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Table 1. dubgufe] F7ade] 3peby =4,

Compound or class Relative amount
of components W/W(%)
Nitrogen 58
Oxygen 12
Carbon dioxide 13
Carbon monoxide 3.5
Hydrogen, argon 0.5
Water 1
Volatile organic substances 5
Particulate phase 8

(Source : Borgerding, Experimental and
Toxicologic Pathology 57, 2005, pp43-73)
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Table 2. FF<loll ZAH: AREY A% 2.

Class Number
Neutral gases >5
Carbon oxides 2
Nitrogen oxides 1(2)
Amides, imides, lactames ~240
Carboxylic acids ~230
Lactones ~150
Esters ~470
Aldehydes ~110
Ketones ~520
Alcohols ~380
Phenols ~280
Amines ~200
Volatile N-nitrosamines 4
Tobacco specific nitrosamines 4
N-Heterocyclics ~920
Hydrocarbons, aliphatic, ~760
acyclic, aromatic

Nitriles ~100
Anhydrides ~10
Carbohydrates ~40
Ethers ~310
Nitro-compounds >10
Metais ~30
Short- and long-living radicals 7

(Source : Borgerding, Experimental and
Toxicologic Pathology 57, 2005, pp43-73)
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Zh gelidr)e] BsA 540 Pk Al gt ERsls Feol Yi FAEe] 200 g/mol ol
A7t FREeh ol#dt oyt 42 shsdt 9 s FAsbe, EAbgkel 60 g/mol olshe]
W AVIHES gdsliant siglen gzl PR 7kl ExfslA] "t
A AHE FARS do) EARle AEES 54
o ol5e] BAH B4 =4 oH’J} s}5ich 3.1, X M2
wafed7l AR FHEg dFAES 71AA AR A - Hfgiel4] HHelA] Hel o
Tz, AsFuzg 9 ANF **z/doﬂ ) ol EYE AR FAFRo] 200 g/mol
3 A= vk, gufedrlel A2 ZAl YA ol == A
& AR A Adem iR R AR gdeljedr)e] shebA =T BESE BAS =
7 vk Aol FEE ldelx] de] s A7l flsiA ehldrle M (particulate
ERH A o R ulebd ZAA g gYHelR phase)# Z7]4(vapor phase)o.2 TEsch &
el FEldREA f718eE g% 2o 8] 7] 1 ApAle A HikElE e 2R
dedA glor 0.1 um o149 UAAIES 99.9% A EEAR QAT F71el dijt delss A
£ 3. FRAS YAl ZAIE o A 2 F
Compound ug/cig. Compound ug/cig.
Nicotine 100 - 3,000 Scopoletin 15 - 36
Nornicotine 5~ 50 Other polyphenols
Anatabine 5-15 Cyclotenes 40 - 70
Anabasine 5-12 Quinones 0.5
Other alkaloids Solanesol 600 - 1,000
Bipyridyls 10 - 30 Neophytadienes 200 - 350
n-Hentriacontane 100 Limonene 30 - 60
Non-volatile HC 300 - 400 Other terpens
Naphthalene 2-4 Palmitic Acid 100 - 150
Naphthalenes 3-6 Stearic Acid 50 - 75
Phenanthrene 0.2 - 04 Oleic Acid 40 - 110
Anthracenes 0.05 - 0.1 Linoleic Acid 150 - 250
Fluorenes 0.6 - 1.0 Linolenic Acid 150 - 250
Pyrenes 0.3 - 0.5 Lactic Acid 60 ~ 80
Fluoranthenes 0.3 - 045 Indole 10 - 15
Carcinogen PAH 0.1 - 0.25 Skatol 12-16
Phenol 80 - 160 Other Indols
Other Phenols 60 -~ 180 Quinolines 2-4
Catechol 200 - 400 Other aza-arenes
Other Catechols 100 - 200 Benzofuranes 200 ~ 300
Dihydroxybenzenes 200 - 400
(EA] 32 Heprh gl dlolal F438 419
{Source : European Commission, Institute for Health and Consumer Protection, Tobacco,

Cigarettes and Cigarette Smoke, 2007, EUR 22783 EN)
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Table 4. F7A2) 7kl Edle 2 AR 2 %

Compound Content/cig. Compound Content/cig.
Nitrogen 280 - 120 mg Methyl formate 20 - 30 pg
Oxygen 50 - 70 mg Formaldehyde 20 - 100 pg
Carbon dioxide 45 - 65 mg Acetaldehyde 400 - 1,400 ng
CO 14 - 23 mg Acrolein 60 - 140 pg
Water 7 - 12 mg Other volatile 80 - 140 ug
Argon 5 mg aldehydes
Hydrogen 05 - 1.0 mg Acetone 100 - 650 ug
Ammonia 10 - 130 ug Methanol 80 ~ 100 pg
NOy 100 - 680 pg Acetonitrile 100 ~ 150 pg
HCN 400 - 500 pg Other volatile 50 - 80 ug
H.S 20 - 90 pg nitriles
Methane 1.0 - 2.0 mg Furan 20 - 40 pg
Isoprene 0.2 - 0.4 mg Other volatile 45 - 125 ug
Butadiene 25 - 40 g furanes
Acetylene 20 - 35 ug Pyridene 20 - 200 pug
Benzene 6 - 70 pg Picolines 15 - 80 pg
Tolulene 5 - 90 ug 3-Vinylpyridine 7 - 30 ug
Styrene 10 pg Other volatile 20 - 60 ug
Other aromatic 15 - 35 ng pyridines
hydrocarbon Pyrrole 0.1 - 10 pg
Formic acid 200 - 600 ug Pyrrolidine 10 - 18 ug
Acetic acid 300 ~ 1,700 ug Volatile pyrazines 3.0 - 8.0 ug
Propionic acid 100 - 300 ug Methylamine 4 - 10 pg

(A 2 ZE7} gle HollellA

(Source :

4% $X9)
European Commission, Institute for

Health and Consumer

Cigarettes and Cigarette Smoke, 2007, EUR 22783 EN)
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. o AL b

g/mol °Jste] EAE 7R EAEC] shagl A W =4,

St Sk olE kAt AEES Hilg] ot

Boke WS ek 4REE FAEe go Components e, |Phases oty
W FAF FAN Nt e 27 A= PAHs
AT Bado] gl g4 gleh. dEAA A Benzo[alpyrene ng | P C
To2e EYdllels, oz, WA, 1,3- Aza-arenes
Rejrfel, B3l Sol glew o, ofeh mzy Quinoline ng | P €
Zo] 3w $ABPIEE spaAtow Hus) H'emr.ocyclic compounds
ZEo] Flade] Ealsle o AR SR 1;;?;2: ‘;’gg i’) ?
Table 58 7tk Aromatic Amines
2-Napthylamine ng P C

3.3. Hoffmann List A% 4-Aminobiphenyl ng P C

ol g Wus DAY ww) drgy  Nlleterocylic anines

Amino pyridoindoles and ng P C

2E E Il HiHoew Agsl: A
g T 7P BEHes Agehs Ae] wF imidazoles ng P C

L Nak: IR @7delgld Dr.  Dietrich N-Nitrosamines

Hoffmanny} 18] EgFe] WE Ao NNK ng P C

Hoffmann's liste|t}. Hoffmann £-& Yujal”) Volatile nitrosamines ng A% C

o B4 gujelrlo] EAlshs AM SAZAL Aldehydes

¥EG WS Aukslaa elleh, et g Formaldehyde N A

7 SHERA S KNS 5Y drlgpgel e gl I/ -

A Helldl A2 goldt AEY 5L shx Crotonaldehyde “g V/P T

aiAlell  wek g Aok AlkbEe]l gk Volatile Hydrocarbons

Hoffmann 453 AR Roli= AAHo 1,3-Butadiene o | V| C

2 A% 5 9 JEEve Brlo] A gt Isoprene | V. C

ATNE Fol AAAFA Bauiel Mg oowene we | VP C
Styrene 1g P SC

Tog Qste] AREA & £ gle AREe] 9 Miscellancous Organic

th. =8 Hoffmann AE-Eoll ozt FA|delx Compounds

A% 2ol obn saslo] 94 Fabe uh Ethylene Oxide R I

2HA Al B2t 242 Hoffmann A& Foll Methanol e v T

A gefels]e] Exdo Azl Fleles @ 7hx) f;he“"‘*.g‘““h"l e € | P

Q5o tisto] 4FHT ek Hoffmann 4% it R I I O e

I Bste] ol AlmAlEe] FRelel EAl Inorganic Compounds

S 9] selsiglon} SgAlE ulehy £ o mg | V| T

Ashz ol WAV AA vepda ok geed7] NOx, Sy, HCN, HS o Vo T

29 Hoffmann AL Yzochue] 22 o o Metals{Ni, Cd, Co, Cr, Pb) | ng P

doll wheh AeHe) Yol webleh, wlolelege DT WIE V=S¢ VP - A 8 1 S

C=4gsd SC=1dded  T=5434

A2HA4, HCN 9 TSNAS9F 22 A43)415ol

TP = $% el
e ¥& FXE vehdch FAFont o (Source : European Commission, Institute for Health
ZlOlEF el AE3RbE, AEA siEd 9 and Consumer Protection, Tobacco, Cigarettes and
PAHS} -2 AEEe] dulH ez £ 24gs v Cigarette Smoke, 2007, EUR 22783 EN)
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Hoffmann &9 Z7hl AE3H FF5F 5
THIFNA ke Aew Husim gk M
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Hoffmann A£9] & gelAeg 58
7} ek k28t Hoffmann A2 AAE AF
g AR wlg & AAAY 4k vehiin
Ao, JE5EY el2s} opE(R?=0.9959), F
714 AR FHEE(R?*=0.9947) 53 o] =&
FXE vea g thy Table 5%
Hoffmann AAEE9 @widr] FollAel Az
g EAE 2 sS4 B4 58 el

sick.
4. 1Y FrH MRS

4,000 o352 gl AR Foll v A+
AE(TARC)oll A kAol ALY =bAde] oA
Hehar whgst AEL BF 6600 AReg o F
1Z5(3EA)ol dligsle Aol 970, 2A &
(8 7HsER)oN sz Al 9/ old, U
W2 4870 AE-L 2B ZF(UQ AEA)o) st
o gich

olE Aol tigh ARt 54 o faliAdel o
MAE w5 AATAENIARC), 7= 2733(EPA),
ula AR A4 FI(ACGIH), 37 54 Z
EIJNTP), 27 d3zA 2F5FHHAG), 3
b 8l A7 F3(0SHA), Aekd 2 AL
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Table 6. IARC E5oll uZ gljadr] A& &

Group 1 Group 2A
4-Aminobiphenyl | Formaldehyde
Benzene Benzolalpyrene
Vinyl chloride Debenzla,h]lanthracene
2-Naphthylamine | N-Nitrosodiethylamine
Arsenic Benz[alanthracene
Beryllium N-Nitrosodimethylamine
Cardmium Acrylamide
Chromium 1,3-Butadiene
Nickel 2-Amino-3-methyl-3H-

imidazo [4,5-f]-quinoline

(Source : Smith et al, Food and Chemical

Toxicology 35, 1997, ppl1107 & 38, 2000, pp371)

4.1. LZEl(Nicotine)
YFEe ¥ gl Rz gy
9 Al F2 EAsH FiHd Erohzt §
Fodle EAsla BADNAZIETS)NE EA)
o), Ao g getullell= 10 - 20 mg/gdl Y
Felo] FEAlstz, duidr] Fole 01 - 15
mg/cig ©] EAEt k. YIRS Al <ol
ZEAshe o oF 15%7F FRAE B3lo] YAl
Edsl UrlA 85%% 571 9 #+EHAY 2
Elol] A= E 2oz 4#A Uk
I HAE F dARole Al R+
2 Aol EAls= FH”l, ZAoke] FAEY
theobromine 52 Zo] Aol ARAE A=+t
E EAZ 994 Jdok VIR FEAE &
sk F2EAR T4 glov, AAFesE
Azte] FAeltEA A7 59 Aoz
slo] FEEI ] disidE olRE B33 Al
2 AEZE WA Esa vk @] Fo Y=
gl ge gt vl 2 S vEpia 8l
=dl 9t dHAFe] A k2 g 1/10 3
EAsta glom fEjAdfole BE AlgA
Uze ks deg 1 mg oldkE A
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4.2. PAHs(Polycyclic Aromatic Hydrocarbons,
Clgtg EeslE)

195000 o] % whuliqly] Alkell gk BA%
A ) FAH e F3siglon o] uf el
7] Foll EAfsl= PAH 3hehEe] A% 9 BAE

o] olFofA7| Al#kstgict. 1957w RJRTollA
11708 PAHE #43le] whizlglon, 1 ol%
20001%-2] PAH7} ©eljedr] Foll gl S
Rasks  glch PAH 33 Folle
benzolalpyrene,  benz[alanthracene 3 dibenz
[ahlanthracene 5 377} wigt 7HsEd=E BE
(IARC =5 2A)5o! 93, benzolblfluoranthene
T NS AEe) wet gAEAR EFUIARC 2
¥ 2B)Eo] Qhvh. ool Bla g
PAH 3R}E Folle WhE AAlshe 45 S9
= fluoranthene,  pyrene,
benzolelpyrene W 7,12-dimethylbezlalanthracene
7t aAelet, @iedy] Fo] PAHw d4AellA
FEE Aart FEEA e 291 Azl
YAE, F5dnt YR B EAlgel, 4k
#}4 Z9 PAHY A slyhEe £33 2AE
o] WA Hafs|mA A2 EAEZ qhEoixH, o]
E FAEol AR qhgslel A2 B4E A
€ g vEbia gl geliedy] PAHY A
A2 geull F9 solanesol, phytosterols,

terpenes, ol Al VIRl AHE 4G4 Soldl

=

olg

phenanthrene,

4.3. LIO|E2AO0H!(Nitrosamines)

gl Hold uolEgsolwly 19701 el
A& wbAx olF oF 35Fo] Hu FHI glow
gljdy] Foll EAlle HEAQ E4&8E N-
nitrosodimethyl-amine(NDMA), N-nitrosodiethylamine
(NDEA), N-nitrosopyrrolidine(NDYR), N-nitroso-
nornicotine(NNN), 4-(methynitrosamino)~1- (3~
pyridyl)-1-butanone(NNK),  N-nitrosoanabasine
(NAB), ¥ N-nitrosoanatabine(NAT) Selc} o]
& 7] F vholER ol fusidl EAlste
Ago] AR oAU, Fulldell Eolgle &
Zrole Alde] itEe] daiy Fo i
o] A== AoE, 45 Jehuiel TSNAS &

FHE AYEE dyhge] o Ao geiA

=
R

ki

AL FFHog Ao} ehgdE TSNA AEEY &
50%% dasiold, vAE 8Tl 2ste]
AXEE Aeg raxlw glow, A8y Folle
wojzldel] Wol FAlsta St olg AE F
NDMA 3% NDEA7} IARC 2A 804} 7168
A)ew HFsle] i, NNN G 8719 Alko]

IARC 2B 1E(et &4 ez Fiuel ot
thifjedy] Fof] EAlsl olE AEEY ¥k o
-2 Table 77 2t}
Table 7. 52 %9 TSNA ¥
TSNA Contents
N-Nitrosodimethylamine 10~40 ng
N-Nitrosodiethylamine nd~25 ng
N-Nitrosopyrrolidine 6~30 ng
N-Nitrosodiethanolamine 0~70 ng
N-Nitrosonormicotine 0.2~3 ug
NNK 0.1~1 ug
N-Nitorosoanatabine 0.3~5 ug
(Source Davis, Tobacco: Production,
Chemistry and Technology Chapter 12,

Smoke Chemistry, 1999)

it
ro

Ho

2

Baker, R.R. and Robinson, D.P. (1990) Tobacco
combustion-the last ten years. Rec. Adv.
Tob. Sci.,16, 3-71.

M.F. and Winkler, L.S. (1995)

Effect of alternative puffing regimes on

Borgerding,

relative cigarette performance. In:
Proceedings of the CORESTA Smoke and
Technology Groups Meeting,
Austria. pp. 167-8.
Borgerding M. and Klus H. (2005} Anpalysis of
complex

ienna,

mixtures ~  Cigarette smoke,
Experimental and Toxicologic Pathology 57,
43-73.

Brunnermann, K.D. and Hoffmann, D. (1991

.83 -



Analytical studies on N-nitrosamines in
tobacco and tobacco smoke. Rec. Adv. Tob.
Sci., 17, 71-112.

Brunnermann, K.D., Kagan, M.R., Cox, J.E. and
Hoffmann, D. (1990) Analysis of 1,
3-butadiene and other selected gas-phase
components in cigarette mainstram and
sidestream smoke by gas chromatography
mass selective detection. Carcinogenesis. 11,
1863-8.

Brunnermann,
D.(1977)
volatile N-nitrosamines in tobacco and

KD. Yu, L. & Hoffmann,

Assessment  of  carcinogenic
mainstream and sidestream smoke. Cancer
Res. 37, 3218-22.

Davis D. L. (1999) Production,
Chemistry and Technology Ch 12, Smoke

Tobacco:

Chemistry, Blackwell Science.

Dube, M.F. and Green, C.R. (1982) Methods of
collection of smoke for analytical purposes.
Rec. Adv. Tob. Sci., 8, 42-102.

European Commission, Institute for Health and

Consumer Protection(2007) Tobacco,
Cigarettes and Cigarette Smoke, EUR 22783
EN

Ferron, G.A. (1977) The size of soluble aerosol
particles as a function of the humidity of
the air: application to the human respiratory
tract. F. Aerosol Sci., 8, 251-67.

Hoffmann, D. and Hecht, S.S. (1990) Advances
in tobocco In:  Chemical
Carcinogenesis and Mutagensis, (eds C.S.

& PL.Grover). pp. 63-102.
Springer-Verlag, Berlin.

Ingebrethsen, B.J. (1986a) Aerosol studies of
cigarette smoke. Rec. Adv. Tob. Sci., 12,
54-142.

carcinogensis.

Cooper

o

i

o
==

Ingebrethsen, B.J.(1986b) Evolution of the
particle size distribution of
mainstream cigarette smoke during a puff.
Aersol Sci. Technol., 5, 423-33.

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

Kalaitzoglon M. and Samara C.
Distribution of polyeyclic
hydrocarbons between the particulate and
the gas phase of mainstream cigarette

Cancer

(2005)
aromatic

smoke in relation to cigarette technological
characteristics, Beitr. Tobakforsch., 21(6),
331-344.

Klus, H. (1990) Distribution of mainstream and
sidestream cigarette smoke components.
Rec. Adv. Tob. Sci., 16, 189-232.

McRae, D.D. (1990) The physical and chemical
nature of tobacco smoke. Rec. Adv. Tob.
Sic., 16, 233~323.

Smith C. J., Livingston S.D. and Doolittle, D. J.
(1997) An International literature survey on
"TARC Group I Carcinogens” reported in
mainstream cigarette smoke, Food and
Chemical Toxicology 35, 1107-1130.

Smith C. ]J., Perfetti, T. A., Rumole, M. A. and
Doolittle, D. J. (20000 "IARC Group 2B
Carcinogens” reported in cigarette
mainstream smoke, Food and Chemical
Toxicology 39, 183-205.

-84 -



