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of cigarette mainstream smoke

Han-Jae Shin’, Chul-Hoon Park, Hyung-Ok Sohn, Hyeong-Seok Lee,
Ji-Hye Yoo, Byeong-Chan Lee and Hak-Chul Hyun
KT&G Central Research Institute
(Received June 2, 2008)

ABSTRACT : The ohjective of this study was to determine the effect of smoking conditions
on the in vitro toxicological activity of mainstream smoke. The 2R4F reference cigarette was
machine-smoked by International Organization for Standardization(SO) and Canadian
Intense(CD) conditions. Smoke was analysed for chemical composition and in vitre toxicity. The
cytotoxic potencies of both the total particulate matter(TPM), which were collected in
Cambridge filter pad, and gasfvapor phase(GVP), which was bubbled through in
phosphate-buffer saline in a gas-washing bottle, were assessed using meutral red up take assay
with chinese hamster ovary(CHO) cells. The assessment for genotoxicity of TPMs generated
under ISO and CI conditions was determined using Salmonella mutagenicity assay and in vitro
micronucleus assay. When calculated on an equal TPM basis, in vitro toxicity of TPM obtained
under CI condition was decreased compared to TPM generated under ISO condition. The
results of chemical composition analyses revealed that the lower toxicological activity under CI
condition than that of ISO condition could be explained by the decreased in the contents of
phenols, N-nitrosoamines and aromatic amines of TPM on an equal TPM hasis
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wHl FEte) in vito B

oln}, AEO] FETE, v|ETSelole
MzEaol] EAlele a4ES 2443 52 in
vitro  AEFAE e AR
(endpoint) 241  AFE% 3 9 tHShirhatti  and
Krishna, 1990; Sanders et al., 1991). A|EXEAL
FENSEAE 22N TS 50 %
Ale F5Q ECoE Asle] SAMEE vlad
4 gk
FAFAE ksl 8 del AfsElE in
vitro o Z = Aol S FHse £9Ad
(micronucleus test)¥} DNA %712] ot 4R E
Z43E  H7Egde]l  Al¥(bacterial reverse
mutation test) 5] ik In vitro £¥AEE o
A Fzol it oY B dA A
Tl RS AN ¢ Ade ukshdA
ZAAA ]l AlgH .o 2 (Kirsch-Volders et al., 1997;
Fenech, 2000) <d-jxlo]d At Al el 4
S53 glvk(Miller et al., 1998). A% gL 3}
S=30] DNA T4 9 AELdR) 2gsh= oy
A Soll oJgks FrAY w1 SRl = #hg-s)
o] AR &#s TR AEE S]] 3
+ Hrlksle whield, §AE5A UdEA vlH
A5 WdEd B5E A4 5 rhAshby et
al., 1994; Yamasaki et al., 1994). v|A-E-8 o]&
g BFEaiwo) Aol Salmonella
typhimurium®] B4 olu|x At a1 FEES o]
ato] 49479 DNA %3719] X|3lolut 37}, £41%9
E4ddolE dAY F 3t (Mortelmans and
Errol Zeiger, 2000). Aol Ag5= Zhzbe] 4
2 ookl HoldAEAE BE] g8t 4
e fAA BAS M A ek dAzbA] Basl
nloll  2)sl(Muller and Peter Kasper, 2000
Snyder and Green, 2001), vjokgh 454 A8
ZF BrEedde] AlgdlA #HolgAlSs vehie &
AL Azl okg G shsAde] =7 wiitoll
53] S. typhimuriumol A A1QE-e] dist wold
AL T guvt ke & 4 ek
vie] obAA] Hlell da] AgEe daledr])S
ZZ(cigarette smoke condensate)®] AZE 9|l
A FAAHE ol8slA FTC(Federal Trade
Commission) ¥+ ISO(nternational Organization

¢
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o
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Adoll vig FAxe] I¥

for Standardization) 52| 7]&ollA A3 FFFA
Z7(puff volume: 35 mL, puff frequency: 60 sec,
puff duration: 2 sec)o] ©lEFI  YUrHPeeler,
1996; 1SO, 2000a). zefv} #HTolle Hulged ¥
B s ZelA, ok 2k Fdzzles gl
5 ASATER digt =t o] FelA]aL gl
AA Al rh(Massachusetts
General Laws Annotated, 1997).

A gt

g Folzzigl Akt FARACD2E 2R4IF
Faale ojkslel AlEE TPM, GVP, zEln
TPM+GVP AlZefl digt AlEs4 8 §H5AE
Fskar A ETRe] Gl tistel 4819
=2

Mz ¥ e
AENE

Nutrient Mixture Ham's F-12 medium(Ham's
F-12),
penicillin/streptomycin solution, phosphate-
buffered saline(PBS) 5+ GIBCO(Grand Island,
NY, USAAIESE AH83k3ich. Dimethylsulfoxide
(DMSO), mitomycin  C(MMC),
sulfate(SDS), colchicine, cyclophosphamide,
nuetral red & Sigma(St, Louis, USA) #AE&
Agsigich g AZAAS-9 mix)¥ Moltox
{Boone, NC, USA} AEFS A-g3lix, tAZAA
o] A85 cofactors= Wako Pure Chem.(Tokyo,
Japan)ellAl olstgdnh, 1 98 fr)EAES 5
"Aeke AHgsksich

fetal bovine serum(FBS), L-glutamine,

sodium  dodecyl!

EHHHCIT] QRIS B TiAN EE M

gl FRelel E4E S6) RIF EFGINE
IS0 340201999001 wht 23} A7l F, Iealth
Canada official method T-502(2004) el wel
shlE Al 180 Fdad daE SlEiA,
F7 ow 0EE AS5EAA (Heinrich
Borgwaldt RM20/CS 5 Germany)}g ol$sle] ISO
Fed 2z puff volume: 35 mb, puff frequency: 60
sec, puff duration 2 sec)dhollA] o417 SISO
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4387, 2000a), 44 mm Cambridge filter padE ©]-&
sto} A AMurt Fd=7 d4e Heath
Canada method T-115(puff volume: 55 ml, puff
frequency: 30 sec, puff duration: 2 sec, HE| A

F9 & =)ol wehd] ek tH(Health
Canada, 1999a). A3 DMSOE A-g3lo]

Cambridge filter padZ2%E] F%7F 10 mg/mlLo]
{55 TPME FE34 -70Ce BashiA A4
of  AMg3lgiel  hiledr|ERY sty 2E
{(gas/vapor phase, GVP)9] AlzE 9+ 100 mL
gas washing bottle g AH8si3ich. FA=7 w
2 10 ABl(ISO Foi=7) e (el §od
27 SA EE AEFARXE o)Este] A4
71 %, Cambridge filter pads St 7124 AR
E5 10 mL9 ice-cold PBS(pH 7.4) £%o] 9+
gas washing bottleol] &89}, FHE GVPY =
%7} 10 mg TPM equivalent/mLe] ¥ %% PBS$]
$3& 2439ch olo 22 Wlog FAd o
id 7|2 He]l Azt GVP &9 F carbonyl 3%+
#¢& Health Canada Official Method T-104
(1999b)ell wehd EA4slgich. TPM+GVP Alg&
TPM/DMSO £33 GVP/PBS £8& 1112 34
A Az

"

7] % tar, UER T3 72 itadr)E
A2 ISO 3308(2000b)ell F3led, 2RAF el g8 F
RM20 ¥ AXE o83l dLAF|wHA
Cambridge filter padZ& A-83le] TPME EA sl
A BAsh 755 E T UIZ—EAEL IS0
10315(2000c)ll F3lel GC 48 At &
vllo] FF¢ % carbonyl $}¢HES Health Canada
Official Method T-104(1999a)c) whzha] B Ago
o, A 9 ulFy AR 2] Health Canada
Official Method T-116(1999¢) = T-112(1999d)oll
w2} ATD-400°] - AE HP5890 GCE o-&-slo]
4530t

HIZESF 3 MEUH
Ayell  Ag3  Chinese hamster ovary
(CHO-K1) AEF FTAEFLYEKCLB)2ZH

N HAE - £HS - o8 - fA8 - oW - B

Bl Roplol ALgsiglon, AEF7|E 142247 0]
. CHO-K1 AZ¥ 10% FBS, 100 U
penicillin/mL. 2} 100 zg streptomycin/mLe] *%
= Ham's F12 sfjokdg Agesiqich wiokd AE
¥ 2~39nlt} 0.25% trypsin-0.03% EDTAS-4&
ol gsto] A FASL. AEF AdubAA
Eode] AAE Hidelaa 79 FHE 189
ojgte g Al ekt AETS Ago) A8l
o}, wlokS CO, HiEZ)(VISION, Korea)E o] &3}
o] E3} FEslillA 37T, 5% CO, el wiFst
Ak

NE=SH AIF

whifad7)|28e] ol APEA] MESAHL =
Z&Zol|l 93 neutral red FF AEE =
Neutral red cytotoxicity assay HES AR8slsich
(Borenfreund and Puerner, 1985). CHO-K1 A%
(2x10* cells)Z 96 well plate(n=6)ol] o]A}zh4 24
A7bser vkt & AEEAS Ak B
Agola Agse dzTe FaEEe TPMe
A71El 1% DMSO Z=5 GVPl H7H 10%4]
PBS HToZ st AHEAS Hel ¥ 2242
A7+ E<F 10% FBS, 100 U penicillin/mL ¢} 100
4g streptomycin/mLe| F3hd Ham's F12 uljoked
oflA wikglom, AlZuioke] Eibd wigdls A
A = 150 ulL9) neutral red £H(40 pg/mL)S
xEste] 37ColA widsldel. 3 A7y At F
neutral red £H8E AAsLE, 200 ule] TAY
(0.5% formaldehyde-1% CaCl)o-2 AZE A& s}
vt G780 £H(50% ethanol-1% acetic acid)
150 ul-& #71eiA AgellA 15 27 neutral red
22223} % microplate reader(BIO-TEK, USA)
A4 540 nmoll A FFEE FA8L B
AgATE AEE widsiA &L welllA &
4 Eo dislel EAsoH, FEEE Al
g AelshA] 2 iz vlatste] BEE
gksldet.

ac

g oX
fu :H o o e e

rE

AEzE Y Hix|
E7EedHo] Ao Salmonella

typhimurium TA98 T+ Molecular Toxicology

A8

- 16 -
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Inc.(USA)ellAl Jlsict. F4w W Bt slof
U AYFE A 50 pLE 25 mLe H)uiR)
(25% Oxoid Nuirient broth No. 2)el] %23
o]gste] 37°ColA °F 10 A
ARgstedck A

plate)s=  1.5%

shaking incubator®
v dfekst & A} (minimal
Bacto agar®}
Vogel-Bonner medium E 3 2% glucoseZ 53]
A rEY Top agary 0.6% agarst 0.5% NaCl
B ozAsgen] top agarolld 005 mMo
histidine-bioting d7}lslgich,

glucose  agar

BHSH0| Aj"
Sodof A14-2 Maron?t Ames(1983)¢] wb
TS, BRSO digt Eodd
ZHANg QleiA Salmonella tvphimurium
TFE Akl AgEAe] Al g4
£AUS-9 mix)7} 2 £ pre-incubation %Pﬁéﬁ_‘.;
glck. 5 ml "W tubedl AEEE 0.1 mld
5-9 mix 0.5 mL& #£3sted 3700 2087 A
goufokgh ohg, ek 0.1 mLyb mgkEv] 9
T8 top agar 2 mLE¥ EBD B4 vortex
mixer® 2-3 &7F Zeksto] minimal glucose agar
platecl] ol ofe] Wgkoz v]go] a5 FHAA
stod A sholeh FHAF (A uERSS AYE
A E oAl FEA 01 mLg, Az o
A e g slshed AAls
tho top agar7t & F HelelE Fg e A
gollA] ZajolEE H Xol FTCANA o 48 A7 i

¥ & AR Alpsigich

Avizgd &8s 3

SN

CHO -KIAZEGX10" cells/SmDE 25 em’ sioF
flask (n=3)ol] o]4js}ed 48 A|7MEgh wioksl & 4
PEAE Aelslglel, BE Adold A& o
278 HaExe] TPMOl A7kl DMSO H el
o2 3sigick. TPMO] A2AIZhe tlAZAAS-9
mix) 59 FAlglo] 3A7F Al F AHzg ik
Aoz wilsle] 21 Az vl wieksisich A5
AAZ F cytosping o134 AEEE Sutol=
Febsoll FA171 & 32 H(90% methanol) &7
O RAA obg FzyeR LelolmE

FHA in vito HEA BAJo] Uiet Az G

Al#sto] 5% Giemsa £HoZ 30 E7F odsisl
th oA dlERTeRe 7h weld EAe] HAe
W}E} A AL A v]E 8- Rlell A= MMC(0.5 z¢/mL)

5, A A 2 LA cyclophosphamide(5 ;eg
/ml )& Agsldrh Al R 1,000709] Al
ksl ul 7 (Nikon microphot FXA, Japan) 01 5
stod x1,000 WiEollA LWAEE Aesisict A
Aol 1/3 7719 A a¥oR HFEued,
sholde] Adllg 7EA AL QlE AEE AWNER
Asielet,

EAEtEQl Hi
Algo]] iyt AEEA ] FXE ECy FhoE %

718154 eh ECso 3h& tHzoll Hlste] 50%2] A&
£& Vehie R8e] FEoH, S3-uhgAlE o]
goto] Fhg Feleh AlESA A BE ECy
ZAZEE po/ml EE cig/LiterE 3HRIA &
Azl dA EASHAh SPSS (version 10.0) &
AZZ WG o)8stol one way ANOVA testd
AAstgicl, AEEA 9 2 Duncan testE &84
p<@()5_o4 /"Zoﬂ,(_] 7L /{}*5—1-7-31}9] 094/!4.0_ 7—11—1
sk EH iﬁ‘?‘ﬂof Al Aibe ARERE 7
B 3 e HueRfe] dg ) e P
+ 3 FEE e} “ﬂf* diAlo] viehle 2vlex W
ofld izl e FhE ol gallA AREE AN
ZHSpecific  activity, revertants/mg TPM It
revertants/cig. )& FASSIc Eodwo] Sk
tigh AlgE7e] §239 Xl (p<0.05)% 4
A A ko) AlgEo tig
% fhol oist UKAEAEAANOVAN, A%
A2 g5 Duacan t@t% 0] ﬂrOi HEskdrh -
FAXE FA
9}&"1] SPSS (verglon 10 0 %ﬂ]-—»iil"’gg ol-&
sted one way ANOVA test® AA8FSI 51, A7
Ao 22X Dumnet’'s multiple-range testE £+
p<0.059] FFllA Held#e] o4& A4
t},

"F‘ rﬁ.‘iﬂ"iﬁ

O

o‘
B3

rétr‘;’il‘?&

e
i

_?_}3

241} 9 o

ECERA0| WE 17| dBtME olHE #st
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ISO Fd=A 9 /M) FazAes 44
2RAF EFE A7) YRS o]
32 TPM, tar, ¥ nicotine & ZA3slch
Table 1149} Zo] sMel FA=Z A5 Mg
TPM, tar, nicotine B CO2] ol3zko] z}7} 43.84
mg, 35.14 mg, 143 mg ¥ 34.18 mgl & ISO ¥
AAl Hrh 2-4e EQioh w3 VAR F
nicotine/tar B)7} ISO FARAA 8%elA Al
FdzA A 4%z ESR. olgke An:
olg] F5o EullE o] 83 ok FA=7Y o
Z\E A AR, 33k FAZ7A nicotin/tar
v7} ZHAgtche Bi(Counts et al, 2005)9F AX
e Zolth

N o

SURA0 WE MESY s}

2ol tidt in vitro AEFAL ohFE W
HEol o3l FAslelAR glow, £ gl TPM

Algoll 9lelA¥E neutral red uptake ol 7FA X
Aozt L&A 951, CORESTACIAE o] wt

WS wEuboz AAsln JrHBombick et dl.,
200D, B A5l xE CHO-K1 AEE o]&3t
neutral red uptake S AEMA FAdzA o}
£ TPM, GVP ¥ TPM-GVP EFE(T+G)ol] th3k
AEZZAS 4, vlasidc gl FR9 A
S0 oigt FAz7 dg¢s zAET] sl
ISO FA=7 9 Avdt FAzAed AAS
EAA AgF Azsgich

Fig. 1 o|A¢} Zol, 2 71X FA=AE F
AzE BE AEE 40-160 ug/ml A A &
oEHog ME HEFO| F4LHUYt B3] TP
9 T+G A58 A ISO FAzAdA AEZAAE
$o] B} FHA raslgd o, GVP X129 A
22 B A=A MU FAzToA AEA

2

b2

=

SRS - ol - W

—8—ISO
—O— Canadian

Percent survial (% of control)
o
S

0 40 80 120 160
Concentration (ug TPM/ml)

120 B
o
§100 —8— S0
% 30 —O—Canadian
]
s 60
2
5
£ 40
£
I
S
s 20

0

0 40 80 120 160

Concentration (ug TPM/ml)

120

C
T 100
£ —e—150
% 80 —O— Canadian
§
3 60
)
g
2
£ 20
0
0 40 80 120 160
Concentration (ug TPM/ml)
Fig. 1. Cytotoxic response with increasing
concentration of TPM(A), GVP(B), and

TPM+GVP(C) obtained under ISO and Canadian
Intense smoking conditions. CHO-K1 cells were
incubated in the presence of various doses of
smoke fractions for 24 hr. The cytotoxicity was
determined by neutral red uptake assay and
calculated as a percentage of the control. Data
were expressed as mean+SD.

Table 1. Yields of TPM, puff, tar, nicotine, and CO in mainstream smoke under ISO and

Canadian Intense smoking conditions

Smoking Puff TPM Tar Nicotine CO
condition (Puff No) (mg/cig.) (mg/cig.) (mg/cig.) (mg/cig.)
ISO 8.57 10.71 9.52 0.76 12.55

Canadian 11.46 43.84 35.14 1.43 34.18
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ol A in vitro AEIH FAgo] oist oz 9

EEY o] TR &4 S o %
LZ
1.

A FalE 1SO 9l Aukel FedzALl TPM 18]
EFE T EGy e Z7 51.7:1.3 9 95.7+4.8

ug-TPM/mL  ©|%l3t T+Ge ECxn e Z4
78.423.1, 109.6+6.8 ug-TPM/mL 24 itk &
dz7e] AEEAe] HAsA Yt Table 2).
asu IS0 % Ak FRzA GVPel gt
TPM 9] 5% 3 ECo 3 27 96.1:13.6,
787457 ug-TPM/mLog2 W} Fodz7ieoA
AMESAo] ki A Vel ol Axbs
ot whlE e g Fdzzld uhE AlEEA
< 2A% Azt TPME 7t FodzAddA,
GVP= IS0 Fd&z7o4 duid oz I A%
Ag Herke 2ol YxEcHRickert et al.,
2007).

P

[o5

SXXZY mE 8BS0
oA Eadme
Ames(1983) 5] el
FhAle] iAol when AR ;"3‘..1.?%}(&;—9
mix) HelAl gl TPM Aj ol digh Eole] &
Aol M S(sensitivity) 7t B Veh) e
Baxla irHDoolittle ef al, 1990). welbd &
Aol A= Salmonella typhimurium TAY8, TA100,
TA1535, TA1537, TAL02% o]&se] §

i3
8
=
j?'_:

-9 mixg

e oA e g Folz7dell ulkE TPMel
izl Soiwo] GbAS zARsIg)

L2 AYollME Fig, 2014 Holse wist
Zro] BE Taolld diARM BaA AHEeiFe}
Aagle] FHisEQl 400 ug/platecl] ©1E7]7hA]
et ol s A "LS’}’LP e, BE o
Ajzgollde Aekprt Azl vl &

gt 2715 eldglth(Data not shown). Flz
A W TPM AIEE 0-400 ug-TPM/plate &2
el A TA100 9 TA98, TAISITTFFlA = 2
Tl olEZ A SAARA e A Y
277} WA=k 53] frame-shift®d E<iwo]
7 FZQl TAISH TAIS370l4 B4 dafsiA
et 5 VG 9 274 TPMell oigt

el '-’37%‘-1 IS0 Fdz7 AlEe 4% L 5
P57 A dRsict &3-akg V8 7)E ol
g4 FaiAl IS0 9 Myt Fd=7el TPM 1
9 =% o TPMel| thgl specific activitys== TA98

o) 7% 7h7r 236786, 724459, TA100¢ 7% =z
7+ 716445, 184153 ~18lal TAI537 o 3% 2z

38623, 215t1524 vkt FAZTNA Fd
o] fkalel HAlEAl IhtHTable 3). o|2F #
2 Ay, chekdl Folzzdz Headr)e &
ol A wlm 2ARE AT A3 Felx
Q
X

olsde] TPM w8 % 3 Edel

Table 2. Cytotoxicity of TPM, GVP and TPM+GVP generated under ISO and Canadian Intense

smoking conditions

ECs0 on the calculation basis

S sk e T
mean+SD{ug/mlL) meantSD{cigarettes/Liter)

TPM 51.7+1.3 5.24+0.13

SO GVP 96.1+13.6 9.74+1.3

TPM+GVP 78.4:3.1 7.9520.31

TPM 95.7+4.8 2.28+0.11

Canadian GVP 78.7+5.7 1.8840.1

TPM+GVP 109.6+6.8 2.62+0.15

Values are the mean of three batches
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Revertants/plate

100

200 300

TPM{ug/plate}
700 ~e—TAQS B
~0—TA100
600 ——TA1535
® | ——TA1537
= 500 —a—TA102
(=3
E 400
s \I/H.\i— —ill
= 300 "
@
é 200 } py 4‘5
100 m _—
o o - 4
0 50 100 150 200 250 300 350 400
TPM({ug/ plate}

Fig. 2. Dose-response relationship obtained in the
Salmonella(Ames) assay with TPMs generated
under ISO(A} and Canadian Intense(B) smoking
conditions in strains TA98, TA100, TA102,
TA1535, and TA1537, The Salmonella typhimuriem
strains with an $9 metabolic activation system
were utilized to examine the potential of the
cigarette smoke condensate to induce mutation.
The number of revertant colonies in
DMSO-treated (0.1 ml/ plate) group was 3516.
Values are the meantSD of three TPM batches.

IR E R Rk
b= B39l dX&cHRickert et al., 2007).

BOX0 ME AsMME #a]

In vitro £9A1doll= dAGAAIE A4 Al
she dlAgAYS AFUEAZAA 218 F
o} vl B odFolAE neutral red MMEFA &
Aubgel] ot 2A ANE TAEs ], FA=A
= TPM Al&el] digh £A0E v]2slr] Slsfed
AR A AL 9 wAE F s FEsksach
B AFe &SN E gty shie g v}
T A EolA sefo] FAEYR, 1,000/ L2
B &3 AEE Aesidc

Au]FAAIAA ZAH oF 50% ofsh AIEZA
£ 7HAE 6 wHAlel FE(0, 25, 50, 75, 100, 125,
150 p/mL)E TPME 3417} A&l g F(oiALdA
A HE 9 v)Hg) AR ajtHer AL &
21417 o] wljofsle] A£WMAE MAYEES wlwgk A
I, TPMS Hls=rt S713el wiel &A=
7t F7EE AE FdedchFig. 3). ARAA
u)gg £ TPM 5% 100 ug-TPM/mL
A 1SO 4 et FA=AY AMAESFE
Z47h 195458 8lx 8.5:2.184 IS0 FA=A
TPMS &84 go] ¥4 Yelstch diAgAA
HE LAYglAE A A Eols £HAE A
Ago] gsker), 71A FAzHE TPMell wigh
A4 Aol glsirh.

Table 3. Mutagenicity of TPMs obtained under ISO and Canadian Intense smoking conditions in the
presence of S9 mix using strains TA 98, TA100, and TA 1537

Mutagenicity (mean * SD)

Sm(?il:}ng Tester strains
conditions Calculation basis
TA98 TA100 TA1537
ISO Revertants/mg TPM 2,367+86 71645 386+23
Canadian 724159 184+53 215+15
1ISO Revertants/cigarette 23,362+848 7,067+444 3,810+£227
Canadian 30,306+2,469 7,702+1200 8,999:628

Values are the mean of three batches
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[
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2
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2
=
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—8—{50+59

25 [%Cax\adiamﬁa
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Yy —
0 e
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Micronucleus/1000celis
&

Fig. 3. Effect of TPM obtained under ISO and
Canadian Intense smoking  conditions on the
induction of mucronucleus in the presence and
absence of S9. Cells were treated with various
dose of TPM with or without S9 mix for 3 h
and then cells were washed with media and
replaced with fresh media. The cells were
cultured for a further 21 hr prior to fixation and
staining. Data were reported as meantSD,

BT M2 o7 54 ME Ol Hal
Ehielsle] AR S4L YAY 2 Tk

g A o8 Husw riHoffmann et at.,
2001). 58] 1,3-butadiene, acetaldehyde, benzene,
acrylonitrile 2812 acrolein 5 ATEAF A9
Aol glelm oA glvHBombick et al,
1997; Tewes et al., 2003). 3t aldehyde 35HE
} hydrocarbon % alcoholf B8 gwlelr]e) A
EEA Fadt AYE 3l Zleg dvA gt
(Curvall ef al, 1984). Cooper 5(1954)0] ghufied

71 AR UdA B8 R2A henzo(u)pyrened

%% a8k ol%, PAHs % aromatic amines &
chokel AJEEe] DNA &4 9 adduct Al 3+
ol glvke dFANEE HuES grkManabe
and Wada, 1990; Phillips, 2002). & hulo)
AR B F AAEE heterocyclic amined
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