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= b S8 R 5 SCZ(Concise International Chemical Assessment Document)
No.38 N-Nitrosodimethylamine(2002)

N-=btalTPRAFAT IV

=2
http://www.nihs.go.jp/hse/cicad/full/jogen.html % 2 &

il

1. EH

N-=hta vy TAF 7 I (NDMA)IZB T 5 ARCICAD &, ) & B 55 47 G 15
CanadianEnvironmental Protection Act : CEPA)®D F T/t S & Al 518 (Priority
Substances Program)®—#g & L Cla] UREHICAERR 7z EEHZ -5 % | Environmental
Health Directorate of Health Canada 3 X U8 Commercial Chemicals Evaluation
Branch of Environment Canada7> & [/ TIERK L7z, CEPA (25 < e ERHl O H 1)
X, —RERET~OMENRZRICL S NORERL L ORE~OEELFMT 5 Z &1z
H 5, FEE(Environment Canada & Health Canada, 2001) Tl E£FZILE Y FiF7
o Ty, BERBEORBIZET 5 EHIZACICAD IZHY AN TH D, 199848H K (B
BE~ORE) B L T19994:8H R1(E h OREFBE~DRBF R CHER ST — 2B A L E
2 —THRFHEN TV D, &HIZIARC(1978), ATSDR(1989), OME(1991, 1998). BIBRA
Toxicology International (1997, 1998) b 2 L 7=, &R OET L B o2 —FB L OAFHIE
(B89 A 15 & Appendix 112779, AKCICAD O E 7T L ¥ = —IZBd 5% % Appendix 2
IZR"F, ACICAD 132001 F1H8~12HICAA ZAD Y 2 32— 7 ThME S - Bk
H%:(Final Review Board) TEFEFHN & L TR SN, KERFEZESOSHSNE %
Appendix 312777, IPCS 7ERL L7-NDMA (289 % [EHEALFWE 24t H — RICSC
0525)(IPCS, 1993) & AACICAD ZH#:#7 %,

L vEa7—2NEEME L, EREMREIZEBSIZELORER THR OB E R ICE L.
ARFHEIZ 0T 2 e b HE R am ~ DB A 51 U, ST E W~ O T CRE et I
BRET DDA L, SOITRIEDOHERT, fERA TS HRERIS T IV TIRIE
BTRWVWEDE, LE 27 =B EFRERZVEETLIAR LW L T2 nzBmL
7=



N-=hrr Y AFLT7 I (NDMA)XRE G HiliR T L FL=n Y7 IThd, H
FERKETIE, EEADDVITHEMLE LTI T IR S TR, SHEEER
FOAFE D BEAALERS % 5> B B ARG Y E & L C Ot Ak TS, NDMA I,
BOHICEE, G247 TAXLT I Gebte FoETRE TR TS, NDMA
T K&K - BRSO BREMET T, AR - B - ATER T e 2T Ko
THERT DL &Y . SRS BB PR T A R ST b,

ey fiRiE, Mk, K&, BN S ONDMARED FERK TH D, LirL, FilAKH
CEREDOHEYE S REBWER & 5 LD MRITE DD TEY, EWafitid, KB X
DR NS DREBERBRERK TH S, NDMADO KK TOREHBEIR, HHEE ~
DAL Z B ATREMEITIR VY, RN & D EURE O E 25, NDMA (3H F/KIZIRH L
PRI D TR D, NDMA I & v, AWERITE Z 5700, &5 T0.266 pg/L
DTy RATNA TRENRE SN2 EERMFEL TOMRbN TG ERE, — &I
NDMA T Z A I3 STz,

URZTZHEDN—RA L2527 F X TONEBGHEIZIBW T, NDMA (37E ¥ fi 5% 532
ERODTRRT TR I TV, 72 & 203, KOBEER TRAEH D WITPEEPEK T
TG ST R KD B AERE L7 RIS ONDMA 73, #ckhKicfllE S Tv%, DMAD
FEN, E— (b o & b EBEET), HER, ANLE, —H0oF— X EEEORMT
FE SN TV DD, 2 b OB CIERMIN TOZIZ L > TEFZORENE T LT
Voo ABBER, XY T TR S AEAR, F o3 a il Y NDMAZ & e il
mOEHTHRBORENEZOND,

FEBEREN ) O 2 TR HIR A & RS N A LRSI 5 . NDMAIZIEB & 2023
IMAMEN B 5, ZBRIFNER L OB RERFEFH R L2 R TR S & 5, JEE KT
I SN TV RN, OB CRELIEATFATST Y =T AL AL » T
TER S N T=DNAMIIAWEE L <1206 -AF LT T =)0, BEH IXREMICEE LT
HEHHND, B FEEYMONDMARHICIL, BUICHEEME DD EEZEZNDT-D, B
5 < WBAMRWRFIREE Tt MIBPAMEEZ R TRV ATREENED b,

NDMA (B L T, EREWY OB BOT —Z N0 TRVDIE, BHiZ
RBAEICEE Z2BWEbDONRL WO TH D, RERGHEERBII T 2 0T & BlE~
D, Bl bR AmRIC R T 2 ImmEtE & IRESENE, [RIRE TS £ S ERREFER
SEAURRME - AIBPESRZBOS OMHD A SCET DI E OHIPHZ2 EAHE Sh TV,

NDMA DU A7 HEIZEB T, DAIIHONIRESEELDT-O DB/ R
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RA U MTHD, BAEZZY RRA U bET 5 LR HERGOND Z LT, @
WS d D IENEB B OFHE IR LI T NDMA Tid— MBI IER IRV R E CTHEE 2
J/E9 %, NDMA (Z#8:88 L7l » b CHFIER O 54 2 B L 7o B iRz s ¢
5% A5 FE Bk - D AR I LM Z o~ M BEZRRIE T 34 nglkg A/ Th o7, Th
IX. NDMA 1 pg/kg REIZOWT2=y hU X7 1.5 x 103 |ZHHY T 5, U AT OREH
EBIOH T, KRR L OG5 U= fOBK (T 7K) B 0 NDMA #EE BRI ES< &,
FERPEHEED DY 2 713>100 Th b, MU EEROMEIKTIEZ, U AZI1E 1077~
105 L 72 %, NDMA (TEEFEERPAME THY , BRFEILITEIRVKET 22 L nE
F LU,

KAEEMIZE LT, At X OBMEEET -2 BNATTE 5, EFICRBETRELE
B, 4000 pg/LCOBBEAERMH ThH o7, VA7 ORAEHEICB VT, BEHMERE
DOHIFRKHPNDMAL, KAEAY~DOHEZBEOHERIME L VIRETH D, EEHEKREIC
BIFDIEETE T HEANDMAREO T —Z 1%, HERINRNroT,

2. MBEOKER LR - (LMY

N-= h 1 Y ¥ 2 F /L7 2 > (N-Nitrosodimethylamine) & 72 (% NDMA (%, &b - &£ b
B 7= rny7 I Thh, 51Uk C2HeN20, X0 &L 74.08 TH
% (ATSDR, 1989) (Figure 1), NDMA(CASNo. 62-75-9)i%. N-= k2 Y 3 (-N-N=0) D
BxbHbo N-=ha bW EMENLFEMETHY, 51T IV HE(NR: O-R 13-H
HHNITAFNETERE b O= YT I ThHDH, NDMA 1Z, VAFL=1|n
V7 X v (dimethylnitrosamine, dimethyl-nitrosoamine), N.N-V X F /L=t V7 I v~
(N,N-dimethylnitrosamine) . N- £ 5 ) -N- = k 1 Y * X% o 7T
(N-methyl-N-nitrosomethanamine) , N- = k @ ¥ -NN- ¥ X F 1 7
(N-nitroso-N,N-dimethylamine), DMN, DMNA & $ 9,

J Y
X N
~

3

~

NG

Figure 1: Chemical structure of NDMA.

H,C
> N—N=—0
H,C



Table 1: Physical and chemical properties of NDMA.

Physical/chemical property Value®

Melting point {(*C) a0

Boiling point (°C) 151-154

Log Ko 0.57

‘Yapour pressure 1080 Pa (23 °C)
Henry’s law constant 3.34 Pa m¥mol (25 °C)
Solubility miscible

2 |ncludes experimental and calculated values listed in
Callahan et al. {1979); Clayton & Clayton (1281); ATSDR
(1989); Budavari et al. (1989); OME (1991); DMER & AEL
(1996).

NDMA (%, 5, rAYE THMR O ARIKTH 5, HIMREZ WIS 2 &, oS
5\ (Sax & Lewis, 1987), Table 1 (2, BREENEMICBID Y (BREDELET U v 7 (§5.6) 12
FIH & s NDMA OWER « {LZAIME 2~ £ OMOMEEIIAR CICAD IZHs# L 7=
[E B R e A 0 — RIZ R L7z,

KA H NDMA OE #4250 1 ppm = 3.08 mg/m3 TH 5,

8. ATiE

NDMA DOop#rifid, it olin it 7 va~ 77 7 4 —IZ K o> THRERIRM L .
N-nitrosamine Z 9 5, WMEE, @ik & BEEETH L, 7o~ 7T 7 40—
\Z XL DB, RFERN R TR I e~ NI T 7 4 —%FIHT H, NDMA (X, KFEXKA A
AAemitigs(Nikaido et al., 1977), ZH# U “#HiHE(US EPA, 1984), %1€ — FTO Hall
R S B f HH #5 (von Rappard et al., 1976; US EPA, 1984), # o x /L ¥ —/SHrgs £ 7=
b TR F 43 (Fine et al., 1975; Fine & Rounbehler, 1976; Webb et al., 1979;
Kimoto et al., 1981; Parees & Prescott, 1981; Sen & Seaman, 1981a; Sen et al., 1994;
Tomkins et al., 1995; Tomkins & Griest, 1996), B OEEDHTIC L > TRIET 5, =D
iz, BAA A L AUIRS FEREE 24587 (Sen et al., 1994). = fRHEE B4 #r(Taguchi et al.,
1994; Jenkins et al., 1995), A 4> F T v PEBESIEIT L 2LFEA F Ly o T L EE
53#7(Plomley et al., 1994), L —% —A1 F L ALRATIFFTVE £ 5547 (Opsal & Reilly, 1986)
REBFINT 2, k7 v~ b 7T T 4 — ENSMISIRERL (L7 e AT L— o
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IVEESTEHAEDLESDZ L HH D (Volmer et al., 1996), MHBERIL, ZF Y VB
ZHTIX 0.150 pg/L(US EPA, 1984), H A7 u~ b7 7 4 —B T XL X =58 Tl
0.002 pg/L(Kimoto et al., 1981; Tomkins et al., 1995; Tomkins & Griest, 1996), 5 A7
n~ hJT 7 4 — @RS AT ClX 0.001 pg/L(Taguchi et al., 1994; Jenkins et al.,
1995) Cho7c, A A N7 v THEGTHICLDILTFA T ML T DEEGHTH,
[EFEEE D HBRA 2315 & 41 5 (Plomley et al., 1994),

4. b FBIUREDRRK

A CICAD %, [EWNRHE %2 Fh L 7= ERHERE S+ & O3 AR L BT — 2 123
<HLDOT, ZOT—X%EFEHE L THNT D, TOMOEETL., EEMITERRDBRA
P - PEH S Z — 3R e ZE 2 65,

4.1 BRRTORAEIR

NDMA L. EWFH) - L5 - AT 7 1+ 2 THRL S35 (Ayanaba & Alexander,
1974), = br VLATREMEGE =7 I )= b r VALRIGEERE) IS S B R A D
EZIZTHIET DHIBEE D, AL FRIST 22 LI2&k > T, K- R - BHEFIC
#1E9 5 (OME, 1998), 7= & %X NDMA i, &ERKKHTY AF LT I (DMA) & £5%
At ORI & > THRE & 5 (Cohen & Bachman, 1978), £7-. HHSHIEIC L - T,
il AR, 7 L M EWe E S E S ERAEBEME N O BRSNS 2 & b H 5 (ATSDR,
1989), NDMA ORiBEME L, ¥, SIH, BE, ERTZ2R L, BRETICLHEMICFES
% (Ayanaba & Alexander, 1974),

4.2 ANBBFRAER

NDMA (%, & 2HiPHO pH G0 F T, HERECHEIRE & 7 I 2R3 2 E3ER 7' a
T AORIAERME LTAEKRENS, BHIZDMA & FU AT /L7 2 (trimethylamine) 73
EOTNFNT I & BRI, HiHEE, SRR L OEMSMOR, HDHWIE= he
K= brVibERBCREE 2= e Y EEBICE > T, MRICAER S5 (ATSDR,
1989), L7eii» T, FalliE, Hiew L, RIEEGE, RN TR, #hE, QepEER
EOMEEFEFEYHTIZ NDMA BFETEL. £ORERE LT FAKRLBER OPKIZE EN 5,
JFERHERE #2280 I, JEHEDO R FEITKE TH 5,

F 4 —EBILEOPEH A HZ NDMA 23 H &5 (Goff et al., 1980),

8



TEERE O AR IE N AT D & & JHIRHP T VX LT I v OEWFH) - (LFHIEIC
X > T NDMA 2N EHA L S 415 (Ayanaba & Alexander, 1974; ATSDR, 1989), #lfetE<°
MHEEEZ S8 2o HEIC KB RAZEN Lz &6, RBETIZ NDMA At Ehs
LEZOLND,

NDMA (FEE AL I b Rk S 7% (OME, 1994), NDMA D HiBR%E Té 5 DMA
KM IR L, BREHEKRDPOHMEKICHEAT D Z &2 5 (VY. Taguchi, personal
communication, 1998), MR QRHEREET MY U L E) &2 FIH T 2 KL% T,
ZD XD 7HIERME DB NDMA MNAERK X415 (Jobb et al., 1993; Graham et al., 1996),
SRAMBRALELC X, NDMA 2370 40 DMA 2 ERK3 % (Jobb et al., 1994), L2cL. #%if
FABLZAT 9 Bk AT A TlE, DMA 75 NDMA WA S 2 VXA SIS ATHEE D &
% (V.Y. Taguchi, personal communication, 1998),

NDMA 23R L7 BB S CLUBRETIC It &5 2 L 23 & % (Pancholy, 1978),
NDMA [FHGECRE T AR IND Z &b, BE, Fibt, FECTHERIN 2 EFEML X
OO B Al ZEA, BRERLEICEEND, 7~ (bromacil), <) U~
(benazolin), 2,4-D. 7% > /X(dicamba). MCPA, % =271 v 7 (mecoprop)’s & ®» DMA
REIIZIT, MEREAWE L LT NDMA REFEND I ENEZ LS. Ballantine,

personal communication, 1997; J. Smith, personal communication, 1999),

1990 FE LU /7 F 2 CHfi S - NDMA MR A L= ol fEtE D & 5 100 28 2. 5 E3K (7
= / ¥ UMk DMA BREADFREIOMRA TIX, REHD 49% I FHIRE 0.44 ng/g © NDMA 73
R ST, IR 1.0 ng/g L EOREHT 6 flOHTH Y | HiPHIEL 1.02~2.32 pglg TH -
7z, R OfGH & & HICRIE R O NDMA JREIIMR T L7z, 1994 44 F & Tl HiiRD 7
= / % U DMA FREHIE L% 1000000kg 734 B2 T F§ S 172(G. Moore, personal
communication, 1999), EFE? X 912 NDMA E¥EEIT 0.44 pglg TH Y . HEERK HE
BEBETDH L 2O OBREAOMEMAIZ L > TEREH IS S 7z NDMA 1386 X% 200
g LRI,

4.3 APFELHRAR

1 F 20K ETIE, NDMA 13 TR - FERICFIH S vTWh iRy, & il I H
MENT=, ZOMOFEETIIBAES T LBROERAIL LT, AR LECKT
L AR, A R LR AL R EINAl EESIRO AL L CORIA AT
% E#Ez2 55 (ATSDR, 1989; Budavari et al., 1989),

9



5. BREIFOBE) - A6 - B
51 K K

NDMA (I, ZAKUENME < (1080 Pa, 25 °C), KKFITHEH & D W ME KA TAR S L7z
BA . REFPRIRWE SRS SRS ATHEME IS . KEFRHEPICHFEET L EEZ 6N
b, HIDOG ETIH, BEEXSMICE o CREIIHMENL, YAFL=brT I
(dimethylnitramine) #2435, EH B %IZ LD NDMA A& Do R X, 0.5~
1.0 Kl TH 5 (Hanstet al., 1977), KKHFDOE Ka ¥ T P hv & ORKISIZ K 5 5
I%. 25.4~254 ¥l T& 5 (Atkinson, 1985), EREESALET U > 7 (§5.6)1L, NDMA DK
SRR 5 K T 5 = L1125V TIT 9 (DMER & AEL, 1996), NDMA (3 R&
PN LS . KRR/ 8= M AV MZBWCESfE T v EE 265,

5.2 7K

NDMA |3 ERFMERH O | ARIE S A7 % 7 —) - KorEteE(log Kow 0.57) H KW
=% TR *iﬂit%’fé%@%é%'ﬁz I Z LT EFRD B 72V (Thomas, 1982;
ATSDR, 1989; OME, 1991), B2t MK oMk, M2, AL 53 k72 £13 181Kk @ NDMA
DIEMIZEEE G 2 2 EHE R Tl (Tate & Alexander, 1975), Yo fiEh KA

175 NDMA BREDFHET mE XA Th b, NDMA OFREZFRIT, KAERKOFMEIZ X
S>TRED, —fKIZ NDMA DX RIL, AEHECRBETZME N SRE Ch 556
VB2 K & BT b TRV, M 13, AR O Rk & TRB @I
ExLETRELIEKETTS (Conestoga-Rovers & Associates, 1994; E. McBean,
personal communication, 1999), DM 7= 5720 FKk =22 /3— k X h T NDMA (257%
RIERBOOND Z Tk - T, ZOBEMEPEMNT 515 (OME, 1991),

BREESBLCET U > 7 (§5.6)1%, #iZFRAKH(25C)D NDMA X 17 B2 -5 C
17 95 (DMER & AEL, 1996), Howard &(3(1991), #EiEIZ X 2 FMEALAKMEAT B3 iR
FESNT, HUF/KH T NDMA 1 2 1008~8640 Hef] & s L7z,

53 E &

BRETAERET Y o 7(§5.6)1%, EEH(25°C) NDMA O S-1)36# 2 5500 B & L
T17 5 (DMER & AEL, 1996), 23 DOGEZ & 7= 5 NI, MRERZINE L RIERE T

10



by, HIEIAFF S MERERE, REIESBEB IO H T n e XL DA%
Zo MERERET D,

54 T i

TR TR, MR &SRS &> T NDMA XA ICERE S5, Oliver (197913,
T3~ NDMAGRE O#®E 72 L) A% B NI, B2 5 30~80% 35k L 7=
E@E L7z, L2yl NDMA i, MR FICHVIAENTLE S EBEMENIERICE S, H
TKFICBATT D ATREME DN D, MR T TOASMIL, RSN L TR T
TIXHOTDITEV(ATSDR, 1989), LD ¥ A 71X, NDMA O AL T e 8 Lo
2720, TEOBRKIZ L > T, Koa% G R LENENSE SNz, T
77 )7 % NDMA (C#iE L T < &, TP OAESMEMERE S 172 (Mallik & Tesfai,
1981), BREEFHEET Y o 713(8§5.6), THEF(25°C)I231F 5 NDMA OFE - H] 1700
IR IZ 55U T4T H (DMER & AEL, 1996),

5.5 EWHH

HARRRE TIIHE I IINDMA D& SN WD ERE#OAOIRVIAEND Z ERH S,
NDMA 10~100 mg /kg B EHEIZ L X AR L Y Uh 2 HMZET S & ibHh, 15,
K726 NDMA 3RS 4L, VX AT 3.25%, U L2V 7T 0.38% 0 AERE M B HLD
iAE 1 5 (Dean-Raymond & Alexander, 1976),

NDMA O A Wpiiatadiid. 0.2 & HEE STV 5 (Bysshe, 1982), L7 L., —#%IZ NDMA
XAEWFIC &> THEMEBR I N D 720 GER O AW IR S EE (Kow & FHEIBIR) X BRI
% (OME, 1998),

5.6 IREFRSHE

TH T 4T ME, NDMA OBEER)S, 22 73— kA2 M BiR(E AT L5k ~D
ZHE)N 7R EOREE, RO WIRETORSMORRGRE T, EFIFVEET V(T T T
4TIV, LUV IIDIE, Mackay(1991)3 L O Mackay & Paterson(1991)i2 L % 5k T
FATENT, BTV U ZICHO NI - AL FRIPEE OBUE X Table 112, flix OB
RO EHIE §5.1~5.4 ITHE/R L7z, 7 U v 7% 10000km?2 O #iF AILOKEE 20 m)
Z &L 100000 km2 ~® 1000 kg/IREl DPEHIHEET 7 L MEAZEE L TITo 72, KM
FEIX 1000 m EAHE Lo, BEEB IO HEOARRKRIFEGAHEIZIZTNALEN 4% B L0 2%, &
EFiXlemBLUP10cem EEELE, ZOFTFTNLICL > THEESNDSH/N—F 2 MI.

11



E LR E OB L2 T 20,

F7 U U728V TIE, NDMA 2k BRI S 2356 £ OREITER R
TZOEARPIFET D EZ BN D, B2 & 21X, NDMA DKFICHEEND &,
FEAERTHAMIC, T AVEBRREF EHERICHFET D EEZ LD, NDMA OF
EAERED, KPTORINZ L > ThREIND, UL, KRUTHKH S vz NDMA ©
FERRE I, T AEB D LAKTICAHFET D, NDMA AfkEAIC LI &
NDHENFEAERTHRHEKIZ, $ 18 BREAFICBEIT S, Lo LEHRIKEETNDMA
X, KFRRKF L HEANT, BEPTORBEDR GO, 1T E A SETH HEPITFE
L. HFRAKIZITIFE A EBEET, KARPTIEE 510720 (DMER & AEL, 1996),

BT DL 7T 4TV LUV Tid, NDMA 23K R FICHE S b &
ZOFERBEARFIFEL, T TUGERT ZENTHRSIND, KPR F~OHEH
X, IO RHATEY AR IS D, NDMA 28 B &5 & KPR
HICBBI L CRIST 5 b D& TP TRIEBRKISEZ R T HON S 5, TP ORIE,
W, B, ROSOBHE L, KREAFCKF L RS L vigEc, BRI an-
NDMA (T E<EE L, HTFK~BET 5 aMREMEN & 5 (DMER & AEL, 1996).

6. BEFTORELL NOREER

A CICAD (ZJFEEHERIE 7 % TOENHIC L 2 BRETREICESSBOT, 20
T2 ) A7 OREHEDN—R LT L, TOMOFEETH, ERMIISEIIETHE
FENZ—ERBRE B A BN D,

6.1 REHORE
6.1.1 K &

EBAKZH O NDMA OF M & REICET L ERIZ. VT ZXIZRLTZOMOFEETH
FEAERBT-020, BT XIZBWNWTHT —XO&EITDOT T, & U AMCRE S
NTEY, ZOMOEHTEH DNy 7 7570 RFEL BT 5720, KA~ SR &
Zz HhH MR EE CHESIE SN T-OHRTH D, BT TORIFPREOT — X%,
R TERD T,

1990 4, A # U AN O THME JOMTEICH 5 5 #fi T, Rl 7 3042

12



T NDMA # R HRA L 0 IKH» 72 RS 0.0034~0.0046 pg/ms)2,

1990 4, A2 # U AN Elmira Ok BLERE ED 21T 5 F M KK T, 41
B O NDMA J8 B 13 AR H B R A 0.0029~0.0048 pg/m3)~0.230 pug/m? T 7=,
41 # 20 REFT, BEIRERA LV LIZERU ETHh o7z 3, R R E 0 s C e
WEDAE SN2, ZOHIBOSN TR & IREIX 0.079 pg/md3 Tholo, A& U A
Kitchener @ T2 % &0 CERELS AL 72308 C, [FAAkD NDMA 2 EE D3RR S 723,

6.1.2 =EANZEX

AFF—2I2 k5L, KEBrunnemann & Hoffmann, 1978) & 4 — =% kU 7 (Stehlik
et al., 1982; Klus et al., 1992) Tk, BEEH D4 S aOfEETS) CIHRE S iz BNER T T
NDMA R &V, ETS /5L N225 % 0 NDMA & & 1E 0.24 pg/m3 TH - 72438,
[ U5 iE CIEMER OF R CHRIS NIZERNZELR N D, NDMA (TR S a7z (<
0.003 pg/m3) (Brunnemann & Hoffmann, 1978), i[E o ETS {F4=ENZE% ' NDMA &
JEILiEH 0.01~0.1 ug/m3 T& - 7= (Health Canada, 1999),

6.1.3 XK

AFH T, BHITAZ U AMANTAIE~D NDMA St &2 RIE ST 228, H
EMIZIEN 720 OIS 2&ERNHLNDE, 2L 21 1996 F, HHLFET T bbbty
k27 L7 i~ NDMA 0.266 pg/L % & EeBE /KM i & 7u7- (Environment Canada, 1997),
1997 £ 4 A, R7' 7 v M b #RK~OPEHHAIZ I 1T 2 NDMA REEIX 0.096~0.224
ug/lh Toh o7z, 1998 FIZZ DRENFEKLIIEH &% E L2 2 L1k - T, ERRoRE
KR FLEZEB 2 HND,

1990 4F, A > & U AN O T ARGt KHA IC BV T, 39 i 27 3k T NDMA 73 %

2 Elmira #45(1990) : /31 L TAGA Z#Hr#ERICBI4 %5 ANg 75 G.De Brou ~®
1990 4F 4 A 27 HAHEER A £, 38 X0V 1990 4 4 A @ Elmira NDMA A& #5123 %
L.Lusis 7* 5 E. Piché ~® 1990 4 5 A 5 H {5 £ & (Toronto, Ontario, Ontario
Ministry of the Environment),

3 Kitchener ##5(1992) : NC Rubber Products Inc. &3 /L% TAGA6000 43 Hrifk iz
B9 % A.Ng 7*5 M.Lusis ~® 1992 4 7 A 24 BfHEI AT . BLOA X VAN b
> NC Rubber Products Inc.®E /31 /LA TAGA6000 FHAIZRI S % M.Lusis 705
D.Ireland ~® 1992 4£ 7 H 28 H{f # £ (Ontario Ministry of the Environment),
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HEh, &EERET0.22 ug/l T - 72(OME, 1991),

1990~1998 4 7 H . A& U AN D 101 » pr O KALERER 7> b EREL S v 7 3Rk F0K
390 FEHH D 37 # T K T NDMA 234 1 S 4172 (>0.001 pg/L), JEAK H O SFEEJR EE 1,
1.27 X 10-3 ug/L T > 72,1996 4.2 3 FT D K ALEE fiti 5% D Ji K 1 NDMA #x & s £ 1% 0.008
pg/L T# - 7=(Ontario Ministry of Environment and Energy, K£¥%#£7 —%. 1996; P.
Lachmaniuk, Ontario Ministry of the Environment, KFEF7—% . 1998),

1990 4=, A Z U AINO S F S F 2250 TERILL 72 H T /K 24 3B o0 NDMA 2 B 1%
B H R BRI T & - 7= (R 0.001~0.010 pg/L), Elmira 0 #51iit 7K & o> NDMA i B 73
1.3~2.9 pg/L TH > 7= DIE B L DAL T 06 OIF YR RIA & & 2 5 7= (Kornelsen et
al., 1989), Z OHKNEZ W2 AKX, 1989 FIZ P S 417- (Ireland, 1989), 1994
B LD 1995 12, Ao U AMEEE O BRATHIER T, HiRKIFEK S KO FRJRIZ 3
W, NDMA (35 & T 0.005 pg/LOE RS 0.001 pg/l) Th o7z & #Hd & 7-(OME,
1991),

1994~1996 4, A % U A MW 100 » A1 CEREL S AL7- JLER/K 313 BUEHZBI L C, 40 %
Frcidde< &b 13 H NDMA A3 HH & 72(>0.001 pg/L), FTHEI0 7 — X% D
I 0.0027 pg/L Tholo, NI T IV /7T T LERRIICIRG U7 KB EERE 4 4
LTV 2 8RR LB 5% O BT e R B 3 E & 4172 (Ontario Ministry of
Environment and Energy, K% HET — ¥, 1996), ZiZixA X VA MY en
(Huntsville) D K QLB % CTHIE S 472 0.04 pg/L b & N5, ZOREEFIZHEH L T D
4 3 FTOKAER % TEREL S /=4 20 #0EFC. NDMA 23 H &4 72(>0.001 pg/L), 20
ARELO SEEIEFE L 0.012 pg/L TH o 7225, Z OEEEFI 2 L T iiigk TERELE iz
0 D 293 WELOFT HEI Y 7 — & OFEJPREEIL, 0.002 pg/L TH - 7=,

Ao Z U ANEEERIZ & D A5 T35 T O MR /KOALBEERER Tid, 15T B s O BN L
EZE0HH I E <1, EEBIEFEIC NDMA 2EfET 5 /aetEndH 5 2 & 3o h
STz, WEMEHRFEIF O NDMA EEX, 5~10 mg/LL Toh - 7=(J. Kochany, personal
communication, 1999; E. McBean, personal communication, 1999), *[E Tix., NDMA
T FARBRIC—RICEEN DM LG SN TWD, BEGIRPORET 15 HioN 14 1
T 0.6~45 ng/g TH - 7=(Mumma et al., 1984),

6.1.4 EHEBIUOLE

HNF AT, EEL BT O NDMA RO T — Z I3RS STy, KE o 2E S
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FRJE CHRIE - HEEF T, NDMA OfcmiRE X 15.1 ng/lg Th - 7-(TARC, 1978),

6.1.5 b NOiEf%

NDMA i, & F JERMBORERF CEREINLTWD, I FH, Xy 7 TEME
72#BRC Cooper © (19871, HMIFIZ 4 NCGERERZ O, B, K, FENLL. ik 1g
HFIZH L2 0.12~0.9 ng ® NDMA At L7z, B+ Z LS Tl S =ik ¢k, FENk
FRERIC L DM E TR OREIL B KZ 0.03~1.5 ng/mL & #HE ST 5 (Fine
et al., 1977; Lakritz et al., 1980; Yamamoto et al., 1980; Garland et al., 1982; Gough et
al., 1983; Dunn et al., 1986), Z OfthDOFRER T, FILF DOIREIX 0.1~1.8 ng/g ThHh-o 7=
(Lakritz & Pensabene, 1984; Mizuishi et al., 1987; Uibu et al., 1996), ZF 1 HER ST
Wik FORF NS EH . NDMA I S Tnwb, 7 % (Kakizoe et al., 1979)°% D
fth (Lakritz et al., 1982; Webb et al., 1983) CT3Hjii iL7-7kbi Tix, 0.02 ~0.2 ng/mL &
HEINTVD,

6.1.6 & &

NDMA (%, O TAER AT & 5 VITFHEE TS FEDO RS TICT TICEA £ 21T
WIS TOWEHIRE D B S 415, NDMA 23l & HIRA LT W EMIE, K& <
BRFERIC TSN D,

# MERRE(E IR — a3 )R F = ARFEIC L > TREPIC= b e e E 4
RSB0 E L RERE AN AL & N7 2 R A7 A

# - ARG S ERIC I SRFRMIEICE ENOERBIHR =t J{mE L L
<)

# R BV AR R B RBET AT & D i S R BE T A R IR
WEEND)

# Rl ITEROE I VAR B FHET SO 5L (R R > D # SRR ~ DA 15
TR E D)

# MIEOBEACEL > T= b Y7 IUPERSARLTOERERME T T, £ 230k
fFEN 58

L2l BB £45 NDMA REOT — &1, K0 1970 AR E 1980 FARIC N
ENTZHBRICHE KT DL DT, ZOLKEOGITEEBE 2D L. BIFEDO NDMA 2 OHEE
IIHEBENMENWZ LICHETRETH D, IHIC, W TFBIOEOMOFEETIE, &
17 O WA FF AR IR E OGN 725 & TP, —EORME~ORBRIEHHOEIE, 7

15



ANV EVBREST Y VL E VIR E Wo o= b e VEILERI O &R LI Lo T, &b
IZE& £ D NDMA ~D % O Al et 2 KR35 53 /1% L T\ 5 (Cassens, 1997; Sen &
Baddoo, 1997), 7= & ZIEH X TiE, 1975 FICHHIZELEL, “Uo< v LIRFAFEL
7272 EN O ORG A BRE M TERNRICE N5 HmMBE O RREZ 5 & T,
Nt O fif FH 2 25 11 L 72 (G. Lawrence, personal communication, 1999), &t IZ K 5 fE
PER DRATIT, 1965 £RITHE L Ik b4,

AFZIZRNTL, REOARELEO® 5RO/ T NDMA BEICEHL T, 7—
ZITOTHe o 2, 1ZLAEN LRROERBEALRIOL O ThH D, SEIERERINL
fb 121 BB IR L1, 0.1 pgrkg A (R HBRFD ~Fc K T 17.2 pglkg(N— =2 ) Th > 72 (Sen
et al., 1979, 1980b), & & X F Zefa il T5n 8 L OVEFEY) 63 3k IR 1L, 0.1 pg/kg A (F
HIBR )~ K T 4.2 nglkg(fa O T#) Th - 7= (Sen et al., 1985), HF+ ¥ TIRFE S i=TF—
R 62 7B T A PE 31 Ll AL 3D IR AL X 1 pglkg A (b HH PRI ~ B K T 68 pg/kg(V
A v F—RX)TH->7-(Sen et al., 1978),

% NDMA XL 0GR DR S e s, B LIZpIsbcdh v 11 Rkl
KT 0.7 nglkg V& £ T 72 (Sen & Seaman, 1981b), + DO EIZB VLTI, K
SRIT A BRI LT B OB R K T, BAEHFLIC NDMA REENLDELEEZXHNTND
(Kelly et al., 1989; Scanlan et al., 1994), 7+ % Ti&, E KT 52 DOMOAELITOWN
T, A AZ > ha—e—10 3 1 3B CIXRE 0.3 ngkg, AR A—7 20 &k 2
FUBH TR K T 0.25 pg/lkg @ NDMA 23 S 4172 (Sen & Seaman, 1981b),

1979~1981 FIZora L Lz, I s, YU T, AAD I v 7 AR EDORE—
7— K 25 @k 5. NDMA [T S 2o =R 0.1~0.5 ug/kg) (Sen et al.,
1979, 1980b; Sen & Seaman, 1981b), 1979 4=, & DAl O &SI BT 2 FH A 4 Fehi L 7223,
U o TRHCHE, Ty vy TR ED Y — R, AT 4 (EERED, v — AU
NHE— F— R, <y val—h(ERBLOERE R END b SN2 ->7-(Sen et al.,
1980b), MHRA X, 0.1 pg/L £721% 0.1 pglkg TH -7, BV E by B 7D 11 EHH
1B B, EBFE(<0.2 pg/kg) ® NDMA 723 H £ 417-2(Sen et al., 1980b),

I EATo TN LA OF T, FFRllc_N—a 03, AORETE= a7 I N0
BENLTORV, SIRTRAZPOIGEIZRY, X—aRic=ta V7 I UBNERIN
%(Sen et al., 1979), W 7=~X—a > O F T NDMA L%z M3 5 EX X, AR O

4 J. Salminen, Bureau of Chemical Safety, Food Directorate 7>% B. Meek, Bureau of

Chemical Hazards, Environmental Health Directorate, Health Canada, Ottawa,
Ontario ~® 1999 4 9 A 13 H Ik 2 £ (File No. FP99072001-597),
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OIHIREE CFRRRIR AL, LR, Kok, Bl & R OFIE, IEVWEORE, W5
IR, P & Cd 5 (Sen, 1986), K < k& LIZIEMGICIE, SRBLE A OREM D/ 72
NR—aryIEBEELZ2H0= e Y7 IUR"EENTEY, NDMA O X 9 12/Kk%
REREO= b YT I T, PO EICHRAELZ T 2 —2 L L biIZRIIT 5 (Sen,
1986),

1975 4E 12N T AL S~ D Sl & TEASEAE O I BE 2 IEHLHIAVE A S /-4 3L 5
HEHFHTHBEINTWDLIRX—a (&£ 5 NDMA X, #if5 Sh =k KT 17.2 pglkg
EEDOREEICITRLRNEEZ NS (Sen et al., 1979, 1980b), L2rL. Z O¥fE % H
58T —ZIXIAFTTER,

SRAE A L7 & 2 A, JEEEICB T 1980 AR & 1990 4%, BdICEEN D
NDMA JEEEIX 1970 R K 0 BUED 1 HiK - 72 &35 DR — L72E R Th 5 (Tricker
et al., 1991a; Cornée et al., 1992; Sen et al., 1996), & F THRL X472 NDMA ZE D
KT, AL ERAEEINOSEICELALDOTHS, LL, I THHXBLREDOMOGEE
WZEBWT, i CER L7 NDMA OREX, 1990 FRZ8E L TR LET =00, &
5T 1980 FfR AL H: & 1990 AU E SN AKED L ETH 12D iR T 27 —4
IIAFTE 20,

=L REEEN DT 4 A X —Tp 8 1ZFEALEDOERFEWICIT. FOAEMEMDT
NDMA 234 £ T 5 (ATSDR, 1989). E—/LiZ NDMA N&Eh s 2 Lk, 1977 FRIC
WD THAE S 7-(ATSDR, 1989), B —/L~® NDMA IEADEB b RJFEIZEIETH Y .
1980 “ELLRTICIZ — MR FIETH > - EIBOBRBEPEY A2 X 2 2 FEOEEGLETIC
NDMA 234 %9 % Z & 23R S 7~ (Spiegelhalder et al., 1980), 1981 4E (222 3 DRz 1k
MOEEED D HBEIDSE SN, BETHEEFCE—MICEENIRET N2 VKL 25T
% (OME, 1991; Sen et al., 1996), NDMA [Z £ — /L Z& £ Db N-= b VLAWK
PR IR 22V RIEGB O REREME N-= b {LAEMBRKRELSBEELT0DH L0 )
DONBIED JIRTH 5 Massey et al., 1990; UK MAFF, 1992), »F+ X FE L —/LORET
X 1978 A2 & U AMPED 4.9 ng/L Sl misfE & W STV DM, S HITH LUV 1988
~1989 DK TIE, 0.59 pg/L NixE Th o7z, B FF THRE SN TV HIHA L —/LT
X, 1991~1992 4EICAF L7ZiEID 9.2 pg/L MNEEiE & s S, i ok
(1994 £ 10~12 A)TiX, HmEIEEN 3.2 ug/lL Tho 7,

NDMA (%, R L7=EMHICE TN DAL Em(RCMH Tl DMA, B3 Tl
SRR D DARN THNIRICEA SIS Z b H Y, & FDOERNIZEEICFEET SRR
Ya. WAHERHE) = L b & D (Vermeer et al., 1998), L7>L. AFARERT — X IR+ ThH
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D . NDMA ONRKRMARES, K706 O/ MIZE £115 NDMA & & O g THIRIMEA
REORAOBRBE~DOFRERE, IET DI E1XTE 722 (Cornée et al., 1992),

6.1.7 HEERL

FZEET, ALBEG, N—=Y T TR FAEARE o ailin e Y NDMA 2 &
HEER L 2T Z L2k > TRET D,

NDMA X, SEIERN—Y I T78ERC Yy T — ~ATarTF o vat
— AFxru—yar AT 4—V—=T7 KRBT VLT A, 5lE LK, BEEH
FlZ2 ENCEEND T EDHERINDN, ZAUTRE R TERT D Z k@yb\ﬁ%@aiﬁ%%yﬁ%’?
b7z &= kv VAl & (Spiegelhalder & Preussmann, 1984), /X— Y /L /r 7 &
Dy E LTESFIHSN TV DT I UV EAMEMEDISIZED2bDEBEZBND, H
7o & zAX, FmiEER, ARTER]. YRR, ¥ 2oy i, EaKl £ TH 5 (ECETOC,
1990), % 4 T E=U MEEW, NF A T I - AX T R E(ECETOC, 1991)
EEte B Z LN DLHEMOEE T T, BB EEY O = kv J{LOEITIZEV R, 1k
PSR ESECHBZ O F L CREBRE INDG Z LRV, ToMICHEFT=rr Y
T 2 v OERD KT S Al REME D & 5 (Havery & Chou, 1994),

1%4$F4VT . AR L 72 145 o 5 B 50 1 (34.5%)I2 NDMA A& Eh, &
¥ o7 —1 BT R m IR 24 ug/kg 3FRD 5 v7- (Spiegelhalder & Preussmann, 1984),
fBHEICE EN D= e Y7 I VREAGIRT 28623, BUVETEASNT, #i-L 2
XHFZTlE, Fx OFIBE LAY ERLE L b o a itk nw i, ®iahE
M@%®ﬁ@%ﬁﬁmi%?é:FDVTiVﬁMm%g%ﬁxﬁw:&ﬁxﬁm%%u
KL TROOND, ZHICEK LTEHE. 7 I°7 2 FEE= e Rl RE LT,
HELTT T 5 MENDH D R. Green, personal communication, 1995),

O, T ADOMEMEEALLZEFANFHHAIN LT X AT I vn=hu VLl &
FIGLT=hr YT IUBNERINDTD, FLEHRWE & OGS e FO NDMA
B DOJRIK & 72 5 e DY B D (Biaudet et al., 1997), Hk - & E - EEHO I F I
72T A EA R T, NDMA 23 H ST % (Health Canada, 1999), KEHRT 7 > 7
AEVEE TIRETE T, EIRAB29 mgkg)® NDMA 23k &z, LaL, BRICE
InNs=ruy7r= /@9% BH LU CTHRERR SN DIZTL — I v e &z
5TV 5 (Fiddler et al., 1985), Z 7% Tlk, N-=bhu Y7 I VRO T L8O
BRBLLSVIZEENLTWD ZERMRINT, BRINTELEOBEIZLD &
NDMA O fx i E X FLRO L E T 25 mg/kg, B L .50 T 8.6 mg/kg TH - 7-(Sen et
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al., 1984),

Z 83 DRIREGT DIRAERLIR - LB XL OFEEETIZ= b Vbt T, #3as 2
ol O R 3RO N-= b r VG, T7b BN - FEEIEME - X N kR
N-= b Y7 I U4 &% (Hoffmann et al., 1984; Tricker et al., 1991b), & 5T
HBE X NapBREEed 5 & BV iflc LW NDMA 7¢ EOfRM N-= ke V7 I U 34k
7% (Tricker & Preussmann, 1992), % /X2 OBRBEIZ L > TEOHIZHAET HERME N-
= hr YT I UAREIT, AREBEROARMIBOERE . ZEOTFR - R/ T A

2447 L T % (Hoffmann et al., 1987), & 512 NDMA AEKIZB W T, =aF 7
%ﬁé’]ﬁu Ei'E & L CYEHJ % (Hoffmann et al., 1987),

MBEZNa L ORNMESZ a0 NDMA A&, BXOF N aoEieE, gliikE, ETS
® NDMA & A &iX, BEORBRIZEB N THE I TV 5 (Health Canada, 1999), #t5A &
ZoNaPTREICAER L TOEREMEN-= b V7 I U ORER, 202 N3O EFE R
FE L0 272 v K< (Tricker et al., 1991b), BV TIX, TOERMES LY~z 1~2
Him VB E T % (Health Canada, 1999),

KEOTIROMEE #3236 $6i0Tlx, F¥) ETS JEHEREDS 570 £ 120 ng/ A TH - 7=
(Daisey et al., 1994; Mahanama & Daisey, 1996), Z D5 — X% OAMEIZ L - T, &L HBR
1% 2 BLE L 72 EINZE5 O NDMA R A HEE T 5, SN 225 NDMA T #IIR EE X, 0.002
~0.005 mg/m3 T& - 7=(Mahanama & Daisey, 1996), % OO ERT — # (2 F-5 < T
X, 0.011~0.037 mg/m3 T& - 7=(Mahanama & Daisey, 1996), ZiL 5 DT T /LEE
%, §6.1.2 D ETS (G Y= N 25 NDMA R & FHEL L TV 5,

6.2 t hPOREER : REN

Table 2 (2. ZEfI), RIS A+07T —4% BIO 6 /g COMRE, WAR, 1
HOER - UKEOKILMER IS 1 AafEEM (kg KEH-V)E7RT, Zhud, @k
DT —=Z ISV AR EES —AZBE L 1 HEREOHEE TH Y, NDMA
D1 HEREITE TH 0.03 ngkg KE/HTH D, &L ITHKIEDNFE DT — X BAE
LTWAH7e®, —RERTOEREDEY 7 NDMA V1 1 FEREHEEL2HET D 2 &
IXTERY, ZOLICT—AEANRARELTNTYH, AHNRREr — 22 BE L1 AE
REDOHEEMED FIRAZFERDOELEBHEMD LIREE 2 5705, —RAERNSIATE

WORANER, K, B HHY A UNDMAlHEWE#O%S%&MNEH%EKé

AIREMEIIR YV, BIfEDIEY 70 NDMA ¥ 1 BB EEHE M O S & 72 2 iRk ic
<&l 1 HEREORPEIL, LA - /{7 - HEHICAER L7 NDMA 25 0R500 5
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DEREEZEZ NS, L, IMTAREOEELRSF TO NDMA AL O 23412
HMAINT, BIGCET DHEEEOMRIM E LizT — & 23, Bk Z KB LT afgerkLs
BETR&ETH D, FEERIEHFED O KK SN -iHR KR AIZ L S NDMA &
B, 1 HRERE~OFGRKIIN SARNE S T A2 U AMOKAETZ > hD
A L NDMA 2 & DEKEBRO T 5RIT S 5BV, AFT — 2 BBREZ =T
EIEE VRS PEERPEHIFEL O Y S KD B OB EREIL, FoMmb bbb
BREEARIN D DREL LD 2L D5 —A B2 b,

FE RPN EIRE(0.24 pg/m3) D NDMA % 5T ETS {5 NZERUC 21 IFfE)/H BFE L= &
HET 5 L (EHD, 1998), W AIZ X 2 BEEHEEME O FBRI% 0.04~0.13 pg/kg KHEH/H TH
%o RN 7R BRNBIEE 3 1 BICHEE & 233 20 K&, EIREIC 4~278 ng/ AN E
Fh b EMEET D E(Adams et al., 1987; Kataoka et al., 1997). NDMA & B EHEEE X
0.080~5.6 ug/ A/H, F721% 0.001~0.08 pg/kg IKE/H TH D, BEEZ D 1 HEREHETE
> EBR(0.08 pg/kg RE/HIX, AR KE, K, B0 BT 2 5B R RES — A
ZfBE L= HEEME (Table 2. 0.016 pg/kg RE/H)D 55 Th 5,

GRS FARDEBRIC L 5, 2 TOFEE O NDMA 1 HEIEO G R KEr
— A& AHE L7 HEEMEIX, 0.03 ~0.31 pg/kg (RE/H TH 5 (Table 2 2 HR), = OHEEMEIL
1989 44 > % U AN Elmira O /KIFR CHER S 472 NDMA R O Fe K E (1.3 pg/L) & fix
KAE (2.9 pg/IIZHS< D TH % (Kornelsen et al., 1989), Hi Tk, J&1 D pE 2 ek
B DI L » THER STV,

E— /L5 O NDMA 1 HH#EEEEE T, Table 2 ([ZRE# SN 7-& M D OERED S
7R — A2 LI HEEEICIT S N2y, SN REr — 22 MELZ 1 HE
U OHEEM T d 5 <0.0002~0.0009 pg/kg RE/H ORILIT, BT X FEE—LTORM
@ NDMA #c KiEE(0.59 pg/L)(Sen et al., 1996)FB LUt —/vd 1 H W EREHD,
1998) TH %6,

F XTI AL O= e VT 2 ‘/é‘\ﬁ%ﬁﬁﬁ (10 ng/kg)Z %3 T(R. Green, personal
communication, 1995), #AFIHD T F U AT > T ¥ > 7 =75 D NDMA #%F72 BuA

5 FEERPEHIROEEEZZ T2V KREAD 1 1¢@§HET“ LINDMA 23 S inotz7=
(Windsor, Ontario)(Ng & Karellas, 1994b)., 7 — Z IS LR D 7o WE SR JE{E T 5 —
ERICE 5 K5 H NDMA Bl &2 HEET 2R & L CHEYTRrnEE 2 bz,

6 AL —ANLOERETIHIZZWNWEEZLND,
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HEHEEE N HE SN2 (BECETOC, 1994), MEICL D & /=Y T 0 7 B dif ik
£ NDMA@24 pglkg)z G&te DX KA Y Hly v o 7 —Tdh - 7272 (Spiegelhalder &
Preussmann, 1984), 5> v v 77— HEEMOREIEIRI N, ZOFETEIC L 58T
BGA A& 0.000 02 pg/kg KE/H (Health Canada, 1999) 1%, Table2 ® K%, K. &
WO DG RRE — A2 8E LT 1 HREREOHEEE & 0 B RWEETH 2,

6.3 t NOREE : BMEM

NDMA NE#HAA S D 2 g, NDMA %8 o (e (USSR ORIEY & L 0)
Db LWL, REMTH, TLABLOY A YRIEE, vy MRBIPESE, YuktilE3E,

g - VA - R ETETEAIROE S SRS SR A . KEEI LK), RIRRLEE, B
FER X OWRGEFT(Ee & < I AWM ERH Y, I FIZIEE 572V (ATSDR,
1989), Mk RBTIT . WA B 5 WITRFERAIC K > THAT D & E 2 Hi5H(ATSDR, 1989),
A K 3 77 94 (National Occupational Exposure Survey) (1981~1983)1C KL, kK
E T, &t 299 A& ETefF¥E 747 A2 NDMA 5% 0 Rt & 2 (NIOSH, 1984),

K [E DNk 2 2142 J5) 0 NDMA (2B % Bl TIZ(0OSHA, 1993). 1E3 BT & % #efih 2 kE
T 57D DR R FIRZBIE L TV D, IREWINDMA>1.0%)IX 5L - PASGRICIRIT L,
TEEBIIR RO/ AEHAZIEST L, ME OB, WHFEik, BRFEERICBWTUI—EDOTF
EIZHE D Z L7 ETH D, ARUIEIK, A REIEIN, AKEEEEIENIZIZ, 7 I ~0iR
ANE D H\VNET v EHEMBIEORISIC L2 EFHE L T= e Y T IUREEND,

EREIHIIIC, 1~1000 mg/L = rr Y7 IR Enfls b5, WEmIE, =
by T IVEROFEKERYD 5 DB LE 8~12 IRIMMREE£iL5, 1000 tha Bz 5H)
HIWR g R O EE B K2 750000~780000 A72%, GIHIMICE 5 =Frr YT I I
BBETHARRMERD D, ZOUHNRAFIAT 2B TG EEBNEARIDICE . BEOHR
B Z NS, 1990 D FIDHIZ Kauppinen 5 (%(2000), EU OHEZEE K 14000 Al
NDMA JE R TEA LT LHEE L7z, 3 — vy /30 = WRIE s 0 T CE i S L7 €
=4 —lBR A2 I MFERREOZERUCE £ D5 NDMA O miE T A 1 pg/m3~%H ng/
m3 & E X172 (Ducos & Gaudin, 1986; Daubourg et al., 1992; Solionova et al., 1992;
Rogaczewska & Wréblewska-Jakubowska, 1996; Oury et al., 1997; Straif et al., 2000),

7. ERFMB IV M TOENERE - REOHLE

t NOEENT — X ITHER I TWRWA, EBREYZ o aalBRic L iid, B
M7= NDMA [T 23E > K &EIZ(>90%) (Daugherty & Clapp, 1976; Diaz Gomez et al.,
1977; Kunisaki et al., 1978) & & L T FEB{HILE 7> bR =415 (Phillips et al., 1975;
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Table 2: Reasonable worst-case estimates of daily intake of NDMA by the general population in the sample country.

Reasonable worst-case estimates of daily intake of NDMA (pg'hg body weight per day)

Media 0.5 yearss .54 years® 311 years- 1219 years® 2039 years B+ years’
Aim 0.0005-0.005 0.001-0.011 0.0008-0.002 0.0004-0.005  0.0D04-D.004 0.0002-0.004
Water 0.0013-0.004 0.0006-0.002  D.0DO<—0.001 0.0002-0.001 0.0003-0.001 0.0002-0.001
Food! 0.0004-0.001 0.0065-0.016 0.0045-0.011 0.0036-0.009  0.0043-0.011 0.0038-0.000
Subtotals 0.0022-0.010 0.0D81-0.02¢  D.0D57-0.021 D.oM2-0.015 0.005-0.016 0.0042-0.014
Indoor air— D.06 013 0.10 0.08 0.05 004
ETS™

Groundwater 0.14-0.31 0.08-0.13 0.05-0.10 0.03-0.05 0.03-0.08 0.03-0.08
Beer <0.0002 0.0002 <10 e
Shampoos 0.00002 0.00002 0.00002

s Assumed to weigh 7_5 kg, to drink 0.8 litres/day of total tap water (as infant formula), and te breathe 2.1 m? of air per day (EHD,

1888,

Assumed to weigh 15.5 kg, to drink 0.7 lires/day of total tap water, and to breathe 2.3 m® of air per day (EHD, 1808

Assumed to weigh 31.0 kg, to drink 1.1 litres/day of total tap water, and to breathe 14.5 m® of air per day (EHD, 1898

Assumed to weigh 59 4 kg, to drink 1.2 litres/day of total tap water, and to breathe 15.8 m® of air per day (EHD, 1888).

Assumed to weigh 70.8 kg, to drink 1.5 litres/day of total tap water, and to breathe 18.2 m® of air per day (EHD, 1888).

Assumed to weigh 72.0 kg, to drink 1.8 litres/day of total tap water, and to breathe 14.3 m® of air per day (EHD, 1828).

i These reasonable worst-case estimates of intake by inhalation are based on short-term measwements of NOMA in outdoor air in the
cdose vicinity of point sources of atmospheric discharge in Ontarie. The minimuem estimates are based on the lowest [mit of
detection {i.e.. 0.0017 pgimr) for half-hour averaging times for Trace Atmosphenc Gas Analyser (TAGA) measurements of NDMA in
Kitchener, Ontaric, in 1992 (technical memorandum from A. Mg to M. Lusis dated 24 July 1892 regarding the Kitchener (1992}
survey: NC Rubber Products Inc. — Results of the mobile TAGA 6000; with covering memorandum dated 28 July 1992 from M.
Lusis to 0. Ireland regarding the mobile TAGA 6000 survey of NC Rubber Products Inc.: Toronto, Ontario, Ontarie Ministry of the
Enwironment). The maximurm estimates are based on the censored mean concentration (i.e.. 0.019 pg/m?) for hatf-hour averaging
times fior TAGA measurements of NDMA {n = 74) in Elmira and Kitchener, Ontario {technical memorandum from A. Mg to M. Lusis
dated 24 July 1282 [see abowe]; technical memorandum from A. Ng to G. De Brou dated 27 April 1880 regarding the Elmira {1880}
survey: Results of the mobile TAGA: with covering memaorandum dated 5 May 1800 from L. Lusis to E. Piché regarding the Elmira
MOMA swrvey report. April 1890; Toronto, Ontario, Ontario Ministry of the Environment). Concentrations equivalent to one-half the
appropriate limits of detection were assumed for half-hour averages during which NDMA was not detected. It was assumed that the
population would be exposed to similar concentrations for 24 h daily, and that concentrations in the indoor air would be the same
as those in outdoor air, in the immediate vicinity of the point sources.

*  These reasonable worst-case estimates of intake by ingestion of drinking-water are based on concentrations of NOMA measured in
drinking-water in Ontario. The minimum estimates are based on the mean concentration (i.e., 0.012 pglitre) for 20 samples from
four water treatment plants in Ontane where elevated concentrations of NDMA were attributed to the use of a pre-blended
polyamine/alum product in the water treatment plant {Ontario Ministry of Envircnment and Energy, unpublished data, 1286). The
manimum estimates are based on the maximum concentration (i.e., 0.04 pgllitre) among these 20 samples. measured at the water
treatment plant in Huntswille, Ontario {Ontarie Ministry of Envirenment and Energy, unpublished data, 1288).

Daily consurmption rates (i.e., grams/person per day) of 181 food items by six age growps of Canadians (EHD, 1228) are the basis for
the calculation of the reasonable worst-case daily intake of NOMA from ingestion of foods. In Canada. NDMA has been detected in
10 fead items for which these daily consumption rates are avaldable. {Intakes from an 11th food tem [Le., beer] are not included in
these intake estimates.) The maximum concentrations of NDMA reported for each of the 10 food items (Sen et al., 1878, 1979,
1880b, 1935) were selected for calculation of the maximum estimates of intake from foods for the six age groups. Concentrations of
MOMA in the remaining 171 food iterms were assumed to be zeno.

The maximum concentrations in each of the 10 food items (i.e., referred to in footnote i) were reduced in proportion to the
frequencies of detection of NOMA in the food item for calculation of the minimum estimates of intake from foods for the six age
groups (EHD. 1893). The number of samples of each of the 10 food iterns refemed to in fooinote | ranged from 2 {for cottage cheese)
to 55 (fior cured pork). The frequencies of detection of MOMA in the 10 food items were calculated and ranged from 25% to 100%.
Concentrations of MDMA in the remaining 171 food items were assurmed to be zero.

«  The estimates of intake of NOMA by infants were based on the assumption that these infants consume table-ready foods at rates
indicated in EHD (1993).

The total daily intake of MNDMA by infants is overestimated, since the infants are assumed to be consuming both formula (ie.,
reconstituted with drinking-water) and table-ready foods on a daily basis.

= Based on the assumption that the population spends 21 hiday (EHD. 1928) breathing ETS-contaminated indoor air containing
MDOMA at the maximum reported concentration (0.24 pg/m®) measured in a bar in the USA (Brnnemann & Hoffmann, 1978).

»  Based on the minimum (1.3 pglire) and maximuem (2.2 pglitre} concentration of NOMA in well water in Elmira, Ontario (Komelsen
etal.. 1888), resulting from contamination of groundwater by a nearby industrial facility, and average daly rates of water
consumption (EHD, 1828)

@ Based on the most recent maximum concentration (0.59 pglitre) of MNDMA in Canadian beer (Sen et al., 1206) and average daily
rates of intake of beer from EHD (1888). Intake from imported beer may be higher.

= Demnal intake only. These estimates are based on the Canadian regulatory limit {i.e., 10 pg'kg) for nitresamines in personal care
products (R. Green, personal communication, 1995). Shampoo was selected, as the masimum reported concentration of NDMA (24
po'kg) in such products has been in shampoo in Germany (Spiegelhalder & Preussmann, 1934). Dermal intake was estimated by a
generalized approach involving product use scenarios (ECETOC, 1994)

« & & 8

Hashimoto et al., 1976; Agrelo et al., 1978; Pegg & Perry, 1981), 7 v k& A X~DWK A
% Tl NDMA 2RF TR S, =~ Y7 I UBiinbRIESD Z &0 mhrolz

3, WA S NDMA OWIICHWTIE, BHEMEOH 2 ERIT — % DR S L7870 >
7o ERHT —ZITMER SN o120, 7 v N ORI NDMA 350 ug % & o iEiR 4 &
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(CHy,N-N=0

CH, NOy + CHN=CH,

| Mitrite N-Methylformaldimine
HOCH;N-N=0O -
o -Hydroxymethyl nitrosamine CH,;0 + CH;NH;
= Formaldehyde  Methylamime
CH;NHN=0D + CH,0O

Monomethylnitrozamine Formaldshyde

CH;N=NOH
Methyldiazohydroxide

CH;N™N
Methyldiazonium 1on

=+ X = macromeleculs

CH;-X ~ + Na
Methylated macromolecule

Figure 2: Pathways of NDMA metabolism
(adapted from ATSDR, 1989; Haggerty & Holsapple, 1990; Lee et al., 1996).

i HRERICB VT, JRFICDE(0.083%)D NDMA 28 Sz 2 e | BRBIWRIN 2 HE
W9 2% Z &N Tx % (Spiegelhalder et al., 1982),

Wo Tz RIS LD &, NDMA & & O I3 R EiPHIZ 534 L (Daugherty & Clapp,
1976; Anderson et al., 1986), F:3L% i@ U{FHEARICAT I 5 Al 6EME A & 5 (Diaz Gomez et
al., 1986). NDMA %z 5 LIZUEiRT > B OG0 b, = hr Y7 v L2 oY
23 HH & 7= (Althoff et al., 1977; Johansson-Brittebo & Tjilve, 1979), Hcff¥E D FHRE)
Y~0 NDMA #iEtk OEDEREMAT T, TR L UM LD = be Y77 I v
BIEIZMF N BRESND Z EBH NI o7, NDMA & 2O, R ~OHE
MBI FE L LTHERN D OPEH R E X bivd,

t h® NDMA (BT 2D E RN T —Z 1T, BRI TW2RYy, L, & R
JFEEA T D NDMA fRETHZEHUZ BT 2 8 ORBRICES & | b b & FEREY DO NDMA
REHZEWEIZ RN EEZ DD, NDMA Of§@HE, =ty 73> Da-b Ref v
bW EM= e Vb Th 5 (Figure 2), F b2 1 A P450[CYP2E KRR A M REmE (L
B ROIERIC Ko T4 Lz, W@ F kT 2 7V [CH3(CH2) N-N=0] % #%
THEITT 5 &5 2 b b (Haggerty & Holsapple, 1990; Lee et al., 1996), o-t R
LR IZHEV, FRAT b ERENnlce FedF v AF L= e Y7 I v
(HOCH:2CH3sN-N=0){%. SN THNL LT VT b FUERKICER S T LK E)
LE/AFN=br YT IV (CHNHN=0) L 725, E/ AFNL=br YT I IREET
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HDHI, EELIZE Y DNA, RNA, % 287 ip EOERE D T % T VX b 5507178
AT MBI TH D AT NTT VY =7 5A A4 (CHsNT NI/ 5, Bi=bw V{baikd Lz
FRER T 2 L DRBIIZERIZ L > T, AF T 22 (CHsNHe) &RV AT VT b R3AE
BT bhEBEZBNLD,

8. ZEBRMILER LV in vitroRBRR~DRE

NDMA %, Bt L7 EBRE 2T LT B L TRABRERAMER D 5, BHIZT
FERNDBET D EARICEAWE & LT NDMA BNEE LERBENRET HDOT, Koy FR
AV MNERONT-bDIZ2 5 L Bbil, o T, BORAMENRRBRO . I OITIXFHE O x5
EEINTERE, TOMOT Y RRA V MMZOWTIE, FoICiE ST e, B2
Ex FIIIIAFARRT —Z TEATSLEEZLND, S DI ARSI TV HRERIT,
BROBBICRSN., TOMDBEBRIIZHOWTIEL, H7- & TN ANED X 5 e 7
TV RARA U MIEALTH, BERODIHBEKCITIEIAAEETH 5,

8.1 Hi[H#ZFE

7 v MMZ NDMA #0592 L IEF IO EMEREMEN 2 5 11, LDso 1% 28~40 mg/kg
KETHH, MARTETHIEFITHEOREFEMEN A2 S0, 4 K LCso (X7 »~ b 78 ppm(240
mg/m3), ¥ 7 A 57 ppm(176 mg/m3) TH %, A X 3 PLiL, NDMA16 ppm(49 mg/m?)4 I
IR AN REEOF H | 1 CAEIE, 2 B3 BESEIRAE CTd - 72(ATSDR, 1989), HiR¢MHIk A%
B CIX 3 L LI O HMYEESE R GR O H i, NDMA %8 L7z A X O ik e 5 R T &
MG 72 (ATSDR, 1989), MEEANEL-TiX, LDso 17 v k 43 mg/kg (A&E, v~ 7 &
20 mg/kg IR & A S 7-(TARC, 1978), + Ofth D EERENY) Tld, NDMA R 5 12
XD HF(FEME) . B OEE) . RO LR ~D 2N 4 5 1u7- (Magee & Barnes, 1962;
Schmidt & Murphy, 1966; Hard & Butler, 1970a,b; McLean & Magee, 1970; OME,
1991),

8.2 I & IRME

NDMA (2 L D HlE & BAEICRE T 57 — XTI MR STV,

8.3 MEHl - THIRE

BAEOWHILIWIC S 8 E25M T TNDMA 2R A 545 (5 v M 1mg/kg (K H/
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H% 30 HR. 3.8 mg/kg {AH/H % 7~28 HH. 5 mg/kg AH/H % 5~11 AR, v~V AT
5 mg/kg KE/H % 7~28 A, NAAX —|Z 4 mg/kg (AHE/H % 1~28 HE, ELE > b -
F 2« Y2 1 mglkg IRE/H % 30 B £ 7213 5 mg/kg (KH/H % 5~11 HfE, A X2 2.5
mg/kg RHE/H % 2 H/3#8 30 ., > 712 0.32 mg/kg K/ H % 23~34 HF). AFHilZe
fafb, FAAREES, SEAECH M 78 & ORFIE~DRER, £ < OBGAITEFRIK T &2 o TR
¥ HZTARC 1978 4025 DK, ATSDR, 1989),

7 v b~ NDMA 3.8 mg/kg IR/ H D 1~12 #FRAF 5 Tl iFlE~D B2 z .
LR, R, DA S, SEISEREERTD D oM B STV 5 (Khanna & Puri,
1966), 7 v h~® NDMA 10 mg/kg A8/ H 34~37 H IR 5-(Barnes & Magee, 1954).
U7 ~D 0.3 mg/kg (AH £ 7213 0.6 mg/kg (K H 23~ 34 H [#IR# 5-(Carter et al., 1969)
TIE, MIEEHMA L SN, 227 ~0 NDMA 0.2 mg/kg A5/ H G R A)IRET# 5 T
X, SRERIKRDIEIR, R—~ O DOTNRIRER E, B0 NFED L 7= (Martino et
al., 1988),

8.4 FEWMNAM

ZL A EORBRIZBUTEED S & TRHIRSNIZHOQ LY OB D22
ELHAHETHD I L, WEHMBRAEN D RN LR E)EBIONDN, Ty b U
A NBAL =T EDF o HEHA~D NDMA #0 - ARG & KIENE 51X 2850
BRC,—BMHOH 5B 60BN AMEDREILAGED AL T & 7o, UK F 121 REE 5 T,
7y FOHFBLOT AT 1 v e MIRIEDO I AERN EF L(Terao et al., 1978; Arai et al.,
1979; Tto et al., 1982; Lijinsky & Reuber, 1984), #J 5 mg/L flik#% 5- & 10 mg/kg IRER#%
HCIIMEEs AR LA B ER SN, 7y b TOWARBEZIC, & - 1 - Il - B O%
AR EH L (Moiseev & Benemanskii, 1975; Klein et al., 1991), 0.2 mg/m3 &FEIZ LV |
BT« B« BIEE O A RN FH L7-(Moiseev & Benemanskii, 1975), ~ 7 A ~DEkAK#E
4. (Terracini et al., 1966; Clapp & Toya, 1970; Anderson et al., 1979, 1986, 1992)% % \»
I AT X W (Moiseev & Benemanskii, 1975), fif « fiti « B ~OR N AN A BV, HOK
FEEEAS 0.01~5 mg/L TIHEEFRAERD LRAMEO LN, &S HI2, #EMHHA 3 HH
& B S & 5 (Terracini et al., 1966), XUE NG TlE, NA R X —ORFEERA
MR EFH L7z (Tanaka et al., 1988), HET v F ~DEENK G & 5 W IR~ 7 A~D
SRR G2 K o T, AR TORTF - BRSO RAFEN LA L7 (Alexandrov, 1968;
Anderson et al., 1989), NDMA(30~60 mg/kg {A5) D% 0 (Magee & Barnes, 1962) % 7=
IIHEEN (Hard & Butler, 1970a; McLean & Magee, 1970)Hi[al#& 5-C %, BIESE O R AR
EHRIRRBO LN,
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S OICHOEE S, FERBZEZ EDOUENRER AN TT v A GELWVEE
SGBRIE RO A BB & 3528V T, Colworth-Wistar 7~ FERES 60 VEA 5 73
% 15 F&ERIC, RGP DR E T NDMA 8ok # 5% i L 72 7(Table3, 4) (Brantom, 1983;
Peto et al., 1991a,b), NDMA #& 1 HEBH&EIL, 7 ~ » 0.001~0.697 mg/kg {KH, #f
7 >k 0.002~1.224 mg/kg (KE T > 7, FRBEOMELES 120 PLiZiX, NDMA % & £ 72
WK &2 ¢ 5- L 72 (Brantom, 1983; Peto et al., 1991a,b), %D 7 v ML, REBROF 12
A ABIOE 18 » HiIcHEZ L Lic, HEOBINZEWT v FOAFRITETL, &
FHEM TR 1IFULEERF LT v NI oTo, ZREREEXTREEOREICHBEZIT )
oz, MERARIX, MHET » SOOI THEKRTFEICHIIN L 7= (Table 3, 4), fEEHA
R EFZ, PR A & IEERIREC L IZEm» o T, FF~OIEMmEMERE L LT,
T RS Hi s L OVIT AR ZiE 2358 BTz,

85 BLHEHERBIVCEEZ. RRA 2k

HIEE PRI & LB O RIS X 5 250D in vitro iR T, NDMA D2 B JFUMEF L OWe
AR B R DTN IRFEL RO 5N T-TARC 12 L 5 L B =—, 1978; ATSDR, 1989),
FFOMIICB N T, FFE S N3 CRABNE COFE b 5T, B2
SRASHL | Yo RHRAG; , Ik e o iy (R A HA . RIE ] DNA A RO AEBE O NINN A b Tz,
FoEEE FTH, BEMRERBIHELNTVD,

[ U< in vivo RBRIZENT S, BT ~OREOH LNRGELA A O, T v b,
VA NARAZ =R EOF o WEHIC NDMA AR 085 72 138N 555 &,
Jll(Tates et al., 1980, 1983, 1986; Mehta et al., 1987; Braithwaite & Ashby, 1988; Cliet
et al., 1989; Neft & Conner, 1989; Sawada et al., 1991). ‘B #flfu(Bauknecht et al.,
1977; Wild, 1978; Neal & Probst, 1983; Collaborative Study Group for the
Micronucleus Test, 1986; Neft & Conner, 1989; Krishna et al., 1990; Sato et al., 1992;
Morrison & Ashby, 1994), Jfigififa(Neft & Conner, 1989; Krishna et al., 1990), KfHIfi.
U > /3Ek(Tates et al., 1983; Sato et al., 1992), F7-&i&EMz(Mehta et al., 1987)<°& ##
fid(Robbiano et al., 1997IZIW\ T, YRR FEFIMECNEZ, Mk Y@ AR, Jeafk
B2 L)RRO BT, T v M T, 5 mglkg (KE OKJR T & /IMZAIRL D3 A B O ¥
I3ER 57 (Trzos et al., 1978; Mehta et al., 1987), ~ 7 A2 NDMA 6~9 mg/kg {&
HANEENE G 5 & MR ONZRS i) ~ D 52 BEH 7 5 4v 72 (Cliet et al., 1993),
~ U A% 1030 mg/m3 TW AR T 5 & /IMEEBEMAL R A 230 L 72 (Odagiri et

7 NDMA O % 33, 66, 132, 264, 528, 1056, 1584, 2112, 2640, 3168, 4224,
5280, 6336, 8448, 16896 ug/L Tih -7,
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al., 1986), MHIRHIMI IS L7/~ A% —(Inui et al., 1979) & ~ 7 A (Bolognesi et al.,
1988) DAF AT, Yeta iR E | /N, BB T 22K DNA $HUIW 722 & OBz HMEDFE
WHLFED BT,

Ty b, YUANLRZ =R EDIT o WHIZ NDMA A #% 0 #5 £ 7213 EER &G4
% &R, B DNA BE O #iE) A 517~ (Laishes et al., 1975; Petzold & Swenberg,
1978; Abanobi et al., 1979; Mirsalis & Butterworth, 1980; Brambilla et al., 1981, 1987;
Bermudez et al., 1982; Cesarone et al., 1982; Barbin et al., 1983; Doolittle et al., 1984;
Kornbrust & Dietz, 1985; Loury et al., 1987; Mirsalis et al., 1989; Pool et al., 1990;
Brendler et al., 1992; Jorquera et al., 1993; Asakura et al., 1994; Tinwell et al., 1994;
Webster et al., 1996), DNA &%, Mfijf(Petzold & Swenberg, 1978). & 1-(Cesarone et
al., 1979). & & K& Ofu(Doolittle et al., 198)IZ L A BTz, Bl FEA~ T A& HN
% 1n vivo i BRIZEB W T O lacliB a1 HEIZ T NDMA 1348 85U %2 7~ L 7= (Mirsalis
et al., 1993; Tinwell et al., 1994; Butterworth et al., 1998), 7 v ~\Z 0.1 mg/kg KED
RIRE TR LT, FOREH DNA BROHEINZR & OB R D & il (Mirsalis &
Butterworth, 1980),

8.6 AFEmEME

AFTE LT — XX NDMA O E - TR AEFEETMT 2K EL L TR+ TH D,
RSN TV KEOFETIE, BAERGDAMERME I ER 512 L DS aEE %
SlE I L7ZAEERnH 0 . TSRO ZEHHEIZ LT\ 5, Anderson 5(1978)®
WA CILL R ZRT 75 HH NDMA 0.1 mg /L 2 ok 5 Lo~ o 2D s £ TOHMIE,
RBEBOIMBEEL VI 3 AR 272, ZORERTEOMOEFHEEOFARIX T 720>
Too HEZ > FE AW TIX, 30 mg/kg (KH £ 7213 60 mg/kg A O HLEIIEEN £ 51
X o T, BHREEW LR OB 1328235 & 2 Z &1 7=(Hard & Butler, 1970b),

B OWE OEFH M 2 e L7z 1 Bk (Anderson et al., 1978) CiX, &#E 20 L
5725~ T AT, AT 75 B R L OUERRZ AWM+ NDMA 0 mg/L %7213 0.1 mg/L
HOKEE L-(HEE 1 A EHGE 0.02 mg/kg (KH/H . HBERE 2 mg/kg (KF/H), 5K
DEIG G & AEFBEEORBUI IS <)L, NDMA £~ 7 2 (20%) 53 % RAEE(9.9%) D
25 TH-72(P <0.05)23, B RJRAKIIFEEFE O TH 72, NDMA Z#FEiX. f#F~
U ZADEKE, R, B~ U AOPEREBEICHEL 52T HEOKRTIOBI L
BrEFICIE, BERLERORIKNE 25 B0 H 5 AIRM - FHEREEFHEE IR 5
hoto, v U AZEHE NDMA #85 L7-00# LWEREBRTIX, IEE 16 HE 19 H
\Z 37 mg/kg IREZIEFENHEE S L, BT LI~ U 2AORIAIZETESE Lz, fHE
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Table 3: Carcinogenicity study with male rats.*

NDMA Estimated
concentration in intake Animals with hepatic tumours {%])°
Exposure drinking-water (mgikg body
group {mg/litre) weight per day)® Carcinoma Haemangiosarcoma Biliary cystadenoma

1 1] 0 1 1 1

2 0.033 0.001 2 o 4
3 0.066 0.003 2 o 4
4 0.132 0.005 4 2 4
5 0.264 0.011 2 4 4
6 0.528 0022 G ] 2
7 1.056 0.044 10 2 2
8 1.584 0.0865 13 2 8
9 2112 0.087 10 13 13
10 2.640 0.108 25 13 23
11 3.168 0131 29 29 27
12 4.224 0174 33 21 25
13 5.280 0.218 58 G 29
14 6.336 0.261 60 15 40
15 §.448 0.348 T 5] 29
16 16.896 0697 88 6 4

Brantom (1983); Peto et al_ (1991a,b). Animals were provided, for their entire lives until natural death, drinking-water containing
the indicated concentrations of NDMA. The animals were sacrificed and necropsied if moribund or exhibiting palpable liver
alterations.

b |ntakes estimated by authors (Peto et al., 1991b).

B Propertion of animals with tumours specified at each dose level; n = 192 for unexposed contrels (treatment group 1); n = 48 for each
doge level {treatment groups 2—-16) (Brantom, 1983).

FMEDT — 2 135 572> 7-(Anderson et al., 1989), AHE(37 mg/kg AE)NIL, ~ 7
ADIEENFEE- D LDso TdH 5 20 mglkg KE X W 22 L XA TH 5 (TARC, 1978), [A
ARER 2BV T, NDMA 7.4 mg/kg (KB % Bt 5 L T 6 ESEMEITERD B v7eh> - 72 (Anderson
et al., 1989),

PENREE 15 H 721355 20 H O#F4E 7 » 2 NDMA 20 mg/kg (KH 4 H[E#R O #5325 &
R AREIFAE 2P < 0.05){& T %7~ L7-(Nishie, 1983), Ma{FOAAFHR &ML
TL7=ZIFWMESHLTORVE, BT v MNSERERMEOR T, FmEtk, B3t Lo
BIEDNRD LT, ET » M2 NDMA % #5795 LU N OB ORER(ATSDR (25 H,
1989) TIIMBFEIEN 2 H 7= : 1) 30 mgkg KEZIEIRSE 1~12 H Of#(Alexandrov,
1974) F 7213 1~15 H ®ff(Napalkov & Alexandrov, 1968)? 1 HIZH[AIRE O# 5, 2) 1.4
~2.9 mg/kg RHE/H ZEEFIC 7 AR ERAERSIFE O 5 Napalkov & Alexandrov,
1968). 3) 5 mg/kg K/ H ZAEIRT OARFFED 1 H 2 BAEIRSE 20 B DR A £ TIRATH
H.(Bhattacharyya, 1965), Z il 5 OFER CHAEIEILIME ST Wy FEERFHE R E
BRAS B BT DI M+ T REENR AR L THR Y RHEFEET — 220 iz,

28



Table 4: Carcinogenicity study with female rats.®

NDMA Estimated
concentration in intake Animals with hepatic tumours (%)®
Exposure drinking-water {mgikg body
group {mg/litre) weight per day)® Carcinoma Haemangiosarcoma Biliary cystadenoma
1 0 i] 1 1 2
2 0.033 0.002 1] 2 2
3 0.066 0.005 0 0 8
4 0132 0.010 4 2 o]
5 0.264 0.019 4 0 B
[ 0.528 0.038 10 2 10
T 1.056 0.076 6 4 15
8 1.584 0.115 10 2 71
2 2112 0.153 10 6 69
10 2.640 0.191 8 2 83
11 3.168 0.229 13 6 92
12 4224 0.306 15 4 a0
13 5.280 0.382 25 ] 85
14 6.336 0.459 38 0 69
15 8448 0.612 69 6 33
16 16.896 1.224 73 10 ]

2 Brantom (1983); Peto et al. (1991a,b). Animals were provided, for their entire lives until natural death, drinking-water containing the
indicated concentrations of NDMA. The animals were sacrificed and necropsied if moribund or exhibiting palpable liver alterations.

& Intakes estimated by authors (Peto et al., 1991hb).

B Proportion of animals with tumours specified at each dose level; n = 192 for unexposed controls (treatment group 1); 7 = 48 for each
dose level (treatment groups 2-18) (Brantom, 1983).

TSRS OfBRIL IR TH 5 (ATSDR, 1989), —n b 0iBROFIZIE, #E5 &2 LDso 12
TNHEDL BT,

8.7 MhREM: L RBER~DEE

NDMA Z:i& 2384 O i 0 X e R I 5 2 2 BT 57 — ZITHEGE TE vy,

LS AFTEDLT —F T NDMA O%ERA~OFEHOMRIME L IR+ Th D,
Esd STV DB R OB, SHERGEICHE BEL b B ONDT2D, IR
LV, i B6C3F1~ 7 2|2 NDMA 1.5 mg/kg AH/H, 3 mg/kg (AH/H ., 5 mglkg KT/
H% 14 HRMEEAKE®R ST 5 L, v VIRMEKR~D IgM FUiRE AR S O T % £
O RSN, U ARSI D IR IS SOS DR T 78 & S R~ DR
o b7~ (Haggerty & Holsapple, 1990 (IC L B = —), & 52, S F &x 7 T Mfusy 2L
Wk 2 B RS OIR T2 LD T U o REROBEREIS T Gt DI T 72 &), U >
ANERIRGEEER RO OS], SINAYBIEBEERS, 25N AT U TH, A L7 b=
v HA « A= BT I 7 A Streptococcus zooepidemicus., A 7 INVT W T 4 AR E
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D&Y, B16F10 JEEAIILOFER B X9 216 EIRPTEDOZE LWVMEK IR il
1 BALB/c ~ 7 A2 NDMA 5 mg/kg K H % 14 H BN 592 & PuikpEL L in vitro
U 2 SEREEFE RO DA T 23 % 5 117 (Jeong & Lee, 1998),

it CD-1 ~ 7 A2 NDMA 5 mg/L £721% 10 mg/L % 30~120 HREI#oKE 5425 L, B
BRI FBE S O 23R B AL T- A3 (Desjardins et al., 1992), #&#&E{E 1 30 H
PINICEBORENARETH 7=, 1 mg/L ZHUKEKE LIz~ 7 A 2i%, ERRED LR
Mol

8.8 f1EH#RF

NDMA O FMEiEL, NDMA H 5860 CROSED @W= ka7 I ~0 CYP2EL (&A%
R EBIC BRI G S D & T 20ENRFHLA & 5, Lee H(1996)1%. NDMA D Jif 7
MiXa-8 FaX MR CAEMRSINDATFAIT Y =0 LA T ZEKRTHHOT, fil=
Fa YixZ v b~ NDMA ORER R FEEICIiZ e A EBEE L e E 272, NDMA
RBEHITER SN D EE 2 DNAMIMKIZ N7-AF V7T =20 Th 0 (B TRUICTEZRKR S
NDEMIMEDK) 66%), 06 -AF VT T =3 " IRIRAINRTH 2 (RIS D
EAIMEDK T%), T DIV BAR S DNA MIRICIE, NB-AFATF=r & O
AFNLFIUNH D,

N-AFNTT = 3T U ROGZETH Y 24 U sy DNA ERIZSE
N TEEINTWRWE, 77 =2inbF I U ~OE RN E Z % (Swenberg et al.,
1991, O6-AF NI T = & OF-AFNF I EEIE O6-AFVT T =0 DK 1%,
BRI G2 LR R 7 BRFENEZ RS, O6-ATFNTT =377 =00
Ry MBETTF=r FIvA~D T Vya VERGC D ADEFIERIL, 07 -
AFNFINL AT 5 GC~D T oYy a rEBR A2 Z 9 (Swenberg et al., 1991;
Souliotis et al., 1995),

AFTE L7 —Z1L, NDMA O AN EMARIEICBEERH O . IR IETH
D O6-AFNTT = DERREFifetE %2 ~3 6 D Th % (Haggerty & Holsapple 12 825 L
B = —. 1990; Swenberg et al., 1991; Souliotis et al., 1995), Mifay 2 Nr>, HfEIZ
£ 5 DNA fHIARMEERE(RR LAY O6 - A F )L 77 = DNA - 2 FL B EE R OERIC L 5
O6-AF NI T = DERENL, D b OISR AE~DRZEEZWET 5 5 2 CEERE
HERTEEBEZOND,

HLIZ NDMA 0.1 mg/kg AEAZROKGT5H &, MELZ 32 DM T O6-AF LT
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= ‘/75‘56%?%3\ S 7= (Anderson et al., 1996), B EEIE & Clemi 23380 B, HMEk, &

NVTE: S 172N %E’C“%lﬁ??}%ﬁ?“@%o 72y O6-AF )7 T =2 DNA - * F /LI
E%??/E‘T 2 30 FEEREAENRHY | FIXHE R, AT, &, Wi TR biviz, iR
patas & F —~® NDMA 1 mg/kg Wﬁ@ﬁﬁﬁ' 7% DTQ@)@@TQ@%%T‘ ==X ERY RN TTN
. E KT O6-AF N7 T = DA DGR S 47-(Chhabra et al., 1995),

NDMA 20 mg/kg (KEZ BB O#K G5 L7-7 v N TliX, 06 -AF 177 => DNA i
KOFHGRMENIF L LRBETEWI &%, MEORBRIZIB W TR A EDO NDMA ## 1 - if
ENERHES LTy F T, TR BEFEORERNEGEN T L LEUTWD
(Magee & Barnes, 1962; Schmidt & Murphy, 1966; Hard & Butler, 1970a; McLean &
Magee, 1970), *f#EA9IC, KA ED NDMA <2 mg/kg (KE/HZEHREO#HKELZT » b
T, B Tl S FFIEBE OF AR EH 8D 51D O 1% (Brantom, 1983; Lijinsky & Reuber,
1984; Peto et al., 1991a,b), NDMA O FlELEEH OFEF & B 2 547 (Swenberg et
al., 1991),

D O6-AF N7 7 = BITIE, BBERIEEOEENICL D LB 26 5% - AN D
D, ZHUXSEIEREMH T CRBINLIFECRM CBILZ IS NDMA O3B AMEDIR
HoxL—HT5H, FOEMEIL, HE~T AL VKA T » F23(Coccia et al., 1988), ~ v
2 X0 Z v kA (Lindamood et al., 1984), C57BL ~ 7 A LV C3H ~ 7 ANEFHW
(Lindamood et al., 1984),

AT Souliotis ©5(1995)1%, NDMA B & OIEFIEAE~D 06 - X F N7 7 = AR OH
B2 BT DL Z RET L7 NDMA IZ K > THER SN D~ U AMEE O ras 3 Vi a1
(Devereux et al., 1991), NDMA 4 mg/kg K& Z H[EI 5 LTz Jacl 857528 AL N7
VAV =y 7 <7 ADOM (Mirsalis et al., 1993). NDMA 1 mg/kg {K5/H % 5 HE& 5
L7z lacliBIn T EANRNT VAV 2=y 7 <7 ADF,B, fi(Wang et al., 1998)iZ, G:C »
5AT~D T Vva BRPNBOLN, SHIZ, FFIZERED O6-AF VT T =
DNA - A F VB EEZE DR O b N7 AV 2= v 7<= 7 AL, NDMA #5EAFHma
MADFAEITK L, EFRR~ T 2 L0 ESZERE) - 72 (Nakatsuru et al., 1993), L >
L. Souliotis 5(1995)i%. BIBRA Toxicology International &% (Brantom, 1983; Peto et
al., 1991a,b) & [ £ > NDMA % 28 HR#OK# G L72T v F T, JF DNA ~D 06 -XF
NI T = ERBORHERICERIL, EBANA T vt A TORHERISER L #E L —K
DHELNIRNT EbwE LT,

9. b Fr~D
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NDMA 2P O #&EICEE T 5 2 ADFETH &, BEE 250~300 mg % 2 M7
< EH4FEFROER L= 34 B 23 HE 4TV % (Fussginger & Ditschuneit, 1980; Pedal
et al., 1982), 3 fl4& T THFFEENGED bivlz, BMERERIC L > THLT L7z 2 AT, MK
s 7 57z, NDMA 7 22— A(REARID~DOREIC L > THLTLIZ2 A5 H, Bkl
AAFFECTHINT IR 2 08 5 IFIER, ME R, MEHIgke, SalEKoErEN TR 23 (Freund,
1937), &9 1 FIZIFHRK CHEZL DR O 517z (Hamilton & Hardy, 1974), < Offiiz
NDMA 7 = — A2 ##E L2 IEESED 2 T, 3E, MIKOIEERNITE ., =55, 3.
Bk AR, XA B R EOFER A B 7z (Freund, 1937; Hamilton & Hardy,
1974),

B3~ 2 L2212 13, NDMA £ 0 BUZE 9 H 23 A (Risch et al., 1985; Gonzélez et
al., 1994; La Vecchia et al., 1995; Pobel et al., 1995). _L#8iH{L% 7 A(Rogers et al.,
1995). Jilins A(Goodman et al., 1992; De Stefani et al., 1996) DIEERI U A 7 259 5
SEBIRRBAFZEDN 8 5, — DA Tl (Goodman et al., 1992; Gonzalez et al., 1994; Pobel
et al., 1995), BH M IIEATE (IR L2 FLIRIC IS STRER 2 BERNEA, 2 5 NS Z Of
OFRBAE R DA B IR G NDMA B2 LS5 NDMAHEERREZH B LT\ 5,
De Stefani ©(1996)35 & U Rogers 5 (1995)DAFZETld, WBRAE IZIIERT 5 FERIFB LN 10
FHENENOFEEN R BEFARN T EM LT,

FEGINESE 4 fF 3 8¢, NDMA #% A& B 23 A & ORI IE D &% SRR &
172 (Gonzéalez et al., 1994; La Vecchia et al., 1995; Pobel et al., 1995)72%, HFEN A, Mk
SEMR A, BIENAZMEBNCHE Lz & 572507 TiEiR® b7 h - 72 (Rogers et al.,
1995), LRLOBEBARE LY ~ v F 2 7 RERFIREDS oI T DI 2 fEOIEFI*

8 Gonzélez ©5(1994)DRERIZIHB VT NDMA EHRIZ L5 HNADA » XEHORIX, 5§ 1
VU5 Get FREE) 1, 26 2 DU43A7 1.86, 55 3 WU43(Z 1.79, £ 4 WU 2.09 To o 7= (A
& P =0.007), Pobel &(1995)D#:%5Cid, NDMA fEEUC X 5 OR(95% {5 #E X [# [CI) (4
M, PERUL BCE. R o U —BEGE TR, B 1 MG R L. 25 2 =407 4.13(0.93
~18.27). %5 3 =/3ir 7.0(1.85~26.46) TdH - I=(fH[A B E P = 0.04), La Vecchia ©(1995)
DO TIE, NDMA fEHUCFE S H 23 A D OR(95% CIGE, MERI, FE, B 25 A DO FIREE,
BREMWAATA LTI A, a7y - X2 C- g - HfEfE - e ) —E
B CRRFOIE. % 1 =M GHIBED L, % 2 =407 1.11(0.9~1.4), % 3 =/ 1.37(1.1~
1.7 ThH - -WHmE P < 0.01),
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FRAFZE9Cld, NDMA & ifins A Wi 72 288 SOS BEFR 2378 8 & 4172 (Goodman et al., 1992;
De Stefani et al., 1996), K-OiBrCTid, mEEeE. HmEsE. NDMA & 2B
TOHBNEDEEPBEEISND 0, ) —BHDH HH5 5 L LT, NDMA Tid—iiZik
BRI A& OB FEERE CIE & & SRR, HAHERE CIXHHEBESERD b
7o

MR Z _N— 22 LT, BHENS O NDMA #OERIC & 25EEE - B - /A
DY AT Tkt Lz adk— MIFERIZHBWTO NDMA i a &R TR IE G 23 A O FE %t
FIfERE(RR)ZY 5 L 7= (Knekt et al., 1999)10, S AKDY 437 Cof FEEE) & brilg LT, NDMA
I BT, BESEE2S A O RR EHRR = 1.37; 95% CI = 0.5~3.74), B2 A D RR
X F(RR =0.75; 95% CI = 0.37~ 1.5 A 57z,

FofEE b M2iX, NDMA &% O DNA (IATE IS E R Z2A8E TR b,
NDMA h#HD DN 5 BHEE TIE. /7 =D N7 L L OAL TH DNA O A F /AL 73 88
FTho7-(Herron & Shank, 1980), Parsa © (1987) I%. in vitro Tt MESE T &
NDMA %A > ¥ a—_—h$+5 L, O6-AFNTT =V NERT 5 2 & &k b Ak
WX - THERR LT,

10. EREBLIVCBEARROEYH~DE

10.1 KARE

Tk #asH (Selenastrum capricornutum) & 8 #¥(Anabaena tlos-aqua) % 1.7k . "¢ NDMA

9  Goodman ©(1992) DFERIZI T OR(95% CD (EHs, AFE, WEEIRAE, FERKEE X
Nas, B-hn T CEIETHEIL, 1 UL L ik L7 NDMA B HCS ML 2
WUy 1.7(0.9~3.2), %5 3 MU4r 2.8(1.4~5.3), % 4 W7 3.3(1.7~6.2), % 1 /(L &
Ll U 7= NDMA $E B A& P15 2 U7 1.4(0.7~2.9), % 3 U437 1.8(0.7~4.2), %5 4 14
S 2.7(1.0~6.9) (A E P = 0.006 B, 0.04 ZPE)Th -7, De Stefani ©(1996)
O TIE, NDMA BRI X5 EFOMA A Z#E Lz OR95%CDIZ, % 1 W4T 1,
%5 2 P0537 0.88(0.53~1.48), % 3 WUAAr 1.77(1.06~2.96), % 4 MU/3r 3.14(1.86~5.29)
Th o=@ mE P < 0.001),

10 NDMA ERUZLE 9 FE MR IR A A D RR(95% CDE S MERI ., - 1 X IT A+ 4 | B B
TRV — R ECR TR 1 AN GHBED L. 55 2 PU4 7 1.47(0.69~3.11), %5 3 U
I 1.95(0.95~3.99), 5 4 MW7 2.12(1.04~4.33) TH - 7= ([ B E P=0.47),
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(2 13 AT Lo, BTl sEOERR, Mla, RRBEFE, REELMEREL
7o AERICHT D 13 HIF ECso 1%, #k¥%H 4 mg/L. Ei#¥E 5.1 mg/L T& - 7-(Draper &
Brewer, 1979),

Draper & Brewer(1979) D% Tik, 77 v b~y NI/ —(Pimephales promelas)®
96 W] LCso % 940 mg/L. RIEEW(Dugesia dorotocephala)® 96 Kifii] LCso 13 1365
mg/L Th oz, AH v K3 axv$H)( Gammarus limnaeus)?® 96 F¢fE] LCso 1Z, 280~
445 mg/L T& - 7= (Draper & Fisher, 1980), bk =1k AKX Tl S 7=,

WAKBMTHDHET T 7 4 v ¥ 2 (mummichog)(Fundulus heteroclitus) D -1 /KATD
24 I LCso 1% 8300 mg/L., 48 [t LCs0 1% 5500 mg/L. 72 K LCso % 4700 mg/L. 96
¢ LCs0 1% 3300 mg/L, 120 F#fi] LCso 1% 2700 mg/L T & - 7= (Ferraro et al., 1977),

Grieco ©(1978)i%. =~ A(Oncorhynchus mykiss)~~? NDMA 3200 mg/kg. 400
mg/kg. 800 mg/kg D 52 M TEEE#: 512 & > T R A A D3 B AEMEIC B L 7= & 3
H L7z, 3 mgkg DFGTIE=V~ AEBEREZBO RS20, KEOK FRAARLN
2o OME(1998) DBIZZIC LT =~ A DR T IS % & 0 2O @IS Tdh

ST,

NDMA 5 mg/L % % = /\(Rana temporaria)\Z 63 H 3 LT 203 B MEKKE L Uiz, i
RBRE b, T VITIFRRE A A 78 B N IE Mg O ME & g3 53848 L=, 203 H %%

TlX, BELE 4% ITEEN A L?”:(Khudoley, 1977), KFEKk b CHIFED A = 1 (Xenopus
borealis)% NDMA 400 mg/L Z HMRELIZE A, A% - BIEESRAE LT
(Khudoley & Picard, 1980). %%LE I, WAEEITAEID = e YT I OB AEITK
T 2R @ ORI AL ST AE N EVD) E B 2 T,

11. BN

11.1 EE~DOZZEh

11.1.1 fERAEEEORE

NDMA (ZiZ@ w2 o v | SR i3k L £ 1 mg/kg (KH/H CEERRIZATRES

FIZTEZ TN, BESNDDIXZDHEBAMETH S, NDMA 1E, (& L7 2FEZEREYI KT
LT, —BELTRABREDAME THDL Z LB pnole, TOMDT L RARA - MY
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L7 — 2T L A ERBO BRI,

AF LT =213, ROBBRTERLIEATFADT Y = U LA F LD, BHITE
KE s FDONA, RNA, #2707 vFAGICERT 5 NDMA O & —FH L T
W5, HEEIZ LD NDNA REH#EEK T, B hbITolWBELERTH 2,

11.1.1.1 B AME

NDMA D37 AR BHE T % 3 2 8IS, —MERA~ ORI A GE B ), SE5R
B TORDAMEAAET v A Blamth, R, EEms T & OMEEMRICET 5%
NI T =2 ENRbELND,

T —=H X2 F N VRO TNDN, EFEHRET — % THBNASHN AL EHFED N
A NDMA BB E-o TRAT D Z e EbREh, BRAOLE X OB A
O BB SOGEROFHUIZE TO—BWERH 0 . MBS AL TUd~ v F o 7R N1
DOEENRHFATONTZRAETH LN TS, ZNHORETIE, REBICESSAFAR
NOHEERREZRELTRBY, 7Tha—h POZKNFIZEBINholzd, T—
%1%, NDMA #% OHEIR & 353 A DR EBRIC OV TORERDIEIED N Sk —IEdh 51
72 LTz,

IR KHBR Bl OFRBR A PR T, fER STV D NDMA R ANMENA FT vt A
X, BUEOEEM —HETHDLZ &, 1O OBIEN DN & FREMARRAE
DI NZ L)DHIREZ T TV D, LB KT 5 NDMA OFERANEIZDNTIX, £0D
LB SIZ—EMERH VRSN b H D, S bIo, FEERAEICIT, BEWE L OBEBEHEA
ER7e L. BB A é@%%$_%ﬁ®ﬂ&~/@ﬁ%héoﬁ%éhfwéﬁ%fﬁ\%
BRE@EO, WAICEDLLT, U A, Ty b, NARX R A L2 TOERE)
WINZERNT, H RO O %6 & & 6> T NDMA 1ZE5E 273 L=, BiEoRBR T+
IR L7 & 2 A, BERIFESEEEIIRD oNT, . 747 ¢ v eflla, A, &,
B L0 S S ERMBICESNBAE L TV BN D S, WE T, ROEERAE
TIXHEAE Y, HERG T, £720F 2~3 HEOEMRERS TYH ., KiE SO %
ARFERGRICER Lz, BRI, BELEEET v b - v U ZAOFIRTHEEZ ST
W5,

NDMA (&, invitro Tt M o WHEOMILIT G L, — B U TERIFME & YRR 5 E
FMEZ R L TWD, BB OBEGRKE T, L{KE’JE’@“@%E@&%%@L TSN TWD,
B b ATEAnFEMEDS. FEBRE) NDMA &5 CEpEGE A BAT D07, & Hide & Ok,
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7o B N AFEMIC B W THER SN,

ROBRTECTAF AT TV =0 LA AN Ko TERR Sz DNA fHiniR(E < iz
06 -AF NI T =2)x, NDMA OFRNBAMEOPRENRIFIN /2D XD TH D, BN
Ikt AFEAERR AL, O6-AF NI 7 = DNA - A FILEEBEEEEDIZ S S X
BET 56D THD, Tomfet M, #EINLS NDMA REHRREAFHLEIL TR,
FFE Lot MR CREBIC O6- AT VT T = ODERPHER I TN D,

EERENV A~ DIEN AMEIZIEI0 72 0 OFEILAH 0 | FEIEREH L P& L7 DNA & O E#
MEERANA B, BN U CTEMICESFREARZRE N ZE D LN b,
NDMA If & MZx L THEDAMZRT A REMEDR TR D TEV,

11.1.1.2 FEMEEMHE

NDMA ZEFEIZ D b P DREE~OFEEZEIZONT, BALSDERIZR SN TN D,
FEBIEE Tk, NDMA # DERUCER T 5 FFEE, M, LR D, RAaFOR
FeE 0O NDMA ~O &I K> T, JF - PRIER, P, FFPESE, JEK, LT &R
Flefz sni,

FREMWI Tt D5 NDMA 28 O IEGHREET — 2 53 TRV ZHUTFENANE
ICHERPENILTWD Z SRR T 5, ERS#HERBR(>0.2 mg/kg KF/H)TONF &
AOEE L LTI, HEEG3 AR (20~30 mg/kg (K F) TORENE: & IREFEME, (KR
£ (NDMA 5 mg/L) T D5 2~ D — 80D Al Wiy 70 B 2R + AR ) B 23 il &
nTWn5,

11.1.2 HBAEXSSHT
RHEHIREEL CO—REROZZE L ETe, B O NDMA 50O BRI 0BT
bHoHl, B, WA - BREBEFICHE BBERICOEKRRT Y RRA 2 NMIET 7 —%

X, DINTHD, W-oT. TR ETHIHENEOTEEIL, BROBROATH 5,

NDMA DFENAPEITE BIZA TN T Y =0 bA F 2 7g TGV O ARk R 4
D ATREVED @ 2D B FEBR DT — ZITEE S W THERR S - BB FOS OFRFE & LT, 1K

1 (ERNENERT O SO NDMA I BT 5 L HET 5 &, #HEERE
BIIESDICEBEEICR D EE X BN 5 (Table 2 1),

™
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FHEEEREOLEDENNIG LT o wEN OB h~D A — U 73y chan e &
ZHb,

11.1.2.1 R AME

W /uld, NDMA @ U A7 HIE D 1= 80 D #FE IR E RAGICRERN TH VO | 2ol b5 A
IZEN TS NDMA OizbDx=y RARA v b ThDH, XHIT, @ IEIEGEEE L 5| &
g & SNHRE LR LT, KARCTEESBIT S, 7 hTIEBLZ 0.1 mgkg
RE/H O & TSR B RN EH L(Brantom, 1983; Peto et al., 1991a,b). EHLO &
FTEN—EESCHS 135 5, NDMA OiEfrmtE(EZE CTH 5 L#EE S5 DNA 1N
RO &), FEERBUIRER 2B 2 RT3 2 LI oK T2, R & 4T
YRIZFLH . ~ 7 A2 NDMA #7E 1 H# R 0.02 mg /kg K&E/H % 75 HE&E 535 &,
SEPE & FAEFESE(ERDS 2 FICHM LTz, LovL, R~ v A0EKE, FEFR. B
~ 7 ADVEREIC NDMA 25 OREBIIA LT, SLERRSBSEH AFI2iX, BUbE
FROFRRE 725 —8 L AR E 72 1R AR E 1RO b e o 1o, 2 Oz,
YU ACEHAREO= YT I U EG LR BROTES 16 B £721X 19 HIZ 7.4 mg /kg
REBEREEREANEE) T, BEE LR ITRD 1727 - 72 (Anderson et al., 1989),

BEFOEFHT — 21X NDMA R8I E 8N A EICBEDN & 5 aREMEZ R L TV 5 23,
BBLOCEHET H2HEMEL L TEIA T TH Y NDMA IZB 5 23 A O ZFTE GO E &I,
AR SV TIT 9, b & EBREIYIC NDMA EOENMIETR2WEE 2 S,
t NOENERIC R D &35 2 ZBBIIFE L2,

NDMA DOFENANED BB E LTl & S 7-ilBriX. Brantom(1983) & Peto
5(1991a,b) Vi L2 18D 72 0 0N L\ (=60l ~ v F &2 ZHMm=15) %
NDMA kG RBTH D, T OMDNAFT v A 1I 1 HEH T D BN V722 &
1RO B DR E THH Z &R E, A Th S,

WINPT 2 BBRIS D E &AL T, 5% MEGHBLE G & (TDos : /N> 7 77 v v Nl XL
D 5% mWIEERREL RITHREE)EFRET 512, M7 v N ONREZRNRED KX TDos
%, 34 ug/kg KEH/A Th o7z, ZiuE, ==v MU A7 1.5x10-3/1 pg/kg/REIZFE L W
(0.05/34),

11.1.2.2 JEfEEMERE

12 TDos DHEEIZ DOV T Appendix 4 254,

37



NDMA #5&IZFED B b & RBREW) ~ OISR B O RIT RESOSZHET D720
IR+ TH D,

NDMA 0.2 mg/kg (K&E/H L L& #5354 - PR i, FOFmRzEat, M
RFE S, 5, i) & B CRERIBIEIE, R—~ U ROENRIEE)~DFE, i Lfitio S -
i, VB 2 HE T s, BIEoRER T, & H&E 20~30 mg/kg (KH/H (R
BROEL. HDOITEHARE0.4~2.9 mg/kg RE/HIEGIFR O F 721 5 meg/kg KE/H R
BN G & - TIRFEME R L OB IEERRD STV SR, ZHIIEED 7 a k =r

WL THE AT+ bDThH o7, BATHEITHESIL TRV, v T 2Z [ 1
AR (Anderson et al., 1978) D5 1 4 Tid, 0.1 mg/L(1 HHEEEEE 0.02 mg/kg K
F/H) TIRE & ARG 2510~ 72, L, BEEOESWHECEREIIATF
TET, ZOMDATENT A —Z~ODFEREREEL LT, BOEEN EAT2HKA & 72
%98 AR PR L0# NDMA 58D @WE~ 7 A TORRFEIEER D EHBRD b
BN ENG | BUERREOR EE~OEEIXK T 3 2 (Anderson et al., 1989),

~ U AZB L% 1 mgkg (RE/H L% 30~120 HBEMOK&E G425 & ffatt « Ak
GRS H S hu, BEEE I 30 HUWIZERICEENIGEI N L HEINL TV D,

L7z o T, ARINEZRBRICIVE, ZooRBRICB W CEERERN ER Lz L
éﬂfwém%uiﬁykm@%01m@g%imaﬁﬁiﬁﬁf@ﬁﬁ&%ﬂth?
NDMA D FEREG R 2N @ 5 B T 5 (1 HRAERGBR IS 1 4 2BR<), SBIC
%ﬁﬁ@%é&%ﬂréﬂf“éNDMA@LBﬂiﬂ S HE BT ﬁ%<%5#éﬁ%
MEEETDE, FONIHATY A7 HEZ BN E T 28BS % ER(LT 2 EE R
VP?%VFT%50;®:/FT4/F ZEASWIERRIL, oMz TV DIk
TEGE B2 TIT5RN DD LEZEZ BN,

11.1.8 U 27 ORAHIEH

NDMA 7 & i3 B E S 23 s B %WEW%’%%&%%%M%%ET
X FEDANEDTE %%Eﬁﬁiﬁ&ﬂDWhJX7# B D BEHEEMEIZILECT D,
GRHERRE D T2 TiE A2 ) ANOKEKRE=H Y 7 TR S 1172 NDMA % R & |
—IRERE T TO ZDIHGRWEDY 7)) 7 LT O RN % fc L 21X NDMA 233 %
% TREPE D VB S0 BE SR TR D BRBTHUARICIRE S D70 & BAERICHE A ZELV
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THEMT 518, HFFIZBWT, b+ NDMA #EHE L L TABENRRE S — 2 2 180E
L7z HEEE(Table 2 2/8), T72b b R0.5~4 BDZER, K, B OERE
(0.029 ug/kg IR/ H), $h10.5~4 %) D ETS 5 RNZEL 05 O ##E7(0.13 ng/kg (K&
[H), FYE(0~0.5 ) DIGY TR 5 OEEE(0.31 pg/kg E/H) & TDos fififii(34
uM@WEWﬂ&@V—VVi zThZhndk Lz 1170, 260, 110 LK<, KHAEY 227 1%
>10% Th D, BEETOEIKD Y 2271, 107~105 TH 5, IO TALFEDE F 1
iUNDMAE&%W%Téﬁ%@&#%@% EANSNTHEEZIT, A HORENR
fa2r b OHEEBREIME T L2 2 L IFERIZMET 5, NDMA X, B{i5mEas b OB N AW
BHThV, BFEILTEHRVEBTRETH S,

11.1.4 b FORED X ZHEICBIT 3 R EEER L OEEE

NDMA ##& 2 9 NGB OV TR, H 0T S Tnian, EREMW ~D I
JEGES 2 TIm s . SRR LR 2 A& v b~0B X% 0.1 mg/kg (KHE/H) LY
BOWHEDOATRD LTSN, 1 HFOREICLD &~y XICHEERIEL LZ 0.02
mg/kg (KH/H % 75 BRI G L7c 1 HAGRER T & B AT BBE(ERHD RO bz, K
AT OEDFIAEBEMETIARHETHY . 5%OZDOBEORBAIIEICL > T, KRED
NDMA EHIEFEN 5 & 2 T AFBEO /TREMEIC OV T, L0 B/ @ittt s n s b
DEEZD,

NDMA Tix, @Ea#mtE(DNA TD 06 -AF NI T = ARICE 5 L& 2 BB
PAEA T = X DR ENCEET 5 Z LIXF LA EHEERTH D, S HIT, KHhE 72 53R
CRBWTITEE R TE L EZ OHEREHW-Z &8, EBRrE 2 H Vv CIER

BERICEHET DL EICREThH o1 EBEZHINLD,

BHEROCA I S K <RI &7 RBRIC K o THERE L7z TDos D ianfie (82 pglkg R E/H
WX DHET v FOFFRA)E, BT FIZEBWNTE RO NDMATEHXEJ: L CieiEr— 2zl
E L EEEM(§11.1.83 2R ZHE Lz~ —Y 03, T v - o REE f IR 5
WTHH LEZ~—Y 0B L% 2.4 %82 pgkg KE/H +34 pglkg RKE/A)IZ/2 5 (8
11.1.3) B2 6 b,

11.2 BRE~OZEAMH

11.2.1 BEAYO= FRA v b

18 SRR D B 22 T I W REFHE 114 Tid NDMA 23 S v o 7z,
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NDMA (B 5L H CREEAMED 72 < VBRBE~ ORI SRR AL CHRAT 2 rREMED i b
B, FEERCHT BIRIRIC L D S ESERMAEORKERI D . NDMA 1L R A K I fi i
S, KHFICHHERIEE A ERRNKEICEE LG E 7R T, KEH NDMA 045
B3, SHICBEORIPTHRHELBET 5 L. RPELIREL OB AT ER &
5 EIEE 2TV, EER HEA O &I AT 72 L~ULELU R ¢, NDMA (3K 5
JEER AR D a L R—= R A hABIT LRV, BAEAY~ORBIRE SN 1F
ETIEARRW, o T, AKHICHH &7z NDMA OFEECIk, Ak IRE L oK b 2%
TLHAEMICERT D,

11.2.2 KEAPYO= FRA b

Pl RARA > MR, BJE, EEMESY, WABY. BEOE S (EEE) & AR
Thod, ZNOLOEWIL, KEBWHEFHICE W TEREEMEDEY & 72> T B OLMEE
ERELTVDD, 206 DEMTERERRICBNTRAXRR 1D Th o, #l 213
BT —KAEEETHY BMEHO L EE2 R LTV 2 MW7 T 7 M s LT,
T R ERRDLIESERAEMEEREL, ARBRO 1S TR AT —DiiNE =
Y=L LTWA 72, & D8 S(EEE) & A (EEEIIKAERYEHIC L > TE
HCThbH, A4V a(Daphnia magna)’s £ OFAFEIL, NI T VT T 7 7 b
YEEIIZLTEREY, TNHINZ L OMFEOIZ R D, S E S ERBJEIT, KAEMY . 1
M7Z o Nl BT b EAEREEEY ., EATHESY R E 2T 5, M
BHEFHESYIX., NEFHESDOEIZ/ > TINERET D, KEEMZRET S Kb K
EOBWT Y RARA v hEENTWDH DI, ki (Selenastrum capricornutum) DK
Thbd,

NDMA (3K AW IR 5 alkdErks X OMBMESIERZ O 2k EmE cb 5 7=
b, FOEBETRTIMET S RRA Vv b2 ZZTRY EiF 5, REEMERICTHSES
ERAEMEE AV TERSNZIEE A EETORER T, NDMA 212K 5 FNBAMENRFED
Bz, TER, ERLVVOEELZRTIEELE LT, BB RRA v M3FIHEN
5 Lideh o 72 h  NDMA % 5 Te it (i) o Jig s | 2 e /e SFEAYME R L TV 2l &1C
IHENRHL B2 LD, L, ZOGRETHREROEY & ESHEL & o BEIL
TR,

11.2.3 WEYU X7 OBREHEH

11.2.3.1 KAEAY
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SREAERERDOKF NDMA RBEDOT — 2 B AFTTEXRNI LD, NDMA O3AJR &
EMICEDSWT U BRAK = RA T8 FREDKAEAEY O RFEEELE LTRSS,
BT DN, BEORBREZXMT 550 L L TRRS -, A~ & i dek
1> NDMA feiii 1L, 0.266 pg/L Td o 72, 1998 AR ZEN PEAKMLBEER i 2 7% (& L 72
0, KBEIXMETT200LE26050, KEMY - BIWOEMRE TOX b T
2O K D HEEZFEEE(EEV) L L TR S D,

KAEAY D NDMA E#1%: 8 Cid. fk#sa(Selenastrum capricornutum)® £ xF
9% 13 HE ECs0 (23U T, critical toxicity value(CTV, fx/NEElEfE)IE 4000 pug/L T
bbb, WMTT 0 b, BT Ty b, R, WA, BRSNS DRED
SFEDOKEAMEH WL HEORBRTHEONTT—Fty b, ZOHEN BRI N,
2 BHICEREORWHRER T, EMITHEEARO LA L EE?‘%ME#Z@%
Khudoley(1977) (%, & 5000 pg/LL T 203 HMZTET 5 L 44% D 5 =)V (Rana
temporaria) \ZJFES3F & Z Sz Ll Lo, §11.2.2 TR LIC L 91T, BRER T
—RERLVASVA~DOREL L TUHEGRBOBEL MR T 2 Z LT TERU,

E OO TR DRI OTZDIZ, CTV Z i HR% 100 THI > THEE I EE(ENEV) 23
Bhihd, 2, mEHl ECso b)%‘lﬁ‘f&ﬁ%ﬁ’i“%f\@ﬁ?ﬁ\ BRI & BN SAE A~ DI,
B MEORERM] - N AR EIZBW T AEREZ 7267, #ERE L TENEV (X 40 ug/L &
2%,

OO THEZ DT EEV 0.266 ng/L Z#:#3E O ENEV TH| 5 -

EEV
ENEV

fen
= 0.2656 n=litre

40 pglitre

= 0.007

OO THEZDREELEN 1 RiliTH 25D T, NDMA ORHHTEEHEREIZ WV TKAE
VRS BB A 5 2 5 ATRENE IRV,
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11.2.4 FHEEME

NDMA O KAEBH~OFEIZE LT, AERER~OBIENEBICBE RO Rt T — & &4t
T2 2 LITIEARMIENERDH D, L, KPEMOIZDOHE LT —ZI12i%, SEIRK
BEMOIFIERENEENTVNIEDIC S EEZ LN TS, RBRITIENZ2 0 Hn
HOH B 5H73(1960~1980 HFAR), 1F& A CITEMICENTEY | FHIiOEMFICEH L TWD
EFEZBND,

12. EEHEREIC X 5 2 E TOHR
[EI B2 ABFFEREBE(TARC, 1987 1%, EBREMWIZ T DR B ANMED 705 LR H Y . b

b & o IS X B RE O BT Sz 2 & I2HS30W T NDMA % e hTHEZ 5
SN AMEZRT(TV—TF 20)) ITHE LT,
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APPENDIX 1 — SOURCE DOCUMENT

Environment Canada & Health Canada (2001)

Copies of the Canadian Environmental Protection Act Priority Substances List
assessment report (Environment Canada & Health Canada, 2001) and unpublished
supporting documentation for NDMA may be obtained from:

Commercial Chemicals Evaluation Branch

Environment Canada

14th floor, Place Vincent Massey

351 St. Joseph Blvd.

Hull, Quebec

Canada K1A OH3

or

Environmental Health Centre

Health Canada

Address Locator: 0801A

Tunney’s Pasture

Ottawa, Ontario

Canada K1A 0L2

Initial drafts of the supporting documentation and assessment report for NDMA were
prepared by staff of Health Canada and Environment Canada. H. Hirtle contributed
additional information in the preparation of the draft CICAD.

Environmental sections of the assessment report were reviewed externally by J.
Ballantine (Health Canada), A. McLarty (Ontario Ministry of the Environment), E.
McBean and J. Kochany (Conestoga-Rovers & Associates), and D. Carlisle
(Brez-Carlisle Inc.).

In order to address primarily adequacy of coverage, sections of the supporting
documentation pertaining to human health were reviewed externally by B.
Birmingham (Ontario Ministry of the Environment) and R. Brecher (Globaltox
International Consultants, Inc.).

Accuracy of reporting, adequacy of coverage, and defensibility of conclusions with
respect to hazard characterization and dose-response analysis were considered at a
panel meeting of the following members, convened by Toxicology Excellence for Risk
Assessment (TERA) on 12 August 1999 in Ottawa, Ontario:

M. Bogdanffy, DuPont Haskel Laboratory
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dJ. Christopher, California Environmental Protection Agency
M. Dourson, TERA

S. Felter, Procter & Gamble

J. Mandel, Exponent

R. Rudel, Silent Spring Institute

V. Walker, New York State Department of Health

APPENDIX 2 — CICAD PEER REVIEW

The draft CICAD on NDMA was sent for review to institutions and organizations

identified by IPCS after contact with IPCS national contact points and Participating

Institutions, as well as to identified experts. Comments were received from:

A. Aitio, International Programme on Chemical Safety, World Health Organization,

Geneva, Switzerland

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

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

R. Benson, Drinking Water Program, US Environmental Protection Agency, Denver,
CO, USA

R. Cary, Health and Safety Executive, Bootle, Merseyside, United Kingdom

R. Chhabra, National Institute of Environmental Health Sciences, National Institutes

of Health, Research Triangle Park, NC, USA

C. Elliott-Minty, Health and Safety Executive, Bootle, Merseyside, United Kingdom

E. Frantik, National Institute of Public Health, Center of Industrial Hygiene and

Occupational Diseases, Praha, Czech Republic

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

Medicine, Berlin, Germany
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T.G. Hrnsi, National Institute of Public Health, Oslo, Norway

A.P. Hugenholtz, Bureau of Chemical Safety, Health Canada, Ottawa, Ontario, Canada

E. Srderlund, National Institute of Public Health, Oslo, Norway

U. Steinus, Karolinska Institute, Stockholm, Sweden

Y.-W. Stevens, Agency for Toxic Substances and Disease Registry, Atlanta, GA, USA

K. Ziegler-Skylakakis, Commission of the European Communities/European Union,

Luxembourg

APPENDIX 3 — CICAD FINAL REVIEW BOARD

Geneva, Switzerland, 812 January 2001

Members

Dr A.E. Ahmed, Molecular Toxicology Laboratory, Department of Pathology, University
of Texas Medical Branch, Galveston, TX, USA

Mr R. Cary, Health and Safety Executive, Merseyside, United Kingdom (Chairperson)

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

Dr S. Czerczak, Department of Scientific Information, Nofer Institute of Occupational

Medicine, Lodz, Poland

Dr S. Dobson, Centre for Ecology and Hydrology, Cambridgeshire, United Kingdom

Dr O.M. Faroon, Division of Toxicology, Agency for Toxic Substances and Disease
Registry, Atlanta, GA, USA
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Dr H. Gibb, National Center for Environmental Assessment, US Environmental

Protection Agency, Washington, DC, USA

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

Medicine, Berlin, Germany

Dr A. Hirose, Division of Risk Assessment, National Institute of Health Sciences,

Tokyo, Japan

Dr P.D. Howe, Centre for Ecology and Hydrology, Cambridgeshire, United Kingdom
(Rapporteur)

Dr D. Lison, Industrial Toxicology and Occupational Medicine Unit, Université

Catholique de Louvain, Brussels, Belgium

Dr R. Liteplo, Existing Substances Division, Bureau of Chemical Hazards, Health

Canada, Ottawa, Ontario, Canada

Dr I. Mangelsdorf, Chemical Risk Assessment, Fraunhofer Institute for Toxicology and

Aerosol Research, Hanover, Germany

Ms M.E. Meek, Existing Substances Division, Safe Environments Program, Health

Canada, Ottawa, Ontario, Canada (Vice- Chairperson)

Dr S. Osterman-Golkar, Department of Molecular Genome Research, Stockholm

University, Stockholm, Sweden

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

Sciences, Tokyo, Japan

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

Dr M. Sweeney, Education and Information Division, National Institute for

Occupational Safety and Health, Cincinnati, OH, USA
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Professor M. van den Berg, Environmental Sciences and Toxicology, Institute for Risk

Assessment Sciences, University of Utrecht, Utrecht, The Netherlands
Observers

Dr W.F. ten Berge, DSM Corporate Safety and Environment, Heerlen, The
Netherlands

Dr K. Ziegler-Skylakakis, Commission of the European Communities, Luxembourg

Secretariat

Dr A. Aitio, International Programme on Chemical Safety, World Health Organization,

Geneva, Switzerland

Dr Y. Hayashi, International Programme on Chemical Safety, World Health

Organization, Geneva, Switzerland

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

Organization, Geneva, Switzerland
Dr M. Younes, International Programme on Chemical Safety, World Health
Organization, Geneva, Switzerland
APPENDIX 4 — CALCULATION OF TUMORIGENIC DOSEos

The tumorigenic doseos (TDos; i.e., the dose level that causes a 5% increase in tumour
incidence over background) was calcu lated by first fitting the multistage model to the
dose—response data. The multistage model is given by

Plg)=1-g 00~ T1d - .- H

where d is dose, k is the number of dose groups in the study minus one, P(d) is the

probability of the animal developing a tumour at dose d, and q1 > 0,1 = 1,..., k are

parameters to be estimated. TDO5s were then calculated as the dose D that satisfies

73



Py - P0

PIRI-P0) s
1-Fi0)

A chi-square lack of fit test was performed for each of the three tumour types. The

degrees of freedom for this test are equal to k minus the number of qi’s for which

estimates are non-zero. A P-value less than 0.05 indicates a significant lack of fit.

The study reported by Brantom (1983) and Peto et al. (1991a,b) contained 15 dose
groups and controls, which is unusually large. Upper dose groups for which there was
downturn in the dose-response curve were first eliminated from calculations of the
TDos. These dose groups add no information to the shape of the dose—response curve in
the range of the TDos and contribute to lack of fit of the model. In addition, extreme
downturn is likely a sign that animals are dying of some other cause before having a

chance to develop the tumour of interest.

Two methods were used to fit models to the large number of dose groups. In the first
method, quadratic models (i.e., models with k = 2) were fit to the full set of data, less
any dose groups contributing to downturn at the upper end of the dose-response curve.
Any model with k larger than 2 did not converge when fitting models to the full data
set. The second method involved reducing the number of dose groups to 10 (or less) by
first eliminating upper dose groups with downturn and then collapsing adjacent
similar dose groups together. Collapsing was accomplished by averaging the dose level
and totalling the number of tumours for the two groups. Global82 (Howe & Crump,
1982) was then used to fit full multistage models to the reduced data. With the
exception of biliary cystadenomas in females, these models did not show significant
lack of fit. However, they generally appeared to overestimate the risk in the range of
the TDO05, resulting in TD05 values that might be overly conservative. There was no
evidence of a dose-response relationship for haemangiosarcomas in females; these

data were not modelled, therefore, for the purpose of calculating a TDO05.

After reducing the data to 10 dose groups, the multistage model still occasionally
exhibited lack of fit, due in large part to a levelling off of the dose-response
relationship at higher doses. Since a good fit in the range of the TDO05 is required,
upper dose groups were systematically eliminated until a reasonable fit was achieved.

The data finally used to compute TDO05s for hepatic tumours in the male and female
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rats from the Brantom (1983) and Peto et al. (1991a,b) study are presented in Tables
A-1 and A-2.

After comparing the two methods of model fitting, the second was judged to provide a
better description of the dose—response relationship in the range of the TDO05. These
fits were used to generate the final TDO05s. The TD05s and model-fitting information
are presented in Table A-3 and Figure A-1.

Table A-1: Data on hepatic carcinogenicity in male rats used for modelling.

Carcinoma Haemangiosarcoma Biliary cystadenoma
Intake (ma/kg body Intake (mgkg body Intake (mg/kg body
weight per day) Incidence weight per day) Incidence weight per day) Incidence
0 21192 0 2192 1] 2/192
0.0020 2196 0.002 0/96 0.0020 4136
0.0080 3196 0.005 1148 0.0080 4136
0.0330 4196 0.011 2148 0.0330 2196
0.07E0 11/96 0.022 0/48 0.0760 10V96
0.1200 26/96 0.044 1148 0.1200 24/96
0.1960 44/96 0.065 1148 0.1960 26/96
0.3045 6696 0.087 6148 0.3045 33/96
0.109 6148
0.131 14/45

Table A-2: Data on hepatic carcinogenicity in female rats used for modelling.

Carcinoma Biliary cystadenoma
Intake Intake
{mg'kg body weight per day) Incidence {mg'kg body weight per day) Incidence

1] 20192 1] 4i192
0.0035 0r96 0.002 1/48
0.0145 496 0.005 4748
0.057 BI96 0.010 0/48
0.134 10/96 0.019 3748
0.210 10/96 0.038 5748
0.344 19796 0.076 7i48
0.459 18/48 0.115 34/48
0.612 33/48

75



Table A-3: TDws for NDMA.

TDhs 95% lower
{pofkg body confidence limit on
weight per day) T Chi-square df P-value

Male rats

Hepatic carcinoma g 24 217 5 0.82
Hepatic haemangicsarcoma 78 48 T67 5] 0.26
Hepatic biliary cystadenoma 35 29 10.25 B 0.11
Female rats

Hepatic carcinoma 82 61 T7.36 5 0.19
Hepatic biliary cystadenoma 34 18 7.036 5 D.22
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Figure A-1: TDss for NDMA.
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Biliary cystadenoma in female rats
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