHOWTEL FICEERT 5,

TR MR DIEART TV FIM 411" T B0 T, EANZILUTOLEY TH S,

(7VEHZETHADES) x (HAREE) x (HAMoDFEHE] x EMEE] = (AFE)
(RRE] 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) TO T Y'Ykt /7 I VIEDOR B DT U A

RIVM(1999) TIE 7 Y Ykl 7 S VHHE 7 U —O 7 I VT, IR ESCREfE AT | I SR
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TERELAEMEEZ 52 TEHEL, 2L LT 7V —07 I VHOREIRZEEOHEEENEHTX 5 L
L C. RIVM(2000) Cix7 Y'Yt 0T I VHHOT — 2 BHEE L T\ 5,
HEAXKLOCHWON TWAT—XEIILUTO LB TH D,

Eeff =) P xiFcontx AaminexW x pFskin xiFabs

2L/ 7 %
g . . %ﬁﬁ%/@%%ﬁ
Eeff BRI DR ERTGEE g I
8% (Mt LL A FE 2 D fF
P TYYRBIA NN TW AR OES | — LR SL(EY
10%(#t)
L B 2 BEEE (7 Yk R o e FELAAL - B O A R
1Feont | 7 X VHEHOBHICHT 2HE T, Y | 14 | BEAREX10 % 1)
DR A& Te) it - 365
N . 1] 7
oFone | FIE7 V=0T SUBOBHICKT | | ﬁigﬁimﬁgﬁ
DHAEFE T, BEAL 1Bl AH) %'rm
Do 07 VYR ORT I VD .
14 Wit (sweat simulant) g8 x2
OISO 7 U —D7 I HEOE & .
24 (sweat simulant) g8 x2
w R g SIS & B
THE: 1
451019 (3%3)
pFskin | FEREHAGREL (BAMIC L - TR D) — 77 A% 0.55
B 0.1 =Yyvar’ i
0.01)
1Fabs WL AR SR (T 7 Y DR ) — 0.1
2Fabs IR U — DT I %) — 1

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

¥ 2 RBEEERIC KD (100mL @ NaCL/V g 77—, pH6.8, 37°C. 16 i),
flfix DYWL, 85 T<0.056 ~231 (FTHEZBMH)

3 EPEEAREALER(0.1) X B R AR R (1.0) + FEE AR 22(0.9) ¥ #2/i%(0.1) = 0.19,
[E££1Z 0.5%1.0+0.5%0.1=0.55

HE/ AT A—HIZDNT, HOTEORIEEIEL FO L 50 Th b,
O 7Y EHRHN LN TO DR OEIE
ESO T OHMER TSN T, BRANED B 2T Y YRR OSSR S S FUCBT % 5 Hiis

B L LT, 7%(100 FE(200 f14)). 11%(792 M A), 7% HRIAEARIH), 6%(116 BR) & v o 7= FH
WZHES X | ST 8% & ) BB A FHV -,
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© B ORAEE  (Contact frequency)
R OREN A 2 N — 2 ZHEE S D,
Bl IE, TAEBITFERIC3BEAT L LBEL 3] L35,
7 V=07 I HITRAOVERIFIC 80%MAHT 5 Z L b UNTEM Lo & SITRTHMK
Hand e fEL, LR TEDOHETHERIC 1) &7 5,
—J5. TV YBIOEIITEE Z L IZEHED 5% T oo L, HEEEIOWRE (Z 2T
20 [l & AEE) % OMRIBEHEIIRIOBEHED 10 5 L 8E (PR,

«

ikl

20
A R = B OB R x (B (1-0.05k)
k=1
20 3
2:(1-005k>:20—1l05x(20 19)

k=1

=20-9.5=10.5=10

(JANUS =2 £ > }] J5I3X T contact frequency & & 57-8, [HefildEE ) & L7=2%, &M
BOMAILZ ZTIEEER TV, AL, ERIICF RIS EORRE DA RIA
FENDMITONT, IROBEHERT — ¥ OO IEMEIZFH ST 5,

@ 7TIVEOBEHE

7 VOB BT AR L7238 (100mL @ NaCL/V > fg/N> 77—, pH6.8, 37C,
16 KffH]) TOBEHARK T DT L - TV 5,

o ki, RIVMA999)Tlk, 7V —07 IV ET VYEFRORT I VEHOZNENE
HIE L. EREIUTOWTER H MK (BRI X2 H0EY) AW TRl IZEHEL, 7
V=07 I VEOFG /NI N LD RIVM(2000) TIE 7 UV —07 I U HEOFH 240 LT
W5,

@ FziEBEfife% (Skin contact factor)

FeEHEfbtR S & 1%, O EEICEEICAN DTN EORESH L0 ERETHHOTH
Do BIZIX, TEHEOETIIATHERICKEICEMT20T10E LTS, —J, 2— MO
TIXE O OB ER AT 50T 0.1 LEEL, 5D D 0.9 OEFITHS: L7220 DK
G~ DE G5 RZ 10% EHE LTRSS TN,

BRI, T4 1.0(1.0X1.0+0.0X0.1), =— ;X 0.19 (0.1X1.0+0.9%X0.1), 77 7 &
1% 0.55 (0.5X1.0+0.5x0.1), FEFIF0.19 (0.1X1.0+0.9X0.1) & ZnTW5,

® W% # (Fraction absorbed)
Fe &\ HEfih U 7= 7 > Y b B BRI R NI D IAE e 7 R VA R T 2 12D R T
b5,
HAKMIZIE, BE S OT VYRt ORISR E 30%, KN TT VYN G 7 2 U HHICA IR D
E A% 30%, FER TR 10% (0.3X0.3=0.09=0.1) £ LT3,
72, B ONREEE TIXRIUREIE 1.0 & LT 5 (100% %I SFu, 100% 237 X I E#T D),
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(JANUS =2 A2 b B LT YRR S N TELLET I VORI L WS v ) i
HE AT,

4. 2. 3 A=y b ELTBSFEHADRKESE
B =3y b ECTHES A~ OREIRELMOFFILZ LA, BRI CoaEHEG L L, RC(2006)
DIFRMNAFTE I,
FRNITROLEBY T, =y MHOROBERESHEMEET 7 +/V MEL LTHEZTNHDT,
B DAL Sy B & IR A AT AU R TR TH 5,

(A—Ry FDBEOE (500mg/m)) x (BHDIELEHMERE) > (h—Rv FLOLENEE)
(h—~Ry FEOIEEWER) x GEAERE (10m/day)] x (RINE) . (KE) >RREEE
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x4.1 BEMEHOFFMEAEZOME
ERBED e et s .
No.|  His i BEEORESAE GEEE
KEFHEBEUSRIE | o s o , . J. e HETILIZELLTLS,
1 | HERA(2004) ﬁ?’iﬁ'ﬁ'ﬁﬁﬂ)d)ﬁ&ﬂ%ﬁg (HGEPEHE(g/cm?)] x (EAEIR] x (REBITERO00%]=>[REBEE] - BB A TR 1
: — (LR E1ABE L LA,
o | nreooe | FEICEALE | (RB5HEES/om)) x (RIEHABEQ0 om) x GEMET) x (RIEBATE00W) |.—% gisrsimsec
KA ORRBE |- (BRBER) 4 HOMED B 5.
s - BB {78 3:(0.5%) (% EU
3 | NTEQoog) | | ERCERATO | rpes o mme) x (5% x (REHEE0S)S(EREES) SR T, S
EEYMEDRKRRE LY
A AR OB EOBITE
4 RIVM(1999) KEICFERAINT= (ZVEHZECETOEEIx (RGP OERE) x UAHE] x FEMMEE (1/F)IX (K | [2OWT . &R-BalElc
RIVM(2000) | AZO ¥ DREIFE | EEMEBRE) x (RINK])=>(FEHRERE SO T—EEEH/LTL
éo
< CF(Contact-Flux)ix >
KEICFERINT= (REERI X [(BMEEIZVIR] ¥ (BRELE])(KRE)=>BRES "RIEBEMISVIR. B
5 | US.(2001) | ZRILEETRXTILEED | <AC(Aqueous—Clearance)ik > BREZ(ZDODNTOERT
BERRE (REEREIXCF~NDRXAAE] X (BRELHMH)(KRE]I=BRES —ADNNHE
CFANDBRARABEI> (AR EISVIR]/[(HHERE]
e e (H—ykDEDE (500me/m?) ) x (R DILEWE R x (i SEH) x (RIRE),
6 | JrRcoos) | PTYNTESTH |,

DR IREE

SBEE

(FEIFIADT—R2ELTRELZLD,
FOMOBEITT I7HILMENEZ SN TS,
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4. 3 BREBFEEDHRE
4. 3. 1 KENLDREBEZICHT IBESZTMEOHE

FROBERICESNT, RAIZ1) OHERAETT/VE4) O RIVM T /LVEN2)
® NITE €7 /v & AW &SH ) b OFR BRI B 2 5B G 2 B 2 1R LTz,

7272 L. HERA E7 /VTIEKBEICAT A LRIy O TOREET 5 LBEL T
LTz, WHERE WS TEENEN D iR S LT RIVM E7 LOfE (0.05%)
i LAY/

FHEMARIILULTO LB TH D,

<RIVM@Q99DIZ L 5355 (F&) (7Y Ykho7 I 8 >

BRBRRE=

(TYERHEZETCHADISI X (RRER) X UAHES 2] x (HAEAE ) x (REEMER
] x (RURE)

= 8% X 18(g) X 0.63(ngl/g) X 30( /4E) X 1.0
X 0.1

=2.72 (pg/#) = 17.5(ng/H)

<HERAQ00DIZ X 23 FEF (F&) (7Y 4kt 7 I U8 >

BRBRRE=

(7VEMEECHMOES) X (RRRE) x (RMEE) x (HEAEE] x (BTEI&E]) x
UIES)

= 8% X 0.00064(ug/cm?2) 1 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 Ykthor I U8H) >

BRBEE=

(HROFE)x (HARE) X EMEE) x EMEERE] x (EMEE] x (B1TEE)
UL ES

= 8% X0.064(ng/cm?)2x 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 wE & (11.34mg)
PN G THIAE 17,600cm2 [ ZHEfid~ % & L= A DEE (18X 0.63+17600=0.00064)

2 [ARRIC, 18g DELE TIAH A% 0.63(nglg) & L2 B ORI bW E R (11.34mg) 2
Fe G THAE 17,600em2 [ZHEfil S5 & LT-GEORE T, THEDOESIXEEAEZ 0.1g/cm3 & LT
0.0lecm & L7,

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

HERA €7 /L ~Oi H TOREL D O %34T RIVMAQ999)IC A S H -7
O, WHEOFERRILFE IR D,
— 75 NITE &7 /L CIIEEBATROR EMBOHEIC LV A KHRWFE RGBTz,
(73, REHEMJBIEIZOWTIX, BRI R T X 2 ICEEE 0.1glem3 & L5
E1F 0.01em T, FRAPIFIREFERITITIEE AL ERBEL TH2RYY,)

3. 2 BREEMCDERBRZICEI IBETMORE

HARIZBIT S iﬂa MERLIZBA T 27 Y YRHZ B EN DT I VEOSHTRER Tk, B
DIREDBHFRT I VEMBRH SN TEY . FIChES (2 TH» R (2o T
%, 7R IR S EU %ﬁf (30pg/g)LL | Benzidine 23 S iz, #GL & L
TONRITT =z —/LHH 1 U YHTEEThH ST,

O END, FFIC in‘E B LT B R ER RN A 3R T L7,

% K2 W 2 2 EAT C ik, RIVM(2000) T EIED & ORRFREE 2DV CTHRHE & [RIER O FEAM
PATBATWD Z b GlRL 4. 2). RIVMQ000)DFEEZSBIZ LT,

FHROFEMITBIR 3 IR T &80 ThDH, 7B, RIVM EF LV THWD/RT A—4
DOFEMFA L 4. 3. 1 &—HEHET LN, TEBIC OV TORKIREREOREG]
BT 312 TR LTz,

)‘«l'w}

Pz

Benzidine 723 S V7= E HFEZAEE LT, RIVM(2000) DFHH FIEICHE T, B4,
WEE 2B T n BN E TOMMRERZRA L, BREOBMLOFIE IOV TTHA RS
HrceomtRa AW CRlE L=/ %, Benzidine T 2.8~280ng/H T&H - 7=,

Eio, o 3WE (o-Toluidine, 2-Naphthylamine, 4-Aminobiphenyl) (22T
HIARORB 2T oo fE R, BEBERIITN LY b 2~ H/hSWETH LB DL E
iz,

(JANUS = x> b Bl 2 12T X912, BT (0.0056~0.5) 1THCTIX
[Fraction migrated] &72-> Tk, HHZFE (0.0005~0.05) % 10 FL72b
DTHD,

Z D 10 51X RIVM(1999) T3 #Zfi#EE (Contact frequency) & S#LTW o D
T, FEHEIFEYE (22T 1AER) 1220 [EEER ATV, TREROMHZ LI
WO ED 5% 3w T 5 L BEL TR SNZHETH 5,

AN RIVM(ZOOO)ﬁi‘%ﬁ’HE L 72 O O BT O R ek gE i T i, Tattoo band
(Pt L7oy RTEIZIZO D EHIIFZ LIZXL IR 2D D) IZ20W T,
BT Aeﬁ@/}i%ﬁ BIEICBATT 2 (BATHRENZ1) L LTnaD,

=6

A H R = IR DR H B x (z (1-0.05k))

k=1

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

20
> (1-0.05k)=20—0.05 x
k=1
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£4.2 TUVRHEESOCREEEN - ORKBEETMSER (MERD

. o | 7Y YR AT . Lo T | ] DOBATE | K SR %
- 1181 g &~ U= R=oN=N I i /7“
‘“l@ﬁ %%E (ng/ El ) ﬁzﬁﬁﬂﬁ%kﬁ IIIDEI m%u/a\ iﬂﬂii(g) @’é\ﬁ%( I g/g) (X) ;& &”ﬂ{‘ﬁiﬁ
. =/ 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
o =/ 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

IREE(ng/H)

10 100

1000

4.2 7VERHZESOREEEN O ORKBETMSR (MERD
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4. 3. 3 FEMNAVYRVEEM (5E)
RIVM(2000) TliZ, FNA U A7 3l Z 3 L TR Y . TDso (Gold and Zeiger, 1997)
IZHESE . BRAY A2 1061CxHET 2 HEE LTUTFTOEEZRL TN,
ZO¥MEERWCTERE» D ORKBERBMERNPOREPAY A7 ZHE LI Z
4. Benzidine IZ X2 %N A U A7 1.7X106 N KL~ THD & STz,
BT IVEESTRIAER LTV SRS IRV, IBE R 16.7 15 (47
~4,700 ng/day) & 72 ¥ | Benzidine (Z L D KDFHENRA Y A7 1L 2.8X105 (2705 & &

iz,
WE TDs0 (Gold and | FEAS AU A7 106(Z | BREEFFAGAATLAS R R AT
Zeiger, 1997) XIS % (/K 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 TAEEKRHOREIRE EORERM I %2R L7 4-chloroaniline {22\ TliX

TD50 oA 0 —F 7 7 7 4
Foo ULSL72 B, FERN

EITo T,

BFELNRMNo T2, BBRAT A7 OREILITE 2o

B (7 v FOMfE~DRE) ([ZESIKROREED RID
(IRIS ; U.S.EPA (1995)) m&HDHZ b, 25 F TIZ RfD 2 HWTHRERE & DLk

RERLL O FEENS OREIREE 0.105 ng/H %, FHEDKE 37kg UNFERESAE
B DN« FEEFANR AT, WEEIRE N R7 v 27 L 0) TERL, 2.8X103 ng/kg/
H& 3%, Ffiz RfD 4X 103 mg/kg/day & lb#Ed 25 & RfD 3 1000 520 EEVWMETH

>77,
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[H7 1]

1. HERA(2004) ¥E&|F o E a5

(2005 FEDOEEHL Y A 7 5 E T, £ Appendix D [ZHELLO FiE FL#, 7272 L. 2005

FEERIOFE D i E L L CIEFELWY)
(BT AR E LTI NITE =57 L &R

HERA (Human and Environmental Risk Assessment)

FWA-1. October 2004.

(F—nw v BT DFEEMVEA DA REITIZEET 5 NMEROBREL ) A 27 5Hf)

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

(EfEH 7= AfrE) X UEfkimEfE) X (BJEBATHRA00%)) = (REAIRE &)

Expsys = (F1xC'xSder xnx F2x F3x F4)+bw

- Targeted Risk Assessment of

. M xF'

W1+FD
in N . AR R
il Wﬁ’ @'fi ’fﬁ%{"ﬁ%{
Expsys %m O O M2 R R ek mg/kg /H | 0.0005
F1 i T O W Sy 1 O B R LR 1
(0 nuﬁfﬂ% mg/cm?2 1
Sder WREEF G ORI (T & BEIEFRAN) cm? 17600
n 1 BH¥47= 0 RS CoR L7Z R /H 0.57 (=4/7)
F2 BEARDS & B J& ~DFEAT 43 1 O F & P 0.17
F3 R OFERAT O ERERR (REBITER) 1
Py FZJ& 2 L CRUNY S 4u7- 40 [ oD B & bR 0.01

(5 7 oD - A5)) :

bw (GNEE kg 60
M i U 72 AR A R mg
F AR IERE U= oy 18 oD BB 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 D DOIEEERIL D) A7 FHlTFIEDHA X A |

BAEAOWE, KBRRWE

TR 20 4 4 AMNEATBOE N RULFHm BN AR (L EE B v 2 —

(1) HEA - BEHOBEFAE T X DR R TR
O (RpmgigER) = WGoMHE] X (BE~OMEER (0.56%)]

Ap xWr x Md x n x a(derm)

EHE(derm) =
BW
i n e . AR AR
EiNza N B i P
EHE(derm) | % B Vg% & mg/kg /H | 0.006
Ap fild AR A mg 5
Wr R GAF W E A 5 0.35
Md FEfTAESR (X) 0.005(0.5%)
- i JI B /| 12/365
” R wrEs | () 1)
a(derm) N LINES 1 (100%)
BW LG kg 50

2% European Union Risk Assessment Report. TOLUENE.

2003)

(2) FHUTIRATFT D R RWE DR R TR
ORE (HREHZY)] X E#EMBIE) = (HEHY AE]
(EfEH 7 AT E) X [BHEfRERE] X BEBITHR0.01%)) = (FREREE)

Csx Lsx Spxnxa(derm)

(European Commission

EHE(derm) =
BW

. e o G B
aE R H R
EHE(derm) | #% F W% & mg/kg /H | 8.8X104
Cs X Ls EE (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 EAER) X (BE#EAER)] 2, GRE (EfEHY))

IZEHLL TV D,

F7-. BITEIAIZHERA @ 100%X v & 4 MKV,
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3. RIVM(1999) : 7. k&, 77 v A, W5

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

footwear RIVM report 601503014

AAKNILTOLEY
(BSnrhoRsy 8] X URHER) X MEMEE (U/4)]) = (AR
(R ) X (BEARE] X (INER] = (R B ERER &)

(bR X7 Ykt 7 U —DT7 I VEHTEAR LT U FE L TN AS)

Eeff =) P xiFcontx AaminexW x pFskin xiFabs

. e oy zﬁﬁ%/ﬁ%%ﬁ
Eeff BRSO g I
8% (it LLANFl 2 D 1
P TYYRIAR OB ILT WAL OEIS | — O E)
10%(¥)

LA RS 2 S (7 > Gk o
1Fcont |7 I VHOWHIIT 8T, Vil | /4
DRNR A G Ts)

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

Bl E(ZU—07 I U HOBHITT

BLLIAY - B 0D 4 ]

pFskin | BEHAMES (BRIC K-> TR D) —

o 1/ } %
ZFeont | zymprc. WA 1 EDOL) F ;ﬁf_\%ﬁ
WD DT Y YRt O T X U FED .
14 Wit (sweat simulant) g8 w2
NSO T7 ) —DT7 I VHEOEHE .
24 (sweat simulant) = *2
W A g SHZ L b
&1

% :0.19 (3%3)
77 A% :0.55
o 01K =Yvar X
0.01)

1Fabs WA EL (T Ye Bk DY H ) — 0.1
2Fabs W E(Z UV — DT I %) — 1

1 UHEIC L AEHEDRAIOWHEIZ WD L TR 5% TR LT By i
TS E | EMOWEERE A 20 [ & LA m (2 (1-0.06k) (k=1

~20) =10.5=10),

¥ 2 ARBRAE I L D (100mL @ NaCL/V »lg/) v 77—, pH6.8, 37°C. 16 ),

TEx OWE., 8L T<0.056 ~231 (THEEH)

X3 EEEEEAREALER(0.1) X SRR (1.0) + FREEEAERALHR(0.9)* Bl (0.1) =

0.19,
[A£RIZ 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 + /1% —, BEHME, WHoOA 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

BRBERRELE LT, 7YERAKE 7Y —0T7 I VHED 2 FEZEEL TWAHR.,
RIVM(1999) DEHE RS, 7V —D7 I VHOBRBERIIEH TX 5260006, LT TIX

AR I TW5,
VA SN

HEARIZLL T L BY
(B ER) X RS E) X BEMEE (UF)) > (AfE)
(D7 AfTE) X UREEMRE) X RIGR) = UFEHEEE )
(Bt 1 X7 VYRt R O 7 S VHE 7V —DO T I VTR VT U AL LTHDENR,
TU—=DOT I HOBEBENDRNI ENS, I TIHRERSATND))

Eeff = Px Ppx Feont xW x Fmigr x ¢ x Fabs
EYN N o %

s o B (i gﬁﬁ%/ﬁ%%ﬁ
Eeff AR O DRR R R % B g IfF

T
P HERRIE CHE L AT 5 B 5O ?’”’ WATRAD (%1)
Pp T YRR AN SN TW DR OES | — LTS (X2)
Feont FZ G BEfR K — ML TR D (% 3)
w wSOER g AR TN N

TN PTEN G 7
Fmigr ﬁg)ﬂnﬁ HOWHEGERIICE > TR - LTS (K4)
Ko 0T VYR O T I D .

¢ WIsHE (sweat simulant) g/g AT L%
Fabs WA E (T > YRt D VR H ) —

% 1 :Tattoo band: 1(AJEIZ 1 [A]), #K 7 + /L ¥ —:48-208(4 [ A | 4 ).,
FiM:T0GFFEREAN), FEEtO A h 7 > 770/3(3 RN 1 {EEAN)

%2
%3
x4

: Tattoo band:1.
: Tattoo band:1,

79

: Tattoo band:0.8, #&~7 + /L4 —:0.17. 4i[{:0.1, B DA FF v 710.13
W7 L F—i1, Ai[:0.19, FEox hT v 7
7 Vv H—:1, 4i[:0.005-0.5, HFFD R FF v 711




5. XKETZ X IVEET AT NVIEORTR

CFE5 /1L AC &5 /L CHIE

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

Consumer Product Safety Commission Directorate for Health Sciences Bethesda, MD

20814.
(KOFEMITFER N IENT=D . SCHFOFEH ML OMFEH S TW A HED B OHEE)
O CF method
(ZfEmfE) X (BRE7 57 A) X B / KE) SBEE
Ederma| — M
s | Wil TR AR
W
RJERERE (Z 2Tl A ra—h) 3.2(19-36months)
Hdermal | (emmspy < 1 B ibie D OBRER) g HIRE 0 5500
Sskin Befih4 2 REOEME(Z Z Tl A v 2— k) | ecm? 400
Fd B &~ 7~ 7 A (effective dermal flux) | pg/em?h | 0.24
T PEfiRiER] (FERI O EALHT) H 4%30/365 (3%1)
10(19-36months)
(= kg (GIN;
¥ 1 4FFfE/H, 30 HIEOHEHZER O 1 H Y720 offi HRFF I A
O AC method

(BRI fE) X (F~DR KA

] X (REHIFD 7 UKE) SREE

UF~OfFKiagE) > (BREE7 7 v o R) / (AahGiwE)
Edermal — Sskinx C maxxV xT
w
Cmax > Fd/Kd
o e e A AEE A
CAR=Y N BANT Jre
FEgERE (ZZTldLA v a—1h) 79(19-36months)
Edermal | qepwsysing 1 B bl ORER) g /R | 1y )
Sskin Pefih 9 5 B O mAE(Z Z Tl LA a2 — 1) | em? 400
Cmax B K A HE R K 7)%);? (maximum possible pg/mlL 50
aqueous concentration)
V TFo& mlL/cm?2 0.12
T PRI (FEE O BEAATT) H 4X30/365 (3%1)
10(19-36months)
w (= kg 70(% A\)
Kd hiFs it (effective permeability constant) | cm/h 0.12
Fd HihF &~ 7 >~ 7 A (effective dermal flux) | pg/cm?h 6

x1

D4 R/ A 30 RAFEOEHZ4EM D 1 H 247 0 O HIRFFRICHUEA

80




6. EUSUS 71—~y N EOHRA~DRRZIRE

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

products/articles” “EIS-ChemRisks” |

(LT CIRESUC SN TS DM AT > TR0, —HORRTHELL IZRARS b0

B %)

O H—y b ETESHIRITHT 5 permethrin D% S EE O R ffh =1
(=~ b EO(LEWER] X OESEE] X (RIER) /7 UAE] SREE

E(derm) = AxBxSxa
BW

- e N aHE R R
AL A LA i P
E(derm) o H W iR mg/kg /H | 0.87X103

A H—_Xy FDIZFZ Y D& mg/m?2 500

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

a (%) IR (1 HdH7=v) 0.02 (2%)
BW KE kg 15

2 : dermal bioavailability
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[BIF 2]

sl

. RIVM (1999) TOF# (7Y YR+ 7 Y —D7 2 HH)

ERza N BT FHERE B AR
Eeft BN D ENR T B ng/H 75
P R IAED & 5 7 7 G BRI | oo
EEN DA ReM )
UGB 2 8EEE (7 Ye Bl DR .
Feont R BT, SRomEEat) | O |30 K1)
. NS OT YV Yepd D Benzidine .
Aamine D ugle 0.63 (3%2)
w L g 18
pFskin R gt s (AIiz X-> TR D) |1
Fabs WA (T > Yt D H ) — 0.1 (3%3)

X1 WEAT 3 [BIAE, BEVE COFBEREIII = 5% T 20 MO FEHE T 0%I27/2 5 2 &0y

5. RAMOFEEREZ 1 & LT,

1+0.95+0.90+0.85+ - -

+ +0.05=10.5=10

&L, BAIOHBERE DK 10 (503 AW AIED D HBET 2 LHEEL TV 5D,
% 2 B RIC L D (100mL @ NaCL/ U g Ny 77— pH6.8, 37°C, 16 FffH),
%3 B OWIEEBE0%) X RN TT 2 HAICEH(B80%) =9%=0.1

. HERA(2004) il (JANUS #H)

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

1. ([ZHEL, 18g OB TIRH S &% 0.63g/g) & LTI-A Db E &
(11.34mg) NEfSHEA 17,600cm? (242 & L2 A ORE (18X0.63
+17600=0.00064) ,

X2 1.

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

FHix=a P HAAT FHRLAE S AR
Expsys HEAD D OFR 2GR & ng/H |0.0074
p BN AMEDH D azo YeBIRRGTITEE | 0.08
L5 AlReE '
C A pg/em3 | 0.064
Sder WkiE g DR EFE (F & SHIEERAN) cm? 17600
B & P fih g )5 cm 0.01
n 1 A7z 0 A TR L2 BRER R /4 30
F3 Fe g OFAF oy B O BRI (F2JEBATH) 0.0001
F4 UINES 0.1
X1 1. WU, 18g oML (YuklE 3 1.368mgl/g) THIBEEA 0.06% & L4
HOHBE LW E R (0.0123mg) 23 EJWHEIFE 17,600em? ([ZHEfih$ 5 & L7245
B OWRET, BEE 0.1g/em3 L FHE LT, ®/NHER 18g & HfE 17600cm? />
HRME X A% 0.0lem & L7,
2 1. LERkEEE
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(B 3] BEBHELOT&EIZBT 2 Mgt O
RIVM(2000)3 |23 & , SHEICHA ST VYRl oORERERRE G 2 IR, &
N7 YV YeBt D& A BT 5 90 B4 Y TIT D -5 A OF% A g
WA LT,
LT, KRICTHICOWTORLIRZEEDR

PAETHIE S

7ok, BN

1. RIVM(2000)iZ 317

(1) HEAK

FAER ORI,

RIS ORRPIRER DOFHRTIEIC OV T

FTEIZO

EANITLU T O LY T, KO ORBIFEN L FFTH L, 2L, KEITD
JEREL LT, 7Y YEIAKRE 7 U —D7 I D 2 FEAZ T L TR
RIVM(1999), AHETIZZ YV —D7 I VEOBRBEREITERTX 5L LTEKREN TV

W TCITIRER

(o y&E) X BETOFERSR] X (BITER] = (AfE)
(AfTE) X RFEHAEEE) X (BB (1)) X RINER) = (40 R RE
)
Eeff = PxPpx Feont xW x Fmigr x ¢ x Fabs
365
£1 RIVMQ000D)IZHEITEL—IYhLDT7 VEHOBRRBERAELR
Eiik=2 ks Hif7 FHRLASSL AR A
Eeff & EIEMN D O R SR TR ng /H 27-2,700
P AT DR BEAE |1
Pp 7 Gkl e G e B O R — 0.1
w L OEE g 1,000
C SOyl E & nglg 1,020 (3%1)
Fmigr | W05 OEHHE — 0.005-0.5
Feont TS HERS B B 1/4F 0.19 (3%2)
Fabs W AERE (T > Yekl D v ) — 0.1
%1 : 4-4’ — Diamino difenyl methane
2 EBHEAEALFE(0.1) X B EHEAE (1.0) + FEE AL 2(0.9) X #fi3£(0.1)
=0.19,
[E#%IC 0.5X1.0+0.5X0.1=0.55
(2) FHINTWD/RT A —ZED HIEIZ SN T
1) FRNCIEA T 2 855
RIVM(1999) % U RIVM(2000) T, 4 $ 5 o> 4 [ A B 5L M OVEJE D g A B % DA
TOXIITHERELTND,

FERIE A DRI ST, RIVM(1999) Tl

MEW A ND T, B D

sz 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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JEEME L, L&D, RIVM(2000) TIZMRILII RS, TOOLMEEL, « » -
LahTna,
5 AR A B L S AEERE A [B1%L HH
T 3 TO(E4F) RIVM(1999)
A A 2 70(f54) RIVM(1999)
oL XL R 2 70(f54) RIVM(1999)
FHERA DV R () 2 70(454) RIVM(1999)
T () 3 T0(f4F) RIVM(1999)
Tk — o EH 1 TO(E4F) RIVM(1999)
ANy —nNU R — 1 (AEJEIC 1) RIVM(2000)
L (v %) — 48-208 RIVM(2000)
WHEOB L H % — 1 (I 1) RIVM(2000)
EHEIA 1 70(454) RIVM(2000)
Al AN 1/3 70/3 (34T LIl | RIVM(2000)
A)

—  BEORHIZ LA LW S ARE

2) T VYRR G TR OffsR

RIVM(1999)CliE, T4&. 77 VA, Ffkor X2 7o VR FE (L v7)
FHHa— FOEMOFTRTIZONT0.08 LW ENEHEINTEY, ZOMRIMITA
T X OMGEGREICET LU T 4 SOREEOFH LI TnD, 2L, HEE
TLLT, ETIET VB 2EATHD LB 2R E R Thiiz-0, i
KMz 72> T 5 | EDOFEHEHRH 5,

O Luijk(1996) (CREM(1997)CHIH) 4: 7% (100 F¥EOR G T 7 MHE I K (K
A% 200))

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

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

O Keuringsdienst van Waren Alkmaar(1997) : 6% (FifA%k 116)

7235, RIVM(2000) Tld, fliix ORLELICHOWTEEEORE T — Z T HESW = Blp B
EEALTHD,

— & by —/30 K 0.8 (10 B 8 B TR )

—H#r VAL 017 (6 BA T 1 RE TR

—fFEOB L B 0.71 (7 WG H 5 R TR

—EEH : 0.1 (Mensink et.al.(1997)® 2| )

— R OWE N R 0.12 (Mensink et.al.(1997) 5| H)

3) WimoHE

4 HEA REN A O
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WLOEEE LTIE, T4 :30g. 777 A :130g, oL ¥ X 70g, D
YRy :38g. TA& (7)) :76g, Fia— hoEH : 50g (UL E RIVM(1999) . #
hey—R0 R :1g, $TVHK: 0.8g, Mt H B 2-8g, FHIH : 1000g, FFit/ >
K :3-10g (LAE RIVM(2000)) &FHDNWELEZ S D03, 205 OFRHLUZ SOV T FRHEL
DAY N,

MR VP WVEBIENEESINTND Z D, RALPORITEEZHNTWND L
D EEbND,

4) W FOYEOER, WHEE

RIVM(1999) % O RIVM(2000) CiZ, B bEHT 2kt oE&EIZOWT, #5 T
LITORERHEE LTV D,

Hib, TEHE., 7907 A, FEHIZIOVWTE, Bathoaha &L EHRBROR L%
AOWTHEHEZEH L TWDN, X by =2 ROPF DK, FFEE FEnozb o
T, WP OEREREORTHEEIIBITT S LBEL T DH, T/ DOFHM
LEEELCOZEEEbNS,

B BN SOEHEIZ O TR, EAMICITITFZBH# L2 (Sweat
Simulant : 16 Kjf#], 37°C., 100mL ® NaCl/V > /N> 77—, pH6.8, KL 9H) (I
LorziianTkBY,, bR, BREIZODWTOREHE (0.0006~0.05) I
Zeilmaker et.al.(1999) D Z 2 & T\ b,

7%, RIVM OGFE AT TR R BAEE &\ 5 8T XA —F Tk, Bl om s
DR ORYIOWHTH Y | HEEZENRD Z L ICRHER R 6% T D) BT 5
& LT 20 [HIOWEH THRAKIIIC U H DOV A 10 555 Z & TRIEHEIZHE L Tn»
% (#ik),

5) #isEE (Contact Frequency)

RIVM(1999) }x 18 RIVM(2000) Cl&., Mg & #F Al 12 36 W CTIid# 85 E  (Contact
Frequency) &£WH /3T A= fEH I T\ 5,

RIVM(1999) Ci%, Z OfEIXFEM OB AR EHIZ 10 #F L7z b D% Contact
Frequency & LT\ % (FFERIEEARSEICOWTIE L2 S M),

—7J . RIVM(2000) TiZ, RO GHPCHEHEEZZBR L-bD (BEH) 251 T
%, EREOBEHE (0.0005~0.05) (210 #F U@L HWD Z & T, 2 ORMASEE
(10 fHAERKBSE TR, ZOMOEHFEEZZE Lo (BICE EN D3k
EENEEIZBITT 5 EE) T, FEICEBEShL TRy, BT, RKOMETH
% 0.05 Tix, 10f5L72 0.5 (RIZHENLIYRIOEDYE) NEHT LD L SR
TWbHZ &I D,

RE. ZORT A—H LIIRNT SRR % (Skin Contact Factor, #4ik) &9
SELLTUIRFAILA BT A= B EHENTWD, TH bR EICE R
THHERMMNEDREH LN EERB LD T, WhiT [REHEMEERE & THIF
SOBHEL O E Livin (k).
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¥, LRLOVERIC LD HEROBD 2 B8 LR 1013, T X 512 L THH
SNTbDTHD, 2T, WHED 5% T SR T % 2 L1 ETDA1997) O # & Eic
Eo<EEanTnsg,

=

20
A HE=RAIOEHREX Q] (1-0.05k)  =5%T BT HIE IR A 20ERE Lo &
k=1

(20x19) 5 g.5—10.5= 10

20
> (1-0.05k)=20—0.05

k=1

6) RiEHEmRE (Skin Contact Factor)

ko k5, REPEMZEE (Skin Contact Factor) %, & \CE L9 2 mifk
MDEOREH L0 EZE LIZbOT, BREICKEIZEMT 551X 1 20, BEHHEC
L2 WIEAIZ 01 2R U TAETLHEVI LD TH D,

BEMIZIE, AT X 2icahTnd,

O F&EHE:1x1=1

O 79 7A:05X1+0.5%X0.1=0.55

O =— FDHH : 0.1X14+0.9%X0.1=0.19

O EEMH :0.1X1+0.9X0.1=0.19 (THFTIE, V¥ < K D ELEEMOE T )

ARG SN TND)

B, ZOmEELESS, BMEHEMOSED 0.1 LW IR OV TORILL, 2< &
I TV,

7) IR EL

WL ARSI, RIVM(1999) ) O RIVM(2000) Tk, 7 ¥V Yk s B > S RN O BLY A
Fil. TOBREKNTT I VHICERT L5ROGROEL LTHEALTWD,

BARMIZIE, ADOEREGn vitro)H 24 RFELINIZER D IAE LD 7 Ykt (ANSC,
Sudan I, Solvent Yellow7) @3 (ZiE41, 5. 30, 35%) . X OHL Y A F 4172 Sudan
I ® 30%} O Solvent Yellow7 @ 27% 37 X VIEICE#H I 7= L9 Collier
et.al.(1993) DHEIZF-S &, 0.3X0.3=0.09=0.1 L LCHEHEINZZ 0.1 NHWSLNT
Wb,

723, RIVM(1999) X OF RIVM(2000) THHT L T4 TV 2 #8 1T < #&aEl T,
ZOMEIX 1.0 BHN LTV,

87



2. TP EOEEBIZET 57 VYt ORE R RER ORE
EFED RIVM OFRREHIZZE1, FAEOHHMERS h O T VYt O 54k 5 %2 H]
W BAENCER T 27 GBS AT DR AL D DR R B A LT,
FREO AR TOONRESR TIL, kR 31 I HOW T, 7 Ytk O 5 B —
T IV (PAAS)ZHT LTZAER. A & B mA Sl 7 i (3 —11

1] H
Jl:ll:l\

WD,

= e g oN—HEe UG 1o\ T EU E#EEZ EED Benzidine 23 H X1 T

ZDZEInG = - ANHEE LR R R A RE LT,

FERIZUTORIIRT LBY THD, b, BEHMNICLERN DNDNT A—XF
TAFREE ¢ D 1F RIVM(2000) D L TV A Z fvV iz,

WRiE I LHAL D OBITE (EHESE) OBRT 2 HioE21H 25 H DD, Benzidine
(2B L CITAY 2.8-280ng/ A DREE & & HEHI S 4L, oD SHEIZOWTH, k4,
LR T LI RBEETHL D L I,

x2 FHAETOREFEEHDT JEH (Benzidine) DRRKRBRTJTMOAREMLR

Fikza R QT FHERE R AR 51 e
Eeft BEEENS O R ERE & ng /A 2.80-280
P ERICHEA T 2 2K LA 1 RIVM(2000)
LT YRR E END %1
P — )
D et 0.060
w B0 R g 1,000 RIVM(2000)
e dho7 I (22T ) 180 %2
¢ Benzidine) O EE negg
. B D OBATREE R XE | RIVM(2000)
Fmigr B FEE 1) 0.005-0.5
L TR 2 EAR 2 B L RIVM(2000)
N 1/ )
Feont ARk A 0.19
Fabs | BUURE(GT bV | — 0.1 R&“\g(ﬁoom
¥ 1 12007 FBUT DEHERL T O ENTREIZ & © 56 A E5(86.6%) X 2007 4EDfEHERL T D
FIAFIZHD DA > ROEE (1.1%) X oGl cEneno 7T I VEP R S
T RAER emiiA% (Benzidine TiX 10/16) =6.0% (#5. 6%MH)
X2 cHmHISRhARE (7 85) o Benzidine @ ¥ E (Benzidine TIX
141,351,2.5,413,0.23,100,45,30,134,593 pg/g = 181pgl/g (ave.) (F 3 &)
$%¢ 3 : RIVM(2000) TiZ., & EJHIZ SV Ti 4-4 — Diamino difenyl methane 2%t & L, %+

ORI E LT 01 ZHWNTWAHR, ZZ T4 LT %5 Benzidine % & efth DB,
(Tattoo Band, Watch strap Z)IZ oW TH 0.1 2MEH I TWAZ EMnn, 0.1 AN
77

Y EHEET I R GAT HREM OB IR D A, TR LR BR
W e (LFEWE Y 27 WHJEE3E) Sy Rmt s B T s
SOFTRERITHGEPICEENL T I VEHORRETH D EAESND,
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£33 HHMNETOREFRGPOFERE—7 I VEOTHREAERR
(RBEFERT I VESAITLIRERARORHEEICHKD
HES HhER)

HE MERREERTH

FERE—TIVE(Uug/e)

S, . {_%E
- (,fjjlg%g&)*" HaBEEE o-Toluidine 2-Naphthylamine 4—-Aminobiphenyl Benzidine
T-E1 0.29 1.2 141
N T-E2 0.071 9.8 351
\_
NFHR= L ey 0.35 0.21 25
T-E4 0.19 2.8 413
T-E50
T-E5V 0.23
s T-E6B
A3 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
BRHIEDTHIE 0.19 0.13 3.34 180.97
EYES 0.44 0.06 0.56 0.63
=4 TIURHZEUCEREENICORKBRETMBER WER)
_ o | 7Y Yl Aol o L OT U | B DOBATR | K SR %
IR B un > X HEIEER | i
%E %%%(Hg/ B) ﬁifﬁq/ﬁ]\@'( %@%ué\ %Duﬁi(g) OD/EIL\ﬁ%(U g/g) (>.<) & &”j\{'{"&
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
. =/ 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 -
=®A 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

O SERRQIEHE EA IR A (LR U 2 7 e s )
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Benzidine

o—Toluidine

2—Naphthylamine

4—Aminobiphenyl

0.0001 0.00

1

0.01

0.1 1

IRE=(ng/H)

10

100

1000

M1 7YEHEST

=

B, o 0RKEFETMGER WMEAD
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£5  WAERSLOENEER, WARS

A PoE(T E}) (2007 B £
HERE 68.3
(EPE+HIR I 5D HE1A
[TIPN 187 73.2%
W D HEIE : 86.6%
i 41.4
o 216
KHE(2009)7 /55| H
6 HRHERLL o A EHEE (2007 )
A7 10 HE SH(E M) EEEE(%)
1 i 2,661,345 77.6
2 AHVT 144,612 4.2
31 XpFa 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| 7904 25,062 0.7
Z DM EEE 196,507 5.7
AR 3,431,588 100.0

HAKRAER ARG 2007 4F  REAERLS » TRUHEEDR AR 551

T RHIE(2009) TSI T A 7o il o 3 OMEIE b, #ifEH ) 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 TEBICET 2 HHFERE 7 I VEOHTRE =T, H
ERLOBIRT Y —T7 RO KRR TGO R T 7 A2 4-Chloroaniline 723 Hi &
NTEY, TNHIZOWTREBREN 2T Lz, S8 OHBEENEICL - T
BIxB-0, HEES V FR T OZENZNIH T TR 1T 7=,
HRRERIIR S IIRT LB T, FEER L A R T REOGFHRE R0
0.1lng/H & Sz, 7o, BEREITPEELS A FROTHRG IV S 3Him0n, 2
AUTHE ARG 50 £i5), MR 10 £5). =R f5) REhENEWzdTH D,

K7 HEHMPETOTERRGPOFERE—7 I VEOESREAERR

BEFBETIVEERATHRE

HE Mo tERD)

mORHBEEIRLIFE HTENEREERTH

FEERE—TIVFE(ug/e)
4_

}FE HNOBEE Aniline Chloroaniline p—Cresidine

BIRD)—D T-D1 1.1 5.5
(RE) T-D2,BL 30

T-D2,R 0.32 0.48 14

FSUHOR T-D3

(AR T) |T-D4 0.21

oh [ 4 BREEDTHIE 0.71 2.30 1.40

AL 1t S 0.67 1.00 0.33

<R, pa o |REEDFHE 0.00 0.21 0.00

AR TRE 1o e 0.00 0.50 0.00

x8 IENMNETOHOTEEEZEHROT7VEH (4-Chloroaniline) MBEEBHEITMOAEHLR

- e e PRSI RS | RHERE R RS s
Hikza N AL (., (fo R s i SIS
TEENOO KL JERE | ng /4F 38.4 0.0384
Eeff S
4 ng/ H 0.105 0.000105
ERNIEAT 2R | . 30 30
P | o st Bedh /4 (3 B /4 X 10) (3 /i x10) | NVM2000)
BT YRS |
Pp PR 0.672 0.00736 %1
W B O R g 18.0 18.0 RIVM(2000)
c B OYRIOEE | pe/g 2.30 0.21 %2
. RN HOBITR B RIVM(2000)
Fmigr (s 152 R 0.00046 0.00046 %
LT HE L DA |
Fcont Ny 1.00 1.00 RIVM(2000)
Fabs | WRUAREL — 0.10 0.10 RIVM(2000)

3 1:2007 A2V DAEHERL S O [EI N TR ELZ 5 b D A E 5 (86.6%) X 2007 HE Ok B b s AKEIZ 5D 2 i [E
IEA RS T OEIE (T7.6%, 1.7%) X 594 %F 5284 5, T 4-Chloroaniline 23 H S AU/ A% ki A% (= 5
STl 3/3=1.0, AR R TR TIE 1/2=0.5) (5., 6, 7&H)

#2: ZNENORIEE T oM HE -8 1 0 4-Chloroaniline DL (38 7 &)

%3 B S OYLEL D £1(1368pg/g) L HIEE0.63ng/2) B EHE (0.63/1368=0.00046)

P ERROIESE EA IR A (LR U R 2 RS d )
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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

TAEXRUNOFFEBFRT I HEICOWT, BLURICHE - 68 RIS o 5 % %
L7, B E LT 2 AW,
() S EEAN B AT A, (PR AR X T A,
AbF T B WAL (2012) 16112 OfLERGS (2012 4EAR) .
AL TR WAL (2012) FkTF A o7 v 7 A 2012,
AP LR Hiky A 7 v 7 X 2012.
s v A—HL 7 7 A U X VRS 2011

(1) 47 au-2-2AFL7=V

WE 4 4-7ma-2-AF)L7 =V > (4-Chloro-o-toluidine)
CAS 95-69-2
53 C7HsCIN
f i NH,
lZ:H:E|
Cl
b 1E WA TR S« 3-265
L&k WaEFT —
& -
JERk -
ERERMRI R | FRPEE EREFH AR ¢ 101~102 K
Pt - BE=
AR
AR F DS A REAM
HAPEERE R - 2A
ACGIH — —
IARC 2A (Vol.99)
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(2) o7 /7 b

WE 4 o7 /77 bz (o-Aminoazotoluene)
CAS 97-56-3

533K C14H15N3

& HoN

i 355 HHARERES —

{bAE A BhEs —

AERMRAR | —

Petl - BEhE | —

PR T A

PR FEDS AR
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

PARSREZY C13H14N2

g H,N l l NH.

i 3E8 BHMATREIE S 4-40

L ik B 1 1-446

Flia 44-AF L ER (F==A YT F—1F) (MDI) -#VU AU v~ MDI

DERFE, =R MG - AU v L2 IR0 LAl (NITE #1515 %)
Qe R, =R UBIEm LA (L5213 H #th)

JECR -
Az pE R/ LB E E - B - f AR 1,121t (H21)
o HH A

fE s bR, (EAEE. BARRY LA T, R b T
BIAEE A T o TA TPy N T 4w T rh—-rIHN)
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HARNLT TN (=m A7) . BASF Vv /3 (BASF)

Pet - BEhE

L& (H21 )  HEHEAEE 677 kg ; BEIE 7,929 kg

R

EiRay 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-U/7uu~xXYY (3,3-Dichlorobenzidine)
CAS 91-94-1
S =Y C12H10CI2N2
=
HoN NH,

ol &
b5k BHARIEHEE B 4-800
fbAEVE B % 1-180
s AR GOEERIK (YA =me—G-GR, "WV AT 7 A M= —

G, R=~Xr brxa—HR ROV AT VYT u—BLORV OV L Y,
voyarlby KBaREOHIRIHAA 7)) (BT3B W)

JEUEE, RGE D5
i%

oo=hmrrmuaN B EREY —FTELLTE FIVEmE L, Mg T
NV NI D, B DoTE 6 R E AL, S bICHERE A
HRRIZ & 0 B R 21T 5,

A pE R/
s A

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

(774 2 VAR 2011 v—x A3 —HREY

AEPER 4E#] 4000 ko

RESEE LR E T (B4 BT —)

FIM%ES  AWEZFERE LIV AT Y A =u— () X TiE&En% < ol
EEETEEINTND,
HIEA U F, KEARA %, KAME, b7 —. KMk, BARE S
A b

BASIZOWT - FIE, A > RNSOWAMLH DA, WEICHERS D,

PEH - BEE

L& (H21 ) PEHESEH 0kg ; Blh&E 8,600 kg
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i

)

|

FEA

e
&

R 5613 ANEREAH
FAPE RS — 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
PARSRE=Y C14H16N202
i H,B = O O~ CH,
HN O Q NH,
b iE HHRATREREE S - —
L& L BnEe —
i EIE - Yupt (77— T —B~N—2X) [LFTEHH ((LFPEn)
ROEFER - Tl L 3
Jk oo=hunr=y—1
AEPERMRIAG | ZEPER K 200t (#EE) (H224R[E) (B ILEAH)
Pei - BEE | —
PR IR S
AR TR A FEDS ANMERHAT
BN e — 2B
ACGIH — -

IARC 2B (Sup.7)

(6) 38,3-VAFNR IV

WE4 8,3-TUAF NIV (8,3-dimethylbenzidine)
CAS 119-93-7
533K C14H16N2
&=
H.N O O NH,
H,C CH,
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L3 I%

B REEE S 9-882

{bAEE B & 1-231

i Mg QMRS Au, WBIAOS) o Gekbh s

JEURE -

ERERMN AR | LIS E G - B - AR 524t (H21 %)

Pe - BEhE | (bEE (H21 ) HrHESE 1kg; BiE 4 kg

FAN IR

PP IR M AAEREA

H AR PE ST AP - 2B
ACGIH - A3

IARC 2B (Sup.7)

(7) 4,4-7 3

)88 TVAFNT T 2=V AH

WE 4 44" T X )-8 3-VAFNTYT 2=V A F (4,4 methylenedi-o-toluidine)
CAS 838-88-0
7 F C15H1sNe
& He cH,
H‘.HNHE
i 3ER BT S  4-863
LA BAES . —
JEPES TARFURIR. U L2 CBIE B G, B RS T A
MEAE ORI, AV, T3S M, ERURRMEICEL, FERIZT VX LE
o DT/ F v Tl EOk N TSR R 2R, (b T2 B itk (b
FRE )
JEUpE, Bk o hA DV ANTHRN~ ) ARG SE TG 21TV, T2,
AFERMR AR | —
Petl - BEhE | —
PR T A
PR FEDS AR
HARPEER = — 2B
ACGIH — —
IARC 2B (Sup.7)

99




(8) 6 A ¥ m-hbA P

WE 4 6-A FF¥T-m- bl A ¥V (6-methoxy-m-toluidine)
CAS 120-71-8
533K CsH11NO
& H, T’Ha
0

H,C
LRk BT S 0 3-614
L&A B 1 1-451
JEPES YektE e (NITE #i4)
JiUAk —
ERERMMTMAR | —
PEH - BEE | EVE (H21 ) HFH=EAF Okg ; BEIE 0kg
PR T A

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

(9) 44 -FFxFV7=0r

WE 4 4,4-FX% V7 =Y (4,4-oxydianiline)

CAS 101-80-4

533X C12H12N=20

1 H.N : : NH_

b 1E HHATRERE S 3-854

LEIE BaEE 0 1-143

bR AHA R, AU A I NGB
RVAIR, RUTIRAIR, AUV T RHAFEE, Zofioriyy, X
VIR @ FALEW DR B NI ZRE A

JEUR p7au=ra~xrEr (PNCB) . pp=hbur7=/—/L Nalfi

AEERMRIAE | ApER HEE 3,000t (2010 4F) (kPR 16112 O FpEMm] / Db

AT w7 A 2012) )
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BOEEH W) IMbF L. fndklos b TE
AL e

Pet - BEhE

bEE (H22 )

PEHEGFE 0kg ;s BEhE 101,823 kg

R

FEA LI

FEDS AAERTAT

HAPERM LSS

2B

ACGIH

IARC 2B (Sup.7)

(10) 44 -7 )T xz2=)LALT 4 R

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

Sy C12H12N2S

&0 HN : : NH,
L3Rk HHRAREHES : 3-1110
L& —

i RNU A I 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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(1 1) 4 AF ) m 7 z=L T I

W'E 4 4-AFN-m-7 =1L >T7T IV (4-methyl-m-phenylenediamine)
CAS 95-80-7
533K C7H10N2
SRV CH,
NH,

NH,
375 BRI - 3-126
=2ES B 5 ¢ 1-301
JEPES WYL ERNRIEE YRR (b2 At
JEUBH L S5 15 V=hr b oA AR T, KB TR LR, K - KRR
e B A EFEEA B - R - AR 31,759 t (H21 )
HEH - BEE et (H214FEE)  PEHEG R 2,005 kg ; BEIE 94,447 kg
PR T A

R

FED AR

ARPER M2 -

2B

ACGIH —

IARC 2B (Sup.7)

(12) 47 )T/ RV

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 BRS¢ 3-363
LB E -
bR Gkt
JEAk -
Az P B N R
Pe - BEhE | —
PRI 5
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PRI N AANEREA
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
P a2V CsHsCIN
g NH,
Cl
o2 BHHRARIEPR B 3-194
L&A 1-89
Fig Guptrh iR, EFEERE, RERURE, BIIEZEMEA] (NITE #J#1 U 2 7 FHE)
JEOE -
AEPERARHOCE | B - AR (RRPER FEREMA) © 100~102 A% (H19 4E)
PRTR #Ei & 20kg ; BE)& 1,800kg (H21 4FEE)
HEH - BB
FFA IR
PRI F S AAERTAR
H AR PE T A P — 2B
ACGIH — -
IARC 2B (Vol.57)
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(14) o7 =V

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

CAS 90-04-0

712 C7H9oNO

1 NH,  CH,

:

375 AR S 3-682

%=275 A& E 1-17

gk YRR (77 A MLy RBBR—RLLTHMOLNTEY, Z7alh7y AL
LTy AR —2G, A—F LR, 7P AH—L v b 10B, A
TIVI77 AR Tu—4G, 77 b—/L AS-OL, 7R =4 L v RR7ZL)

b T2 B Wt 1161120 DL )

JEORE Do=ru7=y—, X
Qo=rarmaxXrBr A¥ /=) HEY—F

FEPERRIH AR | —

PEH - BEvE | (LEE (H21 ) geH&EEAE 1 kg ; BEha 125 kg

FFA R

FFARIREE DN AR
HARPE¥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
GARSRE=Y C7H10N20
1 20 HyC

0

NH,

NH,
bk BT ¢ 3-730
L ik By 0 1-142
& Fld7e L (NITE) ; YeBbiiR (b T3 Btk Tk A 7 v 7 X 2012) )
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ERERMRMAR | FlEZe L (NITE) ; #@A FRwESE (b LEAwE Dohifkya o7 v 7 R
2012] )

Peth - BEhE | —

PRI

IR P8 AALRFA

HAPERM LSS

- 2B

ACGIH

IARC 2B (Vol79)

(16) 2,45-FNUAF LT =1V

WE4 2,4,5-+ VY AFNLT =V v (2,4,5-Trimethylaniline)
CAS 137-17-7
Fane a2V CoH1sN
fi i NH,
HSC
CH3

CH3
(2R BEATREEES - —
L&k BnEE  —
ik Yupl, ERREN A L PRIA (NITE #i4)
JFRE -
FEPERMHAR | —
Pet - BEhE | —
RIS

R R FEM AR

HAPE R AR

- 2B

ACGIH

IARC 3 (Sup.7)
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(17) 5=hwu-0 b ATV

WE 4 5-= h a-o- b/l A ¥ (5-Nitro-o-toluidine)
CAS 99-55-8
7 C7HsN20s2
f g 2C CH,

H, N

O¢N+*- o-

i 355 BT S ¢ 3-401
L&k 2-92
JEPES ekl - R EA (b T2E R WA, By A o7 v 7 % 2012)
J Bk —
ERERRMAR | B AZERE : BASF U v N0 (b LERAL, Hilks A o7 v 7 X 2012)
Petl - BEhE | —
PR T A

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 CsH11N
i S -
CHj

CH,
305 3-129
bk 1-214
JieBe Yuph - R RIIA (b5 T3 3 HAh)
JOEE —
AR AR | (LFREEA L E R - 512t (H21 )
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et - BEE

&k (H21 ) JRHEARS — ke BEIE — kg

R

PRI 5878 AR

HAPERR R - -

ACGIH — —

TIARC 3 (Sup.7)

(19) 26-F> YT

WE 4 2,6-F U Y (2,6-Dimethylaniline)
CAS 87-62-7
Fane a2V CsHuN
g "
H4C. i _CHj
{b3TE 3-129
fbAEE 1-215
gk ukt, BB, BEXE - BEIERRA (B3 A AL
JEURE —
A E R/ PRPER FEREFHAA R « & - I AR 103~104 K0 (H19 4EE)
i N
(7 7 A 2 2 TV 2006] > — AL —HIRE Y
A AALIEAS 2000 AEENSAEEEZ IR L7z720, ENORIEER (THELS | A X
@ SFF #E2> AR 20~30 F U A ST 5,
TAEE R - BIKADHE T 20~30 F R
FIRSEEE
FEPESL (RPTRIEI OEEE 7 &\ A %)
o b U — (REJRIBHH SDN-1165)
k7 ¥~ OKHEABRE# NKS-850)
Pe - B E | (bAEE (H22 4F%) P EEEE 6kg ; BlhE 602 kg
AR

IR P AALRFA
HARTER L2 - 2B
ACGIH — -

IARC 2B (Vol.57)
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#{TEH-2. Chemical of the Carcinogenicic Potency Database (CPDB)
(&3 TD,—&

BE L =€ CASEH S | Salmo- TD;, (mg/kg/day) Rat target sites Mouse target sites
nella Rat Mouse Male Female Male Female
1 +-7I/ETIZL 92-67-1 + * 21" * * liv ubl liv ubl
2 NUOoY 92-87-5 + 1.73 19.9 hmo(B) hmo(B) liv *
liv(B) liv(B)
mgl(B) mgl(B)
3 2-FITFILTIY 91-59-8 + 61.6 39.4™ B- ubl liv liv
4 3,3 -vsnn-44 -7/ 101-144 m * ezy liv lun (liv lun mgl |* *
— N 19.3
TIZIARY mgl vsc
5 o-kLADY 95-53-4
(o-kJLA v - HCI) (95-53-5) + 43.6™ 840™ mgl per spl[bon mgl  [vsc liv vse
sub ubl vsc [ubl vse
6 A-o00-2-AFILTFZ) 95-69-2
7 0-7X/F7VLIY 97-56-3 + 4.04™ — liv liv — *
8 44 -AFLOOST=)Y 101-77-9
9 3.3-/pAaRyIoy 91-94-1 + g g™ * ezy hmo |mgl * *
mgl
10 33-UARFIRLDDY 119-90-4
11 3I-UAFIRUODY 119-93-7
12 [44-D7327-33-24F ) D838-88-0 + |gagm * liv mgl sub [liv * *
TIZILABRY i
13 |6=ARF-m-bLADY 120-71-8 +  |og™ 54.3™ liv nas ubl |nas ubl ubl liv ubl
14 44 -FXxI o7y 101-80-4 +  os™ 33.6™ liv thy liv thy hag liv hag liv thy
15 44 -OFZ/VTTZIVRILT 4[139-65-1 + 3™ 332™ ezy Igiliv |ezy thy ute liv thy liv thy
F thy
16 AFL-m-T7z=ZLUPTIY [95-80-7 + 2.47™ 26.7 liv liv mgl - liv
17 A7) TIRUIEY 60-09-3
18 p-omART=)r 106-47-8 + - — — — — -
19 0-T=Dv 90-04-0
20 24-CF7 2/ T=VU—) 615-05-4
21 245-F)AFLTZ) Y 137-17-7 + 33.6™ 6.13 liv liv lun - liv
22 5-= kA-o-kFILA DY 99-55-8 + - 277™ — - liv vsc liv vsc
23 24-%20)Dy 95-68-1
2% 26FvUTY 87-62-7 P — = = -

Hi# : http://potency.berkeley.edu/index.htm

JLAI -
m : I DGR RSB 5,

— BB AT OV TR DR R

(—HBZ)

*: NCUNTP OREPARBAERNPH D0, A+ooLanicbo
B Ml OfE 7RG O

KRR OBEFR

hmo:i&if % ; LiviiFhg ; lgii ki ; ezy:B/P 27U ; hagin—&—J

lun:fifi ; nas:Z2FE ; vsciflE % ; sub:FZ T ;
ute; 75 thy FURER per:i&I%E ; splifihi& ; bonvi ; ubl:Bk
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