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Hled 7)ol 5,000 E5 olitel EAL] &)
she ol 5343 R Ee] gt} ofg}
2L B3 dhjedr] AREES 19500 o) F 3}
g FAAE dd ok E BRNT AR JA B
Axlo|Agiel, AF7HA defedr)e] FRANEE
o] 4 F<t £4 8l HEER Az, dhulad
71 ookt Hele stEAER fFAE] gle
w, 2RE Foll B AES F vz sE2
FAghekar 22" 9lct.(Johnstone and Plimmer,
1959; Keith and Tesh,1965; Green, 1977a, Ggeen
1977b; Hecht, et al,1977; Norman, 1977; IARC,
1985; and Rodgman, 1996). Dube®}
Green(1982)-2 Fodoll 3,875%9] $VEZ T4
Hol goka FAsHen, 1 AES 1570 §71
e MER FHEY, BulrkAlelE 25508
o EAEe] 3 FAshe Bt Bl A AR
5o Aol Ak whSEE e PA"

Green

247052 A7)ollAYr S5 EAllsls Aoz
2ZAE ) Cooper E(1954)0] duljedr] AR =

whekAl &2 24 benzo(a)pyrene(B(a)P)g& Hx=

B3gk o]%,  500%F<2]  poly  aromatic
hydrocarbons(PAHs) B! aromatic amines A%

o] DNA €4 9 adduct BAlol] o] grk= ol

FAIEo] B3 =9low(Manabe and Wada,
1990; Phillips, 2002), aldehydes, hydrocarbons 9
alcohols 5& dulddr|e] AEFA]o] Fo3 g
< 3l A2E HA JrHCurvall et al, 1984).
weE ofg] QdtollAl, FRAY SEEel FUF o
A ZEE vellle B4o] EAfgithe Zlo] Hu
A rHHoffmann and Griffin, 1958; Falk et al.,
1964;: Homburger and Tregier, 1965).

B glqollAe iyl Foll Exgcha v

7 ekt 3 sk W @ Eddo] AeE
ol tidh E55 Aekiglen, ol AEEd A

=3 gl digt g T& aoksedich
o] =xollA AFH FAlE ool I HEe
2 o
(1) 2l A7l F 294 =3
(2) 2o} QA7) F & Wk B4
(3) 2l A7) F & Aol B4
CHifoio| & gt 23
el 7)o AT ofgell tigk A WA I
A= 19500d9] 230l A FHSEE A A
24, 1 Az gelle) Fo] AT} Hao] ik

= Ao Wk st Wynder and Graham, 1950;
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Doll and Hill, 1950). &<de] =ga} A=de] vt
=AML Eule] “El27E EE3 AF 9] u]iel
A Foko] WAFYNE E 3 (Wynder et al, 1953;
Wynder et al., 1957) &} 1973wdol} el el =
717t 253 Y2Ele] TRl G} fAEk
o] YAPoZMN olES WAL Hrl A3} =g
tHDontenwill et al., 1973). o]¢} Z& FEA
AT olFoll, ghuledr]e] =4 zelm dv] £
SAEAT 4l 22T FEeldhviEe d)
AP= ). geledrle] EejaEtd EAd 54,
ol dish H2 TR Heliedr] RS A%
How Fel 9 FlstaA s =g ¥3lo
196801l Stedman 1,0005¢] <17] IPEL =
318k 3(Stedman,  1968), 19800l Ishiguro®}
Sugawaratr 1,889 & 1988%lol Roberts+= 3,794
%ol wiely] AEg EasldcHIshiguro and
Sugawara, 1980; Roberts, 1988). =3l 19964l
Green¥+ Rodgman 4,800 %<} 3}¢HEo] gujjel
7oA EAltte B w8l9dcHGreen  and
Rodgman, 1996).

Szl A4E wf sl BEES A
(particulate phase)?} 7|Al|4Hgas phase) 2.8 “E
ek guiedr] o] JAY EHL cambridge
glass fiber filteroll EZH AEo] 0.1 umeld<)
AR ZA, ©)AE A dAY]-2ZH-E(otal particulate
matter TPM)e] <kew  3EAIZHThomson,
1992). 7l24 4L gujadr] F glass fiber
filterol]l EAFA] g3 Fad 242 AosiH,
olE HEAHog 744 AE(gas/vapor phase :
GVPjelgkar ¥}, Fid 7419 90-96 %7t
AL(~60 %), AL(~13 %), CO(13 %) o
CO(13 %) T2 7t AEERE o|Folx glow
1% W=2]9] hydrocarbons % aldehydes r8]3l L
2] o HgEE o]FolA 9rHJohnston and
Plimmer, 1959; Stedman, 1968). Bwlal7] FA9)
o%F 5%E At Y aAge] FoAR R E
dAZole AG] IRTE(FAY] F 0.2-0.6%)
7 300 o3F oo slEA] AEEe] Husa gl
tHBaker et al, 2004). A AR ZFoll= poly
cyclic aromatic hydrocarbons(PAHs), aromatic
amines, heterocyclic amines Eo] 3] ulgke] &

=2 Eple Aoz oA ok

1954301 Cooper 5 Belld7] Sollal Wb
A2 poly cyclic aromatic hydrocarbon (PAH)
F9l Benzo(a)pyrene(B(a)P)5 X2 wAsINc}
(Cooper et al, 1954). H43}8=el rigo] WAl
shal 373 RlsleEol dlgk A 4eo] FrlalmiA
2000 7HA] 69F-2] shgkEe] wufedrlFe] Wk
EA 24 ubAsgle) o2 BaPE vlRe 9%
9] PAHs, 4%9) aromatic amines, nitrosoamines,
aldehydes 28|51 & 771 & §7) AFEEE
Zggct, o] IRMEES WAL FAYATH
3)(International Agency for Research on
Cancer, IARC)oll 28] WA SHol H7teisid.
olol] wpEwm, 6959 WHEA FollE Aol of
g oA 112(Group 1), Abgolld Ul
A 8ZF(Group 2A), AellA] WelrlsAel &
4 Q¥ B4 48%(Group 2B) So] £gHr}. o]
IBEE Fol) 2%F(quinoline, methyleugenol)-& o}
2 TARColA] g9 wekAo] H7kAAl ekt
Table 1°f] 6952 LA 24L& vhdslisich

S of7| 5 & wolM 83
gl Ffedolis of7) BRASH Sal f
| AT B4 ARl REATE Aoz ¢

%
AH AEEol BAle Aox 4¥A gt

Steinert Falke 437 315 SFAHEE S04 8
dAlog BFE I 9= dibenzanthracene{DBA)SH
benz(a)anthracene® |8} FALE FA] Foldll s
] DBAS] HulekAlo] benz(a)anthraceneoll 2f3ll 4
23] Fasvia B asllcHSteiner and Falk,
1951; Dipple ef al., 1984). =3t hg PAHs
(phenanthrene, fluoranthene, pyrene)}2 B(a)P2}
7.12-dimethylbenz(a) anthracene(DMBAJ)O  £]8]
sl Fbg T o AARAZIvk Kk
9lcHSkaga et al., 1979; DiGiovanni et al., 1980).

Wynder®} Hoffmanne gufjedr]oll tist A&
g2 4o uigk AFE FMA “FebdA
(tumorigen)"8] &4 JAFIE F7d AEE

off  wisiA  Haslivh(Wynderet  Hoffmann,
1961). olgt e AL whujely] FEelel

PAHs 3ol thh Wl & £ 2ol vAe 9
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Table 1. Carcinogens in cigarette mainstream smoke”

IARC evaluation of

Concentration in smoke

(3-pyridyl)-1-butanone

Agent ' ! carcinogenicity Groupb
of none—filter cigarette
in lab animals in humans

PAH
Benz(a)anthracene 20-70 ng sufficient 2A
Benzo(b)fluoranthene 4-22 ng sufficient 2B
Benzo(j)fluoranthene 6-21 ng sufficient 2B
Benzo(k)fluoranthene 6-12 ng sufficient B
Benzo(a)pyrene 20-40 ng sufficient probable 2A
Bibenz(a,h)anthracene 4 ng sufficient 2A
Bibenzo(a,l)pyrene 1.7-3.2 ng sufficient 2B
Dibenzo(a,e)pyrene present sufficient 2B
Indeno(1,2,3-cd)pyrene 4-20 ng sufficient 2B
5-methylchrysene 0.6 ng sufficient 2B

Heterocyclic hydrocarbons
Furan 18-37 ng sufficient ’B
Quinoline’ 1-2 g
Dibenz(a,h)acridine 0.1 ng sufficient 2B
Dibenz(a,jJacridine 3-10 ng sufficient 2B
Dibenzo(c,g)carbazole 0.7 ng sufficient 2B
Benzo(b)furan present sufficient 2B

N-nitrosamines
N-nitrosodimethylamine 2-1000 ng sufficient 2A
N-nitrosoethylinethylamine 3-13 ng sufficient 2B
N-nitrosodiethylamine ND-2.8 ng sufficient 2A
N-nitrosodi-n-propylamine ND-1.0 ng sufficient 2B
N-nitroso~di-n-butylamine ND-30 ng sufficient 2B
N-nitrosopyrrolidine 3-110 ng sufficient 2B
N-nitrosopiperidine ND-9 ng sufficient 2B
N-nitrosodiethanolamine ND-68 ng sufficient 2B
N’ -nitrosonornicotine 120-3700 ng sufficient 2B
4-(methylnitrosamino)-1- 80-770 ng sufficient 98
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Table 1. Continue

JARC evaluation of

Concentration in smoke carcinogenicity Group®

of none-filter cigarette

Agent

in lab animals in humans
Aromatic amines
2~toluidine 30-337 ng sufficient 2B
2,6~dimethylaniline 4-50 ng sufficient 2B
2-naphthylamine 1-334 ng sufficient sufficient 1
4-aminobiphenyl 2-5.6 ng sufficient sufficient 1
N-heterocylic amines
AaC 25-260 ng sufficient 2B
MeAC 2-37 ng sufficient 2B
IQ 0.3 ng sufficient 2A
Trp-P-1 0.3-0.5 ng sufficient 2B
Trp-P-2 0.8-1.1 ng sufficient 2B
Glu-P-1 0.37-0.89 ng sufficient 2B
Glu-P-2 0.25-0.88 ng sufficient 2B
PhiP 11-23 ng sufficient possible 2B
Aldehydes
Formaldehyde 70-100 1z sufficient limited 2A
Acetaldehyde 500-1400 zg sufficient insufficient 2B
Phenolic compounds
Catechol 90-2000 ug sufficient 2R
Caffeic acid <3 ug sufficient 2B
Methyleugenol® 20 ng
Volatile hydrocarbons
1,3~butadiene 20~-75 ug sufficient insufficient 2B
Isoprene 450-1000 ug sufficient 2B
Benzene 20-70 ug sufficient sufficient 1
Styrene 10 ug limited 2B
Nitrohydrocarbons
Nitromethane 0.5-0.6 g sufficient 2B
2-nitropropane 0.7-1.2 g sufficient 2B
Nitrobenzene 25 g sufficient 2B
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Table 1. Continue

IARC evaluation of
Concentration in smoke

Agent : ! carcinogenicity Group”
of none-filter cigarette R .
in lab animals in humans
Misc. organic compounds®
Acetamide 38-56 ug sufficient 2B
Acrylamide present sufficient 2B
Acrylonitrile 3-15 ug sufficient limited 2A
Vinyl chloride 11-15 ng sufficient sufficient 1
DDT 800-1200 sufficient probable 2B
DDE 200-370 ug sufficient 2B
1,1-dimethylhydrazine present sufficient 2B
Ethyl carbamate 20-38 ug sufficient 2B
Ethylene oxide 7 ug sufficient sufficient 1
Propylene oxide 0-100 ng sufficient 2B
Inorganic compounds
Hydrazine 24-43 ng sufficient inadequate 2B
Arsenic 40-120 inadequate sufficient 1
Beryllium 0.5 ng sufficient sufficient 1
Nickel ND-600 ng sufficient sufficient 1
g:;zg:ll::t)(omy 4-70 ng sufficient sufficient 1
Cadmium 7-350 ng sufficient sufficient 1
Cobalt 0.13-0.2 ng sufficient inadequate 2B
Lead 34-85 ng sufficient inadequate 2B
Polonium-210 0.03-1.0 pGi sufficient sufficient 1

¢ Abbreviations: ND, not detected; PAH, polynuclear aromatic hydrocarbons; AaC, 2-amino-9H-pyrido
[2,3-blindole; MeAaC, 2-amino-3-methyl-9H-pyridol[2,3-blindole; 1Q, 2-amino-3- methylimidazo
[4,5-blquinoline; Trp-P-1, 3-amino-14-dimethyl-5H-pyrido[4,3-blindole; Trp-2, 3-amino-1-methyl-
S5H-pyridol4,3-b] indole; Glu-P-1, 2-amino-6-methyl[1,2-a:3’,2' -dlimidazole; Glu-P-2,
2-aminodipyridof1,2-a:3',2’' -dlimidazole; PhIP, 2-amino-1- methyl-6-phenylimidazol[4,5-b]lpyridine.
TARC Monographs on the Evaluation of Carcinogenic Risks, Vol. 1-77 and Suplement 1-8, 1972-2000,
(1) Human carcinogens; (2A) probably carcinogenic in humans; (2B) possibly carcinogenic to hymans;
(3) not classifiable as to their carcinogenicity to hymans.

¢ Unassigned line in column TARC Evaluation Carcinogenicity in lab animals; so far not reviewed.
In 1982, IARC assigned di(2-ethylhexyl)phthalated as sufficient to Group 2B. however, more recently,
its carcinogenicity was reevaluated and it was classified as not carcinogenic (IARC, 1982; 2000).
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ZARNE JE AREH, gl F=
7kt o] FRddol Eol9lE Bla)PSt
gk FAe dizgol vlsl GA vebsi
(Rodgman, 1956, 2001). ¥ #&£E& 71t &
we] FHed 7] E%-E(main stream cigarette
smoke condensates ; MS CSCs)oll tgt zjH-%
F(skin-painting) FPEAY H7FHE st Ax,
S5 BHES U 2ule) dUSEER A
g aFolA Fkel BAYEE FE(tumor-bearing
animal, % TBA)?| vl&o| izl nlsf wA
EBstont, % TBAS #aw /$EHE F9
PAHs M4 F 7ol vlsha Adds] Aot
{(Wynder and Hoffmann, 1959). @@l ZFEe] &0l

TR o1 2AEY AR $AA, dRE

P

FEE
o] alkanesfeh= 2o R uhsizlcl, wleha] duljed
7] S AU d#e) FH<d0lA alkanes©]
o Sl ZoE vehgen, olEgt gl
7} EE (= MS CSCY 3%E T4 Bla)Pl
WMl Adsl dAkle Aoz BaEgld
{Wynder and Hoffmann, 1961, 1962).

B(a)P¢} ¥ n-hentriacontane -pentatri-
acoptane s o|-83t A# - X F(skin-painting)
ATE g A, 2 F9) alkanes®] gl 9
dl B(a)P2] kel el Azl ez
ElxbtiWynder and Hoffmann, 1962). d=2] <
& Al ol FRACEZRE Azd guldr
S5E 20 mgelis °F 0.6 mg (600000 ng)el
alkanes 23 10 ng® B(a)Plalkanes 3]
B(a)P2] ®]&-2 60000:1) £3oz o] How,
o] vl&-2 B(a)P UM oA A4S et

T uEd 2de Aeg JebdrH(Wynder
and Hoffmann, 1967).

A in vitro) FFolA, PAHsQ! pyrenedt
fluoranthene-> 4b4 PAHs7E S0l 7h5A
(calf thymus) DNA®} Agsles AL &oxo=w
2 AlslglcHSlaga and Boutwell, 1977; Slaga et
al., 1978). ¥ phenanthrene ¥ anthracene®}
72 A ExEe] PAHs7 §Y B9 o g
AelslH 7} nlo)=Z 24 (hepatic microsomes)2tol]
A BlaPg Ao %A 3Hhydroxylation-
epoxidation) ZH-g-o] Ao} B(a)Pell gl uigt

1
T

Aol AEle Ao vebdrHWilliams et dl,
1971). °]gk zro] AFA|S] ZollA R PH = o] &R

tiAke] 4k Whgoll gk AAIL)Gin vitro) <A
E ARG vivo) BLAES Taet 22 Ay
o] gl Aeg AgHd

okl PHAs(B(a)P, DBA ¥)9} aza-arenes&
Z719F AR ool F2 FRade) Al E
Aghel. olof mizsAl Fid YAl high
molecular weight alkanes, B-sitosterol#} cholesterol,

uk]

a-tocopherol, indole, indole-3-acetonitrile,
duvatrienediols 53} -2 & Wk AHE-Eo] &
o] EAltl= Aoz eI} tHRodgman and Cook,
1960; Rodgman and Cook, 1962; Izard et al.,

1966; Eatough er al, 198% Rodgman, 1992;
Rodgman, 1994),

Table 20l FpatA4E AAlsALL 3 WA S
vepiitky Bagl 57l AEEY F5 3 54
= A=Eglh

gl 217] 5 & sooly 23

g Foddo] I Aol AAAIEl
g AFE A wE ¥ Eddel BAEL

zldAle] Al EAoll AAdHog FEagcla Kok
9 HRamel al.,  1986).  a-tocopherol,
2H-1-benzopyran-2-one, 7T-hydroxy-Z2H-1-benzo-
pyran-2-one 3 3-phenyl-2-propenal 5 =5 4
7EAe] Aol gull PrgollA BIF o,
7-hydroxy-2H-1-benzopyran-2-one<  Huljed7]
FFdoll A ARt

Lee?t  Reed>  Ames A& {Salmonelia
typhimurium TA 10008 $3lo] Vgl 9%t
N-nitrosodimethylamine(NDMA) % B)Pe] &
EQulol4 g =Aslgithlee and Reed, 1983). L

et

A3}, Ysdo] NDMAS] Eadde] U2 A
3ot BaPe] Eiwo]l fiEE AsstA

o)LL

e Zlog =t YFEel] 23

Ho] #A9] miFhEe WA gskAlE, Ui
glol] o3k NNN E4ciAe] oAlol gt 3T E
LAl whEE, NNA diAel] izl J3gle] s
el A8 o)F ¥ Evle] FAE EY 5 U
i AAlskar JeHMurphy and Heibrun, 1990).

g g 5
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Table 2. Inhibitors, anti-carcinogens and anti-mutagens in cigarette mainstream smoke®

Approx
Component CAS no. deii;;egry E:é:;t)is‘;e i\’l/;{) References®
MS CSC
Hydrocarbons, aliphatic
Saturated ali%hatic ’ ‘ i
gvgdj OSinl;;ns 630-04-6 ‘;%OO%Q BaP AT Wiypder and Hoffmanp, 1962
Gl s WK ap b G, 9
D-Limonene 5989-27-5 15-50 DB AT ’
Hydrocarbons, aromatic
Benzene 71-43-2 801900  Bap DBA  yp Crabiree, 1944-1947
Naphthalene 91-20-3 80-160 Bap, DBA AT  Crabtree, 1944-1947
Anthracene 120~12-7 4-7 Bap,DBA AT  Crabtree, 19441947
Phenanthrene 85-01-8 2-4 DMBA AT  Digiovanni et al., 1980
Fluoranthene 206-44-0 3-4 DMBA AT  Digiovanni ef al, 1980
Pyrene 129-00-0 3-4 DMBA AT  Digiovanni ef al, 1980
Benz[alanthracene 56-55-3 0.8-2.6 DBA AT  Steiner and Falk, 1951
Bensolelpyrene 192-97-2 0.2 DMBA AT  Digiovanni ef al, 1980
Benzolbltriphenylene ~ 215-58-7 0.05 DMBA,DBA AT  Slaga ef al, 1979
Alcohois
Ethanol 64-17-5 NNN AT  Waddell and Marlowe, 1983
1-Butanol 71-36-3 NNN AT  Waddell and Marlowe, 1983
2-Propanol 75-65-0 NNN AT  Waddell and Marlowe, 1983
fi-Sitosterol 83-46-5 400-550 NNA AT  Wattenberg, 1981
Cholesterol 57-88-5 120-240 NNA AT  Cohen et al, 1979°
Acid
Acid, long chained
aliphatic NNA AM  Takeda et al, 1991
e.g. CioHz0: 57-10-3
CisHseO2 57-11-4
Benzoic acid 149-91-7 NNA AT  Slaga and DiGiovanni, 1984.°
Aconite acid 499-12-7 BaP AT  Slaga and DiGiovanni, 1984.¢
Caffeic acid 331-39-5 BaP AT  Wattenberg and Coccia, 1991°
Ferulic acid 537-73-5 BaP AT  Wattenberg, 1981
Cinnemic acid 614-60~-8 NNN AT  Wattenberg and Coccia, 1991
Cinnamic acid 621-82-9 NPYR AT  Chung et al, 1984
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Table 2. Continue

approx Eff AT
delivery ective , c
Component CAS no. ug/e against AM References
MS CSC
Phenols
Phenol 108-95-2  1000-7000 BaP AT  Van Duuren et al, 1971
Vitamin B 59-02-9  400-600 BapﬁlﬁBA’ AT  Thompson, 1991
Esculetin 305-01-1 NNK AT  Teel and Castonguay, 1992
N-Containing Components
Indole 120-72-9  400-600 NNA, NNK AT  Chung et al., 1984
Indole-3-acetonitrile  771-51-7 BaP AT  Chung et al., 1993°
Theobromine 83-67-0 EC AT  Chung et al., 1993°
Caffeine 58-08-2 EC, DMB AT  Chung et al., 1993°
I a1l AT,  Schuller et al., 1991
Nicotine 54-11-5 NNA, NNK AM  Lee ef al., 1996
.. Lee et al.,1996
Nornicotine 494-97-3 NDMA AM Brown et dl, 2001
Cotinine 486-56-6 NNAL ~ AM Leeefal, 1996

Brown et al., 2001
Miscellaneous components

Coumarine 91-64-5 BaP, DMBA AT  Wattenberg and Coccia, 1991°
a-angelica lactone 108-29-2 BaP AT  Wattenberg and Coccia, 1991°
Propyl gallate® 121-79-4 NNK AT  Teel and Castonguay, 1992
Carbon disulfide 75-15-0 PAH, DMBA AT  Wattenberg and Coccia, 1991°
Maleic anhydride 108-31-6 DMBA AT  Slaga et al.1978°

Selenium 7782-49-2 NDMA AT  Thompson, 1991

Cysteine 52-90-4 Lo and Stick®

*  Abbreviations: BaP= benzolalpyrene; DBA= dibenzla hlanthracene; DBIg,ilP= dibenzola,ilpyrene,= benzo
[rstlpentaphene; DMBA = 7,12-dimethylbenz- [alanthracene; 12-DMH = 1,2-dimethylhydrazine; 7-MBA
= 7-methyl~ benzlalanthracene; 12-MBA = 12-methyl-benzlalantbracene; 5-MeC = 5-methylchrysene;
EC = ethyl carbamate; MC = 3-methylcholanthrene, = 1,2-dihydro-3-methylbenz [flaceanthrylene; NDMA
=N-nitrosodimethyl- amine; NNA = N-nitrosamine; NNAL =  4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanol; NNN = N’- nitrosonornicotine; NNK = 4~(N-methyl- nitrosamino)-1-(3-pyridinyl)-1-
butanone; NPYR = N-nitrosopyrrolidine; PAH = polycyclic aromatic hydrocarbon.

P AT = test for antitumorigenicity; AM = test for antimutagenicity.

° Representative references to inhibition, anticarcinogenicity, and/or antimutagenicity. Details of this
reference may be found in DiGiovanni et al., 1980; Fay et al. 1984; Slaga and DiGiovanni, 1984;
Rodgman, 1994.

¢ This fraction consists primarily of the normal-, iso- (2-methyl-), and anteiso~ (3-methyl-) alkanes from
Cis to Ca.

¢ Average weight (g/g MS CSC) of each hydrocarbon isomer. ' Benzolbliriphenylene was formerly known
as dibenzla,clanthracene.
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gujeds) 3 A2 B AP

Lee 5 NDMAoI w3k Vw9 3 Faduiol4]
#4337} nornicotine} cotinine?] -S4 FAloll gt
oAt A& wislgcHLee ef al., 1996). 2l

Brown 5= Ysela} A=A o]
4-(methylnitrosamino)-1-(3-pyridyl)~1-butanol
(NNAL)9| 3 Zaddlo] ik ol EH‘“P@] Harshgd
thBrown et al, 2001). Lee 52 $-9 uiAA]
A A&®le]l ALE Samonelln typhimarium
TA 9825 ©]83t Ames AlE F3lA Huledv|
23+5o] Wglo] N-heterocyclic amines®] £l
o] fHAE ARt HzslgdtHlee ef al,
1993}, o] Ajdofl A1-g-5 N-heterocyclic amines.
2T Glu-P-1, Glu-P-2, Trp-P-1, Trp-P-2, 1Q,
MelQ SoA AF7HA deldl 7B 2 &
Aol EAES olE3irh Lee 52 i
7] E&Ee] % 50-100 ug/platedlld 919 &
dwio|ft Aol thgh Eoinio] KHAIE 80%
wholul oA n HaslgicHlee ef  dl.,
1993). A AAEQ oA AFAT o
7] SZ52  monooxygenaseol]  A&E3lE

cytochrome P-4502] 33l odaziel Aoz v}
epdeh aples defjels] SHES p-450 AA
sl Aol Qlaila 3 Bolwo] gutee w3}
+ Ao Halrl 11 v?oﬂ Lee &8 Wujeir]$
259 e 1 AAEe Bdwe] S B
ol7l& dHAWE, AHy EdHold EAo] gt
2 A AfE Kol ZoE BuslirHlee
et al, 1993). Table 20 ZokbbAlg AAlstAL)
g Edulold S vehlicka Had FRd AR

29 3% 94 54 ¢ Aelsa

2 o

gl FRAS FHAEA S kst dele
AR FAEIGE, olF FEAL] g
> S8 mge] FRE EAkle AeE dvA
JeHGreen and Rodgman, 1996). gulledr] S|4
LA 2 4= poly cyclic aromatic hydrycarbon
(PAHs) ¢! B(@PE HZxz H5H o|%, A}
A 69%2] shghEel Helelr)ge] wekEARA
dEiglon, ojrlole 959 PAHs 28lal 439

o rf

aromatic amine, nitroscamines % aldehydes 1Z|

o o2 77 g G sbeEs 2dEd

ek dhal] FERodollsE ol FHEEAE 9
Suky) ABER 2L Ads] 2aAdE Ao

2 golgl AEEo]l EAlsle Aoz d#A U
o} ol@dt ghlled7] Foll EAlsle & WA B
e vehile AEEY A8 siyhise wetd
B4 we by BA] HAMEET e %
A, B84 A7IAY, AR Y EEERY
BhSoll A A2 AAAY, Be UgAY FE
ZHdro A ukA ASE gl Be Za
AglE Aew Az olel dTAEE i
@7l eHEeA F% AR oAl e ohe
Ypsel Zaphe Aew 4 ea o
(Hoffmann and Griffin, 1958; Falk er al, 1964
Homburger and Tregier, 1965). Bl 7] ol
L ulobde Uehle ARSI 7 & kA
g 3 Eduield B&%—' vetlle AR50l £
i H7} gl o3l
Zs %CHSlaga and D1leanni, 1984; Fay et

al., 1984; Green and Rodgman, 1996).

gngEdE

Baker, R. R., Massey, E. D. and Smith, G.
(2004) An overview of the effects of
tobacco ingredients on smoke chemistry and
toxicity. Food Chem. Toxicol. 42: S53-S83.

Brown, B., J.T. Avalos, C.K. Lee, and D.].
Doolittle  (2001) The effect of tobacco
smoke, nicotine, and cotinine on the
mutagenicity of 4-(methylnitros-amino)-1-
(3-pyridyl)-1-butanol (NNAL); 55" Tobacco
Science Research  Conference, Program
Booklet and Abstracts, Vol. 55, Paper No.
10, p. 26.

Chung, F.L., A. Juchatz, J. Vitarius, and S.S.
Hecht (1984) Effects of dietary compounds
on a-hydroxylation of N-nitrosopyrrolidine
and N -nitroso-nornicotine in rat target
tissues. Cancer Res. 44: 2924-2928.

- 49 -



AFA

Chung, F.L., A. Juchatz, J. Vitarius, B. Reiss,
and S.S. (1984) Hecht: Inhibition of target
tissue activation of N’-nitrosonornicotine

dietary

compounds:

and  N-nifroso-pyrrolidine by

N-Nitroso
Occurrence, biological effects and relevance
to human cancer, edited by LK. O'Neill,
R.C. von Borstel, C.T. Miller, J. Long, and
H. Bartsch, IARC, Lyon, France, IARC Sci.
Publ. No. 57: 797-804.

Chung, F.L., M.A. Morse, K.I. Eklind, and Y. Xu
(1993) Inhibition of
nitrosamine induced lung tumorigenesis by

components;  in:

tobacco  specific

compounds  derived from  cruciferous

vegetables and green tea; in: Tobacco
smoking and nutrition: Influence of nutrition
on tobacco-associated health risks, edited
by JN. Diana and W.A. Pryor, Ann. NY
Acad. Sci. 686: 186-202.

Cohen, GM., W.P. Bracken, RP. Iyer, D.L.
Berry, and T.J. Slaga (1979) Anticarcinogenic
effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin
on henzo-lalpyrene and 7,12-dimethyibenzlal
anthracene  tumor initiation and its
relationship to DNA binding. Carcer Res.
39: 4027-4033.

Cooper, R. L., Lindsey, A. J. and Wallwe, R. E.
(1954) The presence of 3,4-benzopyrene in
cigaretie smoke. Chem. Ind. 46: 14-18.

Crabtree, H.G. (1944) Influence of bromobenzene
on the induction of skin tumors by
3,4-benzopyrene. Cancer Res. 4: 688-693.

Crabtree, H.G. (1945) Influence of unsaturated
di- basic acids on the induction of skin
tumors by chemical carcinogens. Cancer
Res. 5t 346-351.

Crabtree, H.G. (1946) Some effects of aromatic
hydrocarbons on sulfur metabolism and
tumor induction in mice. Cancer HRes. 6.
553-559.

Curvall, M., Enzell, C. R. and Pettersson, B.

(1984) An evaluation of the utility of four
in vitro short term tests for predicting the
cytotoxicity of individual compounds derived
from tobacco smoke. Cell Biol Toxicol. 1:
173-193.
DiGiovanni, J., T.J. Slaga, D.L. Berry, and M.R.
(1980)  Inhibitory  effects  of
environmental chemicals on  polycyclic
aromatic hydrocarbon carcinogenesis; in:

Juchau

Carcinogenesis. A comprehensive survey.
Vol. 5, edited by T.J. Slaga, Raven Press,
New York, NY, p. 145-168.

Dipple, A., R.C. Moschel, and C.AH. Bigger
(1984) Polynuclear hydrocarbons; Chapter 2,
in: Chemical carcinogens. Second edition,
edited by C.E. Searle, American Chemical
Society Monograph 182, American Chemical
Society, Washington, DC, p. 41 - 163.

Doll, R., and Hill, A. B. (1950) Smoking and
carcinoma of the lung: Preliminary report.
Br. Med. J. H, 739-748.

Dontenwill, W., Chevalier, H. J., Harke, H.-P.,,
Lafrenz, U., Reckzeh, G., and Schneider, B.
(1973)
chronic cigarette smoke inhalation in Syrian
golden hamsters. J. Natl Cancer Inst. bl:
1781-1832.

Eatough, D.J., L.D. Hansen, and E.A. Lewis
(1989) The chemical characteriza- tion of
environmental tobacco smoke; in:
Environmental tobacco smoke, edited by
D.J. Ecobichon and JM. Wu, Proc.
International Symposium at McGill
University, PQ, Canada, Lexington Books,
D.C. Heath and Company, Lexington, MA,
1990, p. 3-39.

Falk, HL., P. Kotin, and S. Thompson (1964)
Inhibition of carcinogenesis. The effect of

Investigation of the effects of

hydrocarbons and related compounds. Arch.
Environ. Hith. % 169-179.
Fay, J.R., L.R. Perry, L.A. Kanerva, C.C.

- 50 -



L kb

Sigman, and C.T. Helmes (1984). Inhibitors

of chemical carcinogenesisi  Document
prepared in 1984, revised in 1985 for Sci.
Coordinator ~ Environ.  Cancer, National

Cancer Institute, Bethesda, MD, 1985, p.
1-96.

Green, C.R. (1977a) Some relationships between
tobacco leaf and smoke composition. In:
Proc. 173rd Am. Chem. Soc. Symp., Rec.
Adv. Chem. Comp. Tob. Tob. Smoke. p.
426-70.

CR. (1977b)  Neutral

compounds in cigarette smoke and their

possible precursors. Rec. Adv. Tob. Sci. 3:

94~-120.

C. R A. (1996) The
tobacco chemists research conference: a half
century forum for advances in analytical
methodology of tobacco and its products.
Rec. Adv. Tob. Sco. 22: 131-304.

Hecht, S.S., Schmeltz, 1. D.

(1977) Nitrogenous compounds in cigarette

Green, oxygenated

Green, and Rodgman,

and Hoffmann,

smoke and their possible precursors. Rec.
Adv. Tob. Sci. 3: 59-93.

Hoffman, H.E. and A.C. Griffin (1958) Action of
cigarette tar and smoke on chemically
induced carcinogenesis.
Med. 16: 333-345.

Hoffmann, D. and E.L. Wynder (1962) A study
of II. The
isolation and identification of polynuclear

Texas Rep. Biol.

air pollution carcinogens.
aromatic hydrocarbons from gasoline engine
exhaust condensate. Cancer 152 93-102.

Homburger, F. and A. Treger (1965) Effects of

intravenous tobacco

carcinogen and
condensate injections upon the incidence of
lung tumors in A/He mice; in: Lung tumors
in animals, edited by L. Severi, Division of
Cancer Research, University
Italy, pp. 527-536.

Homburger, F., A. Treger, and E. Boger (1971)

of Perugia,

Sud

Inhibition of murine subcutane- ous and
intravenous benzopentaphene carcinogenesis
by sweet orange oils and D-limonene.
Oncology 25 1-10.

International Agency for Research on Cancer
(IARC) (1985) Chemistry and analysis of
tobacco smoke. Ini JARC Monograph on the
Evaluation of
Chemicals to Humans, Volume 38, Tobacco
Smoking pp. 83-126. IARC, Lyon.

of the Cuarcinogenic Risk

Ishiguro, S., and Sugawara, S. (1986) The
Chemistry of Tobacco Smoke (in Japanese)
Central Institute, Japanese Tobacco

Monopoly Corporation, Yokahama, Japan, p.

202 (English translation (1981), p. 247).
Izard, C., J. LaCharpagne, and P. Testa (1966)
de
condensats de fumée de cigarettes, revelée

Sur l'activité  biologique divers
par les tests auxiniques [On the biological
activity  disclosed of
different cigarette smoke condensates];
Compt. Rend. 262D: 1859-1861.

Johnstone, R. A. W. and Plimmer, J. R.
(1959) The chemical constituents of tobacco

o

in cellular tests

and tobacco smoke, Chemical Review
885-936.

Keith, C.H. and Tesh, P.G. (1965) Measurement
of the total smoke issuing from a burning
cigarette. Tob. Sci. 9: 61-64.

Lee, CK. and E.A. Reed (1983) Ames test on
smoke condensates: A summary; RJRT
R&DM, No. 20, May 9,
www.rirtdocs.com 508352301-2303.

Lee, C.K,, J.A. Munoz, C.W. Fulp, K.M. Chang,

see

J. Rogers, M.F. Borgerding, and D.].
Doolittle (1993} Inhibitory activity of
cigarette-smoke condensate on the

mutagenicity of heterocyclic amines. Mutat,
Res. 3220 21-32.

Lee, C.K., C.W. Fulp, D.W. Bombick, and D.].
Doolittle (1996) Inhibition of mutagenicity

- 51 -



of N-nitrosamines by tobacco smoke and
its constituents. Mutat. Res. 367: 83-92.

Manabe, S. and Wada, O. (1990) Carcinogenic
tryptophan pyrolysis products in cigarette
smoke condensate and cigarette
smoke-polluted indoor air. Environ. Pollute,
64: 121-132.

Murphy, S.E. and R. Heilbrun (1990) Effect of
nicotine and tobacco-specific nitrosamines
on the metabolism of N’-nitrosonornicotine
and 4-(methyl-nitrosamino)-1-(3-pyridyl)-
1-butanone by rat oral
Carcinogenesis 11: 1663-1666.

Norman, V. (1977) An overview of the vapor

tissue.

phase, semivolatile and nonvolatile
components of cigarette smoke. Rec, Adv.
Tob. Sci. 3: 8-58.

Phillips, D. H. {(2002) Smoking-related DNA
and  protein adducts in human tissues.
Carcinogenesis 23: 1979-2004.

Ramel, C., UX. Alekperov, B.N. Ames, T. Kada,
and L.W. Wattenberg (1986) Inhibitors of
mutagenesis and  their relevance to
carcinogenesis; Report by ICPEMC Expert
Group on Antimutagens and Desmutagens;
Mutat. Res. 168 47-65.

Roberts, D. L. Natural tobacco flavor (1988)
Recent Adv. Tob. Sci. 14, 49-81.

Rodgman, A. The analysis of cigarette smoke
condensate. II. The pretreatment of Camel
blend RDR, (1956) No. 12,
November 1, see  www.rirtdocs.com
501008294-8336; The analysis of cigarette
smoke condensate. III. Flue-cured tobacco;
RDR, 1957, No. 4, March 14, see
www.rjrtdocs.com 501008337-8377.

Rodgman, A. and L.C. Cook (1960) The
composition of cigarette smoke. IV. a-
Tocopherol. Rec. Adv. Tob. Sci. 4: 7-8.

A, and L.C. Cook (1962) The

composition  of smoke. XL

tobacco;

Rodgman,
cigarette

Heterocyclic  nitrogen compounds  from
Turkish tobacco smoke. Rec. Adv. Tob. Sci.
6: 176-179.
Rodgman, A. (1991)
chemical and physical properties of cigarette
(MS),
sidestream smoke (SS), and environmental
tobacco smoke (ETS); Document submitted
to the Environmental Protection Agency,
December, Revised version submitted, June,
pp. i-vii + 1-117, see www.rjrtdocs.com
508185686-5809.
Rodgman, A. (1994) The chemical composition of
Some

A comparison of the

mainstream smoke cigarette

environmental  tobacco  smoke:
comments on the Occupational Safety and
Health Administration’s notice on ‘Indoor
Air Quality’ Document submitted to the
Occupational Safety and Health

Administration, 5 August, pp. i-xiii, 1-172,

see www.rjrtdocs.com 515923456-645;
515926645-6833.

Rodgman, A. (2001) Studies of polycyclic
aromatic  hydro-carbons  in  cigarette

mainstream smoke: Identification, tobacco
precursors, control of levels: A review.
Beitr. Tabakforsch. Int. 19: 361-379.

Schiiller, HM., A. Castonguay, M. Orloff, and G.
Rossignol (1991) Modulation of the uptake and
metabolism of 4-{N-methylnitrosamino)-1-
(3~pyridyD)~ 1-butanone by nicotine. Cancer
Res. 51: 2009-2114.

Slaga, T.J. and R.K. Boutwell (1977) Inhibition
of the tumor-initiating ability of the potent
carcinogen 7,12-dimethylbenzlalanthracene by
the weak  tumor initiator 1,2,34-
dibenzanthracene; Cancer Res. 37: 129-133.

Slaga, T.J., A. Viagje, S.G. Buty, and W.M.
Bracken (1978) Dibenzla,c]l- anthracene: A
potent inhibitor of skin~tumor initiation by
7,12-dimethyl-benz-lalanthracene; Res. Comm,
Chem. Pathol. Pharmacol. 19t 477-483.

-5 -



27 3 H4EYA B4 4

Slaga, T.J., L. Jecker, W.M. Bracken, and C.E.
Weeks (1979) The effects of weak or
non-carcinogenic polycyclic hydrocarbons on
7,12-dimethylbenz- [alanthracene and benzo
lalpyrene; Cancer Lett. T: 51-59.

Slaga, T.J. and J. DiGiovanni (1984) Inhibition of
chemical  carcinogenesis; Chapter 21, in:
Chemical carcinogens. Second edition, edited
by C.E. Searle, American Chemical Society
Monograph 182, American Chemical Society,
Washington, DC, p. 1279-1321.

Steiner, P.E. and H.L. Falk (1951} Summation
and inhibition effects of weak and strong
carcinogenic hydrocarbons, 1:2-benzanthracene,
chrysene, 1:2:5:6-dibenzanthracene, and 20-
methylcholanthrene; Cancer Res. 11: 56-63.

Stedman, R. L. (1968) The chemical composition
of tobacco and tobacco smoke. Chem. Rev.
68: 153-207.

Stedman, R. L. (1968) The chemical composition
of tobacco and tobacco smoke. Chemical
Review 68 153-207.

Takeda, K., S. Ukawa, and M. Mochizuki (1991)
Inhibition by fatty acids of direct
mutagenicity of N-nitroso compounds in:

N-nitroso
compounds, tobacco and mycotoxins, edited
by LK. O'Neill, J. Chen, and H. Bartsch,
IARC, Lyon, France, IARC Sci. Publ. No.
105: 558-563.

Teel, R. and A. Castonguay (1992) Antimutagenic
effects of polyphenolic compounds. Cancer
Lett, 66: 107-113.

Thompson, H. J (1991) Effect of deficiencies of
selenium and vitamin E alone or in

Relevance to human cancer of

combination on the induction of mammary
carcinogenesis by 1-methyl-1-nitrosourea.
Carcinogenesis 12 2175-2179.

Thomson, H. V. (1992} International reference
method for the smoking of cigarettes. Rec.
Adv. Tob. Sci. 18: 69-94

Van Duuren, B.L., A. Sivak, C. Katz, and S.
(1971)
carcinogenesis: Importance  of  tumor
promoters; J. Natl. Cancer Inst, 47: 235-240.
Waddell, W. and C. Marlowe (1983) Inhibition by
alcohols of the localization of radioactive

Melchionne Cigarette smoke

nitrosonornicotine  in  sites of  tumor
formation. Science 221: 51-52.

Wattenberg, L.W. (1981) Inhibitors of chemical
carcinogens; in:  Cancer:  Achievements,
challenges and prospects for the 1980’s,
edited by J.H. Burchenal, Grune and
Stratton, New York, NY, pp. 517-539.

Wattenberg, L.W. and J.B. Coccia (1991)
Inhibition of 4-methylnitrosam ino-1-(3-
pyridvD)-1-butanone carcinogenesis in mice
by D-limonene and citrus fruit oils.

Carcinogenesis 12: 115-117.

Williams, D., F.J. Wiebel, J.C. Leutz, and H.V.

Gelboin.  (1971)  Effect of polycyclic
hydrocarbons in vitro on aryl hydrocarbon
(benzolalpyrene)  hydroxylase.  Biochem.

Pharmacol. 20: 2130.

Wynder, E. L., and Graham, E. A. (1950
Tobacco smoking as a possible etiologic
factor in bronchiogenic carcinoma. A study
of six hundred and eighty-four proven
cases. J. Am. Med Assoc. 143: 329-336.

Wynder, E. L., Graham, E. A., and Croninger, A.
B. (1953)
carcinoma with cigarette tar. Cancer Hes.
13: 855-864.

Wynder, E. L., Kopf, P, and Ziegler, H. {1957) A
study  of

Experimental production of

tobacco  carcinogenesis. 1L

Dose-response studies. Cancer 10:
1193-1200.

Wynder, E.L. and D. Hoffmann (1959) A study of

The role of

higher polycyclic hydrocarbons. Cancer 12:

1079 - 1086.

Wynder, E.L. and D. Hoffmann (1961) Biological

tobacco carcinogenesis. VIIL

- 53 -



A%

and chemical studies of tobacco smoke Wynder, E.L. and D. Hoffmann (1967) Tobacco

condensate. Proc. Am. Assoc. Cancer Res. 3 and tobacco smoke: Studies in experimental
280. carcinogenesis. Academic Press, New York,
Wynder. EL. and D. Hoffmann (1962) Studies NY.

with the gaseous and particulate phase of
tobacco smoke. Proc. Am. Assoc. Cancer
Res. 3 373.

- 54 -



